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Preface
When in January 2007 Auguste Rodin’s stolen and heavily damaged Thinker from the Singer
Laren museum was recovered by police officers, few of the people involved could have
anticipated this would be the subject of a doctoral thesis. Although the vandalisation heavily
damaged the integrity of the sculpture, it also provided a unique opportunity for research into
treatment options as well as art technological aspects of its fabrication, the results of which
are presented here.
As a conservator with a life-long interest into making processes, it was obvious for me that
the focus of this study would veer towards the art-technological aspects of art works.
It has always struck me, as a practitioner, that the manual aspects of the process of art in the
making usually receive little attention. Specific intricacies of manual techniques, often the
result of years of experience of the artist in question and his collaborators, are essential for the
execution of an object and determine not only to a large extent its appearance but also its
future condition. It is this condition of the object that initiates the involvement of a
conservator, who is by nature wondering what is really original to the object, and what the
result of deterioration over time. This has happened to me also many times when examining
historic bronzes and has triggered my interest into the specifics of moulding and casting, lost
wax as well as sand mould casting.
Close study of bronzes usually reveals an array of technical features, ranging from core
material, armatures, core pins to core plugs, foundry patches and repairs. Some of these were
carried out by the original foundry, while other features were carried out later. The foundry
related features can provide important information on the working methods of the foundry and
can be used as a tool for authentication and dating of the bronze. While most of my questions
regarding lost wax casting could be answered by technical literature or consultation of
colleagues, this was not the case with sand mould casting, a situation which prompted my
interest in this founding technique. Casting in sand mould is often considered to be an inferior
way of casting, more suitable for producing large runs of decorative and household items and
not so much the great works of art. However, over the years I have handled and examined
many objects, produced in sand moulds, of very high quality, equalling and sometimes even
technically surpassing lost wax castings. The more I discovered on sand moulding and casting
the more I felt that its reputation was not deserved.
The use of sand as a moulding and casting material is fascinating and has an intriguing
history. What struck me most during my research was the ingenuity and skill of the moulders,
being able to fabricate very complex moulds in a material that is extremely difficult to
manipulate, a craft now virtually lost. I sincerely hope this thesis will contribute to a greater
understanding and appreciation of sand mould casting and will benefit those involved in the
study of sand mould cast objects and bronzes in particular.
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Author contributions
The research presented in this thesis has resulted in various papers.1 Some of these were coauthored. Of one of these papers, 3-D imaging as a research tool for the study of bronze
sculpture, parts have been incorporated in this thesis in the form of sub-chapter 6.7 A
comparison between Thinkers using 3D imaging.
I have used only those parts of the paper that were my original contribution. Of the three coauthors, Ronald Street, David Thurrowgood and François Blanchetière, only Ronald Street
has contributed written text to the paper: the last section of paragraph Technological research:
discussing the alignment of 3D scans and the paragraph Accuracy of 3-D imaging.

1

Beentjes, Tonny et al. “The Treatment of the Damaged Bronze of Rodin’s the Thinker from the Singer Museum
in Laren, the Netherlands: an Innovative Approach.” METAL 2010: Proceedings of the Interim Meeting of the
ICOM-CC Metal Working Group, Charleston, South Carolina 11-15 October 2010. P. Mardikian, et al.(eds)
Clemson University (2010): 269-277.
Beentjes, Tonny et al. “3-D imaging as a research tool for the study of bronze sculpture.” METAL 2013: Interim
Meeting of the ICOM-CC Metal Working Group, Conference Proceedings, 16-20 September 2013, Edinburgh,
Scotland. Hyslop, E. et al (eds.) Historic Scotland and International Council of Museums (2013): 301-306.
Beentjes. Tonny and Van der Molen, R. “An innovative treatment of a severely damaged bronze, the Thinker by
Rodin.”Lasers in the Conservation of Artworks IX. David Saunders et al (eds). London: Archetype Publications in
association with the British Museum (2013): 146-153. Beentjes, Tonny. “The casting of western sculpture
during the XIXth century: sand casting versus lost wax casting.” Study Days of the SFIIC 15 (2014): 120-129.
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Introduction
In the night of the 16th to 17th January 2007, a bronze statue by Auguste Rodin (1840-1917),
the Thinker, disappeared from the sculpture garden of the Singer Museum in Laren, the
Netherlands. Only days after the theft, the bronze was retrieved, albeit heavily damaged. After
heated debates in public media and within multiple committees and advisory bodies, the
management of the museum, after long and careful deliberation, decided to have possible
treatment options for the mutilated bronze investigated and approached the author at the Metal
Conservation Programme at the University of Amsterdam for that reason. The importance of
the sculpture and the severity and complexity of the damage inflicted, required a scientific
approach whereby the conservation treatment was research driven. Because traditional
restoration methods were deemed unsuitable, an innovative approach was required.
Before commencing a treatment, one tries to comprehend the changes to an object, to make an
informed judgement regarding its current condition and possible treatment. An historic object
has often been described as a historical document, a carrier of historical information. Some of
this information is readily visible while other information requires advanced analytical
research and an experienced eye. There is an increased awareness of the art-technological
aspects of cultural heritage whereby new analytical techniques such as neutron tomography,
MA-XRF scanning and isotope analysis help us to understand objects better.
As a conservator, with an initial training as gold and silversmith, I have a particular interest in
historic metalworking techniques. The practitioner in me is often intrigued by the intricacies
of the manual process. However, these aspects of a making technique are often lacking in the
literature. This lack of specific technical knowledge has several causes: artisans fabricating
objects such as bronze sculpture, were often not academically schooled and therefore did not
publish their knowledge. They might have taken notes but these rarely survive. Secondly,
some of the intricacies of the making processes, artistic as well as reproductive, are not
straightforward to convey in words on paper. This knowledge, sometimes labelled as ‘tacit’ or
‘embodied’, was the result of experience, intimate knowledge of materials and skill and
conveyed through the execution of the process and not the written word. In terms of modern
academic research and its standards, this means there are gaps in our knowledge of arttechnological processes.
This is also true in the case of the famous sculptor Auguste Rodin and his work, in particular
the series of more than seventy bronze sculptures that became known under the title of The
Thinker (Le Penseur). A great deal of research has been done on the artist Rodin, and many
art historical studies have been devoted to his work, and although his work is held in high
esteem all over the world, we know relatively little of his working process. More particularly,
we know very little on Rodin’s stance towards the two leading casting techniques of his time,
the lost wax method and the so-called sand mould casting. Of the more than seventy copies of
the Thinker, that are acknowledged as having been cast under the direct surveillance of Rodin
or by his authorised beneficiary, the French State in the form of the Rodin Museum, almost all
are sand mould castings, only three were cast in the lost wax method. Since the Singer Laren
8

copy of the Thinker appears also to have been cast according to the sand mould cast
procedure, I became interested in the possibilities, the history and background of this method,
and in Rodin’s artistic, technological and practical preferences.

Research methodology
The research prior to the treatment of the Laren Thinker and the subsequent exhibition,
organised after completion of the treatment, raised a number of questions.2 Some of these
questions relate to art technological aspects of the bronze and concern the casting technique
employed to produce the Laren bronze. The Laren Thinker is a hollow bronze cast in one
piece and literature describing the casting techniques of Rodin bronzes, mention the fact that
the Rodin bronzes of this period were cast using sand moulds.3 For the average conservator
this is somewhat surprising because the casting in sand moulds is nowadays not associated
with intricately shaped, hollow bronze sculpture. A modern foundry would choose invariably
lost wax casting as the preferred method to cast a detailed figural hollow bronze. As a
conservator with an interest in the art-technological aspects of an object, I tried to
comprehend the method of using sand as mould material to produce the Laren Thinker.
I therefore consulted technical literature and contacted several colleagues with knowledge of
foundry techniques. Although some questions regarding the technique were answered, many
remained. For most of the technical features I observed on the exterior and interior of the
bronze, the existing literature gave no proper explanation. Because sand mould cast bronzes
are almost absent in the art-technological literature, one has to fall back on manuals such as
Rama’s Le bronze d’art et ses techniques.4 Although extremely useful as reference work, this
instruction manual does not give an historical account and is of limited use in explaining
characteristics found on historical sand mould cast bronzes. The casting in sand moulds for
the production of works of art, turned out to be a poorly researched area, technically as well as
historically. Very little was known regarding the history of use of this technique and its
development.
When considering the history of Western bronze sculpture casting, the nineteenth century and
first half of the twentieth century are rather unique. While lost wax casting was the preferred
method in Renaissance and Baroque times, the sculptor working roughly between 1810-1960
in Western Europe often opted for an alternative method: casting using sand moulds.5 Except

2

The exhibition centred on the newly restored Thinker in Laren [28.01.2011‐22.05.2011] brought together
some early casts of the Thinker and gave an unique opportunity for comparison, see Tilanus, P., et al. Rodin: De
Denker. Thoth, 2011.
3
Wasserman, J.L. Metamorphoses in 19th-century sculpture: exhibition, November 19, 1975-January 7, 1976,
Fogg Art Museum, Harvard University (1975): 145-179; Le Normand-Romain, A. The Bronzes of Rodin:
Catalogue of Works in the Musée Rodin. Musée Rodin (2007): 19.
4
Rama, J. P. Le bronze d’art et ses techniques. Éditions H. Vial, 1988.
5
Ekserdjian, D. (ed.). Bronze, Royal Academy of Arts, 2012.
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for Italy, sand mould casting became the method of choice to cast bronze sculpture in France,
Germany, the Low Countries and the United Kingdom.6
Current literature tells us that the casting of complex sculpture in sand moulds was a relatively
late development originating at the end of the eighteenth century in France.7 During the first
quarter of the nineteenth century, sand mould casting replaced lost wax casting as the
preferred method to reproduce bronze sculpture in Western Europe. By the end of the
nineteenth century the sand mould casting technique was so well developed that founders
were capable of casting complex figurative bronze sculpture, such as Rodin’s Thinker, in one
piece. Virtually nothing has been written on the casting technology of Rodin bronzes and no
specialist study has been carried out researching sand mould cast bronzes in general and
Rodin bronzes in particular. In those publications that look at the role of sand and lost wax
casting in the nineteenth century, for example Lebon, the focus is on the historical aspects, not
on the technological aspects.8
This shift in the preference from lost wax towards sand mould casting during the nineteenth
century is of great importance for the development of bronze casting and essential to fully
understand nineteenth and early twentieth century bronze sculpture. However, our
understanding of this technological shift is very limited and increasing our knowledge of the
said shift is one of the main aims of this thesis.
In order to be able to answer this question of the change in preference from lost wax to sand
mould casting, a thorough understanding of the technological development of casting in sand
moulds as well as lost wax casting is required. Because sand mould casting was the
alternative for lost wax casting, both methods were often competing with each other.9 Sand
mould casting can therefore not be researched in isolation and the developments in nineteenth
century lost wax casting also need to be looked at.
The technical study of historical bronzes has concentrated up till now mainly on Renaissance
and Baroque bronzes. Important studies have shed more light on the working practices of
sixteenth, seventeenth and eighteenth-century artists and founders.10 The bronzes cast during
these periods are almost invariably cast using the lost wax method. The nineteenth century
witnesses the introduction of the casting of sculpture in sand moulds with both techniques,
6

For Italy also see Shapiro, M. E. Bronze Casting and American Sculpture 1850-1900. University of Delaware
Press (1985): 117 and sub-chapter 2.5 Evidence for sand mould casting in nineteenth century Italy in this thesis.
The situation in other parts of Europe such as Scandinavia, Middle and Eastern Europe was probably
comparable but this research has focused on Western Europe. The situation in the United States was
comparable to the UK; see sub-chapter 2.6 The casting of sculpture in Britain using piece-moulds: 1800-1900 in
this thesis.
7
Lebon, É. Fonte au sable – Fonte A cire Perdue: Histoire d’une Rivalité. INHA (2012): 23.
8
Lebon 2012.
9
For more on this, see sub-chapter 5.3.1 Hébrard versus Rudier: lost wax versus sand in this thesis.
10
See for example; Stone, R. E. “Antico and the Development of Bronze Casting in Italy at the End of the
Quattrocento.” Metropolitan Museum Journal, Vol. 16 (1981): 87-116; Bewer, F. G. A Study of the Technology
of Renaissance Bronze Statuettes, Ph.D. diss. University of London, 1996; Bassett, J. L. The Craftsman Revealed:
Adriaen de Vries, Sculptor in Bronze. Getty Publications, 2008; Bresc-Bautier, G. et al. Cast in Bronze: French
Sculpture from Renaissance to Revolution, Musée du Louvre Éditions, 2009; Lein, E. Ars Aeraria; Die Kunst des
Bronzegießens und die Bedeutung von Bronze in der florentinischen Renaissance. Verlag Philipp von Zabern,
2004.
10

lost wax and sand mould casting, used concurrently. Foundry practices during the nineteenth
century have received relatively little scholarly attention, although in recent years, especially
in sculptor’s monographs, papers with technical aspects have appeared, some detailing artist
specific casting techniques.11 In order to place the sand mould casting technique within the
wider context of foundry technology, a full narrative of the historical development of sand
mould casting is required. Literature giving a thorough chronological historical overview of
the use of sand moulds for casting, is non-existent and when sand mould casting is mentioned
this is done very superficially and brief. The only author known to have written on the
historical development of casting in general, Cyril Stanley Smith, writing in 1981, gives a
very brief and incomplete historical outline of the early history of casting.12 Susan La Niece
has given a short historical development of sand mould casting in the Islamic world, which
falls outside the scope of this thesis.13 However, many questions still remain concerning the
origins of sand mould casting in Europe. For example, it is not clear where, when and why the
casting in sand moulds in Europe first started. Therefore, in chapter one I will chart the
technical development of casting in sand moulds up till the end of the eighteenth century, in
order to make the reader fully understand the conditions which led to the casting of sculpture
in sand moulds around 1800.
Scholars of sculptural bronzes have always wondered whether sand mould cast bronzes are by
definition from the nineteenth century and later, or whether there are earlier examples of sand
mould cast bronzes. This is particularly important for the dating and authentication of the
many casts, after-casts and copies of Renaissance and Baroque bronzes produced in the
nineteenth century. Current literature does not give conclusive evidence for the use of sand
moulding of complex sculpture before 1800. This is one of the reasons why this research tries
to establish earlier use of this technique.
The Thinker, as the main focus of this research, can be seen as exemplary for Rodin’s bronze
sculptures. Produced from the early part of his career up to half a century after his death, the
Thinker was, and still is, one of Rodin’s most iconic and most popular sculptures. Available in
three sizes and reproduced in the original size (71,5 cm)14 more than fifty times and in the
enlarged size more than twenty times by seven different foundries, cast in both sand moulds
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Excellent work has been carried out by Ann Boulton on Matisse and Barye; Boulton, A. “The making of
Matisse’s bronzes.” Matisse Painter as Sculptor. D. Kosinski (ed.) Baltimore Museum of Art (2007): 73-97 &
Boulton, A. “The art bronze foundry of Antoine-Louis Barye.” Untamed – The art of Antoine-Louis-Barye.
Johnston, W. R., et al. The Walters art museum (2006): 66-72. On Degas bronzes by Anne Pingeot, Arthur Beale,
Daphne Barbour and Shelley Sturman in Czestochowski, J. S., and A. Pingeot. Degas, Sculptures: Catalogue
Raisonné of the Bronzes. International Arts, 2002.
12
Smith, C. S. “The early history of casting, molds, and the science of solidification.” A Search for Structure, MiT
Press (1981): 127-173.
13
La Niece, S. “Sand casting in the Islamic World” Verborgenes Wissen: Innovation und Transformation
feinschmiedetechnischer Entwicklungen im diachronen Vergleich. Armbruster, B et al.(Eds.), Tagungsbeiträge
des Netzwerks Archäologisch-Historisches Metallhandwerk 1. 5.–6. Mai 2011. (2016): 263-276.
14
Rodin would eventually produce the Thinker in three sizes:
1) the original size Thinker as used for the Gates of Hell, the so-called ‘taille originale’, with a height of
approximately 71.5 cm; 2) a reduced size of ca. 37.5 cm; 3) the monumental outdoor version of circa 190 cm,
the so-called ‘Grand Modèle’
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as well as with the lost wax method, the Thinker provides us an excellent insight into the
working practices of the producers of Rodin bronzes.
Rodin bronzes and in particular his Thinkers are particularly well suited as representative
examples of late nineteenth and early twentieth century bronzes. This is because Rodin
bronzes, including the Thinkers, have been produced over a long period, from the mid 1870s
to present times, by almost all major contemporary Parisian foundries and with all, then
current, bronze founding techniques. The focus of this research is the original or medium size
Thinker, the enlarged or reduced Thinkers are outside the main scope of this research. The
smaller, reduced Thinkers are not an easy group to study because of lack of sufficient
documentation and provenance and thus giving often rise to authentication issues and has
therefore hardly been used in this study. The enlarged monumental version is much better
documented but is difficult to study technically. Because of its size and location, the owners
of these large bronzes are usually not inclined to move these to allow technical study of the
interior of the bronze. Of the original and enlarged Thinker various foundry and exhibition
plaster models survive together with a wide array of documentation. However, this study does
not limit itself to Rodin bronzes to establish whether the techniques used for Rodin bronzes
are any different from bronzes by other sculptors. It is important to state here that the aim of
this study is not to be the definitive work on nineteenth century sculpture founding. The scale
of such a work is immense and would have to include a wide array of examples from many
bronze producing countries during the entire nineteenth century. It is hoped by the author that
the selection of examined bronzes provides a useful template for further study.
A large number of bronzes were studied for this research, in collections in Europe and the
United States. The exhibition in Laren, which brought together a number of Thinkers,
provided also ample opportunity for comparison and study of this well-known sculpture.15 A
total of four bronze casts were amongst the exhibits: two life-time casts, the first Thinker from
1884 from the collection of the National Galleries of Victoria in Melbourne, the second or
third cast (1896) from the Musée d'Art et d'Histoire in Geneva (inv.no. 1896-0011) and two
posthumous casts; the Laren Thinker (c. 1937) and one of the last authorised casts from 1967,
lent by the Musée Rodin.16 The bronzes from Laren, Geneva and Paris were all cast using
sand moulds, a casting technique used to produce the majority of Rodin bronzes and most of
the nineteenth and early twentieth century bronze sculptures.17 Close examination of the
Thinker from Melbourne, during the installation of the exhibition, revealed this, however, to
be a lost wax casting. This was surprising, because up till then, all known Thinkers of this size
were described in the literature as sand mould castings. Subsequent literature research into
Rodin bronzes, cast during the 1880s, showed that Rodin, who never performed his own
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castings, occasionally commissioned lost wax foundries between 1882 and 1886.18 The
Melbourne Thinker from 1884 fits very well into this group and we know that Rodin
expresses, also in 1884, his preference for lost wax casting when he writes, in preparation for
the execution of his Gates of Hell in bronze, to a government minister: “Lost wax casting, the
only process which can render my sculpture.”19 And in 1889 Bartlett writes: “… Rodin, like
all good sculptors, prefers bronze reproductions of his models, and by the wax process. In this
way his work is not changed by any intermediate hand in its transformation from one material
to another.”20
Although Vassalo states that Rodin never definitely decided for one or the other casting
technique, 21 it is significant that of the more than 1500 authorised life-time casts, only a small
fraction, around 60, was cast using the lost wax technique and no Rodin bronze was lost wax
cast from 1913 onwards.22 Why then did Rodin choose to have the majority of his bronzes cast
using sand moulds instead of lost wax casting? This is one of the questions I want to address
in the current dissertation.
The recent discovery that the first Thinker from Melbourne was cast using the lost wax
method, raised a question about the identity of the founder of this particular copy. The bronze
is not marked by the foundry and no documentation has come to light connecting the bronze
to a specific foundry. Up till now it is a mystery who produced the first of one of Rodin’s
most iconic bronzes. The material aspects of the sculpture, such as chemical analysis and
casting features, can perhaps provide enough information to support an attribution to a
foundry. I will address this issue in Chapter 5
Several other questions, regarding the technique of sand mould casting, arose during the
treatment of the Laren Thinker and the current research. Although Rodin’s work has received
a great deal of attention from art historians, the art technological aspects of his sculptures
have received, in comparison, very little attention. This makes it difficult for researchers,
looking in detail at his sculptures, to interpret technical features correctly. While some of
Rodin’s studio practises are known from contemporary observers, very little is known of the
workshop practises of the foundries employed by Rodin to cast his bronzes.
The use of complex cores and the resulting evidence in the form of core irons and flashing
could not be answered by consultation of existing literature on Rodin and other nineteenth and
early twentieth century bronzes. Sanders covers to a certain extent the making of Rodin
bronzes, without going into too much technical detail, in the exhibition catalogue
Metamorphoses in nineteenth-century sculpture and Antoinette Le Normand-Romain devotes
only one page to the process of casting in her catalogue of the bronzes at the Rodin Museum
18
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in Paris.23 A more general work such as Michael Edward Shapiro’s Bronze Casting and
American Sculpture 1850-1900 describes casting in sand moulds more detailed but still not
enough to provide the reader a full understanding of this technique and therefore enable to
explain certain features visible on bronzes.24 For a more detailed, step by step account, one
has to consult more technical works such as foundry manuals. Rama for example, provides
the reader with detailed information on various casting methods including casting in sand
moulds.25 The problem with Rama’s publication is that it details general foundry methods
practised in the 1980s and not during the last quarter of the nineteenth century. No moulding
or casting of Rodin bronzes is illustrated or discussed in Rama’s book. To establish whether
the foundry practices of the 1980s in general and for Rodin bronzes in particular, are
comparable with practices a century earlier one has to study more primary source material
such as nineteenth and early twentieth century foundry manuals.
Very little is known on historic working practises of foundries using sand moulding and more
specifically the piece-moulding used for the production of sculpture. There is an urgent need
to understand the origins and early developments of sand mould casting in general and piecemoulding in particular. This lack of published information on historic sand mould casting and
sand mould cast bronzes makes it difficult for conservators and curators to fully understand
these bronzes. Foundries are known for save guarding their working methods and this thesis
tries to elucidate these through study of contemporary accounts such as manuals, newspaper
articles and other contemporary observations. Especially the technical details of the casting of
Rodin bronzes, the Thinkers in particular, will be researched.

The Laren Thinker and the use of 3D technology
During the research, in preparation for the exhibition, the question of the production date of
the Laren Thinker arose. Documentation in the museum archive suggests the Laren Thinker
was acquired by Anna Singer around 1937. Since the bronze was bought after Rodin’s death
and detailed information regarding the purchase has not come to the surface yet, the question
remains whether the Laren Thinker could be an earlier, perhaps even a life-time, cast. This
issue was of course also of importance for the final decision on treatment options of the
sculpture after its retrieval. In order to answer this question a more detailed picture regarding
the casting sequence of Rodin’s Thinkers and the place of the Singer Laren Thinker within
this series is required.
When the Laren Thinker was vandalised in 2007, it was deemed by many to be irretrievably
damaged. The extent of the damage was such that only heavy interventive restoration could
restore the sculpture to a, for the museum acceptable, appearance. Because traditional bronze
restoration techniques were considered too damaging and irreversible, a new innovative
approach was required. Therefore, the use of 3D scanning and 3D printing was explored. In
2007, the use of 3D techniques in conservation/restoration was a largely unexplored field and
23

Sanders, P. “Auguste Rodin”, in Wasserman 1975, 145-179; Le Normand-Romain 2007, 63.
Shapiro 1985, 16-23.
25
Rama 1988.
24

14

if used, it was mainly for documentation purposes.26 The heavily damaged Laren Thinker
required a far more elaborate use of these 3D techniques to make up missing parts that could
be placed in the sculpture. This was not attempted before and the question arose whether these
innovative 3D techniques were suitable to apply directly in sculpture conservation/
restoration?
During my research, 3D scans were produced of the sand mould cast Laren Thinker, the lost
wax cast Melbourne Thinker and a plaster foundry model of the Thinker from the Rodin
Museum in Paris. In collaboration with the Metropolitan Museum of Art in New York, a
comparison study was set-up to compare the 3D scans of the various Thinkers to see whether
differences could be observed in shape and dimensions between the sculptures. Especially
interesting would be to see whether differences could be observed between the lost wax
casting and sand mould casting, this could be potentially very interesting for authentication
purposes.27
The vandalisation of the Laren bronze initiated a public debate on the restoration. Questions
were raised about the need and justification of this. In the final chapter, I will look at this
discussion from the point of view as a technical art-historian and a conservator. I will also
reflect on the implications and usefulness of innovative techniques such as 3D imaging and
printing in sculpture conservation.

The central aims of this thesis
The main focus of this thesis is to make a significant contribution to our knowledge of the arttechnological aspects of nineteenth and early twentieth century bronze sculpture, in relation to
the oeuvre of Rodin and more particularly his Thinkers. Research into the art-technological
aspects of bronze sculpture founding started in the early 1980s when Richard Stone published
in 1981 the first serious study into Italian Renaissance bronze casting technology. For this
study, he used mainly x-radiography to study the bronze statuettes.28 Fifteen years later
Francesca Bewer completed her PhD, also on Renaissance bronze casting. 29 In this study she
used, in addition to X-radiography, XRF surface analysis to determine the alloy composition
of the statuettes she examined for her research. In the past decade, an increasing number of
art-technological studies on bronzes have been published. In her 2008 monograph on the
casting technique of the Renaissance artist Adriaen de Vries, Jane Bassett used X-ray and
XRF techniques and additionally looked at core material.30 Robert van Langh’s doctoral work
on Renaissance bronzes from 2012, introduced neutron imaging techniques as a research tool
26
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for bronzes.31 Manon Castelle’s thesis on French large Renaissance and Baroque bronzes used
a wide variety of analytical techniques including X-ray, core analysis using PIXE and ICPAES.32 ICP techniques have been used for bronze alloy determination for several years now. 33
What most of these above mentioned publications have in common is a strong emphasis on
material analysis. Although foundry techniques are discussed, invariably lost wax casting, the
intricacies of the actual manual procedure are rarely described in these studies.
This study tries to enhance our knowledge in two specific, relating, areas:
- development of the introduction and use of sand moulds in early modern Europe,
leading up to the use of sand mould for the production of large sculpture
- detailed practical knowledge of historical sand moulding and casting in general and
more specific to the oeuvre of Rodin and his Thinkers
The precise manual execution of historic art-technological processes is often poorly
understood and described. A possible explanation for this can be the fact that textual and
pictorial source material from before the nineteenth century is often of a very limited nature.
Combined with the fact that very few academics, researching craft processes, have a
background as professional practitioner makes that research in art and craft techniques is often
focused on material analysis and/or textual source analysis, and rarely on the intricacies of the
actual art/craft-technique.

Structure of the dissertation
Although the treatment of the Laren Thinker initiated the later art-technological research into
sand mould casting, I have opted to start the thesis with the technical development of the use
of sand as a moulding material giving the thesis a historical chronology.
The thesis starts with an overview of the various types of historical casting methods. A
definition of sand mould casting is formulated and the different forms of sand mould casting
are briefly described (§1.2). The next paragraph (§1.3) charts chronologically the early
development of the use of sand as a moulding and casting material for metal objects in Europe
by examples of sand mould casting in various metalworking professions. A technical
evolution is given leading up to the first use of piece-moulding, essential for the development
of the casting of complex sculpture in sand moulds around 1800 (§1.3.1-1.3.3).
The emergence of sand mould casting in favour of lost wax casting is the subject of Chapter
2. Starting in France (§2.2) the new technique was soon practised also in Germany (§2.3) and
other European countries such as Britain (§2.7) and even Italy (§2.4). Chapter 2 also details
31
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the lost wax casting of sculpture in nineteenth century Europe (§2.10) and looks at the
evidence for the casting of bronze sculpture in sand piece-moulds before1800 (§2.9).
Chapter 3 brings us closer to Rodin and his Thinker by looking closely at his studio practice.
This Chapter details the steps from modelling in clay, the making of a master model and the
mould making for the production of his plaster models (§3.2-3.3.4) The role of these plaster
models is also discussed, both from an art-historical and an art-technological view (§3.5-3.6)
One type of these plasters, called foundry models, are essential for the sand mould casting of
Rodin bronzes. The intricacies of the use of these plasters in the foundry process is covered in
Chapter 4 together with a detailed description of the entire piece-moulding process in sand.
The research in the previous Chapters was largely based on historical textual and pictorial
source material. In this Chapter, the first material analysis is presented when moulding sand is
closely examined. Paragraph (§4.2.2-4.2.2.5) presents research into the properties of
moulding sand and the effect of heat on this sand (§4.2.2.6). Additionally, this Chapter also
presents compositional data of the alloys used for Rodin bronzes (§4.2.8). Chapter 4
concludes with the final steps in the production of bronzes, the finishing and patination
(§4.2.10-4.4).
Chapter 5 uses evidence gathered in the previous chapters to interpret technical features
observed during examination of Rodin bronzes. These features are used to propose a
chronological sequence and to make attributions. Additional data is presented on alloy
composition (§5.3.6) and a new method is proposed, using 3D scanning, to differentiate
between a sand mould cast bronze and a lost wax cast bronze (§5.4) This chapter also tries to
understand Rodin’s motivation for choosing a specific foundry technique (§5.2-5.3)
The concluding Chapter 6 presents the case of the vandalised Laren Thinker. Firstly, the
discussion regarding possible treatment (§6.2.2) and the decision-making process are covered
(§6.3.1), followed by its characterization, research into treatment options and the subsequent
treatment of the bronze (§6.3.2-6.3.5.3) The innovative use of 3D scanning and printing in
this treatment are detailed and evaluated in paragraph §6.4. The concluding paragraph §6.5 of
this chapter and thesis discusses the way the treatment was communicated to the conservation
field and public.
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Chapter 1

1.1

Historical development of the sand
mould casting technique

Introduction

The technical study of historical bronzes has concentrated, till now, mainly on Renaissance
and Baroque bronzes. The bronzes of these periods are almost invariably cast using the lost
wax method. In contrast, the casting techniques used in the nineteenth century, when lost wax
and casting in sand moulds were used concurrently, have received very little scholarly
attention, although in recent years, increasingly, especially in sculptors’ monographs, papers
appeared detailing technical aspects such as the casting technique of nineteenth sculpture. For
example, excellent work has been carried out by Ann Boulton on Matisse and Barye and on
Degas bronzes by Anne Pingeot, Arthur Beale, Daphne Barbour and Shelley Sturman. 34
In order to place the sand mould casting technique within the wider context of foundry
technology, an overview of the historical development is required. Literature, giving a
thorough chronological historical overview of the use of sand moulds for casting, is nonexistent and when sand mould casting is covered, this is very fragmentary and brief. Cyril
Stanley Smith in his A Search for Structure, on the early history of casting, moulds, and the
science of solidification, covers the historical development of casting in sand moulds only
briefly and incompletely.35 Recently, Susan La Niece has given a short historical development
of sand mould casting in the Islamic world, which, although outside the scope of this thesis,
provides possible origins for sand mould casting in Europe.36
This chapter gives for the first time an overview of the historical development of sand mould
casting in Europe. This is done by researching the early use of sand as a primary mould
material in Europe in a broader context by including metalworking disciplines, other than
sculpture founders, who traditionally also made use of sand as a mould material. To determine
the place of sand mould casting, in the wider context of the various casting methods, I have
compiled a diagram of the historical casting ‘family'. (fig. 1.1) In this casting family, only
those casting techniques are included, known to be in use before 1900. The discriminating
factor in this overview is the status and permanence of the model or pattern and the mould.
A pattern is the model used to fabricate the mould for casting the metal into. The way the
molten metal is distributed in the mould, is not considered a discriminating factor in this
overview.37
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Fig. 1.1. Historical casting ‘family tree’, arranging the main casting methods in use before 1900.

The initial division is made on the presence and permanence of the pattern. Permanent moulds
such as stone or metal moulds can be used repeatedly and do not require the use of a pattern to
function as a mould.38 With direct lost pattern casting, the pattern is destroyed in the process,
whereas with indirect lost wax casting, the master model is preserved. With permanent pattern
casting, a sturdy rigid pattern, is employed and removed after moulding, making it possible to
re-use this pattern. A mould usually does not survive high temperature lost pattern and
permanent pattern casting. Of these various different forms of casting, only a few have been
used for the casting of bronze sculpture in Europe and the United States, during the nineteenth
and early twentieth century.
Before the nineteenth century, when a more intricate object such as a figure sculpture, needed
to be reproduced in metal, the object was cast using the lost wax or cire perdue method. With
the cire perdue method, already in use since Classical Antiquity, a wax model made
specifically for casting, is the starting point.39 The wax is often made around a core of
refractory material to create a hollow casting. This wax model is embedded in a mould made
from refractory material such as plaster, or a clay and loam mixture, with the core held in
place by small iron core nails. This combination, wax model enclosed in the mould, is heated
to bake the mould and at the same time also, more importantly, to melt and burn out all traces
of the wax. Once all the wax has been melted out and thus the negative form of the sculpture
model, inside the mould cavity, has been created, the mould is ready to receive the hot molten
38
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bronze. With lost wax casting, fine clay was usually applied as the first mould layer, to
capture all the fine surface details, often backed up and reinforced with loam. The terms loam
and clay, as used in earlier written sources, were often used inter-changeable, strictly speaking
clay consists of very finely grained (< 2µ) and homogeneous rock particles, whereas loam is a
coarser grained mixture which includes clay. The characteristics of clay, sand and loam are
discussed further in detail further later in this chapter. Loam was also used directly as a mould
material for the production of simple, circular shaped copper alloy hollowware and
candlesticks during the late Middle Ages and the early modern period.40 The production of
this type of items did not make use of a pre-fabricated wax model, but a strickle to shape the
core as well as the model.41 This model, made from a more sandy loam, was upon finishing of
the outer mantle mould, removed to create the mould cavity. Because of the coarser nature of
loam, the as-cast, i.e. unfinished, surface is usually rougher than for example an object cast in
a fine clay mould.
Looking at the history of casting in sand moulds it is useful to make a distinction between
various sand mould casting techniques. A basic definition of sand mould casting has been
given as “a method of casting metal, using a sand mould, which is formed and held within a
wooden or metal frame called (casting) flask”.42 To distinguish sand mould casting from lost
wax casting it is also important to emphasise the fact that sand moulds are not heated to
remove the pattern. The sand mould is warmed to drive off the moisture and to make the
mould more rigid but not as hard as with baked loam or clay moulds.43
The first part of this chapter looks at the nature of moulding sand. What properties makes this
sand so suitable for moulding and casting? To understand this, moulding sand from historical
sources, such as core material or sampled in the past in foundries, are analysed. Additional
information is gathered from historical textual sources, providing information on the chemical
composition. While the second part of this chapter charts the early development of sand
mould casting up to 1800, this first part, on the nature of moulding sand, necessarily has to
draw on later source material, due to the fact that before 1800 no sources are known giving
the chemical composition of moulding sand.
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1.2

Sand mould casting

The first step in the production of an object, using the sand mould casting method, would be
to make a model. This model, in foundry terms called a pattern, was made of wood, metal or
another sturdy material, able to withstand the forces applied during the moulding process.
Wax models were less suitable because the wax had the tendency to stick to the sand, as well
as deform during moulding. An existing object, could also be used as a model for the
moulding and casting process, this created a cast copy, commonly referred to as an after-cast
or surmoulage.44
The most commonly practised form of sand mould casting uses a two-part mould, whereby
the pattern leaves an impression in the two halves of the mould. This simple form of sand
mould casting was mostly used for moulding and casting shapes with no undercuts, such as
medals, simple metal utensils or furniture mounts.45 This limitation was due to the need to
remove the pattern from the mould without damaging the mould, as well as the pattern. The
pattern was embedded in the lower part of the mould, called the drag or nowel, with
approximately half of the pattern still protruding from the sand.46 Because this special
moulding sand contained some clay, it was capable of holding the imprint of the pattern,
although it still needed to be contained within a frame, called flask.
The next step was to place the upper half of the flask, called the cope, on top of the drag and
fill this with sand, to form the top part of the mould. The cope and drag could then be
separated and the, potentially re-useable, pattern removed to create the mould cavity. Runners
to channel the liquid bronze to the mould cavity were now carved in the sand. The two mould
halves put against each other again and the space in the mould, created by the removal of the
pattern, was subsequently filled with molten metal to produce the casting.
With both processes, lost wax and sand mould casting, the mould often becomes damaged in
the process and is nearly always destroyed in order to free the casting. The commonly used
term, ‘cast from the same mould’, to describe identical castings by the sand mould casting
method, is nearly always incorrect.47 Even if the mould survives the casting process intact, the
mould surface in direct contact with the hot metal chars and is very often cracked and is
therefore frequently unsuitable for further use as a mould. The term ‘cast from the same
model or pattern’ is therefore more appropriate when discussing sand mould castings. An
44
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exception is the use of metal moulds for casting low melting alloys such as pewter, lead and
later zinc and aluminium. Because these moulds, usually made from iron or copper alloys,
have a significantly higher melting point than the metal cast into them, they are not affected
by the casting and can be re-used almost indefinitely. Indirect lost wax casting, whereby an
inter-model is used, is another exception. This wax inter-model is made by pouring wax in a
re-usable plaster piece-mould. The final plaster or clay mould that is used for casting the
bronze into is invariably destroyed to remove the bronze cast. It is debatable whether wax
pouring constitutes casting, to justify the term cast from the same mould.
The names given historically to the two casting methods, sand casting and lost wax casting,
are confusing. Sand casting refers to the mould material cast into and not the material being
cast in the process. Since it is not sand that is being cast, the term sand mould casting would
be more accurate and will therefore be used throughout this thesis. The term lost wax casting
derives from the material from which the model or pattern is made and which is replaced in
the process by metal. Lost wax casting is a form of casting whereby the pattern is destroyed in
the process, a type of casting one could refer to, more generally, as lost pattern casting. Life
casting, using materials from nature such as plants or small animals as patterns, is another
example of lost pattern casting.48
Sand mould casting is sometimes erroneously referred to as a casting technique with a less
detailed result.49 This is not correct, a well-executed sand mould casting can have the same
surface detail as a lost wax casting, including details as fine as fingerprints.50 Where the two
casting methods, lost wax and sand mould casting, really differ is in the use of the pattern
and/or model. With sand mould casting the pattern can be re-used which makes it suitable for
multiple runs, whereas with lost wax the pattern, as implied by the name, is lost. This means
for the founder using the lost wax technique, that he either uses directly the original artist’s
wax model for casting (direct lost wax casting), or indirectly by making a permanent mould of
this original model and uses this to make a wax inter-model or pattern that will be used to
make the final cast (indirect lost wax casting).

1.2.1 Types of sand mould casting
Sand mould casting can also be divided into different groups, based on the way the sand
grains are bonded together and to what extend the mould is dried (fig. 1.2). There are
basically two forms of sand mould casting:
48
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-

addition hardening sand mould casting
natural sand mould casting

Addition hardening sand mould casting
This type of sand mould casting came only in general use during the twentieth century and
has in industrial foundries often replaced natural sand mould casting. The binders such as the
polymer resins urea formaldehyde, phenol formaldehyde or water glass (sodium
metasilicate),51 which are used in addition hardening sand mould casting, act as glue and
render the sand mould permanently rigid. After casting the moulds are broken up and
discarded, the sand cannot be re-used. This type of sand mould casting is also sometimes
referred to as hardened mould or chemically bonded casting.52
Natural sand mould casting
Natural sand mould casting makes use of unadulterated natural sand from river deposits
(alluvial) with a clay content or an artificial mix of sands occasionally with extra nonsynthetic binders. Modern founders sometimes use oil as a binder, I have not been able to find
any historic references of the use of oil as a binder for sand moulds. The clay or other binders
do not harden the moulds permanently and the sand moulds therefore can be broken up after
casting for re-use.
Natural sand mould casting can also be divided into two groups:
-

green sand mould casting
dry sand mould casting

Green sand mould casting
Green sand mould casting uses water as binder for argillaceous (clayey or clay-rich) sand.53
The name green sand derives from the presence of water in the sand, similar to the use of the
name green wood in woodworking, when describing the use of fresh wood.54 The moisture
content in natural green sand moulds is usually between 6.5 and 8 % depending on the clay
content of the moulding sand.55 The water, which is present in the sand before moulding or
introduced by steaming or sprinkling later during moulding, is absorbed by the clay and binds
the sand particles together.56 The function of the water is to hydrate the clay and should not be
51
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present as free water since excess water can cause porosity or when the generated steam
cannot escape quickly enough and builds up can cause explosions. The radiant heat of the hot
molten metal entering the mould is sufficient to drive off the moisture in the inner surface of
the mould. This moisture turns to steam and escapes away from the metal through the pores of
the sand. After casting the moulds are broken up and the sand can be re-used. Green sand
casting was already described by Cellini in 1568.57 This type of sand mould casting was and
still is mainly used for iron founding.
Dry sand mould casting
Dry sand mould casting is the green sand practice modified by drying the mould at 200-300
C°. The removal of moisture results in a smoother finish on copper alloy castings.58 Dry sand
moulds are usually stronger than green sand moulds and can therefore better withstand
handling and therefore used for more complicated moulds. The moulds made from moist sand
are dried in large ovens to drive off the excess water, however, they are not baked at high
temperatures. After casting the dry sand moulds can also be broken up and the sand re-used.
The founding of copper alloy sculpture was mostly performed by dry sand moulding and
casting. Dry sand moulding has fallen into disuse in favour of addition hardening moulding
which does not require lengthy, expensive drying and a shortage of skilled moulders.59

Fig. 1.2. Diagram illustrating the various sand mould casting methods.
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1.2.2 The nature of moulding sand
The term sand is used to denote a wide range of granular materials with as basic constituent
silica or quartz which is composed largely of silicon dioxide (SiO2). Sand is the result of the
breakdown or erosion of rocks and often contains, in addition to quartz, other components
such as feldspar, mica, serpentine or zircon.60 Sand is used in this thesis as a generic term to
denote a finely grained refractory material with grain size between 0.063 mm and 2.0 mm
(table I). Sand used for moulding and casting is in the foundry literature referred to as
moulding sand.
Table I. Soil particle size fractions. (table from ISO 14688-1)

In modern foundry practice, moulding sands often have other main constituents such as
chromite or olivine and to distinguish these non-quartz particulate materials from sand they
are sometimes called aggregates.61 Unmodified natural moulding sands have now been largely
replaced in the modern foundry industry by aggregates or mixtures of natural sand and
aggregates due to the depletion of deposits and inconsistencies in sand characteristics.62
Historically foundries have used predominantly quarried sands for moulding. The exception
to this was the use of artificially produced finely powdered refractory materials by sixteenth
and seventeenth century medal founders and goldsmiths to produce fine castings. Alessio
Piemontese’s (1500-1566) descriptions in his Book of Secrets, detail the repeated heating,
grinding and sieving of emery, pottery shards, oxidised iron filings, pumice stone, bone,
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shells, etc. to produce very fine powders.63 These powders, sometimes mixed with each other,
are subsequently used in combination with a binder, such as sal ammoniac (ammonium
chloride), gum Arabic or egg white, as moulding material.64 Although no sand is used in the
description by Piemontese, it uses the same principle as sand mould casting whereby: a finely
grained refractory material is bonded together with a binding agent, no baking of the mould
takes place and the pattern can be re-used.
Strictly speaking with these artificially produced powders, lacking as basic constituent silica
or quartz, one cannot speak of sand and the term moulding powder or aggregate to denote this
type of moulding material is therefore more appropriate.65 The moulding and casting recipes
detailing the grinding of various refractory materials to a fine powder were common for the
early modern period and the large variety of different mould materials described in these
recipes suggest sometimes an experimental element. A good example of this is the French
manuscript Bnf. Ms. Fr. 640, preserved at the Bibliothèque Nationale in Paris, which lists
more than twenty different finely ground mould materials besides naturally occurring sand.66
The recipes in this manuscript advise grinding, sifting, and/or calcination of these materials
and repetition of these steps until the powder can not be rendered finer by these means. The
empirical thinking behind this is that the finer the moulding material is the more detailed the
cast will be. This premise is valid up to a certain extent, because the finer the individual grains
are, the more the mould surface will be closed and thus less permeable to gases. These gases
are developed upon entry of the hot molten metal into the mould and need to be transported
quickly from the mould cavity to prevent porosity in the cast. The formation of gases in the
mould can have several causes. The three main ones are:
-

the solidifying metal which releases absorbed gases such as oxygen, hydrogen or
nitrogen upon solidification
trapped air introduced by turbulence in the melt during pouring
the reaction of the hot metal with organic impurities or moisture the mould or core
which can produce gases

The moulding ‘sands’ prepared by grinding are therefore almost always found in recipes for
small castings such as medals and small life-casts whereby the volume of cast metal is small
enough not to cause significant problems created by inadequate escape of mould gases. The
second reason one finds these finely powdered mould materials only mentioned in
conjunction with the founding of small objects is that the preparation of these powders was
very laborious and time consuming. The use of naturally-occurring sand in large quantities
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which were directly usable for founding, must have offered a more economically attractive
alternative.67
Schmidtling describes the typical sand found inside sand moulded bronzes as rounded quartz
and feldspar grains, uniform in size, with a mean average of around 0.1 mm and each grain
surrounded by a ring of clay and therefore independent of the other.68 This grain size is
relatively small compared to modern moulding sands which generally have grain sizes
between 0.1 and 1.0 mm.69 The round shape of the sand grain has three distinct advantages:
firstly, it greatly increases the flowability of the sand during ramming, therefore taking a more
detailed impression than angular sand grains. Secondly, the round grains allow for a more
evenly distribution of the clay in the sand. As Schmidtling described, the individual sand
grains are enclosed in clay and this allows them to move more freely during moulding and
aids the finely distributed clay in its bonding properties. The third advantage of the small even
round grain size is the ability to be highly compacted, creating a very fine mould surface. This
latter is at the same time also a disadvantage because it creates a closed surface, not very
permeable to gases formed during casting. This is the reason why most modern commercial
moulding sands or aggregates have larger more angular grains, increasing the permeability of
the sand. The nineteenth and early twentieth century moulder of bronze sculpture
counteracted this reduced permeability of the outer mould by creating other escape routes for
the gases. One of these, was to design a clever gating system with sufficient escape routes for
the gases, either by building in plenty of risers and/or by using the ascended casting method.
The other escape route, for the gases formed during moulding, was to make the core very
porous and by using core vents or lanterns.
The sand moulder would rarely use just one type of sand in the moulding process, the best
quality sand would be reserved for the inner surface of the mould. This layer, which would
take the impression from the pattern and serve as the contact surface for the molten metal, had
to have superior properties. This sand was called facing sand and often new, fresh, and finely
sifted sand was used for this. The sand used for the core and non-facing parts of the mould,
was usually recycled sand used in previous castings. This explains the often-dark appearance
of core sand which contained charred facing sand and additionally usually also contained a
carbon-based parting compound.
Several contemporary written sources state the quarry of Fontenay-aux-Roses, in the suburbs
of Paris, as the source for the best sand for natural sand mould casting.70 The type of sand
67
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suitable to produce the piece-moulds for the sand mould casting process is a natural mix of
sand and clay, with a typical clay content of between 16 to 20%.71 This amount of clay gives
the sand a greasy feel to the touch and means that the sand, when compressed, holds its shape
very well. By pressing a pattern or foundry model into the sand, a perfect impression can be
made. A reporter visiting an American foundry around 1900 remarked: “And to look at it you
never would imagine it had come all the way from Fontenay-aux-Roses at five dollars a
barrel: but put your thumb into it and see how it will retain the impression of very finest line
on it.ˮ72
Mitchell writing in 1916 is equally laudatory about the unique properties of Fontenay sand:
The sand used for statuary bronze moulding comes from a sand-pit which is situated in
a little village on the outskirts of the City of Paris in France. […] Though called "sand"
by the foundryman, … it closely resembles a mixture of sand and clay. It can be used
just as it comes from the sand-pit although of course it must be finely sieved. No other
sand like this has ever been found in the world. You may be sure that many people
have looked all over the world for similar sand, … This sand because of its peculiar
properties makes it possible to obtain a mould that will reproduce with marvellous
fidelity, the finest lines and markings that appear on the sculptor's model.73
Although sand moulders manuals also mention sand from other sources, the sand used for
high quality sculpture moulding was almost invariably the Fontenay sand.74 This costly sand
possessed superior qualities justifying shipping it as far as the United States.75 Standard
natural moulding sand was costing in Paris in 1890 between 0.85 and 1 franc per cubic
metre.76 Fontenay sand, in contrast, was already in 1882 selling in France for 12 francs per
cubic metre and a barrel holding between 360 to 400 kg, 10 francs.77 This same type of barrel
was sold in 1901 to foundries in New York for 5 dollar a barrel.78
This sand was particularly favoured by copper-alloy founders and was used to cast small to
medium sized objects. Fontenay sand was deemed not so suitable for very large castings and
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to cast iron into and was therefore sometimes mixed with sand from other sources as
witnessed by the English journalist and author William Blanchard Jerrold (1826-1884), during
a visit to the Barbedienne foundry in 1864:
Hard by a man was mixing in just proportions the new yellow Fontenay sand with the
black being that which had already served. He said:" We mix the new sand with the
old. The sand is too precious to be used only once, and we find, indeed, that the
mixture of the old with the new is a good combination. The sand is to be found only at
Fontenay aux Roses. To it we attribute much of the excellence of our French castings.
Other sands have too much silex [flint] in them, and this has exactly the proportion
necessary for our work.79
One source mentions that the Fontenay-aux-Roses quarry produced two different types of
sand with different properties. A brown, clay rich, type and a yellow sandier type with the two
types mixed to the desired consistency.80
No other source mentions a deep brown sand from Fontenay and it is doubtful whether this
brown clayey sand, as mentioned in this article from 1869, actually derived from the Fontenay
quarry. Other sources mentioning the colour of Fontenay sand describe this invariably of a
yellow colour. Moulds made with Fontenay sand gave the best results when dry and this
drying was carried out in special drying ovens, prior to casting. The natural sand mould
casting, using the Fontenay sand, is therefore usually not green sand mould casting but dry
sand mould casting instead.81 For finer foundry work in copper alloys the Fontenay sand could
be used new, although some manuals instruct the reader to mix new sand with some pre-used
sand from the same source.82 This mixing, often together with wetting, is known as
tempering.83 Tempering of foundry sand, prior to moulding, was till the end of the nineteenth
century carried out by hand and later with special mixing machines in the larger foundries. 84
The moulding sand, mixed and wetted, is beaten and rolled to the right consistency for
moulding.85 When the high quality sand from Fontenay became difficult to obtain, foundries
such as Thinot began to use also sand from other sources such as Carrière de Villejuif and
Jesseu.86 Some foundries such as the Bedi-Makky foundry in Brooklyn, basically still use the
sand acquired generations ago from France. The round grain size of this French sand enables
79
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this continued use, although over time, the sand will deteriorate because of loss of active clay
and accumulation of parting compound and is therefore periodically refreshed with new active
clay (bentonite).
The suitability of a moulding sand for copper alloys is determined by several factors of which
the following three are the most important for dry sand moulding:
- texture
- permeability
- bonding power
These properties are now determined by standardized testing and this is common practice in
modern large industrial foundries.87 The smaller, more artisanal fine art foundries, operating in
the nineteenth century and early twentieth century would judge the properties of a sand more
empirically. The classic test to judge the moulding properties of a sand is to take a handful of
moistened sand and compress this inside the palm of one’s hand. If the sand holds well
together and takes a fine imprint, it is judged to have the right properties for moulding.88
Texture
The historically-used natural moulding sands derived from various geological sources, which
were of residual or sedimentary character. Residual sands are formed by the disintegration
of the rock in situ, while the sedimentary sands are the result of deposition of sandy or loamy
material in water. Residual sand grains are generally of an angular morphology whereas
sedimentary sands grains have a tendency to be rounded. These sedimentary sands were
deposited by moving water in river beds, floodplains and lake bottoms. The variations in
coarseness of the sedimentary sands was caused by the specific velocity of the moving water
and resulted in the accumulation of layers of different grain size.89 These different grain sizes
are ordered and named in ISO 14688-1 (table I). Large grains in the moulding sand means
also large openings between the grains, allowing the molten metal to penetrate into the mould
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surface, giving a rough surface to the castings. Finely grained sands give better surface
rendering but their low permeability, which makes it more difficult for the mould and core
gases to escape, could cause surface porosity. Moulding sands used for iron founding have
generally larger grain sizes (220-250µ) than those for copper alloy founding.90 This is because
most output of iron foundries is of an industrial nature, and these objects are usually heavily
finished by machining. The grain size of nineteenth century moulding sand from Fontenayaux-Roses was found to be not more than 50µ.91 By modern standards this would now be
classed more a silt than a sand.
Schmidtling’s recent analysis of moulding sands for the J. Paul Getty Museum in Los
Angeles, found higher values for the grain size of Fontenay sand, with a mean average grain
size of 110µ.92 Schmidtling’s sands were collected in Parisian foundries in 2007, from each of
the then remaining three Parisian sand mould foundries: Thinot, Godard and Chardon & PetitFils. Only one of these, Thinot (which ceased operating in 2009), was still using sand from
Fontenay-aux-Roses. This must have been quarried in the late 1960s when the Fontenay sand
quarries stopped producing. Comparing the grain size of Fontenay sand, collected in 2007,
with that of 1862, it was found that the earlier sand was much finer. (table II)
The size of the sand grains is determined by a standardized sieve test, passing the sand
through a series of sieves of decreasing mesh.93 The morphology of the sand grains in
moulding sands is defined in terms of angularity and sphericity. The best moulding sands for
fine work have grains which are rounded with medium to high sphericity.94
Table II. Comparison between average grain size of sand from Fontenay-aux-Roses.

source of sand
Fontenay sand (1960’s?, collected in 2007) 95

average grain size
110µ

Fontenay sand (1960’s?, described in 1979) 96

75µ97

Fontenay sand (1862)

<50µ98
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Sand grains vary from well-rounded to rounded, sub-rounded, sub-angular, angular and very
angular and is established by visual examination under magnification.99 Kampmann (1844)
noticed under magnification that the grains of Parisian moulding sand were rounded.100
Whereas Schmidtling observed some degree of angularity with later sand from Fontenay-auxRoses.101 This supports the view that the later Fontenay sand, quarried in the second half of
the twentieth century, was of a diminished quality compared to the sand used earlier.
Permeability
Permeability of moulding sand is the ability of a sand, to distribute liquids or gases though it,
and is determined by the voids between the sand grains, called pores. This permeability is
influenced by the following factors: the degree of compacting, grain size and the amount of
binding agents in the sand.102 The compacting of a moulding sand is done by ramming the
sand against the pattern inside the flask. A high degree of compacting creates a dense mould
surface, capable of taking a detailed and smooth impression. At the same time a dense mould
surface also decreases the amount and size of the pores and thus the permeability of the sand.
The compactability of a sand is dependent on the grain size and morphology and the amount
and type of binder. Rounded sand grains will move with greater ease and will compact better,
especially with the aid of a moist binder such as clays in natural sand. The amount of clay in
itself has an impact on the permeability of sand. High amounts of clay will occupy the space
between the sand grains, reducing the permeability and thus blocking the pathway for the
escaping gases.103
Cohesion strength104
Moulding sand should have sufficient bonding power to keep the mould impression together
and to resist the forces of the molten metal. Pure sand on its own, possesses hardly any
bonding power, whereas pure clay in contrast, has a comparatively high bonding power. Pure
sand’s lack of bonding power makes it unsuitable for moulding. The disadvantage of pure
clay as a moulding material is the amount of shrinkage occurring. In order to use clay as a
mould material it needs to be mixed with water. The absorption of water by the clay makes it
swell and when the mould is dried to make it suitable for casting, the escaping water causes it
to shrink. This shrinkage changes the dimensions of the mould and results often in a cracked
mould. Despite this shrinkage, clay has often been used as a first layer in lost wax moulds. To
counteract shrinkage problems, the clay for these moulds is applied in thin layers and allowed
to dry between the application of successive layers. Sand with a certain percentage of clay,
however, is very suitable as a moulding material. Clays are mineral substances of extremely
fine grain size, less than 2µ. (table 1) They consist of mainly oxides of aluminium and silicon,
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forming of platelets of aluminium silicates. It is these plate-like particles, which give clays
their unique properties.
The absorption of water in clay takes place between these platelets, transforming the clay into
a plastic material with adhesive properties capable of bonding individual sand grain
together.105 When the sand dries, the escaping water produces shrinkage of the lattice which
enhances the strength of the bond, making clay binders effective for both
green and dry sand moulding.106 This hydration of the clay is reversible with temperatures
well above the normal drying range for sand moulds, enabling the recycling of moulding
sand.107 Sand moulds can be dried, cast into and regenerated by adding moisture after each
cycle. Heating to higher temperatures, drives off the chemically bound water and can affect
permanently the bonding.

Fig. 1.3. Petrographic sample illustrating core material with loose sand grains of roughly equal size, each outlined by a thin
layer of dark clay. The clay shows up as a dark line around each individual sand grain. Core sample from Hercules, Nessus,
and Deianeira (Rijksmuseum Amsterdam, inv.no. BK-1957-2), cast attributed to Crozatier, design after Adriaen de Vries,
sand mould casting, probably Paris c.1845-1850. ( from Bassett and Schmidtling II 2012, 38)
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This loss in the ability of the clay to regenerate with water, begins around 400°C and is
complete at 700°C.108 In foundry terms this overheated clay is now called dead clay, as
opposed to active clay that still possesses bonding capacity.109 The ideal distribution of clay as
a binder in moulding sand is as a thin film around each grain. When compacted the clay forms
lens shaped masses at the contact points of the grains.110 This is exactly what can be observed
with Parisian moulding sand under magnification (fig. 1.3).
The percentage of clay in natural moulding sand varies greatly, producing sand with different
properties. The following classification of clay-based sand is used in current foundry
practice:111
< 8 % lean
> 8 % till 14 % middle fat
> 14 % till 20 % fat
> 20 % extremely fat
These variations are a result of the geological origin of a sand. Sand deposits frequently show
variations both horizontally and vertically.112 These variations affect specific properties of a
natural occurring sand, which could mean that a vein of good sand could become exhausted
over time. This happened to some well-known historic quarries such as Fontenay-aux-Roses
near Paris and Highgate near London, rendering these sands unavailable for modern testing or
analysis.113 Even if these quarries would still produce today, it would be questionable whether
the modern sand would have the same quality as the sand used in previous centuries, due to
the geological variations. I have tried therefore to find nineteenth century analyses of
moulding sands and in particular, sands used for moulding bronze sculpture. Most of this
nineteenth century information regarding the composition of moulding sand, covers the sands
used for iron founding because the iron founding industry was economically of greater
importance. The main issue with using analytical data of this early period is the fact that the
means whereby these data are collected are rarely specified. This makes it very difficult to
compare, verify or reproduce these compositional data.
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Beeley 2001, 203.
American Foundrymen's Society 1984, 25.
110
Beeley 2001, 202.
111
Bundesverband der Deutschen Giesserei-industrie. Das traditionelle Lehmformverfahren zum Herstellen von
Läuteglocken, BDG, 2, 2015,
<http://www.bdguss.de/fileadmin/content_bdguss/Der_BDG/Richtlinien/F_01.pdf˃ [accessed 22 June 2018]
112
See for example Ries and Gallup 1906, 226-227.
113
Highgate and Hampstead Heath sand quarries have been operating at least since the late Middle ages and
ceased working in the 1940’s, see Baker, T.F.T. et al. “Hampstead: Hampstead Heath”, A History of the County
of Middlesex, Volume 9, C. R. Elrington (ed.) (1989): 75-81, http://www.britishhistory.ac.uk/vch/middx/vol9/pp75-81, [accessed 22 June 2018]
109

35

1.2.3 Compositional data of moulding sand
As mentioned earlier, published compositional data on moulding sand before the nineteenth
century is non-existent. However, most of the moulding sands, used in the nineteenth century,
derived from quarries already in use long before 1800.
One of the earliest analysis of moulding sand, which included a sand for copper alloys, was
by Kampmann published in 1844.114 Kampmann analysed moulding sand from various
foundries in Western Europe including sand from Paris for bronzes.115 This sand from Paris is
almost certainly from Fontenay-aux-Roses because French literature, covering the sand mould
casting of bronze sculpture, mentions only this source.116 In 1862, Carl Karmarsch published
another analysis of various moulding sands, mostly for iron founding but he also covers some
moulding sands for non-ferrous founding, including sand from the Fontenay-aux-Roses
quarry.117 The only French source I have been able to find giving a compositional analysis of
Parisian moulding sand, is from Guettier (1882).118 The data given by Kampmann and
Guettier are very similar whereas Karmarsch data stands out with a very high iron oxide
content. (table III)
Table III. Comparison between published nineteenth century compositional data on moulding sand from Paris.

source of sand
Paris sand
Fontenay-aux-Roses

Silica
91.907

Clay119

Iron oxide

5.683

82 7

2.177
11

Chalk120
0.415

trace

Source
Kampmann (1844)
Karmarsch (1862)

Fontenay-aux-Roses
92

5.50

2.50

trace

Guettier (1890)

Whereas nineteenth century compositional analyses give silica values between 82-92%, the
recent data produced by Schmidtling found values for silica content between 39-48%.121 The
values for clay also show great differences between nineteenth century literature (5.5-7%) and
the results of Schmidtling (47-60%). Even if the iron oxide and chalk are regarded as part of
114

Elsner 1844, Nr. 7 and 8.
“Pariser Sand, vorzüglich zu Bronze-Guß geeignet, see Elsner 1844, Nr.7 and 8.
116
See for example Launay, Jean-Baptiste. Manuel du fondeur sur tous métaux ou traité de toutes les
operations de la fonderie. Librairie encyclopédique de Roret (1827): 19. And also Guettier 1858, 286.
117
Karmarsch 1862, 210.
118
Guettier, 1858 104.
119
English and French publications using this data, usually translate Thonerde (literally clay earth) as alumina,
see Percy, J. Metallurgy, the art of extracting metals form their ores, and adapting them to various purposes of
manufacture. Murray (1861): 239. Also see Guettier 1858, 104.
120
Kalk is in older English literature translated as lime: an antiquated term to denote chalk, a form of limestone
composed of the mineral calcite. Calcite is calcium carbonate or CaCO3.
121
Schmidtling separates sand into quarts and feldspar and other minor minerals such as muscovite and
lamprobolite. Bassett 2008, 240.
115
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the clay component, making the nineteenth century clay values of 7.86-18%, there is still a
wide gap between the two data sets. As mentioned earlier, no information regarding the
method of analysis is given for the nineteenth values, making it very difficult to compare with
modern analysis. Schmidtling used X-ray diffraction (XRD) in combination with Polarised
Light Microscopy (PLM) for his quantification.122
Table IV. Comparison between published twentieth century compositional data on moulding sand from Paris.

Source of sand

Silica

Clay

Feldspar

Muscovite

Crozatier? (core)123

41

52

6.5

0.5

Crozatier? (core)

31

60

8

trace

47

47

-

-

-

42

-

-

-

17.2

-

-

124

Paris sand (acq. 1950’s)125
Fontenay sand (collected in 2007)
Fontenay sand (1970’s?)127

126

It is interesting to compare the Schmidtling clay values with the only other relatively recent
published analysis of Fontenay sand, by Ammen (table IV).128 Ammen does not mention when
this sand was collected or analysed but this cannot be later than 1979, the year of publication
of his book. Descatoire, however, mentions that the Fontenay-aux-Roses quarries ceased
operating already in the 1960s.129 Ammen’s analyses are an average of ten samples.130 Ammen
gives a clay value of 17.2 %, almost 2.5 times less than Schmidtling and much closer to the
nineteenth century values. Interestingly Ammen also mentions that during World War I, when
Fontenay sand was unavailable to US foundries, the French sand was replaced with sand from
Albany, N.Y. with an average clay content of 19.2 %.131

122

Bassett 2008, 35-44.
Hercules, Nessus, and Deianeira (Nelson-Atkins Museum of Art, Kansas City. inv.no. 44-53) attributed to
Crozatier, after Adriaen de Vries, sand mould casting probably Paris c.1845-1850, see Bassett 2008, 240.
124
Hercules, Nessus, and Deianeira (Rijksmuseum Amsterdam inv. no. BK-1957-2) attributed to Crozatier, after
Adriaen de Vries, sand mould casting, probably Paris c.1845-1850, see Bassett 2008, 252.
125
Sample from Petterson Art Foundry, located outside of Stockholm. Foundry purchased this sand in France in
the 1950’s, see Bassett 2008, 240 note 2.
126
Thinot ochre, see Bassett and Schmidtling II 2012.
127
Ammen 1976, 31.
128
Ammen 1976, 31
129
Descatoire 2009, 5-8.
130
Ammen does not give his method of analysis. This was probably a standard foundry analysis such as a sieve
test.
131
Ammen 1976, 31.
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Fig.1.4: Soil textural triangle showing both the USDA and the UK-ADAS soil classes. (image Wiki commons)

The large discrepancy of Schmidtling's silica and clay values from the results of other
analyses is remarkable. These results are discussed further in this and the following section,
also in comparison to newly-undertaken analyses for this thesis. One could argue that cores,
usually made from recycled moulding sand, have a slightly different composition compared to
outer mould material but there is no distinct difference discernable between Schmidtling’s
clay values for cores and outer mould material.132 Rama gives a typical clay content of fine art
moulding sand of between 16 to 20%.133 I have only found one reference of a clay value over
20% for moulding sand, which mentions it is unsuitable and should therefore be mixed with a
less clayey sand.134 Moulding sands with a clay content between 16-20% are classified by
USDA (United States Department of Agriculture) and UK-ADAS as sandy loams (fig. 1.4).
The above-mentioned inconsistencies in clay and silica content of moulding sands required
clarification and it was therefore decided to initiate more research by analysing various
moulding sand samples.
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Bassett and Schmidtling II 2012.
Rama 1988, 346.
134
35.52% .”Nr. 12. Sehr fetter Sand von Neudörfel bei Wiener-Neustadt, als Formsand zu fett.”, see Karmarsch
1862, 210.
133
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1.2.4

Grain-size distribution of moulding sand

The determination of the clay content of sand is established by measuring the grain-size
distribution of this natural sediment. This can be determined by various methods.
Traditionally the clay content in moulding sand was established by chemically or
mechanically separating the clay from the sand and comparing the difference between the
original weight of the clayey sand and the now clay free sand. Another way to establish the
clay content of sand is by point counting, or qualitative analysis of a thin section under
magnification, using crosshairs.135 This point counting, the method used by Schmidtling,136 is
considered the least accurate of the above-mentioned methods mainly because the ratio clay is
based on visual observation.137
Recently a more accurate method to determine the grain-size distribution of a sand has been
applied, called laser diffraction.138 Laser diffraction measures particles in a laser beam scatter
laser light at angles inversely proportional to the size of the particles. Large particles scatter
light at small forward angles whereas small particles scatter light at wider angles. Using
Fourier and reverse Fourier optics, the scattering is imaged to an array of detectors at the focal
plane of the optics. The distribution of the scattered light energy on the detectors can be
directly related to the particle size distribution of the sediment in the laser beam. 139 Apart from
being very accurate for measuring small particle sizes, laser diffraction is especially suited for
historic sand core samples because it requires only a very small sample size, in the region of
0.5 g. or less.140 The following samples were submitted for laser diffraction analysis:141

1) moulding sand from Jesseu sampled in the Thinot foundry in Paris in 2007
2) moulding sand from Fontenay-aux-Roses sampled in the Thinot foundry in 2007
3) moulding sand sample collected during visit at the Bedi-Makky foundry in May 2015
reputed to be imported from France around 1900
4) core sample removed from bronze cast by the Gruet Jeune foundry in 1880142
5) core sample removed from bronze cast in 1885 by the Pierre Bingen foundry143

135

Hutchison, C. S. Laboratory handbook of petrographic techniques. Wiley (1974): 51-53.
Bassett 2008, 39.
137
Personal communication with Dirk Goossens on 10 November 2015. See also Goossens, D. “Techniques to
measure grain-size distributions of loamy sediments: a comparative study of ten instruments for wet analysis.”
Sedimentology (2008): 65-96.
138
McCave, I. N. et al. “Evaluation of a Laser-Diffraction-Size Analyzer For Use With Natural Sediments.” Journal
of Sedimentary Research 56 (4), July (1986): 561–564.
139
Goossens 2008, 68.
140
Goossens 2008, 68-69.
141
Performed by Dr. Dirk Goossens: Laboratory for Experimental Geomorphology , Catholic University of
Leuven, Belgium.
142
Core sample removed on 2-4-2012 by author from inside Rodin’s Bust of St. John the Baptist (RMP S.6670)
cast in 1880 by the Gruet Jeune foundry in Paris.
143
Core sample removed on 2-4-2012 by author from inside Rodin’s Bust of Victor Hugo (RMP S.497) cast in
1885 in Paris by Pierre Bingen.
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6)
7)
8)
9)

core sample removed from bronze cast in 1896 by the E. Groult foundry144
core sample from bronze cast by the A. Rudier foundry between c.1931 and 1937145
core sample from a bronze by cast by the Petermann foundry in Brussels in 1909146
core sand from Fontainebleau removed from inside a sand mould cast bronze from
Chardon & Petit-Fils foundry in Paris in 2007

The samples of this group can be divided into two groups: sand that was collected directly in
the foundry and sand that was sampled from cores of existing bronzes. The sand, collected in
the foundry, was sand ready to use for moulding, the outer mould as well as the inner core.
The data in table V indicates that the clay values, as detected by laser diffraction, do not differ
greatly from the values given in the nineteenth & twentieth century foundry literature. They
are somewhat lower in clay than the 16-20% range, with only the Fontenay sand falling in this
range. This could be due to more to the more accurate analysis by laser diffraction but also
caused by the relative small sample size (1 gram), used for laser diffraction compared to the
larger samples (50 grams) standardly used for analysis in foundries.
Another explanation could be that the sand used by the Thinot foundry in 2007, was already
of diminished quality and not of the earlier standard. The low quality of the Bedi-Makky
moulding sand can possibly be explained by the repeated re-use of the sand since 1900, which
decreases the clay content. The laser diffraction analysis confirms the discrepancy between
the Getty data and the values given in the foundry literature.
Table V. Comparison between the clay percentages of Paris moulding sand.

Source of sand: foundry

Clay %
Laser
diffraction147

Point
counting148

Jesseu149

15%

40.5 %

Fontenay-aux-Roses150

16%

42%

Bedi-Makky Brooklyn

10%

--

144

Core sample removed on 2-4-2012 by author from inside Rodin’s La Terre (RMP S.623), cast in 1896 by the E.
Groult foundry in Paris in 1896.
145
Core sample removed during restoration work in 2010 from the inside of the Thinker ( Singer Laren inv.no.
56-1-412), cast by the A. Rudier foundry in Paris between probably 1931 and 1937.
146
Core sample collected during examination on 2-12-2015 from a bronze by Rik Wouters in Kröller-Müller
Museum, Otterlo, Netherlands cast in 1909 by the J. Petermann foundry of Brussels. (inv.no.KM 125.377)
147
Carried out by Dr. Dirk Goossens in Leuven in December 2015.
148
Carried out by Ronald Schmidtling II in 2012 for the decorative arts conservation department at the J.P.Getty
museum in Los Angeles.
149
Thinot brown. See Bassett and Schmidtling II. Collected by the Getty in the Thinot foundry in 2007.
150
Thinot ochre. See Bassett and Schmidtling II. Collected by the Getty in the Thinot foundry in 2007.
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Table VI gives data for clay values in core material sampled from inside historic bronzes,
showing great variations in clay content, with values as low as 2 % and as high as 12.5 %. A
possible explanation for this can be the proximity of the sand to the metal.
Table. VI. Comparison between the clay percentages of historic core material as analysed with laser diffraction.

Source of sand: core

Clay %

Laser diffraction151

Gruet Jeune (1880)152

3%

Pierre Bingen (1885)153

2%

E. Groult (1896)154

2.2%

Rudier (1930’s)155

3%

Petermann 1909

11.5%

Fontainebleau (2007)

12.5%

Some bronzes which were sampled for core material, for example the bronzes from the Rodin
Museum Paris, had very little core material remaining. The sand that could be removed was
very close to the metal and therefore blackened by the heat. This may have had an effect on
the clay content.156 Only the bronzes from the Petermann and the Chardon & Petit-Fils
foundry had sufficient core material remaining, to take a sample well away from the metal.
When put together in one table (table VII), the differences between sand collected in the
foundry and core sand, are even more prominent.

151

Carried out by Dr. Dirk Goossens in Leuven in December 2015.
Core sample removed on 2-4-2012 by author from inside Rodin’s Bust of St. John the Baptist (RMP S.6670)
cast in 1880 by the Gruet Jeune foundry in Paris.
153
Core sample removed on 2-4-2012 by author from inside Rodin’s Bust of Victor Hugo (RMP S.497) cast in
1885 in Paris by Pierre Bingen.
154
Core sample removed on 2-4-2012 by author from inside Rodin’s La Terre (RMP S.623) cast in 1896 by the E.
Groult foundry in Paris.
155
Core sample removed during restoration work in 2010 from the inside of the Thinker ( Singer Laren 56-1412) cast by the A. Rudier foundry between probably 1931 and 1937.
156
For more on the effect of heat on the clay content see further this chapter.
152
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Table VII. Clay content of various moulding sands collected in foundries and sampled from cores. (image D. Goossens)

Laser diffraction determines not only the clay content of a sample but also the complete grainsize distribution of the entire sample. This makes it possible to determine the average grain
size in a sample which is given in tables VIII and IX.

Table VIII. Median diameter of particles in moulding sands collected in foundries and sampled from cores. (image D.
Goossens)
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Table IX. Cumulative percentage of particles in moulding sands collected in foundries and sampled from cores. (image D.
Goossens)

Several trends can be observed from the above data. The average grain size of core material is
larger than that of the moulding sand from the foundry. An explanation could be that coarser
sand was used for the core, as a result of less working by mulling and sifting. Another
explanation could be that the heat of the molten metal altered the grain-size distribution of the
sand by ‘sintering’ the grains together. The average grain size of 40-60µ of the moulding sand
collected by the Getty in the Parisian foundries in 2007, is consistent with values of sand from
the nineteenth century and even later (table II), indicating that the grain-size distribution of
the sand did not alter much.
Again, the values that Schmidtling produced are not consistent with values in the foundry
literature and values produced with laser diffraction. Tables XIII and IX give for the moulding
sand of the Bedi-Makky foundry a relative large average grain size which could be explained
by the prolonged use of their sand. The above data generated by the laser diffraction analysis
indicates that the heat of the molten bronze influences the grain-size distribution of moulding
sand and therefore it was decided to carry out new analysis, to determine the effect of heat on
the clay content and grain size of moulding sand.
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1.2.5 The effect of heat on the grain-size distribution of moulding sand
The research in the previous section indicated a possible effect of heat on the grain-size
distribution of moulding sand. To gain a better understanding of this, a reconstruction cast
was carried out using argillaceous moulding sand.157 After the mould was cooled down
completely, the outer mould sections, the false cores, were removed carefully to keep them
intact. The usual pattern of heat discolouration could be observed whereby the sand closest to
the metal was charred black (fig. 1.5).

Fig. 1.5. Cross section of a reproduction outer mould section of Brussels earth, showing the visible effect of the heat of the
molten metal.

Moulding sand further away from the inner mould surface displayed a gradual colour change,
ranging from dark brown to the unchanged colour of the Brussels earth. Based on colour, five
zones could be observed and sand was sampled from each of these zones (fig. 1.6). This was
done from several false cores to get an average and create sufficient sample material (>20
grams) for thorough analysis. The following five zones were identified:
Zone 1: completely black charred sand
Zone 2: dark brown sand
Zone 3: brown sand
Zone 4: light brown sand
Zone 5: unchanged natural colour of the sand
Samples of the five zones were submitted for analysis together with a sample of un-used sand.
The analysis was performed again using laser diffraction.158

157

Brusselse aarde (Brussels earth) obtained from sculpture supplies the Hazelaar in Soest. The supplier of the
sand, Sibelco in Maastricht was contacted and the sand was quarried in Aldenhoven in Germany. This is close
to the Dutch/Belgian border and the sand derives from the same geological sand layer as Brussels earth layer
near Brussels.
158
Dirk Goossens performed this analysis by laser diffraction.
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Fig. 1.6. Close up of the cross section of the heat affected mould surface with the five zones indicated.

This produced again results for clay content and average grain size. A much greater quantity
of sample material was now available for analysis, compared to the previous analysis of the
various core samples and foundry-acquired moulding sand. This made it possible to
investigate whether the dispersion of sample material influenced the results. One group of
samples was dispersed ultrasonically and one not. If one looks at the final results of the
analysis, as summarised in tables X to XIII, some trends can be observed. The first one is that
the clay content decreases with the proximity of the zone to the metal, zone 1 containing less
clay particles than zone 2 etc. This was observed in dispersed as well as non-dispersed
samples. In relation this, one can observe an increase in average grain size (median particle
diameter) the closer the sample material is positioned to the hot metal. Again, this was visible
in dispersed as well as non-dispersed samples. Although both trends could be observed in
dispersed and non-dispersed samples, the absolute figures for dispersed and non-dispersed
were different. The dispersion doubled the amount of clay that went into solution, thereby
reducing the average grain size diameter by a factor two or more.
The justification for this second sand analysis, was to find the causal effect of heat on the clay
content of moulding sand. This second analysis observed a trend whereby sand closest to the
hot metal showed the greatest decrease in clay content. A possible explanation for this can be
the sintering of the clay particles. Clay particles in pottery clays start to cement together at
temperatures above 900 C when fired, although this so-called sintering has also been observed
as low as 600 C.159 The temperature of the molten bronze is around 1200 C when it enters the
mould, this is probably sufficient to cause sintering in the upper surface layer of the inside of
the mould.

159

Monteiro, S. N., and C.M.F. Vieira. “Solid state sintering of red ceramics at lower temperatures.” Ceramics
International, 30(3) (2004): 381-387.
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Table X. Clay content of heated and non-heated Brussels moulding sand samples (non-dispersed) (image Dirk Goossens)

Table XI. Clay content of heated and non-heated Brussels moulding sand samples. (fully dispersed) (image Dirk Goossens)
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Table XII. Average grain size of heated and non-heated Brussels moulding sand samples. (non-dispersed) (image Dirk
Goossens)

Table XIII. Average grain size of heated and non-heated Brussels moulding sand samples. (fully dispersed) (image Dirk
Goossens)
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1.3 The use of sand mould casting before the nineteenth century
Although there are references of early use of sand mould casting in Mesopotamia, ancient
China and the Middle East and possibly pre-historic Europe, this chapter will concentrate on
the development of sand mould casting in historic Western Europe.160
Tracing the history of sand mould casting is not straightforward: the lack of archaeological
evidence due to the ephemeral nature of sand moulds limits the manner in which the method
can be studied.161 Early descriptions occasionally refer to the use of sand in connection to
casting although one has to be careful interpreting this since sand was frequently added to
loam or clay moulds.
The first use of sand as a mould material in Western Europe probably dates from the late
fourteenth century when sand mould casting began to be used for the creation of simple
castings such as cast iron fire backs. These were cast into open or basic bi-valve moulds.162
Aitchison suggests the introduction of sand as a mould material in the late fourteenth century
may well be as ingot moulds for the production of pig-iron.163 This suggestion is quite
plausible because sand as a moulding material is not only inexpensive, and economical in use
because it can be re-used and is fast to work with, yet above all it is resistant to the high
temperatures (c.1200 ºC) of molten iron. This pouring of pig-iron was likely carried out by
making the negative mould impressions into the foundry floor which is traditionally a sand
floor (fig. 1.7).

160

Müller-Karpe, M. “Der Guss in der verlorenen Sandform in Mesopotamien.” Mitteilungen der Deutschen
Orient-Gesellschaft 122 (1990): 173-192; Derui, T. and L. Haiping. “The ancient Chinese casting techniques.”
China foundry, vol. 8 nº 1 (2001): 131; Al-Jazari (Ismail ibn al Razzaz). “The book of Ingenious Devices (1206)”,
translated from the Arabic by Donald R. Hill, Kluwer Academic Publishers (1973): 190-195 & 274. Hill suggest a
possible transfer of the skill of sand mould casting from China to the Arabic world. For more information on
sand mould casting in the Islamic world, see La Niece, 2016 and Allan, J. W. Persian Metal Technology 700-1300
AD. Ithaca Press (1979): 62-63; Goldmann, K. “Guß in verlorener Sandform – Das Hauptverfahren
alteuropäischer Bronzegießer?” Archäologisches Korrespondenzblatt 11 (1981): 109 –116. & Goldmann, K.
“Bronzegußtechniken im prähistorischen Mitteleuropa.” Archäologische Bronzen, antike Kunst, moderne
Technik. Hermann Born (Ed.), Museum für Vor- und Frühgeschichte, Staatliche Museen Preußischer
Kulturbesitz (1985): 52-58.
161
The excavations, between 2005 and 2008, of the post-medieval foundry (1545-1667) in the historic centre of
Dubrovnik, gave evidence of sand mould casting. Moulding sand was found here in an area dedicated to sand
moulding and casting, see Peković, Željko, and Nikolina Topić. "A late-medieval and post-medieval foundry in
the historic centre of Dubrovnik”Post-medieval archaeology 45.2 (2011): 266-290.
Casting flasks have rarely been found in an archeological context. One exception is the early seventeenth
century iron flask found in historic Jamestown see Sand Casting Mold
<https://historicjamestowne.org/selected-artifacts/sand-casting-mold-2/˃ [accessed 22 June 2018]
162
Aitchison, L. A History of Metals. Interscience Publishers (1960): 348.
163
An ingot is a rough casting in a basic form, rendering it suitable for further processing. Pig iron is the initial
product, in the form of ingots, of smelting iron ore with a high-carbon fuel. The name derives from the
branched structure in sand bed acting as mould, with numerous individual ingots aligned at right angles to
main runner, similar in appearance to a litter of piglets suckling on a sow, see Aitchison 1960, 407.
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Fig. 1.7. Herri met de Bles, Landscape with a Foundry (detail), between 1525 and 1550. Oil on panel, 88 × 115 cm. National
Gallery in Prague. (image Wiki commons)

A practice that was still in use during the nineteenth century (fig. 1.8).

Fig. 1.8. The casting of pig iron in the Robert Wood’s Ornamental Ironworks in Philadelphia in 1853. ( from Hinckley 1853.)
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For lack of archaeological evidence our knowledge of the early-modern use of sand mould
casting must rely heavily on textual evidence such as art technological written sources and
contemporary depictions of workshop practices.
The following section gives a chronological overview (ca 1400-1800) based on various
documentary sources from a wide geographical area including Italy, the German lands, the
Low Countries, France and England. The aim is to provide a critical development of sand
mould casting in the early modern to modern periods. This is done by charting the main
developments and establishing the first use of certain tools and techniques. Textual evidence
providing detailed technical information, akin to trade secrets, has occasionally been
published in the past, albeit not in abundance. Evidence for the use of certain moulding
techniques can only be found described in early written sources. A substantial variance in
written source material between various countries and periods can however be observed.
For example, enlightened France provides today’s art-technological researcher with very
detailed and profusely illustrated sources in the form of the publications by the l'Académie
royale des sciences, the Encyclopédie by Diderot and d’Alembert and their followers. Material
from countries like Britain and the Low Countries on the other hand, is less often
encountered. This might give a distorted historical perspective. A place of publication is not
necessarily of importance as casting centre and first evidence in a publication does not imply
this innovation occurred in the city or country of publication. In addition, guild restrictions
sometimes preventing members to publish craft knowledge, should also be taken in
consideration. An example is the oath for new members of the Worshipful Company of
Goldsmiths in London which contained the following: “…And you shall not disclose the
secrets and skills (pryvitees) of the said craft but always behave as a good and true man
towards your wardens and your Company…”164 Although there is no proof that this oath was
enforced, it can provide an explanation for the fact that the first English goldsmithing manual
was only published in 1877.165 By taking these above-mentioned arguments in consideration, I
believe a valid historical perspective regarding the development of sand mould casting, can
still be given.
This exploration of the subject uses examples from different branches of metalworking which
have historically made use of sand moulds for casting. These include goldsmiths, casting gold
and silver, and copper alloy and iron founders.166
164

Privity: a thing that is kept hidden and secret; private business; personal affairs (Oxford English Dictionary).
In the Ordinances of the Worshipful Company of Goldsmiths in London the word privity is also used with
special reference to the skills and methods of the craft, see Reddaway, T.F. and L.E.M. Walker. The early history
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Although it is tempting to make a division between these type of founders, this is not easy
because of the many overlaps between these professions. Goldsmiths, especially in the
Renaissance, were often also sculptors working in bronze, for example Benvenuto Cellini.167
In converse bronze foundries were sometimes asked to cast sculptures in silver.168 Foundries
operating in the nineteenth century were known to cast the same model in iron as well as
bronze and even zinc using similar techniques to cast these different metals.
In the course of this analysis, three main groups using sand moulds could be discerned:
-

-

-

the first group of fine founders, were the goldsmiths and medal founders, specialised
in the founding of small detailed castings. Most of the earliest written sources
describing the use of sand moulds are by this group
the second group, were the copper alloy and iron founders, casting utilitarian objects
such as pots, candlesticks and furniture mounts but also more industrial objects such
as pulleys, wheels, machine parts and ordnance
the third group, were the sculpture founders, casting in complex sand piece-moulds.
This group forms the core of my research and will be discussed in the next chapter

The three groups are listed in chronological order. The majority of published descriptions of
sand mould casting by the first group fall within the Renaissance ‘how-to’ literature.169 The
sand moulding technique used by goldsmiths and medal founders, consisting of simple bivalve moulds, showed little innovation. To trace the innovations, leading to the use of
complex sand moulds for the founding of sculpture, it is important to look at the technical
development in the casting of utilitarian, industrial objects and cannon during the seventeenth
and eighteenth centuries. This second group falls broadly within the age of encyclopaedias
whereas the third group fits, on the whole, into the group of specialised manuals typical of the
nineteenth century.170
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1.3.1 Goldsmiths and medal founders using sand moulds
Most of the early textual references to sand mould casting are covering the casting of small,
low relief objects such as precious and base metal seals, medals and plaquettes.171 The first
documentary evidence of the use of true sand mould casting can be found at the beginning of
the sixteenth century when Leonardo da Vinci’s (1452-1519) notes the following: “If you
wish to make casts rapidly and simply, make them with a box of river sand moistened with
vinegar”.172 Leonardo’s note can be found on a folio, dedicated to the moulding process of the
Sforza monument.173 MacCurdy dates this folio from before 1518, perhaps between 14801500, when Da Vinci was working on the Sforza monument.174 Unfortunately, Da Vinci does
not specify the river from which he obtained this sand. Although this is the earliest reference
to date of sand mould casting in Europe it is likely that this casting technique was already in
use for some time. Da Vinci does not mention this type of casting as something new or
special.
If one looks at earlier textual sources covering metal casting, no description or depiction of
sand mould casting can be found. There is for example no description of sand mould casting
in the important medieval metalworking source Schedula diversarium artium (before-1100).175
Also close examination of the depictions of the various metalworking professions in the
Hausbücher der Nürnberger Zwölfbrüderstiftung, dating from 1425 till 1806, did not yield
one image of a sand mould or flask.176 Cennino d’Andrea Cennini (c. 1370-c. 1440), in his
painters handbook Il libro dell’arte, mentions the use of powdered ashes bonded with salt
water as a mould material to make a mould of a seal or coin.177 The use of these ashes
however, is not as a form of sand but is akin to the use of plaster whereby the mould material
is poured in a liquid form. The scarcity of textual art technical source material on casting from
the middle ages means that one cannot draw any solid conclusions. It is conceivable that sand
mould casting was in use in Europe in the centuries before Da Vinci and the knowledge for
this was transferred from the Islamic world. La Niece gives several examples of casting flasks
from the Islamic world, some with secure archeological provenance and dating from the
fourteenth century or earlier.178 The court inventor Al-Jazari, writing around 1200, described
the process of sand mould casting in his Book of Knowledge of Ingenious Mechanical
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Devices.179 Italy with its close ties with the Islamic world is a likely candidate to have
imported the Islamic sand moulding skill, or possibly medieval Spain with parts of the Iberian
peninsula still under Muslim control till the late fifteenth century.
Vannoccio Biringuccio (1480-1539?) in his Pirotechnia of 1540 devotes a whole chapter to
the use of sand and powders as a mould material.180 This chapter describes the use of binders,
such as flour and water, urine or wine to hold the previously heated sand together and to give
it the right consistency in order for the sand take good impressions, akin to the modern way of
addition hardening sand mould casting.181 Biringuccio describes this as part of the small art of
casting although he also mentions he had seen the same methods used for large castings up to
three hundred pound a piece.182 Typifying this casting method as truly a quick and easy
method.183 The excavations between 2005 and 2008 of the foundry (1545-1667) in the historic
centre of Dubrovnik seems confirm the foundry practice of sand mould casting during this
period. Moulding sand was found here in an area dedicated to sand moulding and casting.184 In
contrast the excavations of a foundry in Chinzica, Pisa, active between the early thirteenth
century and 1406, gave only evidence for casting in fired clay/loam moulds. This foundry
specialised in the mass production of simple copper alloy clothing accessories such as
clasps.185 A type of object that would be usually produced from the sixteenth century by sand
mould casting.
These early descriptions are all examples of dry sand mould casting. It is only later in the
sixteenth century, when Benvenuto Cellini (1500-1571) described using a moist argillaceous
sand from the river Seine in Paris, in his treatise on goldsmithing and sculpture, that one can
speak of green sand mould casting:
... as I write I am minded of a very rare kind of this tufa earth which is found in the bed
of the river Seine in Paris.186 While there I used to take what I wanted from hard
[close] by the Sainte Chapelle, which stands on an island in Paris in the middle of the
Seine. It is very soft, and has the property, quite different from other clays used for
the moulding process, of not needing to be dried, but when you have made from it the
shape you want, you can pour into it while it is still moist, your gold, silver, brass, or
any other metal. This is a very rare thing, and I have never heard of it occurring
anywhere else in the world.187
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This description by Cellini is very interesting but even more interesting when looking at
Cellini’s own words in the original language:
… mentre che io scrivo, e' mi sovviene una di queste arene rarissima, la qual si è nel
fiume della Senna di Parigi ; questa in mentre che io vi stetti presi di quella che era
intorno alla Santa Cappella, la qual cappella è in mezzo della Senna, che è in isola in
Parigi; questa è sottilissima da per sè, et ha una proprietà diversa dall' altra, che
adoperandola in nel modo che si fa alle altre terre con le staffe, e' non accade
rasciugarla come alle altre terre si fa quando l' uomo ha formato quel che e' vuole ;
ma subito format che tu hai l' opera tua così umidiccia, come promette il modo di
acconciarla universalmente, così umidiccia dico, vi si può gettar drento oro, argento et
ottone, e tutti quei metalli che ti vengono in preposito. Questa è cosa raris sima, che
mai l'ho sentito dire che tal cosa sia in altra parte del mondo.188
Cellini uses the word terra which is usually translated as earth and not clay (It. Argilla). He
makes no distinction here between clay and sand (It. sabbia). Although Ashbee uses first the
word tufa earth, further on he still ranks it as a form of clay.189 When Cellini discusses the use
of clay for making lost wax moulds, he also uses the word terra.190 The terra for lost wax
moulds require distinctly different properties than the terra for flasks. (It. terre con le staffe)
Natural moulding sand, used for sand moulding, gets its special properties from the presence
of a substantial amount of clay between its sand grains. The properties and appearance of
moulding sand is therefore more reminiscent of clay than of ordinary loose sand and explains
why Cellini ranks it amongst clays. This indiscriminate use of terms has also been observed
by for example Lebon that in French texts of the eighteenth and nineteenth centuries the terms
terre and sable are often inter-changeable.191
Cellini’s description of using moist sand is by my knowledge the first mention of green sand
mould casting. Cellini describes very specifically earth from the Seine river bed which later in
the nineteenth century was going to provide the most sought-after sand for the sand mould
casting process. The role of Parisian moulding sand in the history of the French cast
metalwork is somewhat under-acknowledged. The very high quality of sand mould castings
achieved in France from the late seventeenth century onwards in silverware, bronzes and
ormolu can possibly for a part be attributed to the use of this sand.192 Especially sand from the
Fontenay-aux-Roses quarry in Paris was to acquire, in the course of the nineteenth century,
international fame as one of the best moulding sand with Réaumur already mentioning in
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1722 the well-established practice of Parisian founders using Fontenay sand: “Le fer qui avoit
été entouré de sable, tel que celui de Fontenay-aux-Roses, fort estimé des fondeurs de
Paris…”193
Apart from descriptions in manuals one can also find more tangible evidence of sand mould
casting in early depictions of goldsmith’s workshops. A relative large number of goldsmith’s
workshop interiors on paintings, engravings and drawings exists, likely because engravers,
painters and draughtsmen before 1700 were often initially trained as goldsmiths.194 Close
study of depictions of gold and silversmiths’ workshops demonstrates the use of casting boxes
or flasks from at least the middle of the sixteenth century onwards. Of the twenty images
known to me depicting goldsmiths in their workshops, dating from before the middle of the
sixteenth century, none of these show flasks. When carrying out the moulding process using
sand, one always needs to contain the sand within a frame called flask. Originally, the open
frame was bottle-shaped (fig. 1.9) and made from iron and occasionally from wood.195

Fig. 1.9. A finished sand mould inside a flask ready for casting. The medal used as pattern has been removed and the gating
system has been carved in the surface of the sand. (from Richter, Ernst-Ludwig. Altes Silber, Keyser, 1983, fig. 201)
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This flask is then held together in a clamp and ready to pour the molten metal into (fig. 1.10).
The drawing by Jan Luyken (1649-1712) is a study for an emblem book he published together
with his son Casper (1672-1708) in 1694, and is the earliest depiction of process of pouring
metal in a sand mould found to date.196 This is not the earliest image giving proof of casting in
sand moulds, an earlier one illustrating only flasks, will be discussed next (fig. 1.11) but I
have placed this image here as to illustrate the process of casting metal in sand moulds.

Fig. 1.10. Jan Luyken, De silversmit, Amsterdam, 1694. Drawing. Amsterdam Museum (inv.no. TA13444). A silversmith
pours metal into a bottle shaped sand mould, held between a clamp. (image Amsterdam Museum)

This earlier image, a woodcut print by the Sienese artist Domenico Beccafumi (1486-1551)
and dated to 1540-1550 depicts a fine metal worker, probably a goldsmith, at work in his
workshop (fig. 1.11). This print forms part of a series of ten prints: The various operations of
alchemy.197 There is no consensus yet on whether this series of prints was intended to
illustrations an alchemical text or to be part of Biringuccio’s Pirotechnia. Gabriele links these
woodcuts to Biringuccio’s Pirotechnia and comes up with two hypotheses: one that the
woodcuts were inspired by Biringuccio’s Pirotechnia, which would give the woodcuts a post
1540 date.198 The other hypothesis is that these woodcuts were a first draft for the Pirotechnia
but were never included, which would date the woodcuts earlier, probably around 1530. The
print would then have been intended for Book 8: Concerning the Small Art of Casting.
Karpinsky, argued already in 1960 against these theories and remarked: “It therefore seems
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impossible that a book of practical instruction by an author who repudiates alchemy should be
illustrated with Beccafumi's prints, which are suffused with alchemical thought.”199
Modern scholars such as Bernardoni argue that Biringuccio’s position on alchemy is more
discerning:
…[Biringuccio] taking a negative stance towards the ‘false and sophistic’ alchemists
who hide their art behind esotericism, magic, alchemical authority and those who
practice chemical process without ratio and empirical control, and taking a positive
stance towards “true alchemy” as a philosophical and technological activity grounded
on reason and empirical experimentation.200
While alchemy is still often associated with futile attempts to trans mutate base metals into
gold, many historians of science now consider alchemy in the early modern period as one of
the precursors of modern metallurgy and chemistry. 201 Despite this changed perspective on
alchemy, Kaplinsky still has a point.

Fig. 1.11. Domenico Beccafumi, c.1540-1550. Woodcut illustration of a silversmith in his workshop. From a series of ten
prints: The various operations of alchemy. Empty casting flasks are seen hanging on the right wall, on the work bench on the
right and filled flasks are visible in a clamp on the foreground. (image British Museum)
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Compared with Beccafumi’s images the prints in the Pirotechnia are purely functional,
supporting the text and not cluttered with tools, other objects or people not directly related to
process being illustrated. Beccafumi’s illustration is the earliest depiction of casting flasks I
have found and provides visual proof of the practise of bi-valve sand mould casting during
this period. The empty casting flasks can be seen hanging on the right wall, on the work bench
on the right and filled flasks are visible in a clamp on the foreground (fig. 1.11). Although the
flasks are easily discernible, it is clear from their detail and also the details of the other tools
depicted, that Beccafumi was not a founder or metalworker himself. The flask lying on the
worktop could not work in practice: it lacks the registration pins and holes and it is depicted
curved whereas it should be perfectly flat to function properly.
The same type of flask can also be seen on two later engravings by Etienne Delaune (15191583) from 1576 (fig. 1.12). Delaune is recorded working as a goldsmith in Paris in 1546 and
briefly in the royal mint six years later. His first dated prints were made when he was 42 years
old. As a Calvinist, he left Paris at the time of the St Bartholomew's Eve massacre in 1572,
and moved first to Strasbourg and later, according to the inscription on this print, to
Augsburg.202 More detailed than the previous illustrations, both depict a number of metal
flasks hanging from pegs against the wall of the workshop, (fig. 1.13). They have the typical
bottle or flask shape with the ‘neck’ part, the entry point for the metal, pointing downwards.
Also visible are the registration pins (keys) halfway the sides, which are to position the flask
halves perfectly against each other. Visible, next to the flasks, is also fixed to the wall the
screw clamp used for clamping one or more flasks together for casting. Although theses
engravings were published in Augsburg, these could also have been made when Delaune was
working as a master goldsmith in Paris from 1546 till 1572.

Fig. 1.12. Etienne Delaune, Augsburg, 1576. Two engravings of an interior of a goldsmith’s workshop. (image British
museum)
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Fig. 1.13. Etienne Delaune, Augsburg, 1576. On the left a detail of the above left engraving and on the right a detail of the
right engraving showing the casting flasks together with their clamp suspending from hooks on the wall.

Based on the previously mentioned sources, the knowledge and skill of sand mould casting
could have been transferred from the Middle East to Renaissance Italy, followed by Italian
artisans, for example Cellini or Leonardo da Vinci, introducing sand moulding in France (both
working at the court of Francis 1). French craftsmen, such as Delaune, subsequently
introduced sand moulding in Southern Germany. However, the knowledge exchange over the
Alps was not one way. While some Italian artisans travelled North, one also sees artists and
artisans from North and Western Europe travelling to Italy. South German bronze founders
rivalled and sometimes surpassed their colleagues South of the Alps in the founding of
sculptures.203 These founders, however, were using the lost wax technique to produce their
bronzes.
I have not been able to find evidence for the use of sand moulds North of the Alps from
before the middle of the sixteenth century. Proof that sand moulding was already practised in
the German lands before Delaune’s arrival in Augsburg is given in a print by Jost Amman
(1539-1591), published in Frankfurt am Main in 1568 depicting flasks for bi-valve sand
moulding (fig. 1.16).204 This print will be discussed in detail further in this chapter. The first
evidence I have found for the use of sand moulding in the Low Countries can be seen on the
painting Allegory of Fire, by Jan Brueghel the elder, preserved in the Pinacoteca Ambrosiana
in Milan. This oil panel painted in Antwerp around 1608, formed part of a series of allegories
of the four elements, and depicts Vulcan’s forge with in the foreground a display of tools and
products of precious metal working, arms and armour making and alchemy (fig. 1.14).
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Fig. 1.14. Jan Brueghel the elder, Allegory of Fire, 1608. Oil on panel, 44 x 66 cm. Pinacoteca Ambrosiana, Milan, (inv.no.
68). (image Wikipedia commons)

This painting, of which many copies are extant in collections worldwide, is of great
significance for the study of early modern metalworking.205 One has to be, of course, careful
with the interpretation of paintings,206 however the accuracy of the metalworking tools,
depicted on the original painting, is remarkable and suggests an intimate knowledge of
metalworking.207 Heirman’s analysis of this painting focussed on the depiction of the water
wheel and showed that this water wheel in many later versions of this painting by copyists,
was incorrectly copied and could not properly function. To date no study has been made of
the array of goldsmithing tools depicted on the painting. Amongst these goldsmithing tools
depicted in the foreground on the left, a closed sand mould is visible on the floor (fig. 1.15).
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Fig. 1.15. Jan Brueghel the elder, Allegory of Fire, 1608. Detail showing a flask filled with sand lying on the workshop floor.

Interestingly, the mould is depicted with the brown casting sand inside the flask. It shows a
flask filled with sand, ready for casting. This is clear from the fact that the entrance funnel of
the flask is empty and not filled with the casting head of the casting. The grey colour of the
flask is identical to, for example, the iron bench vise lying close by and it can be safely
assumed that the flask is also made of iron. The colour of the sand is very typical of a type of
casting sand used in the Low Countries called Brusselse aarde.208 It was quarried in an area
between Louvain and Sint-Truiden near Brussels and had a clay content between 10-15%.209
One can find for example an early detailed description of the use of this sand in a Dutch
treatise donated to Constantijn Huygens (1596-1687) in 1629.210 Huygens was given this
treatise by his old study pal and friend Johan Brosterhuisen (1596-1650): who, like him, was
experimenting with various forms of casting, life-casting as well as medal casting in sand.211
Brosterhuisen in turn got it from the lawyer Willem Dedel who extracted it from the memoirs’
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of a ‘great’ founder.212 It gives a step by step account of using this sand, in the treatise referred
to as ‘Brussels sand (or sant)’, to cast medals using a flask.213
The two-page description of sand mould casting in the treatise mentions the use of a parting
compound to prevent the mould halves sticking together.214
In this respect it is interesting to look at a slightly later Dutch source, a treatise by the Dutch
silversmith Willem van Laer (1674-1722?). Published for the first time in Amsterdam in 1721
and titled Weg-Wyzer Voor Aankoomende Goud en Zilversmeeden, it offers a manual for the
apprentice gold- and silversmith.215 Amongst descriptions of assaying and the production of
jewellery and silver wares there are two interesting chapters on the use of sand mould casting.
One chapter, with the title ‘Van ‘t gieten zo van Zilver als Goud’ (Of the casting of silver as
well as gold), gives many intricate details of casting in sand of precious metal parts.216 Van
Laer mentions for example the fact that the Brussels sand improves with use. He recommends
to heat the new sand in a glowing charcoal fire to rid the sand of flammable [organic] matter.
This is followed by grinding or pounding the sand and rinsing it in water. After drying, this
sand will be ready for use as moulding or form sand.217 The next thing Van Laer touches upon
is the use of a parting compound, stofzand. The author recommends, although charcoal
powder is commonly used, instead to use very finely ground and dried Brussels sand, or
tripoli,218 or pumice or any fine powder that does not burn as long as it is used minimally, van
Laer calls this amaril.219 He also mentions the preparation of the sand by mixing in other
components such as soot, tripoli or finely powdered roof tiles, and discusses binders such as
sal ammoniac (ammonium chloride), gum (natural) or glue, beer, salt, syrup and even urine.220
The sand moulding described by van Laer is very similar to the sand moulding descriptions by
Biringuccio and Piemontese, almost two centuries earlier. Van Laer’s example demonstrates
that bi-valve sand moulding, as practised by goldsmiths, was subjected to very little change.
The mould ingredients, such as the natural sands or powdered refractory material, show some
variation depending on the local geology as do some of the binding agents but basically the
goldsmiths and medal founders were using small iron flasks creating simple bi-valve sand
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moulds. Even today goldsmiths still make use of this system although the sand is nowadays
bonded with oil instead of water.
1.3.2 The early use of sand mould casting for the production of domestic wares 221De
Published in the same year as Cellini’s treatise, one can find another early depiction of flasks
for sand mould casting, although this time not in connection with goldsmithing or medal
casting. This publication is the Panoplia omnium liberalium mechanicarum et sedentariarum
artium genera continens, published in Frankfurt am Main, Germany, in 1568, with text by
Hans Sachs (1494-1576) and illustrations by Jost Amman. The entry for Rotschmidt
illustrates a founder finishing a candlestick surrounded in his workshop by a display of his
products (fig. 1.12).222 These products can be roughly divided into hollow wares, such as jugs,
ewers and dishes traditionally made by hammering and cast wares, such as candlesticks,
spigots, chandeliers and horse statuettes.223 The German and Latin text of Sach’s book gives
somewhat contradictory terms. The Latin text uses the term conflator orichalceus which can
be safely translated as brass founder. The German title Rotschmidt is not so easy to translate.
A Rotschmidt (or Rothgiesser), literary red smith, is according to Johann Georg Krünitz
(1728-1796) in his Oekonomische Encyklopädie, a craftsman who casts in loam whereas a
Gelb-Giesser (yellow or brass founder) uses sand moulds for casting.224 Perhaps the workshop
illustrated by Amman was practising both crafts or maybe in the sixteenth century there was
no clear distinction yet between the two terms. In the left corner of Amman’s print are a
number of metal flasks piled on the floor. These flasks were probably used to cast small parts,
such as the spigot handle, candlestick and chandelier parts or the handles of ewers. The lack
of detail of depicted tools, Amman omits for example the registration pins, suggests that
Amman had no intimate knowledge of this type of metal working.
A few decades later, in 1632, a patent was awarded to the Dutchman Jacob Schot of Vianen
(near Utrecht) for the casting of thimbles in sand moulds made from the earlier mentioned
Brussels sand.225 The Dutch know-how in using sand moulds for casting was ‘exported’ to
England when John Lofting, running a thimble factory in Islington (near London) and known
to employ Dutch workmen around 1693, was actively trying to recruit a Dutch founder the
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following year to work for his factory to produce cast brass thimbles.226 This export of crafts
knowledge, by Dutch workers working abroad, was a frequent occurrence in the Dutch
Republic at the end of the seventeenth century.227 The Islington factory sourced their casting

Fig. 1.16. Jost Amman, Der Rotschmidt, 1568. A woodcut illustration of a brass founder. From Hans Sachs, Panoplia
omnium liberalium mechanicarum et sedentariarum artium genera continens, Sigmund Feierabend, 1568. On the right a
detail of the metal flasks used for sand mould casting.

sand from nearby Highgate and this sand was first mixed, before use, with red ochre to
improve its properties.228Boon & Langedijk mention that even the addition of the red ochre
still did not produce sand of the quality used in Holland and the casting process of the brass
thimbles had to be slightly adapted.229
Although the addition of iron oxide does improve the moulding and casting properties of the
sand, it decreases the cracking of the mould, the moulders of the Islington factory should
actually have added, in my opinion, clay or clay water instead to improve the bonding
properties of the sand.230 Because the sand from Highgate did not stick well enough, a brass
226
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nail was inserted in this core as reinforcement, to prevent the part of the mould that would
form the inside of the thimble from breaking off.231 In addition to this, I think the nail head
acted also as a spacer (chaplet) to keep the core at the right distance from the outer mould.
With the better qualities of the Brusselse aarde there was no need in the Dutch production
process to reinforce the mould with nails although there are references of Brusselse aarde
being mixed with other sands such as yellow French sand supplied from Rouen to improve its
properties.232 This mixing of two different kinds of moulding sands was often done to
manipulate the clay content of the sand.233
The use of sand mould casting changed the thimble industry during the course of the
seventeenth century. Previously thimbles were made from sheet and soldered together which
was a more labour-intensive method making them more expensive to produce than cast
thimbles.234 By moulding and casting the thimbles in a bi-valve sand mould more thimbles
could be produced in less time with less people. This enabled the thimble producers that used
sand mould casting to produce thimbles in very large quantities: Lofting had a yearly
production of up two million cast thimbles!235
At the end of the seventeenth century sand moulds were starting to be used for the production
of other domestic products such as copper alloy cauldrons and skillets.236 Previously these
cooking vessels were made using baked loam moulds or with lost wax casting.237
In 1703, Abraham Darby (1678-1717) set up a foundry in Cheese lane in Bristol to produce
cast-iron pots, though without success. The next year he travelled to Germany, probably to
Stolberg in the Rhineland, where he observed the industrial techniques of coal fired furnaces
and the production of large brass pots.238 He persuaded a number of brass workers to come
over to Bristol to work for him in another of his enterprises, the Baptist Mill Bristol Brass
Works.239 These new German workers were skilled in hammering brass hollow ware using trip
hammers, these hammered wares are called battery ware. Though they might have had
knowledge of casting brass pots in sand they proved unable to help Darby to cast iron pots in
231

“every core having a nail with a broad head in it, which head keeps it from the mould, and makes the hollow
to cast it in.” see Holmes, E. F. “Sewing thimbles” The journal of the tool and trade history society,
Tools and Trades 4, September (1987): 59-72. Holmes quotes from Houghton, John. A Collection, of Letters for
Improvement of Husbandry and Trade, Bradly, 1727-28.
232
Boon and Langedijk 2008, 69.
233
The Barbedienne foundry in Paris would keep two kinds of sand from Fontenay-aux-Roses: one being of a
deep brown colour, and very loamy; the other a very light yellowish-white, with more yellow particles and
these would be mixed for specific types of work, see Anonymous. “Bronze Foundries” The Brooklyn Daily Eagle
(Brooklyn New York) 9 September (1869) Thursday page 4.
234
Boon and Langedijk 2008, 70.
235
Boon and Langedijk 2008, 77.
236
Butler, R. and C. Green. English Bronze Cooking Vessels & their Founders 1350-1830. Roderick and Valentine
Butler (2003): 27-28.
237
For a detailed description of the loam moulding and casting process, see Butler and Green 22-27.
238
Stephens, R. “A Short History of Baptist Mills Brass Works Part One: The Early Years, 1700 – 1720”
Living Easton Web Site, nd, <http://www.cems.uwe.ac.uk/~rstephen/livingeaston/local_history/brass1.html˃
[accessed 26 November 2016]
239
Darby is partner in this together with fellow Quakers Edward Lloyd, John Andrews and Arthur Thomas, see
Cox, N. “Imagination and Innovation of an Industrial Pioneer: the First Abraham Darby.” Industrial Archaeology
Review, XII, 2, Spring (1990): 128.
65

the same way. Darby continued to experiment himself and, together with fellow English
founder Roger Downes and his own apprentice John Thomas. If we may believe the English
sources, it was by perseverance, that they and not the German workers finally managed to cast
iron pots successfully in sand.240 They used for this a mould of fine moist sand consisting of a
two-part flask, with air holes for the escape of steam generated by the hot metal coming in
contact with the moist sand.241
Whether this historic account is accurate is debatable; time might have added a chauvinistic
twist to the tale. However, from the description it can be concluded that green sand moulding
in a two-part mould must have been practised. Darby’s method must have worked, because he
became a very successful iron founder (iron master) from then onwards and is credited with
laying the foundations of Britain’s cast iron industry.
As a reward for his trials, a patent was granted on the eighteenth of April 1707 to Darby for
the casting of cast iron bellied pots in sand. This patent, no. 380, contains the following
description:
… a new way of casting iron bellied pots, and other iron bellied ware in sand only,
without loam or clay, by which iron pots, and other ware may be cast fine and with
more ease and expedition than they can be by the way commonly used[in loam or clay
moulds], and in regards to their cheapness may be of great advantage to the poor of
this our kingdome, who for the most part use such ware, and in all probability will
prevent the merchants off England going to foreign markets for such ware, from
whence great quantities are imported...242
Unfortunately, the patent does not provide us with images of the founding of iron bellied pots
in sand. Even Réaumur (1683-1757), who wrote extensively on iron founding in 1722, does
not illustrate the casting of pots.243 In fact he does not cover the technique of casting pots at
all, probably because iron founding in France during the first half of the eighteenth century
was not so well advanced as in Britain. Despite the fact that the sand mould casting of iron
was first introduced by Darby in England in the early eighteenth century, Abraham
Rees(1743-1825) still described the casting of iron cauldrons in loam moulds in 1806.244
Réaumur’s major work on iron and steel, L' Art de convertir le fer forgé en acier et l'art
d'adoucir le fer fondu, does however, contain an interesting illustration of iron casting in
progress (fig. 1.17). This illustration is the earliest depiction of iron founding in flasks
containing sand moulds.245 In addition to this, one can find on this plate in the lower right
240
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corner a very early depiction of an unfinished casting with the gating system still attached.
The runners show a branched configuration from a main sprue diverging into smaller runners,
hence the name “casting tree” for this type of casting.

Fig. 1.17. René-Antoine Ferchault de Réaumur, Paris, 1722. Engraving illustrating iron casting in simple bi-valve sand
moulds. The moulding sand is held in flasks clamped in a press. Plate 12 from Réaumur, René-Antoine Ferchault de, L' Art
de convertir le fer forgé en acier et l'art d'adoucir le fer fondu, ou de faire des ouvrages de fer fondu aussi finis que de fer
forge, 1722, 442.

Réaumur recommends to heat the entire sand mould, firstly to render the mould very dry and
secondly to improve the fluidity of the molten iron poured inside the mould and thus
improving the casting. Because Réaumur’s foundry men use wooden flasks, they are forced to
keep heating to a minimum and he therefore recommends replacing the wooden flasks by iron
flasks to enable to heat the moulds at higher temperatures.246
Réaumur was a strong believer in the versatility of cast iron and he had good foresight when
he predicted that:
In the future it will be possible to make cast-iron stoves good enough to heat those
apartments… The large urns which beautify the flower beds in our gardens will be

technical foundry literature, see Réaumur, R. A. F. de, C. S. Smith, and A. Grunhaldt Sisco. Réaumur's Memoirs
on steel and iron: a translation from the original printed in 1722. Chicago university press, 1956.
246
Réaumur 1722, 434-435.
67

made of cast iron and will have the same graceful shapes as those made of bronze…
Finally we shall be able to cast in iron an endless number of statues and busts.247
Although Réaumur’s prediction was correct, it probably took longer than he initially might
have envisaged. The cast-iron stoves were indeed, soon after Réaumur’s publication of 1722,
produced in large numbers. These stoves were built from flat cast iron plates, which could be
cast in simple two-part moulds or even open moulds. The more three-dimensional objects,
such as the garden urns and statuary, required more complex moulds and were therefore only
produced in large quantities in the nineteenth century. Having said this, Réaumur gives a
tantalising description of a cast-iron horse statuette in Louis XV’s cabinet at Versailles and
foresees this statuette will: “soon no longer be one of the objects, which owe their rarity to the
material of which they are made.”248 Again, as with the horse statuette illustrated by Amman
in 1568 (fig. 1.16) it is unlikely though not impossible that the horse statuette was cast in a
sand mould. It is more likely the cast iron statuette was a lost wax casting in loam since
plaster moulds cannot withstand the high temperature of around 1450°C at which cast iron is
poured into the mould.249
Moving on further in the eighteenth century, the first depiction appeared of the founding of
iron pots in sand moulds in the Diderot Encyclopédie’s chapter on iron founding, Forges ou
art du fer (3rd section).250 The casting of bellied iron pots was in the Diderot Encyclopédie still
carried out with loam. Conical iron pots, however, are cast now with the use of sand
moulds.251 These conical pots were easier to cast than bellied pots because of the absence of
undercuts and therefore did not necessitate the use of a pre-shaped core. To achieve this, the
moulder made use of a clever system of three wooden flasks (fig. 1.18). The moulding of
247
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these larger household items was distinctly different from the bi-valve flask system as used by
silversmiths, medal casters and founders of other low relief items such as furniture mounts.
The smaller patterns mould with the bi-valve flask system could be simply pressed in the
sand, this was not possible with more voluminous items such as hollowware. To mould these
bulkier items the sand was applied and compacted against the pattern instead.252

Fig. 1.18. Engraved plates VII & VIII from Moulage en sable. Forges ou art du Fer. Troisieme section; Denis Diderot,
Encyclopédie ou Dictionnaire raisonné des sciences, des arts et des métiers, Vol. 4, plates, 1765

Fig. 1.19. Detail of plate V, Moulage en sable. Forges ou art du Fer. Troisieme section; Denis Diderot; Encyclopédie ou
Dictionnaire raisonné des sciences, des arts et des métiers, Vol. 4, plates, 1765
252

The larger items with high relief such as certain furniture mounts, larger medals and plaquettes and firebacks were already moulded by pressing sand against the pattern and not by pressing the pattern in the sand.
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Figure 1.19 illustrates the interior of an iron foundry with on the right two moulders filling the
box or flask with sand, with the worker on the extreme right (fig. 1.19 plate V, fig.1)
compacting sand with a rammer. In the background another moulder is pressing a wooden
pattern in the sand of the foundry floor (fig. 1.19 plate V, fig.4). Although the description of
the plate does not give us much information about this object, the contours of a fire back are
discernible, the type of object that more or less started sand mould casting three hundred years
earlier.253

1.3.3 First evidence for piece-moulding in sand254
The use of more than two flasks to build up the sand mould shows that the sand mould
founders were by the middle of the eighteenth century developing more complex forms of
sand mould casting to make it possible to mould and cast intricately shaped objects. Because
sand moulds are rigid, patterns with an overhanging detail, so-called undercuts, are
problematic to mould. This is because the pattern with sand mould casting, in contrary to lost
wax casting, needs to be removed from the mould intact and also without damaging the sand
mould. To solve this problem the moulders working in sand in the eighteenth century had
basically two options: to divide the pattern in sections so this could be removed in parts or to
make up a mould in sections also removable in parts, a so-called piece mould.
The sub-chapter Fondeur en Sable from the chapter "Fonte de l'or, de l'argent et du cuivre",
from Diderot’s Encyclopédie from 1767, illustrates and describes both approaches when it
covers the casting of a pulley wheel (fig. 1.20).255
The outer rim of the pulley wheel has a half round groove to guide a rope and when the pulley
wheel would be mould in the standard two-part sand mould this overhanging groove would be
impossible to reproduce. The moulder, in his attempt to mould the pulley wheel, would also
pack the sand into the groove. When removing the pattern, he would tear away the
overhanging sand inside the groove from the rest of the mould and thus damage the carefully
crafted mould. By using a pattern that was split, lengthwise in the middle (fig. 1.20 pl. V: no.
40.) and using not two but four flasks (fig. 1.20 pl. V: no..51), the moulder could avoid the
undercut problems. When using more than two flasks, the intermediate flasks positioned
between the cope and drag, are called cheeks.256
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Fig. 1.20. Engraved plates V & VI, Fondeur en Sable, from “Fonte de l'or, de l'argent et du cuivre"; Denis Diderot;
Encyclopédie ou Dictionnaire raisonné des sciences, des arts et des métiers, vol. 5, plates, 1767

A more sophisticated, though more difficult, solution to the moulding in sand of an undercut
pattern is illustrated in fig. 1.20 plate VI. This moulding technique avoids using a split pattern
by using extra mould pieces called false cores which can be removed separately. According to
Byrne the brass founders called every loose piece of the mould, not intended for holes, a false
core. Iron founders used often the term drawback instead of false core.257 The term false was
used to distinguish these external mould pieces from the internal core used to create a cavity
inside the casting, sometimes referred to as the true or real core.258 False cores are made from
the same sand as the rest of the mould. These mould pieces are created by compacting locally
sand around the pattern using tools called rammers (fig. 1.17).259
The sides of these false cores not facing the pattern are smoothly and geometrically shaped,
without undercuts, to facilitate removal from the pattern and re-assembly to form the piece
mould. The Diderot Encyclopédie does not mention a parting compound in the accompanying
text. The use of a parting compound, such as graphite or charcoal powder, is essential to
prevent false cores from sticking to the rest of the mould.
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Fig. 1.21. Detail of plate I, Fondeur en Sable from “Fonte de l'or, de l'argent et du cuivre"; Denis Diderot, Encyclopédie ou
Dictionnaire raisonné des sciences, des arts et des métiers, vol. 5, plates, Paris, 1767

The illustration and description of false cores in the Diderot Encyclopédie is a pivotal moment
in the history of sand mould casting. It is the earliest documented evidence of the use of sand
piece-moulding I was able to find and this thesis is the first time it is presented as such. The
Diderot Encyclopédie section on the casting of bronze sculpture does not describe the use of
piece-moulding in sand and there is no evidence yet that sculpture was cast using the sand
piece-moulding technique during the time of the Diderot Encyclopédie.260
At some point, a moulder working in sand, must have discovered how to make pieces of
compacted moulding sand against the pattern without the support of a flask. Because this has,
up till now, never been seen as an ‘invention’, nothing is known of who first developed this
and where. France is an option, because of the description by Diderot, although it could also
have been Britain with its large sand mould founding industry. There is no textual evidence
for the use of false-cores in Britain in the eighteenth century although this does not imply
false-cores were not used. The wealth of information given in Réaumur’s publications, the
Diderot Encyclopédie and their successors could give the impression that France was more
advanced in foundry work. This is not necessarily correct; the lack of technological source
material from England in the eighteenth century does not rule out that foundry work in Britain
was equal if not more advanced than in France. No English equivalent of Diderot or Réaumur
was published during the eighteenth century and therefore one has to look at other
documentary sources such as patents. Darby’s patent of 1707 discussed earlier is an early
example of this and later in the eighteenth century another patent detailing sand moulding was
awarded to Isaac Wilkinson.
This patent (No.723) was granted on April 21st 1758 to Isaac Wilkinson of Bersham Furnace,
in the Parish of Wrexham, in the County of Denbigh for;
A new method or invention for casting of Guns or Cannon, Fire Engines Cylinders,
Pipes, and Sugar Rolls, and other such like Instruments in dry sand in Iron Boxes
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made for that purpose; whereby the said Guns or Cannon, Fire Engines Cylinders etc.,
will be made and cast in a much more neat, complete, exact and useful, as well as
cheap and expeditious manner than any method hitherto known and made use of.261
Wilkinson’s patent for an improved way of casting in sand moulds hollow cylindrical castings
proved later in combination with his son John’s (1728-1808) invention of an accurate boring
machine, around 1775, to be instrumental in the success of Watt and Boulton’s steam
engine.262 The other product that could be cast with his new method were cannon and
interestingly the marquis of Montalembert also claims in the same year, 1758, to have
invented the casting of iron cannon in sand in his foundry in the Perigord in France.263
Whether the simultaneous ‘invention’ of the casting of cannon in sand was merely a
serendipitous event remains to be researched. The founding of cannon is important to mention
here because innovations in gun founding by using sand moulds were to be instrumental in the
development of the founding of sculpture in sand moulds.
Advances in military technology often find their way into manufacture of non-military goods
and the advancement of sand mould casting is such an example. In 1794, a few years into the
French Revolution, foundries were ordered to help to re-arm the weakened defence forces of
the fragile new republic.264 Neighbouring forces were amassing to invade France in order to
reinstate the old regime and there was a real shortage of good cannon to defend France. Using
the conventional methods for casting cannon with loam moulds would have taken too long
and would have been too costly. A group of foundry engineers under the direction of Gaspard
Monge (1746-1818) had already been working on perfecting the sand mould casting
technique for the casting of cannon and were asked to develop a cost effective and fast way of
doing so.265 Then, in the second year of the new revolutionary calendar (1793/’94), Monge
published his treatise on the casting of cannon with a chapter on the use of sand moulds.266 In
this treatise Monge introduces his innovative technique of segmented flasks.
Although the casting of cannon in sand moulds was already mentioned in 1758 both by
Wilkinson and Montalembert, it is however, not clear from Wilkinson’s patent description
whether he also used a segmented flask system. Wilkinson’s patent mentions only the use of
iron flasks whereas Montalembert does not mention flasks at all. Monge advocates using iron
flasks, open from the sides where sand is rammed very tight into the space between the
pattern and the flask. The thickness of the layer of sand is about two pouches (c. 54 mm).267
Soot is recommended as a parting compound, between the pattern and the sand and between
the false cores, similar to the previously described treatises. The patterns are then removed
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and all the flasks, containing the sand moulds, are bolted together to make up the complete
cannon mould (figs. 1.22 & 1.23).268

Fig. 1.22. Engraved plate XIII from Monge’s treatise on gun founding. Illustrating the assembly of flasks to form the
complete cannon mould from Gaspar Monge; Description de l'art de fabriquer les canons. Paris: L'Imprimerie du Comité de
Salut Public, 1793-94

Fig. 1.23. Detail from plate XIII Moulage en Sable from Monge’s treatise on gun founding, illustrating a cross section of
cannon mould showing the use of piece-moulding with false cores. This enabled the moulding of the handles and trunnions of
the cannon using sand moulds: Monge 1793-94.

268

Patterns made of iron or copper alloys (cuivre), Monge prefers the latter because they give a smoother
result according to the author. See Monge 1793, 67. This could have had several reasons: the iron patterns
were perhaps from cast iron which is often porous and the iron pattern had probably a light surface corrosion
or a coating.
74

Monge discusses the requirements of the sand in somewhat more in detail than Diderot. The
treatise mentions the fact that nature rarely provides the perfect sand for moulding,
nevertheless after recognizing the qualities the moulding sand must have, the author mentions
is not difficult to compose one that satisfies.269 Monge points out that it is important to choose
a sand that does not melt when exposed to the high temperatures of cast iron, this to avoid
vitrification of the sand surface causing porosity in the casting and would thus spoil the
cannon.270 The sand should also not be too earthy and pure with quite rough and angular sand
grains because if too rounded this would not bind and compact well. Monge recommends
using quartz sand, angular, with big grains, moistened with clay water. To test the right
amount of clay in the mixture, the following test is recommended; “when one takes a handful
of mixed sand when it is still wet [moist], and squeezes this in one’s hand, and then opens the
hand, the sand mass does not lose its shape given by the compression.”271
The author also mentions that the sand can be used many times as long as it is moistened with
the clay water again and in the absence of sand, one could use sieved grog, provided that it
can withstand the heat of the metal and it is mixed with the clay water.272 Monge was
subsequently asked in 1794 by the revolutionary committee to set up an emergency
programme for travelling instructors, to train foundry men in the new technique of casting
cannon in sand.273 This programme turned out to be very effective and huge amounts of
cannon were cast in bronze in a time span previously deemed impossible.
Although Monge’s new system of casting cannon in sand was adapted successfully and made
it possible to produce large numbers of cannon in a short period of time, it did produce often
porosity in the cast cannon. Omer Constant Joseph Dussaussoy (1778-1846), chef de
Bataillon, in the Royal Artillerie, blames this on compacting the sand too much and the nonpermeability of the flasks. In 1817 he published an improved system using perforated flasks
and advocates to compact the sand only partially.274
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1.4 The role of sand mould casting in the technical revolution of early
modern Europe
After this overview of the historical development of the use of sand as a moulding material,
an attempt can be made now to place sand mould casting in the wider context of historical
technological developments. Casting as an historical art-technological technique is by its very
nature, requiring a pattern and/or mould, a means of reproduction and not a way to create
original works of art. Its role could therefore be labelled as secondary which seems also to
reflect its place in the technical revolution of the early modern period. The early use of sand
moulds for the casting of pig iron played a minor, albeit still essential, role in the development
of the early cast iron industry of the late middle ages. It was really the innovation in the
design of furnaces during this period that made it possible to produce cast iron in large
quantities.275 This first liquid iron was cast into pig iron, a half-product that was subsequently
converted into wrought iron. Its second use, sometime later, was for the production of cast
iron wares. Both these two products could of course be cast in another refractory material
acting as a mould, for example stone or clay/loam. These materials, however, had some
distinct disadvantages over sand: stone was very labour intensive to work and had the risk of
cracking. Loam too, required a great deal more time to work and dry than sand.
Sand as a moulding material offered a cheap alternative, as a readily available material and in
its use and ability to be re-used. These economic factors were most likely also instrumental in
the choice for the use of sand by Renaissance founders. Both Leonardo da Vinci and
Biringuccio praise sand mould casting for its speed and simplicity and devote relatively little
attention and space to this technique in their writings compared to other forms of casting such
as lost wax casting. Apart from making certain cast wares more affordable, sand mould
casting did not contribute a great deal to the technical innovation of the Renaissance.
Although Biringuccio mentions the casting of small bells and muskets in sand moulds, the
majority of bell and guns cast in the sixteenth, seventeenth and eighteenth century, were made
using alternative casting techniques. Founding has been, till the middle nineteenth century, a
labour intensive, low tech, process, almost devoid of any machinery so typical of the
Renaissance technical revolution.276 The moulding process, whether in sand, plaster of loam,
was performed by hand till the invention of sand moulding machines in the nineteenth
century. The cranes used for manipulation were already in use in the middle ages. The only
other piece of complicated equipment in the Renaissance foundry was the furnace which had
its major developments, as the reverberatory furnace, also in the late middle ages.277
The role of sand mould casting in Renaissance art is more substantial. Cast metal as a medium
for art, especially bronze, came to unprecedented heights during the Renaissance period.
Monumental statuary, equestrian as well as funeral, statuettes, life-castings and medals were
executed with great virtuosity. Of these, only the medals were regularly cast with sand
moulds, the alternative technique being lost wax casting. There were several advantages for
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using sand moulds for medal casting: first of all, it was fast and simple and therefore less
expensive. Secondly the pattern could be re-used and this made it possible to change the
reverse and obverse by using different patterns. Thirdly sand mould castings tend to distort
much less then lost wax casts and stay therefore nicely flat. Lastly, sand mould casting made
it possible to cast incuse-reverse medals, a type of medal whereby the reverse follows the
relief of the obverse perfectly resulting in a negative image of the obverse relief on the reverse
side of the medal (Fig. 1.24).278

Fig. 1.24. Adriaen Symonsz. Rottermont, Amsterdam or the Hague, 1622. Incuse-reverse cast silver medal of Maurits, prince
of Oranje-Nassau. Ø 102,8 mm, Teylers Museum Haarlem, inv.no. TMNK 00411. (image Teylers Museum)

For the production of cast household wares, the seventeenth century witnessed a gradual shift
from casting in baked loam moulds towards the use of sand moulds. Items as candlesticks,
skillets and cauldrons could be produced much faster and more efficient in sand moulds. The
skill of finely detailed sand mould casting, already demonstrated by the medal founders began
now also to be applied increasingly for silverware and ormolu. French founders around 1700
especially, produced very high-quality casting most likely because of the availability of very
good moulding sand from the Seine river beds such as the Fontenay-aux-Roses quarries. One
can argue that these objects, silverware and ormolu, could all be reproduced with lost wax
casting. Sand mould casting, in this period still basis bi-valve moulding, had however, some
distinct advantages over lost wax casting. Some of these were discussed earlier such as less
distortion when casting large flat items and fast and cost-effective production.
The other advantage of sand mould casting was the ease of use, availability and
interchangeability of the patterns. The process of sand moulding required a sturdy pattern in a
tough durable material that could withstand the forces applied to them during moulding. A
pattern was therefore by its very nature an item that could be exchanged and transported with
ease. The original models of these patterns were usually made in easy to carve finely grained
materials, such as boxwood or soft stone, often the work of specialist pattern carvers
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(Bildschnitzers or Formschneider). This unique master model was now used by patterncasters (Patronengießer) to reproduce multiples in cast metal such as copper alloys, pewter or
lead, turning it in a commodity that could be traded and exchanged.279 These patterns, usually
in the latest fashion, were often acquired by journeyman during their travelling years
(Wanderjahre) and brought home to be used. Although other media, such as prints and wax
models, were also used to transfer the latest style ornaments, these where not as durable and
ready to use as these cast metal patterns. Even though sand mould casting made it possible to
produce cast silverware and ormolu faster and thus cheaper, the intrinsic high value of silver
or gilded copper-alloy meant that these items, during the seventeenth and eighteenth century,
remained exclusive and were never produced in very large quantities. However, with more
mundane items such as brass thimbles and bellied cast iron pots, sand mould casting did
enable mass production of these sort of products. The mass production of these bellied iron
pots in turn stimulated the production of coke iron in Britain.
In the eighteenth century there were basically two methods to produce pig iron, with charcoal
as fuel and with coal (in the form of coke) as fuel. The charcoal pig iron was cheaper to
produce till 1750 than coke pig iron. Charcoal pig iron however was less suitable than coke
pig iron for thin walled castings. The higher temperatures at which coke pig iron was
produced gave a higher silicon content than charcoal produced pig iron, making the coke pig
iron more fluid during casting.280 Abraham Darby of Coalbrookdale began to use, around
1707, this coke pig iron for the founding of his bellied cast iron pots in sand moulds. This
more fluid coke pig iron in combination with sand as a moulding material, reduced the
amount of possible casting defects, enabling Darby to produce much thinner pots, half the
weight of iron pots of charcoal pig iron. Darby’s cast iron pots were an economical success
and allowed him to perfect the smelting and production of coke pig iron.281 From 1750
onwards coke pig iron, in part due to Darby’s innovations, became cheaper to produce than
charcoal pig iron enabling Britain to produce iron much more economically. This cheaper
coke iron (pig as well as bar iron) was instrumental for the industrial revolution in eighteenth
century Britain.
The impact of sand mould casting on production of the more industrial items was
considerably greater. Iron casting in sand especially was to be instrumental in the
development of certain technological advancements. The iron founders in Britain, with their
roots in the founding of iron cooking ware, developed means to cast accurately and
economically large cylindrically shaped objects such as steam engine cylinders, guns and
pipes. These products were going to change industry, warfare, water and sewage
management. Other innovative cast iron products, all produced using sand moulds, such as
stoves for heating and beams for construction were going to change the way people would
build bridges and buildings.
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1.5

Conclusion

Historical use of the sand mould casting technique has rarely been the focus of serious
comprehensive study. This is partly due to the association of the technique with industrial
casting processes and partly with the unfamiliarity with this technique. Considered an inferior
technique only used for producing decorative and household items, sand mould casting played
second fiddle to lost wax casting in appreciation and historical research. This chapter answers
several questions why, where and when, the casting in sand moulds originated. The result of
this research, is the first comprehensive overview of the historical technical development of
sand moulding and casting.
The first part of this chapter looked at the nature of moulding sand. The special properties of
this sand, small uniform rounded grain with a clay content of around 16-19%, gave this
natural occurring sand superior moulding properties. Comparison between the grain-size
distribution of nineteenth century moulding sand and sand from the last half of the twentieth
century indicates a decline in moulding properties.
The effect of heat on the grain-size distribution was also investigated and demonstrated a
change in the grain-size distribution as a result of the heat of the molten metal. A form of
sintering could be observed in the sand in close proximity of the bronze, altering the clay
content. This has implications for the interpretation of core analyses carried out in the past.
The choice of analytical method also determines to a large extent the accuracy of the analysis
of the grain-size distribution as was demonstrated by the comparison between the Getty
Schmidtling clay and silica values from 2008 and the recent laser diffraction, carried out as
part of this thesis.
Research into the earliest use of sand mould casting is hampered by the ephemeral nature of
sand moulds which do not survive well in archaeological context or are not being recognised
and identified as remnants of the sand mould casting method. The lack of archaeological
evidence shifted the focus of this research to early descriptions or depictions of sand mould
casting. The earliest firm evidence for sand mould casting in Western Europe dates from the
late fifteenth century. Most of the early written references to sand mould casting are
describing the casting of small, low relief objects such as precious and base metal seals,
medals and plaquettes by goldsmiths and medal founders. Evidence prior to the middle of the
sixteenth century is exclusively Italian including well known early written sources as Da
Vinci, Piemontese and Cellini. The ‘sand’ in these descriptions is frequently powdered
refractory material held together with organic binders although Da Vinci mentions real river
sand and Cellini provides the first description of the use of moist clayey alluvial sand. From
the middle of the sixteenth century depictions of goldsmith’s workshops illustrated casting
flasks, an essential tool in the sand mould casting process. The use of sand moulds for casting
is a general accepted practice amongst goldsmiths and medal founders in Europe, with
evidence from Italy, France, Germany and the Low Countries.
Apart from goldsmiths and medal founders, other professions were also making use of sand as
a moulding material. From the end of the seventeenth century sand moulds were beginning to
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be used for the production of other more domestic products such as copper alloy cauldrons
and skillets. Previously these cooking vessels were made using loam moulds or with lost wax
casting. Some of the foundry knowledge was transferred from the Low Countries and
Germany to Britain where sand moulding was also applied to cast iron wares. The founding of
hollowware required more complex moulding techniques than the simple two-part moulding
as practised by goldsmiths and medal founders. The complex shapes of hollowware and other
undercut objects such as pulleys could only be moulded by making moulds made up of more
than two mould parts. The first pictorial evidence for the use of these so-called piece-moulds
can be found in the eighteenth-century Diderot Encyclopédie in the section on the founding of
pulleys. The sand used for sand piece-moulding came from the Parisian suburb Fontenay-aux
Roses and had unique properties. These properties were its uniform grain size and shape, with
each spherical sand grain covered with a thin layer of clay. Benvenuto Cellini described using
a moist argillaceous sand from the river Seine in Paris and Réaumur already mentioned in
1722 the well-established practice of Parisian founders using Fontenay sand. France has a
long tradition of high quality cast metalwork. Whereas similar objects in other countries were
often wrought, in France these were usually cast. Other artisans making use of sand moulds
were the cannon founders. Although sand moulds for gun founding had seen some limited use
in England and France around the middle of the eighteenth century, the aftermath of the
French revolution brought the sand moulding of cannon to full development. Complex piecemoulds were developed and applied by a new generation of sand moulders who were going to
be instrumental in the development of the sand moulding of sculpture.
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Chapter 2

The casting of sculpture in the
nineteenth century

2.1 Introduction
The previous chapter has covered the major technical developments in sand mould casting up
till the end of the eighteenth century. These innovations made it possible to mould and cast
increasingly complex models in sand moulds with undercut parts, thus paving the way for the
founding of intricately shaped sculpture in metal. Research into the historical use of sand
moulds for the founding of sculptures has been minimal and often limited to one artist or
founder or a small geographical area, a thorough general overview is therefore lacking. A reoccurring question in the study of historic bronzes is whether these were cast in sand moulds
before the nineteenth century.282 Current scholarship however, has not been able to find
convincing evidence yet of the use of complex sand mould casting to produce bronze
sculptures before 1803.283 This lack of knowledge regarding sand mould casting is also
reflected in limited knowledge of the technicalities of this casting technique amongst curators
and conservators.
One of the aims of this and the following chapters, is to clarify the use and the extend of the
use of sand mould casting. Because of the alternating preference for the two main forms of
casting, sand mould and lost wax, during the nineteenth century, sand mould casting cannot
be covered in isolation. Part of this chapter will therefore also cover developments in the use
of lost wax casting during the nineteenth century in the geographical area of Western Europe
and Italy.
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2.2

Evidence for the casting of bronze sculpture directly in piece-moulds
before 1800

A reoccurring question amongst scholars of sculptural bronzes is whether sand mould cast
bronzes are by definition nineteenth century and later. Many sand mould casts of Renaissance
and Baroque bronzes exist and are assumed to be the product of nineteenth century foundries.
This paragraph will examine possible evidence of sculpture casting in sand piece-moulds
before 1800.
All major publications on bronze sculpture founding before 1800 such as Leonardo da Vinci,
Gauricus, Biringuccio, Vasari, Cellini, Felibien, Boffrand, Mariette and Diderot, discuss,
when covering the moulding and casting of sculpture, only the lost wax technique.284 There is
however, evidence of a piece-mould founding technique used in the eighteenth century which
has received no attention in the literature on bronze casting.
This technique, using loam, is described in Sprengel’s Handwerke und Künste in Tabellen
from 1770.285 Volume V contains under the heading Das Gießen der metallenen Statuen, an
interesting account of piece-moulding in loam (Lehmteilformerei).286 Unfortunately the
identity of the writer of this particular section, is not known. Peter Nathanael Sprengel (17371814), the editor of this encyclopedic series is most likely not the author. On page 75,
introducing the account, it states that the description was taken from Schauplatz der Natur,
Volume 10. A search for this earlier source has, up till now, been unfortunately unsuccessful.
It refers probably to the following publication: Schau-Platz der Natur, oder: Unterredungen
von der Beschaffenheit und den Absichten der natürlichen Dinge: wodurch die Jugend zu
weitern Nachforschen aufgemuntert, und auf richtige Begriffe von der Allmacht und Weisheit
Gottes geführet wird / [von Noël Antoine Pluche], published in Vienna around 1750. This was
a German edition of Noël Antoine Pluche’s Le spectacle de la nature ou entretiens sur les
particularités de l'histoire naturelle: qui ont paru les plus propres à rendre les jeunes-gens
curieux, et à leur former l'esprit published in Paris between 1732-51.287 No example of this
volume 10 of Schau-Platz der Natur can be traced in Worldcat and the original French edition
does not contain any description on founding.
The writer described the indirect moulding of a life-size model of a horse and in the
introduction, he states that the author of the original text from the Schau-Platz der Natur must
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have had the equestrian statue of Elector Friedrich Wilhelm in mind. This statue, which still
survives (fig. 2.1), was modelled by Andreas Schlüter (1659 or 1660-1714) and cast by the
founder Johann Jacobi (1661-1726).

Fig. 2.1. Andreas Schlüter, statue of Elector Friedrich Wilhelm, bronze. Cast by Johann Jacobi in 1700 and erected in 1703.
Current location in front of castle Charlottenburg in Berlin. (image Wiki commons)

This foundry pattern, which can be of plaster or clay, is first given a coating of oil or fat
before applying the loam. The loam is not applied in the usual way, as a series of thin uniform
layers covering the whole of the pattern, but in parts (stückweise).288 These parts are so
fabricated as to fit snuggly together and thus form, when put together, the entire negative
mould of the pattern. The mould pieces are marked to facilitate re-assembly. The author
prefers to use loam over plaster for the mould pieces because he considers plaster too
susceptible to fracturing. When the mould is finished the core can be prepared by applying
sheets of loam or wax to the inside of the mould.289 The use of these sheets is akin to the
‘lasagna’ method described earlier in the chapter on Gonon’s casting of the monumental
bronze of Jeanne d’Arc.290 The sheets are made by rolling with wooden rolling pins, similar to
the rolling of dough in a kitchen.291 In areas with deep and detailed surface relief the loam did
not form itself very well to the mould impression and the author recommends therefore to use
wax instead.292 The core was made from loam mixed with horse manure and hair or made of
plaster mixed with brick dust.
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During the most recent conservation treatment of this equestrian statue of Elector Friedrich
Wilhelm in 2004, borescopic investigation of the interior revealed the core to have a sandy
appearance.293 Unfortunately no sample material was removed for analysis to establish the
composition of the core. As mentioned earlier lost wax cores, loam as well as plaster based,
contain often substantial parts of sand and/or brick dust giving this core material an
appearance similar to sand cores both in colour as well as texture. The conservation treatment
did not establish whether the statue was cast using the loam piece-moulding technique. This is
not surprising since all evidence of the use of piece-moulding would have been on the exterior
surface which would have been removed due to extensive finishing of the surface. The main
statue of the monument, rider plus horse, were according to the treatment report, expertly cast
in one piece, with very few casting flaws.294 This casting in one piece or pour was only a few
years after Balthasar Keller achieved a similar feat with François Girardon’s Louis XIV on
horseback, cast in 1692 and erected in the place Louis-le-Grand (now Place Vendôme) in
Paris in 1699.295
It is rather tempting to see the above-mentioned piece-moulding using loam as a precursor for
the piece-moulding in sand, but one has to be careful in doing so.296 Sprengel’s publication
appeared seventy years after Jacobi cast the statue and the source Sprengel took his
information from dates probably from the middle of the eighteenth century still half a century
after Jacobi’s feat. What value has a secondary source writing such a long time after the
technical event took place? Theoretically the writer of the entry on founding the Schau-Platz
der Natur could still have recorded his experiences after such a long date. The descriptions by
Keller’s foreman Boffrand, of the founding of Louis XIV on horseback were published in
1743 while the statue was already cast in 1692. It is significant that Sprengel mentions that the
author of the founding entry in the Schau-Platz der Natur tells his readers to have an
equestrian statue like Jacobi’s in mind, he does however not state that it was Jacob’s actual
working method. One can find Sprengel’s description repeated by Tiemann in 1803 and
1806.297 Basically it is one source, the elusive volume 10 of the Schau-Platz der Natur,
repeated several times. There is only one other eighteenth century source I have been able to
trace which also describes the use of the piece-moulding of a refractory mould: Robert Dossie
(1758) mentions the use of a clay (mixed with sand or coal powder) piece-mould for the
founding of statuary or any other metal:
In the same manner figures, busts, etc. may be cast of lead, or any other metal, in the
molds of plaster; only the expense of plaster, and the tediousness of its becoming
sufficiently dry, when in large mass, to bear the heat of melted metal, render the use of
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clay, compounded with some other proper materials, preferable where large subjects
are in question. The clay in this case, should be washed over till it be perfectly free
from gravel or stones; and then mixed with a third or more fine sand to prevent its
cracking: or. Instead of sand, coal ashes sifted till they be perfectly fine is
preferable.298
This rather cryptic term ‘any other metal’ could include bronze because it would be
technically possible to cast high temperature melting metals such as copper alloys in this type
of mould, when dried. The only other metal used in the eighteenth century for casting would
be tin, which was several times more expensive than lead and highly unusual to be used for
casting large sculptures.299 Sprengel’s account, together with Dossie’s, are the earliest
descriptions of the piece-moulding of a refractory sculpture mould which was subsequently
used for casting bronze statuary directly into.300
Whether the accounts by Sprengel and Dossie are the earliest descriptions of sand mould
casting, depends on whether one regards Sprengel’s loam or Dossie’s mixed clay (with a third
or more sand) as a form of sand. Krünitz defines Lehm as a form of clay mixed with sand,
ochre and some chalk, which is not dissimilar to high clay moulding sand.301 In an earlier
chapter called Der Roth-, Stück- und Glockengießer (Brass/bronze, gun and bell founder)
Sprengel described the properties of moulding loam for the bi-valve moulding of a flat iron:302
the loam should not be too clayey to prevent cracking during heating and loam that is too
clayey can be mixed with extra sand in addition to the dried and cured horse manure and hair
which are always added to the loam.303 This type of loam is very similar to the type of
moulding loam used by bell founders and differs from the nineteenth century moulding sand
which is not heated and not mixed with organic fibers.
In this respect it is interesting to go back to the earlier mentioned description of Stilarsky’s
first attempts of the founding of iron sculptures in 1813.304 Stilarsky was experiencing
difficulties with the bonding power of Fürstenwalder sand. He used clay water to increase the
clay content but still resorted to use loam false cores for the most intricate parts.305
Again, the question hinges on the sand clay ratio of the moulding material. The Fürstenwalder
sand was clearly a sand because of the lack of clay and the loam (Lehm) was not described as
a clay for which the Germans use the term Thon. The use of loam pieces by Stilarsky seems
298
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therefore to be a continuation of the use of loam piece-moulding as described earlier by
Sprengel. In Dossie, the clay is mixed with a third of more sand. These clays were probably
not pure clays, with all grains <2µ, to start with and the addition of sand could well give this
clay/sand/loam mixture a ratio sand/clay approaching 45/55, which would class them as a
sandy (clay) loam.306 Sprengel’s use of the term Lehmteilformerei meaning loam piecemoulding was in fact a correct term for this type of moulding, and the later universally used
term sand moulding or casting is basically incorrect because the clay content usually classifies
it as a loam.
Simonds, covering the sand moulding technique in 1886 and 1889, actually used the more
correct term loam moulding instead of sand moulding: “The trunk of the figure was laid in an
iron box or flask of suitable size, and loosely packed in with the loam used by bronze
founders.”307 Later, in 1896, Simonds literally used the term loam piece-moulding: “… in the
same way as in ordinary loam piece-moulding.”308 The ordinary moulding technique Simonds
refers to is standard sand moulding using a French type moulding sand. If the moulding
technique as described by Sprengel used a sandy loam than this would be the earliest account
of a form of sand mould casting, placing the date of the recorded first use almost a century
earlier than previously thought. This would be a significant discovery because it challenges
current views that sand cast bronzes are by definition from the nineteenth century.
The extent of the use of loam or clay piece-moulding is difficult to determine. The early
textual evidence found so far, describes only the use of these techniques for the founding of
monumental bronzes. These early written sources describing the loam/clay piece moulding,
are scarce, basically only Dossie and Sprengel, the latter repeated several times by Tiemann.
Whether the use of these piece-moulding techniques was common practice is difficult to
establish. Both Dossie’s and Sprengel’s descriptions do not specifically state that this method
was anything special or used only very occasionally. The study of the surviving bronze
sculptures could also give more information although this should be carried out with care.
Apart from the evidence the core can provide, it is very difficult to identify the use of piecemoulding on a finished bronze because all the evidence on the surface, in the form of flashing,
has been removed in the finishing stage. Sometimes a weathering pattern on an outdoor
bronze showing differently coloured lines in the patina can be observed which can be
indicative of finished mould line flashes.309
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2.3 The casting of sculpture in France using sand moulds: 1800-1900
The previous chapter concluded with the innovative founding of cannon in revolutionary
France. With the investment by the new republic in foundries, materials and the training of
foundry men, a formidable industry was set up with the capacity for large scale cannon
production.310 However, sufficient bronze cannon were soon produced, forcing the foundries
and foundry men to look for other type of work for their foundries. Lebon has shown that
some art founders in the post-revolutionary era were directly trained in the sand mould casting
of cannon from 1794 onwards by Monge’s teams, e.g. Jean-Baptiste Launay (1768-1827) and
Jean François Denière (1775-1866).311 Other founders such as the famous founder Charles
Crozatier (1795-1855) and Louis Richard (1791-1879) acquired their sand moulding skills in
workshops run by former revolutionary cannon founders such as Michel Brezin (17581828).312 Since there is no proof of the application of sand moulding for the creating of
complex sculpture before the French Revolution it is assumed that these, revolutionary
founders, used their skills of moulding cannon in sand later for the production of industrial
castings and art foundry.313 However the earliest reference found in this research, by Hans
Otto Philipp Martins (1777-1861), attributes the invention of the use of sand piece-moulds for
the founding of sculpture to the Parisian founder Jean-Charles Rousseau (1756-1809) in 1798:
“This, already 34 years ago described moulding method,.. invented in the year 1798, and first
applied for monumental bronzes in 1800, for which the French founder was praised…ˮ314
Martins unfortunately does not give any references for this date and neither do the French
sources. This reference by Martins is somewhat puzzling since he mentions in 1824 that this
new sand moulding technique, invented in 1798, was already described 34 years earlier.
Martins must have confused 24 years with 34 years or he has got his dates wrong and meant
to have written 1788 instead of 1798. This relative unknown founder Rousseau, for whom
there is no connection yet with revolutionary gun founding, is mentioned in 1805 again in
connection with sand moulding, now working together with the young founder Honoré Gonon
(1780-1850).315 This report gives the credit for the invention of piece-moulding in sand to
Gonon. Rousseau, possibly descending from a family of founders active since the early
eighteenth century, employed Gonon and is registered as a founder in l’Almanach du
310

Lebon, 2012g, 15-19.
Ibid, 21-22.
312
Lebon, 2012e and Lebon, Élisabeth. 2012f. ‘Brezin, Michel ( 1758- 1828)’ in ‘Répertoire’ in Le fondeur et le
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Commerce at the address: Rotonde and Div. du Temple.316 Very little is known about
Rousseau’s foundry activities. However, a great deal more is known on those of Honoré
Gonon.
2.3.1 Gonon and the casting of the monumental bronze of Jeanne d’Arc
Honoré Gonon came presumably from a family of metalworkers since his brother Amélie
Jacques Gonon (1773-1831) was also working in the foundry trade. His experimental work on
sand mould casting in his early twenties, culminating in the casting of the first sand cast
monumental bronze in 1804, was awarded a silver medal by the Athénée des arts.317 When in
1804 Honoré Gonon managed to cast the first large bronze sculpture in sand, he started a
branch of the foundry industry that would last for more than hundred and fifty years.
The report by Jean-Baptiste Rondelet et al, dating 13 Messidor of the twelfth year of the
French Republican Calendar (2nd July 1805),318 gives the account of the moulding and casting
in sand of this bronze of Jeanne d’Arc (fig. 2.2) by the sculptor Edme-François-Étienne Gois
(1765-1836).319 In this detailed description we learn that the foundry of Jean-Charles
Rousseau used an innovative sand mould casting technique, previously only used to cast
statues up to 65-70 cm in height,320 to produce for the first time a life-size bronze statue.321 The
report by Rondelet (1805) tells us that Gois initially was not able to find a foundry capable of
casting his sculpture within the promised time and budget. Upon hearing of a recent cast
performed successfully with a new casting method by Rousseau of a bronze cast of the Three
Graces after Germain Pilon (c.1528-1590), he approached Rousseau to commission this cast.
This bronze of the Three Graces was 138 cm high and proved larger bronzes could be cast
using sand moulds.The un-illustrated report credits Gonon and not his employer Rousseau
with the innovations making it possible to cast a monumental bronze in sand moulds; “Il faut
render justice à l’ouvrier Honoré Gonon, en disant qu’il a montré dans ce travail, autant de
dextérité que de savoir, et nous prierons l’Athénée d’arrêter un moment ses regards sur son
talent.”322
Gonon might have worked as early as 1798 for Rousseau, making the innovations possible for
which Rousseau’s foundry is credited by Martins, for example producing these smaller
statues, 65-70 cm in height. This is quite plausible because Gonon, who can be described as
an innovative founder, did not only developed the casting of monumental sculpture using sand
moulds, he also experimented later in his career from 1829 onwards with lost wax casting.323
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Fig. 2.2. Edme-François-Étienne Gois, Jeanne d’Arc, 1804. Life-size bronze statue cast in sand by Jean-Charles Rousseau
and Jean-Honoré Gonon. Current location: the Quai du Fort des Tourelles in Orléans.

2.3.2 Gonon’s early sand mould casting technique
Gonon’s technique was to use a series of stacked wooden flasks; for the Jeanne d’Arc a total
of seven.324 In effect Gonon’s technique of using multiple flasks builds on from the four-flask
technique in the Encyclopédie and the multi flask technique described by Monge earlier.
While the moulders of the 1760s, as described in the Encyclopédie, were using four simple
false cores, Gonon was using now a multi-fold of false cores in order to capture the surface of
the sculpture. This so-called piece-moulding, was akin to making a large three-dimensional
puzzle utilising not more than compacted moist sand parts.

The report by Rondelet unfortunately does not specify the origin of the sand and it is therefore
not certain that Fontenay sand was used by Gonon. It is very likely though that this latter sand
was used because its use was already a well-established practice in Paris plus the fact that all
subsequent writings on the sand piece-moulding invariably mention the Fontenay sand as the
main source. All the pieces of the puzzle needed to fit snugly and logically against each other
and upon completion of the mould, it allowed for the pattern to be removed without any
damage to the mould pieces. On top of this, the mould pieces (false cores) needed to be reassembled and be able to form a perfect mould again for the molten metal. In order to render
the casting hollow Gonon had to fabricate a core. This was done by applying a thin layer of
moist moulding sand to the inside of the mould and filling the rest of the cavity with plaster.
Upon solidification of the plaster, the mould was opened and the layer of sand removed to
create the space for the metal. The thickness of this layer of sand determined the final wall
thickness of the bronze statue to be cast.325

324

The flasks used were wooden frames of 2.20 metres long, one meter wide inside and sixteen centimetres
high. The thickness of the wood was eight centimetres. Rondelet 1805, 354.
325
This method shows some similarity to the “lasagna” method described by Cellini in his treatise on sculpture;
Cellini and Ashbee 1967, 116-117.(Cellini used sheets of wax, clay or paste.) Other references to the “lasagna”
method can be found in Hugh Platt’s, The Jewell House of Art and Nature, 1594 (Platt described the use of a
89

The use of plaster for making cores was soon adapted with plaster cores being replaced by
sand cores already in the early nineteenth century.326 The figure, moulded by Gonon, was
subsequently cast in one piece except for the base, arms and the hat feathers, which were cast
in separate flasks and attached later. This practice of casting separate limbs and ornaments
became universal practice for sand cast bronzes. What is interesting from Gonon’s sand
moulding technique is that apart from the core making all the other techniques as used by
Gonon, such as the stacked flasks, and false core making, remained standard practise for sand
mould casting well into the twentieth century.

2.3.3 Launay and the first manual
The first published manual describing the sand mould casting of bronze sculptures was
written by Jean-Baptiste Launay and dates from 1827.327 Launay, originally captain in the
artillery, was most likely trained by Monge in the art of bronze founding in sand.328 In
September 1794 he was appointed head of the artillery foundry at Breteuil.329 At the beginning
of the nineteenth century he was casting mainly in iron and was involved with the production
of several prestigious cast iron bridges in Paris. He ran into difficulties when he tried his hand
at bronze casting for the column at the Place Vendôme, between 1805-1809, and fell from
grace for several years.330 Published shortly after he died, this Manuel du fondeur was one of
the first in the Roret manual series, published in Paris by Nicolas-Edme Roret (1797-1860). 331
These Roret manuals were, contrary to dictionaries and encyclopaedias, intended to be used at
the work place.332 They were small, pocket size (15 cm x 9,5 cm), and inexpensive.333
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In his manual Launay gave a very comprehensive description of the layout of a foundry,
descriptions and instructions on moulding and casting of bronze as well as cast iron. It was
aimed at the founder in bronze as well as cast iron and covered industrial goods, such as
machine parts and bridges, military goods such as cannon and more artistic castings such as
statuary. Launay was an advocate of sand mould casting and was instrumental in developing
many innovations in sand mould casting. He took every opportunity in his publication to
demonstrate that with sand mould casting, everything traditionally cast with loam or clay
moulds (fonte en terre), could be cast with sand moulds, and if not better, certainly faster and
less expensive.334
Launay mentions the use of a new type of flask made from iron instead of wooden flasks,
such as the type used by Gonon earlier.335 The sides of the flask were now much thinner and
very suitable for moulding small figures in the round.336 For the escape of gases and air from
the core, Launay also mentioned that major foundries began using hollow cast iron lanternes
à noyau.337 These lanternes, in English called lanthorns, lanterns, chimneys, breather tubes,
vent pipes or core vents, are basically perforated tubes traversing the core and acting as a
chimney and thus providing an escape route for the gases formed during the entering of the
hot metal inside the mould.338 Launay also mentions the famous sand from the quarry at
Fontenay-aux-Roses being favoured by the Parisian founders and considers: “this sand to be
unquestionably the best for [moulding] delicate parts, and one might even say [this sand] is
the only one capable of forming an impression accurate enough for moulding medals”339
The author does however warn the reader for the fact that the sand from Fontenay does not
withstand well the high temperatures of cast iron because it will fuse to the surface of the
casting. This is because of the high clay content of the sand which adversely affects the
refractoriness or heat resistance. When the sand is heated above 400°C the clay starts to lose
its chemically combined water which is complete at 700°C. At even higher temperatures the
clay changes mineralogically, involving crystallization of alumina and other components.340
Launay therefore recommends mixing it with more siliceous (and less argillaceous) sand
from, for example, Versailles.341 Launay also warns, like van Laer, against using too much
charcoal dust because this makes the sand less porous and thus less permeable to gases.342 It is
interesting to note that Launay mentions, not in the context of bronze sculpture casting
though, the practise of green sand moulding (le moulage en sable vert). This is the first time
334

Launay admitted there are objects such as bells and large boilers which sometimes could be cast better in
loam; Launay 1827, 181 & 274-291.
335
Châssis en fer plat: ibid 15.
336
Ces châssis sont très propres pour le moulage des petites figures de ronde bosse…: ibid 15.
337
These gases can have a detrimental effect on the cast, often causing defects such as mis-runs or porosity.
338
Savile, John. Extracts from Sir J. Savile Lumley's Report on bronze casting in Belgium. At the Herald Press
(1883): 13 & Spon 1889, 31; Jackson, H. Lost wax bronze casting. Van Nostrand Reinhold Co. (1972): 30-32,
50-51 & 84-86; James, Duncan. “The Statue Foundry at Thames Ditton.” Foundry Trade Journal, Sept. 7 (1972):
287-288; Spon, Ernest. Workshop receipts, Fifth series, Spon’s (1892): 225.
339
Translation author: “Ce sable est sans contredit le meilleur pour les pièces délicates, et on pourrait même
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this term is used in the French foundry literature.343 Launay also described how the false cores
(pièces de rapport) were assembled and held together within the outer mould (chape) with the
aid of starch and iron pins.344

2.3.4 Innovations in Launay’s manual
For making an irregular core, as opposed to a core made in a moulding box, Launay described
for the first time, the making of a core entirely consisting of moulding sand. This is an
important development because the vast majority of sand mould cast sculpture in the
nineteenth and twentieth century will subsequently be made using sand cores and will have
remnants of the sand core often visible inside the sculpture. The short period when plasterbased cores were used in France, for example by Honoré Gonon, can be roughly dated to the
first three decades of the nineteenth century.345
Because sand cannot be cast as a liquid, like plaster inside a closed mould, another way to
make a precisely fitting core inside the mould had to be found. Launay described a quite
ingenious method that continued to be in use till the very end of the era of sand mould casting,
in the last decades of the twentieth century.346 The system Launay described was as follows.
After the complete outer mould had been taken from the pattern, the mould was re-assembled
in such a way that there were now only two halves, regardless whether each mould half was
built up from multiple flasks. The inside of the mould was dusted with charcoal powder to
prevent the sand of the mould and the sand of the core sticking together. The next step was to
insert an iron armature inside the mould half, not only to reinforce the core, but more
importantly, to make it possible to suspend the core and prevent it from moving during the
casting.347 Similar to the earlier description in Rondelet (1805), a layer of sand was now
applied to the inside of one of the mould halves. Whereas Gonon only applied a thin layer of
sand, in Launay’s description the application of sand inside the mould continues till the entire
mould cavity was filled and even higher.348 The outside shape of the core corresponded now
entirely to the inside shape of the mould. This meant there was now no space for the metal to
flow. Therefore, one last step before the final drying, had to be performed before the core
could be used. A thin layer, corresponding to the desired wall thickness of the final sculpture,
was shaved off by scraping the surface of the core carefully with a spatula.349
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Fig. 2.3. Detail from plate IV from Launay foundry manual, depicting the statue of Napoleon by Chaudet, for the column at
the Place Vendôme in Paris during moulding. Jean-Baptiste Launay, Manuel du Fondeur, Paris, 1827, volume I.

In Chapter XV (volume 1), Launay goes deeper into some practical aspects of his work on the
column at the Place Vendôme. Although Launay would have preferred to have cast the
massive parts of this monument in iron, the commission stipulated bronze had to be used
instead.350 The scale of these castings was immense, for example the more than life-size figure
of Napoleon by Antoine-Denis Chaudet (1763-1810) on top, required a mould of twelve cubic
metres weighing around thirty thousand livres, almost eighteen metric tons (fig. 2.3).351 The
amount of metal, in this case bronze, that is poured into such a large mould creates enormous
outward pressure. To prevent the distortion of the mould or even worse, its collapse, Launay
places an extra flask on the top and at the bottom. These false flasks (Fr. fausse pièces) are
entirely filled with sand and carry no mould impression and have the sole purpose of
reinforcing the mould from the outside.352
The handling of the flasks filled with the sand moulds was very cumbersome, requiring the
use of cranes. The removal of the complex plaster patterns with undercuts prompted Launay
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to come up with some unconventional methods.353 For example with the moulding in sand of
the huge reliefs for the base (fig. 2.4), there was the risk of damaging the impression in sand
upon removal of such a huge pattern with undercuts. Launay therefore decided to heat the
plaster, by placing a charcoal fire on top of the plaster, to make it fall apart in small powdery
pieces which were easy to remove without damage to the mould impression.354 These flasks
for the reliefs were extremely long, vingt pieds (6.5 metres), huit pieds wide (2.6 metres) and
only a few pouces (5-5.5 centimetres) thick.355 Astonishingly, these wide, though narrow,
frames could hold the layer of compacted sand in place, bearing in mind that these frames
were open from both sides.356 After making the impression of the front of the relief in the cope
( upper mould), the workers needed to make an impression of the back, in the drag (lower
mould). This was carried out in the same way as with the core of the statue of Napoleon, apart
from cutting back the core to create the cavity for the metal. Launay considered this too much
of a risk for damage to the mould and also too time consuming.357 Instead of removing the top
layer, he developed the idea of leaving a space between the cope (negative impression) and
the drag (positive impression) and close off the sides of the mould. This way the final bronze
relief displayed equal thickness everywhere.358 Launay was basically using an up-scale
version of a technique already used by Renaissance medal founders to produce a thin medal
with a relief on the front side and with an exact negative of the image on the back, in the
literature sometimes referred to as incuse-reverse cast, or uniface.359

353

The commissioners and architects thought it would only be possible to cast these reliefs using the lost wax
method; Launay 1827, 111. It is interesting to note that the lost wax casting method was in 1827 still
considered a viable option for the casting of large bronze sculpture.
354
Launay 1827, 111.
355
Launay 1827, 113. A Pied is approximately 32.4 cm, a Pouche is approximately 27 cm.
356
“Personne, excepté nous pourtant qui avions l'expérience, ne pouvait croire que les sables contenus dans des
espaces aussi grands pourraient se maintenir dans des châssis aussi minces lorsqu'il s'agirait de les retourner
sens dessus dessous pour en faire la contrepartie.” ; Launay 1827, 113.
357
Requiring the narrow and large and fragile mould to be turned over several times.
358
Since the relief has undercut parts, the moulders must have made some parts detachable.
359
Tuttle 1987, 209-210.
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Fig. 2.4. Détails relatifs à la fonte de la Colonne de la place Vendôme, Detail from plate 7, illustrating the sand mould of a
large bronze relief, Launay, Manuel du Fondeur, Paris, 1827, volume I.

Volume II of Launay’s treatise, almost entirely describes the founding of cannon and other
artillery although several points mentioned in the book are worth stating here. Chapter XI,
introduces the reader to feeders: a feeder (Fr. masselottes) is a reservoir built into a metal
casting mould to prevent cavities due to shrinkage and now standard practice in foundries but
innovative at the time of Launay’s manual.360

Fig. 2.5. Engraving of a sphinx with the projected gating system with a feeder (Fr. masselottes). Detail from plate I, Launay,
Manuel du Fondeur, Paris, 1827, volume I.

360

“Des masselottes et de leur insuffisance pour fournir du métal a la pièce a mesure qu’elle prend e
l’affaissement par la solidification.” ; Launay 1827, 58. (Vol II)
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Launay illustrates (fig. 2.5) a drawing of a sphinx with the projected gating system, where
halfway the main runner a spherical reservoir, the feeder, is constructed. Not only does this
feeder compensates for the shrinkage of the metal, it also provides extra pressure on the liquid
metal inside the mould improving detail and density of the casting. Launay gives several
depictions of complete sand moulds within their cast iron flasks (fig. 2.6). This system clearly
derives from Monge’s segmented flask system for the casting of cannon in sand. It provides
great strength to the mould and flexibility during the moulding process.

Fig. 2.6. Détails relatifs à la fonte de la Colonne de la place Vendôme, Detail from plate 7 illustrating the sand mould of a
bronze eagle, Launay, Manuel du Fondeur, Paris, 1827, volume I.

The last folding plate (no. 7) has some intriguing drawings (figures 7-9) of the model and
mould of an equestrian statue (fig. 2.7). It is not surprising that Launay illustrates an
equestrian statue since the moulding and casting of these huge statues is considered the
pinnacle of the founders art. Since the creating of Donatello's (c. 1386-1466) equestrian statue
of Gattamelata at Padua, completed in 1450, erecting this type of statue is the aim of many an
absolute ruler and Donatello’s statue served as the prototype for other equestrian monuments
executed in Italy and Europe in the following centuries.361
Tantalisingly, no text in the manual refers to these figures apart from the description
accompanying the plate. This description informs us that these figures should be seen as a sort
of preview of the intended third volume on the casting of large statuary. This third volume
unfortunately never materialised due to Launay’s untimely death, although in the plate’s
description the hope is expressed that the heirs of Mr. Launay will soon provide the
manuscript for this third volume for publishing.362

361

Inspired of course by the antique statue of Marcus Aurelius on horseback in Rome. See also Museum of Fine
Arts (Springfield, Mass.). Glorious horsemen: equestrian art in Europe, 1500-1800. Museum of Fine Arts, 1981.
362
“Ce que l'on vient de voir sur la fonte des statues équestres, ne doit être considéré que comme le détail
préliminaire ou prospectus d'un mémoire que M. Launay se proposait de publier sur cette partie si importante
de l'art du fondeur. …. On ne doit point douter que l'auteur ne l'eût mis au jour très prochainement, pour faire
suite à son Manuel, si la mort, qui l'a frappé trop tôt, ne l'en eût empêché; cependant, nous pensons que les
héritiers de M. Launay ne tarderont pas à le livrer à l'impression.” ; Launay 1827, 317-318.
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Fig. 2.7. Fonte des Statues équestres, illustrating the model and mould of an equestrian statue. Detail of plate 7 from Launay,
Manuel du Fondeur, Paris, 1827, volume II

In 1836 the revised second edition appeared of Launay’s Manuel du Fondeur, reworked by
Armand Denis Vergnaud (1791-1885).363 Vergnaud had, like Launay, a background as a
captain in the artillery.364 Vergnaud added to this edition of Launay’s manual substantial parts
which were literally taken from the volumes XXIV, XLII & LII from Dionysius Lardner's
Cabinet Cyclopædia: A treatise on the progressive improvement, and present state of
manufactures in metal. Published a few years earlier, between 1831 and 1834, and written by
John Holland, this interesting treatise consists of three volumes, the first two on iron and steel
and the third one on non-ferrous metals.365 With the 1836 edition of Launay’s manual, the
original main text of 1827 was still mostly intact with several additions notably on the
situation in Great Britain. Unfortunately, Launay’s intended third volume on the founding of
statuary did not materialise in this second edition.366 What was added on the topic of the
363

Launay, Jean-Baptiste. Manuel complet du fondeur en tous genres, faisant suite au Manuel du travail des
métaux. Librairie encyclopédique de Roret, 1836. (expanded and revised by Armand Denis Vergnaud)
364
Launay 1836, frontispiece. Vergnaud contributed to many Roret manuals starting with the Manuel de
l'artificier in 1826.
365
Holland, John. A Treatise on the Progressive Improvement, and Present State of Manufactures in Metal,
volume LII in Lardner's Cabinet Cyclopædia, published by Longman, Reese, Orme, Browne, Greene, and John
Taylor, Vol. I Iron and Steel (1831), Vol. II Iron and Steel (1833), Vol. III Tin, Lead, Copper, Brass, Gold, Silver
various alloys (1834).
366
Also not found in the third and last edition appearing in 1854; Launay, Jean-Baptiste. Nouveau manuel
complet du fondeur en tous genres, faisant suite au Manuel du travail des métaux;, A la Librairie
encyclopédique de Roret, 1854. (2 Vols), expanded and revised by Armand Denis Vergnaud, M. Vergnaud (son)
and M.F.Malepeyre. The successor to Launay’s manual in the Roret series, appearing in 1879, was still drawing
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founding of statuary was in fact a description of older technology: lost wax casting. Largely
taken from Lardner's Cabinet Cyclopædia, this description of lost wax casting, would have
Launay, a staunch advocate of sand mould casting, probably turn in his grave.367
While Gonon and Launay are well represented in the literature, with good practical
descriptions of their working methods, this is not always the case for other well-known
founders of this era in France. The successful Parisian sculptor and founder Charles Crozatier
(1795-1855) is credited by Lebon with innovations facilitating the serial production of sand
mould castings.368 Mandet attributes other improvements, making it possible to cast very large
bronzes, also to Crozatier.369 None of these publications however, go into the practical
technicalities of Crozatier’s working methods.
Fortunately, a correspondence survives, providing more insight into Crozatier’s working
methods.370 This is described in letters from the Berlin founder Johann Baptist Dinger (nd1834) to his sponsor Christian Peter Wilhelm Friedrich Beuth (1781-1853). These letters were
written between January and April 1828 during Dingers stay at Crozatier’s workshop.371 The
working methods of another Parisian founder of this period Louis-Claude-Ferdinand Soyer
(1785-1854) can be found described in detail in 1836 when his foundry, Soyer et Ingé, was
commissioned to cast the bronze statue of the Genie de la liberté by Augustin-Alexandre
Dumont (1801-1884) for the column on the Place de la Bastille in Paris.372 Unfortunately none
of his so-called innovations on sand mould casting can be labelled as such as they have
already been introduced earlier by Gonon or Launay. By the late-1820’s most innovations in
sand mould casting had taken place and one has to wait till the end of the nineteenth century
when founders such as Jean-Baptiste Griffoul (?-1894) and Eugène Rudier (1878-1952)
perfected the sand mould casting of sculpture further.373

heavily on Launay’s manual and used even Launay’s illustrations; Gillot, Auguste and Lockert, Louis. Nouveau
manuel complet du fondeur de fer et de cuivre ... : Suivi de la fonte des statues et des cloches, 2 vols., Librairie
encyclopédique de Roret, 1879.
367
Holland 1834, 207-210. See for a more detailed description of this, sub-chapter 2.2 Evidence for the casting
of bronze sculpture directly in piece-moulds before 1800 in this thesis.
368
Lebon 2003, 28.
369
“Non qu'on doive lui attribuer l'invention de ce système [la fonte au sable], […]toutefois , il convient de
rappeler que jusque-là on en avait fait seulement usage pour les pièces de petite dimension, tandis qu'il s'en
servit, sans exception, dans ses plus colossales entreprises.” ; Mandet 1855, 15, (excerpt from Lebon, 2012d,
http://inha.revues.org/3474#tocto2n79> [accessed 13-6-2018]
370
I would like to thank Frank C. Möller, for kindly sharing this information with me.
371
This correspondence will be covered in detail in sub-chapter 2.4.3 Bronze founders using sand piece-moulds:
Dinger and contemporaries in this thesis.
372
Héricart de Thury, Louis-Étienne. “Rapport fait par M. Héricart de Thury, au nom du Comité des arts
méchaniques, sur les ameliorations et perfectionnements introduits par M. Soyer dans le moulage, la fonte et
la ciselure de la statuire en bronze.” Bulletin de la Societé d’encouragement pour l’industrie nationale, 35th year,
no. 388 (1836): 365-378.
373
For more on this see sub-chapter 5.2.1 Assembled bronze Thinkers versus Thinkers cast in one piece in this
thesis.
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2.4

The casting of sculpture using sand moulds in Germany: 1800-1900

2.4.1 Iron founding preceding bronze founding
Up till now, I have focused in this chapter almost entirely on French bronze founding
although it important to realise that the development of founding techniques was not exclusive
to France and its bronze foundries. In the neighboring German lands, Prussia specifically,
sand mould casting was also practiced at a very high level. However, a distinct difference can
also be observed. While the focus, in first quarter of the nineteenth century, in French
sculpture casting was mainly on bronzes, the Germans were equally interested in bronze as
well as iron sculpture. It is not uncommon for a German foundry to make of the same model,
a bronze as well as an iron cast.374 The German love for decorative cast iron is partly due to
the patriotic image of iron in Germany during the first quarter of the nineteenth century. This
was due to the fact that the Prussians were asked, during the Napoleonic Wars (1801-1815), to
financially support the war effort by exchanging their gold jewellery for cast iron jewellery.
Wearing cast iron jewellery, also known as fer de Berlin or ‘Berlin ironwork’ and sometimes
donned fittingly with the motto ‘Gold gab ich für Eisen’, was seen as a patriotic act and
created the German love for decorative items made from cast iron.375
The first German account of a successful casting of a metal sculpture in a sand piece-mould is
for the year 1813.376 Wilhelm August Stilarsky (c. 1780-1838), working for the Königlichen
Eisengiesserei in Berlin, managed to cast a small (c. 30 cm high) figure of a pilgrim in iron.377
Stilarsky used for this Fürstenwalder sand tempered with clay water.378 For areas with deep
surface relief and the core, Stilarsky did not trust the properties of this sand entirely and still
preferred to use loam mould pieces (false cores).379 The Fürstenwalder sand did apparently not
contain enough clay to hold the sand together for intricate moulding which explains the use of
clay water to increase the clay content. A year later, when the foundry was casting a large bust
of Martin Luther by Schadow in iron, they again did not trust the new sand mould casting
technique entirely and opted for traditional lost wax casting in a loam mould.380 The German

374

“Eine dieser Gruppen…wurde durch den Formereivorsteher Müller [in 1823 in the Royal iron foundry in
Berlin] in Sand mit Kernstücken geformt, und einmal von Bronze, einmal von Eisen abgegossen.” Martins 1824,
230.
375
“I gave gold for iron.” (translation author). For more on the German love for cast iron; Vorsteher, Dieter.
“Die Kunst der hohlen Raumes in der Formereiwerkstätten der Saynerhütte.” Eisen Statt Gold Preußischer
Eisenkunstguß aus dem Schloß Charlottenburg, dem Berlin Museum und anderen Sammlungen, Willmuth
Arenhövel (1982): 262.
376
The first large figural sculpture cast in iron, in the German lands, was carried out in 1784 at the
Lauchhammer ironworks in southern Brandenburg near Dresden. This was a lost wax casting performed using
loam moulds. Johann Friedrich Trautscholdt. Geschichte und Feyer des ersten Jahrhunderts des Eisenwerks
Lauchhammer. Meinhold & Soehnen (1825): 24.
377
12 Zoll hohe Statue, (1 Zoll = 1/12th Fuß= 26.15mm, 12 Zoll = 1 Prussian Reichsfuß = 313 mm ) Martins 1824,
226.
378
“Er bediente sich zur Formmasse des feinen Fürstenwalder Sandes, den er met Lehmwasser tränkte, ...” ;
Ibid 226.
379
“…und nur zu den tieffsten stellen, wozu er dieser Masse nicht hinreichend bindende Kraft zutraure,
wendete er Lehmkerne an.”; Ibid 226.
380
Ibid 227.
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founders, however, were learning fast and by 1815-’16 the founding of busts in cast iron,
using sand piece-moulding, was a well-established practice in the German lands.381
In 1830 the Viennese professor Georg Altmütter (1787-1858) produced an article on the
casting of monumental statues (Bildgiesserei).382 He described basically the eighteenth century
method of lost wax casting as described in Boffrand and Mariette and refers to the latter for
illustrations of the process.383 At the end of his entry on the casting of statues Altmütter
mentions a new way of casting in sand, Gießens in Sand.384 He says it offers several
advantages over lost wax casting: “one does not have to use the expensive wax and because
there is no wax burn-out it is faster, less complicated and therefore less costly; the big
advantage is also the fact that one can easily repair the mould right up till the end.”385
Altmütter mentions that with sand mould casting the core can be made from sand as well as
clay (Thon).386 Unfortunately he does not expand further on the casting of large statuary and
finishes his entry with some remarks on the moulding of busts. He says this is much easier
because there are less undercut parts, the gating system is simpler and the thickness of the
metal is not such an issue. The author continues with a curious description of core making
using a wax model. The wax model is slush cast in the plaster piece mould and then cut with a
hot knife in two or three parts. A hand moulded core is made from clay mixed with some
sand, charcoal powder or smoke black around an iron armature.387 The core is moulded to fit
perfectly inside the wax model. The wax model with the core inside can now be used to make
the sand piece mould. Unfortunately, Altmütter does not go into the details of this moulding
in sand and only mentions the piece mould is held together by a bi-valve outer retainer mould
(Mantel) also from sand.388 More detailed descriptions in German of the sand moulding
381

The Gleiwitzer Eisenhütte for example, records for 1815; 11 cast iron busts and for 1816; 218 cast iron busts;
Vorsteher 1982, 262 & 271.
382
Altmütter. “Bildgießerei” Technologische Encyklopädie oder alphabetisches Handbuch der Technologie, der
technischen Chemie und des maschinenwesens, Prechtl, Johann Joseph, Ritter von & Karmarsch, Karl, (eds.) J.G.
Cotta [etc.]. Vol. 2 (1830): 152-167. Altmütter was professor of mechanical technology at the Polytechnic
Institute in Vienna. The entry is signed with the initials G. A. which stand for Georg Altmütter see Hartmann,
Carl Friedrich Alexander. Handbuch der Metallgießerei, B. F. Voigt (1840): 343-344.
383
Boffrand, Germain. Description de ce qui a été pratiqué pour fondre en bronze d’un seul jet la figure
equestre de Louis XIV, elevée par la ville de Paris dans la Place de Louis le Grand, en Mil Six Cens Quatre-VingtDix-Neuf [1699]. Chez Guillaume Cavelier, 1743.
Mariette, Pierre Jean. Description des travaux qui ont précédé, accompagné et suivi la fonte en bronze d’un seul
jet de la statue équestre de Louis XV, le bien aimé. P.G. Le Mercier, 1768.
384
“Ein diesem ganz ahnliches Verfahren ist in der neuesten Zeit unter der Benennung des Gießens in Sand,
wieder eingeführt worden.” Altmütter 1830, 165.
385
Translation author. “Man sieht leicht, daß auf diesem Wege nicht nur das theure Wachs ganz erspart
werden kann, sondern auch das Brennen der Form in der Grube, und daß daher der ganze Prozeß viel
einfacher, schneller und weit weniger kostspielig wird; wozu noch der große Vorteil kommt, daß mann das
Innere der Mantelstücke vors ich hat, und jeden Fehler in denselben liecht zu verbessern im Stand ist.” Ibid
166.
386
Ibid 165-166.
387
“Mit einigen Eisenstangen armirten Kern aus Thon, dem man etwas Sand, nebst Kohlenpulver oder Kienruß
beigefügt hat”; Altmütter 1830, 166.
388
Ibid 166. The description ends here and we have to assume the next step would be to remove the wax
model by stripping it from the core and then to subsequently dry all the mould parts including the core. After
drying the mould is re-assembled and probably placed in a sand bed as preparation for pouring of the metal.
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process would be published 10 years later by Hartmann as well as Wallack.389 The academic
Carl Friedrich Alexander Hartmann (1796-1863) based his descriptions of sculpture founding
largely on Altmütter and French sources such as Mariette, Launay and Soyer. 390 Of these two
accounts, Karl Friedrich August Wallack (1815-1876), sculptor and brass and bronze worker
(Gürtler) at the court of Grand Duke Karl Friedrich von Sachsen-Weimar-Eisenach, gives a
significantly more detailed and hands-on description of the piece-moulding process compared
to Hartmann.

2.4.2 The Gleiwitz manual
An earlier, unpublished and very detailed account of sand moulding is described by
Vorsteher.391 At the back of his article on the moulding workshops of the Saynerhütte,
Vorsteher gives a transcript of an unpublished manuscript manual from 1820, detailing the
moulding of a bust in a sand piece-mould. Although this manuscript describes only the
moulding for iron casting, and not bronze, the techniques used are similar and worth
mentioning here because some innovations, later used in bronze sculpture founding, are
described and illustrated for the first time in this manuscript. This anonymous German manual
gives a remarkably detailed description of the moulding process. The manuscript was most
likely intended as an in-house manual for the production of a specific model of bust, that of
Abraham Gottlob Werner (1749-1817) of which still several casts exist (Fig. 2.8).392
The manual is part of a collection of papers from the archive of the former Saynerhütte (iron
works). Originally deriving from the Gleiwitz (now Gliwice, Poland) iron foundry these
papers describe all facets of iron foundry work.393 Written over a period of four years the
papers cover The Melting in Crucibles, The Moulding of Fine Work as performed at the
Berlin iron foundry (1816) followed by another chapter on Fine Moulding Work and The
Moulding of Fine Work at Gleiwitz and Covering Founding (1818).394

389

Dritter Abschnitt. Von der Bronzegießerei. Hartmann 1840, 321-379 & § 3 Von der Formerei und dem Gießen
der Busten, Statuen,. August Wallack. Vollständiges Handbuch des Gürtlers und Broncearbeiters. Voigt (1840):
94-114.
390
Mineralogist, foundry engineer and author.
391
Vorsteher 1982, 259-273. The original of this manuscript is preserved in the historical archive of the
company Friedrich Krupp GmbH, Essen, Villa Hugel and is part of the file WA IV 1895.
392
Abraham Gottlob Werner (1749-1817), German geologist, inspector and teacher in the Freiburg School of
Mining, sometimes referred to as the “father of German geology.”
393
Königlichen Eisengießerei Gleiwitz (founded in 1796) formed together with the Königlichen Eisengießerei
Berlin (founded 1804) the Königlich Preußische Eisengießerei (Royal Prussian Iron Foundry). Both foundries
were disbanded at the end of the 19th century. The town Gleiwitz is now called Gliwice and part of Poland.
394
(translation author) “Über das Schmelzen in TiegelÖfen und die Tiegelhütte oder feine Förmerey, besonders
in Rücksicht ihrer Ausübung auf der Berliner Eisengießerei, Feine Foermerei, zur feinen Foermerei in Gleiwitz
und Über Gießerei.”
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Fig. 2.8. Johann Carl Friederich Riese, bust of Abraham Gottlob Werner, 1810, cast iron. Sand mould casting from c. 1820 by
the Eisengießenrei Gleiwitz, Germany. H. 26.5 cm, private collection.

Two years later, in 1820, the final chapters were added on The Moulding of Busts,
Instructions for Moulding Knife Rests as well as several recipes for the preparation and
application of lacquered finishes.395 The step by step instructions are illustrated with drawings
of certain stages in the moulding process. These drawings are the earliest depictions of piecemoulding using sand for the production of figural sculpture. The most important innovations
that can be found in this text are described below. The manual begins by stating:
The moulding of busts […] while this is one of the most interesting however also one
the most difficult one in the foundry business and is therefore carried out by
experienced older moulders. […] The cast is never perfect and requires chasing,
especially the hair parts. […] The inevitable holes, due to porosity, are filled with
copper rivets. […] The patterns can be made of brass, lead or in some cases even
iron.396
This bust of Werner required a total of four false cores, two on either side of the head. The
dividing line is determined by the ear which has an undercut area. This is indicated as a
vertical line in figure 2.9.

395

Über Büstenfoermerei and Anleitung zum Formen von Messerträgern (translation author)
Translation author; “Die Büstenfoermerei, […] da solche eine der interessantesten aber auch der
schwierigsten ist, deßhalb auch bloß eingeübte alte Foermer zu gebrauchen[…] Der Guß liefert aber nie eine
Büste ganz untadelhaft, sondern sie muß nochmals ciselirt werden, was besonders die Haarpa[r]thien betrifft.
Es ist auch unvermeidlich, daß meist beim Gu[e]sse kleine Blasen & Poren vorfallen sollten, [..] diese vernietet
man aber gewöhnlich durch Kupfer. […]daß die Modelle theils aus Messing, theils aus Blei oder auch in
einzelnen Fällen selbst aus Eisen bestehen.” Vorsteher 1982, 264.
396
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Fig. 2.9. Unknown artist, drawing c.1820, illustrating the pattern for the bust of Werner with the position of the false cores
indicated with the dotted line (from Vorsteher, 1982, 267).

The manuscript also illustrates a sideways arrangement of the main sprue (fig. 2.10). This is
an early example of bottom filled casting. The vast majority of castings before 1900 are top
filled. By providing a riser on top acting as the air escape route in combination with the sprue
coming in from the side, the moulder/founder creates a much better flow of the metal and
gases in the mould.397

Fig. 2.10. Unknown artist, drawing c.1820, illustrating the pattern for the bust of Werner on the moulding board with the false
core indicated with the dotted line. Also visible is the wedge shaped wooden pattern for the main sprue (from Vorsteher,
1982, 266).

Before the assembled cope can be placed on the drag, a core needs to be made. To facilitate
the escape of gases from the core during the casting, the moulder will work three lanterns into
the core. Fabricated from perforated sheet rolled into a tube, the central lantern is partially
397

Bottom filling reduces considerably the amount of bi-films in the casting which can be a cause of brittleness;
Campbell 2003, 300. Vasari already described bottom filling in 1568 when he discussed Guiglielmo della Porta’s
casting of monumental statue of pope Paul III; Vasari, Giorgio, and Gaston du C. De Vere. Lives of the most
eminent painters, sculptors & architects. Macmillan and Co., ld. & The Medici Society, ld. vol 9 (1912): 235. The
advantages of ascended filled moulds were already described in 1886; Simonds, George. “Artistic Bronze
Casting.” The Journal of the Society of Arts, Vol. 34, No. 1733. February 5 (1886): 253.
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covered with loam before being placed inside the pattern.398 Once inside the pattern the empty
space between the lanterns and pattern is filled with moulding sand which is subsequently
compacted with a rammer (fig. 2.11).

Fig. 2.11. Unknown artist, drawing c.1820, illustrating the lanterns(left) and their position within the core during the
moulding of the bust of Werner. (from Vorsteher, 1982, 269).

This is the earliest depiction of the use of lanterns in connection with sand mould casting I
have found during the course of this investigation. It also shows that German founders where
following closely their French colleagues.

2.4.3 Bronze founders using sand piece-moulds: Dinger and contemporaries
The founding of hollow cast iron figural sculpture in the German lands, using sand moulds,
was by 1816 a well-established practice. The casting of bronze sculptures, however, was a
different story. Although larger figural bronzes were cast in Germany during the first decades
of the nineteenth century, they were mostly the products of rather inexperienced founders and
lacking in finesse.399 In order to gain the experience and intimate knowledge of sand mould
casting the Germans had to import this knowledge from France. This was done by inviting
Parisian founders such Claude François Lequine and the pioneer Honoré Gonon around 1818
to work in Berlin, by now the center for sculpture casting in the German lands.400 Not much is
known about Gonon’s time in Berlin, his occupation in 1818 in Berlin is described as a
398

The position of the lanterns is somewhat puzzling. Normally lanterns act as chimneys for the gases during
the casting but in the set-up as described and illustrated in the manual their openings are facing downwards
instead of upwards.
399
Maaz, Bernhard. “Zur Entwicklung des Bronzegusses in Deutschland im 19. Jahrhundert.” Bronze- und
Galvanoplastik: Geschichte, Materialanalyse, Restaurierung. Meissner, Birgit, Anke Doktor, and Martin
Mach(eds.). Landesamt für Denkmalpflege Sachsen (2001): 26
400
Maaz, Bernhard. Skulptur in Deutschland zwischen Französischer Revolution und Erstem Weltkrieg.
Deutscher Kunstverlag (2010): 632-633 & Lüer, Herman. Technik der Bronzeplastik. H. Seemann Nachfolger
(1902): 101. Lequine was appointed as tutor at the Kunstgussschule (art foundry school) in Berlin in 1824. His
working practices received a mixed response and he was dismissed in 1828 when the bronze cast of Christian
Daniel Rauch’s (1777-1857) statue of Friedrich Wilhelms I was deemed as rather unsatisfactory. This also
signaled the end of the Kunstgussschule; ibid 100.
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chaser.401 Gonon is also listed with four cast bronzes in the catalog of the Berlin Academy
exhibition of 1824, under works entered by the chaser Coué where Gonon is given as the
founder of the works.402 Gonon was apparently working on the monument for field Marshall
Blücher by Rauch for Breslau (now Wroclaw, Poland) since three of the works in the catalog
are related to this monument.403 Coincidentally, 1824 is also the date Martins writes on
Rousseau as the inventor of the sand piece-moulding technique for sculpture, could it be that
Martins and Gonon have met during Gonon’s stay in Berlin and Gonon informed Martins on
the early days of sand piece-moulding? 404 As the Prussian inspector of mines (Ober-Bergrat),
Martins was based at the Prussian Home office in Berlin at the time.405
The patriotic Germans were keen to set up a more home-grown skills base and also began
sending German founders to Paris, such as Johann Baptist Dinger (?-1834) and Wilhelm
Ludwig Feierabend (?-?).406 Feierabend, who seemed to have had his Parisian training with
Jean-François Denière (1774-1866),407 was famous for the perfectly cast surface of his
bronzes.408 Dinger, who was working for Charles Crozatier, would be known for perfect,
extremely thin walled and smoothly cast bronzes (figs. 2.12 & 2.13).409

Fig. 2.12. August Kiss, Telephos with doe, conceived 1828 (plaster model). This unique copper-alloy casting dates from 1834
and was cast by the Königliche Gewerbeinstitut of Berlin. Possible founders, Johann Baptist Dinger or Wilhelm Ludwig Feierabend
H. 23.1 cm, W. 30.8 cm & D.13.9 cm, private collection. (image Frank C. Möller Fine Arts Hamburg)

401

Anonymous. Amtlicher Bericht über die Allgemeine Deutsche Gewerbe-Ausstellung zu Berlin im Jahre 1844,
Volume 2, part 2 (1846): 139.
402
Akademie der Künste (Berlin, Germany) and Börsch-Supan, Helmut. Die Kataloge der Berliner AkademieAusstellungen 1786-1850. B. Hessling. (1971): 400. (Nr. 379– 382) (reprint of the original from 1824)
403
Ibid Nr. 379– 382.
404
Martins 1824
405
http://kupferspuren.artwork-agentur.de/index.php?option=com_content&task=view&id=182&Itemid=76>
[accessed 13-6-2018]
406
Sometimes spelled as Feyerabend. These two founders would train later themselves the next generation of
founders when connected to the Königliches Gewerbe-Institut in Berlin; Maaz 2010, 633.
407
Geheimes Staatsarchiv Preußischer Kulturbesitz Berlin (Secret State Archives Prussian Cultural Heritage);
GStA PK I.HA Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829, Fol. 9; Letter Ministry to Dinger, 20.1.1828
408
The successful Dernière foundry (before 1820 called Dernière et Matelin) was famous for its ormolu and
employed hundreds of workers. Lebon 2003 144-145.
409
Lüer 1902, 100. Already around 1823 the Royal Iron Foundry in Berlin was casting very thin walled bronzes
as well as iron sculptures. Martins 1824, 230.
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Fig. 2.13. Underside of the base of Telephos, illustrating the smooth sand mould cast surface with a wall thickness between 23 mm.

From Dinger, a correspondence survives between him and Christian Peter Wilhelm Friedrich
Beuth, a key figure in the development of the Prussian trade and industry (Gewerbe). The
latter was Dinger’s sponsor, working at the Ministry of Trade and Industry (Ministerium für
Handel und Gewerbe), in Berlin. Preserved in the Geheimes Staatsarchiv Preußischer
Kulturbesitz in Berlin, the correspondence provides us with an interesting insight in
contemporary working practices.410 It is tempting to say that these founders were sent to Paris
as some sort of industrial spies, reporting back their findings, but it appears that this was more
an exchange of knowledge for commissions. Although Dinger was reporting to the abovementioned ministry and the ministry was asking Dinger to look for specific information, the
foundries in return also got commissions out of this. Dinger as well as Feierabend were
working in the Parisian workshops on large bronzes commissioned from Berlin.411 Charles
Crozatier, originally trained as chaser in the silver and ormolu workshops of Odiot and
Thomire, entered on the age of 18 into fine art founding when he started in the workshop of
the sculptor Pierre Cartellier (1757-1831). This is followed by a three-year apprenticeship
with the cannon founder Michel Brezin (1758-1828), who, as we saw earlier, once supplied
the master models for the revolutionary cannon foundries. Known for his moulding, alloying,
patination and chasing skills, Crozatier developed himself into a sand mould founder famous
for his reproductions and pastiches of antique sculpture.412 His speciality was the founding of
monumental sculpture such as the quadriga on top of Arc de Triomphe du Carrousel (1828),
the second Napoleon figure on top of the Vendôme Column (1833) and equestrian statues

410

GStA PK I.HA Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829. I am extremely grateful to Mr. Frank C.
Möller of Hamburg for pointing out this correspondence and providing the transcription and to Jan Dorscheid
for help with the translation.
411
“Das erste Stück wird ohnehin hier der Brunnen auf dem inneren(?) Hofe des Gewerbeinstituts seyn…. Es
sind deren 4 und ich würde Sie 2 und Feyerabend 2 machen lassen.” Fol. 9 Letter Ministry to Dinger, 20.1.1828.
GStA PK I.HA Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829.
412
Scholten, Frits (ed.) Adriaen de Vries: 1556-1626 Imperial Sculptor. Rijksmuseum (1999): 152.
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such as Louis XIV at Versailles (1836).413 Crozatier’s workshop was highly successful and
made him a wealthy man and after his death, an annual price for a chaser was instigated and a
museum in his birth place Puy-en-Velay.414
Dinger earned Crozatier’s complete trust as he comments:
Mr Crozatier trusts me so much, not a Sunday goes by whereby I do not eat as his
place. In every aspect I have every opportunity to educate myself as a man who can
serve the state that treated me so well. There is no greater goal for me than to
demonstrate this by working hard. Your highly born, I honestly thank you for putting
me in this position and I hope that your highly born will let me know by way of a
short note whether I did justice with my descriptions [of the casting process], your
humble servant.415
Dinger reports on his work on several projects, in particular the moulding and casting of a
large horse. When describing the sand used in Crozatier’s workshop he comments:
The sand used here by all the founders is surely somewhat finer than we find in Berlin
and distinctly finer than the sand instructed by Mr. Lequine. This sand is, apart from
fine, also a little bit greasy and does not have to be pounded so much, so one is able to
make core parts out of this. I suspect one must know this in Berlin because Lequine
makes the big mistake by adding clay to this sand. Because of this the sand is getting
hard when dried often before but mainly during [casting] which burns the clay. It is
lucky for us Lequine is so secretive about this so nobody else is using this. Crozatier
cannot stop wondering enough why this carried on for so long. One only knows [here]
one mass, no black or wet mass and this has taken away the greatest disadvantage.416
Here [in Paris] one begins with the good sand and adds a small portion of the urine of
calves, then this is dried and the missing moisture is replaced by a greasy water
namely clay water.417

413

The first statue of Napoleon Bonaparte was destroyed after the Bourbon restoration. Crozatier’s Napoleon
still survives in the Musée de l'Armée in the Hôtel des Invalides in Paris.
414
Crozatiers workshop is said to have been taken over by bronzier Carl Drechsler and subsequently in 1867 by
bronzier and luxury cabinet maker Henry Dasson; Mestdagh, Camille. “Henry Dasson célèbre bronzier et
ébéniste du XIXe siècle.” L' Estampille. L'objet d'art. no.417 (2006): 60-72.
415
Translation author: “Herrn Crozatier zeicht sich jetzt besonders zutrauend zu mir, es vergeht fast kein
Sonntag, wo ich nicht bei ihm speisen muß. Überhaupt, stehen mir alle Wege offen, um immer weiter zu
kommen, um mich zu einem Mann auszubilden, der dem Staate, der doch so sehr viel an mir gethan hat, einst
nutzen zu können. Und gewiß es soll bei mir kein größeres Ziehl sein, als dieses einst durch Fleiss und Ordnung
zu beweisen. Ew. Hochwohlgeboren danke ich aber recht ganz besonders, daß Sie mich in diese schöne Lage
gebracht haben, und indem ich hoffen darf, daß mir Ew. Hochwohlgeboren durch ein kleines Schreiben
mittheilen, ob ich durch diese Beschreibung recht gethan habe, verbleibe ich Ew. Hochwohlgeboren
unterthänigster Diener J. Dinger, Paris, d. 1.ten Januar 1828”; Letter Dinger to Beuth, 1.1.1828, Fol. 17R, GStA
PK I.HA Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829.
416
Dinger mentions here that only fresh, not previously used sand coloured black by the hot metal, is used by
the Crozatier foundry.
417
Translation author: “Der Sand, den sich hier nun semtliche Former bedienen, ist freilich um bedeutendes
feiner, als ich ihn in Berlin gefunden habe, und vorzüglich feiner als die Komposition aus Lehm und Sand, die
Herr Lequin lehrt. Diesem Sande ist aber auch neben seiner Feinheit noch eine gewisse Fettigkeit gegeben; man
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This account by Dinger illustrates the importance of the preparation and quality of the sand in
the sand mould casting process. The local German sand used by Lequin apparently did not
contain sufficient clay and this had to be added by the moulder, whereas the Paris sand (most
likely from Fontenay-aux-Roses) had a natural high clay content of between 16-20% which
did not require the addition of extra clay. A possible explanation why the addition of clay in
itself did not give the Berlin sand the same properties as the French, was the fact that the
Fontenay-aux-Roses sand is characterised by small grains of a uniform size with each grain
surrounded by a ring of clay.418 Dinger continuous by stating not only the advantages of the
Paris sand:
The French sand has apart from advantages also disadvantages, one can only use the
French sand once. When used twice it burns completely. Yesterday a bust was cast
here and by mistake some previously used sand was used [again] for the moulding of
the mouth and when cast the mouth was like a round lump. In a word this sand can
only withstand the heat once.419
Dinger described in detail the making of the core for a horse. The core is supported by six to
eight iron bars traversing the core and to enable it to be suspended in the mould. Then a rib
cage structure is applied to give the core its shape and support for the outer surface. This is
comparable to what had been described earlier, in the eighteenth century, by Boffrand,
Mariette and Diderot (fig. 2.14).420

brauch ihn nur wenig zu stoßen, so ist man schon im Stande, aus ihm Kernstücke zu bereiten. Dieses,vermuthe
ich, muß man in Berlin recht können, wodurch Herrn Lequin das große Versehen macht, und setzt Lehm zu
demselben. Hierdurch wird der Sand nur erstens zu fest bei de[m]Trocknen, und oft zuvor und Hauptsächlich,
verbrennt [so]der Lehm. Dann aber kommt auch noch die sogenannte schwarze Masse mit ins Spiel; ein Glück
möchte ich es nennen, daß [es] so sehr geheim damit ist, daß dieser doch durchaus dort nicht weiter
verarbeitet wird. Herr Crozatier kann sich nie genug über diese Maniren wundern, und weiß kaum, wie es
möglich sei, daß das noch so lange stand gehalten hat. Man kennt hier eine Masse, aber keine [schwarze] und
keine nasse Masse, und darin ist schon dem Hauptübel abgeholfen. Hier nimmt man den guten Sand, setzt zu
diesem eine unbedeutende Portion Kälberharn, trocknet ihn zuvor, und ersetzt dann die ihm dadurch fehlende
Feuchtigkeit mit einem fettigen Wasser, nemlich mit Thonwasser.ˮ Fol 14 verso-fol 15, Letter Dinger to Beuth,
1.1.1828 GStA PK I.HA Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829.
418
Bassett & Schmidtling 2012. See also chapter 1 in this thesis.
419
Translation author: “Dieser französische Sand hat aber auch nun neben seinem Guten noch etwas sehr
schlechtes. Man kann mit demselben nur einmal formen; sobald man ihn zum zweitenmale braucht, verbrennt
er ganz und gar. Gestern wurde hier eine Büste gegossen, worin man durch Versehen von demselben bei dem
Formen des Mundes genommen hatte, und es wurde dieser daher im Guße ein runder wulst. Mit einem
Worthe, [wider]steht dieser Sand also nur einmal der Metallhitze.” Fol 14 verso-fol 15, Letter Dinger to Beuth,
1.1.1828 GStA PK I.HA Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829.
420
Boffrand, 1743; Mariette, 1768; Diderot, 1771.
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Fig. 2.14. Engraving, Plate III: The armature, showing the framework supporting the core: from Sculpture fonte des statues
equestres. Diderot, D. & d’Alembert.1771, Encyclopédie ou Dictionnaire raisonné des sciences, des arts et des
métiers, edited by Denis Diderot, Plates vol. 8, Paris.

Dinger continues:
On this cage a plaster layer of 2 zoll [thickness] is applied and on top of this a sand
layer of 2.5 zoll.421 The space inside stays empty. In the top part of the core are two
holes made. This is for drying with a fire inside though heating the core from the
outside is also necessary. I believe a core made this way [Crozatier’s method] has an
advantage over other. Crozatier [however] is not satisfied with this core and has made
an exceptional invention. When the rib cage of iron is ready, instead of applying
plaster, he wraps the rib cage with straw bands. The straw can give way to the cooling
and shrinking metal. A core like this is not heated from inside though only from the
outside.422

421

5.23 centimetres.
Translation author:“und auf diesen Kasten macht man eine Gypsdecke von 2’ und auf diesen dann eine
Sand[-] oder Kerndecke von 2 1/2’ und darin der Raume bleibt leer. Dann muß man denselben aber auch auf
zwei Stellen nach oben öffnen können. Durch diese Öffnungen wird nun nachher, nachdem er also vollendet
ist, zuerst ein bedeutendes Feuer von inwendig gemacht, wodurch er schon fast [hinlänglich]trocken genug
wird, aber dennoch soll er [nachher]von außen noch dieselbe bekommen….. Herr Crozatier,… ist aber doch für
sich mit diesem Kerne nicht zufrieden, und hat daher eine außerordentlich schöne Erfindung dabei gemacht. Er
hat nemlich, nachdem er den Rippenkasten von Eisen fertig hatte, keinen Gyps genommen, sondern auch diese
Stelle derselben mit Strohbändern umwunden. Dieses scheint mir bis jetzt auch in jeder Hinsicht [ein] vielmal
besserer Kern zu sein, weil das Stroh bei dem Erkalten des Metalls mehr nachgibt als der Gyps, und vorzüglich
wegen seiner Gewölle im Stande ist nachzugeben. Auch wird dieser Kern nicht von inwendig, sondern blos von
auswendig getrocknet.”; Fol 14, Letter Dinger to Beuth, 1.1.1828, GStA PK I.HA Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1,
Bd. 2, 1827-1829.
422
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Crozatier’s improvement, by making a hollow core flexible enough to compensate for the
contracting metal surrounding it, is a clever one and shows a founder who understands the
casting process thoroughly. The sand used for the core is the standard moulding sand, which
is sifted and mixed with some plain sand.423 The, ‘cut-back’, core is made in the usual way by
cutting a thin layer from the surface. Dinger comments on this as being one of the most
difficult parts of the moulding process though not difficult to learn for someone with
modelling experience.424 This cutting back of the core required skilled shaving or peeling
away of the top surface layer of the core. This is done with fine spatula and needs to follow
the surface morphology closely in order to create an even wall thickness of the bronze (hence
the need for modelling skills).425 The thickness of this removed layer determines the thickness
of the final bronze which can vary from just over 1mm with very fine castings to more than 67 mm for monumental size bronzes.
The horse Dinger described was probably part of Crozatier’s large assignment, in 1827-28, for
the new quadriga on top of the Arc de Triomphe du Carrousel in Paris (fig. 2.15). Since in
1815, after Napoleon’s defeat at Waterloo, the famous horses of Saint Mark's Cathedral from
Venice and captured in 1798 by Napoleon were taken of the monument and returned back to
Venice.

Fig. 2.15. François Joseph Bosio, La Paix conduite sur un char de triomphe, 1828, bronze and gilt bronze. On top of the Arc
de Triomphe du Carrousel. Cast by Crozatier (H. 3.5 m.) (image Wikipedia commons)

423

“Man nimmt den ganz gewöhnlichen Formsand, siebt denselben fein, und vermischt ihn alsdann mit etwas
reinern oder ungebrauchten Natursande”, ; Fol 12 verso-fol 13, Letter Dinger to Beuth, 1.1.1828, GStA PK I.HA
Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829. Presumably from Fontenay-aux-Roses although this is not
specifically mentioned.
424
“Nach dieser Regel erhält man den Kern nun ganz so wie das original, und es muß von diesem dann die
gleiche Dicke rundum abgeschnitten werden, [wobei] dieses im allgemeinen das Schwerste von der ganzen
Formerei genannt [wird], und es auch wohl [ist]. Jedoch aber, wo Kenntnisse im Modelliren vorausgehen, da
fällt dieses keineswegs schwer zu erlernen.”; Fol 13 verso, Letter Dinger to Beuth, 1.1.1828, GStA PK I.HA Rep.
76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829.
425
See for more details on this cutting back of the core sub-chapter 4.2.4 The core in this thesis.
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Dinger, who would gain himself later a reputation as a founder of producing extremely thin
walled castings,426 must have learned this whilst at Crozatier’s workshop, because we learn
from his letters also the following:
The Mary that will be cast here in silver, was divided in the middle, with the upper
part which was left just over 3 feet high.427 This was already miscast once. This [cast]
is considered impossible to cast [in] silver this way [only] half a line thick.428 For this
reason each half of the cast is moulded again and [sprued] and poured from the top
and other side, and [this cast] was done without faults this Saturday evening. This was
cast also with a thickness of half a line. Through skill full assembly these two halves
were joined.429
This is quite an achievement. Casting a silver sculpture almost one metre high with a wall
thickness of just over one millimetre is even today with modern casting technology still a
major challenge. As Dinger already indicated, this is no straightforward casting and already
failed once. The problem with thin walled castings in general is the fact that as soon as the
liquid metal is poured into the mould it begins to cool down with the risk of premature
solidification, resulting in a failed casting. The nineteenth century founder, not able to use
modern inventions such as vacuum or centrifugal force assisted casting, could still try to
counter-act this in several ways; firstly, by increasing the wall thickness, effectively enabling
more metal to flow into the mould in the same time which in this case would mean a much
higher cost because more silver will be used. Secondly the mould could be pre-heated to
prevent the metal from cooling down during pouring. Sand moulds are usually only heated up
to 200°C, to just drive off the moisture.
The only example I found during this research of extensive heating of sand moulds was with
iron casting in Réaumur to produce white malleable cast iron by casting into red hot sand
moulds.430 The third way to improve the flow of metal inside a narrow mould cavity is to heat
the mould to increase the temperature of the metal before it is poured into the mould. This is
standard practice for founders and the finer the casting the higher the pouring temperature.431

426

Dinger presented at the exhibition of the Berlin Akademie in 1830 two busts which are described in the
catalog as raw (unfinished) cast except for the removal of the mould lines. Roher Guß, bis auf das Wegnehmen
der Gußnaht: Akademie der Künste and Börsch-Supan. 1971. 1830. Nr. 730 f.
427
Prussian Reichsfuß = 313 mm
428
Halbe linie = 1/12 of an Zoll (sometimes 1/10) this is equal to 1.1 mm!
429
Translation author: “Die Maria, die hier in Silber gegossen werden soll, hat man in der Mitte getheilt, und
den Obertheil, der doch noch viel über 3 Fuß hoch bleibt. Hierzu hat man schon einmal fehlgegossen. Man sieht
dieses aber jetzt als eine Unmöglichkeit an, Silber in dieser Art nur eine halbe Linie dick zu gießen. Es wird
daher jede Helfte derselben von der Seite wieder zur Helfte geformt, und ein solcher Guß, von der Oberen und
zur anderen Seite, wurde am Sonnabend aber ganz fehlerfrei gemacht. Es war auch hierbei die Dicke des
Metalls nur eine halbe Linie. Auf dem Wege der geschickten Montur wird nun hier aus diesen Helften nachher
dieselbe zusammengesetzt.” ; Fol 17 verso, Letter Dinger to Beuth, 1.1.1828, GStA PK I.HA Rep. 76 Vb Sekt.4,
Tit. XII, Nr. 1, Bd. 2, 1827-1829.
430
Réaumur, René-Antoine Ferchault de. 1762. Nouvel art d'adoucir le fer fondu et de faire des ouvrages de fer
fondu aussi finis que de fer forge. Paris: H. L. Guerin et L. F. Delatour.
431
The life-casting recipes described in BnF ms.Fr. 640 to produce very fine castings often recommend to heat
the metal and mould red hot. Smith & Beentjes 2010.
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Higher pouring temperatures tend to give rise to risks such as poor mechanical properties of
the cast. A final way to enable such a thin walled casting is to feed the liquid metal into the
mould from different directions, Dinger described casting from both sides, thereby reducing
the amount of travel of the liquid metal inside the mould. The disadvantage of this can be the
trapping of air or other gases inside the mould or insufficient fusing were the two flows meet,
a so-called cold shut.
The German founders were greatly inspired by the quest for the perfect cast: a light thin
walled casting not requiring any after-work in the form of chasing.432 The German sculptor
and graphic artist Johann Gottfried Schadow (1764-1850) expressed this ideal as early as the
1790s.433 And when the Prussian architect Karl Friedrich Schinkel (1781-1841) visited
Crozatier’s workshop in 1826, Schinkel remarked: “Crozatier casts the biggest and most
complicated statues in such a way they don’t need chasing.”434
And in a letter written in the same year to Friedrich Wilhelm III, Beuth writes:
Crozatier as a skilled sculptor, recognized the need to complete the cast in bronze in
such a way that no reworking through chiselling would be necessary and that [the]
work of the sculptor could be brought to its original state for posterity [and] also to
save costs. Crozatier managed to do this in a way which leaves everything behind that
has come to us from antiquity […] Professor Rauch who was in Paris after me […]
shares Schinkel’s and my deep admiration for the incredible […] created by
Crozatier.435
It is therefore not surprising that the Germans commissioned Crozatier for their bronzes and
were sending founders as Dinger in 1827 to his workshop.436 Being able to cast a surface so

432

Although founders throughout the ages have always strived to produce castings that required minimal to no
chasing this was never so ideologically fueled as in Berlin around 1800. See for more information on (the lack
of) chasing on Renaissance bronzes: van Langh, Robert. “Casting and chasing of Renaissance statuettes: the use
of TOF-neutron diffraction for studying finishing techniques on bronzes.”: 65-74 & van Langh, Robert.
“Innovations in the casting technology of sixteenth-century European bronze sculptures.”: 77-103, both in van
Langh, Robert. Technical Studies of Renaissance Bronzes. Rijksmuseum, 2012.
433
“das in einem Guß bestand, dessen Oberfläche keiner weiteren Ziselierung bedürfte”. Maaz 2010, 631.
434
Translation author: “Crozatier, der die größten und kompliziertesten Statuen so gießt, daß keine ciselure
nötig ist…”: Riemann, Gottfried. Karl Friedrich Schinkel. Reise nach England, Schottland und Paris im Jahre 1826.
Koehler & Amelang Verlag (1986): 109.
435
Translation author: “Crozatier, der als ein geschickter Bildhauer, die Notwendigkeit erkannte, das Gießen in
Bronze so zu vervollkommnen, daß kein Überarbeiten durch Ziselieren nöthig wird, und so daß Werk des
Bildhauers in seiner ursprünglichen Gestalt auf die Nachwelt zu bringen, auch an den Kosten zu sparen. Dem
Crozatier ist dies auf eine weise gelungen, welche alles hinter sich zurücklaßt, was aus dem Alterthum auf uns
gekommen[…]und der Prof Rauch der nach mir in Paris war […] theilt des Schinkels und meine Verwunderung
über das Unglaubliche von dem Crozatier geschaffte." : advertisement feature by Frank C. Möller Fine Arts,
Hamburg, In: Achim Stiegel, “Der Ritt der Nereiden von Pompeji nach Berlin, eine Gruppe vergoldeter
Bronzefiguren nach Entwurf von Karl Friedrich Schinkel aus dem Jahre 1827”, Cover and first three pages in :
Weltkunst, February 1999, n.p. see also Möller, Frank C. “Idea – Form – Ornament Schinkel’s Influence on
Prussia’s Arts and Crafts as Illustrated by Three Rediscovered Objects.” The Michael Werner Collection: I Sat
Beauty on My Knees...And I Reviled Her. Arthur Rimbaud (ed.). Walther König (2012): 55.
436
Stiegel 1999 n.p.
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close to the original model and therefore not requiring chasing has several advantages.437 First
of all, this means that the cast has minimal deviation from the artist model and therefore stays
true to the artist’s intent. Furthermore, the cast object, not requiring laborious extra work can
be produced faster and thus more economically. It was especially this economical factor
which inspired the Prussian government to stimulate a casting industry in Berlin.438

2.5

Evidence for sand mould casting in nineteenth century Italy

Also, in other parts of Europe the new technique of casting sculpture with sand was
introduced. Even in Italy, a country famous for its lost wax founding history, one can find
evidence for the use of sand mould casting. Similar to Germany, the transfer of knowledge
can be traced back to Paris.
In 1806-7 the Manfredini brothers Francesco, Luigi and Antonio established the Manufacture
Royale de Bronze de Fontana part of the Eugenia works in Milan. This was by order and
under the protection of the Viceroy, Eugène de Beauharnais (1781-1824), stepson of
Napoleon Bonaparte. In effect this was the continuation of a foundry established in Paris in
1803 by Francesco.439 All three Manfredini brothers are known to have worked in Paris
between 1803 and 1806.440 In 1810, Francesco died and Luigi and Antonio continued the
foundry. A-typical and perhaps even unique for Italy during this period, is that the Manfredini
foundry performed sand moulding and casting. A source even claimed they adapted the sand
moulding technique to make the casting of monumental bronzes in sand possible implying the
Manfredini’s invented the casting of sculpture in sand moulds.441

437

Chasing (Fr. Ciselure, Germ. Ziselierung) is a decorative technique involving the use of various shaped
punches and a chasing hammer to model the surface of a metal object. Beentjes 2000, 83-84.
438
The Gewerbe-Institut in Berlin was a driving factor in this. Started in 1821 by Beuth as the Königliches
Technisches Institut and in 1827 renamed as Königliches Gewerbe-Institut, it employed people such as
Feierabend and Dinger. The Gewerbe-Institut trained young founders, producing high quality ormolu and
patinated bronzes by using the perfected sand mould casting technique they learned in Paris. Together with
producers such as Werner & Mieth, later Werner & Neffen, they created serious competition for the Paris
ormolu and bronze industry, as intended by the Prussian Government. The fact that the Germans were able to
produce casts which required minimal chasing meant that they could offer their wares at very competitive
prices. (personal communication with Frank C. Möller Sept.2013) This is reminiscent of the knowledge transfer
at Prussian court of Frederick II (1740-1786) in Potsdam which recruited skilled craftsmen from Paris in 1751 for
the production of high quality ormolu: Locker, Tobias. “A Prussian factory of gilt bronzes à la française: Johann
Melchior Kambly (1718-84) and the adoption of Parisian savoir-faire.”in Bourgarit et al (2014): 166-177.
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Imbellone, Alessandra. “Manfredini, Luigi” Dizionario Biografico degli Italiani – Vol. 68 (2007) available
through : < http://www.treccani.it/enciclopedia/luigi-manfredini_%28Dizionario_Biografico%29/ [accessed 5-6
2018]
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Catalogue entry for lot 46, “An Italian gilt-bronze and bronze athenienne by Luigi and Francesco Manfredini,
Milan, circa 1811-13.” in Sotheby’s London TREASURES, princely TASTE July 3rd, 2013. Online available
through : <http://www.sothebys.com/it/auctions/ecatalogue/2013/treasures-princely-tastel13303/lot.46.esthl.html > [accessed 5-6-2018]
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“Merita poi particolare attenzione l’estesa manifattura dei Manfredini introdotta in Paese dell fusione,
cesellatura e doratura de’ Bronzi lavorati. E quanto all fusione, se il metodo di fondere in sabbia, e staffia era
giàconosciuto, ed adoperato per pezzi minuti, è dovuta pero ai fratelli Manfredini l’applicazione di esso alle
grandi fusioni, il di cui perfezionato processo ha dato l’importantissimo risultamento al confronto degli antichi
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Although it is probable they were the first in Italy to cast bronzes in sand moulds it is more
likely they acquired their sand mould casting skills whilst in Paris, where the sand moulding
of sculpture had just been developed and published.442 Some of their work still survives, for
example their work on the Arco della pace del Sempione in Milan. Recent conservation work
confirmed the use of the sand mould casting technique for this monument (fig. 2.16).443 In
1852 the Manfredini’s Eugenia foundry was taken over by the Barigozi brothers Ermanno
(1805-1882) and Prospero (1807-1866) who continued the foundry as an art and bell foundry.
It is not clear yet to what extent the sand moulding and casting continued to be used by the
Barigozis. The Barigozi foundry eventually ceased working in 1975.444
The scarcity of Italian foundry literature detailing sand mould casting of sculpture is another
indication that this technique was probably not in general use in Italy. The Nuovo Dizionario
Universale Tecnologico o di Arti e Mestieri discusses the sand mould casting of sculpture in
sand moulds but this dictionary is basically a translation from French.445

Fig. 2.16. Interior of Arco della pace del Sempione in Milan, bronzes cast by the Manfredini foundry between 1827-1834.
(image Studio Restauri Formica S.r.l. Milan)

It must be of some significance that the entry on statuary founding (fonderia di statua), which
was actually written by an Italian,446 described only lost wax casting albeit briefly.447 In
contrary to France, Germany, Britain and the United States, very few foundry manuals were
incerti, e sconvenevoli metodi d’ottenere con singolare facilita, con sicurezza, e moderato dispendio la fusione
du statue gigantesche: ….ˮ; letter from 2 June 1821 transcribed in Beretti, Giuseppe [ed.] Gli splendori del
bronzo : mobili ed oggetti d'arredo tra Francia e Italia 1750-1850. Omega Arte (2002): 41-43.
442
Rondelet 1805, 350-368.
443
Righini Ponticelli, Sylvia., Luciano Formica, Vittoria Castoldi Formica. “Una Pace Rinnovata Per Milano.
L’intervento di conservazione dei bronzi dell’Arco della Pace.” 2015 online available through : <
http://www.restauriformica.it/?Szn=Interventi_Restauro&id=308> [accessed 5-6-2018]
444
Fonderia Napoleonica Eugenia. “Fusioni artistiche | la storia.” 2015 Online available through : <
http://www.fonderianapoleonica.it/storia4.html> [accessed 6-6-2018]
445
Lenormand, Louis Sebastien. Nuovo dizionario universale tecnologico o di arti e mestieri e della economia
industriale e commerciante. Venezia: Antonelli, (1830) Vol III (1833): 121.
446
A certain Giovanni Pozzi. I have not been able to find any biographical information for this person.
447
Giovanni Pozzi in Lenormand 1830, Vol XXIII (1839): 271-274.
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published in Italy during the nineteenth century and one has to wait for as late as 1889 for the
first proper manual to be published.448 This manual is aimed at the founder of more industrial
work in iron, brass but also bronze and covers the moulding in sand in detail but again the
sand moulding of sculpture is conspicuously absent while the founding of bells is covered.
The founder looking for detailed practical information on lost wax casting in nineteenth
century Italy had to consult older sources such as Cellini which appeared in several editions
during the course of the nineteenth century.449 Perhaps the fact that Cellini’s treatises and his
autobiography gave such detailed technical information on lost wax casting there was no need
in Italy to write another manual on the same topic.

2.6

The casting of sculpture in Britain using piece-moulds: 1800-1900

For the reproduction of medium to large sculpture, bronze was only very occasionally used in
Britain during the eighteenth century.450 Sculpture was usually carried out in marble or lead,451
with the latter often painted, or gilded.452 Because there was no widespread tradition of bronze
sculpture casting and therefore no foundry industry facilitating the casting of medium to large
bronzes, sculptors who wanted their work executed in bronze had to use foreign foundries or
initiate the founding themselves.453 Artists such Sir Richard Westmacott RA (1775-1856) and
Francis Chantrey (1781-1841) organised the casting of their own bronzes.454 Lost wax casting
was most likely practised, as was an alternative method using plaster and brick-dust based
piece moulds.455 The application of the latter for bronze casting is only described in British
sources and derived most likely from the casting of lead sculpture as practiced during the
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Belluomini, Giuseppe. Manuale del fonditore in tutti I metalli. Hoepli, 1889.
Cellini’s original edition was from 1568 with only one eighteenth century reprint in 1731. Carpani’s (1806)
edition of the collected writings of Cellini – his autobiography and treatises- appeared between 1806 and 1811;
Cellini, Benvenuto, and Giovanni Palamede Carpani. Opere di Benvenuto Cellini... - Vita di Benvenuto Cellini,...
da lui medesimo scritta... accompagnata con note da Gio. Palamede Carpani. - Due trattati... uno
dell'oreficeria... l'altro della scultura. Con aggiunta di... altre operette... (con una prefazione da Antonio Cocchi.).
Milan: Società tipogr. de' classici italiani. (1806-1811.) Several other editions appeared during the course of the
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M.G. “Brass sculpture and the ideology of bronze in Britain from 1660-1851.” Sculpture Journal, XIV (2005): 38.
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James, Duncan. “Alfred Gilbert and his Use of 19th Century Founding Techniques.” Alfred Gilbert; Sculptor
and Goldsmith, Dorment, Richard (ed), Royal Academy of Arts (1986): 21.
452
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Both in Pimlico, London; Simon 2011. Sir Francis Legatt Chantrey, RA (1781-1841), who established his own
foundry, employing French workman, at Eccleston Place, Pimlico, London in 1828. He would produce here
mainly his own bronzes till 1839. Simon, Jacob. “Sir Francis Chantrey” British bronze sculpture founders and
plaster figure makers, 1800-1980 – C, National Portrait Gallery. 2011 [online ] available through :
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eighteenth century.456 A practical account of British lead casting of statuary during the
eighteenth century can be found in Robert Dossie’s (1717-1777) Handmaid to the Arts of
1758.457
A later, nineteenth century, account of this plaster piece-moulding technique, as used for
bronze sculpture founding, can be found in Rees.458 The founding of sculptures is covered in
two entries: Bronze (1805) and Foundery (1810).459 The Foundery entry covers the lost wax
process and the earlier entry Bronze describes plaster-based piece-moulding.460
The sand mould casting of bronze sculpture in Britain sees a relatively late introduction.
Possibly deriving from the founding of cast iron sculpture the first evidence of sand mould
cast bronze statuary in Britain appears around the middle of the nineteenth century.461 The
earliest description is that of the founding of the Matthew Cotes Wyatt’s (1777-1862)
Wellington monument.462 This bronze equestrian statue was cast in 1845-46 by French
workmen employed by Wyatt using sand piece-moulds. The anonymous author observing this
work was clearly not impressed by this work:
It is known that French workmen have been employed by Mr. Wyatt, … It was formed
of sand, and put together in square pieces, … these numerous parts could not be so
perfectly joined as to leave no indication … thus the cast is seamed in squares, the
marks of which must be removed by the tool. The method pursued by Sir F. Chantrey
456

Similar eighteenth century descriptions of this technique, can be found in Diderot, “Jetter les Figures de
plomb." Vol. 8 (1771): 529 and Plate I and description Volume 25 Page 22:4; & in Fiquet; Fiquet, M. “Art du
mouleur en plâtre.” Descriptions des arts et métiers, Bertrand, Jean-Elie (ed). volume XIV, Académie des
sciences, l'imprimerie de la société typographique (1780): 598-600. A nineteenth century source largely bases
on Fiquet is Lebrun, Frédéric Deniau. Manuel complet du Mouleur. Librairie encyclopédique de Roret (1829):
179-185.( Moulage du plomb). Lead sculpture casting in plaster moulds can be traced back as early as the
seventeenth century; Scholten, Frits. “The Larson Family of Statuary Founders: Seventeenth-Century
Reproductive Sculpture for Gardens and Painters' Studios.” Simiolus: Netherlands Quarterly for the History of
Art, Vol. 31, No. 1/2 (2004 -2005): 54-89. & Arndt, Caroline. Untersuchung zur Herstellungstechnik der vier
barocken Bleiplastiken von Lerchenborg Slot in Dänemark. Fachhochschule Potsdam(2012): 44-60.
457
Dossie, Robert. Handmaid to the Arts. J.Nourse (1758): 349-356. Unfortunately his description is rather brief
and not illustrated. However, it does mention the use of a plaster mould divided in sections to avoid undercuts
or as he calls them under-workings. When dealing with large sculptures Dossie recommends the use clay as a
mould material, mixed with at least a third part of fine sand or coal-ashes to prevent crack in the mould after
drying. In addition to this he recommends reinforcing protruding parts of the mould, plaster as well as clay,
with cloth.
458
Rees 1802 and 1820, entries Bronze in volume V (1805) and Foundery or Foundry in volume XV (1810)
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Bronze, Rees 1805, volume V, no page number. Rees 1810, volume XV, no page number.
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Entry Founding in Martin, Thomas. Circle of mechanic arts; containing practical treatises on the various
manual arts, trades and manufactures. Rees (1813): 342-347. Although Martin’s entry on founding is largely
based on Rees (1805 & 1810), it is re-worded and has some extra insightful details added, probably by a
knowledgeable practitioner or scholar; Casting statues in the entry Founding in Smedley, Edward, et
al. Encyclopaedia metropolitana; or, Universal dictionary of knowledge, comprising the twofold advantage of a
philosophical and an alphabetical arrangement, with appropriate engravings. London: B. Fellowes. Volume VIII,
Mixed sciences Vol. 6, London (1845): 652-654.
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The foundry of Robinson and Cottam of Pimlico (London) is recorded using sand moulds for sculpture
founding in 1852; James 1986, 21.
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The equestrian statue of the Duke of Wellington was when revealed at Hyde Park Corner in 1846, the largest
equestrian statue in Britain, measuring 9.1 m in height. In 1885 the statue was moved to Round Hill close in
Aldershot where it remains to this day.
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was, to form the mould of brick dust and plaster, which not only left no seams, but
yielded the handling and precise feeling of the sculptor;463
While this author, writing in 1845, is clearly not impressed with the quality of this sand mould
casting and favours the plaster-based piece-moulding, Simonds in 1896, considers the plaster
piece-moulding technique: “…more in the nature of a makeshift than a process to be
recommended,…ˮ.464 So why are these two techniques so diametrically judged? A possible
explanation is perhaps that the sand moulding, as employed by Wyatt’s French workmen, was
not so perfected as the work carried out almost half a century later.
Detailed practical descriptions, in English, of sculptural piece-moulding using sand can be
found in Byrne’s Practical Metal-Worker’s Assistant from 1851.465 Byrne described the
moulding and casting of a bust using a dry sand mould with a plaster-based core. This core, a
mixture of one-part plaster with two parts sand or fine brick-dust, is cut back to create the
space for the metal. This paring down of a fine layer from the surface is a rather precise and
tedious job and Byrne described a clever trick involving the use of a stop-drill with a collar.
This enabled the drilling of holes at equal depth over the entire surface. Subsequently the
surface of the core could now be shaved down uniformly to the depth of the drill holes.466
Byrne continues his account of sculpture founding with a description of the lost wax casting
for “objects which are exceedingly complex in their form, or soft and flexible in their
substance, and which do not therefore admit of being moulded in sandˮ.467
In the same year the Moulder’s and Founder’s Pocket Guide appears and touches only briefly
on statuary founding describing an ancient Greek method and the standard lost wax casting,
which is referred to as; ‘French Mode of Moulding Statues’.468 When in 1881, the edition with
the supplement on statues appears by the Frenchman Fesquet, a rather confusing situation is
created because the sand piece-moulding, described in the new supplement, is also called the
‘French system’ or new system.469 Although Fesquet briefly described the lost wax
technique,470 he was clearly, like Launay, no great enthusiast for what he calls the ‘wax
process’. Fesquet continues with a description of the sand mould casting method, as practised
by the Philadelphian foundry of Messrs. Bureau Brothers & Heaton.471 The sand moulding
method he described does not differ greatly from the methods used in France and Germany
discussed earlier in this chapter.
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As is evident from Byrne’s description, the use of plaster-based cores was still being
described around the middle of the nineteenth century.472 Although Honoré Gonon was using
a plaster core as early as 1805,473 the use of plaster-based cores appears to be rather short lived
in France, of any rate, there is no mention of the use of plaster cores in Launay’s manual
(1827).474 Rondelet’s (1805) description of the making of plaster cores by Gonon as well as
Byrne’s description both mention the use of a filler material. This filler was added for two
reasons: to counteract the shrinkage of the plaster and if not too finely ground, to create a
more porous core. 475 This would facilitate the escape of gases and allow for the compression
of the core when the surrounding solidifying bronze would contract around the core. When
studying the composition of nineteenth century bronzes it is important to realise the existence
of plaster-based core material inside sand mould cast bronzes.476
It must be noted here that the sand or brick dust can take up a substantial part of this core and
this core therefore does not have necessarily the appearance of plaster, in colour as well as
texture. Chemical analysis is therefore recommended to determine the composition of this
core material. Generally speaking, plaster-based core material is not associated with sand
mould cast bronzes and the presence of plaster core material is interpreted as evidence for lost
wax casting.477

2.7

The lost wax casting of bronze sculpture in the nineteenth century

In order to understand fully the position and development of sand mould casting in the
nineteenth century, it is important to also look at the alternative, lost wax casting, during this
period. The history of lost wax casting of figural sculpture in the nineteenth century is one of
mixed fortunes. Apart from the above-mentioned examples by Sprengel and Dossie and the
experimental castings by Rousseau and Gonon, one can safely say that around 1800 nearly all
medium to large figural bronzes were cast using the lost wax method (fig. 2.17).478
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The 1874 edition of Byrne still contains the 1851 text on the making of a plaster-based core. Byrne 1874,
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analysis is required to determine the composition of this core material.
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See for example Ronald C. Schmidtling II on core analysis in Bassett 2008, 35. & Bewer et al 2009, 40.
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See also sub-chapter 2.3.1 Gonon and the casting of the monumental bronze of Jeanne d’Arc in this thesis.
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Fig. 2.17. Engraving illustrating various stages in the lost wax moulding and casting of a statue, plate 35 from Hassenfratz,
Siderotechnie, 1812, Vol 2.

This is reflected in contemporary technical descriptions of sculpture founding. French
technical literature before Launay’s first proper manual of 1827, invariably described the lost
wax process when covering sculpture founding.479
Petr Petrovitsj Chekalevsky published in 1810 a treatise on the founding of monumental
statuary which is loosely based on Boffrand’s treatise but contains some interesting additional
practical details and original engravings.480 This bilingual (Russian/French) treatise, which
hitherto has never been described in literature on bronze casting, differs from the treatises by
Boffrand, Mariette and Lafolie by describing the casting of human figures and large
plaquettes instead of equestrian statues (fig. 2.18).481
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Anonymous. Secrets concernant les arts et métiers, E.T. Chaillot. Volume 1 (1810) 213-227. (Pour jeter une
figure de bronze); & Hassenfratz 1812 vol 2, 272. and figure 35; & Lebrun 1829, 176-179.(Moulage de la cire)
The exception being of course Rondelet in 1805 (350-368), giving the account of Honoré and Rousseau’s
innovative sand moulding of the Jeanne d’Arc.
480
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Boffrand, 1743; Mariette, 1768; Lafolie, Charles Jean. Mémoires historiques relatifs à l’élévation de la
seconde statue équestre de Henri IV sur le terre-plein du Pont-Neuf à Paris avec des gravures à l’eau-forte
représentant l’ancienne et la nouvelle statue, publié par ordre de son excellence le ministre secrétaire d’État et
de l’Intérieur. le Normant, 1819.
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The situation in the German technical literature is comparable, with Wuttig giving in 1814 a
very practical account of the lost wax casting of monumental sculpture.482 Wuttig’s treatise
with its pocket size, moves away from the prestigious large folio size treatises such as

F

Fig. 2.18. Three plates (p.61, p.63, p.65 from Chekalevsky (1810) illustrating the gating system for the doors and one of its
plaquettes for the cathedral of our lady of Casan in St. Petersburg.

Boffrand, Mariette and Chekalevsky and for the first time the book resembles more the
modern workshop manual. The fourteen-page supplement at the back, detailing a wide range
of bronze and gunmetal alloys by Hermbstädt, is very practical for the founder in the
workshop.483
There is only one plate illustrated in the treatise which Wuttig copied strait from
Chekalevsky’s treatise published four years earlier (fig. 2.19).484 In 1830, Altmütter still
described lost wax casting as the main casting method for monumental sculpture although it
must be said that he mentioned, albeit briefly, a new process called sand mould casting (des
Gießens in Sand).485
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Wuttig, Johann Friedrich Christian, Die Kunst aus Bronze Kolossale Statuen zu Giessen, Amelang, 1814.
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Wuttig 1814, 57-70.
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Fig. 2.19. Plate II from Wuttig illustrating various stages in the lost wax casting process. The four figures on this plate are
exact copies of plates H, I, K, and L. from Chekalevsky treatise from 1810: Wuttig, Die Kunst aus Bronze Kolossale Statuen
zu Giessen, Berlin.(1814)

Most of these descriptions of the lost wax process are taken from earlier sources. The section
on sculpture casting in the 1810 edition of the Secrets concernant les arts et metiers is
identical to the edition published almost a century earlier in 1716.486 A similar pattern is
discernible in Britain’s technical literature on statuary founding. Rees in his entry Bronze
actually refers to older texts, including Cellini.487
These early nineteenth century descriptions of lost wax casting, almost invariably describe the
direct lost wax casting method. This can be explained from the fact that most of these are
based on earlier texts such as Cellini or Pliny. The majority of nineteenth century lost wax
descriptions are accounts of the casting of large monumental bronzes such as equestrian
statues which were always unique castings not requiring moulds enabling serial production. In
a direct lost wax casting a refractory core is made on which a thin layer of wax is applied. The
surface of this layer of wax, with the thickness of the final bronze, is modelled with the details
of the sculpture and when finished the wax is encapsulated within a layer of refractory mould
material such as plaster or loam often mixed with brick-dust and animal fibres. This
combination of the wax model enclosed in the mould, is heated to bake the mould and more
importantly, to melt out the wax. The core is held in place by previously inserted small iron
core pins. Once all the wax has been melted out and thus the negative form of the sculpture
model inside the mould cavity has been created, the mould is ready to receive the hot molten
486

“Pour jeter une figure de bronze”; Anonymous 1810, 213-227 and in Anonymous, Secrets concernans les
arts et métiers. Jombert (1716): 308-326.
487
Bronze, Rees 1805, volume V, no page number. Rees actually states the following: “Many particulars relating
to this article may be found in Pliny's Natural History; in the life of Benvenuto Cellini, and Vasari's Lives, in the
chapter upon bronze casting.ˮ: Rees 1805, volume V, no page number. This must have been Cellini’s
autobiography which was published in English in 1771, translated by Thomas Nugent; The life of Benvenuto
Cellini, a Florentine artist. London: Davies. The first, and up till now only, English translation of Cellini’s treatise
on sculpture was published by Ashbee in 1898. Cellini and Ashbee 1967. Unless Rees used of course the first
Italian edition of 1568 or a later edition of 1731.
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bronze. Once the bronze has filled the mould and has sufficiently cooled down to enable
handling, the outer mould or cope is removed by fragmenting it using hammers and chisels.488
With the direct lost wax process the artist’s wax model is literally lost in the process unless a
mould is first made which will not be used for casting the bronze. Before the use of flexible
mould material, such as gelatine and later silicone rubbers,489 this mould was almost always a
plaster piece-mould.
Rousseau’s and Gonon’s innovation, using sand moulds for the casting of sculpture, altered
this situation. The next decades would witness a gradual shift away from lost wax casting
towards sand mould casting and by the second quarter of the nineteenth century, sand mould
casting was the preferred casting method for the founding of sculpture in France and
Germany.490 The sculpture foundries in Western Europe were almost exclusively using sand
mould casting from the mid-1840s until c.1880.491
The increased popularity of sand mould casting was mainly due to the fact that this could be
carried out using less time and at lower cost compared to lost wax casting. What perhaps is
less well- appreciated, is the fact that sand mould casting was also, compared to lost wax
casting, generally speaking a more reliable method of casting. The lost wax casting of large
monumental bronzes especially, was frequently prone to failure. Héricart de Thury (1836)
mentions the mishaps with the casting of several monumental statues, such as Falconnet’s
statue of Peter the Great in St. Petersburg, the statues of Louis XV by Varin and Bouchardin
and others.492
Another example was the equestrian monument to Gustavus Adolfus II (1594-1632) by Pierre
Hubert l’Archevêque (1721-78) in Stockholm. This sculpture was commissioned in 1757 and
Archevêque’s first cast failed. Whilst preparing a second cast in 1778, Archevêque died and
488

The cope is the upper half of the mould.
Gelatine as a mould material for sculpture came into use from the mid 1830’s; Lebon 2012, 85-86 and
further in the current chapter. The use of silicone rubbers as a mould material was introduced during the
1960’s; Lebon 2012, 150.
490
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In England one sees a similar trend. A notable exception was the sculptor Sir Francis Legatt Chantrey, RA (17811841), who established his own foundry, employing French workman, at Eccleston Place, Pimlico, London in
1828. He would produce here mainly his own bronzes using lost wax casting till 1839. For an interesting
contemporary account of lost wax casting at Chantrey’s foundry; Holland 1834, 207-210.
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Gerhard Meyer was chosen as successor to cast the statue. His first attempt also failed and it
was only in 1796, almost 40 years after the first commission, that Meyer, finally was able to
produce a successful cast.493 Even the Italian bronze founders were not always flawless with
the lost wax casting of monumental bronzes. Teolato for example, details the failure by the
Righetti’s with their monumental cast of Antonio Canova’s (1757-1822) Napoleon as Mars
the Peacemaker in 1808, which had to be cast twice.494 It must be said that the Righetti’s
learned from their mistakes and the next two monumental casts of Canova’s equestrian statues
of Carlos III (1734-1759) and Ferdinand I of the Two Sicilies (1751-1825) were successful
with the first attempt.495 The mishaps with these bronzes, were sometimes due to the size of
the sculptures and/or problems with the melting of the huge amounts of bronze required for
these monumental bronzes. More often, the cause of failure was the cracking of the mould
during the burn-out of the wax.
Sand moulds had some distinct advantages over lost wax moulds. These moulds could be
monitored and repaired during the entire moulding process, which is not the case with lost
wax moulds. From the moment the first outer mould layer is applied to the wax model, its allimportant surface is hidden from view, only to re-appear once the final bronze is cast and
sufficiently cooled down to remove the outer mould. Any failures such as imperfections in the
mould impression, as a result of mistakes in application or cracking of the mould during burnout, are hidden from view. Shifting, cracked or crumbled cores, caused by the burn-out of the
wax, can also contribute to failure of lost wax castings. Fesquet remarks in this respect:
This heating [of a lost wax mould] is always very difficult, especially when the work
is large and has an akward shape, like many equestrian statues… Moreover, during the
drying of such an unwieldy mass, it is always to be feared that some portion of the
cope or core will fall and clog the air passages or the gates for the metal…The
finishing of the [lost wax] casting is also difficult, since there is no pattern to guide the
operator [chaser]…496
It was precisely the failures with one of the last traditional monumental lost wax castings,
François Frédéric’s Lemot’s (1772-1827) statue of Henri IV,497 which prompted Honoré
Gonon’s interest in the lost wax casting process as Honoré’s son Eugène recalls: “It was after
the attempt of Lemot that my father, far from being discouraged by the bad outcome of this
casting, became fascinated with searching for improved means of casting it, and, indeed, his
prime was spend in costly attempts…”498
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Because of the difficulties with the lost wax casting of this statue, Honoré Gonon was asked
to cast in 1817, using sand moulds, the figure of Henry IV and the bas-reliefs.499 The obstinate
Lemot apparently did not really learn from his previous failure because seven years later, in
1825, Gonon was asked again to do almost exactly the same for another of Lemot’s lost wax
casting projects, the equestrian statue of Louis XIV in Lyon.500 It was the innovator Honoré
Gonon who now began to experiment with lost wax casting from 1828 onwards. After years
of experimentation, Honoré Gonon together with his sons Joseph Honoré (nd) and Eugène
Paul Louis (1844-after 1875), established a foundry in Paris specialising in the lost wax
founding of ‘difficult to realise art objects’.501 It is important though, to emphasize here that
the lost wax casting technique was actually never completely ‘lost’. Not only was the cire
perdue technique in un-interrupted use by the founders of precious metals and other small art
objects throughout the nineteenth century, it was also still practised by Lemot at least up till
1825.502 It was whilst working for Lemot when Honoré Gonon was introduced into the lost
wax technique.503
These early castings by the Gonon foundry were rather small bronzes, often animalier type
sculptures. By 1832 however, the Gonon foundry managed to cast larger bronzes such as
Francisque Joseph Duret’s (1804-1865) Fisherman Dancing the Tarantella, now preserved in
the Musée du Louvre, Paris (fig. 2.20).504

Fig. 2.20. Francisque Joseph Duret, Fisherman Dancing the Tarantella, lost wax cast bronze by Honoré Gonon in 1832.
Acquired by king Louis-Philippe. (H. 1.58 m; W. 0.67 m; D. 0.58 m) Department of Sculptures Louvre Museum, Paris,
inv.no. L.P. 62. (image Musée du Louvre / P. Philibert)
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One of Gonon’s clients was the famous animalier sculptor Antoine-Louis Barye (1796-1875)
and in 1835, the Gonon foundry produced Barye’s impressive Lion and Snake (fig. 2.21).505
Following on from this, Gonon together with his sons, produced some remarkably detailed
lost wax casts between 1836 and 1838, for example Barye’s surtout de table for the Duke of
Orleans.506 Commissioned by the Duke in 1834 for his dining room table, this grand
centrepiece comprised five principal bronze sculptures together with some smaller sculptures.
All five principal sculptures are now preserved at the Walters Art Gallery in Baltimore, three
of them inscribed by Gonon with a most interesting inscription: "Bronze d'un seul jet sans
ciselure fondu a l'hotel d'Angevilliers par Honore Gonon et ses deux fils”507

Fig. 2.21. Antoine-Louis Barye, Lion and Snake, 1832, bronze. Cast using the lost-wax process by the Gonon foundry in
1835. (H. 1.35 m; W. 1.78 m; D. 0.96 m) The plaster cast, dated 1832, was presented at the Paris Salon of 1833.
Commissioned for the Tuileries gardens, where it stood from 1836 to 1911. Acquired in by the Musée du Louvre in 1836.
Department of Sculptures, Musée du Louvre, Paris inv.no. L.P. 1184. (image Musée du Louvre / Thierry Ollivier)

Gonon’s pride in being able to cast a bronze in one piece, with a surface not requiring
chasing, is reminiscent of the German efforts earlier with sand mould casting. However, when
studied closely, some of these bronzes were not entirely made in one piece as Gonon so
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proudly states.508 Although casting a bronze in one piece has often been regarded as evidence
of superior skill, this is not necessarily always the case.509 Sometimes a founder opted for
practical reasons to cast a bronze in sections. These reasons could be limitations of furnace
and kilns or convenience of handling or transportation. Other reasons for casting in parts, a
practice already used by Renaissance founders, could be accessibility for finishing certain
difficult-to-access parts of a bronze.510 The wax models for these early lost wax castings by
Gonon were probably made using gelatine moulds. The large-scale production of gelatine
became possible as a result of an invention in 1829 by Jean-Pierre-Joseph D'Arcet (17771844).511 In the same year Lebrun described, in his manual for the moulder: Manuel complet
du Mouleur, the use of gelatine as a mould material albeit mainly for moulding fine delicate
objects such as cameos and medals.512 The Parisian moulder Hyppolite Vincent (?-?) is
credited with the first use of gelatine for moulding and reproducing sculpture in plaster:
… another Parisian artist has discovered a process by which he makes solid casts in
plaster of small animals or other objects, without seams or repairs, and without
destroying the model, (Moulage d’une seule pièce, sans couture ni reparage, et avec
conservation parfait du modele). … among which are casts of the hand of an infant of
six months, so delicately executed, that the skin shews evident marks of being affected
by some slight eruptive disease.513
Lebrun on the other hand, did not see gelatine moulding as a recent invention and mentions its
use as a moulding material already being covered in the eighteenth century Diderot
Encyclopédie.514 Lebrun might have actually referred to glue moulds. These flexible moulds
can be considered as the predecessors of gelatine moulds, and were usually a mix of animal
glue, molasses and a varnish or linseed-oil.515 Gelatine moulding is strongly linked to lost wax
casting and in countries where lost wax casting is introduced relatively late, gelatine as mould
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material sees a fairly late introduction as well.516 The great advantage of a gelatine mould over
a plaster mould was its flexibility. This offered a mould with some distinct advantages: first of
all, undercut surfaces could be moulded, thus eliminating the need to divide the mould in
many parts. The entire gelatine mould could consist, in theory, of only one part. For practical
reasons a gelatine mould was often divided up into parts, although substantially less than
would have been required for a rigid plaster mould. This in turn, meant considerably less or
even the complete absence of moulding lines on the surface of the cast. Gelatine moulds did
however have some disadvantages since the gelatine is sensitive to heat and moisture. The
heating up of the mould, caused by hot weather and hot wax or the exothermic heat of
solidifying plaster cast into the mould, had adverse effects on the properties of the gelatine.517
The heat and moisture affected the surface and the strength of the mould and thus limited the
number of successful casts from a gelatine mould. The maximum number of acceptable casts,
with good surface detail and without distortion, which could be taken from a gelatine mould,
was between seven (during summer) and twelve (during winter).518
The innovative Honoré Gonon was most likely an early user of gelatine moulding, as was his
son Eugène (1814-1892), who continued the Gonon foundry after his father death.519 This
foundry was, by the middle of the nineteenth century,520 probably the only foundry in Paris
and perhaps also the only one in Western Europe, able to cast bronze statuary by the lost wax
method.521
The fact that the knowledge and skill of lost wax casting was in the hands of only one
founder, began to worry people. The ageing founder Eugène Gonon had no sons interested in
succeeding him and he complained he could not find an apprentice.522 Fearing Gonon would
take his knowledge with him to the grave, a group of artists decided to take action and started
a petition.523 Eugène Gonon was then asked to write down his knowledge on lost wax casting
and received in return a yearly state pension. This pension enabled him to continue his
foundry and compete with foundries using the less expensive sand mould casting method.524
In this manuscript of 1876, Gonon records a history of lost wax casting, his father’s
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experience with lost wax casting, and his own working methods.525 He mostly details gelatine
moulding and gives some bronze alloys he uses for casting, however the manuscript is by no
means an instructive manual.526 Gonon mentions in this manuscript that when he took over the
foundry in 1840, the lost wax process was far from perfect and he spend the next thirty years
making improvements. One of the improvements he described, was the pouring of the mould,
instead of the time-consuming brushed application of layers, as was done traditionally. He
used for this a mixture of sand, brick dust and plaster,527 enabling Gonon to take a large mould
in only one day whereas the traditional way, with brushed successive layers, would take days
if not weeks.528 Another one of Gonon’s improvements was to fix the gelatine mould, using a
dovetail system, to the outer plaster shell. The purpose of this was to prevent gelatine
movement or distortion which was common, especially with larger moulds.
As the artists’ petition for Gonon demonstrated, a growing interest in the lost wax technique
developed in France and gradually other founders such as Pierre Bingen (1842-1908) from
1880 and Gruet and Thiébaut Frères began to apply this method at the end of the 1880s.529
Around the same time, a similar revival of lost wax casting occurs in Germany, Belgium and
Britain.530

2.8 Lost wax casting of monumental sculpture in Italy between 1800-1840
Italy deviates from Western Europe in the sense that the tradition of lost wax casting in Italy
appears to have an un-interrupted history since at least the Middle ages up till current times.531
There is however a misconception stating otherwise, introduced in 1837 by Antonio Ramirez
di Montalvo. In a document, now in the archive of Academy of Art of Florence, Ramirez di
Montalvo argues that the lost wax casting of monumental sculpture was lost after
Massimiliano Soldani Benzi’s death in 1740, only to be re-introduced by Clemente Papi
(1803-1875) in the 1830’s.532 Rizzo still repeats this statement despite the fact that we know
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siècle.” Histoire de l'art: bulletin d'information de l'Institut national d'histoire de L'art, Volume 67 (2010): 59-70;
James 1986, 24.
531
Shapiro 1985, 117.
532
Antonio Ramirez di Montalvo, letter to Luigi Pratellesi, 23 December 1837, in: AABAF, anno 1837,
ins. 103. Rizzo, Giuseppe. “Clemente Papi "Real Fonditore": Vita e opera di un virtuosistico maestro del bronzo
nella Firenze dell’Ottocento.” Mitteilungen des Kunsthistorischen Institutes in Florenz. 54. Bd. H. 2 (2010-2012):
314 note 26.
526

128

that the Righettis have been using the lost wax technique in their Rome and Naples foundries,
with the latter working up till 1842.533
The leading founders for the casting of bronzes in Italy around 1800 were Zoffoli, Righetti
and Boschi, mainly producing Grand Tour pieces in the classical taste, all three based in
Rome, with the Righettis also running a foundry in Napels. The Zoffoli foundry ceased in or
before 1805 and Giuseppe Boschi’s (1783-1824) around 1810, giving the Righettis Francesco (the elder) (1738-1819) and Luigi (1780-1852?) - free reign in Rome and Naples.534
The Righettis were not only producers of collector’s statuettes, they were also engaged in the
casting of monumental bronze sculpture, some of the largest produced at the time.535 These
include the earlier mentioned commissions from Canova; Napoleon as Mars the Peacemaker
and the equestrian statues of Carlos III (1734-1759) and Ferdinand I, king of the Two Sicilies
(1751-1825) (Fig. 2.22).

Fig. 2.22. Antonio Canova; Three monumental bronzes cast by the Righetti foundry. On the left Napoleon as Mars the
Peacemaker on display in the courtyard of the Palazzo dell ‘Accademia e della Pinacoteca di Brera in Milan. In the middle
the equestrian statue of Carlos III and on the right the statue of Ferdinand I of the Two Sicilies both at the Piazza del
Plebiscito in Naples. (images Wiki commons)

The Righettis were clearly proud of their casting achievements and documented the whole
process in a manuscript which has fortunately survived.536 Through detailed descriptions and
illustrations of the steps in the making process and the used materials, it provides an excellent
insight in the lost wax method as used by the Righettis (fig. 2.23-2.26).
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Figs. 2.23 & 2.24. Foundry S. Giorgio a Cremano (Righetti foundry Naples), left figure; preparation of wax model in plaster
piece-moulds, note the scissors for cutting the wax plates. pl. n. 12, fig. XV. Right figure; the gating system attached to the
wax model of the horse, pl. n. 18, fig. XXII. Both illustrations are pen drawing and watercolor, ASV, Instrumenta
Miscellanea. (from Teolata, 2013)

Figs. 2.25 & 2.26. Foundry S. Giorgio a Cremano (Righetti foundry Naples), left figure; Illustration of the gating system for
the horseman indicating the system of runners and risers. Pl. n. 1, fig. VI. Right figure; cross section illustrating the set up for
wax burn-out. Pl. n. 1, fig. VIII Both illustrations are pen drawing and watercolor, ASV, Instrumenta Miscellanea. ( from
Teolata, 2013)

These depictions, of the steps in the casting process, are reminiscent of Boffrand (1743) and
Mariette (1768), published in the previous century in France and suggest a possible familiarity
of the Righettis with these French publications.
Luigi Righetti closed the Naples foundry in 1842 and died ten years later in Rome. It is not
clear when the Righetti foundry in Rome was closed, the foundry and shop in the Piazza di
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Spagna in Rome are known to have existed till at least 1834.537 Around the same time
Clemente Papi starts in Florence to experiment with lost wax casting.538 There is no link yet
found between Papi and the Righetti foundry and it is therefore not wise to speculate about a
possible link. Perhaps Papi, akin to Gonon in Paris a decade earlier, started to experiment in
isolation. Papi was a student of Francesco Carradori who wrote a book on sculpture
techniques.539 Papi was also using most probably Cellini’s autobiography and treatise on
sculpture of which several editions were published by then.540

2.9

Conclusion

Through analysis of technical contemporary descriptions, I have been able to build a more
detailed picture of the founding of sculpture in the nineteenth century. The research presented
in this chapter demonstrates that the historical division between sand mould casting and lost
wax casting is sometimes not so clear when dealing with the eighteenth and early nineteenth
century. A picture emerges of several hybrid techniques, incorporating elements previously
thought to be exclusive to a specific moulding and casting technique. The use of plaster cores
and wax was, for example, not exclusive to lost wax casting and additionally there is evidence
that piece-moulding, using loam moulds, was also used for lost wax casting. It is difficult to
determine the extent of the use of these hybrid techniques from just the textual sources. The
early textual evidence found so far for these hybrid techniques, such as loam piece-moulding
incorporating wax parts, describes only the use of these techniques for the founding of large
bronzes. The study of the bronze sculptures themselves, could potentially provide more
information, although this should be done with care.
The traditional categorisation in lost wax or sand mould casting might not be applicable to
certain bronzes which used hybrid techniques. This study has shown that remains of core
material or the appearance of the interior surface of a bronze does not always conform to the
current accepted views on the used moulding technique. There is evidence for the use of
plaster cores in sand piece-mould castings and vice versa, sandy loam was used for lost wax
cores. In addition to this, it is very difficult to identify the use of piece-moulding for the
exterior mould on a finished bronze.
The moulding and casting of complex hollow sculpture in sand is performed with piecemoulds. This research presents for the first time the earliest evidence for piece-moulding,
which was found in the sub-chapter Fondeur en Sable from the chapter "Fonte de l'or, de
l'argent et du cuivre", from Diderot’s Encyclopédie from 1767. At the same time, the Diderot
chapter on sculpture casting does not mention piece-moulding (Sculpture fonte des statues
equestres, 1771). Dossie’s (1758) and Sprengel’s (1770) descriptions of loam/clay piece
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moulding are to date the earliest European accounts of the piece-moulding of a refractory
sculpture mould, used for casting bronze directly into. These descriptions by Sprengel and
Dossie are possibly the earliest descriptions of sand mould casting of bronze sculptures and
challenge current accepted views that the sand piece-mould casting of bronze sculptures
developed around 1800. The first French evidence for the casting of sculpture in sand piecemoulds is from 1798 and points to post-revolutionary Paris as the source of French sculpture
casting in sand moulds. Piece-moulding in sand replaced in France during the first quarter of
the nineteenth century, lost wax casting as the preferred technique for the casting of
monumental sculpture.
It can be concluded that Germany was closely behind France, whereas for Britain and the
United States it took until the middle of the nineteenth century for sand mould casting to
become the main sculpture casting technique. In the countries where sand piece-moulding
became the preferred method, the lost wax method was practised only very occasionally for
the reproduction of sculpture and became nearly obsolete. Italy was a different story, up till
recently, it was assumed that sand mould casting of sculpture was not exercised and only the
lost wax technique was practised. New evidence however, points to use of sand mould casting
for the casting of monumental sculpture in Milan by the Manfredini brothers, a skill acquired
during their stay in Paris. This example of knowledge transfer can also be observed in other
countries, for example Germany and Britain, where the foundry knowledge of sand piecemoulding transferred, either by French foundry men working abroad or foreign practitioners
working in France. The French moulding techniques were exemplary and practised virtually
unchanged in foreign workshops with even the Parisian sand being imported. As a result, the
technique of piece-moulding in natural sand of sculpture was often referred to as French
moulding.
The following factors were instrumental in enabling sculpture casting, with sand mould, to
develop and thus contributed to the shift in preference, during the nineteenth century, from
lost wax towards sand mould casting:
-

the availability of a natural sand with superior moulding properties in Paris
a pressing demand for an alternative – faster and less expensive – casting method for
the founding of cannon in France at the end of the eighteenth century
the bad track record of lost wax casting for the founding of monumental bronze
sculpture as being costly, time-consuming and prone to failure

This chapter analyses in detail several contemporary manuals with the aim of understanding
more closely the use of sand mould casting. One of the outcomes of this, is an increased
awareness of the complexity of this technique, especially during the early, more experimental,
phase.
It can be concluded, that the Gonon family played a crucial role in the technical development
of nineteenth century bronze casting. Evidence was found, bringing back the earliest, recorded
date for the first use of sand piece-moulding in France: Martins, writing in 1824, credits
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Rousseau with the invention of this technique in 1798. Because it is this Rousseau, who
employed Honoré Gonon in 1804 and possibly earlier, it is possible that Gonon and not
Rousseau is the person responsible for the introduction of sand piece-moulding in France.
This study also brought to light that Gonon worked for a short period, between 1818 and
1824, in Berlin. Gonon was also instrumental in the re-introduction of lost wax casting in
France in the late 1820’s. In a time when virtually all sculpture in France was cast using sand
moulds, Gonon started to experiment in 1828 with the then virtually obsolete lost wax casting.
He developed his own method using gelatine to make his own flexible moulds. His son
Eugène would eventually continue his father’s workshop. Father and son Gonon singlehandedly kept the technique of lost wax casting alive in France between 1828 and 1880, when
an increased interest in lost wax casting prompted other foundries, as Bingen and later Gruet
and Thiébaut Frères, to start casting bronzes using this technique. Although the Gonon’s
introduced innovations in lost wax casting they did not re-invent or re-introduce lost wax
casting in France.
Several factors were instrumental for the change in preference from lost wax casting to sand
mould casting, during the nineteenth century. With monumental statuary especially, the sand
moulding technique was welcomed, as a more reliable and economical way of casting. The
fact that the whole moulding process could be constantly monitored, combined with casting in
parts, was a great advantage. Sand mould casting was also seen as a desirable innovative
technique, whereas lost wax casting was considered as outdated and associated with the
Ancien Régime.
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Chapter 3

3.1

Modelling and moulding an icon:
Rodin’s Thinker

Introduction

Whilst the technological aspects of the bronzes by contemporaries of Rodin have received
recent attention, this is not the case for Rodin.541 This is somewhat surprising for a sculptor of
his stature, even more so, given the fact that so much of Rodin’s study material such as
models, moulds and correspondence has survived. Patricia Sanders, in the exhibition
catalogue Metamorphoses in nineteenth-century sculpture, covers briefly the making of Rodin
bronzes, without going into much technical detail.542 Antoinette Le Normand-Romain, in her
impressive catalogue of the bronzes at the Musée Rodin in Paris, devotes only one page to the
process of casting.543 A more general work, not specific to Rodin bronzes, such as Michael
Edward Shapiro’s Bronze Casting and American Sculpture 1850-1900, describes casting in
sand moulds to some extent.544 However, Shapiro’s book is still not sufficient to give the
reader a full understanding of this technique and thereby explaining certain technical features
visible on bronzes. Birks gives excellent images of sand mould casting, unfortunately he only
covers the modern variant using chemically bonded sand.545 Jean Pierre Rama, in his Le
bronze d’art et ses techniques, provides the reader with detailed visual information on various
casting methods, including casting in natural sand moulds.546 The problem with Rama’s
publication is, that it details foundry methods as practised in the 1980s, and not during the last
quarter of the nineteenth century and no moulding or casting of Rodin bronzes is illustrated or
discussed.
To establish whether the foundry practices of the 1980s are comparable with practices a
century earlier, one has to study more primary source material, such as nineteenth manuals
and surviving foundry models and bronze casts. In this chapter, the entire technical process
prior to the actual foundry work is researched. This begins with the making of the original
model (the Thinker is taken as an example), followed by the clay model and the mould and
model making in plaster. The moulding and casting in sand moulds to produce a bronze cast,
will be described in the following chapter.547
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Boulton 2007a, 73-97; Boulton 2006, 66-72 and Pingeot, et al. in Czestochowski & Pingeot, 2002.
Wasserman 1975, 145-179
543
Le Normand-Romain 2007, 63.
544
Shapiro 1985, 16-23.
545
Birks, Tony. The Alchemy of Sculpture. Pangolin Editions (1998): 70-87.
546
Rama 1988.
547
Other aspects of the Thinker such as its conception, the creative process of the artist, the sculpture’s
reception and its critique have been covered already extensively in several monographs on the Thinker or the
Gates of Hell by other authors; Elsen 1960; Elsen 1985; Tilanus 2011 and de Caso 1973.
542
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3.2

Rodin’s atelier practice

3.2.1 Artist’s clay model
A finished bronze sculpture is the end product of a complex making process. Usually this
process starts when the artist materialises his artistic ideas by modelling in a soft, easy to
manipulate, medium such as clay, wax or Plastiline.548 A subtractive technique such as direct
carving in stone or plaster is another way of creating a sculpture. For Rodin, although an
accomplished stone carver, this was not his usual way of creating a model for his bronzes.
Rodin, and most contemporaries, preferred clay, as the material to transform their artistic
ideas into a three-dimensional sculpture.549 Soft, wet, clay has the right properties, allowing
the artist quick and free modelling.

Fig. 3.1. Pierre Bonnard, Rodin working on the bust of Falguière, Aristotype. Rodin Museum, Paris. (from Bondil 1996, 82)

548

Plastiline or Plasticine™(US & UK) is a generic term for a type of non-drying and non-hardening modelling
mediums. There are many different types but the main ingredients are usually fillers such as clay or talc held
together by wax and oily components such a lanolin or petroleum jelly. Commercial non-drying modelling
mediums became generally available around 1880. Eggert, Gerhart. Plastiline: Another Unsuspected Danger in
Display Causing Black Spots on Bronzes. VDR Beiträge (2006): 112-116. For more on Rodin’s use of these
materials: Langlois, J., et al. “Analysis and conservation of modern modeling materials found in Auguste Rodin's
sculptures.” Studies in Conservation, 62(5) (2017): 247-265.
549
“For the first time I saw ‘artists’ clay; I thought I had gone to Heaven.” Rodin in conversation with Henri
Charles Etienne du Jardin-Beaumetz in 1913. See Elsen 1965, 145 & Boulton 2007a, 74.
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Rodin’s usual way of working was to make an initial sketch model or esquisse in clay, often
by observing living models in his studio (fig. 3.1).550 His friend, Paul Gsell, remarked on this:
His method of work is singular. In his atelier several nude models walk about or
rest…. he observes them without ceasing….and when this one or that makes a
movement that pleases him, he instantly asks the pose be kept. Quick, he seizes the
clay, and a little figure is under way.551
Rodin worked very quickly. His hands were very large with strong short fingers. He
kneaded the clay with vigour, rolling it in balls or cylinders, using the palm of the
hand and the nails in turn, playing the clay like a piano, ...twisting in a single go a leg,
an arm or with a gentle stroke the swelling of a lip…552
Bartlett mentions that Rodin was not a fan of the fashion at the time, to build up a clay model
from small clay ‘bullets’, although he seemed to have worked in this technique in his early
days when he worked as an ornament-maker.553 Rodin remarked: “I took some clay. For two
hours I prepared my pellets of clay…. put my pieces in action; immediately they took on their
masses. In five hours, I had finished.”554
This manipulation of the clay with his bare hands, was followed by smoothening with
spatula’s: “He [Rodin]…, took a spatula and with a masterly touch smoothened the tender
skin of the shoulder that looked to be alive and breathing now.”555
The fact that Rodin’s modelling was so life-like, prompted critics to accuse the sculptor of
casting from life when he exhibited his Age of Bronze in 1877. This greatly offended Rodin,
for it negated his creative work as an artist.556
Small sculptures could be produced without internal support but with larger sculptures, the
soft clay was not strong enough to support itself, creating the risk of deformation or even
collapse of the clay model, if not properly supported from the inside with an internal
armature. This armature was usually fabricated from lacquered wooden or iron rods, bound,
brazed or welded together and required the artist to have a fairly good idea of the rough shape
of the final sculpture.557 If during the modelling process, the artist decided to alter the posture
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A small preliminary version of a sculpture executed in clay or wax or other soft media which differ
substantially in size and modelling from the final sculpture. Bassett, J. and Fogelman, P., Looking at European
Sculpture: a guide to technical terms, The J. Paul Getty Museum (1997): 83-84.
551
Gsell 1983, 10. (translation by Fedden)
552
Gsell 1918, 406-408. Translation from Elsen 1983, 21.
553
Bartlett in Elsen 1965, 91.
554
“Je pris de la terre. Pendant deux heures, je préparai mes boulettes, puis j’allai déjeuner; je revins, mis mes
boules en action: elles prirent immédiatement leurs masses. En cinq heures, j’avais terminé.”; DujardinBeaumetz, F. (1913) Entretiens avec Rodin. Editions du musée Rodin (1992): 82.
555
“Il [Rodin].., saisit une spatule et lissa d’un trait magistral à l’épaule la peau douche de la femme, qui
semblait respirer.”; Zweig, Stefan. Le monde d’hier: souvenirs d’un européen. J-P. Belmond (1982): 178.
556
Le Normand-Romain 2007, 127-128.
557
Blowtorches with enough capacity to braze iron armature were developed in 1882 by Nyberg in Sweden.
Although electric arc welding was invented in the 1880s, its general use in smaller workshops was not until
around 1900. http://weldinghistory.org/whfolder/folder/wh1800.html˃[accessed 22 June 2018]
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or composition drastically, he or she had to adapt the armature as well, requiring it to be
partially stripped of the clay and trimming the armature. The armature itself is usually fixed to
a wooden board, acting as a base, facilitating transportation or placing on a tripod. The first
layer of clay applied to the armature needs to be quite hard, because if too soft, it would not
hold it shape or stick properly to the armature.558 It was paramount for the clay to maintain its
malleability and therefore artists were very concerned for the clay not to dry out. When a
sculptor was away from his workshop, he made sure the clay models were kept wet. Very
often there was a reciprocal agreement between artists to look after each other’s clay models
whilst away, for example when travelling.559 In the case of Rodin, this was entrusted to Rose
Beuret, his future wife. During travelling, Rodin instructed her to keep the clay at the right
degree of softness: “when you damp my figure, do not wet it too much so that the legs won’t
get too soft.”560
If the clay was getting too soft it might lose its shape or detach from the iron armature
inside.561 For today’s modellers in clay, it is no longer a problem to maintain the wetness of
their clay, because of the availability of plastic sheet or bags, which can seal the clay model
from the air for long periods of time and thus prevent the clay from drying out. In Rodin’s
time, this was done by covering the clay model with wet cloth or rags and to renew these
almost daily. This often left an imprint of the textile texture on the surface of the clay and is
sometimes even still visible on the surface of the bronze cast (fig. 3.2).
Rodin often left these imprints, together with mould lines and other traces of the production
process such as moulding lines, deliberately untouched and therefore clearly visible on the
final product, the bronze.562 To prevent damage to a delicately modelled surface, the American
sculptor Malvina Hoffman, recommends using galvanised wire or wooden sticks to keep a
distance between the clay and the wet cloth.563
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Hoffman 1939, 126.
Boulton 2007a, 74.
560
“Quand tu mouilleras ma figure, ne la mouille pas trop pour que les jambes ne soient trop molles.”; Cladel, J.
Rodin: Sa vie glorieuse, sa vie inconnue. Bernard Grasset (1936): 100.
561
Hoffman remarks in this respect: “If the cloths are soaked in a pail of water, wring them out before applying
them to the clay. Otherwise the excessive moisture will dissolve and injure the surface modelling.ˮ: Hoffman
1939, 126.
562
Matisse, like Rodin, was also fascinated by the production process of making a bronze and left also traces of
mould lines visible. In some cases the absence of mould lines even raises suspicions about the authenticity of a
piece. Boulton 2007a, 79.
563
“construct a light wooden frame and cover the top and four sides with oilcloth, woolly inside. This covering
can prayed with water and, when thoroughly soaked, placed over the clay figure instead of cloth.ˮ: Hoffman
1939, 126. Malvina Cornell Hoffman (1885-1966), an American sculptor and writer, studied periodically with
Rodin from 1910 till 1914.
559
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Fig. 3.2. Imprint of cloth still visible on the surface of the finished bronze. Detail of the base of the Laren Thinker.

Frost was another danger to the clay model. In conversation with Henri Charles Etienne du
Jardin-Beaumetz in 1913, Rodin recalls almost losing a clay model to frost early in his career
when he could not afford to heat his workshop at night: “The winter that year was especially
rude, and I couldn’t have a fire that night. “The Man with the Broken Nose” froze. The back
of his head split off and fell. I was able to save only the face…”564

3.2.2 The Thinker in clay
Following the clay sketch, the esquisse (fig. 3.3), Rodin would make the full-size clay model.
This clay model of the size of the original Thinker would definitely require an armature.
Rodin would eventually produce his Thinker in three sizes;565
the original size Thinker, as used for the Gates of Hell, the so-called ‘taille originale’,
the size is approximately c. 71.5 cm high566
- a reduced size of c. 37.5 cm high
- a monumental outdoor version of c. 190 cm high. This so-called ‘grand modèle’ is a
mechanically enlarged size, carried out by Henri Lebosse between 1901 and 1903
The various foundry plasters preserved at the Rodin Museum at Meudon have all slightly
different heights.567 These differences can be attributed to the angle at which the base has been
finished. This difference in the angle of the base can also be observed between the bronzes
-

564

“L’Hiver, cette année-là, fut particulièrement rude, et je ne pouvais faire de feu la nuit. L’homme au nez
cases gela. Le derrière de sa tète se fendit et tomba. Je ne pus conserver que le masque…”; Dujardin-Beaumetz
1992, 116
565
These are the sizes of the final bronze sculptures as mentioned in the literature. However, one has to very
careful with comparing given dimensions in catalogues. There is no agreed method of measuring sculpture and
different people measuring the same object can produce varied results.
566
Le Normand-Romain mentions a 68,5 cm height as a deviating size for the Pulitzer Thinker but this proved to
be an error when the bronze turned recently up at auction (Sotheby’s NY 07 May 2013 lot no. 45)
and was found to be of the standard height of 71.5 cm: Le Normand-Romain 2007, 586.
567
inv.no. S. 2520 H. 71.5 cm; / inv.no. S. 2840 H. 72.2 cm; / inv.no. S. 3189 H. 72.5 cm.
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and is clearly noticeable on the 3-D image planar cross section in sub-chapter 6.7.4 A case
study with Rodin’s Thinkers. Since the heights of the foundry plasters preserved at the Musée
Rodin are around 72.5 cm, the height of the original clay model of the Thinker would have
been similar, because of the minimal amount of shrinkage of plaster during moulding.

Fig. 3.3. A. Rodin, sketch model or esquisse of the Thinker, 1880, Terra cotta, H. 24, 5 cm. Rodin Museum, Paris, inv.no.
S.1168 (from Tilanus 2011, 38)

A series of early photographs survives of the clay model of the Thinker (figs. 3.4-3.6).
The dates assigned to these images are somewhat confusing. Elsen dates these images to
1880-81, whereas Blanchetière gives a more plausible date of July 1882 to the albumen print
of the clay model on a pedestal (fig. 3.4).568 The clay model in the latter image appears to be
less well finished, lumps of clay discernible in places compared to the clay models in the
other images. This could mean that this image was taken in an earlier stage of modelling.
Based on the similarities and details, such as the iron rod protruding from the side, one can
safely assume these two images depict the same clay model. It is interesting to note that when
comparing all early photographs of the clay model, none of the images seems to display the
Thinker with the special cap, as found on the first bronze cast of 1884, now preserved in
Melbourne.569
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Elsen 1985 fig. 19-22 & Tilanus, P. et al. 2011, 44.
Elsen gives an explanation for this one-off occurrence of the cap: Elsen, 2003; 177. The other differing
feature in the modelling of the National Gallery of Victoria Thinker, is the back edge of the base but
unfortunately none of the early images of the clay model shows the back of the sculpture.
569
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Fig. 3.4. Victor Pannelier, Le Penseur, July 1882, albumin print. An early photograph of the clay model of the Thinker.
Rodin Museum, Paris (inv.no. Ph 00228).

When comparing the different images of the clay model, it is worth pointing out the way
Rodin was experimenting with the angle of the base of the Thinker (figs. 3.5 & 3.6)
The wooden board on which the clay model is placed, is identical, but the small planks
providing the sloped angle are different. It is interesting to speculate whether this was done to
change the viewing angle or for practical reasons: when handling a bronze cast of the Thinker
one can often observe a problem with the stability of the statue. The forward lean of the figure
means that the statue is rather top heavy and often a counter-weight is provided in the form of
a lead cast plaque fixed against the inside of the back of the base.570 This top heaviness might
also have been the case with the clay model and could explain the angle at which the clay
model is placed. This instability probably also explains the iron wire wrapped around the iron
bar, sticking out of the base of the clay model, and leading to the back of the wooden base
board, upon which the clay model is positioned (fig. 3.7). This wire was likely put in place
after Rodin experienced problems with the clay model’s stability and must have fixed the clay
model more secure to the pedestal, thus preventing it from tipping over. This could perhaps
explain the somewhat flattened shape of the nose. Maybe the unsupported clay model started
tipping over and was prevented from completely falling by quickly grabbing the head and

570

See sub-chapter 4.5 Lead counterweight in this thesis for more on this.
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thereby squashing the nose? Perhaps Rodin was inspired by this new accidentally rugged
appearance of the face of the figure and decided to keep this feature.571

Figs. 3.5 & 3.6. Victor Pannelier, Le Penseur, 1882, albumin prints. Early photographs of the clay model of the Thinker in
Rodin’s studio. Left inv.no Ph 01020 & right inv.no. Ph 2037, Rodin Museum, Paris.

Another interesting feature visible on the early photographs (figs. 3.5 & 3.6), is the iron
armature visible between the feet of the clay model (fig. 3.7). Exposed parts of an armature
usually indicate significant changes to the originally-intended form of a sculpture, this is
because an armature is usually constructed to fit in safely within the perceived boundaries of
the intended sculpture.

Fig. 3.7. detail of Ph 01020 showing the protruding part of the armature.

571

For a current view on the theme of ‘accidents’ in Rodin’s work: Le Normand-Romain, Antoinette et al.
RODIN L'accident, l'aléatoire, Exh. Cat. Geneva: Musée d'art et d'histoire, 2014.
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3.2.3

The Thinker in terra-cotta

Until recently it was thought the original clay model of the Thinker, illustrated in Pannelier’s
images (figs. 3.5 & 3.6), was lost when moulded in plaster. This might not be the case. In
2011 a group of terracotta fragments was discovered in the reserve collection of the Rodin
Museum at Meudon and are described here for the first time (fig. 3.8).572

Fig. 3.8. Tray with terra-cotta fragments of the Thinker in the depot at Rodin Museum, Meudon.

These fragments were recognised by the museum’s conservator François Blanchetière as parts
of the figure of the Thinker and when provisionally assembled, these fragments formed the
torso of the figure of the Thinker (fig. 3.9).

Fig. 3.9. Preliminary reconstruction of the terra-cotta
Thinker in 2011. (image Rodin Museum Paris)

Fig. 3.10. The left foot (S.3922) of the terra-cotta Thinker.

572

This group of terracotta fragments was found when moving objects in the Meudon basement store to create
space for sculptures temporarily moved from the main museum, Hotel Biron, during its recent refurbishment
from January till March 2012. Communication with Francois Blanchetière, 23-11-2011.
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Inspired by this find, a search for similar terracotta fragments in the collection was carried out
and subsequently matching parts were found such as the left foot (S.3922) (fig. 3.10).

Fig. 3.11. The head (S.3854) of the terra-cotta Thinker. The terra-cotta head (on the right) is placed for comparison next to
the head of foundry plaster (S.2840).

and, more significantly, the head of the figure (fig. 3.11).573 Although the foot and the head
had been catalogued in the past as separate objects in the collection, it now suddenly became
clear that all these parts are very likely to form the very first model of the Thinker, modelled
directly by Rodin himself. Unfortunately, not all fragments are preserved, for example parts
of the legs and torso, are still missing, however enough fragments remain to make a
reconstruction possible. When the fragments were provisionally put together, they did not
always fit together perfectly and it became clear why the terracotta sculpture is now in so
many separate pieces. It appears the clay model was either not suitable for the baking process
or was subjected to uneven heat and as a result of this cracked during the firing process. 574
When comparing the terracotta Thinker with the foundry plasters preserved in the museum’s
collection, two things became immediately apparent: the terracotta Thinker is smaller and it is
markedly more detailed. This difference in size between the plaster and terracotta can be
attributed to shrinkage during the firing of the clay. The sculpture’s detail, not blurred by
subsequent moulding, is remarkable and gives the observant viewer a different appreciation of
this well-known sculpture. The details on the surface of the terracotta still preserve the tooling
in clay and are a demonstration of Rodin’s modelling skills.

573

MR inv.no. S.3854
Boulton mentions that clay for modelling, l’argile grass à modeler or terre crue, is not intended to be fired
because it has a high organic content and is thus subjected to a greater amount of shrinkage than baking clays
which have a higher inert filler content such as sand or grog: Boulton 2007a, 91.
574
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3.3

The Thinker in plaster

3.3.1 Moulding
Rodin frequently had plaster casts made of his clay models. These clay models could be in the
finishing stage but sometimes plaster moulds were taken from works in progress.575
Especially when working on portraits, Rodin frequently had moulds taken as a record of a
current state of a portrait. This could then be used to make a “squeeze” (Fr. Estampage) by
pressing soft clay into the negative form in the plaster. This new clay positive impression
could now be used again by Rodin to work further on the portrait. By making a record of the
clay model at certain stages in the modelling, Rodin was free to experiment and make radical
changes to the clay model. In case Rodin wanted to go back to an earlier stage, he could
simply use the plaster mould made earlier, which served in a sense as a backup.576
The usual motivation for Rodin to take a mould of the clay model, was to produce a plaster
copy.577 A reason for this could be that the clay was getting difficult to work because it started
to dry out in places. Common practice was to change the clay model into plaster when the
modelling had finished and the model needed to be converted into a more durable material
such as plaster. This first plaster model, sometimes referred to as the original or studio plaster,
would serve as a permanent record of the model, which, if kept in wet soft clay, would be
vulnerable to accidental damage or distortion because of drying. Sometimes this model,
converted from the medium clay into plaster, gave Rodin new ideas how to continue with the
model. Since it is difficult to make alterations and additions to the plaster, Rodin would
reproduce the sculpture again in clay or he would make additions to the plaster model in clay
or Plastiline (fig. 3.12).578
By the time he Rodin was successful enough to employ collaborators, the moulding of his
sculpture models was carried out by professional moulders (mouleurs). This was highly
specialised work and several names of moulders, who worked for Rodin are known to us. Of
these, Paul Cruet and father and son Guioché are probably most well-known.579
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Rodin rarely considered a work finished and often kept a clay model for long periods workable by keeping
the clay moist.
576
Hoffman 1936, 43.
577
The word copy is used here as an exact replica. Strictly speaking a copy is an interpretation of the original,
with an overall resemblance, whereas a cast is an exact image of the original. Godin, Frederik. Antiquity in
plaster, Diss. University of Amsterdam (2009): 7 note 9.
578
“Sometimes I do not find my idea until the work is cast in plaster, then I reproduce it in clay, and make it as I
want it.” Bartlett in Elsen 1965, 94 & 26-27.
579
Dieudonné Guioché (father) and Eugène Guioché (son), and an assistant called Barbier: Grunfeld, 1987; 557
and later Paul Cruet: Elsen, 2003; 25. Elsen also mentions Eugène Guioché Jr (spelled here as Giochet) and four
other Guioché brothers: Gaston, Dieudonne, Auguste, and Ernest: Elsen 1981, 7. “Rodin’s moulders (plaster
mould makers) were father and son Giochée and their assistant – Barbiée. Giochée (the son) was a very good
moulder. He was using new methods for plaster moulding. Perhaps not many sculptors had such good
moulders as Rodin, because not many artists could afford such large expenses.”: Nicoladze, J. God u Rodena.
Zarja Vostoka (1946): 53. I am grateful to Svetlana Burshneva for this translation from Georgian. Nicoladze was
a Georgian sculptor who worked in Rodin’s atelier in Meudon for a year. In his biography God u Rodena he
recalls his time with Rodin.
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Fig. 3.12. A. Rodin, The bust of Barbey d'Aurevilly, 1909, plaster re-edited with clay. (image World's Graphic Press from
http://www.rodin-web.org/report_rom/2_4_2.htm.> [accessed 22-06-2018])

Before starting the mould-making procedure, it was essential for the moulders to know
whether the clay model could be sacrificed in the process or had to stay intact. Up to the
introduction of modern flexible mould materials such as silicone and poly-urethane rubbers,
around the middle of the twentieth century, there were basically three methods of moulding a
clay model, which will be covered in the following paragraph.

3.3.2 Plaster waste-moulding
In the process of waste-moulding, a simple two-part plaster mould was made. Because of its
simplicity, this type of mould could normally not be removed from the clay model without
damaging the overhanging parts of the model. Therefore, the model was sacrificed when the
mould was opened and the clay (model) removed by scooping most of it out and washing
away the remnants with water. The plaster mould, with the negative impression of the clay
model, could now be used to make a plaster positive cast. When this simple, two-part, plaster
mould was subsequently used to make a cast, it could not be removed without damaging the
plaster positive cast. The only way to remove the outer plaster mould from the plaster cast
(with undercut details) inside, was to destroy the outer mould by carefully chipping away with
chisels, hence the name waste-mould (moule à creux perdu en plâtre).
To prevent damaging the model during removal of the outer mould, the moulders often
coloured the first layer of plaster applied to the clay model. Exposing this coloured layer
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would be a signal to the moulder to be especially careful, as he was getting close to the cast
when chipping away the waste mould.580

3.3.3 Plaster piece-moulding
In cases whereby the clay model had to stay intact, a different type of mould had to be
fabricated. This mould consisted of numerous parts depending on the extent of undercuts in
the clay model. This so-called piece-mould, was made by dividing up the surface of the clay
model using thin metal sheet, so-called shims. The shims acted as walls of chambers which
were subsequently filled with plaster and in this way many separate mould parts were created.
Another method to create separations between the plaster mould parts was by means of a
greased thread. This was placed on the clay model in the spot where the mould needed to be
separated. When the applied plaster outer mould layer started to harden and reached the
consistency of firm butter, the thread was pulled away from the surface of the clay model
through the still soft plaster layer, thus cutting the plaster into sections. The collection of
mould pieces forming the piece-mould was held together by an outer mantle mould with the
inner mould pieces often connected to the outer mould by strings (fig. 3.13).

3.3.4 Gelatine moulding
In order to avoid the lengthy process of making a piece mould for a clay model with
undercuts, the third option was to use gelatine as a mould material. Because of the flexibility
of gelatine, the parts of the mould that would fill an undercut, are flexible enough to be
stripped from the model without damage to the mould or model.581 The ability to take an
impression from an object with undercuts made gelatine popular as mould material in the lost
wax casting process.582 Gelatine is liquid when heated and this enables it to be poured in a
space between the model and an outer mould (figs. 3.15 & 3.16).583
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Hoffman gives a detailed description of this process: Hoffman 1939, 259-262.
When dealing with very large or deep undercuts gelatine might not be flexible or strong enough and damage
to the mould or model can occur, especially when the gelatine mould has been used several times already.
582
For historical use of gelatine as a mould material; see sub-chapter 2.7 The lost wax casting of bronze
sculpture in the nineteenth century in this thesis.
583
For a detailed step by step description of gelatine piece moulding: Hoffman 1939, 274-276.
581
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Fig. 3.14. Drawing of a plaster piece-mould within its outer mantle mould. (from Partridge 1895 fig 1, 81)

Fig. 3.15. Malvina Hoffman, 1930s, glass negative. A gelatine mould contained within an outer plaster shell with the plaster
cast or model. Los Angeles, Getty Research Institute (850042), box 124.
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Fig. 3.16. Underside of a closed outer shell of a gelatine mould. The gelatine is no longer present. Plaster, undated, Rodin
Museum, Meudon.

3.4

Plaster models

From the above methods there are two implications for the study of plaster models. Firstly, a
new model in plaster is produced, the so-called original plaster or master copy, which is the
unique copy of the now lost clay model. Alternatively, the clay model and a plaster piecemould stay intact. With the latter, the moulder can start making plaster positive models. In the
case of the waste-mould, the moulder has only an original plaster model and so the next step
would normally be to make a piece-mould of this original model in plaster. In this way the
original plaster could be safely stored and would not run the risk of damage during the
subsequent steps of the casting process. Equal care was taken with the first plaster piece
moulds.584 With this new plaster piece-mould, the moulder could begin making more plasters
of the sculpture.
When one describes Rodin plasters it is essential to differentiate between the different types
of plasters, as produced in Rodin’s workshop by his moulders. A variety of terms have been
used to categorise the range of plasters. Confusingly, different names have been used for the
same type of plaster, therefore the following categorisation is suggested:
Studio plasters (plâtre d’atelier): plasters produced during the artistic process of modelling.
They were often made to document a clay model at a specific stage or to create a plaster
record of a sculpture for later use in, for example, assemblages. Sometimes the modelling
continued on these study plasters by carving into the plaster or by adding clay or Plastiline.
These plasters were rarely the finished art work and did not leave Rodin’s studio. As such
they were rarely used during Rodin’s life for exhibitions or for foundry work.

584

Rodin remarks in this respect: “Aie soin, ma petite, des moules; tu les envelopperas à chacun, des
journeaux, mouchoirs ou autres,…”: Cladel 1936, 102.
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Original plaster (plâtre original): the master copy produced when the modelling of a clay
model was finished. The sculpture was now deemed ready by Rodin for reproduction in
bronze or marble or to be exhibited in plaster as a work of art on its own. Sometimes referred
to as first generation plaster, the original plaster is usually the source for the master piecemould. The latter was used to produce the exhibition and foundry plasters (see below).
Because the original plaster was the first and most detailed copy of the sculpture it was
paramount that this plaster model was kept in perfect condition and it normally did not leave
the artist’s workshop.585 Unfortunately, no original plaster of the original size Thinker is
preserved in the collection of the Rodin Museum, Paris.
Foundry plasters (plâtre de fonte de sable): plasters made specifically to be used in the
process of casting the sculpture in bronze, using sand moulds. These plasters were likely to be
made or adapted by the foundries contracted by Rodin. Foundry plasters are akin to a tool for
the moulders and were used to mould the sand piece-mould. Parts of these plasters where
often made detachable to facilitate the sand moulding process. Other distinct features of
foundry plasters are their sturdy build which results in a heavy weight. Also, the presence of
cutting lines, pencil markings and a shellac finish on the surface, is typical for a foundry
plaster.586
Pointing plasters (plâtre de mise-aux-points): plasters made specifically to be used for the
pointing process. The plaster is used in the pointing process to make a stone copy.587 This
copy in stone can be of similar size, yet also a reduction or enlargement. Strategically placed
nails in the surface can often be observed and when no nails were used, the surface of a
pointing plaster frequently has numerous small shallow holes in the surface. As their
counterparts for the production of bronzes, the pointing plasters were often made specifically
for pointing. This is because, when subjected to the process of pointing, the plasters quite
often incurred small damages to their surface. It is therefore unlikely that, during Rodin’s
lifetime, exhibition or original plasters were used for pointing.588
Exhibition plasters (plâtre d’exposition): plasters intended for display at exhibitions or as
gifts to friends or museums. Sometimes referred to as presentation plasters, exhibition plasters
were meant to be seen as works of art and were not made as a tool for the manufacture of
bronzes or stone carvings. The reason these plasters are not suitable for sand mould casting or
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The Rodin Museum, Paris, preserves in its collection an intriguing bronze cast of Balzac, Nude Study C, large
version inv.no. s.1074 and cast in 1926 by the Alexis Rudier foundry, which has the cast inscription “ORIGINAL”
on the base. This bronze was probably cast using the original plaster. Interestingly the museum later made a
foundry plaster, using this bronze, for the Georges Rudier foundry: Perrault, G. L’œuvre originale et la
sculpture d’édition: 3. Du XIX au XX Siècle: 3.1. La mode du bronze d’art. 2011 [online] Available at:
<http://www.gillesperrault.com/blog/loeuvre-originale-et-la-sculpture-dedition/ > [accessed 3 June 2018]
586
For more on foundry plasters: sub-chapter 4.2.1 The pattern in this thesis.
587
Musée Rodin 2012, 40-42.
588
In very rare occasions, foundry plasters were converted to pointing plasters. The small size Eve from a
private collection and exhibited at the J.P. Getty Museum in Los Angeles in 2013, is a former foundry plaster
converted to a pointing plaster by fixing the detachable arm and inserting pointing nails. It is not clear if this
was done during Rodin’s life time.
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pointing is their fragility.589 Plasters made for display purposes only, are thin walled and very
light and therefore also fragile. Plaster is a brittle material but by reinforcement with fibres
such as hemp, jute or horsehair, the moulders, especially father and son Guioché, were
capable to create extremely light plaster models.590
Nicoladze remarks on this:
To cast the mould of “Thinker” they needed a whole week [...] Giochée (the son) was
working very slowly; his method was as follows: after making separate parts of a
sculpture he was drying them very thoroughly. Before casting into a mould, he
lubricated the mould with green soap. Giochée has never cast the whole sculpture like
other moulders. He always prepared the model in parts. […] Then he was applying a
thin layer of tow [jute?] on the top, spraying with liquid plaster and hitting with a
brush. […] Statues “Balzac” and “Thinker” were cast in parts during 15 days.591
Examples of plaster casts by the Guiochées are for example, the model of the Monument to
Victor Hugo (1902-1905) in the Ny Carlsberg Glyptothek in Copenhagen (fig. 3.17), and the
plaster Thinker in Béziers from 1900 (fig. 3.19).592

Fig. 3.17. A. Rodin, Monument to Victor Hugo, 1902-1905, plaster. The right image shows a close-up of damage, illustrating
the use of animal fibres to reinforce the plaster. Ny Carlsberg Glyptothek, Copenhagen (inv.no. min 1337a).

Sand mould casting was the most common casting method used to produce Rodin bronzes and
a thin-walled exhibition plaster would not survive the rough handling during the sand
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Although this cannot prevent the owner of an exhibition plaster from using the plaster to produce a bronze
cast using the lost wax method. This is because with the lost wax casting method a flexible mould can be used
to make the wax thus reducing the risk of damage to the exhibition plaster during moulding. When the plaster,
exhibited in Brussels in 1899 , was used as a pattern by the Petermann foundry in the same town, it became so
damaged that it was discarded after moulding. (Petermann file, Rodin Museum, Paris)
590
Nicoladze, reports that an exhibition plaster of the monumental size Thinker (height ca 190 cm) made by the
Guioché’s was so light it could be lifted by one man: Grunfeld 1987, 557.
591
Nicoladze 1946, 53-54.
592
Ny Carlsberg Glyptothek, Copenhagen (inv.no. min 1337a) ; Musée des Beaux-Arts Hôtel Fabrégat, Béziers,
(inv.no. 00:7.1.)
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moulding process whereby a sectioned mould is formed by hammering, with force, sand
against the plaster model.
Exhibition plasters were usually made as one piece whereas foundry plasters were often made
with detachable parts, such as arms and legs, to facilitate the sand moulding process. The
surface of the plaster was often coated with a varnish to prevent the sand sticking to the
surface of the model during moulding. Exhibition plasters sometimes carry Rodin’s signature
and Rodin expressed his concern that these exhibition plasters would be used to cast bronzes.
Rothenstein mentioned in this respect:
He [Rodin] feared that some day the friends to whom he gave them might get them
recast, and dispose of them as bronzes. Rodin insisted that they were not suitable for
casting. [...] It happened that recently a [Rodin] bronze made from a [exhibition]
plaster cast was offered to the Tate Gallery, and I was able to detect its spurious
quality. I am told many bronzes of this kind are now offered in Paris as originals, as if
cast for, and approved by, Rodin himself. But no artist can be protected, after his
death, from exploitation or forgery.593
These words proved to be rather prophetic. Rodin bronzes have a long history of unauthorised casting, already during his life-time but more profoundly after his death.594
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Rothenstein, W. Men and Memories: Recollections of William Rothenstein. Faber and Faber. (1931-32): 323324.
594
For more on the faking of Rodin bronzes; Le Normand-Romain 2007, 33 and sub-chapter 4.3.3 Raised
foundry stamp in this thesis. For example, the Singer Museum Laren has in its collection a bronze bust of Mme
Fenaille-Colrati (inv.no. 56-416) which was cast by a local foundry, Binder in Haarlem, using a plaster bought by
Anna and William Singer in the 1930s. This plaster was later, in 1940, donated by the couple to the Stedelijk
Museum in Amsterdam (inv.no. BA 69).
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Fig. 3.18. Le Penseur: Le Poète (from L’Art français No. 115; 1889)

The exhibition plaster of the Thinker illustrated in the figure above (fig. 3.18) from L’Art
français, was used for the joint exhibition on Rodin and Monet held at Galerie Georges Petit
in Paris in 1889.595 Perhaps this plaster was also used for the exhibitions in Copenhagen
(1888) and Paris (1900) but it cannot be the same as the Béziers Thinker because the former
had very pronounced mould lines which cannot be observed on the Béziers Thinker.

3.4.1 The foundry plasters for Rodin’s Thinkers in the Rodin Museum, Meudon
Rodin’s foundry plasters are distinctly different from his exhibition plasters. Whereas the
exhibition plasters are delicate and refined, their cousins, foundry plasters, were the real
workhorses amongst the plasters. Their build is much heavier and sturdier, enabling them to
withstand the rough handling during moulding which subjected them to much wear and
limited their working life. These foundry plasters must be regarded more as tools, often
discarded when worn out and past their usefulness. Only recently are foundry plasters being
recognised as having an importance in their own right.596 Rodin’s exhibition plasters have also
become the subject of serious study only fairly recently, starting with Elsen’s essay in the
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Höcherl, H. Rodins Gipse: Ursprünge moderner Plastik, Peter Lang (2003): fig. 109. The exhibition plaster of
the Thinker was catalogue no. 27.
596
Tilanus 2011. Cat. no. 6-8, 12.
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Rodin Rediscovered exhibition catalogue.597 Subsequently the Rodin Museum in Paris has
been exhibiting more of Rodin’s work in plaster,598 however no comprehensive catalogue of
Rodin’s plasters has been published to date.599 Höcherl in her dissertation, was the first to give
an in-depth analysis of the interesting and innovative role plaster models played in the work
of Rodin.600 Foundry plasters are however, only very briefly covered in Höcherl’s publication
and the Rodin literature in general.601
Not much is known on the practice of making Rodin’s foundry plasters. These plasters were
part of the process of casting in sand moulds, and the way the sand moulders used these
plasters is akin to using a tool and were therefore adapted to the specific needs and
requirements of moulders.602 It is very likely the sand moulders were closely involved in
making foundry plasters and that these were therefore sometimes made or adapted in the
foundry. Some foundry plasters have detachable parts, although that does not necessarily
imply that the resulting bronze was cast in pieces as well. The foundry plasters of the original
size Thinker in Rodin Museum at Meudon had originally all detachable parts but the bronze
versions, cast using these patterns, are all cast in one piece. Dividing a foundry model in parts
would have enabled the moulder to mould complicated sculptures such as the Thinker with
more ease, especially with regard to the fabrication of the core.603
Of the original size Thinker three foundry plasters are known, all preserved at the Rodin
Museum at Meudon.604 Of these, only one (S.3189) has not all its detachable parts glued
permanently to the main figure (fig. 3.21).
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When the Sculptures Were White: Rodin’s Work in Plaster in Elsen 1981, 127-150.
Le Normand-Romain 1999 & 2001b and Rodin Museum 2012 & 2014.
599
This is quite understandable, considering the fact that the Rodin Museum in Paris preserves in their
collection an estimated six thousand plasters. These plasters, mainly held in Meudon, are studies, models and
moulds.
600
Höcherl 2003
601
Ibid 44.
602
The sand moulders, who worked in a foundry should not to be confused with the plaster moulders who
worked in Rodin’s atelier in Meudon.
603
For more details on the use of a multi-part foundry plaster, see sub-chapters; 4.2.1 The pattern & 4.2.4 The
core in this thesis.
604
Museum inv.no. S.2520 patinated green, S.2840 and S.3189.
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Fig. 3.19. Foundry plaster S.2520 (from Tilanus 2011, 87)

Fig. 3.20. Foundry plaster S.2840 (from Tilanus 2011, 87)

Fig. 3.2. Foundry plaster S.3189 (from Tilanus 2011, 87)

Sometimes foundry models were adapted for presentation. A prime example is the green
patinated foundry plaster of the original size Thinker in Meudon (fig. 3.19). The detachable
parts are now permanently fixed, glued in place and a surface coating has been applied, to
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give the appearance of a green patinated bronze. This is probably done by applying a green
lacquer on top of what appears to be a metallic layer, most likely bronze powder.605
Because of the low status given to these foundry plasters in the past, documentation enabling
a precise dating of these plasters is virtually non-existent. It is known that foundry plaster
S.2520 formed part of Rodin’s bequest to the French state in 1916 and foundry plaster S.2840
(fig. 3.20) can be dated between 1931 and 1939. This was established for this study by
comparing the foundry plaster (S.2840) with bronze Thinkers of known dates. Foundry plaster
S.2840 has specific ‘damage’ to the left big toe, which is not found on the other foundry
plasters (fig. 3.22). This mark consists of a groove and was probably created during the
making of this plaster. This specific ‘damage’ was not noticed by the person who prepared the
plaster and therefore not repaired.
Because a well-executed sand moulding and casting is capable of reproducing this sort of
detail, a bronze cast from this plaster pattern will also display this groove and this will then
act as an identifying marker for foundry plaster S.2840. Upon close inspection of the various
casts of the medium size Thinkers, up till now only two bronze cast display this groove, the
one from the Singer Museum in Laren and a bronze that appeared at auction in 2007.606 The
bronze in the Ordrupgård collection, just outside Copenhagen and dated to 1931, does not
have this groove nor does the bronze in the Musée Cantonal des Beaux-Arts in Lausanne
dated to 1939.607 One can now narrow the period foundry plaster S.2840 was used, to the years
1931-39.608 It is now also possible to date the Laren Thinker more precisely. The earliest
documentation on the Laren sculpture dates from 1937 but the possibility still remained that
the bronze dated from an earlier date, perhaps even from Rodin life-time. However, since the
foundry plaster (S.2840) which was used to cast the Laren Thinker, is now dated between
1931 and 1939, we can date the Laren bronze somewhere between 1931 and 1937.
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Patinating plaster to give the appearance of bronze is something Rodin’s contemporary Barye also did. A
good example is the plaster of Charles VI effrayé dans la forêt de Mans, 1850-1875, (Louvre inv.no. RF 1577)
which is first gilded and then bronzed. (Rapport d’etude C2RMF 12197 2007) The bronzing of plasters is an
earlier practice of which one can already find examples for at least as early as the mid-eighteenth century;
Fulton, Moira. “John Cheere; the Eminent Statuary, His Workshop and Practice 1737–1787.” Sculpture Journal
(2003): 21-39; 36. Debonliez gives several bronzing recipes for plaster sculpture in his manual; G. Debonliez and
F. Fink. Nouveau manuel complet du bronzage des Mètaux et du platre. Roret, 1870): 48-56.
606
Property from the estate of Laurance S. Rockefeller, Sotheby’s New York, 7 November 2007, lot 7.
607
Ordrupgård Museum, Charlottenlund, Denmark, cast by the A.Rudier foundry. (inv.no 305 WH); Musée
Cantonel des Beaux-Arts, Lausanne, Switzerland; cast by the A. Rudier foundry. (inv.no. 000080)
608
Future comparison with other casts which are securely dated between 1931-39, can possibly even further
narrow the time period S.2840 was used as a pattern.
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Fig. 3.22. Four proper left big toes of medium size Thinkers. From left to right: Ordrupgård Copenhagen 1931, foundry
plaster S.2840 Rodin Museum in Paris, Laren before 1937 and Lausanne 1939. On the plaster and Laren Thinker is a groove
discernible, which is not visible on earlier and later casts including other foundry plasters. Therefore, the period this foundry
plaster was in use can be roughly placed between 1931 and 1939. (image Lausanne Thinker by F. Blanchetière)

Detailed comparison between different casts of the same model is a promising area of
research, especially when more accurate methods are employed such as 3D deviation studies.
The resolution of current 3D scans of this size sculpture is, however, not detailed enough to
compare surface detail and these scans can currently only be used to draw conclusions about
size and outline of the various casts such as the deviation study between various Thinkers in
sub-chapter 6.7 of this thesis and various other papers.609 It is hoped that the next generation
3D scanners with increased resolution will also allow deviation studies of surface details.
On the history of the other foundry plaster (S.3189), in the collection of the Rodin Paris, is
very little information, making it difficult to attach a secure date to the plaster. According to
the museum, this plaster was probably used by the Georges Rudier foundry, which was
casting original size Thinkers for the Rodin Museum between c.1955 and c.1969. This is
based on the diminished details of this plaster compared to earlier plasters.
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For Rodin sculptures: De Roos 2004
For Matisse sculptures: Boulton 2007a, 73-97.
For Leonardo da Vinci sculptures: “The Budapest Horse: A Leonardo da Vinci Puzzle at the National Gallery of
Art.” Washington (2009), [online] Available at: <
http://www.artmagazin.hu/artmagazin_hirek/megmeretve_avagy_lehet- e_a_lovas_leonardo_alkotasa___a_szepmuveszeti_muzeum_kisbronza_washingtonban.1006.html > [accessed 22 june 2018]
For Degas sculptures: Daphne S. Barbour and Shelley G. Sturman. “Degas The Sculptor And His Technique,”
Edgar Degas Sculpture, Suzanne Glover Lindsay, Daphne S. Barbour and Shelley G. Sturman (eds.) National
Gallery of Art (2010): 35.
For Houdon sculptures: Meighan, Melissa. “Houdon's Studio Practice: Creating Multiple Versions of a Portrait
Bust.”Encountering Genius: Houdon's Portraits of Benjamin Franklin. Hinton, Jack, Melissa Meighan, and P.
Andrew Lins(eds.). Philadelphia Museum of Art (2011): 65-88.
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3.4.2 The Béziers exhibition plaster of the Thinker
For the original size Thinker, only one exhibition plaster has survived, which was sold by
Rodin to the Musée des Beaux Art in Béziers in 1900 (fig. 3.23).610 Conceivably, this could
have been the plaster exhibited in Copenhagen in 1888 (cat.no. 491), Paris and Geneva in
1896 (cat.no. 116) or Brussels in 1899 (cat.no. 39).611 It is however more likely that the
Béziers plaster was made specifically by the Guiochées for the museum.

Fig. 3.23. The Béziers exhibition plaster. Musée des Beaux-Arts Hôtel Fabrégat, Béziers, (inv. no. 00:7.1.)

Several interesting features can be observed, when examining the Béziers plaster. Firstly, the
plaster is very detailed compared to a bronze cast. This can be explained by the fact that this is
a cast in plaster, a material capable of reproducing fine surface features in great detail. The
plaster is also in relatively good condition and is not worn by repeated handling and
moulding.612 Rodin’s sculptures have been cast over a long period and new models and
moulds of a sculpture have not always been made using the original plaster or original mould.
This explains why one often observes loss of detail in subsequent casts.
610

Musée des Beaux-Arts Hôtel Fabrégat inv.no. 00:7.1. This plaster, together with plasters of The Man with
the Broken Nose and The bust of Falguiere, was sold by Rodin for the sum of a thousand francs to the museum
through Armand Cabrol, a wine merchant from Boujan-sur-Libron near Béziers. Letter dated December 1900
from Cabrol to Rodin in the Rodin Museum archive in Paris.
611
Perhaps the reason the Brussels plaster did not survive the moulding process was that the more fragile
exhibition plaster from the exhibition was used in the Petermann foundry.
612
The left little finger is missing and there is some damage to the edge of the base.
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When comparing early casts with later casts one can also often discover new surface features
such as damages or holes, dimples or wart-like details as a result of the moulding and casting
in plaster.613 This loss of surface detail, as a result of wear through handling and the moulding
and casting process, should not be confused with the loss of surface detail caused intentionally
by the practice of dipping a plaster model in liquid plaster. Dipping the plaster model in liquid
plaster enabled Rodin to smoothen the surface and soften the details depending on the number
of times the plaster model was dipped and the viscosity of the plaster. A quick dip in very
liquid plaster would deposit only a very thin coating of plaster on the surface and could be a
way to give the sculpture an evenly white, freshly cast appearance without losing too much
surface detail. Multiple dipping and using fluid liquid plaster could smoothen the surface and
might have enabled Rodin to visualise the appearance of the plaster model when carved in
marble.614 By submerging the plaster only partially, artistic effects could also be achieved, for
example a veiled affect (fig. 3.24).615

Fig. 3.24. A. Rodin, Bust of Helene von Nostitz, 1902?, plaster, 22 x 22 x 12 cm, Rodin Museum, Paris S.688 (left), S.689
(right) (from Elsen 2003, 28)

Another interesting feature of the exhibition plaster in Béziers is the fact that it carries
Rodin’s signature. This signature, which is placed on the side of the base behind the right
foot, is part of the plaster cast and appears not to be applied later (fig. 3.25).616 Signatures are

613

For more information on this; sub-chapter 3.4.1 The Foundry plasters for Rodin’s Thinkers in the Rodin
Museum, Meudon in this thesis.
614
Elsen 1981, 137-140 and Elsen 2003, 28.
615
The bust of Helen von Nostitz, 1902(?), plaster, Rodin Museum, Paris, S.689 in Elsen 1981, 137-140 and Elsen
2003, 28.
616
The intaglio signature, A Rodin, is composed of fluently incised letters typical of an inscription in a soft
material such as clay or wax. In addition to this, one can observe tiny remnants of small mistakes from
moulding and casting as positive material in the grooves of some of the letters, notably the R.
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rarely found on foundry plasters. None of the foundry plasters of the Thinker, preserved at the
Rodin Museum at Meudon, carries Rodin’s signature.

Fig. 3.25. Signature on the Béziers exhibition plaster.

Areas where the exhibition plaster from Béziers is damaged, such as around the lower edge of
the base, give an insight in how the plaster was made. The outer layer of plaster, with all the
surface detail, is backed by an inner layer of plaster reinforced with natural fibres most likely
straw (fig. 3.26). The process by which this plaster has been made is identical to the working
methods of father and son Guioché as described earlier and in my opinion, it is very likely
that the Béziers plaster was made by the Guiochées; son Eugène Guioché is known to have
worked for Rodin from 1897 to 1915.617

Fig. 3.26. Detail of the Béziers exhibition plaster showing the build-up of the plaster in layers reinforced with natural fibres.

A further observation that can be made from the Béziers plaster is that the mould lines have
not been removed and are still discernible. This implies that the plaster cast is ‘as cast’; after
the casting of the plaster the surface has not been smoothened by finishing.

617

Le Normand-Romain 2001, 33.
160

3.5

Conclusion

The creation of a new bronze sculpture is a complex and lengthy process, today, but certainly
also in Rodin’s time. Rodin’s usual way of working was to make an initial sketch model or
esquisse in clay followed by a clay model in final full-size. The transformation of this fullsize clay model into the final bronze was a complicated process involving various steps. This
is because a clay model on its own, cannot be used directly in the moulding and casting
process, with sand mould casting nor with lost wax casting. The artist’s soft wet clay model
needed first to be converted into a more durable medium, this to ensure long term
preservation of this model and to enable reproduction. This was usually done by making a
plaster mould, which was subsequently used to make a plaster model. Plaster models
especially made to be used in sand mould casting, called patterns, were extra sturdy to
withstand the moulding process whereas plasters, whose sole purpose was to be exhibited,
were executed much lighter.
This chapter discussed the making of these clay and plaster models in Rodin’s atelier and
suggests a new categorisation to identify and name the various types of plasters produced. As
with the bronze casting process, no author has given to date a detailed description of the
technical aspects of the making of these plasters in Rodin’s workshop. This is most likely due
to the fact that Rodin was not involved in this and thus the making of these plasters was
regarded as mere reproduction and not part of the artistic process. Indeed, the principal aim of
the making of plaster models was to reproduce the clay model in plaster as accurately as
possible without alteration of the artist’s model. However, it is impossible, using traditional
mould making techniques, to make a perfect copy without any loss of surface detail,
shrinkage or minor moulding mistakes. It is the occurrence of these minor imperfections that
enables to make distinctions between plaster models and ultimately their derivatives, the final
bronze casts. By mapping these minor deviations between models and dated bronze casts, a
first attempt is made in this chapter to make a chronological sequence of certain bronze casts
of the original size Thinker. These plasters used in the moulding process, the so-called
foundry plasters or patterns, form a fascinating and previously neglected group of plaster
models. The fortunate survival of most of Rodin’s plaster models of the original size Thinker
enabled detailed study that will also be covered in the next chapter.
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Chapter 4
4.1

Casting Rodin’s Thinker

Introduction

This chapter will investigate the casting and finishing techniques as practised by foundries
commissioned by Rodin to reproduce his bronzes. Since the majority of Rodin bronzes were
cast using the sand mould casting method, this technique will be covered extensively. Very
little is known on historic working practises of nineteenth century foundries using sand
moulding and more specifically, the piece-moulding used for the production of sculpture. This
makes it difficult for conservators and curators to interpret these bronzes. By looking at
contemporary accounts such as manuals, newspaper articles, this chapter adds to our
knowledge of the founding of Rodin bronzes, the Thinker in particular and will answer the
question of how this sculpture was produced by casting.
The casting in natural sand piece-moulds of intricate shapes, such as figural sculpture with a
multitude of undercuts, is a complex, very labour‐intensive and intricate process. Because of
rising labour cost and lack of skilled founders, sand mould casting, using natural sand, is
rarely practised anymore.618 Because of the complexity, this process is poorly understood by
curators and conservators. This means that sand mould cast bronzes are often not recognised
as such. The use of complex cores and the resulting art-technological evidence in the form of
core irons and flashing, could not be fully understood by consultation of existing literature on
nineteenth and early twentieth century bronzes. This chapter seeks to elucidate the process of
sand mould casting by giving a step by step account of the casting in sand of a Thinker. A
detailed picture of moulding and casting is created through the use of early descriptions,
photographs and through close study of existent sculptures. As far as possible, the working
methods of the foundries commissioned by Rodin are described. In some cases, this
information is not sufficient and is supplemented by other sources such as contemporary
manuals, to enhance our understanding of late nineteenth century foundry practices. By using
these contemporary sources, such as manuals, movies and by studying surviving foundry
plasters, tools and bronzes, a detailed picture is given of a now largely vanished casting
technique that produced the majority of nineteenth and early twentieth century bronzes.
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To my knowledge is the Bedi-Makky foundry in Brooklyn (NYC), the only foundry still performing this type of
work.
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4.2

Sand moulding

4.2.1 The pattern
The vast majority of Rodin’s Thinkers were cast using sand moulds. This applies to the
original (medium) size, as well as the mechanically enlarged or reduced size Thinkers.619 Of
the approximately fifty legitimate casts of the original size,620 only the first one, the so-called
Ionides Thinker in Melbourne, was cast by the lost wax method.621 There are twenty-two
recorded legitimate casts of the enlarged monumental size Thinkers with only two of them
lost wax castings, both by the Hébrard foundry.622
The pre-requisite for sand moulding is a sturdy pattern capable of withstanding the forces of
compacting (so-called ramming) moulding sand against it. Sand moulders have used a wide
variety of materials in the past for patterns such as: copper, brass, iron, lead, tin or pewter
alloys, wood, plaster and very occasionally even wax.623 Wax is not very suitable for sand
moulding because of its softness which makes it susceptible to damage and deformation, plus
the fact that the moulding sand has the tendency to stick to wax surface. Generally speaking,
the patterns made from metal were used for the moulding of series of smaller items such as
statuettes, up to 60 cm, whereas for larger items, plaster patterns were usually preferred.624
These were less expensive to make, easier to handle and the cutting of the false cores was
easier to perform on plaster.625
Larger or intricately shaped smaller patterns were often composed of detachable parts.
Usually this was done to simplify the casting by dividing up the pattern in parts, which then
could be cast separately (fig. 4.1).
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The focus of this research is the original size Thinker, the enlarged or reduced Thinkers are outside the main
scope of this research although occasionally references are made to the enlarged Thinkers.
620
Blanchetière in Tilanus 2011, 45. Legitimate or authentic casts are casts reproduced under the supervision of
Rodin or the Rodin Museum, Paris.
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National Gallery of Victoria, Melbourne (inv.no. 1196-3). This anomalous cast, dating from 1884, has some
deviating details in the modeling but is basically the same model as the later Thinkers and will be discussed in
detail in sub-chapter 5.3.4 The lost wax cast Ionides Thinker: Bingen or Gonon? in this thesis.
622
One cast in 1903 and currently in front of Grawemeyer Hall at the University of Louisville USA and a 1904
cast currently in garden of the Ny Carlsberg Glyptothek in Copenhagen. For the complete list of Thinkers: see
appendix 2.
623
Copper: ter Kuile, Onno. Koper & Brons. Rijksmuseum (1986): 295-311; brass, lead, iron: “…daß die Modelle
theils aus Messing, theils aus Blei oder auch in einzelnen Fällen selbst aus Eisen bestehen.”; Vorsteher 1982,
264; tin: Hartmann 1840, 376; wood: The pattern for the 4.5 metre high cast iron statue of Henry Clay, cast in
1853 by the Philadelphian foundry of Robert Wood, was an assembly of 150 wooden parts; Hincley, C.T. “A day
at the Ornamental Ironworks of Robert Wood.” Godey’s Lady’s Book, 47, July (1853): 5-12; wax: Altmütter
describes the use of wax amongst other materials as pattern: “Modelle aus Eisen, Blei, Gyps (mit Leinöhlfirniß
getränkt), Wachs… kommen nur in einzelnen besonderen fällen vor.ˮ; Altmütter, Messinggiesserei
sandabformen, in Prechtl & Karmarsch 1838, 595 & Lebon 2012g, 9 footnote 4 and Altmütter, Bildgießerei, in
Prechtl & Karmarsch 1830, 166.
624
Gillot 1879, 226-227.
625
Guettier 1858, 266.
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Fig. 4.1. A copper alloy pattern (chef-modèle) for sand moulding, taken apart into its various components. Emmanuel
Fremiet, Char de Diane, Dijon. Musée des Beaux-Arts, inv.no. 4184 (from Lebon 2003, 45)

The Rodin Museum in Meudon preserves various assembled copper alloy patterns, called
chef-modèles in their collection (figs. 4.2 & 4.3): invariably these were used for sand
moulding smaller models. These patterns are well finished with great detail and can show the
typical feature of thickened edges (bourrelets) (fig. 4.2).

Fig. 4.2. Close-ups of the assembled pattern of Rodin’s Youth triumphant (La jeunesse triomphante), 1898, illustrating the
thickened-up edges of parts. This copper alloy pattern (chef-modèle or maître-modèles), cast by Thiébaut Frères, Fumière &
Gavignot, dates from 1898. Rodin Museum, Meudon, inv.no. S.2474
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Fig. 4.3. A. Rodin, Youth triumphant (La jeunesse triomphante), Paris, 1898. This copper alloy pattern was cast by Thiébaut
Frères, Fumière & Gavignot. Rodin Museum, Meudon, inv.no. S.2474

Fig. 4.4. Detail of a pattern at the Chardon & Petit Fils foundry in Paris, illustrating the male part of a sleeve or roman join.
(image Jane Bassett, Getty Conservation Institute, Los Angeles)

These are the edges where the different parts are joined by a Roman or sleeve joint
(emmanchure à la romaine) (fig. 4.4). This is a mechanical fit whereby a male and a female
part are fitted together and secured and locked in place by a riveted pin (cheville). The
purpose of the thickened edges is to provide extra material for finishing the join. It is virtually
impossible to fit the two parts together without a distracting visible gap. By hammering the
excess metal, with the aid of hammers and chasing punches, towards the gap, it is possible to
close the gap completely and therefore render the join almost invisible (fig. 4.5).
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Fig. 4.5. Drawing illustrating the hammering of the thickened edges of a Roman joint to close the gap. (drawing
V.Veenemans)

The pattern of the medium size Thinker was not made of metal but made of the lighter plaster
instead. Plaster patterns of this size were cheaper to make and easier to handle. One other
motive for choosing a pattern made from plaster, could be that a plaster cast is usually more
detailed compared to a metal cast, also because it is one step closer to the original. Of three
foundries, commissioned by Rodin, it is known with certainty that the patterns, used to cast
the Thinkers, were all made from plaster.626 For the other foundries it is very likely they were
also using plaster patterns to cast this sculpture, although there is no documentation to
confirm this.627 None of the surviving plaster patterns have thickened edges. Contemporary
images illustrating the casting of a monumental Thinker at the Rudier foundry in January
1950, show however, these thickened edges on the bronze cast. The extra space for these
edges must therefore have been carved directly into the sand mould. This can be seen on
figure 4.6, which is a detail of a photograph taken by Robert Doisneau in the Alexis Rudier
foundry at Malakoff in Paris in 1950.628

626

Namely the Alexis Rudier foundry, Georges Rudier foundry and the Petermann foundry. The Georges Rudier
foundry produced, after the closure of the Alexis Rudier foundry, eleven more original size Thinkers between c.
1955 and 1969.
627
Seven original size Thinkers were produced by other foundries, before Rodin began working with the Alexis
Rudier foundry. This foundry was commissioned to cast all the original size Thinkers from ca.1901 till the
closure of the foundry in 1952. See for this appendix 2 with the list of pre-dating 1940 original size Thinkers.
628
Robert Doisneau (1912 - 1994) was a well know French photographer who made around 1950 a series of
photographs in the Alexis Rudier foundry. This thesis will illustrate for the first time, a number of these
photographs from the Doisneau family estate. I am indebted to François Blanchetière for making this possible.
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Fig. 4.6. Thickened edge around a joint. Detail of an image depicting a monumental Thinker during finishing at the Rudier
foundry. Image taken by Robert Doisneau in the Alexis Rudier foundry at Malakoff in Paris in 1950. (image Doisneau estate)

The three, original size, Thinker foundry plasters, preserved by the Rodin Museum, where
originally all composed of detachable parts. Only one of these, foundry plaster (S.3189) has
still all its parts detached (fig. 4.7).
The fact that a pattern consisted of separate sections does not imply the sculpture was also
cast in parts. For example, the Alexis Rudier casts of the medium size Thinker are, upon
examination, to be all cast in one piece (fonte d'un seul jet), whereas the plaster foundry
models used by the Alexis Rudier foundry all consisted originally of detachable parts.629 The
reason for this was that the ability to remove certain parts from an intricate pattern, such a
figural sculpture, greatly facilitates their moulding in sand.

Fig. 4.7. Foundry plaster S.3189, as displayed during the exhibition in Laren in 2011, together with its detachable parts.

629

The foundry model of the monumental size Thinker was also divided up in parts, subsequently cast in parts
and then assembled. The division in parts of the foundry model of the monumental Thinker is different from
the original, medium size, Thinker.
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The foundry decided whether a particular pattern needed to be moulded in parts and most
likely performed this dividing of the plaster. Fesquet remarks on this the following:
The pattern sent to the foundry is generally of plaster of Paris. It may be reproduced
whole in sand, but the operation will be difficult, and the casting less sound than if
made in parts. [...] he [the founder] cuts the plaster with small saws…. or with brass or
iron wires twisted together. […] The next operation consists in providing the portions
of the pattern thus cut, with the different tenons and mortises […] Thus the pattern, if
not hollow already, is hollowed out for the mortise, and a plaster tenon added to the
corresponding piece a neck or an arm, […] The joints of the tenons and mortises need
not be made as tight and perfect as a corresponding work in joinery; a certain amount
of “playˮ is or looseness being desirable.630
The foundry plasters were not sectioned by simply cutting a plaster cast into segments. The
detachable parts, usually limbs such as arms, hands and legs, are fitted to the main body with
sophisticated joints, for example dove-tail and mortise-and-tenon joints similar to
cabinetmakers joints (figs. 4.8-4.11).

Fig. 4.8. Detail of foundry plaster S.2840, showing the
dovetailed joint.

Fig. 4.9. Left hand of foundry plaster S. 3189.

Since it is impossible to make these complicated joins merely by cutting the plaster model, the
foundry plaster could have been made out of two plaster casts supplied by Rodin’s plaster
moulders. Another possibility is that certain detachable parts such as hands, arms and legs
were supplied to the foundry with excess material, enabling the foundry to make the
complicated joins. Perhaps the foundry made a mould, allowing them to make a copy of this
first foundry plaster (with all the separate parts), since foundry plasters have a limited
working live and would have to be replaced in the future anyway.631

630

Fesquet in Overman 1881, 258-259.
The number of times a foundry model could be used before the plaster needed to be replaced is not clear.
This was to a large extent determined by the skill of the moulder and the care for the plaster in the foundry.
Normally, one could expect a life span of at least 10-12 mouldings for a foundry plaster.
631
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Fig. 4.10. Details of foundry plaster S.3189 illustrating the mortise and tenon construction.

Fig. 4.11. Detail of foundry plaster S.3189 illustrating the mortise and tenon construction.

To reinforce foundry plasters, a wooden support structure was often added internally (figs.
4.12 & 4.13), a practice also described by Fesquet:
Where the plaster pattern is large and hollow, like the body of a horse or the trunk of a
man, it is well for the preservation of the pattern, and for the facility of handling, to
support it internally with cross pieces of wood, which are fastened with plaster of
Paris.632

632

Fesquet in Overman 1881, 259.
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Fig. 4.12. Underside of the base of foundry plaster S.2520, with the wooden reinforcement visible.

Fig. 4.13. A view of the underside of the base of foundry plaster S.2839, with remnants of the wooden cross and another
wooden reinforcement deeper in the plaster visible.

One of the features of foundry plasters is their lacquered finish. This lacquer, often shellac,
was applied to prevent the moulding sand from sticking to the surface of the plaster pattern
during moulding. This coating was purely functional and therefore seldom applied uniformly,
resulting in a patchy appearance (fig. 4.14). In the past, foundry plasters were unfortunately
often cleaned whereby this lacquer finish was removed, to give the plaster a more
aesthetically pleasing uniformly fresh white surface. This practice not only permanently
removes historical evidence of its use, it also tries to alter the status of the plaster from
foundry plaster, which is basically a tool, to an exhibition plaster, a finished product.
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Fig. 4.14. Detail of foundry plaster S.3189 illustrating the patchy lacquered finish.

Another surface feature discernable on foundry plasters are the cutting lines which are caused
by the piece-moulding process (fig. 4.15).

Fig. 4.15. Various cutting lines visible on foundry plaster S.3189. These lines mostly follow the high points of the pattern
such as the nose, eye brows and hairline.

To make sharply defined mould pieces, the moulder cuts the sides of these mould pieces using
a knife or sharp spatula, which leaves marks on the surface of the plaster. For convenience of
moulding, the divisions between the various mould pieces usually followed the high points of
the pattern (fig. 4.15).
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Fig. 4.16. A detail of the underside of the left thigh of foundry plaster S.3189 showing pencil marks from the moulding.

This is done because it is easier to work on a high spot than in a depression, during moulding,
especially when finishing the bronze. The removal of the flashing, caused by metal seeping
between the false cores, requires mechanical action involving cutting tools such as chisels,
files and scrapers and this is done with much more ease on a concave surface than a convex
surface. Sometimes moulders indicated on the pattern, before moulding, the position of the
mould divisions with a pencil (fig. 4.16).633

4.2.2 Flasks or moulding boxes
Moulded sand needs to be contained within a frame. This frame, in which the mould part is
made, is called flask (Fr. chassis) and makes it possible to manipulate the mould-part it
contains. Sand moulding intricate objects, such as figural sculpture, requires often multiple
flasks (fig. 4.22) and these need to be assembled and disassembled occasionally. The bottom
flask is called the drag or nowel, the top flask is called the cope and the intermediate parts are
called cheeks.634 Smaller flasks were sometimes made from wood, although most of the flasks
used for sculpture founding were made of iron. Slotting the sturdy iron flasks tightly together
enabled the moulder to make very rigid moulds, eliminating any possible play that might
cause inaccuracies in the cast.

633

Rama illustrates the division of mould parts on a pattern in his book, although he mentions this was not
standard practice, since moulders usually decided during moulding, where to make the boundaries between
mould parts: Rama 1988, 145.
634
Tate and Stone 1909, 74.
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Fig. 4.22. Flasks stacked on top of each other in Rudier foundry, Paris 1936 or earlier. (image Malvina Hoffman)

4.2.3 False-cores
The first step in the piece-moulding process was to fill the bottom flask, the drag, with a bed
of sand.635 This side of the mould, called the false side (faux moule or couche), was only going
to serve as a temporary support for the pattern. The sand used for this false side was not going
to be used for the final mould and could therefore be of inferior quality. The plaster foundry
model or pattern was buried half way in the sand of the drag and sand was pushed up against
the plaster by hand and the remainder of the flask was also filled with sand by light ramming.
This first flask, with the pattern partly submersed, now served as a foundation to build
subsequent flasks on top of this. The top surface of this supporting bed of sand, did not have
to have a flat surface flush with the upper rim of the flask, it usually just followed the
contours of the pattern. This surface was dusted with a parting compound, usually in the form
of fine charcoal or talc powder. The shape of the pattern determined its position in the false
side and was based upon what was most advantageous for ramming the sand, but also the
withdrawal of the false cores and later the handling and position of the core.636
No photographs or contemporary descriptions are known of the piece-moulding in sand of the
original sized Thinker and in order to get an idea of the position of the plaster pattern, inside
the false side, this research looked at the surviving plaster patterns. The cutting pattern on the
635

Duncan James mentions an old English term ‘gulletting’ for the piece-moulding process, a term I have not
been able to find in any other foundry literature to date: James 1972, 287.
636
Fesquet in Overman 1881, 260.
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original foundry plasters is not very visible on photographs and is therefore indicated on a
small plaster study model made for this research. The pattern of cutting lines which can be
found on the surviving foundry plasters of the Thinker is as follows (fig. 4.23).

Fig. 4.23. Three different views of the same reduced plaster model of the Thinker, the lines on the surface indicate the cutting
lines of the false cores, as observed on the original plaster foundry model (S.2840). The orange lines are where the original
foundry plaster is divided in separate parts.

The cutting lines on the Thinker foundry plasters are not all exactly on the same spot, often
one can discern a multitude of cutting lines, parallel to each other in a zone of 2 to 3 cm wide,
due to repeated cutting for multiple mouldings. This is not unique to Thinker foundry models,
this has also been observed on other plaster foundry models. When the tempered sand was
deemed to be of the right consistency, a start with a false-core was made by pressing this sand
locally against the plaster pattern. (fig. 4.24 left) This first layer of sand is also called facing
sand and the best quality fresh sand is used for this. The lump of sand is further compressed
by the moulder with a rammer (fouloir) (fig. 4.24 right), followed by a mallet (maillet) (fig.
4.25).637 Several different types of these mallets were in use, for general ramming a large
double faced maillet à batter or maillet à double bobines was used (fig. 4.26a) for finer work
on mainly on the false-cores, a more tapered mallet was used, maillet conique (fig. 4.26b).

637

A more precise term in use in the nineteenth century for the moulder of this type of work, is fine art falsecore sand moulder: James 1972, 287.
175

Fig. 4.24. First step in the making of a false-core in sand, with on the left the pressing by hand and on the right with a rammer
(fouloir). (from Baudry 2005, 279)

Fig. 4.25. The making of a false-core in sand with the use of
a mallet. (from Baudry 2005, 279)

Fig. 4.26. Various sand moulding tools.
(from Baudry 2005, 282)

Often false-cores were reinforced by placing a core iron or in the case of very large falsecores, an armature inside.638 When the design of the gating system required runners to go
through false-cores, the space for the runner was created by placing a conical lead pipe
(cornichon), inside the false-core during the ramming of the sand. After completion of the
false-cores, the lead pipes could be pulled out easily because of their conical shape, thus
creating a tapered canal which could now be used as a runner.639 With the sand compacted
enough, the sides of the false-core were cut flat with a spatula, rendering the outside shape of
the false-core geometrical. Often recesses were cut into the surface for keying, but also to
facilitate the handling of the false-core (figs. 4.27 & 4.28).

638
639

Rama 1988, 149-150.
Ibid 146-147.
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Fig. 4.27. The moulding, in 1890, of John Quincy Adams Ward’s statue of Henry Ward Beecher in a sand piece mould (with
more than a thousand false cores) by the Henry-Bonnard Bronze Company of NYC. Notice the concave keys in the surface of
the false-cores on the left image. (images from Anonymous. 1891. ‘Casting the Henry Ward Beecher Statue for the City of
Brooklyn’. Scientific American, Vol. LXIV.-No. 26, June 27)

Fig. 4.28. Robert Doisneau, silver gelatine print, 1950. The monumental Thinker during moulding. The plaster foundry model
in the drag mould with still a false-core visible around the ankle. The ovoid depressions are keys and the grooves and visible
between the keys and the pattern are runners. This foundry model is in line with the foundry models of the original size
Thinker divided up in parts. Image taken by Robert Doisneau in the Alexis Rudier foundry in 1950, documenting the
moulding and casting of a monumental Thinker. (image Doisneau estate)
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Fig. 4.29. One half of a piece-mould without the core at the Bedi-Makky foundry of Brooklyn. On the right a false-core is
removed to illustrate the modular nature of the mould.

Smaller false-cores were sometimes manipulated by sticking a kind of fork, called core-pin
(fourchette), into the false-core (fig. 4.30). The term core-pin is a somewhat confusing term
with several different meanings. In the literature on the casting of historic bronzes, the term
core-pin is often used instead of chaplet: a pin going from outer mould into the core and
thereby holding the core in place during casting.640 The industrial foundry literature uses the
term core-pin to describe a fixed element in the mould that creates a void in the cast part.641
The nails used to pin small false-cores to each other were also sometimes called core pins.
The term core-pin can therefore have four meanings depending on the period or the type of
foundry work.

Fig. 4.30. Manipulation of false-cores with the aid of core-pins. (from Rama 1988, 143)

The shape and size of a false-core was largely determined by its ability to withdraw from the
pattern without damage, caused by undercut surface details on the pattern.
Once the false-core had reached its final shape, it was dusted with a parting compound, and
the moulder could commence making the neighbouring false-core by repeating the process.
640

McWilliam, Andrew and Longmuir, Percy. General foundry practice, Charles Griffin & Company (1907): 30.
Sharp, John. Modern foundry practice, dealing with the green-sand, dry-sand and loam moulding process;
the materials used; also detailed descriptions of the machinery and other appliances employed, with pracitical
examples and rules, including revised subject matter and tables from N.E. Spretson's 'Casting and founding. E. &
F.N. Spon (1900): 377-378.
641
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This time by applying sand against the pattern as well as the previous false-core. The entire
surface of the pattern was thus covered and depending on the size and complexity this could
require hundreds of individual false-cores.642
With the entire upper part of the pattern now covered with false-cores, the cope flask was
placed on top of the drag and filled completely with a lower grade sand. This extra layer of
sand acted a mantle mould by holding the false-cores in place.643 Often, as an extra measure,
the moulder used small pins or needles to fix the false-core to each other or when dealing with
very small false-cores, glue was used.644 The whole mould, cope and drag together, was now
reversed by turning this upside down. The drag with the false-side was now on top and was
subsequently removed, flask as well as the support sand, thereby exposing the other half of
the pattern. With the exposed side of the pattern facing upwards, the moulder can now
proceed further with making the remainder of the false-cores. The number of false-cores,
required for the moulding of an original sized Thinker, was somewhere between 40 and 50.645
The rest of the mould was completed in the same way as the first half, by making a mantle
mould of sand covering the false-cores. With large piece-moulds, the mantle mould was often
reinforced with an internal armature of iron bars (fig. 4.31).

Fi

Fig. 4.31. Drawings illustrating the reinforcement of the mantle mould with hooks and cross-bars. (illustration from Rama,
1988; 157)

4.2.4 The core
Since all of the Thinkers are cast hollow, a core was required to achieve this.646 By the end of
the nineteenth century, most cores for sand mould casting were made entirely from sand and
not anymore from plaster or plaster filled with brick dust. Since moulding sand cannot be
poured, such as plaster, the lasagne method for making a core could not be used and the
642

One thousand to fifteen hundred false-cores were estimated to have been used for the Henry Ward Beecher
Statue; see Anonymous 1891.
643
Some moulders applied an extra layer of plaster on top of the sand mantle mould as a reinforcement.
Wallack 1840, 99.
644
Byrne remarks on the use of pins; “It is frequently necessary to thrust two or more broken needles through
the green cores into the neighbo[u]ring parts to connect them together, in imitation of the pins in the flasksˮ,
Byrne 1851, 153. Flour paste was used as a glue, see Overman 1881, 262.
645
This estimation is based on the pattern of cutting lines observed on the surviving foundry plasters.
646
The name core derives from the French coeur which means heart.
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moulders had to resort to a different method. This quite ingenious method was carried out as
follows:
After completing all the work on the outer mould, this outer mould was almost entirely taken
apart in the various different sections, in order to be able to remove the plaster pattern.647 After
removal of the pattern, the false-cores are placed back again in their original position inside
the bottom mantle mould (drag). The bottom half of the mould was now assembled again,
forming a cavity left by the removal of the pattern. The surface of this cavity is dusted again
with a parting compound because the next step was to fill this negative space with sand again.
Depending on the complexity and size of the core, often an armature of core-irons was
suspended inside this mould cavity to reinforce the future core (figs. 4.32-4.34).

Fig. 4.32. Core armature inside the drag mould
(from Kowalski & Weisner 1984, 20)

Fig. 4.33. Illustration showing the core armature and the lantern
suspended inside the drag. (from Rama 1988, 163)

Figs. 4.34a & b. Iron armature consisting of round and square iron, in various diameters, suspended inside the drag mould.
Images of piece-mould making in natural sand at the Bedi-Makky foundry in Brooklyn New York City, taken in May 2015.

647

The false-cores are taken apart to enable the removal of the pattern, the top and bottom mantle mould stay
in one piece.
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This armature was made from iron bars and wires, whereby the armature extended beyond the
cavity to affix the core armature to the outer mould. This makes it possible for the armature
and core to be suspended inside the mould cavity, without making contact with the impression
on the inner mould surface. In addition to the iron bars and wires, the moulders often added
lanterns to act as a chimney for the gases created in the core during casting.648 These lanterns
were made from perforated iron tube, often open from the side or conical to facilitate easy
extraction after casting.649 I found that remains of the core armature can often be detected
inside Rodin’s Thinkers in the form of square or round iron bars (Ø 8-10 mm) and iron wire
(Ø 1-2 mm). The lantern is often removed, although evidence of its use can usually be found
in the form of a plugged hole in top of the skull (fig. 4.35). This plugged lantern hole in the
top of the skull was found on all studied Thinkers.

Fig. 4.35. Detail of the interior of the Yale Thinker, illustrating the plugged lantern hole in the top of the skull.

With the armature suspended inside the bottom mould half, the moulder could now fill the
mould cavity with core sand. This sand was usually recycled moulding sand which was
compressed inside the mould through ramming, although this compressing of the sand was
done to a lesser extent than for the outside mould. It was not essential for the core to take up
an impression of all the fine surface detail, and by not compacting this sand too much, the
core stayed porous and kept its ability to absorb gases and compress when the surrounding
cast metal shrank around it. When the mould cavity inside the drag was completely filled with
core sand, the moulder continued adding sand to form the top half of the core. Because this
part of the mould was protruding from the drag, the moulder had to shape this other half of the
core free hand. Since it was impossible to complete the shape of this part of the core entirely,
just by estimation, the French moulders devised a clever way using sand cones.
The moulder finished the free hand shaping of the core with a shape that was still within a
safe margin smaller than the final core.

648

Fesquet described using also tallow candles for this, which are melted out during the drying of the core; see
Overman 1881, 267.
649
Guettier 1858, 259-260.
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Small cone shaped lumps of moulding sand, called flies or mosquitoes (mouches), were now
applied over the entire surface of the top half of the core (figs. 4.36a & 4.37).650 These flies
were small, 2,5 to 3 cm high, and evenly spaced.
When the drag was now placed over the topside of the core, the inside of the drag with the
mould impression touched the tops of the flies. The flies were, because of their pointed shape,
capable of slight compression and when the drag and cope touch each other completely, the
tops of the flies were compressed to exactly the contours of the mould impression of the drag
(fig. 4.36b).

Fig. 4.36. Drawing illustrating the steps in making a sand core with the aid of flies, the so-called mouchetage. When the cope
(2) is lowered down onto the drag, the flies are compressed (B). This determines the outline of the top half of the mould and
the spaces between the flies can now be filled with moulding sand to complete the outline of the core (C). (from Rama 1988,
166)

Fig. 4.37. Detail of the mouchetage with the flies (b),
the core-irons protruding into the outer mould (c) and the
lantern (a). (from Baudry 2005, 280)

Fig. 4.37. Cutting back the sand core with the aid of a spatula.
(from Baudry 2005, 280)

650

The term mosquitoes is used in the Bedi-Makky foundry, there is no mention of this term in the English
foundry literature.
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Fig. 4.38. The cutting back of the core of a bust in progress. (image taken in unknown foundry, probably French first half
twentieth century, image private collection)

With the outer parameter of the top half of the mould established by the compressed flies, the
moulder would now fill the spaces between these flies (fig. 4.36c). The outer surface of this
core now conformed exactly to the inner surface of the mould cavity of the assembled cope
and drag. This however did not leave any space for the bronze to flow into and therefore the
core was reduced by paring down the surface. This was done by carefully slicing away, with a
spatula, a layer corresponding to the required wall thickness of the sculpture, creating thus a
so-called cut back core (figs. 4.37 & 4.38). This reduced core could now be used for casting,
although sometimes the moulder carved grooves into the core at specific points, creating
reinforcing ribs in the interior of the bronze (fig. 4.39). These ribs can be observed on the
Washington Thinker (1903) in Washington and the Ordrupgård Thinker (1931) in
Copenhagen (fig. 4.40).651

Fig. 4.39. Detail of the sand core for Malvina Hoffman’s
Brahman in meditation in the Rudier foundry (1934-36).
In the neck are channels carved, creating reinforcing ribs
in the interior of the bronze. (from Hoffman, 1936;
88. original by Clarence Buckingham Mitchell, Malvina
Hoffman’s son in law)

Fig. 4.40. Reinforcing ribs on the interior surface of the
Washington Thinker (image National Gallery of Art
Washington)

651

This technique was not used exclusively by the Alexis Rudier foundry since these ribs for example, can also
be found on George Gardet’s bronze Great Danes (1904 or earlier) in the collection of the Rijksmuseum (inv.no.
BK 18771), cast by the Siot-Decauville foundry of Paris.
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The fabrication of a core for the original size Thinker, cast in one piece, was more
complicated. The fact that limbs such as arms and legs protrude from the main body, and
these also being quite slender, made it very difficult, if not impossible, for the moulder to a
pattern in one piece. The foundry plasters for the original size Thinkers were therefore divided
in parts: the main body, the right leg, the left arm and the left hand. This, not only simplified
considerably the making of the false-cores, but more importantly also the core.
Because we do not have a contemporary description of the making of this type of complicated
core, one has to examine surviving bronzes to form an idea of how such a complicated core
was produced.652 Protruding ridges, called veins or fins, can often be observed on the inside of
sand mould cast bronzes.

Fig. 4.41. Robert Doisneau, silver gelatine print, Paris, 1950. The core of the monumental Thinker during moulding in the
Rudier foundry. Note the lantern protruding from the top of the skull. (image Doisneau estate)

Most of them are fairly small, usually a few centimeters long and protruding a few
millimeters, have an irregular outline, and are randomly dispersed over the interior surface of
the bronze (fig. 4.42). This so-called veining, is the result of small cracks in the surface of the
core and can also be observed on lost wax cast bronzes. These cracks occur as a result of
drying of the core (fig. 4.43).
652

Often contemporary descriptions such as eye witness accounts or manuals, do not detail very intricate
aspects of working methods. Eugène Rudier prided himself on the fact that he could cast, in one piece, such
complicated bronzes. This knowledge and skill which could give him an economical advantage, was therefore
perhaps kept within the foundry.
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Fig. 4.42. A detail of the veining visible on the interior surface of the Brussels Petermann Thinker.

Fig. 4.43. Cracking of the core’s surface. Detail of monumental Thinker during moulding. The core is already suspended
inside the mould, resting on the core support irons. Note the gap between the core and the mould. The black stripes are the
charcoal coating of the mould interior. Image taken by Robert Doisneau in the Alexis Rudier foundry in 1950 documenting
the moulding and casting of a monumental Thinker. (image Doisneau estate)

Another group of much thicker fins, called flashing, are of a more regular shape and can be
found repeatedly at the same places inside a sand mould cast sculpture. This type of flashing,
exclusive to sand mould castings, can protrude several centimeters. When found inside a
small cavity such at the inside of a leg or arm, they can form a collar running in some cases
almost from side to side and thereby almost completely block the cavity. Often the point
where this type of flashing occurs, is also the place where the core support irons terminate
(fig. 4.44). This type of extensive flashing has been often removed by cutting, usually in the
accessible parts of the interior of the bronze leaving an abraded shiny surface (fig. 4.45).

185

Fig. 4.44. Extensive flashing visible in the interior of the Geneva Thinker, also note the core-iron does is bent and does not
extend beyond the flashing.

Figs. 4.45a & b. Underside of the Ordrupgård Thinker with in the lower right corner the finished shiny flashing lines visible.

Based on the prospective gained in this research, I propose that, since the position of this type
of flashing is often congruent with the dividing lines of the detachable parts of the foundry
model, that this type of flashing lines occurred where the metal seeped between the assembled
core sections (fig. 4.45). In the past, these flashing lines have sometimes been mistaken for
joints, both by visual inspection and X-radiography.653

653

The original size Thinker at the National gallery of art in Washinton in Washington was till recently thought,
on the basis of X-radiography, to consist of six parts: Butler, Ruth & Suzanne Glover Lindsay. European
Sculpture of the Nineteenth Century. National Gallery of Art (2000): 321.
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Figs. 4.46a & b. Detail images of the separate left leg of the plaster foundry model S.3189 from the Rodin Museum, Meudon.

By composing the core in sections, it was easier for the moulder to produce a core that
enabled the moulding and casting of complex model such a human figure.

4.2.5 Gating system
With the core now finished, the moulder would make final adjustments to the false cores by
carving channels into the surface of the cope and drag for the gating system (fig. 4.46). With
the larger moulds, whereby cornichons were used, the holes created by their removal would
be connected to larger channels of the gating system.

Fig. 4.46. The cope of a bust with the carved gating system, note the space for the lantern in the top of the mould. (image
taken in an unknown foundry, probably French first half twentieth century, image private collection)
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4.2.6 Drying the mould
With the moulding process now completed, it was necessary to remove the moisture from the
mould pieces. This drying was carried out in a special oven with a temperature high enough to
drive of the moisture in the sand. Hoffman mentions a temperature between 400 and 500 F
(204-260°C).654 The mould pieces remained in the oven till thoroughly dried, which could
take, depending on the size of a mould, from 24 hours to up to two weeks.655

Fig. 4.47. Mould-pieces in the drying oven of the Rudier foundry. (between 1934-52) (image from an undated Dutch article
called “Hoe men bronzen beelden gietˮ in the Malvina Hoffman papers, Box 15.2, Special Collections Getty Research
Institute, Los Angeles.)

Once completely dry, the mould pieces were removed from the drying oven and re-assembled
into a cope and drag part. The interior of the mould was now often smoked over a cork or
pitch resin fire, to apply a coating of soot to the inner surface of the mould.656 Fesquet
mentions the application of a series of three successive coatings, containing flour paste,
charcoal dust, molasses and oil, to the mould surface.657 These coatings would not only close
or cover up small cracks formed during drying, but also prevent the metal from penetrating or
fusing with the sand. The cope and drag were clamped together and were now ready to
receive the hot liquid metal. These ready moulds were often kept slightly warm to keep them
dry.658

654

Hoffman 1936, 100.
Anonymous. “Artistic Bronze and Brass: Architectural, Ecclesiastical Ornamental Statuary.” Gorham
Manufacturing Co. (1903): 9. Soyer states that for the drying of a 4-5 meter high statue mould it takes up to 14
days in an oven; see Héricart de Thury 1836, 369.
656
Byrne mentions coke, see Byrne 1851, 153. Launay mentions a pitch fire; “On les noircit avec des flambeaux
de poix résine”, see Launay 1827, 45.
657
“First, one of water, holding flour paste and charcoal dust ; second, one of charcoal and molasses ; and third,
one of whale oil. A smooth brush is used”: Overman 1881, 269.
658
Ibid 270.
655
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4.2.7 The bronze alloy
Of all the aspects of foundry work, the choice of alloy and applied patina are probably most
shrouded in mystery. Fine art foundries have a reputation of being traditional and secretive on
the specific alloy composition and patination recipes, they use for their bronzes. Several
factors determine the choice for a specific alloy: castability, mechanical finishing properties,
patination properties, welding and brazing properties, cost and availability of metals. Future
environmental conditions of the sculpture, artists’ or commissioner’s personal preference and
tradition within the foundry also played a role. Archival information on the specific alloys
used for Rodin bronzes is minimal. Although the occasional reference can be found.
Nicoladze remarks for example:
Rudier was the owner of the workshop where Rodin’s masterpieces were cast in
bronze, and the composition of alloy was specified by Rodin him-self. […] The bronze
consists of: copper, tin and silver. Sometimes they add some lead. Depending on the
proportion of these metals taken for alloying, the bronze gets a different quality. But if
the proportion is wrong, one cannot produce a cast.659
By the time Rodin began to work with Eugène Rudier, around 1901, he had almost 25 years
of experience with foundries, and Nicoladze’s statement of Rodin specifying the alloy, could
well be correct.660 This cannot be said of Nicoladze’s next claim that the bronze contained
silver, because to date no data has been published where silver has been detected in a Rodin
bronze, as a deliberate alloying component. Perhaps Nicoladze had mistaken the silvery
appearance of zinc for silver or more likely he had not visited the foundry himself and the
bronze containing silver was just a foundry myth, circulated to increase the mystique. Rodin
might have used, for smaller sculptures, silver as the main alloying component as Bartlett
states in 1889: “When possible, he casts his models in silver.ˮ661
It is likely that Bartlett was referring to the bust of Mrs. Russell,662 cast in silver a year earlier
by Griffoul et Lorge.663 Silver sculptures by Rodin are exceedingly rare.664 Bartlett could also
have referred to silver plated bronzes, of which the bust of Saint John the Baptist in the Rodin
Museum Paris is a well-known example.665

659

Nicoladze 1946, 56. Translation Svetlana Burshneva.
It is likely he was also advised on this by Jean Limet, the person who patinated and sometimes finished
Rodin bronzes.
661
Bartlett writing in 1889 on Rodin. Elsen 1965, 84.
662
Currently in the collection of Musée des Jacobins in Morlaix. (inv.no. RF 2655) see online:
http://www.culture.gouv.fr/public/mistral/cdoa_fr?ACTION=RETROUVER&FIELD_98=AUTR&VALUE_98=August
e%20Rodin&NUMBER=44&GRP=2&REQ=%28%28Auguste%20Rodin%29%20%3aAUTR%20%29&USRNAME=no
body&USRPWD=4%24%2534P&SPEC=3&SYN=1&IMLY=&MAX1=1&MAX2=1&MAX3=50&DOM=All
663
Le Normand-Romain 2007, 522 note 3. I would like to thank François Blanchetière for pointing out this
information.
664
Apart from this bust, are there also small silver and silver plated pendants with the head of St. John the
Baptist. Le Normand-Romain 2007, 647.
665
Bust of saint John the Baptist, cast in 1880 by Gruet, inv.no. S.6670.
660
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The vast majority of Rodin bronzes are ternary bronzes containing copper, tin, zinc and lead
or brasses containing zinc and some tin. Very occasionally, Rodin was tempted to use a
different alloy, for example when he commissioned the, somewhat mysterious, Parisian
founder V. Philippet around 1903-04, to cast some busts. This founder, only known from a
few Rodin casts and a trade card, used an aluminium bronze he called ‘Le Metalor’.666
Advertised as an alloy with a “golden appearance which does not oxidiseˮ, it is therefore
somewhat surprising that the surviving bronzes by this founder are all patinated.667
None of these above-mentioned accounts give an exact chemical composition. To my
knowledge, there are only few accounts giving a precise alloy. One of these, is the alloy
composition given in 1901 by La Société Nationale des Bronzes of Brussels, as a suggestion
to use for the monumental cast of the Burghers of Calais group: 90% copper, 6% tin and 4%
zinc.668 This is a fairly standard bronze alloy for sculpture casting and does not deviate greatly
from the alloy used by the Alexis Rudier foundry, discussed further in this chapter.

Compositional analysis of bronze sculptures using XRF
To collect compositional data from bronze sculptures, two main types of analysis can be used:
invasive and non-invasive. The former requires removal of original material and the latter
should have no effect for the object. Understandably, non-invasive (also referred to, as nondestructive) analysis is favoured for elemental analysis of artworks, and as a result frequently
used on museum objects.
This however, gives only the surface composition, which may not represent the bulk
composition. This is particularly relevant for metal sculpture subjected to the elements, such
as archaeological or outdoor objects, in which chemical alteration of the surface is common.
A frequently used form of non-destructive analysis for objects is X-ray fluorescence (XRF)
spectrometry, which uses a primary X-ray beam to cause electronic transitions within the
atoms in the metal, resulting in emitted X-rays characteristic of the elements present.669 The
accuracy of the measurement is greatly enhanced by aiming this beam perpendicular on flat,
bare metal surfaces. Appropriate copper alloy standards should be used to quantify object
compositions. The surface penetration of the X-ray beam in copper alloys is limited to only 20
to 30 microns.670
666

The use of aluminium bronze for sculpture founding was already described by Fesquet in 1881. Overman
1881, 280-281.
667
“Le Metalor est un métal ayant, sans dorure, absolument la couleur et l’ éclat de l’ or.
Il a l’avantage d’être d’une très grande inaltérabilitéˮ: from a trade card in the archive of MR: Le NormandRomain 2007, 27. Rodin’s patineur Jean Limet writes to Rodin about patinating (“oxidising”) this ‘rustproof’
aluminium bronze in a letter from 12 December: ibid 32.
668
“Voici l’alliage de notre bronze : 90% cuivre rouge, 6% étain, 4% zincˮ; letter from La Société Nationale des
Bronzes in Brussels to Rodin dated 11 December 1901, in the archives of MR. Vassalo 1992, 45.
669
Eremin, Katherine. (with a contribution by Josef Riederer). “Analytical Approaches to Ancient Bronzes.”
Ancient Bronzes through a Modern Lens: Introductory Essays on the Study of Ancient Mediterranean and Near
Eastern Bronzes, Susanne Ebbinghaus (ed.) Harvard Art Museums (2014): 66.
670
Glinsman, Lisha. The application of X-ray fluorescence spectrometry to the study of museum objects. Diss.
University of Amsterdam (2004): 38.
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This makes quantification of chemically altered surfaces problematic, not only for excavated
or outdoor bronzes but also for patinated bronzes. As will be discussed further in this thesis,
the surface of a bronze undergoes often an acid treatment in preparation for patination, which
is likely to alter the surface composition by leaching out certain alloying constituents of the
alloy. In addition to this, the surface is subsequently subjected to heat and chemicals, often
containing metal ions such as copper, iron and even silver and gold.671 XFR readings taken
from the outer ‘artistic’ surface of a bronze, should therefore be carefully interpreted. If
possible the reading should be taken from bare, un-patinated, surfaces such as scraped areas,
preferably from the interior or from well-worn areas such the edge of a base.672 Of equal
importance is software used to quantify the XRF data and the calibration of the XRF
equipment with reference standards close to the alloys being analysed.673 As Heginbotham has
demonstrated, the issue of inter-laboratory reproducibility of XRF data of historical metals is
problematic, although the recent use of a historic copper alloys standard and new software has
largely addressed this problem.674 Therefore, in chapters where compositional data is given,
only the base metal (Cu), the two major alloying elements (Zn and Sn) and the minor alloying
element (Pb) are given. Even with these elements, the data from different sources can show
considerable deviations.675
More accurate alternative techniques, require the removal of small samples for compositional
analysis. Examples of this are, inductively coupled plasma-optical emission spectroscopy
(ICP-OES), inductively coupled plasma mass spectrometry (ICP-MS) and Scanning Electron
Microscope with Energy-Dispersive X-Ray Spectroscopy (SEM-EDS). Studies comparing the
ICP methods with XRF show deviations in the order of 3 wt.% between XRF data and the
more accurate ICP data for the alloying elements.676
With both methods, invasive and non-invasive, the accuracy of the analysis is increased by
taking multiple readings or samples of one sculpture. These samples or sampling locations
should not be too small, in order to avoid analysis of a non-representative part of an alloy
such as an undissolved lead globule. With these caveats in mind, XRF can still be a useful
analytical tool especially when no sampling is allowed and XRF is the only viable option.677
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Barbour and Glinsman 2015, 74.
Young, M. L. and D. C. Dunand. - Comparing compositions of modern cast bronze sculptures : Optical
Emission Spectroscopy versus x-Ray Fluorescence Spectroscopy, In: JOM : the journal of the Minerals, Metals &
Materials Society, published online 27 May (2015) fig.1.
673
Ibid 4.
674
Heginbotham, Arlen, et al. “An evaluation of inter-laboratory reproducibility for quantitative XRF of historic
copper alloys.” Metal 2010. Proceedings of the International Conference on Metal Conservation, Charleston,
South Carolina, USA, October 11–15, 2010. Clemson University Press (2010): 244-255.
675
Ibid 244-255.
676
Young & Dunand 2015, 8.
677
For more on p-XRF used for compositional analysis of bronzes: Smith, D. "Handheld X-ray fluorescence
analysis of Renaissance bronzes: practical approaches to quantification and acquisition." Handheld XRF for art
and archaeology (2012): 37-74.
672
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Alloy composition of Thinkers
Before settling with the Alexis Rudier foundry, around 1904, Rodin used a great variety of
foundries, all using their specific alloys, as becomes clear from table XIV:
Table XIV. Compositional analysis of various original size Thinkers cast between 1884-1937.

object678

collection

Foundry

Cu

Zn

Sn

Pb

(wt.%)

(wt.%)

(wt.%)

(wt.%)

84

11

1

0.2

tool
p-XRF679 on un-patinated

Thinker
(1884)

NGV Melbourne
(1196-3)

Gonon?

Thinker
(1896)
Thinker
(1901)

MAH Geneva
(1896-0011)
Ny Carlsberg
Glyptotek
Copenhagen
(MIN 605)
NGA Washington
(1942.5.12 (A-76)
MMA New York
(11.173.9)
Rodin Museum
Philadelphia
(F1929-7-123)
Singer Museum
Laren (56-1-412)

Griffoul

88.6

7.4

2.4

0.5

p-XRF on patinated surface681

F. Rudier

83.2

14.3

1.8

0.3

p-XRF on un-patinated surface682

E. Rudier

94.7

1.2

4.0

0.1

p-XRF on un-patinated surface683

A. Rudier

92.4

0.8

5.8

0.1

p-XRF on patinated surface684

A. Rudier

93.2

0.83

5

0.1

p-XRF on patinated surface685

A. Rudier

94.5

1

4

<0.5

p-XRF on un-patinated surface686 +

Thinker
(1903)
Thinker
(1910)
Thinker
(1924)
Thinker
(1931-37)

surface680

EPMA687

What is evident from this table, is that the Thinkers, cast before Rodin’s collaboration with
Eugène Rudier, are all invariably brasses. The alloy used by Eugène Rudier and all
subsequent Alexis Rudier Thinkers are ternary tin bronzes. The range of this alloy is as
follows:

678

All original, medium, size Thinkers.
Portable X-ray fluorescence: non-invasive in-situ XRF analysis
680
From Flood 2011, 81. (Bruker Tracer III-V with titanium filter and instrument settings of 40kV and 2.15μA for
between 112 and 206 s. without the use of vacuum. )
681
Data kindly provided by Bertil van Os from RCE, Amerfoort. Data collected with a Thermo Scientific Niton
Xl3t-goldd (silicon drift detector, X-ray tube 50 kV)
682
Data collected with a Bruker Tracer III SD, kindly provided by Lisha Glinsman and Daphne Barbour from the
National Gallery of Art in Washinton DC.
683
From Barbour, Daphne S. & Glinsman, Lisha. “Auguste Rodin’s Lifetime Bronze Sculpture in the Simpson
Collection.” Facture: Conservation Science Art History. Volume 2. National Gallery of Art (2015): 70.
684
Data collected with a Bruker Tracer III SD, kindly provided by Lisha Glinsman and Daphne Barbour from the
National Gallery of Art in Washinton DC.
685
From Young and Dunand, 2015. Data collected with a KeyMaster’s TRACeR III with a Rh anode and an Al
filter, which was operated at 40 kV and 1 mA for 60 s.
686
Average of data from p-XRF Bruker Tracer III-V with a rhodium tube operating at 40 kV and 2.2 uA with a
0.0012 Al/ 0.0001 Ti filter in the primary beam and a Si-PIN detector and electron probe micro-analyzer (EPMA)
at 20Kv. Kindly provided by Luc Megens (RCE) and Hans van der Weijde (Tata)
687
Electron probe microanalyzer
679
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Copper:
Tin:
Zinc:
Lead:

92.5-95.1% (wt.%)
3.8-6.7% (wt.%)
0.74-2.2% (wt.%)
<0.5% (wt.%)

This is in line with other published studies with compositional data on Alexis Rudier
bronzes.688 It can be deduced from these studies, that the Alexis Rudier foundry consistently
used this alloy, over a long period.689 The small percentage of lead reduces the occurrence of
porosity in tin bronzes and facilitates any mechanical after-work such as chasing. Lead is
nearly insoluble in copper and its alloys. Only about 1 percent goes into solution, with excess
lead remaining in the alloy as pure lead globules within the alloy matrix, rendering alloys very
brittle.690 The lead content in the A. Rudier foundry alloy, stays within the lead solubility
threshold and forms a true alloy with the copper.691 The zinc hardens the alloy and increases
the ductility, whereas the tin improves the corrosion resistance. The latter might be the reason
why this alloy was used so consistently by the Rudier foundry, because this foundry not only
produced statuettes for indoor use but in addition to these, also monumental bronzes for
outdoor use.
Analyses demonstrates, that the Alexis Rudier alloy was used for all types of sculpture
produced by the Alexis Rudier foundry, from small to large. This was most likely done to
streamline the production whereby the same crucibles could be used and off cuts and other
scrap could be easily recycled. The use of a uniform alloy also enabled the production of
consistent patinas on Rudier bronzes. Rudier however, used this alloy not exclusively for
Rodin bronzes. Young for example, showed that the alloy used by Rudier for Rodin bronzes,
is not significantly different from bronzes cast for other sculptors such as Chana Orloff (18881968) or Joseph-Émile Brunet (1893–1977).692 Later Rodin bronzes, cast by Georges Rudier,
show a much greater variation, well outside the values for Alexis Rudier bronzes.693
If one considers bronzes from other foundries, commissioned by Rodin, a great variance in
used alloys can be observed, not only for Thinkers but also for other Rodin bronzes.694

688

Robbiola and Hurtel 1991, 812. (CuSn3.6Zn1.3), Young et al 2009, 175. (CuSn4.3Zn1.5 & CuSn3.8Zn0.7),
Monica Ganio et al 2014, 141.(CuSn3.8Zn2), Young and Dunand 2015 table IV (CuSn5Zn0.83)
689
This alloy is remarkably similar to Cellini’s alloy for the Nymph of Fontainebleau from 1543. This might just
be pure coincidence, although, this alloy has very good properties for use in statues. See for Cellini’s alloy:
Welter, Jean-Marie. “French Bronzes from Renaissance to Revolution: But Are They Bronzes.” In Bresc-Bautier
2009, 45.
690
Eremin 2014, 68.
691
Metallographic examination show minimal amount of free lead in the bronze alloy of the Laren Thinker. See
also appendix 3.
692
Young 2009, 177 & Selwyn, L.S., et al. “Outdoor Bronze Statues: Analysis of Metal and Surface Samples.”
Studies in Conservation, Vol. 41, No. 4 (1996): 208.
693
Ganio 2014, 141.
694
The alloy used for the Ionides Thinker and the question of attribution to a specific foundry will be covered in
sub-chapter 5.3.4 The lost wax cast Ionides Thinker: Bingen or Gonon? in this thesis.
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Barbour and Glinsman for example found most of the non-A. Rudier Rodin statuettes in the
Simpson collection at the National Gallery of Art in Washington to be brasses.695
The second contemporary account for the alloy composition of a Rodin bronze is Vauxcelles,
which details the working methods of the Hébrard foundry.696 Rodin commissioned this
foundry in 1903 and 1904, to cast two monumental Thinkers (plus some smaller bronzes) and
in his article Vauxcelles gives the alloy of the first Hébrard cast as: pure Cu 81; Ag 4; Sn 9;
Ni 6.697 This is a very strange alloy, especially the high amount of silver and nickel are most
unusual and peculiar. A nickel and silver content of this amount, should render this alloy not
only almost white and very hard, but also rather expensive.698 Again as with Nicoladze earlier,
silver was given as a deliberate alloying constituent, most likely to either make the alloy
appear more impressive, mysterious and expensive and perhaps also to mislead competitors.699
Compositional analysis, carried out during conservation work on the Louisville Thinker in
2011-2012, gave a much more realistic alloy for this bronze: 82.5 Cu, 8.8 Zn, 8.0 Sn and ~0.7
Pb (wt.%).700 This alloy is comparable to recently published data on Hébrard alloys, of which
the following range can be compiled:701
Copper:
Zinc:
Tin:
Lead:

79.5-81.4 (wt. %)
8.2-11.8 (wt. %)
3.9-5.4 (wt. %)
0.9-5.7 (wt. %)

From the above data can be concluded that the Hébrard foundry was, like the A. Rudier
foundry, consistent in using one alloy for monumental as well as diminutive bronzes and did
so over a long period.702

695

The Kiss, NGA inv.no. 1942.5.15 (A-79)(CuZn8,5Sn3) and Head of Balzac, NGA inv.no. 1942.5.14 (A-78)
(CuZn9.5Sn5), A Burgher of Calais, NGA inv.no. 1942.5.13 (A-77)(CuZn13.5Sn2); Barbour & Glinsman, 2015; 70
696
Vauxcelles, Louis. “La fonte à cire perdue.” Art et Décoration, vol. 9 (1905): 189-197.
697
“L'alliage du Penseur, de Rodin (qui fut fondu dans les ateliers A.-A. Hébrard en décembre 1903, était
le suivant : cuivre pur, 81 ; argent, 4; étain, 9; nickel, 6ˮ: Vauxcelles 1905, 195.
698
Requiring almost 40 Kilograms of silver.
699
Silver, as a minor trace element (<0.5%Wt), is found frequently in copper alloys from before the nineteenth
century, due to the fact that earlier refining techniques, were not capable to remove all silver from the alloying
constituents of copper alloys.
700
Information kindly provided by Christopher Fulton and Andrew Lins. SEM-EDS analysis using 12 samples was
performed in high vacuum mode and 20KV accelerating voltage using an Oxford INCA EDS in a JEOL 6460 LV
SEM.
701
Based on the alloy compositions of four Hébrard casts: one Bernard (1910) and three Degas (post 1920)
bronzes. See Young and Dunand, 2015; table IV. Ganio (2014) gives two additional Hébrard alloy compositions
which fall slightly outside the Young and Dunand values which might be explained by the fact that Ganio
obtained the data with p-XRF on patinated surfaces and Young and Dunand with p-XRF on scraped surfaces and
ICP-OES.
702
The analysed alloys range from 1903 to post-1920 with the Hébrard foundry operating from 1902 till 1934;
Lebon 2003, 182.
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4.2.8 Pouring the bronze
Smaller bronze castings were usually performed by one or two foundry men carrying a
crucible (fig. 4.48). Larger moulds were filled from a reservoir constructed on top of the
mould, called the runner box. The runner box consisted usually of several casting flasks
stacked on top of each other and lined with clay. In the centre, a clay-covered plug was
positioned which, when pulled upwards, would allow the content of several crucibles of
molten bronze to flow, at once, into the mould (fig. 4.49).
This reservoir had a dual purpose: to collect enough metal to fill the entire mould in one
continuous flow and to provide extra pressure on the liquid metal inside the mould to fill the
mould well and capture all the details of the mould impression. When the metal was heated
inside the crucible and began to liquefy, the upper surface of the melt developed an oxide
layer. This formed, together with inclusions in the metal, a crust floating on the top, called
dross. If any of this would enter the mould during pouring, it would cause a blockage with a
failed casting as the result. An extra workman was usually standby with a skimmer, to keep
the spout of the crucible free from any dross. Spilled liquid bronze, entering the risers, could
have a similar detrimental effect to the cast, and the riser openings were also protected by a
workman with some sort of spatula (fig. 4.50). The mould was filled with liquid bronze until
the moment the bronze had risen high enough in the risers to become visible to the founders,
an indication that the liquid bronze had reached every part of the mould.703 The lantern
provided an escape route for the gases formed in the core. With larger sculptures, this release
of core gases was quite spectacular, as a former foundry man recalls:
When casting a large mould the so-called “airˮ escapes with a roar and is lighted at the
orifice of the vent pipe […] It will burn with a Bunsen-burner-like flame two or three
feet high for several minutes. If not set fire to, the vented gas has a most unpleasant
odour.704
The bronze in smaller moulds solidified fairly quick, and these moulds were usually opened
within hours of casting the metal. Larger moulds required more patience and were usually
opened the next day.705
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Mitchell 1916, 19.
Account from the late Mr. F. Braddock, foreman sand-moulder at the Thames Ditton foundry. James 1972,
287-288.
705
Overman 1881, 271.
704
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Fig. 4.48. Pouring the molten bronze into the mould in the Alexis Rudier foundry, Paris (1934-36) (from Hoffman, 1936, 89,
original probably by C. Mitchell)

Fig. 4.49. Foundry men filling the runner box on top
of a large mould in the Alexis Rudier foundry
Paris (1934-36). Pulling the plug allowed the
content of several crucibles to flow at once.
(original photograph probably by C. Mitchell,
from the Malvina Hoffman papers, Box 15.2,
Special Collection Getty Research Institute, L.A.)

Fig. 4.50. Robert Doisneau, silver gelatine print, Paris, 1950.
Pouring molten bronze into a mould, with the workman on the
left protecting a riser hole by using a skimmer to prevent any
dross from entering the mould. (image Doisneau estate)

4.2.9 Finishing the cast
When the mould and cast were sufficiently cooled down to allow handling, the freshly cast
bronze was now removed from the mould that enabled its creating. This was done by
removing surrounding sand and thereby destroying the sand mould (fig. 4.51).
This sand could be re-used for a future mantle-mould or core, but not for false-cores because
these were made only with new sand. Whether this was typical for French sand is not known,
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although one nineteenth century German source claims this indeed is the case.706 The colour of
this re-used sand was black because hot metal burned and thus charred the first layer of sand
of the mould, but also because charcoal was often used as a separating agent or to impregnate
the inner mould surface.

Fig. 4.51. Robert Doisneau, silver gelatine print, Paris, 1950. The monumental Thinker during removal of the mould ( image
Doisneau estate)

Perhaps the contamination with burned particles was the reason for using new sand. Larger
runners were now removed from the cast by cutting with a hacksaw, whereas the smaller
runners and risers were often cut off using sharp chisels (fig. 4.54).

706

“...The French sand has apart from advantages also disadvantages, one can only use the French sand once.
When used twice it burns completely. Yesterday a bust was cast here and by mistake some previously used
sand was used [again] for the moulding of the mouth and when cast the mouth was like a round lump. In a
word this sand can only withstand the heat once.” (Translation author) “Dieser französische Sand hat aber auch
nun neben seinem Guten, noch etwas sehr schlechtes. Man kann mit demselben nur einmal formen, sobald
man ihn zum zweitenmale braucht, verbrennt er ganz und gar. Gestern wurde hier eine Büste gegossen, worin
man durch Versehen von demselben bei dem Formen des Mundes genommen hatte, und es wurde dieser
daher im Guße ein runder wulst. Mit einem Worthe, steht dieser Sand also nur einmal der Metallhitze.”; Fol 14
verso-fol 15, Letter Dinger to Beuth, 1.1.1828 GStA PK I.HA Rep. 76 Vb Sekt.4, Tit. XII, Nr. 1, Bd. 2, 1827-1829.
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Fig. 4.52. Unfinished cast, with Fig. 4.53. A cast with its
the gating system still attached: gating system removed but
a) casting cup, b) main gate or
with core irons still in place:
b) main gate or central runner, a & d) core support irons
c) secondairy runners.
b) flashing, c) lantern
(from Baudry 2005, 282)
(from Baudry 2005, 283)

Fig. 4.55. Unfinished face of Rodin’s Jean d’Aire, a sand
mould cast by the Godard foundry of Paris in 1973. The
remnants of runners (b) are still visible as are flashing fins
from the false-cores (a) which have not been removed.
(from Arminjon 1998, 83)

Fig. 4.54. The removal of runners by cutting
with a chisel (from Baudry 2005, 282)

Fig. 4.56. Detail of the monumental Thinker during
finishing, with the holes still visible where the core
support irons have been removed. Image taken by
Robert Doisneau in the Alexis Rudier foundry at
Malakoff in Paris in 1950. (image Doisneau estate)
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Core irons going through the bronze and protruding outwards, such as lanterns and chaplets,
were removed (fig. 4.56) and plugged with threaded plugs in the same alloy as the main cast
(fig. 4.57).

Fig. 4.57. A close-up of the interior of the Yale Thinker, showing the combination of a core plug held in place with a
threaded plug.

Other core-irons, not going through the wall of the casting, were often left inside the bronze,
especially in tight areas such as arm and leg cavities. In addition to plugging, brazing was also
used to fill small holes or cracks and sometimes to join separately cast parts together (fig.
4.58).707

Fig. 4.58. The joining of two cast parts together by brazing, at the Rudier
foundry with the aid of an oxygen-propane flame. (1936 or earlier)
(from Hoffman 1939, 301)

707

Fig. 5.59. A brazed plug inside the Yale
Thinker, note the heat discoloration.

Welding, a much used joining technique in modern foundries, became the preferred way of joining bronze
parts with the arrival of easy to weld silicon bronze alloys in the course of the twentieth century.
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Fig. 4.60. Underside of Rodin’s La Terre (Rodin Museum, Paris, S.623). A sand mould casting by E. Groult, dating from
probably 1897, where two separate castings are joined in the middle by brazing.

The joining of separately cast parts by brazing, was made possible by the development of
powerful blow torches in the 1880s. Older methods for hot joining cast parts were, however,
still being practised despite the availability of brazing, such as casting-on or burning, whereby
parts are joined by casting another part against it. A good example of the latter is Rodin’s
statue Idylle, known as the Antony Roux Idylle, where the figure was cast-on to the
background (fig. 4.61). This had two advantages: firstly, the moulding could be carried out in
stages and was therefore easier to perform and secondly the first cast part, the background,
could already be finished in areas, later inaccessible. The casting-on was performed by first
casting one part, and then fixing a new mould against the already cast part and subsequently
casting the next part against it (fig. 4.62).

Fig. 4.61: Auguste Rodin, Idylle, known as the Antony Roux Idylle. Conceived before 1887, cast by Griffoul et Lorge in
1891, unique sand mould cast bronze (H. 48, 1 cm; L. 30 cm; D. 31 cm) Rodin Museum, Paris (S.1118) (image left Rodin
Museum, Paris). The image on the right shows the interior of this intriguing bronze, which was cast in two stages with onepart cast onto the other part.
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It was important though, to use the same alloy and more importantly to use sufficient metal, to
enable a perfect fusion of the parts. The already cast part, needed to heat up enough in the
contact area and was therefore sometimes pre-heated or brought up to temperature, by using a
surplus of molten metal that was run over the contact area first.708

Fig. 4.62. Details of the interior surface of the Idylle illustrating two spots were the figures were joined by burning. The
rough and slightly higher surface is where the metal fused. Also visible on the right image is a cast-on surface repair.

This type of joining, with cast-on parts, has not been observed on any of the studied Thinkers,
where the various separate parts of the sculpture, were invariably, joined together
mechanically with sleeve joints fixed with dowels or bolts and nuts. Only four original size
Thinkers are known with mechanical joined parts: the Petermann cast of 1899 and the three
François Rudier casts of 1901.709 All these bronzes have the left leg as a separate casting,
joined at the upper part of the leg with a sleeve joint with dowel, and the lower part under the
feet, with nuts and bolts. Late casts of the monumental Thinker were also sometimes
constructed from separately cast parts as can be seen in figure 5.9.

Fig. 4.63. The interior of the Brussels Petermann cast of the original size Thinker from 1899, illustrating the mechanical
joining of the left leg.
708

William & Longmuir 1907, 180.
Petermann cast; Musées royaux des Beaux-Arts de Belgique, Brussels (inv.no. 3517) François Rudier casts;
Ny Carlsberg Glyptotek, Copenhagen (inv.no. MIN 605), the two other François Rudier casts are in private
collections. Images of the interiors supplied by Mr. Jerome le Blay, have been studied for this.
709
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Fig. 4.64. The interior of the Copenhagen (Ny Carlsberg Glyptotek) François Rudier cast of the original size Thinker from
1901, illustrating the mechanical joining of the left leg.

The reason for the different type of mechanical joining of the leg, is the fact that the upper
part of the leg is joined to the rest of the sculpture, in a difficult to access part of the sculpture.
The joint under the foot was easy to access by the foundry man’s hands and tools and could
be carried out using nuts and bolts. The joint at upper part of the leg is much higher up in the
sculpture and was very difficult for the foundry worker to reach. The solution for this was to
use conical pegs to fix this part to the rest of the sculpture. The male part of the Roman joint
was slotted into the female sleeve part, and from the outside, holes were drilled going through
both parts of the joint. The holes were often enlarged eccentrically so that when the conical
peg was inserted, the two parts were pulled towards each other and thus minimising the gap
between the parts. This was first done with a conical steel dowel because this could withstand
the forces much better, and then subsequently replaced permanently with the final bronze
peg.710
Once all the separate parts of the sculpture were assembled, the actual finishing could
commence. The edges of Roman joints were hammered and filed flush to render the join near
invisible. Any protruding excess material was also removed by filing or scraping, followed by
sanding. Any surface detail lost by this finishing (and moulding and casting) was recreated by
chasing with punches (figs. 4.66-4.68). For example, the flashing fins from the false cores,
caused by metal seeping between the false cores, needed substantial finishing in the form of
filing and chasing. This chasing of the flashing fins was often done very skillfully and can
only be detected after close examination, using raking light. Chasing was also used to sharpen
up details lost by moulding and casting although with Rodin bronzes, especially his later
work, this was kept at a minimum.

710

Personal communication with Jean Dubos, former head of the Coubertin foundry. 9-12-2011
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Fig. 4.65. Electric drill used at the Rudier foundry to drill holes for the mechanical joining of parts. (image 1936 or earlier)
(from Hoffman 1939, 301)

Fig. 4.66. The original sized Thinker in the Rudier Foundry during the chasing process. The chasing hammer can be seen
lying on the working platform, with underneath in the left corner the chasing punches visible. Image taken probably between
1920 and 1940.711 (image http://mymagicalattic.blogspot.nl/2014/09/mapplethorpe-rodin-at-musee-rodin-paris.html.>
[accessed 22 June 2018])

711

I would like to thank Annie Barbera for this information.
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Fig. 4.67. The chasing workshop at the Rudier foundry, 1933. (original photograph by C. Mitchell, from the Malvina
Hoffman papers, Box 15.2, Special Collection Getty Research Institute, Los Angeles)

This restraint in the finishing of Rodin bronzes, goes even further with his later bronzes,
where mould lines are often not completely removed and remain visible on the surface of the
finished bronze (fig. 4.68). In an undated letter from Limet sr. to Rodin, it is clear that the
mould lines were preserved at the request of Rodin himself: “as for the seams, I preserved
them on your orders. It’s true that [if] the bronze wasn’t patinated and that they were a lot less
visible. I’m perfectly willing to remove the seams as you and your client have come to a
decision.”712
From this interesting quote, can be deduced that preservation of the mould lines on a Rodin
bronze, was the choice of the artist, as well as the client. This explains the occasional
occurrence of these lines on Rodin bronzes. The occurrence of these mould lines on Rodin
bronzes, fits very well in Rodin’s working methods, where accidents and evidence of working
methods remain visible on the final artwork. Rodin’s choice for keeping these mould lines and
the chasing in general, to a minimum, was most likely artistically motivated although
economic motives might have been at play as well: chasing was very labour intensive and
costing as much as the entire moulding process.713 Up till, now none of these intentionally left

712

"quant aux coutures je les ai conservées sur votre ordre. Il est vrai que le bronze n'était pas patiné et
qu'elles étaient beaucoup moins visibles. Je suis à votre disposition pour enlever les coutures dès que vous
aurez décidé avec votre client". Undated letter from Limet to Rodin in the Rodin archives at the Rodin Museum,
Paris. Translated in Le Romain-Normand 2007, 32.
713
“Chasing is an expensive operation and adds to the cost of the work considerably. In French sand molding or
similar work, it is usually considered that the chasing costs as much as the moldingˮ. See Anonymous. “Note on
Art Metal Work Made from Brass Castings” The brass world and platers’ guide. Vol. VI, January (1910): No. 1; 2.
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mould lines on original sized Thinkers have been observed, although sometimes the occur on
the enlarged Thinkers.714

Fig. 4.68. A. Rodin, Head of Iris, bronze, sand mould casting by the Alexis Rudier foundry around 1908. Given by Rodin in
1914 to the English people. Victoria and Albert Museum London. (inv. no. A.41-1914)

4.3

Signatures and other markings

Although the core research of this chapter and the thesis is focused on sand moulding, various
other aspects of the production of bronzes are also covered, such as finishing and patination.
The production of an art bronze was, and still is, a collaborative undertaking, whereby all the
different processes are connected and carried out by a team in the foundry. The exception to
this is the patination. which, in the past and during Rodin’s lifetime, was also carried out by
specialist patinators. Patination will be discussed in the next sub-chapter.
Signatures and other markings, such as foundry marks/stamps and inscriptions, are an
important art-technological aspect of Rodin bronzes. They can inform us on the date of
manufacture a sculpture, the foundry, previous owners, authenticity and the history of a
bronze. During the study of Rodin’s Thinkers various forms of markings were found, each
with a different purpose and meaning. They can be divided into the following groups:
714

For example on the large Thinker at the California Palace of the Legion of Honor in San Francisco ( inv no.
1924.18.1): De Caso, J. and Sanders P. Rodin’s Sculpture: A Critical Study of the Speckels Collection, California
Palace of the Legion of Honor. The Fine Arts Museums of San Francisco (1977): 130 & 132.
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1)
2)
3)
4)

Rodin’s signature
foundry mark
raised foundry stamp inside
dedication

4.3.1 Rodin’s signature
Apart from the first Thinker, the Ionides cast from Melbourne, all of the original size Thinkers
carry Rodin’s signature, albeit in differing script.

Fig. 4.69. The signature on the Geneva Thinker, Musée d’Art et Histoire Geneva, (inv.no. 1896-0011) This Thinker was cast
by Auguste Griffoul Paris 1896.

One of the earliest signatures on a Thinker, is the name RODIN on the proper left side of the
base, of the Geneva Griffoul cast, from 1896. The signature is lacking the initial A and is
carved with a sharp chisel as can be seen in figure 4.69. Typical for carving, whereby metal is
removed, is the sharp angular script and the burrs at the end of the carved lines.
The signature on the Brussels Petermann cast, from 1899, is also lacking the initial A and is
probably chased, albeit with a fairly sharp chasing punch. The incised lines of this signature
are more rounded, although in areas where the lines are sharply curved, the grooves are
jagged and show burred edges. The script with the underlining is unique in the sequence of
signatures on Thinkers (fig. 4.70).
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Fig. 4.70: Signature on the Petermann cast of 1899, Musées Royaux des Beaux-Arts de Belgique, Brussels, (inv.no. 3517)

The next signature, found on a François Rudier cast from 1901, is chased with a more
rounded chasing punch giving the incised lines a more fluid groove. The initial A is added
here and the script with the typical R and n, appear here for the first time (fig. 4.71).

Fig. 4.71: Signature on the François Rudier cast of 1901 at the Ny Carlsberg Glyptotek, Copenhagen.

On the Thinker from the National gallery of art in Washinton, probably by Eugène Rudier
from 1903, the signature developed a step closer to its definitive form.715 The typical d with
the curly top, the hockey stick i and the n with its extended curly last leg. This signature,
which is chased, shows the skilled hand of a professional chaser. The letters are chased with a
rounded punch in a continuous fluid movement (fig. 4.72).

715

See for more information on these early unsigned casts attributed to Eugène Rudier see sub-chapter 5.2.1
Assembled bronze Thinkers versus Thinkers cast in one piece in this thesis.
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Fig. 4.72. Signature on the 1903 Washington Thinker, probably cast by Eugène Rudier. National Gallery of Art, Washington.
(image National Gallery of Art, Washington)

Figure 4.73 shows a signature on also, a probable, Eugène Rudier cast, from around 1905, at
the Alte Nationalgalerie in Berlin. This fully developed signature, is exemplary of signatures
that can be found on the vast majority of subsequent Alexis Rudier cast Thinkers (fig. 4.74).

Fig. 4.73. Signature on the Berlin Thinker, probably cast by
Eugène Rudier, 1905 or earlier. (Alte Nationalgalerie, Berlin)

Fig. 4.74. Signature on a 1906 Alexis Rudier cast in a
private collection. (image Sotheby’s New York)

One would expect all casts of the Thinker, by the Alexis Rudier foundry, to be consistently
marked. However, this is not always the case. The signature on the cast from the Metropolitan
Museum of Art in New York, and the Musée des Beaux-Arts in Montreal, are unusual, in size
as well as position on the statue.716 The usual A. Rodin signature, found on Alexis Rudier
casts, is about 10 cm long and 2-3 cm high, and incised diagonally on the left or right side of
the base. The Metropolitan Thinker’s signature, is very small and placed under the proper left
foot and the, equally small, Montreal signature is placed in an unusual spot, on the side of the
base (fig. 4.75). These could just be examples of a foundry, not working consistently in its
early years, or perhaps the Metropolitan and Montreal signatures, are an example of a later
716

Metropolitan Museum of Art New York City inv.no. 11.173.9. Gift of Thomas Ryan, 1910. Acquired from
Rodin through Paul Rosenberg (Paul Rosenberg & Co) for 8,000 F & Musée des Beaux-Arts, Montreal, Canada
inv.no. 1909.465.
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applied signature.717 Rodin bronzes, especially the early casts, were not always consistently
marked and it is known that owners sometimes asked Rodin whether it was possible to apply
a signature retrospectively. If that was the case, Rodin would, for example, send a sample
signature on paper to the owner of the bronze, with the instructions to go to a foundry to have
this signature incised in the bronze.718 The Metropolitan Thinker, with its anomalous
signature, might well be an example of this.719

Fig. 4.75. Early, unusual, signatures on original size Thinkers. Left the signature on the Metropolitan Museum Thinker, 1910
or earlier and right the Musée des Beaux-Arts Thinker from Montreal, 1909 or earlier. Both cast by the Alexis Rudier
foundry. (image Montreal Thinker by Daphne Barbour)

None of the foundry plasters, of the medium size Thinker, carry a signature or any other
marking, such as a foundry mark. Some of the copper alloy patterns, such as the chef-modèle
of the Youth triumphant (La jeunesse triomphante S.2474), already carry a signature,
reproducing automatically the signature in the cast (fig. 4.76).720

Fig. 4.76. The signature on the copper alloy pattern (chef-modèle) of the Youth triumphant (La jeunesse triomphante), 1898.
Rodin Museum, Meudon, inv.no. S.2474.

717

The Metropolitan and Montreal Thinkers show all the characteristics of an early Alexis Rudier cast, and there
is no doubt these are genuine casts.
718
Personal communication with François Blanchetière curator Rodin Museum Paris in March 2015.
719
The earliest provenanced date for the Metropolitan Thinker is 1910, when the bronze was donated to the
Museum by Thomas Ryan. The bronze shares some characteristics however, with earlier casts such as the
Berlin (1905) and Washington (1903) Thinkers, such as the shape and position of the lead counterweight (brickshaped and positioned high inside the bronze), and the detail of the cast.
720
It is likely that this cast signature would be ‘freshened up’ by re-chasing.
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4.3.2 Foundry mark
Rodin’s signature is the most frequently encountered marking one can find on Rodin bronzes,
followed by the foundry mark. This mark gives usually the name and place of the foundry.
Often the foundry mark on Thinkers is referred to as the foundry stamp. However, since all
known foundry marks on medium sized Thinkers, are incised and not applied with a stamp,
the term foundry mark is preferred.721 Of the four foundries producing original size Thinkers,
before the Alexis Rudier foundry began to cast these exclusively, only the Brussels Petermann
cast was marked with the foundry name (fig. 4.77).

Fig. 4.77. The foundry mark on the Petermann cast of 1899, Musées Royaux des Beaux-Arts de Belgique, Brussels, (inv.no.
3517)

When Eugène Rudier starts to cast for Rodin around 1901, he did not mark his casts
immediately.722 For example, all the Rodin bronzes attributed to the Rudier foundry,723
purchased by Mrs. Simpson in 1903-04 and donated to the National Gallery of Art in
Washington DC in 1942,724 lack the Rudier foundry mark, as do several Rudier casts in the
Musée Rodin in Paris.725 When Eugène Rudier took over his father’s foundry, after his death
in 1897, he maintained the Alexis Rudier name and continued to mark their products with the
Alexis Rudier foundry mark. The earliest original size Thinker, known with this Alexis Rudier
foundry mark, is the Pulitzer Thinker from 1906 (fig. 4.78).726

721

The two lost wax cast monumental Thinkers by Hébrard, were marked with the foundry mark in the wax.
The earliest cast by Alexis Rudier for Rodin, is most likely the full size Age of Bronze, commissioned by Dr
Max Linde in September 1901, in replacement of a faulty Leon Perzinka cast. This Rudier cast is now in the
collection of the National Gallery of Canada, Ottawa(inv.no. 6473). Antoinette Romain, attributes the 1896 bust
of Dalou in Berlin to Alexis Rudier, but this must be a mistake, this bronze was more likely cast by François
Rudier: le Normand-Romain 2007, 285.
723
Barbour and Glinsman 2015, 54-81.
724
The Thinker (inv.no. 1942.5.12), Walking Man (inv.no. 1942.5.11), Age of Bronze (inv.no. 1942.5.10, and La
France (inv.no. 1942.5.9). Bought by Mrs Simpson in 1903-04.
725
Le Normand-Romain 2007, 33.
726
Private collection Oslo, purchased at Sotheby’s New York 7 May 2013, lot nr. 45.
722
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Fig. 4.78. Foundry mark on the Pulitzer Thinker, 1906, private collection (image Sotheby’s)

This foundry mark is almost always expertly chased in the bronze surface with blunt, noncutting, chasing punches with the Alexis Rudier name, usually executed in a larger font or
capitals letters. The Alexis Rudier foundry applied this mark consistently to their casts from
1906 onwards, with the mark showing very little variation until the closure of the foundry in
1952.

4.3.3 Raised foundry stamp
The next marking one can find on Rodin bronzes is usually hidden from view, in the interior
of the bronze. It is a mark created by pressing a stamp into the core during moulding, creating
a raised mark or stamp on the interior surface of the bronze cast (fig. 4.79). Because of its
raised appearance, this mark is sometimes thought of as being applied to the surface. This is
not correct; the raised stamp is an integral part of the casting.

Fig. 4.79. Raised stamp inside the Washington Thinker. (image National Gallery of Art, Washington)

Depending on the depth of the impression in the core, the mark is sometimes found flush with
the interior surface (fig. 4.80) but usually the contours of the stamp are clearly visible,
because the stamp was impressed quite deep into the soft sandy core (fig. 4.81).
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Fig. 4.80. Raised stamp inside the Yale Thinker.

Fig. 4.81. Raised stamp inside the Pulitzer Thinker. (image
Jerome le Blay)

The raised inner stamp, is an invention by Eugène Rudier to distinguish the authorized Rudier
casts from forgeries, which appeared around 1901-1902 in England and Germany, after the
Alma show in 1900.727 There is no evidence, this stamp was ever used by François Rudier or
any of the foundries used by Rodin earlier. The only other foundry who used this stamp, was
the Georges Rudier foundry, after the closure of the Alexis Rudier foundry. The stamp can
also be found, albeit usually in a less detailed version, in the interior of the sand cast fakes,
produced by Guy Hain in the 1980s and 90s.728 Eugène Rudier started to apply this stamp
earlier, than his incised foundry mark on exterior, and there is a group of Rodin bronzes
which is attributed to the Alexis Rudier foundry, even though they are not marked by the
foundry with the characteristic Alexis Rudier foundry mark (fig. 4.78).729
The inner raised stamp inside the Washington cast (1903), is one of the earliest occurrences of
this mark (fig. 4.79) in general, and on an original size Thinker in particular. The only other
Thinker with this inner raised stamp, and no foundry mark, is the Berlin Alte Nationalgalerie
cast from 1905 or earlier. Le Normand-Romain illustrates a variation on this raised foundry
stamp, whereby a raised capital M can be found just above the A. Rodin.730 It is thought that
this M stands for museum and was used only for posthumous cast by the Rodin Museum,
Paris. I have this mark, to date, not observed on medium size Thinkers. Le Normand-Romain
illustrates another raised mark, which too, has not been found on Thinkers, whereby the
initials M R within a circle, above a number, was created again by stamping the core.731

4.3.4 Dedications
The last group of markings one can find on Rodin bronzes, are dedications. These inscriptions
are usually of a personal nature and are unique to a specific bronze.

727

Personal communication with Jerome le Blay on 26-11-2014. See also le Normand-Romain 2007, 33.
For more on the Guy Hain fakes: http://www.upi.com/Odd_News/2002/08/15/The-Art-World-Fakebronzes-flood-market/12751029434341/ & http://www.rodin-web.org/report_rom/1_11.htm (THE GUY
HAIN CASE: FRAUD AND FORGERY)
729
le Normand-Romain 2007, 33.
730
Ibid 39.
731
Ibid 39.
728
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They are the least numerous of all the markings and can be found on Thinkers in two forms,
applied as a plaque or incised. An example of an applied plaque, is the dedication on the
Pulitzer cast from 1906 (fig. 4.82).732

Fig. 4.82. Plaque with dedication applied mechanically to the outside of the Pulitzer Thinker from 1906. (image Jerome le
Blay)

An example of an incised dedication is the inscription found on the Yale Thinker (fig. 4.83).

Fig. 4.83. Incised dedication on the Yale Thinker. (Yale Art Gallery, New Haven)

Also dating from 1906, this inscription has to be treated with some suspicion. The style of
chasing is in a completely different hand, compared to the foundry mark on the same bronze
(fig. 4.84). It is very likely that this dedication was applied later than the suggested date of
1906, especially since the bronze has characteristics of a later Rudier casting, such as the
shape of the internal lead counterweight, which is typical of later Alexis Rudier casts.
732

Apparently Ralph Pulitzer had requested this dedication by Rodin when he commissioned the bronze in
1906 from Rodin. When upon delivery the dedication was found to be lacking, the plaque was retrospectively
applied to the bronze at the request of Ralph Pulitzer. (personal communication from Jerome le Blay,
December 2014)
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Fig. 4.84. Foundry mark on the Yale Thinker. (Yale Art Gallery, New Haven)

4.4

Patination

The final stage in finishing a bronze is patination, the colouring of the surface, a technique
with a long history of use on bronze sculpture.733 A patina on bronzes, is a desirable surface
layer which can consist of oxides, sulphides, carbonates and other corrosion products often in
combination with waxes, oils, lacquers, varnishes or other coatings and accumulated dust or
dirt. There are basically two forms of patination: natural and artificial patination. With natural
patination, the bronze acquires its patina as a result of interaction with its natural
environment, such as soil or atmosphere. With artificial patination, the patina was
intentionally and accelerated applied with the aid of chemicals and or heat.
Most of the nineteenth century technical literature covering fine art foundry-work, provide
also details on artificial patination.734 Later in the nineteenth century, manuals appeared
entirely devoted to patination or bronzing (bronzage), as it was commonly referred to in this
period.735 All Rodin bronzes were artificially patinated. Whereas the majority of bronzes were
patinated by the foundries who cast them, this is only the case for Rodin bronzes cast before
the turn of the century. From 1900 onwards, Rodin entrusts father (Jean François Germain
1855-1941) and son (Jean Elie Auguste 1887-1965) Limet (figs. 4.85-4.89), with the
733

Dent Weil, P. “A Review of the History and Practice of Patination.” National Bureau of Standards Special
Publication 479, proceedings of a Seminar on Corrosion and Metal Artifacts: A Dialogue between Conservators
and Archaeologists and Corrosion Scientists held at the National Bureau of Standards, 1976. National Bureau of
Standards (1977): 77-92; also published in Historical and Philosophical Issues in the Conservation of Cultural
Heritage, N.S. Price, et. al. (ed.) The Getty Conservation Institute (1996): 394-414.
734
Wuttig 1814, 53-56; Hirschberg, C. A. Der Volkommener metallarbeiter. Campe (1835): 29-38; Larkin, J.
The practical brass and iron founder's guide : a concise treatise on the art of brass founding, moulding, etc. Hart
(1853): 113 & 117; Byrne 1864, 573; Partridge 1895, 91.
735
For example Debonliez and Fink 1870; Buchner, G. Die Metallfärbung und deren Ausführung mit besonderer
Berücksichtigung der chemischen Metallfärbung. Fischer, 1891; Hiorns, A. H. Metal-colouring and bronzing.
Macmillan and Co, 1892; Croke, J. Guide to bronzing and enamelling. Hungerford-Holbrook Co, 1897.
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patination of the majority of his bronzes.736 This is especially applicable to casts by the Alexis
Rudier foundry, from around 1904 onwards, the principal founder for Rodin. Examples of
exceptions are, V. Philippet in 1904 patinating eight bronzes, and a C. Durand in 1910,
responsible for the patination of a dozen busts.737 Also in 1904, the Hébrard foundry carries
out the patination of their second and last lost wax cast monumental Thinker, probably using a
patination technique Hébrard took from Adolphe-Léon Gruet (1855-?).738 Vauxcelles
describes this lengthy patination method, lasting for six months, involving treatment of the
bronze with ammonium sulphite and various acids, followed by repeated burial in compost
and beach sand, washing, drying and ten days in an oven.739

Fig. 4.85. Anonymous photographer, Jean François Germain
Limet, Aristotype print from around 1902
(Rodin Museum, Paris, inv.no. Ph 15593)

Fig. 4.86. Father (r) and son (l) Limet in 1932 (image by M.
Hoffman or C. Mitchell. From the Malvina Hoffman
papers, Box 15.2, Special Collections Getty Research
Institute, L.A.)

Before Limet, Rodin bronzes were usually patinated by the producing foundry, 740 although on
at least one occasion Rodin is known to have patinated a bronze himself, by “exposing it
736

Le Normand-Romain 2007, 31.
Ibid 31
738
Le Normand-Romain 2007, 25.
739
This lengthy method, lasting for six months, involved treating the bronze with ammonium sulphite and
various acids followed by repeated burial in compost and beach sand, washing, drying and ten days in an oven
is described in detail in Vauxcelles 1905, 195.
740
There were some exceptions, for example, Liard patinating for Gonon, the bust of Jean-Paul Laurens in
1882: Vassalo 1992, 46.
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alternately to humidity and sunshineˮ.741 This lengthy process is an accelerated form of natural
patination and this method seems also to have been employed by the founder Adolphe-Léon
Gruet, who cast some bronzes, no Thinkers, with much admired patina’s for Rodin, between
1890 and 1895.742 Father Jean sr. Limet, played a pivotal role in the final appearance of Rodin
bronzes, during the last seventeen years of Rodin’s career. Le Normand-Romain gives the
period, for which correspondence survives between Jean Limet sr. and Rodin, as 30 May 1900
and 10 November 1915, but it must be assumed Limet continued to work for Rodin right up
till the latter’s death. Since only the correspondence between Jean Limet sr. and Rodin
survives, one can’t state with certainty that Limet Jr. ever worked on Rodin bronzes, although
it is likely he did, given the fact that father and son worked closely together. The Limet’s
continued to work for the Alexis Rudier foundry, at least up till 1934, when Limet Jr. was
photographed in the Rudier foundry (fig. 4.87). It is not completely clear how Rodin and
Limet met. Grunfeld mentions they were boyhood friends,743 whereas Lebon states he was
introduced to the sculptor by Jean-Joseph Carriès (1855-1894).744 Pinot is thinking along the
same lines, suggesting it could have been any of the shared acquaintances, including Carriès
or the art critic Arsène Alexandre (1859-1937).745
The foundry would send the finished bronze to Limet’s workshop, where the finishing would
be judged by Limet, and if necessary improved by him by through addition finishing, either in
his Paris studio or in his studio in the country.746 The fact that Limet Jr is pictured working in
the Rudier foundry and not in the Limet studio, is unusual and suggest the photograph was
taken at a later date, perhaps even after the death of Limet Sr. in 1941.
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Rodin writing to Jules Chavasse on July 1893: Le Normand-Romain 2007, 25.
Le Normand-Romain 2007, 25. I personally think the action of applying just water and leaving this to dry
cannot create the patinas one can observe on Gruet’s bronzes today. He must have added some chemical(s) to
the water to speed up the process and to create a deeper colour. Natural patination of a bronze, even in the
climate of Western Europe, is a process, that takes many years to develop a uniform patina of some intensity.
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Grunfeld 1987, 559. Grunfeld, as so often in his book, does not give a reference for this and the information
in his biography of Rodin must therefore be treated with some caution.
744
Lebon 2003, 114. Carriès and Limet were friends since 1876. See Bellanger, Patrice. “Bingen/ Carriès : le
renouveau de la fonte à la cire perdue.” Jean Carriès (1855-1894): la matière de l'étrange. Simier,
Amélie.(Ed.) Paris‐Musées (2007): 59.
745
Pinet, Hélène. Rodin et la photographie. Gallimard & Musée Rodin (2007): 176.
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Vassalo 1992, 40 & 55, 57-58. His Paris studio address was 65 Boulevard Arago, Cité des Fleurs, Paris. This
address can be found noted in pencil on the back of some of the images of the Limet’s in the Malvina Hoffman
Papers (box 125) at the Getty Research Institute LA. The country studio was in Cayeux-sur-Mer in the Somme
region; le Normand-Romain 2007, 31.
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Fig. 4.87. Jean Elie Auguste Limet patinating a bronze in the Rudier foundry, in Malakoff near Paris (between 1934-52).
(from an undated Dutch article called “Hoe men bronzen beelden gietˮ in the Malvina Hoffman papers, Box 15.2, Special
Collection Getty Research Institute, Los Angeles.)

Fig. 4.88. Jean Limet Jr. patinating in the Balinese cock
Fig. 4.89. Jean Limet Jr. working on the Balinese cock fighter
fighter by Malvina Hoffman. (1933)
watched by Limet Sr. (1938 but probably 1933)
(both images from the Malvina Hoffman papers, Box 83, Special Collections Getty Research Institute, Los Angeles)

An interesting series of photographs were taken, by Malvina Hoffman, of the Limets working
in their Paris studio. The dates given to these images is contradictory: Malvina Hoffman used
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figure 4.90 in her book Sculpture inside and out published in 1939.747 The date in the caption,
1938, is probably not correct, since this photograph is part of a series that Hoffman took,
while she was working on the bronzes for the Hall of the Races of Mankind for the Field
Museum in Chicago, between 1930-33. The original negatives are preserved in the Hoffman
papers, in the special collections at the Getty Research Institute (box 152). Most of these
images, capturing father and son Limet whilst working on Hoffman sculptures for the Hall of
the Races of Mankind, are dated 1933 which is in line with the dates for the Field Museum
project.748
The correspondence between Limet and Rodin gives some details of the Limet’s patination
technique, unfortunately, no workshop manual is known to have survived from the Limet
workshop.749 The Limet file in the Rodin Museum in Paris, however, does contain two
manuscript notes with technical details on patination: both of them in relation to the ability of
a patina to withstand weathering. The first note, in Jean Limet’s hand, from probably 1903,
mentions that: “the patina […] obtained by the reduction of copper salts using a blowtorch
and thus creating a sub-carbonate of copper and no other matter.750 This is the patina that can
resist atmospheric agents longest.”751 The second note, probably of a later date, is in an
unknown hand and details the modification of a green patina on bronze, with various acids,
also to render the patina more resistant to the elements.752 Additional information on Limet’s
patination technique are given by Nicoladze:
I know of one recipe for patination used by Limet. He started with rubbing the bronze with
ammonia to degrease it. Then he covered the bronze surface with bluestone (copper sulphate)
solution. This turned the bronze green. Then he heated the sculpture using a blowtorch to
consolidate the green shade. After that he covered the bronze with copperas (iron sulphate) to
747

Hoffman 1939, 303.
Copies of some of these images can also be found in the Limet file at the Musée Rodin in Paris, where they
are dated to around 1920. This however, is impossible, because the sculptures the Limet’s can be seen working
on, were only created ten years later.
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Technical writings from practitioners are not common and workshop notes from patinators are extremely
rare. One example worth noting here are the workshop notes from Paul Wayland Bartlett (1865-1925) an
American sculptor who was trained in Paris and worked briefly as an assistant in Rodin’s studio before starting
his own studio in Paris. His workshop notes, the majority on patination, are preserved in the Paul Wayland
Bartlett Collection, Manuscript Division, Library of Congress. These workshop notes are reproduced in Adil,
Carol P. and De Phillips Jr, Henry A. Paul Wayland Bartlett and the Art of Patination. The Paul Wayland Bartlett
Society, 1991.
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Sub-carbonate of copper is an antiquated term for the green/blue patina found on weathered copper and
its alloys. This consist mainly the green basic copper carbonate Malachite and blue copper carbonate Azurite
although sometimes basic copper chloride or sulfate may be present. For more on the chemistry on copper
alloy patinas and corrosion products, Scott, David A. Copper and Bronze in Art: corrosion, colorants,
conservation. The Getty Conservation Institute, 2002.
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“La patine […] est obtenue par la reduction des sels de cuivre au moyen du chalumeau et composée de sous
carbonate de cuivre sans aucune autre matière.Elle est donc la patine qui doit resister le plus longtemps aux
agents atmosphériques..” Note from Limet, 1903, in the Limet file in the Rodin Museum, Paris.
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“Patine verte sur bronze, attenuée avec de l’acide ayotique (acétique or azotique?) et de l’eau chargée en
acide carbonique dont un hydrocarbonate de cuivre, est la seule patine resistant aux intempéries. Je colore en
brun par la reduction du carbonate de cuivre ou contact des matières organiques.ˮ note in the Limet file in the
Musée Rodin archives. At the bottom of the note is written in pencil in a different hand the dates Jul. 1910 –
Fin 1912.
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give red shade to metal. Then Limet would give it a dark-violet shade. Then the bronze was
heated again.753
Although copper sulphate was used in this period to produce patinas, evidence of the use of
the above recipe has not been detected yet on Rodin bronzes.754 Perhaps Nicoladze was
mistaken with this recipe, he was not a metalworker by profession, or maybe this recipe was
one of the lesser used ones by Limet. What has been detected so far on Rodin bronzes, is the
use of copper nitrate, a much more common ingredient of patination recipes.755 Barbour and
Glinsman have detected this use of copper nitrate, on several of the Rodin bronzes bought by
Mrs. Simpson, in the early years of the twentieth century.756 Copper nitrate is also one of the
chemicals found on each of the two invoices for chemicals, in the Limet file at the Rodin
Museum Paris archive. These invoices, from May and June 1900, contain several other
chemicals, also frequently used in patination recipes such as silver and iron nitrate (fig.
4.90).757
The first step in the patination process, was to prepare the surface of the bronze to enable the
application of the patina. Nicoladze’s observation only mentions degreasing with ammonia,
this however, does not remove a thick oxide layer, such as the casting skin, from the surface,
which can prevent good adherence and formation of the patina. Therefore, bronzes were
sometimes additionally cleaned by dipping in acid, something Limet was not always happy
with.758 When for example, Limet received a bronze from the Burghers of Calais group in
February 1903, he complained:
My dear master, I brought you the small Burgher of Calais today to the rue de
l’Université. ... Forgive me if I made you wait a long time for the small Burger but the
cast was not good and the founder had submerged it entirely in acid. Unfortunately I
was unable to prevent the formation of efflorescence’s and blanching.759
Limet usually applied the chemicals by brush to the bronze, heated with a blowtorch (figs.
4.88-4.99).
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Nicoladze 1946, 56-57. I am grateful to Svetlana Burshneva for this translation from Georgian.
For example recipes for green patina’s in Bartlett’s notes on page 2 and 5; Adil and De Phillips 1991, 2 & 5.
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Hayez, Valerie, Triana Segato, Annick Hubin. and Herman Terryn. “Study of Copper Nitrate-Based Patinas.”
Journal of Raman Spectroscopy 37 (2006): 1211.
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The Walking Man (NGA inv.no. 1942.5.11 (A-75), La France (inv.no. 1942.5.9 (A-73), A Burgher of Calais
(inv.no. 1942.5.13 (A-77) and an original size Thinker (inv.no. 1942.5.12(A-76); Barbour and Glinsman, 2015.
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Bartlett’s note books page 7 mentions iron nitrate to produce red patinas and page 8 to produce black
patinas and page 12 to produce brown patinas, page 9 describes the use of silver nitrate to produce black
patinas
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Debonliez gives several recipes for dipping bronzes prior to patination, this so-called décapage was done
with sulphuric acid, nitric acid or combinations of these; Debonliez 1870, 9-11.
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Limet to Rodin, February 24, 1903, Rodin Museum Paris Archives, Limet file: “Mon cher maitre, je vous ai
porté le petit Bourgeois de Calais aujourd’hui rue de l’Université […] vous me’excusez si je vous ai fait
longtemps attendre pour le petit Bourgeois mai la fonte n’était pas bonne et le fondeur l’avait entierrment
[missing word] dans l’acide sans retirer le noyoux et malgré [tous mes] efforts je ne pouvais l’empêcher d’avoir
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Fig. 4.90. Two invoices from the chemical supplier Poulenc Frères in Paris from 1900, listing the various chemicals Limet
used for his patination recipes. Preserved in the Limet file in the Rodin Museum, Paris.

The alternative method of patination would be to immerse the bronze in chemicals. For
smaller bronzes this was common practice, but we have no evidence that the Limets made use
of this method. The disadvantage of this method, is the risk of not being able to remove all
residues of chemicals, which can seep into the porous cast metal or remains of core material,
and in time could come out again as efflorescence, as Limet already mentioned earlier.
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Another disadvantage of an immersion or dipping patina, is the formation of a rather bland
uniform colour. The Limet patina was the opposite of this, consisting of various different
colour variations including browns, reds, yellows, greens and even blues.760 This could only
be achieved with the brush and blowtorch technique, producing a multi-layered patina. Often
nuances in the patina were extra accentuated by locally rubbing the patina, creating variations
in colour intensities. The blowtorch used by the Limets was a relative new tool which came
into general use in the 1880s, before this the immersion method was used or the very timeconsuming method of brush application and air drying, sometimes with the aid of an oven.761

4.5

Lead counterweight

One of the added features that can be observed inside Thinkers, is a lead counterweight inside
the base (fig. 4.91). Without this lead counterweight, the sculpture is inherently unstable and
runs the risk of toppling forwards. This instability is largely due to the angle of the base.
Because the Thinker was originally designed to be situated high above the doors of the Gates
of Hell, the angle of the base was such, that the figure of the sculpture faced downwards.
Since the enlarged and reduced versions of the Thinker are based on the same configuration of
the base, they also are instable and as a rule also have a lead counterweight fixed inside the
base. Although sometimes, other bronze sculpture has been weighted as well to increase their
stability, the Thinker is rather unique with its inherent instability requiring a counterweight
fixed to the back of the base.

Fig. 4.91. Interior view of the base of the original size Paris Thinker, illustrating the lead counterweight. (Rodin Museum,
Paris, inv.no. S.01131)
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This blue is characteristic for Limet’s patinas and was identified by Glinsman as Prussian blue, iron ferric
cyanide; Barbour and Glinsman 2015, 75
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Debonliez 1870, 31.
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Fig. 4.92. Interior view of the base of the reduced size
Thinker (private collection) with the counterweight.
(image Rupert Harris)

Fig. 4.93: Interior view of the base of the monumental size Thinker
(Louisville) with the counterweight. (image Christopher Fulton)

The earliest original size Thinkers do not have these internal counterweights fitted. The lower
rim of the back the base of the Ionides Thinker (1884), has a flap with a drill hole extending
horizontally for a few centimetres, enabling the base to be fixed to an underground. None of
the subsequent casts have this flap. The 1896 Geneva Thinker and 1899 Brussels Thinkers,
have no counterweights fitted and are prone to tipping over unless supported. The earliest
Thinker with a counterweight, is the 1901 François Rudier cast from Copenhagen, but
whether this is original is debatable. During examination, it was not clear what constituted the
material of this counterweight. Despite the grey colour, the surface does not appear to be lead
but more like a modern resin such as epoxy or polyester. The surface morphology of this
counterweight suggests the material was smeared in place like a paste (fig. 4.94).

FFig

Fig. 4.94. Interior view of the F. Rudier cast in the Ny
Carlsberg Glyptotek, Copenhagen.

Fig. 4.95. Iinterior view of a F. Rudier cast in a private
collection. (image Jerome le Blay)
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Figure 4.95 shows the interior of another 1901 François Rudier cast, this time with a more
standard type counterweight, although uniquely, the lower rim extends inwards to form the
basin to cast the lead in, a feature not seen on any earlier and later Thinkers.762
Examination identified a small group of original size Thinkers, cast between 1903 and 1905
by Eugène Rudier. They have all the characteristics of a Thinker cast by the Alexis Rudier
foundry but lack the foundry mark. They have brick shaped counterweights placed high up
inside the back of base (fig. 4.96).

Fig. 4.96. Interior view of original size Thinkers cast by Eugène Rudier. On the left the Washington Thinker (1903) and on
the right the Alte Nationalgalerie Thinker in Berlin (1905). Both display the early brick shaped counterweight, which is
placed high up inside the back of base. (image left from the National Gallery of Art, Washington)

This type of lead counterweight was also observed inside a 1906 Alexis Rudier Thinker in a
private collection, and inside the bronze from the Metropolitan Museum in New York (1910
but probably earlier). Both these casts are marked with the Alexis Rudier foundry mark. The
next Thinker chronologically, is the Montreal cast from 1909 and the counterweight is taking
another form, when it is cast flatly against the back of the base (fig. 4.97 left).
The Montreal counterweight is of an intermediate shape and already starts to look like the
standard lead counterweight, one can observe on all the later Alexis Rudier casts (fig. 4.97
right). The counterweight inside the original size Thinker of the Rodin Museum Paris, has a
shape closely to the Montreal bronze.763 This Alexis Rudier cast (fig. 4.91) was donated to the
museum by Eugène Rudier's widow in 1953 and has traditionally been dated to 1917 when it
entered the museum, but could be earlier as well as later because lack of precise
documentation.
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The third François Rudier Thinker, also from 1901, is in private hands and could not be examined.
Rodin Museum, Paris: S. 1131.
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Ffig

Fig. 4.97. Interior view of original size Thinkers. Left the interior view of the Montreal Thinker of 1909, illustrating the
intermediate counterweight and on the right the Lausanne Thinker of 1939, with the typical later Rudier lead counterweight.
(image on the left by Daphne Barbour and image on the right by François Blanchetière)

A certain chronological development can thus be observed in the shape and position of the
lead counterweight, with the brick shape as an early form, evolving to a cast-in flat slab, flush
with the base. To come to better, more well-founded conclusions, on how the counterweights
in the original size Thinkers have evolved, it is essential though to study more casts to
increase the reference group.

4.6

Production time

The entire process of producing a bronze, using sand moulds, was complicated and lengthy.
Unfortunately, there is not much documentation giving an idea of the total time involved in
producing a bronze, from start to finish. The time span required to produce a bronze was
dependent on several factors such as size and complexity of the model, and also the number of
workmen who could work on the project concurrently. The quality of the cast, and the
required finish and patina, played a role as well. With very large casts, such as the
monumental Thinker, the amount of man hours involved increased greatly.764 A Dutch
newspaper article from 1939 states that the Alexis Rudier needed ten months to produce the
large cast, involving fifty workmen!765 Since the Rudier archive was destroyed, when the
foundry closed, it is not easy to verify this large number of workmen involved. Although the
monumental Thinker is large bronze, it is physically not possible for fifty workmen to work
on it at the same time, but it is conceivable that the total number of people involved with such
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For the second monumental lost wax Thinker, the Hébrard foundry needed 6 months alone for patination;
Vauxcelles 1905, 195.
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Anonymous. “Eugène Rudier, Europa’s Kunstgieter van beroemde beeldhouwwerken.” Telegraaf, Sunday 13
August (1939): 6.
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a large bronze, such as moulders, founders, chasers, finishers and patinators, comes close to
that number.

4.7

Conclusion

The above chapter is a detailed study of the founding of Rodin bronzes and in particular
Thinkers. It covers in detail the moulding, casting and finishing of bronzes, using sand piecemoulds. Starting point for sand moulding is a pattern, a sturdy model of the sculpture to be
reproduced. Patterns for sand moulding were made from various materials, with plaster being
favoured for the moulding of larger sculptures. The survival of many original plaster patterns
or foundry models, in the Rodin Museum, Paris, enabled detailed study which is presented
here and in the preceding chapter. Researching these foundry plasters demonstrated the use of
a complex system of mould pieces called false-cores in the production of Rodin’s sand mould
cast Thinkers. The sand, enabling this complex piece-moulding, was of a special
composition: high in clay with small rounded grains surrounded by a ring of clay. These
properties gave this sand superior moulding properties. A decline was observed in the
availability of high quality natural moulding sand from Fontenay-aux-Roses, from the 1960s
onwards. This lack of good quality moulding sand contributed greatly to the demise of the
founding of sculpture in natural sand moulds.
During the first quarter of the nineteenth century, sand mould casting replaced lost wax
casting as the preferred method to reproduce bronze sculpture in Western Europe. This
research found that several hybrid forms of lost wax and sand mould casting were being
practised during this period. At the end of the nineteenth century, the sand mould casting
technique was so well-developed, founders were capable of casting complex figurative bronze
sculpture, such as Rodin’s Thinker, in one piece.
The above chapter describes in detail the piece-moulding of bronzes in natural sand, including
the complex procedure to fabricate a core from sand. This involved repeated assembly and
disassembly of the piece-mould, and the use of sand cones, called flies. An internal and
external armature held the core together and in place, inside the outer mould and a core vent
(lantern) facilitated the escape of core gases. The alloys, used for Rodin bronzes, are
described here for the first time in detail. Most of the Rodin bronzes cast before 1903, are in
fact brasses and is it only when Rodin starts commissioning Eugène Rudier of the A. Rudier
foundry, that we witness the regular use of a true bronze alloy.. The research into the alloys of
the A. Rudier foundry demonstrated, that this foundry was remarkably consistent in using one
particular alloy, casting all type of sculptures with this alloy, during the entire working period
of the foundry.
The time around 1900, was also a turning point for Rodin concerning the patination of his
bronzes. Previously these bronzes were patinated by the commissioned foundry, but from
1900 onwards, Rodin bronzes were increasingly patinated by Jean Limet and later his son.
These complex patinas involved the use of various chemicals, often applied in multiple steps.
This chapter also describes for the first time in detail, the various markings one can encounter
in the outer or inner surface of Rodin bronzes in general and Thinkers in particular. These can
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range from signatures, foundry marks or stamps and dedications, with a suggested
chronological sequence of some of these. Because the model of the Thinker is inherently
unstable and has the tendency to tip forward, a lead counterweight can be found inside most
of the Thinkers. A development was identified in shape and position of these counterweights
and a possible chronological sequence is suggested.
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Chapter 5

5.1

Rodin and his founders: lost wax and
sand mould casting

Introduction

This chapter seeks to shed light on Rodin’s preference for the sand mould casting method, in
the context of alternative casting techniques in France at the end of the nineteenth century.
Artists nowadays prefer to use the lost wax method, providing them with the opportunity to
work directly with the wax model, and to produce a very intricate and detailed model. The
sand mould casting method required a very skilled moulder, a rigid model of the sculpture and
was very labour intensive, when casting intricate shapes. Why then did Rodin choose for the
majority of his bronzes the sand mould casting method instead of lost wax casting, which is
easier to perform and gives often greater detail?
Economic factors might have played a role in this because sand mould casting was
considered, at the time, a more cost-effective way of casting. There is, however,
documentation from at least one foundry offering Rodin to cast his sculptures using the lost
wax casting method at competitive prices, and yet Rodin preferred to have most of his
bronzes cast using sand moulds.766 The aim of this chapter is therefore to demonstrate why
Rodin chose so often to have his sculptures cast using sand moulds. The information gathered
in the previous chapter 4, detailing the moulding and casting, will be used now to explain and
reflect on technological features of Rodin bronzes in general and Thinkers specifically.
Because the literature on Rodin bronzes gives insufficient information to answer this question
properly, it is hoped that the art-technological features of the actual bronze artworks can
provide more clarity in this matter.

5.2

Sand mould cast Thinkers

5.2.1 Assembled bronze Thinkers versus Thinkers cast in one piece.
As we have seen, bronzes, lost wax as well as sand mould cast, were cast sometimes in parts
or as a whole. With a bronze cast in one piece, this means the bronze was cast in its entirety in
one single pour, forming one single unit. When parts are cast separately and joined to form
part of the final sculpture, this is referred to as an assembled bronze (assemblage). This
joining can be mechanically or by soldering, brazing, welding or by casting-on parts.767 Minor
repairs are normally not regarded as part of the assembly. The term ‘cast in one pour’, as a
direct translation of the French term fonte d’un seul jet, is not ideal, because sometimes parts
of bronzes cast in separate pieces were often cast in the same flask, with metal from the same
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Oxy-acetylene welding or gas welding became commercially available around 1910; Le chameau son
histoire, [online] Available at: <http://chalumo29.free.fr/ >, [accessed 1 June 2018]
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crucible. By pouring all the metal in one single pour from the crucible, the founder assured
that all the different parts had the same composition and colour and would develop identical
patinas. The term cast in one piece is therefore preferable.
Despite the fact that the foundry of Eugène Rudier’s father, Alexis, was mainly producing
small objets d’art in precious metals and bronze, Eugène took an interest in the founding of
larger bronze sculpture.768 This interest might have been sparked by the commissions given by
Rodin to his uncle François Rudier. In his uncle’s foundry he must have become acquainted
with the sand mould casting of complex large bronzes such as the Thinker. It is known that
Eugène started experimenting with the casting of bronzes in one piece (seul jet) in 1897, when
he started casting for the son of Mathurin Moreau.769 It would be tempting to assume that
Eugène acquired his bronze founding skills from his uncle but technical evidence seems to
suggest differently. If one looks for example at the head of Rodin’s St. John the Baptist, both
cast using sand moulds, one by François and one by Eugène, a marked difference can be
observed (figs. 5.1 & 5.2).

Fig. 5.1. The interior of two casts of Rodin’s Head of St. John the Baptist. Bronze, sand mould casting. On the left a cast by
the Alexis Rudier foundry, before 1952 from the personal collection of Eugène Rudier (Rodin Museum, Paris. S.771) and on
the right a cast by François Rudier, 1901 (Rodin Museum, Paris, S.519)

Because the face of St. John the Baptist is an undercut area with details in the overhang, both
the sand moulders had to come up with a solution to mould this difficult part of the sculpture.
François resorted to casting this sculpture in two parts and mechanically fix them together
with bolts.
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“bibelots d'orfèvrerie en argent et en or, et occasionnellement aux bronzes d'art”; Moreau-Vauthier, Paul.
“Le maître fondeur Eugène Rudier.” L’Art et les artistes. March (1936): 203-209.
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Fig. 5.2. Detail of the rim of two casts of Rodin’s Head of St. John the Baptist, bronze, sand mould casting. On the left a cast
by the Alexis Rudier foundry, before 1952 from the personal collection of Eugène Rudier (Rodin Museum, Paris, S.771) and
on the right a cast by François Rudier, 1901, (Rodin Museum, Paris, S.519). Note the much yellower colour of the alloy.

Eugène or his workers, came up with a different solution: St. John the Baptist was also cast in
two sections but the parts were fused together either by brazing or by casting one section onto
the other. Another difference between the two bronzes is the wall thickness of the casts; the
Alexis Rudier cast is almost half the thickness of the François Rudier cast and as a result
much lighter. To achieve this, Eugène, or his workers, used several core pins, these had to be
plugged afterwards though and gave the founder thus extra work but ensured a much thinner
cast with less risk for casting defaults. A thinly walled casting in addition can be brazed with
much more ease, requiring less heat during brazing.
If one looks now at the technical differences between Thinkers cast by François Rudier (fig.
5.3) and Eugène Rudier, a comparable situation can be observed (fig. 5.4).

Fig. 5.3. Interior view of bronze Thinker at the Ny Carlsberg Glyptotek in Copenhagen, 1901, cast by François Rudier in
sections.
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Fig.5.4. Interior view of the Yale Thinker, cast by the Alexis Rudier foundry, 1928 or earlier.

Again, a difference between a bronze cast in separate parts and bronzes cast in one piece can
be observed. The François Rudier cast has a much thicker wall thickness and is therefore
significantly heavier. In addition to this, the alloy used by François Rudier is much yellower
compared to the Alexis Rudier cast, this is something that can also be observed with two casts
Rodin’s Head of St. John the Baptist. In 1901, François Rudier delivers three Thinkers to
Rodin and one of these is probably the cast in the Glyptotek in Copenhagen.770 As discussed
above, the Copenhagen Thinker was cast in sections, the Berlin Thinker cast in one piece, as
was the Washington bronze. The Berlin and Washington casts are not only similar in
facture,771 they also have both the raised A. Rodin stamp inside (fig. 5.5).772
On the basis of the technical differences between the Copenhagen and the Berlin and
Washington casts, it is tempting to see the hand of Eugène in the latter two. Unfortunately,
neither of the three casts carry a foundry mark. François Rudier rarely marked his casts
whereas Eugène used, from at least as early as 1904, consistently the inscription ‘Alexis
Rudier / Fondeur Paris’.773 Could it be that Eugène Rudier’s experimentation, to cast bronzes
in one piece, was so perfected that by 1903 he was commissioned by Rodin to cast original
size Thinkers and that Eugène in fact produced the Berlin and Washington casts?774
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Le Norman-Romain 2007, 586. Thinker in Ny Carlsberg Glypotek in Copenhagen (inv.no. MIN 605)
They both are cast in one piece and both have the same type of lead counterweight inside in the form of a
rectangular brick high up inside.
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Alte Nationalgalerie Berlin (inv.no.B I 210) and National Gallery of Art, Washington DC (inv.no. 1942.5.12 (A76))
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Enlarged Thinker Rodin Museum, Paris (inv.no. S.01295)
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Isabelle Vassalo mentions in her dissertation an invoice by the Alexis Rudier foundry for 925 Francs dated
23-12-1902 for a Thinker, likely to be the Washington Thinker: Vassalo, 1992, liste des fontes: Rudier Alexis;
Penseur.
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Fig. 5.5. The raised A. Rodin stamp inside the Berlin Thinker, Alte Nationalgalerie, Berlin.

But if Eugène’s technique differed so much from his uncle’s, where did he get the idea and
skill to cast such a complex hollow sculpture in one piece, enabling him to develop a very
successful foundry business. For a possible answer to this question, we have to look at an
earlier Thinker, cast by Auguste Griffoul and now preserved in Geneva.775 Griffoul was
commissioned by Rodin to cast two original size Thinkers, the second and third casts.776 These
casts by Griffoul are the first sand mould castings of this model.777 Auguste Griffoul was the
son of Jean-Baptiste Griffoul (? -1894), who worked in partnership with François Rudier from
1881 till 1882. In 1882, this partnership ceased and Jean-Baptiste Griffoul started to work
with Jean Nicolas Lorge. This new partnership, Griffoul et Lorge, produced from 1887 till the
end of the partnership in 1894, over a hundred bronzes for Rodin.778 These bronzes, all cast in
sand moulds, are usually technically of a high standard (fig. 5.6).
Auguste Griffoul takes over his father’s foundry in 1895 and is commissioned by Rodin in
1896 to cast, in sand, the previously mentioned Thinkers.779 The Geneva cast is wellexecuted, in one piece, with good exterior surface detail.780 Auguste Griffoul casts around
thirty-nine bronzes for Rodin, between 1895 and 1899, when he emigrated to the United
States.781
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Musée d’Art et Histoire Geneva, 1896. (inv.no. 1896-0011)
For the complete casting sequence see appendix 2.
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Nasjonalgalleriet Oslo, 1896 (inv.no NG.S.00638) & Musée d’Art et Histoire Geneva, 1896. (inv.no. 18960011)
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Lebon 2003, 173.
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Auguste continuous to operate under the name J. B. Griffoul till 1898 when he registers his foundry
company under the name Griffoul et Cie. In effect the Geneva and Oslo Thinkers from 1896 were cast under the
father Griffoul’s name by the son, a situation which was going to be repeated by the Alexis Rudier foundry
under Eugène Rudier.
780
This can also be ascribed to the fact that the foundry model supplied to Griffoul was very close to Rodin’s
original model and was therefore likely to be very detailed. Over time through moulding and re‐moulding
foundry models show a noticeable loss of detail which can be observed with the foundry models preserved at
the Musée Rodin in Meudon. The castings by Auguste Griffoul were not always executed that well, the Tragic
Muse from 1896 also in MAH in Geneva (inv.no. 1896-10) is reported to have several defects; Le Normand
Romain 2007, 545.
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Auguste (L) Griffoul established a foundry 1905 in Newark (New Jersey), first on 313 Halsey Street (casting
gold, silver and bronze) and later on 250 Chestnut Street (silver founder) then moved to 280 Chesnut Street
(brass and bronze founders). His success seems to have peaked in the early 1910s when he brought his
brothers Henry and Marcel into the firm. By 1917 the brothers had left Newark, and Auguste himself moved to
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Fig. 5.6. Auguste Rodin, Monument for Victor Hugo, conceived 1890, sand mould cast bronze from 1891, marked by
Griffoul et Lorge. (H. 28,2 x L. 29 x D. 36 cm) Rodin Museum, Paris (S.1073) (image left Rodin Museum, Paris). Image on
the right shows the interior of this bronze.

The interior of the Griffoul Geneva Thinker, with all traces of sand mould casting, is
remarkably similar to the castings by the Alexis Rudier foundry (figs. 4.97 & 5.7).

Fig. 5.7. Interior of Geneva Thinker, a sand mould casting by Auguste Griffoul, Paris, 1896. (Musée d’Art et Histoire
Geneva)

Is it possible that Eugène Rudier acquired some his bronze moulding and casting skills from
father or son Griffoul, through the connection of his uncle François Rudier, once the business
partner of father Griffoul? The other possibility is of course the transfer of skills between
Ohio by 1920. I am grateful to Ubaldo Vitali and Ulysses Grant Dietz, Chief Curator of Decorative Arts, Newark
Museum, for this information.
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workshops by employees. A foundry capable of casting larger bronzes is rarely a one-man
operation and therefore usually employs several workmen. Although it is not clear to what
extent the Alexis Rudier foundry or the Griffoul foundry employed workmen, when dealing
with larger commissions, it is likely however that some foundry men were employed, if not
full time then at least temporarily. These unknown foundry men, often highly skilled and
carrying out the actual moulding and casting, would bring specific knowledge with them
when working for different foundries. Perhaps Eugène Rudier was making use of the skills of
such a foundry worker, previously employed by the Griffoul foundry.782
From the above given examples, such as the Head of St. John the Baptist by the Alexis Rudier
foundry and the Antony Roux Idylle by Griffoul et Lorge, one can see that, although these
foundries had the abilities to cast bronzes in one piece, sometimes there was a technical
advantage to build up the sculpture from separate castings.783 It could be that the undercuts
posed a problem but also the fact that certain areas of the surface could not be reached for
finishing, when cast in one piece. To make it possible to finish an object by filing, sanding or
chasing, one needs sufficient space for the tools and the hands that hold these tools and even
more importantly, a clear undisturbed view of the surface being worked. The ability to finish
the entire surface area of a bronze was of paramount importance of the majority of fine bronze
sculpture up to the last quarter of the nineteenth century.784 Rodin bronzes increasingly show
less interference with the surface through after-work, such as filing, chasing and patination.785
When Rodin completed a model, which could take considerable time and many versions, he
was not very keen on the fact that during the casting process alterations to his models might
take place. For example, in search for a founder for the first bronze cast of the full-size group
of the Burghers of Calais in 1894, Rodin was not pleased to hear that the founder approached,
Jean Baptiste Griffoul, intended to separate the figures in order to cast them, and the
commission was in the end granted to the Leblanc-Barbedienne foundry instead.786 This firm,
however, also suggested to Rodin to cast the sculpture not in one piece, by dividing the two
central figures in two separate parts.787
No sculptor is keen for his/her carefully-produced model to be cut in pieces and subsequently
re-assembled again, since this means that the surface of the model near the seams, will be
altered. An area of at least a few millimeters on either side of a seam will have to be worked
and refinished, to resemble the original surface, work usually carried out not by the artist but
by a foundry worker instead. Even the most skilled chaser can only reproduce an impression
782

The archive of the Alexis Rudier foundry was, as instructed by Eugène Rudier, destroyed in 1952, after the
founders death. Therefore very little is known about the employes of the Rudier foundry
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Another factor for casting large sculpture in parts is often the limited capacity of the foundry’s melting
furnace.
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With notable exception of Gonon’s early lost wax casting, see sub-chapter 2.7 The lost wax casting of bronze
sculpture in the nineteenth century in this thesis.
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Le Romain-Normand 2007, 31-32.
786
Ibid 214. Another factor for the choice for another foundry was the fact that Griffoul was experiencing
financial difficulties at the time.
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Letter from Gustave LeBlanc-Barbedienne on October 23rd 1894 in the MR archives; Le Romain-Normand
2007, 216.
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of the original surface and chasing tools are often not capable of reproducing subtle surface
characteristics of a modelled and cast surface. Although Rodin had a preference for his
bronzes to be cast in one piece,788 and the Alexis Rudier foundry was capable in doing so,
there is evidence that Alexis Rudier bronzes were not always cast in one piece. For example,
the monumental Burghers of Calais group which Rodin was so keen to have cast in one piece
in 1894, has a cast of 1905-08 by the Alexis Rudier foundry which is clearly cast in separate
parts (fig. 5.8).789

Fig. 5.8. View of the underside of the Burghers of Calais group at Westminster during re-installation after conservation
treatment. (image Rupert Harris Conservation)

Even the monumental Thinker initially cast in 1903-04 by the Alexis Rudier foundry in one
piece, was later produced in separate parts (fig. 5.9).790 It is likely that although Rodin, like
most artists, would have preferred to have a bronze cast in one part, the practicalities of the
founding process made that often bronzes were cast in parts and then assembled.
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Le Romain-Normand 2007, 31-32.
Now in Westminster (London)
790
The technical aspects of the monumental Thinker are not the focus of this thesis and access to the interior of
these large bronzes is very difficult. in addition to this, not much photographic documentation exists of the
interiors of monumental Thinkers.
789
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Fig. 5.9. Robert Doisneau, silver gelatine print, 1950. The monumental size Thinker in the Alexis Rudier foundry during
assembly, illustrating the use of sleeve joints. It dmonstrates that the monumental size Thinker was not always cast in one
piece but also assembled from separately cast parts in the Alexis Rudier foundry. (image Rodin Museum, Paris)
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5.3

Cire ou Sable: Rodin’s dilemma in choosing a casting method for his
bronzes.

5.3.1 Hébrard versus Rudier: lost wax versus sand
While the previous paragraph looked at the early sand mould cast Thinkers, this paragraph
examines Rodin’s use of the two competing casting methods, lost wax and sand mould, in
relation to the commission of the first monumental Thinkers.
On 21 April 1906, when intellectual Paris gathered in front of the Panthéon for the unveiling
of Rodin’s enlarged bronze version of the Thinker, few of the people present would have been
aware of the background of intense competition between two foundries for the commission
for the casting of this bronze (fig. 5.10). By 1906, the sculptor already had a long history of
using both sand mould as well as lost wax casting.791 Rodin was a pragmatic artist and when a
work sold well, he did not shy away from producing multiple casts. Whereas the public
installation of the monumental Thinker was a recognition for a new direction in sculpture, the
method used to cast this bronze was far from innovative. Rodin’s decision to employ the
Alexis Rudier sand mould casting foundry was a safe choice for a well-established traditional
technique.

Fig. 5.10. Marcel Hutin, unveiling of the Thinker in front of the Panthéon, 21 April 1906 (image Rodin Museum, Paris)

From the second half of the 1880s, Rodin employed a great variety of foundries, the vast
majority using the sand mould casting method, until he started to commission two remarkable
founders, Adrien-Aurélien Hébrard (1865-1937) and Eugène Rudier (1878-1952), around
1902-03.792 These two founders could hardly be more different from each other. Rudier came
791

Laurent, Monique. “Observations on Rodin and his Founders” Rodin Rediscovered. Exh. Cat., National Gallery
of Art, Albert E. Elsen (ed) (1981): 285-293.
792
Fifteen and possibly more: Table of founders in Le Normand-Romain 2007, 730-731.
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from a family of founders, all working in the sand mould casting technique. At the end of
1901 the foundry, still named Alexis Rudier, started a long working relationship with Rodin,
that would last until the artist’s death.793 Eugène Rudier and Rodin were later to become good
friends.794
Hébrard, an academic collector from a wealthy bourgeois background, started his lost wax
foundry from his passion for modern sculpture in December 1902. In 1903 Rodin was
encouraged to make the Thinker in a larger, more monumental size and commissioned Henri
Lebossé (1845-1922) to make an enlargement, using a mechanical device called a Collas
machine.795 When Hébrard heard about the large Thinker project, he quickly realised the
potential for future work for his foundry. Hébrard, eager to cast the bronze, offered Rodin to
cast the large Thinker at a reduced price.796 Rodin accepted this offer and Hébrard set to work
on the newly enlarged bronze. It was this Thinker Rodin wanted to present at the St. Louis
World fair opening in April 1904. Rodin, wary of inexperienced founders full of promises,
also ordered around the same time a large Thinker from Rudier. At the end of 1903, just
before Christmas, Hébrard finally managed to cast the large bronze.797 The newly cast
sculpture was not ready yet because the surface of the bronze had to be finished and prepared
for patination. Because it had taken Hébrard so long to cast the bronze,798 he had to be
pressured by Rodin to finish the Thinker in time for patination by the Limets.799
Although Hébrard regarded the given three-week time span for finishing the bronze almost
impossible, the finished sculpture was delivered just in time for patination, on January 17
1904. This cast by Hébrard is often referred to as the first monumental Thinker and the Rudier
cast, delivered on December 29, 1903, as the second cast. But if Hébrard considers three
weeks as almost impossible to finish his version, it seems a rather tall order for Rudier to cast,
finish and deliver a bronze of this size in just a few days! Therefore, the Rudier bronze must
have been cast earlier than the Hébrard cast. As Limet takes delivery of Hébrard’s bronze on
17 January 1903 and Rudier’s version the next day, he probably started his patination work on
Hébrard’s bronze first.800 With these two Thinkers cast, finished and patinated almost
simultaneously, it is hard to say now which of these was the first one. Although Hébrard was
very pleased with his result, this could not be said of Rodin when the artist examined the
793

The earliest cast by the Alexis Rudier foundry for Rodin appears to be the large Age of Bronze commissioned
by Dr Max Linde in November 1901 in replacement of the faulty Leon Perzinka cast , now preserved in the
National Gallery of Canada, Ottawa(inv.no 6473). Personal communication with Jérôme Le Blay, 28-11-2014.
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The Alexis Rudier foundry would continue to cast Rodin bronzes after the artist’s death in 1917, now for the
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1904 and a letter dated 18 January 1904 from Hébrard to Rodin. I am indebted to François Blanchetière for
providing this information.
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bronze in Limet’s studio. Rodin was very displeased with the finish, resulting from chasing, to
bring back details lost in the casting.801 In addition to this, it is also likely that Rodin noticed
changed details in the modelling because of adjustments in the wax. The wax models, using
gelatine moulds, were often lacking in detail or displayed an irregular surface because of the
air bubbles in the gelatine and usually required remedial work.802 Rodin was so displeased
with the Hébrard cast, he did not want to send it to the imminent St. Louis World fair, despite
his promise to the organisers. In the end, Rodin was pressured by the organisers in St. Louis
into sending the Hébrard cast to the United States, but before the opening of the World fair, he
decided to disown the bronze and to withdraw and replace it with a plaster model of the
Thinker, he already sent to America on 16 March.803 He even considered sending the Rudier
cast, but this was already promised to a private client. Already commissioned before the
debacle with the first bronze, Hébrard would make only one more Thinker, in the same year
(fig. 5.11).804

Fig. 5.11. The second monumental lost wax cast Thinker at the Hébrard foundry, Paris, soon after casting, 1903 or 1904.
Please note the lantern still protruding from the top of the skull. (from La Vie illustrée, 8 July 1904)
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Le Normand-Romain 2007, 591.
For Hébrard’s working method, including the use of gelatine, see Vauxcelles 1905, 189-197. Rodin was
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803
Accounts relating to Rodin’s carrier Autin , March 31, 1904 in the archives of the Rodin Museum, Paris.
804
Now preserved at the Ny Carsberg Glyptothek in Copenhagen.
802

238

Hébrard seems to have listened to Rodin’s criticism on changing details in the after work,
because the second Hébrard Thinker shows very little after work in the form of chasing.805
This was Rodin’s second period of using lost wax founders. The first period was from 1882
until 1886, when Rodin became interested in the lost wax technique and commissioned the
Gonon and Bingen foundries.806 It was also during this period, 1884, that the artist mentions
lost wax casting as “the only process which can render my sculpture.”807 How should we view
this remark especially in the light that the vast majority of Rodin sculptures were cast using
the alternative technique, sand mould casting. First of all, the context of this remark should be
explained. It was in a letter from Rodin to a government minister in which the artist discusses
the casting of the Gates of Hell. In the letter he also mentions the quote by Bingen of 35.000
Francs for the casting of the sculpture. The letter is dated 11 December 1884 and falls in
Rodin’s first period of experimentation with the lost wax technique. It is in the beginning of
his career and Rodin is not yet producing his bronzes in large multiple editions. The fact that
the quote is in connection with the Gates of Hell is an important factor as well. This is a very
intricate piece of sculpture and an artist wanting his/her sculpture to be cast in as few parts as
possible, thus preventing unnecessary cuts in the model. Bingen proposes to make the Gates
of Hell in five separate parts.808 A sand mould casting around that period would have required
considerably more parts.
Rodin was going to use a lost wax foundry one last time around 1912-13, when the
Montagutelli brothers produced busts and statuettes for the artist. This relationship however,
was short lived because Rodin soon discovered that this foundry was also producing
unauthorised casts of his work, which forced Rodin to take legal action against the foundry.809
During three periods in his career, Rodin was willing to try out lost wax casting but every
time he was disappointed and went back to the trusted sand mould casting. Although Rodin
looked critically at the prices asked by foundries, he was prepared to pay a premium if the
foundry performed up to his standards. Apart from an artist, Rodin was also a business man,
who demanded basically two things from his foundries: sound castings, accurate to his models
and prompt delivery within the agreed time, and when a foundry disappointed him he was
very reluctant to commission this founder ever again.810
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239

Fig. 5.12. Eugène Rudier at the Alexis Rudier foundry in Paris with a sand mould cast monumental Thinker
(from Hoffman 1936, 87)

From 1904 onwards, it was the Rudier foundry that was able to satisfy Rodin’s demands and
was almost the exclusive supplier of Rodin bronzes till the artist’s death and even later.811
Rudier would cast all the subsequent Thinkers including the Panthéon cast (fig. 5.10) and the
one on sculptor’s grave at Meudon, all produced using the sand mould casting method.812
Even after Rodin’s death, when the French state inherited Rodin’s estate and thus the right to
cast posthumous casts, the Rudier foundry was the preferred foundry to cast Rodin bronzes in
sand until 1952, when Eugène Rudier died. Rodin was not alone in his preference for Rudier’s
sand mould castings. Artists such as Maillol, Bourdelle, Despiau and Malvina Hoffman
(1885-1966) frequently commissioned bronzes from Eugène Rudier (fig. 5.12).

811

Eugène Rudier became Rodin’s principal founder, casting nearly five hundred bronzes in Rodin’s lifetime, see
Le Normand-Romain 2007, 30.
812
The Pantheon Thinker was cast at the end of 1904 but only unveiled in front of the Panthéon in April 1906
and is now placed in the garden of the Hotel Biron, Rodin Museum Paris.
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Fig. 5.12. Malvina Hoffman and Eugène Rudier posing with Rudier casts of Hoffman’s sculptures for the Hall of the Races of
Mankind, intended for the Field Museum in Chicago. Paris 1932-33. (image Malvina Hoffman Papers (box 83) at the Getty
Research Institute LA.)

Apart from price, quality of the castings and the reliability of the foundry, there might have
been another motive for Rodin to prefer sand mould casting over lost wax casting: the
aesthetic quality of a sand mould cast surface.
If one looks at the Alexis Rudier casts they all have a fairly identical surface, the patination
might vary but the surface detail is usually very consistent. It is a surface that has undergone
very little after-work with abrasive methods such as filing, scraping or sanding.813 The surface
details are usually fairly smooth and give the bronze, from a morphological point of view, a
soft, almost marble-like, surface. The surface of lost wax bronzes in contrast has often rather
sharply defined details usually as a result of extra work in the wax, although the surface of a
well-executed sand mould cast can come very close to that of a lost wax cast surface,
capturing even details such as fingerprints and tool marks.
The difference between the two surfaces is usually the type of detail and the extent of the
undercutting of these surface details. In finely detailed surface areas, such as hair, the lost wax
technique allows the undercutting of even the smallest details whereas the undercutting of a
sand mould surface is usually limited to the larger details. This is because the undercuts in a
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Exception to this are of course fillings such as plugged core pin holes, filled lantern holes and plugged casting
defects which are finished by filing and chasing to blend into the surrounding surface.
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sand moulding are created by using small false cores and there is limit to the size of a false
core a moulder can physically manipulate. The lack of these tiny undercuts gives the sand
moulded surface, a less open and more solid appearance, similar to a stone carved surface.
This is not surprising because with both techniques, sand mould casting and stone carving, it
is very difficult if not impossible to create minute undercut surface details. Because these
small overhanging surface details are problematic in the sand moulding process, they are
usually eliminated earlier in the making process. This could already have been done from the
start in the modelling phase with the artist realising that certain overhanging details in his clay
model would be impossible to mould using a rigid piece-mould. The artist would therefore
avoid making these minute undercut surface details. The transfer from the ephemeral clay
model to more durable plaster, might also have contributed to a less open surface and
sometimes this was intentionally enhanced by dipping the plaster.
Even when a waste mould was used, which preserves all the undercut details, the subsequent
steps often involved the use of rigid plaster piece-moulds incapable of moulding minute
overhanging surface details.814 If the artist in the modelling phase had not eliminated already
the small undercut details, it would be up to the moulder to fill these details and thus create a
surface suitable for piece-moulding.
Could it be that Rodin, with a background in stone carving, favoured the soft tactile surface of
a sand mould cast surface over a, too detailed, lost wax surface? It is known that Rodin was
trying to move away from the bourgeois pretty female portraits, with an overly worked
smooth finished surface full of detail, produced early in his career, towards more abstraction.
These commercial works, such as Dosia (1874) and Suzon (1875), conformed to the
contemporary notions of beauty and provided Rodin with a much-needed source of income.
The revenues of large editions of these sculptures, produced in a variety of media, enabled
Rodin to work at the same time on more original work such as The Man with the Broken Nose
(1875) and The Age of Bronze (1877). Rodin distanced himself from these early commercial
works and he developed a style of modelling whereby he gets rid of overly finished surfaces
with pretty decorative details to get to the essence of a sculpture resulting in a less open,
abstract surface free from details with small undercuts.815
This development in Rodin’s modelling meant that his sculpture models became very suitable
patterns for sand mould casting.816 These patterns were invariably made from plaster, a
material which takes a significant place in Rodin’s sculptural oeuvre as he was one of the first
sculptors to exhibit his work in plaster in its own right.817 In the course of Rodin’s career as a
sculptor the work in plaster, bronze and marble appears to get closer in terms of surface
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morphology. In effect they become to a certain extent interchangeable whereby the nature of
the material is secondary.
It has been suggested by de Caso that when Rodin’s popularity increased, and he was selling
more and more bronzes, he turned to sand mould casting because this was the only technique
capable of serial production.818 This is only partly correct: most of the smaller bronzes could
indeed be cast must faster in sand than in wax. These smaller bronzes were cast using sand
moulds in a relative short time because their piece-mould consisted usually of a limited
number of false cores, making the moulding process and the subsequent drying of the mould
relatively short. Some of these smaller bronzes proved very popular and justified the expense
of making a copper alloy pattern with detachable parts called a chef modèle (fig. 5.13).
Rodin was one of the first major artists utilising the serial production capabilities of sand
mould casting. From the moment of completion of the clay model, Rodin’s involvement with
the production was minimal: the plaster model and the plaster pattern were made by
professional moulders, the bronze cast was produced by a foundry and finally the patination
by his personal patinator. Rodin’s involvement was most likely limited to the choice of patina
and final approval of the finished bronze. Sand mould casting made it possible for Rodin to
separate the design and production process. This has two major advantages: firstly, the largescale serial production of Rodin bronzes and secondly enabling Rodin to focus most of his
energy and time on the creation of new work. With lost wax casting this would have been
more difficult because of the necessity for Rodin to be personally involved in the re-working
of the waxes.
The sand mould casting of, middle to large bronzes was more complicated, requiring multiple
and large false cores. In addition, the drying of these larger mould pieces would take more
time and making thus the time advantage compared to lost wax casting, considerably less. For
the middle and large bronzes, it was not so much the technique that was the issue, it was more
the experience and capacity, differing between sand and lost wax foundries. Most of the latter
were small, often one-man foundries who were still in the process of adapting lost wax
casting to serial production. The sand mould casting foundries were usually larger companies,
employing tens even hundreds of foundry men, using a well-established technique.819
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Fig. 5.13. Detail of the assembled chef modèle of Rodin’s La jeunesse triumphant. Note the pins holding the various
detachable part together. Rodin Museum, Paris (inv.no. S.2474)

5.3.2 The cost difference between lost wax and sand mould castings
Authors such as Launay, Altmütter and Fesquet all mentioned the higher cost of lost wax
casting.820 It is therefore interesting to compare prices charged by lost wax founders and sand
mould founders, commissioned by Rodin. The number of comparisons that could be made is
rather small, since the lost wax founders used by Rodin during this period only produced a
handful of bronzes for Rodin. These bronzes were often not specified in invoices, often only
described as bust or statuette. A further limiting factor is that the lost wax and sand moulded
bronze should be of the exact same model and cast within a few years of each other. Despite
these limitations there are a few examples. In 1883 François Rudier charged two hundred
Francs for the casting of a Bust of Victor Hugo, whereas Pierre Bingen charges for the same
bust in 1886 double that amount, i.e. four hundred Francs.821 In 1882, the same François
Rudier charges again two hundred Francs, this time for the casting of a Bust of Jean-Paul
Laurens, with Gonon charging in the same year for the same sculpture three hundred fifty
Francs.822 In both these examples, the lost wax founders charge double or almost double the
amount for the same type of sculpture, compared to sand mould foundries. Twenty years later,
when Hébrard gives an estimate for the casting of the enlarged Thinker, the difference is even
greater: twelve thousand Francs compared to the five thousand by the Alexis Rudier
foundry.823
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Launay 1827, 181; Altmütter 1830, 165; Fesquet in Overman 1881, 258-259.
Invoice 12 October 1883 in F. Rudier file MR. Invoice 16 November 1886 in Bingen file MR. Victor Hugo: bust
with pedestal h. approx. 42 cm, see Le Normand-Romain 2007, 433.
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Invoice 23 April 1882 in F. Rudier file Rodin Museum, Paris Invoice 25 April 1882 in Gonon file Rodin
Museum, Paris.
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le Normand-Romain 2007, 28.
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5.3.3 The ideal of lost wax casting: the artist-founder and the founder-artist
The renewed interest into lost wax casting during the last quarter of the nineteenth century, is
an interesting phenomenon with multiple angles. Until now, this thesis has covered mainly the
technical aspects but there were also other factors at play at the time. The production of
decorative bronzes in this period became almost industrialised with huge foundries employing
hundreds of workmen.824 These foundries, catering to the bourgeois taste, were producing in
large quantities a great variety of, often cheaply made, bronzes. The technique enabling this
production – sand mould casting – became synonymous with fast, cheap and often lowquality casting. Lost wax bronzes were considered to be the opposite of this. In an age
characterised by historical revivalism, lost wax casting became associated with the great
bronzes and founders of Antiquity and the Renaissance. Cellini, an artist who carried out the
casting of his own work using the lost wax technique, was seen especially as the ultimate
artist/craftsman. This was greatly assisted by the fact that Cellini wrote so vividly, confidently
and detailed about his working methods.
In France, it was the artist Dalou who had a prominent role in the popularisation of lost wax
casting, employing Gonon as well as Bingen to cast his monuments.825 Whilst in exile, Dalou
probably influenced British artists like Sir Alfred Gilbert (1854-1934) who, together with
George Blackall Simonds (1843-1925), became instrumental in the re-introduction of lost wax
casting of bronzes in Britain.826 Gilbert had his first bronzes cast in Naples, Italy, in the early
1880s.827 Back in Britain, Gilbert started to experiment himself, like a revival of Cellini, with
lost wax casting.828 The Italian influence in Britain continued with the setting up of the first
lost wax foundry in London by Allessandro Parlanti, followed by the Singer and Thames
Ditton foundries also introducing lost wax casting in their foundries.829
The artist perhaps engaging most with the lost wax technique around this time, is Medardo
Rosso (1858-1928). Born in Turin and trained in Milan, Rosso spend some time in 1884 in
Dalou’s workshop in Paris where he befriended Rodin. Considering his Italian background, it
is likely that he was already familiar with lost wax casting although it is not inconceivable he
was also inspired by Gonon and Bingen who were both working for Dalou. Rosso’s work has
often been associated with that of Rodin, both modelling in a similar sketchy modern style.
The interesting difference between the two artists is their use of bronze casting techniques.
While Rosso experimented personally with lost wax casting, like a true Renaissance artist,
Rodin in contrast, left the production process to professional moulders and founders. This
enabled Rodin to create a huge oeuvre and production compared to Rosso’s very modest
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Foundry work during this period was still very much handwork; the piece-moulding in sand was never
carried out by machines.
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Lebon 2012, 94-132.
826
Ibid, 102 note 190. Simonds was a staunch promotor of what he called the waste wax process. He did this by
giving numerous lectures and writing several articles on the subject, see Simonds, 1886 and 1896.
827
The foundry of Sabatino de Angelis: James 1986, 23.
828
Ibid 24.
829
For a detailed of the Parlanti’s working methods; Parlanti, E.J. Casting a Torso in Bronze by the Cire Perdue
Process, Alec Tiranti, 1953. For more on the Singer and Thames Ditton foundries, see James 1986, 24.
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oeuvre, although of course other factors are also at play that contributed to Rodin’s success as
sculptor.
Another sculptor, promoting the use of lost wax casting, was the American Paul Wayland
Bartlett (1865-1925). Son of the American sculptor and art critic Truman Howe Bartlett
(1835-1922), he spent most of his life in Paris where he had his own studio/lost wax foundry.
While his father was instrumental in the introduction of French artists such as Auguste Rodin
in the United States, son Paul did a similar thing for lost wax casting in the U.S.830 Paul
Bartlett claims to have invented his way of lost wax casting: “to have found it [lost wax
casting] through repeated experiments and combinations of different earthy substances, after
reading all there was to read on the subject.ˮ831
Bartlett’s working method however, is almost identical to Bingen’s technique whereby the
wax model is made by pouring wax between a cut back core and the outer piece-mould.832 It is
likely that Bartlett acquired this intimate knowledge of lost wax directly from Bingen, to
whom he was introduced to by his tutor Carriès in the early 1880s.833 Bartlett, in turn,
introduced Bingen to American Gorham Foundry in Providence, Rhode Island, to further
develop their lost wax casting division.834 The appreciation of founders and lost wax founders
in particular, changed in the course of the nineteenth century. An early example of this is the
petition for Eugène Gonon around 1876, to preserve his knowledge of lost wax casting for
France. And when Pierre Bingen was interviewed in 1890, about his recent work on the
monument for Eugène Delacroix by Dalou, the article is titled Un artiste, placing the founder
at equal standing with artists.835 Vauxcelles article from 1905, on the lost wax foundry
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Albert Elsen credits Truman with writing "One of the most detailed and objective accounts of [Auguste]
Rodin's life and art before 1889 ... [Bartlett] not only conversed at length with the artist, but seriously
researched his subject among newspapers and periodicals and he interviewed the sculptor's contemporaries."
See Elsen 1965, 1
831
Anonymous, ‘“Lost Waxˮ. A Visit to Paul Bartlett's Studio.” New York Daily Tribune, Sunday September
(1895): 23. (The date of August 20 given in Adil & De Phillips (1991) is the date of the interview and not the
newspaper article)
832
“From the model in clay a plaster cast is taken in the ordinary way. This plaster cast is scraped or pared
down slightly, and is then called the core. This core is put back into the mould (which, being in sections, can be
taken apart and put together at will). Over the core a new impression is taken in wax, which thus replaces the
surface part of the core, that had been pared off, and reproduces exactly all the niceties of the mould, taken
from the original model. This wax model is then retouched by the artist.ˮ; Anonymous 1895, 23. For more on
Bingen’s technique sub-chapter: 5.3.4 The lost wax cast Ionides Thinker: Bingen or Gonon? In this thesis.
833
Adil and De Phillips 1991, V.
834
Bingen however, was not very willing to share his secrets with the Gorham founders and his American
adventure was short lived as was the use of lost wax founding of bronze sculpture at Gorham: Conner, Jannis.
"Harriet Whitney Frishmuth and Her Founders." Sculptured Motion: The Sculpture of Harriet Whitney Frishmuth
Hohmann Holding LLC (2006): 57.
835
This monument can still be found in the gardens of Palais du Luxembourg in Paris. For the article see Huret,
Jules. “Un artiste: a propos du monument d’Eugène Delacroix.” L’Ėcho de Paris, 7 October (1890): 2. A partial
transcription of this article can be found in Lebon 2003, 113-115. Lebon’s transcription was probably based on
an incomplete and undated newspaper clipping of this article in the Bingen file at MR. In the course of this
investigation I have been able to trace the complete article, which can now be dated to 1890. In the article
Bingen also states that he has been running his own foundry business for ten years. The dating of this article
provides now a more secure date for Bingen’s working period in Paris starting in 1880 and finishing in 1904.
(The full article can be found in appendix 4)
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Hébrard, is almost equally laudatory about the founder and its casting method.836 Eugène
Rudier, in contrast, has to wait until 1936 before an article appears about him, focusing
mainly on the artists he worked for and with very little information on his working methods.837

5.3.4 The lost wax cast Ionides Thinker: Bingen or Gonon?
In preparation for the exhibition in 2011 on Rodin’s Thinker in the Singer Museum Laren, an
intriguing discovery was made. This exhibition, which centred around the recently restored
bronze from the Singer Museum, brought together some very important early casts of this
sculpture and gave a unique opportunity for comparison. Present in this exhibition was the
very first bronze cast of the Thinker (1884) from the National Galleries of Victoria in
Melbourne (fig. 5.14). When studied prior to installation, this bronze turned out, surprisingly,
to be a lost wax casting, whereas all the subsequent later casts of the original size Thinker, and
actually the vast majority of bronzes produced during the course of Rodin’s lifetime, were
cast in sand moulds. So why did Rodin choose to have his first bronze Thinker cast using the
lost wax method? To answer this question, one has to go back to the early 1880s. In July
1880, Rodin received a monumental commission to design the entrance doors for the future
museum of decorative arts, planned by the French state. Rodin was then still relatively
unknown and started to work on this commission with great vigour. By the end of 1881 he
had worked out the general composition of the doors and surrounding frame. This portal, later
called Gates of Hell, was inspired by the Inferno, the first part of Dante Alighieri’s Divine
Comedy (ca. 1308-1321). Placed in the centre of the tympanum was the figure of Dante
himself.
Among the many supporters of Rodin’s work in England was the art critic William Ernest
Henley (1849-1903). Upon hearing of the exciting progress Rodin had made with the Gates of
Hell he requested photographs of the work from the artist. Henley showed these photographs
to the Anglo-Greek collector Constantine Alexander Ionides (1833-1900) in November 1883
and it was not long after that, that Ionides commissioned a bronze cast of Dante for the
considerable sum of four thousand Francs. In April 1884 Ionides, writing to Rodin about
where he is going to display the bronze in his house, mentions the name Thinker for the first
time: “I’m thinking of placing your thinker on a round table in the reception room where it
can be seen from all sides”838
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Vauxcelles 1905, 189-197.
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Blanchetière François and David Thurrowgood. “Two insights into Auguste Rodin's The Thinker.” Art Journal
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Fig. 5.14. Auguste Rodin The Thinker (1881–82), lost wax casting 1884, National Gallery of Victoria,
Melbourne, Felton Bequest, 1921 (inv.no. 1196-3). (image National Gallery of Victoria, Melbourne)

Ionides kept the sculpture, the very first bronze cast of the Thinker, in his private home and
when the bronze was sold, in 1921 to the National Galleries of Victoria in Melbourne, it sat
for years quietly in the gallery, unknown to most of the Rodin scholars. This changed when
Albert Elsen (1927-1995) studied the bronze in 1984. At first, the renowned Rodin scholar
dismissed this Thinker because of some differing features in details of the modelling, but soon
had to retract his statements when confronted with the watertight provenance of the bronze.839
The Ionides cast is the only Thinker which, up till now, has not been convincingly attributed
to a specific foundry. Of the many art foundries in Paris, working around 1884, it is known
that two and perhaps four were capable of casting bronzes with the lost wax method, as all the
other foundries were casting exclusively in sand moulds.840 These foundries are Eugène
Gonon, Pierre Bingen, and perhaps Thiébaut frères and Gruet Jeune.841 Rodin commissioned
all of them for a short period in the early 1880s, with documentary evidence of Eugène Gonon
producing some bronzes for Rodin between 1882 and 1885, Bingen between 1884 and 1889,
Thiébaut frères from 1880 and Gruet Jeune between 1880 and 1883.842
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Blanchetière and Thurrowgood 2013, 43.
Lebon 2003, 269.
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See also sub-chapter 2.7 The lost wax casting of bronze sculpture in the nineteenth century in this thesis.
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Vassalo 1992; entry Gonon in Liste des fondeurs.
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Although Gruet Jeune and Thiébaut Frères were commissioned by Rodin from 1880 to cast
bronzes for the sculptor, it is very likely that the bronzes they produced in early 1880s were
still made using sand moulds, for example the Bust of St. John the Baptist (RMP S.6670) from
1880, which is a sand mould casting and clearly marked by the foundry.843 The evidence we
have for lost wax castings by these two foundries is for later in the 1880s, namely 1887 for
Gruet and 1889 for Thiébaut Frères.844 This makes it very unlikely that the Melbourne
Thinker was produced by Gruet or Thiébaut Frères, narrowing the possible candidate founders
to either Gonon or Bingen. There is of course another possibility that an unknown lost wax
foundry, used by Rodin and not marking their bronzes, was active in Paris around 1884. This
is a rather unlikely scenario, because that would mean that this unknown foundry, capable of
casting quite large sculpture and working for a well-known sculptor, left no trace watsoever.
This is rather unlikely because the Rodin archive, which has a very extensive correspondence
with foundries, has no evidence at all of such a foundry. In addition to this, Lebon gives no
indication of this foundry in her publications and personal communication.
Blanchetière, attributes the Ionides Thinker to Gonon, based on the fact that Bingen
systematically marked his casts and Eugène Gonon did not.845 Lebon however, is inclined to
see Bingen as the founder of the Ionides Thinker, because by 1884, Gonon was very busy
with the monumental relief Mirabeau répondant à Dreux-Breze by Dalou (fig. 5.15).846
Why Gonon did not consistently mark the products of his foundry, is not known. An example
of an unsigned cast is the Idylle d’Ixelles from Rodin Museum, Paris (inv.no S.978) which is
firmly attributed to Gonon but not marked by the founder with foundry name.
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Bronze examined personally, together with Jean Dubos and Francois Blancetiere on 2-4-2012.
For Gruet see Shapiro 1985, 116 and for Thiébaut Frères see Lebon 2003, 246.
845
Blanchetière and Thurrowgood 2013, 45.
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which can be found today in Casimir Perier room at the Palais Bourbon in Paris; Hallopeau, A. “Le bas-relief de
la chambre des Députés – Mirabeau et le marquis de Dreux-Brézé : 23 juin 1789.”, Le Génie civil, 17 octobre
1891. Tome XIX, No 25, (1891): 399- 406, pl. XXVII. Collections électroniques de l'INHA,
http://inha.revues.org/3634, [accessed 22 June 2018]
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Fig. 5.15. Jean-François Raffaëlli, Chez le fondeur, 1886. Oil on canvas. Eugène Gonon, on the left, is depicted giving
directions for moulding, in preparation of the casting of the monumental relief Mirabeau répondant à Dreux-Brézé by Jules
Dalou. A plaster cast of this sculpture was exhibited at the Salon of 1883. (image Musée des Beaux-Arts, Lyon.)

It bears, though, the stamp DB DB 431, which is very similar to the stamp DB (or OB) 131
which can be found on the 1883 Ugolin group (fig. 5.22) by Gonon, which is additionally
signed E. Gonon. Perhaps time restraints did not allow for the application of the signature or
maybe Gonon was not entirely happy with the quality of the cast and did not wish to be
associated with it.
Since there is no further documentary evidence giving weight to either a Bingen or a Gonon
attribution, one has to look at the technical evidence the surviving bronze can provide. This
art technological research examined the casting features of the bronzes as well as the alloy
composition.
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5.3.5 Casting features of Gonon and Bingen bronzes
Part of the recent conservation work to the Melbourne Thinker, in preparation for the Laren
exhibition, was the removal of a later plaster filling in the base revealing, for the first time in
living history, the interior surface of the bronze.847 This finally created the opportunity to
determine the casting method. The surface of the interior of the bronze displayed drip marks
and a smooth surface, typical of indirect lost wax cast bronzes (fig. 5.16).

Fig. 5.16. A detail of the interior surface of the Melbourne Thinker, displaying the typical characteristics of an indirect lost
wax cast bronze with drip marks and remnants of the plaster core.

The cleaning of the outer surface of the bronze revealed numerous small bronze spheres,
particularly on the surface of the base. These raised spheres, with an average diameter of 1-2
mm, are typical for the use of liquid mould material, such as gelatine and plaster, in the lost
wax casting process, whereby air bubbles are trapped in the surface of the mould (fig. 5.17).

Fig. 5.17. Exterior surface detail of the base of the Melbourne Thinker illustrating the raised spheres, evidence of porous
gelatine and plaster moulds, as used in the lost wax casting process.
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Blanchetière and Thurrowgood 2013, 47.
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When the interior of the Melbourne Thinker is compared with the interiors of other lost wax
bronzes cast by Gonon and Bingen, a strong resemblance with the Gonon lost wax castings of
that period can be observed. The most striking feature is the white plaster-like surface residue
on the interior surface (fig. 5.18). Two distinctly different types of plaster can be observed:
white plaster close to the edge of the base and yellowish stained plaster deeper in the
sculpture. The latter one is the original core material, whereas the first are the remains of the
later plaster infill, that was removed during the last conservation treatment. Gonon is known
to have used plaster-based cores in his lost wax castings, for example in his treatise on lost
wax casting from 1876, he gives the following recipe for cores:848
-

terre cuite, 2 mesures
(terra-cotta, 2 parts)
sable de Belleville, 1 mesure (sand from Belleville, 1 part)849
plâtre à mouler, 2 mesures
(moulding plaster, 2 parts)

Fig. 5.18. Interior view of the Ionides Thinker showing the plaster-based surface deposit on the inside of the
bronze. National Gallery of Victoria, Melbourne.

Similar white plaster-like surfaces can also be observed on bronzes by Gonon such as Idylle
d’Ixelles (fig. 5.19) and Ugolin et ses enfants (fig. 5.21).
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Lebon 2012d, 38.
Gonon regards this sand as the best: “Le sable de Belleville est réellement supérieur à celui des autres
localitésˮ see Lebon 2012d, 38.
849
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The drip marks, typical for indirect lost wax casting, have already been discussed in the
previous paragraph, but there is another feature characteristic for the manufacture, which can
be observed on this bronze.

Fig. 5.19. Interior view of Idylle d’Ixelles (Rodin Museum, Paris)

Fig. 5.21. Interior view of Ugolin et ses enfants, private
(image Sotheby’s New York)
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Fig. 5.20. A. Rodin, Idylle d’Ixelles
(1875-1885). Bronze, lost wax casting
by Gonon in 1885. (H. 53 cm; L. 41 cm;
D. 41,5 cm) Rodin Museum (inv.no.
S.978) (image Rodin Museum, Paris)

Fig. 5.22. A. Rodin, Ugolin et ses collection
enfants, conceived in 1882 and cast in
1883 by Eugène Gonon. (L. 56 cm)
Private collection.
(image Sotheby’s New York)

Close examination of the interior surface of lost wax cast bronzes, such as the Ionides Thinker
(NGV Melbourne) and the Idylle d'Ixelles (Rodin Museum, Paris inv.no S.978), revealed a
specific type of foundry patch sometimes referred to as a cold patch.850

Fig. 5.23. Detail of the interior of the skull of the
Ionides Thinker (NGV Melbourne) showing the
plugged lantern hole.

Fig. 5.24. One of the four plugged lantern holes in the Idylle
d’Ixelles (Rodin Museum, Paris, inv.no. S.978)

The plugged holes of this type of lantern hole display a typical square appearance, with rough
edges on the interior of a bronze (figs. 5.23 & 5.24).851 This can be explained by the fact that
the lantern in this case was covered with clay, especially in the area where the lantern would
run the risk of coming in contact with the molten metal.852 The layer of clay would have two
functions: firstly to prevent molten metal flowing into the lantern and thus blocking the
escape route for the core gases and secondly to act also as a spacer keeping the core from
moving. The clay surrounding the lantern would be given a square shape because a square
form of the hole would be easier to prepare for plugging with a flat chisel (fig. 5.25).

Fig. 5.25. Schematic drawing of a cross section of a cold patch. (illustration V. Veenemans)

The French term for this square plug is portée.853 Figure 5.26, of the newly cast and unfinished
lost wax cast monumental Thinker in the Hébrard foundry, clearly illustrates this use of a
lantern.
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Harry Jackson gives in a series of photographs the procedure for the application of a cold patch in his book,
see Jackson 1972, 94-97.
851
For more on lanterns or core vents, see sub-chapter 2.2.3 Launay and the first manual in this thesis.
852
In addition to the square plugged lantern patch one can observe in the Idylle d'Ixelles and the Bathsheba for
each of them also square plugged holes in the base. These were probably not plugged lantern holes but plugs
without lantern or other core irons, acting as spacers in refractory material to keep the core and outer mould
spaced at equal distance.
853
Personal communication with Christophe Bery from the Coubertin foundry. For more on portées; Guettier
1858, 264-265. The phenomenon of portées is outside the scope of this thesis but deserves more thorough
future research.
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Fig. 5.26. Detail of the monumental lost wax cast Thinker at the Hébrard foundry in Paris. The bronze is
unfinished with the lantern still protruding from the top of the skull and other core-irons sticking out from the
shoulders. (from La Vie illustrée 8 July 1904)

This type of foundry patch is, however, not a unique feature of nineteenth and early twentieth
century bronzes because this has also been observed, during the course of this study, on a
seventeenth century lost wax cast bronze Bathsheba, on the art market in 2012.
Another feature which can be used to distinguish between Bingen and Gonon is the surface of
the metal inside the bronze. The interior surface of Bingen’s lost wax castings show a
characteristically different surface (figs. 5.27, 5.28 & 5.29).

Fig. 5.27. A. Rodin; Bust of Victor Hugo (reduced version), 1885. Bronze, lost wax casting by Bingen (marked
Bingen. Fondeur) in 1886. H. 39 cm (incl. base); L. 18 cm; D. 17.7 cm. Rodin Museum, Paris (inv.no. S.497)
Image on the left giving interior view of the bust

This surface is more akin to a sand mould cast surface and this can be explained by Bingen’s
special lost wax casting technique using a pre-shaped core.854 This interior surface, typical for
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Boulton in D. Kosinski (ed.) 2007, 94 note 76.
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Pierre Bingen bronzes, can also be observed on for example the Bingen cast of Augustin Jean
Moreau-Vauthier’s (1831-1893) bust of George A. Lucas in the Metropolitan Museum of Art
in New York (fig. 5.28) and Rodin’s Crouching woman from 1885 in a private collection (fig.
5.29).855

Fig. 5.28. Augustin Jean Moreau-Vauthier, bust of George A. Lucas, 1890. Bronze lost wax casting by Pierre Bingen (marked
cire perdue P. Bingen Fondeur). H. 50.3 cm; W. 41.6 cm; D. 29.4 cm. Metropolitan Museum of Art, New York (Acc. No.:
91.7). (image on the right, Metropolitan Museum of Art, New York)

Fig. 5.29. A. Rodin, Crouching woman, conceived 1881-82. This lost wax casting by Bingen from 1885 illustrates the
deceiving sand moulded appearance of the interior of the base., H. c.32 cm, private collection. (image Jerome le Blay)
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Metropolitan Museum of Art, New York: Acc. No.: 91.7
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Not only the interior, but also the exterior of the lost wax bronzes by Pierre Bingen, appear to
be markedly different from a technological point of view, compared to Gonon bronzes.
Bingen bronzes show a large degree of after-work in the wax whereby extra detail is added, a
feature which is much less observed on Gonon bronzes from this period. This can be
explained by the specific moulding and casting technique used by Bingen, of which we have a
description when Jules Huret interviewed Bingen and questioned him about his working
method.856 In this newspaper article, he gives a detailed account which can be summarized as
follows: upon delivery by an artist of his model, the founder Bingen would carefully make a
copy of this model in a material referred to as terre.857 The next step was to fire (cuire) this
clay model, this would probably be a low temperature firing otherwise this would mean that
the clay would be converted into terra-cotta. High fired terra-cotta model is not very suitable
as a core because it does not possess the ability to contract when the surrounding metal
shrinks but more importantly the hard, brittle, terra-cotta does not lend itself to scraping off an
even layer from the surface. The material terre was probably either a clay with a high sand
content or a sand with a substantial clay content, akin to moulding sand used for sand mould
casting. Upon close study of surviving bronzes by Bingen from this period this core material,
which looks remarkably similar to natural moulding sand, can still be found in recesses in the
interior of the sculpture (fig. 5.30).

Fig. 5.30. Interior view of the reduced bust of Victor Hugo (Rodin Museum, Paris, inv.no. S.497). Left image showing
remnants of reddish moulding sand. The right image illustrates the charred traces of burned sand together with core pins.

The next step by Bingen would be to cover this reduced core with a thin layer of wax of the
desired thickness of the bronze. This wax model with a core of sand, was now lacking surface
details, and had to be reworked by the artist.858 This reworked wax was then covered by
Bingen with a series of successive layers in clay, and subsequently fired and processed in the
856

Huret 1890, 2.
This is somewhat surprising, since he is later described as being “irascible, greedy, and utterly disinclined to
share his knowledge”, see Conner, Janis. “After the Model: Bessie Potter Vonnoh's Early Bronzes and
Founders.” Bessie Potter Vonnoh: Sculptor of Women. Aronson, Julie (ed), Cincinnati Art Museum (2008): 240.
858
The surface of the base of bust of Victor Hugo (Rodin Museum, S. 497) appears to contradict this working
method as it displays a wood grain texture probably deriving from the use of a wooden model for this base.
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usual manner for an indirect casting. Bingen’s moulding technique is similar to a moulding
technique described in Biringuccio’s De la Pirotechnia (Venice 1540):
There are some others who, because they wish to make the bronze statues hollow and
equally thin all over (wherein lies the whole difficulty), make a core of moulding clay
finished exactly as they wish their statue to be, and bake it. When it is baked, they cut
away a layer of the thickness that they wish the bronze to have and replace this in wax.
To do it better, they cut it away part by part and replace with wax the amount of clay
taken off, thus returning their figure in wax to its previous shape in clay.859
It is conceivable that Bingen got his inspiration from this publication, although with Bingen’s
method, the wax is cast between the cut-back core and the piece-mould used to make this
core. The technique described in Biringuccio is a form of direct casting, whereas Bingen’s
method is a form of indirect casting, whereby the original artist model is not lost in the
process. However, one wonders what is regarded as the artist model with Bingen’s moulding
technique since most of the details are (re)produced in the wax. As a result of this method,
Bingen’s bronzes display a remarkable fine surface. Certain surface defects such as the raised
spheres, found on the Melbourne Thinker, have to date, not been observed on his bronzes.
When describing his technique to Huret, Bingen does not mention the use of gelatine moulds.
Gonon, however, does describe using gelatine in his treatise of 1876.860
In this respect it is interesting to look at the often-used terms, direct and indirect casting. The
terms direct and indirect casting are basically not correct because the difference between the
two techniques is in the moulding process and not the casting itself. In the modern foundry
industry indirect casting is used to denote different foundry processes: it can refer to the
casting of a half-product such as a billet which will be processed further, while direct casting
is used for casting a shape very close to the end product, requiring very little further
processing (nearnet-shape casting).861 Because the term direct and indirect casting, as used in
art technological writings, basically refers to the moulding process, I propose therefore to use
the term direct and indirect moulding instead.
Although Bingen’s bronzes are usually very detailed casts, their method of production not
only required the artist to redo the modelling but also, by its very nature, it was a slow
process, producing one-off pieces. For an artist such as Rodin, with an increasing popularity
and a demand for multiple casts of the same model, it would be impossible for a foundry such
as Bingen to supply sufficient castings in reasonable time. For the artists too, Bingen’s
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Translation Smith and Gnudi 1959, 230-231. ”Alcuni altri sono che per uoler sar le figure di bronze uacue
equali, per tutto sottili, che in questosta tusta la difficulta sanno un maschio di serra da forme. A ponto à ponte
finito come uogliano che la lor figura sia, lo ricueceno, ricotto gli tagliano una pelle di sopra di tanta groβezza
quanto uogliano che di bronzo uenga, la vimetteno di cera et perfarmeglio la tagliano à parte à parte, tanto ui
tornano di cera quanto n’ha leuato di terra, cosi ritornano la figura lor di cera come uel fuo prima eβer era di
terra, sopra allaquale cosi finita metteno il luto, e fan la forma,…”; Biringuccio 1540, 178.
860
See sub-chapter 3.3.4 Gelatine moulding in this thesis.
861
Anonymous; Direct casting for iron and steel sector [online] Available at: <
http://www.climatetechwiki.org/technology/direct-casting >, [accessed 1 June 2018].
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technique was very labour intensive, requiring for every casting, the additional task of
retouching the wax, a job one can understand Rodin would not have looked forward to, or
even had the time for.

5.3.6 Alloy composition of Gonon and Bingen bronzes
Compositional analysis of samples using ICP-MS
In addition to the above-mentioned casting and moulding aspects of Gonon and Bingen
bronzes, an investigation was carried out into the alloys used for these bronzes. The premise
of this study was to find out whether the Bingen and Gonon foundries used a foundry specific
alloy and whether the alloy of the Melbourne Thinker would be consistent with one of these
foundries. Bronzes of similar size and date of the Melbourne cast, by Gonon and Bingen,
were selected in accessible public collections. This was a relatively small group of bronzes
partly due to the small output of these foundries combined with the fact that bronzes of this
period are for a substantial part still in private collections.862
The samples were analysed using the ICP-MS technique. Inductively Coupled Plasma Mass
Spectrometry is an analytical technique used for elemental determinations by combining a
high-temperature ICP (Inductively Coupled Plasma) source with a mass spectrometer. The
plasma ionises the atoms of the elements and these ions are then detected by the mass
spectrometer. It is generally preferred over XRF analysis for the analysis because of its higher
accuracy and lower detection limits. The disadvantage of ICP-MS is, apart from its relatively
high cost, the necessity of sampling the object. This requires the removal of original material
from the object and owners of historic objects are not always willing to give permission for
this. Multiple samples, two to three, were taken from one sculpture for analysis at the Vrije
Universiteit van Amsterdam. The small number of sampled bronzes is not ideal for a
comparative study and it is realized that this study is limited by this and must be seen more as
an indication than conclusive evidence.
Six bronzes were included in this study: the Melbourne Thinker, two bronzes which are
generally ascribed to the founder Gonon (Kissing Babes from Melbourne and Idylle d’Ixelles
RMP) and two bronzes cast by Bingen (Victor Hugo RMP and George A. Lucas MMA)
The ICP-MS measurements of the Rodin samples in this study measurements were performed
using a MAT-Finnigan 262 RPQ-plus multicollector mass spectrometer (Finnigan Corp., San
Jose, CA) at the Vrije Universiteit Amsterdam.863
The full analysis can be found in appendix 1, with a summary in table XV underneath.
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The number of Gonon bronzes exceeds probably not ten and for Bingen not more than ten to fifteen;
Vassalo, Isabelle, Rodin et ses fondeurs, Université Paris I, MA thesis 1992; Bingen and Gonon in Liste des
fondeurs.
863
I am indebted to Richard Smeets and Gareth Davies of the Faculty of Earth and Life Sciences (FALW) Vrije
Universiteit Amsterdam, who carried out the measurements.
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Table XV. ICP-MS analysis of samples by the Bingen and Gonon foundries and the Ionides Thinker.

object

collection

Inv.no.

Foundry

Cu (wt.%)

Zn

Sn

Pb

total: Cu,Zn,Sn,Pb

Thinker
(1884)

NGV
Melbourne

1196-3

Unknown

85.14

10.18

3.20

0,79

99.31

Kissing
Babes
(1883)
Idylle
d’Ixelles
(1885)

NGV
Melbourne

1197-3

Gonon?

91.24

7.22

1.03

0.24

99.73

Rodin Museum
(Paris)

S. 978

Gonon

87.25

9.91

1.72

0.54

99.42

Victor
Hugo
(1885)
George A.
Lucas
(1890)

Rodin Museum
(Paris)

S. 497

P. Bingen

95.68

1.49

2.16

0,28

99.61

MMA (New
York)

91.7

P. Bingen

92.61

4.81

1.63

0.24

99.29

In this table, only the major elements are summarised; copper, zinc, tin and lead. The largest
constituent, copper, is for Gonon slightly lower but not significantly enough to act as a
discriminating factor. This is also applicable to the lead and tin components.864 Zinc however
is distinctly higher in Gonon bronzes than in Bingen bronzes. The zinc content of the
Melbourne Thinker is much closer to the Gonon bronzes, especially the Idylle d’Ixelles, and
more than double that of the Bingen bronzes. The similarity of the Melbourne Thinker alloy
composition with Gonon bronzes is noticeable, however, Gonon’s alloy is fairly typical for
late nineteenth and early twentieth century bronzes and it is really the difference with
Bingen’s more a-typical alloy that is significant.865
The case for Gonon as the founder of the Ionides Thinker can be summarized with the
following points:
-

Bingen consistently marked his casts whereas Gonon did not
the wax model for the Ionides Thinker was slush cast in a gelatine mould; this was
standard foundry practice for Gonon and not for Bingen
the core material of the Ionides cast is plaster-based, this was at that time standard
foundry practice for Gonon and not for Bingen
the alloy of the Ionides Thinker is closer to the Gonon alloy than the Bingen alloy

864

Tin showed great variations between the various samples within the bronze they were taken from. See
appendix 1
865
I would like to thank Arie Pappot for pointing out similar alloys used for bronzes in the Rijksmuseum
collection, such as: BK-18771-A en B: George Gardet, 1890?; BK-NM-11391-1: Alessandro Castellani, 1875; BK1982-65: Johan Altorf, 1919; BK-B-91: Charles van Wijk, 1906; BK-B-111: Toon Dupuis, 1900-1911.
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5.4

Conclusion

While the previous chapter 4 looked at the making process and the characteristics it produced
on the bronzes, the above chapter builds on this knowledge to interpret, explain and reflect on
technological features of Rodin bronzes in general and Thinkers specifically. Through
comparison it was observed that the castings produced by Eugène Rudier share great technical
similarity with Griffoul castings and a marked difference compared to the bronzes produced
by his uncle François Rudier. A possible explanation for this is that Eugène Rudier or one of
his foundry men acquired some of their bronze moulding and casting skills from father or son
Griffoul, via the connection of his uncle François Rudier, once the business partner of father
Griffoul.
A comparison study was also instrumental in establishing the possible founder of the Ionides
cast. This first ever bronze cast of the Thinker has always been a sort of enigma. The only lost
wax casting of this sculpture, and lacking foundry mark or documentation to attribute it to a
specific foundry. Two founders have been suggested as likely candidates by art historians in
the past, namely Pierre Bingen or Eugène Gonon. Through analysis of the art technological
features of this bronze and comparison with other bronzes by these founders, Eugène Gonon
was identified as the most likely founder of the Ionides cast.
When Rodin started, in the mid-1870s, to commission foundries to cast his first bronzes, sand
mould casting was the pre-eminent founding method for bronze sculpture. As a result, these
first Rodin bronzes were cast using sand moulds. Around this time however, a renewed
interest emerged in lost wax casting, which, according to contemporary art-critics, was the
preferred method for reproducing fine art sculpture. They argued that only this founding
technique, used to produce the great bronze sculptures of Antiquity and the Renaissance, was
suitable to reproduce the work of modern master sculptors. This prompted several artists,
Rodin amongst them, to have, around 1880, their work reproduced in bronze using the lost
wax technique. From 1882 Rodin, who never performed his own castings, used the Gonon
and Bingen lost wax foundries until 1886. This was Rodin’s first period of using lost wax
founders and was ended for several reasons. One of the reasons was that Rodin popularity as
an artist increased in this period and resulted in more commissions for bronzes. The artisanal
nature of lost wax casting resulted in a long production process of these two foundries and
limited the output of these lost wax foundries, resulting in long delivery times for Rodin
bronzes.
The quality of the casts might have been another issue for Rodin. Even though Gonon and
Bingen were using both lost wax casting, their methods differed considerably, resulting in a
difference in the quality of casting, with the surface detail rendering of Bingen castings being
superior to that of Gonon. The very detailed surface of Bingen bronzes was, however, the
result of a second modelling of the wax, which Rodin could hardly have enjoyed.
Three times during his career Rodin was willing to try out lost wax casting, but every time he
was disappointed and went back to the trusted sand mould casting. Apart from price (lost wax
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casting was more expensive), quality of the castings and the reliability of the foundry, there
might have been another motive for Rodin to prefer sand mould casting over lost wax casting:
the aesthetic quality of a sand mould cast surface. It is conceivable that Rodin, with a
background in stone carving, preferred the soft tactile surface of sand mould cast surface over
a, too detailed, lost wax surface. The difference between the two surfaces is usually the type
of detail and the extent of the undercutting of these surface details. This gives a sand moulded
surface a less open and more solid appearance similar to a stone carved surface.
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Chapter 6

6.1

The case of the Laren Thinker:
Controversy, Characterisation and
Conservation

Introduction

This chapter concerns the research and treatment of the damaged Thinker of the Singer
museum Laren. The principal aim of this chapter is not so much to document the treatment
itself, for which I refer to the official conservation report and several published papers, but
more to reflect on the innovative techniques employed in the restoration of the damaged
Laren Thinker and on several ethical issues and to assess the implications of this project for
the field of conservation and restoration in general as well as for technical art history.866
When the Laren Thinker was vandalised in 2007, it was deemed, by many, to be irretrievably
damaged. As we will see, the extent of the damage was such that it was assumed, that only
heavy traditional restoration could return the sculpture to an, for the museum, acceptable
appearance. Because traditional bronze restoration techniques were considered too
interventive, a new innovative approach was required. Research was initiated to investigate
whether it was possible, using innovative 3D techniques, to restore the Laren Thinker. This
would hopefully also contribute to the current debate on the possibilities of 3D techniques,
such as scanning and printing, for direct application in sculpture conservation and restoration.
In order to proceed in a balanced way, the object had to be characterised by researching the
history of the statue, its art-historical context and the many material aspects of the sculpture
such as alloy composition, patina, casting method and its current condition. While the
characterisation of the condition and material aspects were rather straightforward, however,
this was not the case with the method of manufacture. Sand mould cast bronzes, tuned out to
be a poorly researched subject and the knowledge gap encountered was one of the motives to
start this thesis. On the basis of this characterisation, a range of conservation options were
developed, formulated and presented to an expert committee. The advice of this committee
was instrumental in the Singer Museum’s final decision for restoration.
In the following, I will briefly present the main issues at stake and conclude with my
reflection on the role of the conservator/restorer in a process like this.

866

The following papers on the treatment were published; Beentjes, T., et al. 2010; Beentjes. T. and R. van der
Molen 2013 & Davidowitz, T., et al 2011
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6.2

Developing conservation options and object characterisation

6.2.1 Methodology
The conservation of cultural heritage has developed greatly during the last decades. While in
the past, the treatment of cultural property was often the domain of autodidacts with craft
experience, modern conservators are specifically trained professionals. Crucial to this change
was the development of ethical standards and treatment methodologies. International and
national bodies of conservators/restorers have devised code of ethics which acts as guide lines
for those involved with the care of cultural heritage.867 Treatment methodologies have been
devised to provide assurance that all relevant issues in the decision-making process are
addressed appropriately as part of a treatment.868 Generally speaking, the objective of a
treatment is to conserve or improve the aesthetics, use and meaning of an object for its
owners, custodians and other stakeholders for now and for the future.
Appelbaum has devised the following strategy which consists of eight stages:869
1.
2.
3.
4.
5.
6.
7.
8.

characterize the object
reconstruct a history of the object
determine the ideal state for the object
decide on a realistic goal of treatment
choose the treatment methods and materials
prepare pre-treatment documentation
carry out the treatment
prepare final treatment documentation

Although the decision-making for and treatment of the damaged Thinker from Laren did not
purposely follow Appelbaum’s methodology, they are congruent to a large extent. This is why
I have chosen to follow her suggested approach in the following analysis.

6.3

Characterisation

6.3.1 Condition
Due to the use of an angle grinder, the injuries inflicted by the thieves to the sculpture were atypical compared to damage generally found on vandalised bronze objects. Instead of more
typically found distortions and breaks, the majority of damages to the Laren Thinker consisted
867

Code of ethics are usually part of professional guide lines for the members of professional bodies:
International Council Of Museums (ICOM), European Confederation of Conservator-Restorers' Organisations
(ECCO), The American Institute for Conservation of Historic and Artistic Works (AIC) to name but a few, all have
their own ethical codes and their members have to conduct their practice according to these codes.
868
See for a general approach to conservation methodology, Appelbaum, B. Conservation treatment
methodology. Routledge, 2012. The Stichting Behoud Moderne Kunst (SBMK) has devised a decision-making
model specific for modern and contemporary art: <http://www.sbmk.nl/uploads/decision-makingmodel.pdf˃[accessed 22 June 2018]
869
Appelbaum 2012. Introduction XIX
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of saw cuts and missing parts, with only minimal plastic deformation and loss of patina. (fig.
6.1)

Fig. 6.1. Damaged Laren Thinker from different angles and a close up of the head before treatment. (images M. Svenson)

Saw cuts could be found all over the sculpture, literally from head to toe. The head had been
severely affected with cuts in the face and the skull cap was nearly detached. As a result of
this, the upper part of the skull was one of the parts to suffer from distortion. Another severely
maltreated area was the upper left arm which was almost completely severed and similarly
suffered from hammer blows, leaving the upper arm displaced and disfigured. All around the
base of the bronze, various saw cuts could be found in an attempt to cut it all the way through.
It appears the work with the angle grinder came to a halt when the grinding disc hit the lead
slab inside the base. This original feature was cast inside the base and against the back to
prevent the top heavy hollow bronze from toppling over.870 Additionally, the signature and
surrounding area were deliberately abraded with the angle grinder in an attempt to render the
sculpture unsigned. However, the most obvious damage to the sculpture was the missing right
lower leg, the only part the thieves had managed to cut completely away from the sculpture.
As a result, the entire section between the knee and the ankle was missing. This part of the
sculpture was never recovered by the police. As with the upper part of the head and the left
arm, the thieves did not cut the leg all the way through. They had tugged the leg back and
forth until it finally snapped off, leaving a heavily deformed area below the knee that had lost
all off its surface patination. Similar losses of patination were noticeable on the left upper arm
and the upper part of the head that received the hammer blows.
Numerous smaller areas of patination loss in the form of scratches or abraded spots were
found all over the surface, due to rough handling by the thieves (fig. 6.2).

870

See sub-chapter 4.5 Lead counterweight earlier in thesis, for more on this.
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Fig. 6.5 Drawing, indicating different types of damage from different angles ( drawing T. Davidowitz)

Once retrieved, it became clear from the damage that the burglars had begun to cut up the
Rodin bronze in pieces. Using an angle grinder, they tried to cut the bronze in small pieces
which could be easily sold off as scrap metal without problems of detection. For some
unknown reason they stopped their destructive work and decided to hide the sculpture.
Unfortunately, they had already caused considerable damage to the bronze by then. Soon after
the return of the damaged sculpture, the museum’s Administrative Committee (Commissie
van Beheer) instigated an advisory committee, to investigate the possibilities for restoration of
the bronze.871 The main objective for the Singer Museum was to restore the visual appearance
of the bronze to provide the museum visitor the same experience with the sculpture as in the
past and preserving as much as possible the originality of the object. Which was formulated as
follows:
Is it possible to restore the statue of the Thinker by Rodin with retaining sufficient
original values and visual quality, in order for the statue to fulfil its function as an art
historical object in the collection of Singer Laren and as an icon of the original
collection of William and Anna Singer, as well as a unique work of art in the Collectie
Nederland?872

871

Commissie van Beheer.
Translation author. The original Dutch text, as stipulated by the Commissie van Beheer, is as follows: “Is het
beeld De Denker van Rodin te restaureren met voldoende behoud van de oorspronkelijke waarde en
beeldkwaliteit, opdat het beeld zijn functie als kunsthistorisch object in de collectie van Singer Laren en als
icoon van de oorspronkelijke collectie van William en Anna Singer weer kan vervullen, alsmede als uniek
kunstwerk in de Collectie Nederland.”
872
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The intention of the museum, as formulated above, sets out the requirement for the treatment
and the its feasibility. To determine the feasibility of a treatment requires a comprehensive
characterisation of the object, including the chemical analysis of the object’s materials.

6.3.2 Materials research: analysis
A technical study was carried out on the bronze statue as part of the feasibility study for the
restoration. It was decided to gather as much information as possible on the alloy, patina and
casting method.873 Although some information was found on the material aspects and the
founding of Rodin bronzes, some questions remained unanswered by the existing literature.
The composition of the alloy was determined by X-ray fluorescence and Electron Probe
Micro Analysis as an average of 94.5% copper, 4% tin, 0.9% zinc and less than 0.5% lead.
The readings were taken at different places on the sculpture where, because of the damage,
bare bronze was showing. In order to get an impression of the ductility of the alloy, an
identical bronze alloy was made and three bars were cast using this alloy. These bars were
turned on a lathe to the right dimensions and sent to the research laboratory of the Tata Steel
company where tensile strength tests on samples were carried out.874 These tests demonstrated
that the Thinker’s alloy was brittle, mainly owing to the high lead content.875 This was
confirmed by metallographic analysis.876 However, the bronze should still be able to withstand
a limited amount of plastic deformation. Therefore, reshaping should be kept at a minimum
and carried out in a controlled manner. Metallographic analysis confirmed the presence of
pockets of lead within a matrix of a single-phase cast copper tin alloy.877 The patina was
analysed using X-ray diffraction (XRD) and consisted of mainly basic copper sulphates, as
was expected. This patina is typical for outdoor bronzes in this environment.878
The damaged statue was finally investigated using X-radiography. Although the bronze is
hollow and almost all parts are accessible by endoscope, it was thought that X-radiography
might give information on casting specifics such as core pins, armatures and porosity in the
metal. The X-ray unit of the Rijksmuseum in the Ateliergebouw was used for this purpose.
Because of the thickness of the metal and its high lead content the X-ray unit had to be at the
maximum setting of 280 Kv and even at this setting it was not possible to get a good
penetration of the metal. Therefore, no extra information was obtained regarding core pins,
porosity and internal armatures.

873

Appendix 3
Appendix 3
875
Lead is not very soluble in copper and remains in the microstructure as small particles. These small pockets
of the weaker lead can act as void initiators during deformation; Prasad, B.K., et al. “Influence of the nature of
microconstituents on the tensile properties of a zinc-based alloy and a leaded-tin bronze at different strain
rates and temperatures.”, Journal of materials science 32 (1997): 1174.
876
Appendix 3: metal analysis
877
Appendix 3: metallographic analysis
878
Appendix 3: patina analysis
874
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6.3.3 Comparison with other patterns and casts
The first point of call, in the search for close copies of the Laren Thinker, was the Rodin
Museum in Paris.879 The Rodin Museum Paris has two locations: Hôtel Biron in central Paris
and Villa des Brillants in Meudon (a suburb of Paris) which was Rodin’s former residence
and atelier.880 It is in Meudon where Rodin’s study and production materials are preserved. In
this extensive collection of moulds and models, four plaster models of the Thinker of the size
of the Laren bronze are kept. Three of these plaster models are foundry models and were used
in the past in the sand mould casting process to cast copies in bronze. For comparison, the
damaged bronze was transported from the Netherlands to Meudon to be compared to the
copies in the museum collection. An interesting line-up was arranged, consisting of the four
available plaster models, a later bronze copy and the damaged bronze (fig. 6.6).

Fig. 6.6. The damaged bronze between plaster models at the Rodin Museum in Meudon. Third from the right is the damaged
bronze from the Singer Museum and second from the right is foundry model S.2840.

After having carefully examined and compared the details and measurements of the damaged
bronze and the plaster patterns, one plaster was found to match the bronze from the Singer
Museum exactly. This plaster (inv. No. S.2840) showed specific details such as moulding and
casting flaws and certain damages matching the Laren bronze. These details are
characteristics unique for this specific plaster foundry model, and the bronze casts produced
with these. These details, specific to a certain foundry model, can be caused by the
manufacture of this plaster or additional damage can occur during the sand moulding as part
of the bronze casting process. Examples of the anomalies specific to foundry plaster S.2840
are an indentation on the left big toe and a wart-like detail on the figure’s upper back as
discussed earlier in this thesis.881

879

There is also a Rodin Museum in Philadelphia (USA): Rodin Museum, Salvador de Bahia, Brazil (now closed)
and a Rodin Gallery in Seoul, South Korea
880
The Rodin Museum in Meudon, an outskirt of Paris, is where Auguste Rodin lived from 1895 till his death in
1917. He also worked here and in and under his former studio the Rodin Museum preserves a vast collection of
mainly plaster models inherited from Rodin.
881
See sub-chapter 3.4.1 The Foundry plasters for Rodin’s Thinkers in the Rodin Museum, Meudon and
Blanchetière F., “Het ontstaan van de Denker” in Tilanus et al. 2011, 47-49.
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6.4

Determining the ideal state for the object and a realistic goal of
treatment

6.4.1 Controversy: To restore or not to restore, that’s the question!
The theft and recovery of the sculpture was widely reported in the national media and resulted
in a public discussion regarding the future of the damaged bronze. In letters to the editor in
several Dutch national newspapers, people expressed their opinion concerning what they
considered to be the best option for the damaged sculpture. The majority of these letters
proposed to preserve the Thinker in its damaged state and to exhibit this as a monument of
stupidity and greed, an opinion also expressed by Frits Scholten, senior curator of Sculpture at
the Rijksmuseum Amsterdam.882 He also suggested to the museum in Laren, to acquire
another copy of the Thinker from the same period on the art market.883 Others suggested to recast the sculpture, using the remaining bronze for this cast (fig. 6.7).884

Fig. 6.7. Frontpage of the Pers newspaper (11 February 2008): The heading of this frontpage poses the question whether to
melt down the sculpture.

882

Brieven, NRC Handelsblad, 27 January 2007.
Scholten, F. “Exposeer de kapotte Rodin en koop een nieuwe”, NRC Handelsblad, 16 February, 2009
884
Dagblad de Pers, 28 January, 2008, frontpage and p. 6 & Lijster, T. “Replica van De Denker is even origineel”
NRC Handelsblad, 6 February 2008.
883
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After its decision for restoration, the Singer Museum, represented by director Jan Rudolph de
Lorm, participated actively in the discussion by replying twice and defending and promoting
its decision for restoration.885
Keep sculpture in its damaged state
The option to keep the bronze in its damaged state, was proposed frequently, often with the
suggestion to exhibit the vandalised bronze as a monument to a selfish act of greed and
ignorance. In cases like these it is worthwhile looking at similar cases. Public sculpture has
often been the subject of vandalism. In the case of outdoor bronzes this usually constitutes
defacing with paint. Very occasionally the damage is more extensive, for example Edvard
Eriksen’s (1876-1959) bronze Little Mermaid in Copenhagen has been repeatedly severely
damaged since its unveiling in 1913.886
Scholten, in his case against restoration, refers to the Cleveland Thinker. This monumental
size Thinker, in front of the Cleveland Museum of Art, was heavily damaged by a bomb
attack in 1970 and this act has been associated with the anti-Vietnam protest.887 As with the
Laren Thinker, the question arose whether and how to treat the sculpture, also in the media.888
The final decision was to only clean the sculpture, to remove the corrosive remains of the
explosive, but to keep the bronze in its damaged state. Although the case of the Cleveland
Thinker shows some similarities: both, a Rodin Thinker (albeit a different size), in a museum
collection and heavily damaged by a deliberate act of violence, there are some distinct
differences. The first major difference was the motive for the destruction and the second was
the type of damage.
The damage to this bronze, − the underside of the sculpture was completely deformed due to
the explosion, − is extremely difficult to restore. When cast bronze, of the alloy used by
Rudier (with a significant amount of lead), is deformed by a force such as an explosion, it is
bent and stretched in multiple directions. This type of damage is nearly impossible to form
back and any attempt to restore the original outline of the sculpture would require replacing
significant parts of the sculpture. The other difference in the damage, between the two
vandalised bronzes, was not of a technical nature but more of an aesthetic nature. The damage
inflicted to Cleveland Thinker was caused by an explosive placed at the base of the bronze. As
a result of this explosion, the damage was mostly limited to the lower regions of the sculpture,
keeping the figure of the Thinker, more or less intact. People, whether the public or
professionals involved, seem to relate more to damages inflicted to figural, human forms and
885

Brieven, NRC Handelsblad, 11 February 2008 & Schoonenboom, M. “Tonen beschadigd beeld is teveel eer
voor dieven.” NRC Handelsblad. 20 February 2009.
886
The Mermaid’s head has been sawn of twice and one attempt failed but left a deep saw cut. The right arm
was sawn off and one occasion the statue was completely blown off its base with explosives with holes blasted
in the mermaid's wrist and knee. On every occassion the statue was restored;
https://en.wikipedia.org/wiki/The_Little_Mermaid_(statue), [accessed 27-9-2017]
887
Christman, B. “Twenty-five years after the bomb: maintaining Cleveland's The Thinker.” Journal of the
American Institute for Conservation, 37(2), (1998): 173-186 & Robinson, William H. and Dansereau-Tackett,
Julie. “Who Bombed The Thinker?” Rodin – 100 years: Rodin in the Cleveland Museum of Art. Cleveland
Museum of Art (2017): 10-18.
888
“let the Thinker’s Wounds Show.” Unsigned editorial, Cleveland Press, March 26, 1970.
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describe damage to figural art often with term associated to injuries.889 Jan Rudolf de Lorm,
director of the Singer museum for example compared the Laren Thinker to a wounded child.890
The influence of the subject matter of the artwork in the decision making process before a
conservation/restoration treatment, is an interesting one and merits more research outside the
scope of this thesis.
The act of violence against the Cleveland Thinker is considered an example of iconoclasm,
the damaging of art for religious and/or political reasons.891 Other examples of Rodin bronzes
damaged by iconoclastic motives are World War II damaged bronzes in Berlin Museums and
the heavily damaged Rodin bronzes found in the rubble of the World Trade Center in NYC.892
The damages inflicted to these bronzes are the result of historic events which form part of our
collective memory and are often deemed significant enough to preserve. The damage to the
Laren Thinker, motivated by financial gain, does not fit in the general definition of
iconoclasm. Gamboni, in his online article on the Laren Thinker, refers also to the Cleveland
Thinker and wonders whether the vandalisation of the Laren Thinker can be seen as a form of
iconoclasm.893 In this article, Gamboni poses the question a few times but seems to struggle to
find a defining answer.
Many art works have been damaged on a non-iconoclastic basis in the past, for example
Barnett Newman’s Who’s afraid of red, yellow and blue III (1986) & IV (1982), Rembrandt
van Rijn’s Nightwatch (1911, 1975 & 1990) and his Danae in the Hermitage in 1985.894
Although some of these restorations have sparked a fierce debate, they all have resulted in a
treatment. However, the discussions on these treatments, publicly as well as in the
conservation profession, have changed the way the conservators and art historians look at
interventive treatments of art works. Questioning and discussing a proposed treatment is now
an essential part of conservation.
Replace the Thinker with another cast
These above-mentioned examples are mostly unique works of art. The treatment of damaged
works produced in multiples, such as Rodin’s Thinkers, however may require a different
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See for more on this: McKim-Smith, Gridley. "The rhetoric of rape, the language of vandalism." Woman's Art
Journal 23.1, (2002): 29-36.
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During a talk show on Dutch television: Pauw en Witteman, 26-1-2011.
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Gamboni, D. The destruction of art: iconoclasm and vandalism since the French Revolution. Reaktion books.
1997.
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Online available http://www.nytimes.com/2002/05/20/nyregion/born-hell-lost-after-inferno-rodin-worktrade-center-survived-vanished.html?mcubz=3., [accessed 22-9-2017]
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Gamboni, D. “Le Penseur Pansé: The Thinker and the paradox of iconoclasm.” 2016-17,
http://www.brokenthinker.nl/usedthinker/nl/editie_12/le_penseur_panse/., [accessed 24-11-2017]
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The literature on art vandalism is large and the following references are just a selection: James, B. “Roller
Controversy in Amsterdam: The Restoration of Modern Art.” The New York Times. 11/02/1991; Van Duijn, E.
“Vandalism and the Rijksmuseum: three vandalised paintings restored by Luitsen Kuiper in the nineteen
seventies.” Paper given at the conference Vandalism & Art held on 8 and 9 June 2017 organised by the
Stichting Restauratie Atelier Limburg (SRAL) in collaboration with the Bonnefantenmuseum, CeROArt and
MACCH; Aleshina, Tatiana. "Some Problems Concerning the Restoration of Rembrandt's Painting
Danae." Rembrandt and his Pupils, 1993.
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argument.895 The issues concerning art produced in multiple copies and sculpture in particular
have been the subject of many art-historical publications.896 I will primarily focus on some of
the art-technological aspects of this discussion here. Rodin’s sculpture work is often discussed
in this literature as an example of sculpture reproduced in large series (bronzes)897 or produced
by other hands than that of the artist (marbles).898
Often, when bronzes in series are discussed, it is assumed that these display a large amount of
homogeneity, even when patination differs between casts.899 The artisanal nature of art bronze
founding, sand mould as well as lost wax, produces, however, bronzes with less homogeneity
than generally assumed. Art-technological research into the different casts of the original
sized Thinker, mentioned earlier in this thesis (Chs. 3.5 & 5.2), identified these various
differences. Quite distinct variations in dimensions and modelling were observed between the
lost wax cast Ionides Thinker and the later sand mould cast Thinkers (Chs 5.3 & 5.4). The
differences between the sand mould cast Thinkers are details in finishing and their
assemblage, some were cast in one part and others were assembled from multiple parts (Chs
3.5 & 5.2.1).
In addition, the patinas of the various Thinker casts show variations. These differences can be
intentionally or the result of a reaction between the original intended patina and its
environment, as with the Laren Thinker. These differences between the various casts of the
Thinkers mean that every Thinker cast has its own specific features. These features are distinct
and one could say that every authorized cast of the Thinker has a certain uniqueness is this
respect. The term unique is perhaps too narrow a term to use in this case. When discussing the
uniqueness of bronzes cast in series it is worthwhile making a distinction between artistic
uniqueness and art-technological or material uniqueness. The artistic uniqueness is
determined by, for example the modelling and surface finish.900 The art-technological
uniqueness covers all material aspects related to the reproduction of the bronze. This can
include moulding of the original clay, wax or plaster model, making of the plaster foundry
model or wax inter-model, the moulding, casting and finishing of the bronze. The Ionides
Thinker would have in this respect an artistic as well as an art-technological uniqueness
because of the differences in modelling, patina, casting technique and finishing. The sand
mould cast Thinkers in contrary, all deriving from a single original model, would only have an
art-technological uniqueness.
This may have the consequence that, for a person not concerned with the art-technological
aspects of a work, the Laren Thinker is not considered unique and therefore interchangeable
and easily replaced by another cast from the same period. However, for the art-technological
researcher this is not the case due to the uniqueness of every individual cast.
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Lijster, 2008
Hughes, A., & Ranfft, E. Sculpture and its Reproductions. Reaktion books. 1997.
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Ibid 133-135.
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Ibid 30-31.
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Ibid 133.
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For example, specific surface textures applied by the artist on the artist model.
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In the discussion whether to restore or not, the Singer Museum pointed out the special value
this sculpture has to the museum. The bronze was acquired personally by Anna Singer, the
founder of the museum and formed the highlight of the collection. As Appelbaum points out,
establishing the values of the object to the custodian is an important step in the
characterisation of the object in the decision-making process prior to a treatment.901 For the
Singer Museum their Thinker is unique and therefore not interchangeable with another cast.
However, the museum did try, as Scholten suggested, to acquire a contemporaneous Thinker
at auction when this came up for sale in June 2009 but was unsuccessful because of the high
hammer price of this Thinker.902
Some people also wondered why the museum did not order a new cast of the Thinker.903 Apart
from the previously mentioned uniqueness of the bronze, some other aspects come into play
here. In 1916, shortly before his death in 1917, Auguste Rodin donated all his works to the
French state, together with the artistic property rights attached to them. This made the French
state the legal heir of the Rodin estate and all the rights that came with this, including the right
to make posthumous casts of Rodin’s models. The French state established the Rodin
Museum in 1919 and the museum coordinates the production of these posthumous casts till
the present day. Current French law sets a limit of twelve to the number of posthumous casts.
The first version of this law came into effect in 1968 with amendments in 1981 and 2005.904 In
the case of the original size Thinker, the limit of twelve posthumous casts has been reached a
long time ago. Actually, there are close to thirty posthumous casts (and around fourteen life
time casts) known.905 The Laren Thinker was probably the eleventh posthumous cast.
Since no new legal posthumous cast can be produced of the original size Thinker, one could
hypothetically propose to replace the damaged Laren Thinker in exchange for a newly
produced cast.
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Appelbaum. 2012.
Baron Ribeyre & Associés, Paris, June 17, 2009, lot 133, Hammer price € 2,560,000. This bronze was later
offered at Sotheby’s New York, 5 May 2010 lot 8 and sold for $11,842,500. (Hammer price with buyer's
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Fig. 6.8. A newspaper article by Thijs Lijster, suggesting to make a copy of the Thinker to replace the damaged Laren bronze.
(NRC Handelsblad, 6 February 2008)

Apart from the ethical and legal issues of a museum destroying an original work of art, this
would be a complete denial of the provenance and art-technological aspects of the bronze.
From an art-technological view, a Thinker such as the Laren has different values than a
modern cast. A Thinker cast in the 1930s was produced in the same foundry that produced the
life-time casts, using the same method by perhaps the same foundry men. A Thinker produced
now, a century after Rodin’s death, would be cast by a different foundry using a different
method (lost wax) by different foundry workers.

6.4.2 Committees and the project team
The decision for restoration was not without controversy within the Singer Museum. The
Museum Committee, a panel of external and internal experts advising the museum on
collection issues, was in disagreement with the choice for restoration. All four external
members opposed the museum’s Administrative Committee’s decision to investigate options
for restoration and, as result, resigned from this panel, which was consequently disbanded.906
906

This Museum Committee consisted of the following members: Marja Bosma (curator modern art, Centraal
Museum, Utrecht), Matthijs Erdman (consultant and dealer twentieth century art), Arnold Ligthart (expert
nineteenth century paintings Sotheby's Amsterdam), Frits Scholten (conservator sculpture, Rijksmuseum,
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The Administrative Committee however, still keen to pursue a possible restoration of the
damaged bronze, decided to set up an advisory committee of professionals in the fields of art
history, conservation and ethics.907 The following year, after careful consultation and
deliberation, the committee advised the museum to explore the possibilities for restoration.
This advisory committee also concluded that, although the sculpture had lost much of its art
historical value, it could still serve as an iconic object for the Singer Museum and its visitors,
and subsequently advised to set up a new advisory expert committee to explore the
possibilities and feasibility of a treatment. The primary aim of this proposed restoration
should be to return the outline of the sculpture to its original appearance as accurately as
possible. Several pre-requisites were outlined, focussing on optimal reversibility and
documentation of the treatment and future indoor display of the sculpture. This meant that
additions should not compromise future conservation work and be easily recognisable and
removable. Furthermore, the entire treatment would have to be recorded in detail for future
reference.
The newly formed expert committee consisted of museum curators, art historians, material
scientists, conservation scientists and conservators, each of whom contributed to the
formulation of the final conservation proposal.908 The conservation programme at the
University of Amsterdam was approached and a treatment project team was appointed to
conduct the preliminary research on the sculpture.909
Several objectives were set out for this research:
-

to characterize the object by researching the many material aspects of the sculpture
such as alloy composition, patina and casting method
to investigate the history of the statue and its art-historical context

Amsterdam), Ineke Middag (artistic director, Singer Museum, Laren) and Chairman Annemarie Vels Heijn
(member of the Administrative Committee, Singer Museum, Laren)
907
This advisory committee consisted of the following members:
Drs. Annemarie Vels Heijn, Chairman: Chairman Museum Committee Singer Museum Laren, former director
Presentation Rijksmuseum Amsterdam
Drs. Ineke Middag, secretary: former director museum Singer Laren foundation
Ysbrand Hummelen: senior researcher Cultural Heritage Agency of the Netherlands (RCE), expert on
conservation ethics.
Dr. Robert van Langh: Head of Conservation Rijksmuseum, expert on bronze sculpture and metal conservation
Dr. Louk Tilanus: Art historian, Kunsthistorisch Instituut Leiden University, Rodin expert
908
Members of the expert committee:
Prof.Dr. Jan Piet Filedt Kok, Chairman: former director Collections and chief conservator Rijksmuseum,
emeritus professor Workshop practice and art materials at the University of Amsterdam (UvA)
Ysbrand Hummelen: senior researcher Cultural Heritage Agency of the Netherlands (RCE), expert on
conservation ethics.
Dr. Arjan de Koomen: Lecturer Art History University of Amsterdam, sculpture expert
Dr. Robert van Langh: Head of Conservation Rijksmuseum , expert on bronze sculpture and metal conservation
Janine van Reekum MA: metals conservator and consultant
Prof. dr. Norman Tennent: then Professor Conservation science UvA, expert conservation materials
Dr. Louk Tilanus: Art historian, Kunsthistorisch Instituut Leiden University, Rodin expert
Dr. ir. Hans van der Weijde: Department Manager Packaging Applications Tata steel, metallurgist
909
Consisting of Tamar Davidowitz (then master student) and Rozemarijn van der Molen (metal conservator)
and headed by Tonny Beentjes (programme leader Metal Conservation),
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-

to make a full condition assessment
research possible treatment options
to formulate a treatment proposal

Although the conservators of the treatment project team attended all meetings and actively
participated in discussions, they were deliberately not part of the expert committee and had no
final say in the decision whether to treat the damaged bronze, thus avoiding a possible conflict
of interest. The final decision on the treatment of the bronze was up to main stakeholder and
owner of the damaged bronze, the Administrative Committee of the Singer Museum and
based on the advice of the expert committee.
This set-up worked very well and can be regarded as a text book example of approaching a
complex conservation treatment. The use of expert committees is not new, but rarely they
were so extensive and diverse in composition.910 The diversity within the expert committee
brought together different views and ideas and initiated constructive discussion. Despite these
differing, sometimes opposing views, at the end of the process, the expert committee’s advice
on treatment was formulated with general agreement of all members.

6.5

Choosing the treatment method and materials

6.5.1 Traditional treatment options for the restoration of bronze sculpture
During the course of the twentieth century, an increasing awareness towards originality of art
works developed and art-historians, material researchers and also collectors started to
question some of the traditional restoration techniques. The notion of an artefact as a carrier
of historical information was emerging and any invasive treatment to this object poses the risk
of altering or even loss of this information. Heat treatments on metal objects, for example, can
change the metallographic structure and excessive cleaning or re-patination can remove or
change original surfaces and finishes. Huge advances in analytical techniques for the research
of bronzes, and artworks in general, have been made and are enabling researchers to extract
increasingly more information from an object.
Modern conservation practice with bronzes is therefore aimed at not only preserving the arthistorical aspects of an object but also the material and technical aspects of this object.
As part of current conservation strategy, usually an evaluation is made of treatment options.
The choice for a suitable treatment is determined by the demands of the stake holders and the
realistic achievement of a treatment. A comprehensive evaluation of possible treatments
provides the conservator with a wide range of options from which an informed choice can be
formulated.

910

For example, when Vermeer’s Love Letter (c. 1669) was stolen and damaged in 1971, the Rijksmuseum
director Arthur van Schendel (1910-1979) proposed to have the treatment of the painting accompanied by an
international advisory committee of only conservator-restorers and museum directors, see Van Duijn 2017.
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The traditional bronze restoration techniques largely derived from techniques employed in the
manufacture of bronzes. Missing parts would be reproduced by taking a mould from an
existing bronze and use this mould to make a wax model. The wax model would then be
reproduced in bronze by casting.
This process, with a wax inter-model, created a reproduced part which was slightly smaller in
size due to shrinkage of the wax model. This after-cast is usually also less detailed. To join a
part to the main bronze three techniques were commonly employed: brazing or welding, a
cast-on joint and a mechanical joint. The first two techniques involved the use of heat and the
mechanical joint involved drilling holes in the original bronze. All these traditional joining
techniques inflict some damage to the bronze and its patina. This is also the case for the
traditional way of filling small gaps in a bronze which was usually done by welding or
brazing. In current conservation practice this level of intervention is often not acceptable
anymore.

6.5.2 The conservation challenge
Following the final decision on the treatment of the bronze in early February 2009, more than
two years after the theft of the Laren Thinker, the project team was faced with a daunting task:
to produce a feasible treatment proposal, fulfilling all the criteria set by the Singer Museum:
-

return the outline of the sculpture to its original appearance as accurately as possible
maximum reversibility of the treatment
additions should be easy to identify and removable
materials in restoration should have long term stability and have no negative effect
to the original bronze
- any damage to the original sculpture should be avoided and if necessary, kept as
minimal as possible
- sculpture will be placed in the future indoors
- the entire treatment will have to be fully documented

These criteria, as stipulated by the museum, excluded the use of traditional treatments
involving heat, such as brazing, soldering, hot bending or hot patination with chemicals.
Making up missing parts through traditional moulding and casting would also not be
acceptable because this produces additions to the sculpture of smaller size and with less detail.
This meant a new approach was required using innovative techniques to produce replacement
parts. Several members of the project suggested to explore the possibilities of 3D scanning
and printing, then mainly used for rapid prototyping. Because these 3D techniques were
hardly used in conservation/restoration, it was necessary to perform trial tests using
reproductions. These tests were carried out by the conservators and were essential in the
decision-making process. The tests concerned the reproduction of the missing parts, the
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materials used to produce these and the restoration techniques. It was on the basis of the
outcomes of these trail test that the expert committee was capable of formulating a workable
treatment strategy in their advice to the Singer Museum.

6.5.3 3D scanning
A promising recent technological development for documenting objects is 3D scanning. A
3D scanner is used to collect data on its shape and sometimes colour and these data can be
used to make digital, three dimensional models.
In the last decade an increasing number of bronze sculpture studies, making use of 3D
scanning technology, have been carried out.911 These studies, usually a comparison between
multiple casts, can provide interesting information about similarities and deviations. There are
several different methods for 3D scanning and the choice for these is usually determined by
size and suitability of the object to be scanned.912 For the 3D scanning of sculpture, structured
white light scanning is now usually preferred because of accuracy and speed of scanning.
There are several characteristics which make 3D scanning very suitable for documenting
cultural heritage. First of all, there is no physical contact between the scanner and the object
thus avoiding damage or contamination of the surface of the object. The second advantage is
the high degree of accuracy of the 3D scan, giving precise data not only of its shape and
surface morphology but also very accurate dimensions. Another advantage of 3D scanning is
that a digital 3D model can easily be compared with other 3D scans. This is done by digitally
superimposing scans and any deviations between the different scans can thus be made visible.
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Roos, H. de, ‘The Digital Sculpture Project: Applying 3D Scanning Techniques for the Morphological
Comparison of Sculpture’. Linköping electronic articles in computer and information science, Vol. 9(2004): no.2.
http://www.ep.liu.se/ea/cis/2004/002/cis04002.pdf (accessed 22 June 2018)
Some other examples of deviation studies are:
Matisse: Baltimore Museum of Art (2007), Boulton 2007; Leonardo da Vinci: The Budapest Horse: A Leonardo
da Vinci Puzzle at the National Gallery of Art, Washington (2009),
http://www.artmagazin.hu/artmagazin_hirek/megmeretve_avagy_lehet- e_a_lovas_leonardo_alkotasa___a_szepmuveszeti_muzeum_kisbronza_washingtonban.1006.html (accessed 23 June 2018); Degas: National
Gallery of Art Washington (2011), Shelley Sturman. S. “Degas the Sculptor and His Technique” Edgar Degas
Sculpture. Glover, L. (ed), 2011, 35-62; Houdon: Philadelphia Museum of Art (2011), Lins, A. “Houdon's studio
practice: creating multiple versions of a portrait bust.” Encountering Genius: Houdon's Portraits of Benjamin
Franklin, Hinton (ed), 2011, 12-18.
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Current systems used at the moment make use of Laser or structured white light and are expensive but
recent developments in photogrammetry are very promising and it is expected there will be very affordable
systems based on (3D) digital cameras available soon.
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6.6

Treatment

The Rodin Museum in Paris was approached for permission to make a 3D scan of the original
foundry pattern. Their agreement opened up the exciting possibility of making a 3D scan of
the original foundry model that was used to cast the Laren bronze nearly 90 years earlier.
Members of the conservation team, accompanied by imaging experts, visited Meudon to
produce the 3D scan.913 Some small parts of the plaster were found to be detached, as a result
of rough handling in the past although some detached parts elements like the left arm, hand
and right leg are originally detachable to facilitate the moulding for sand casting.914 The
detached parts were scanned separately and digitally fitted within in the scan of the plaster
model.

Fig. 6.9. A screenshot taken from the 3D scan of the damaged bronze from the Singer Museum. (image Introtech)

In the Netherlands, the damaged Laren bronze was recorded in the same manner (fig. 6.9) The
3D scans of the damaged bronze and the plaster were digitally superimposed, whereby the
scan of the bronze had to be slightly digitally enlarged to compensate for casting shrinkage
(fig. 6.10).

913

The 3D scans were carried out on location in Meudon and Amsterdam by the commercial company
Introtech Engineering & Consultancy BV., Refeling 60, 5672 CK, Nuenen, The Netherlands
914
A pattern for sand casting can’t have undercuts and therefore foundry patterns of a complex shape with
undercuts like the Thinker are usually build up from various parts. In the case of the foundry patterns from the
museum in Meudon it was possible to remove the left arm and right leg.
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Fig. 6.10. Screenshots taken from superimposed 3D scans of the damaged Laren Thinker and foundry plaster S.2840 from the
Rodin Museum, the colours indicate the amount of deviation. (image Introtech)

The colour variations show the degree of deviation between the bronze and the plaster. By
overlapping the scans, it became possible to ascertain the extent of the damage, as well as the
precise shape and dimensions of the missing parts. This makes an accurate 3D scan an
excellent way of recording the condition of an object before treatment.
During the treatment of the bronze the 3D scan of the plaster proved to be a very useful tool to
check whether the new fills were of the right shape and placed correctly. After the distortions
in the bronze were shaped back to their original form (discussed below) the damaged bronze
was partially scanned for a second time. Apart from being able to determine the exact
dimensions of the missing areas, it was now possible to see whether the restored shape was in
correct alignment. The scanner used for both scans was a Steinbichler COMET 5,
4MegaPixel, C400 system. The COMET 5 sensor is a structured white-light projection system
consisting of a camera and a projector.915 It uses a laser beam to pinpoint reference points.
These two components are screw-mounted on an aluminium bar at the appropriate position for
the measuring field. A black and white line pattern is projected on the object using the
projector. The camera, offset slightly from the pattern projector, recognises the shape of the
lines and uses a technique similar to triangulation to calculate the distance of every point on
the lines.916 A field of View 400 (400x400mm) was used to scan the Laren Thinker with a
system accuracy of 25 microns. This accuracy is verified after each calibration. The individual
‘scan shots’ are stitched together using unique overlapping features in the shots.
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Steinbichler Vision Systems, Inc., 46995 Five Mile Road, Plymouth, MI 48170, USA
Georgopoulos, A., C. Ioannidis and A. Valanis. “Structured Light Scanners -Working Principles, Performance
and Accuracy.”(2011) <https://www.gim-international.com/content/article/structured-light-scanners˃
[accessed 12 November 2018]
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6.6.1 3D printing
The fact that the scans were perfectly overlapping, confirmed that the reshaping was carried
out successfully. It was only now that the exact shape and dimensions of the lacunae could be
established (fig. 6.11).

Fig. 6.11. Screenshots taken from the 3D scan of the Laren Thinker, detailing the head and left arm with in blue the digitally
filled saw cuts. (image Introtech)

The file of the digital fills of the lacunae were converted into a working file (STL file) for use
in a stereo lithography 3D printing machine (figs. 6.10 & 6.11). STL stands for Surface
Tessellation Language or Standard Tessellation Language whereby the surface is divided up
in triangles. The resulting file could then be used to print models for the fills for the sculpture.
There are many different 3D printing processes, each with their specific properties.917 Several
were considered for use in this project, namely fused deposition modelling, selective laser
sintering and digital light processing or stereo lithography. Digital light processing was the
method of choice since it allowed for the highest level of accuracy attainable at the time.
Stereo lithography is an additive manufacturing process using a vat of liquid UV-curable
photo polymer resin and a UV laser to build parts one layer at a time. On each layer, the laser
beam traces a part cross-section pattern on the surface of the liquid resin. Exposure to the UV
laser light cures the pattern traced on the resin and adheres it to the layer below. A new layer
of resin is spread across the surface and the process repeats itself until the exact print of the
STL file is made. In the past the 3D printing accuracy was not sufficient to meet conservation
standards. Rapid recent developments in accuracy and layer thickness build up make it
possible to make very accurate 3D prints with minimal visible layering. This so-called stair
casing not only affects the appearance of a 3D print but it also means that to remove this stair
casing the surface has to be finished by abrasion.

917

3D printing is a form of rapid prototyping. Rapid prototyping is technology to quickly fabricate a physical
part using 3D digital data. Rapid prototyping has been used in cultural heritage mainly for making
reproductions; Accardo, G. “Le tecniche laser per la documentazione e la realizzazione delle copie” Monumenti
in bronzo all'aperto: esperienze di conservazione a confronto. Arte e restauro. Letardi, P. et al. Nardini Editore,
(2004): 77-85; Podany, J. C. “Evaluation of rapid prototyping technologies for use in the production of art and
artefact study copies” Materials issues in art and archaeology III: symposium held 27 April-1 May (1992): 10791087; Travis, John. "Laser replication of rare art." Science 256 (1992): 969.
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Fig. 6.12. A stereo lithography 3D printing machine using
a liquid UV-curable photo polymer resin and a UV laser to
build up 3D prints. (image Materialise)

Fig. 6.13. Schematic drawing depicting the stereo lithography
process. (image Materialise)

This finishing smoothens the surface with the risk of losing surface detail. After contacting
various companies in the Netherlands as well as abroad, the Belgian company Materialise,
specialising in additive manufacturing, was approached to make the first 3D print of a saw cut
fill.918 This company was chosen because with its latest stereo lithography machines it was
capable of printing layers in acrylic of around 0.032mm which is fine enough to leave no
distracting visible printing lines, called stair casing.919

6.6.2

Filling the lacunae

Fills for the saw cuts
It was decided by the project team that the material used for the 3D prints, UV-curable photo
polymer resin, was not deemed suitable for direct use as infill in the sculpture. The long-term
stability of this light sensitive material has not been researched and because of time restraints
it was not feasible to carry out aging tests. Another solution had to be found and instead of
using the 3D prints it was decided to make copies of these 3D prints in a proven stable
material instead: epoxy resin saturated with bronze powder. This material has the advantage
of long term stability combined with easy workability. Block moulds were taken from the 3D
prints by embedding them into a clear addition curing silicone rubber. The acrylic resin
models were then removed from the moulds, and the moulds were subsequently used to cast
the epoxy/bronze mixture. Once the epoxy fills were cured, the surfaces were polished to
achieve a similar appearance to cast bronze.
Polishing with a rotary tool and a synthetic brush and polishing compound proved to be the
most effective and gentle method, without sacrificing any of the surface detail. Because of the
high bronze content, the epoxy mixture could even be patinated cold chemically with
chemicals such as copper nitrate, achieving a similar appearance to patinated bronze. But in

918
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Materialise HQ, Technologielaan 15, 3001 Leuven, Belgium
Polyjet® Materialise Belgium
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the end, this chemical patination method was not used in practice, because it was unclear
whether it would have a negative effect on the life span of the fillings.
Interestingly, the resulting cast of the 3D print would be a more precise copy of the foundry
plaster model because of the high accuracy of the scanning and printing process and silicone
rubbers. This meant that the finishing to remove the plastic appearance and the slight stair
casing of the epoxy casts’ surface by sanding was not considered compromising to Rodin’s
work.

Fig. 6.14. The insertion of a new epoxy/bronze powder fill inside a saw cut near the signature.

The next step was to fit the epoxy casts into the sculpture and the epoxy fills were reversibly
glued into place using Paraloid B72 adhesive (figs. 6.14 & 6.15).

Fig. 6.15. A minor gap along the edges of a saw cut is filled with a freshly made up epoxy bronze powder mixture.

One type of damage had not been restored up to this point: the abraded surface areas. In
particular, the area of the sculpture of Rodin’s signature was heavily abraded where the
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thieves had tried to erase the signature. It was found that just surface retouching was enough
to make the damages blend in with the rest of the sculpture.
The use of epoxy resin, as a replacement for the 3D print, proved to work very well. Although
this combination of epoxy with bronze powder, to produce a bronze-like material, was used
previously, its use in conservation, on the basis of 3D techniques, was a first.
Reproducing the missing leg
For the missing leg, bronze was chosen as the preferred material because this replacement had
to be fixed to the sculpture with an internal support. This required a stronger material that
would be capable of holding an internal clamp fixed into the leg with screw threading and a
pressure fit. The real challenge here was the fact that the bronze cast of the leg had to be exact
to size in order to fit inside the sculpture. The difficulty is the shrinkage of the various mould
and model materials during the reproduction process. Although shrinkage rates of specific
wax and bronze alloys are known, it is still difficult to predict their lengthwise versus
crosswise shrinkage when dealing with an irregular shaped object such as the reproduction
leg. Because this was never tried before, the help of a specialist foundry was sought to cast the
missing leg in bronze.920

a

b

c

Fig 6.16. Various steps in the making of the replacement leg: 3D printing (a), 3D print with added wax (green) on the inside
ready for investment in plaster (b), the cast bronze leg with gating system still attached (c).

The STL file of the lower leg was used to print the model of the leg in a low melting acrylic
resin, (fig. 6.16a) which was thickened on the inside with casting wax. On the inside of the 3D
print of the leg two wax cross bars were added which would facilitate the fitting of an
armature to the leg (fig. 6.16b). This print was then embedded into plaster, the wax and resin
burned out and subsequently the mould could be used to pour bronze into in a process very
similar to lost wax casting. It was decided to cast in an alloy very close to Rodin’s original
alloy and therefore the metal would have similar properties as the statue.921 The casting was
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ProtoMetal, now part of RP², Etten-Leur, Netherlands
The replacement leg was cast in an alloy (Cu 94.4, Zn 0.9, Pb 0.2, Sn 4.8) close to the alloy of the original
bronze. Having the similar properties means that the expansion and contraction of the metal as a result of
921
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carried out at the highest standards currently possible for lost wax casting under vacuum. (fig.
6.16c) Some print lines - the so-called stair-casing were slightly visible on the bronze surface
after casting, but it was decided to leave these lines visible as evidence of the new method
used. The leg was then patinated chemically with copper nitrate to match the base colour of
the sculpture before being put in place.922 This would not only aid retouching and add depth to
the leg’s surface but protect the bare metal with a passive corrosion layer.

Fig. 6.17. Fitting the replacement leg in the sculpture

The bronze leg was fitted into the sculpture using an armature and an internal clamp with a
threaded wire and four brass plates creating an internal clamp (fig. 6.17). The small gap
between the new leg and the bronze was filled with Paraloid B72 adhesive and the surfaces
made flush with additional freshly made epoxy bronze powder paste.923 These were then
finished by filing and scraping and ready to be retouched.

temperature changes would be very comparable and therefore move at the same rate as the statue and
therefore cause no stress to the original bronze.
922
Copper nitrate: [Cu(NO3)2] Fisher Scientific, 2000 park Lane Drive, Pittsburgh, PA 15275, United States
923
Acryloid B-72 (Paraloid B-72) is a copolymer of ethyl methacrylate and methyl acrylate manufactured by
Rohm and Haas (Dow Chemicals). Conservation Resources (U.K.), Ltd., Unit 2, Ashville Way, Off Watlington
Road, Cowley, Oxford, OX4 6TU, United Kingdom
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Fig. 6.18. The Laren Thinker during restoration with new additions in place, prior to retouching.

Retouching
The Laren Thinker had acquired a varied outdoor patina and surface finish over the years,
consisting of probably intentional artificial patination, dirt, wax and natural patina that had
developed during its forty years of outdoor display. A patina on the surface of bronzes, is
often made up of many layers, and can manifest itself in different textures, colours, opacity
and gloss.924 Patinas are often applied intentionally, but surrounding environments may also
cause unintentional corrosion to occur, making the surface even more complex.925 In the case
of the Laren bronze, standing outside in the sculpture garden of the museum for almost fifty
years, exposed to the elements, had caused it to develop a very distinct mottled patina.
This patina was one of the aspects that made the Thinker so unique and important to the
collection, as well as amongst other castings of the sculpture.926 It was therefore vitally
important to restore the appearance of the bronze with an accurate yet minimal approach. The
variety of surfaces that needed retouching, provided each their own challenge. The
epoxy/bronze fills, worn or damaged original patina, and areas of bare metal with and without
a striated pattern required a different approach. The two conservators who carried out this
924

A patina is difficult to define but is usually referred to as an aesthetically pleasing surface layer either caused
by ageing or by artificial treatment of the surface. In the case of metals this can be the result of an interaction
of the metal with its environment, accumulation of dirt, the application of chemicals or surface finishes such as
waxes or lacquers or a combination of these. (Dent Weil 2006). The interaction of metals with their
environment or corrosion can be very slow sometimes referred to as passive or rapid and is then called active
corrosion. For more on the artificial patination of Rodin bronzes see sub-chapter 4.4 Patination in this thesis.
925
Artificial patination is usually applied by using chemicals very often in combination with heat. Some of the
sheltered parts of the Laren Thinker seamed to still have the original dark brown patination.
926
The vast majority of the original size Thinkers (72 cm H.) still have an (original) brown patination. When
placed outside exposed to the elements, the surface starts to react with its environment and will change. The
speed whereby the patination starts to alter is largely dependent on factors such as exposure to rain and
pollution, the height and fluctuation of relative humidity, proximity to salt water (chlorides) etc. Whereas more
Thinkers of this size have a green patination, e.g. Berlin (1901, Berlin, Nationalgalerie, inv.no. B I 210) and
Washington (1901 Washington, National Gallery, inv.no.1942.5.12 (A-76)), these are most likely applied
intentionally as opposed to the Laren Thinker which has a weathered powdery green patination.
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retouching, Rozemarijn van der Molen and Tamar Davidowitz, strived for a level of
retouching that would render the fills and abrasions invisible at first sight, but detectable when
viewing the sculpture up close (figs. 6.19 & 6.20). The restored bronze has after nearly ten
years, in July 2017, been inspected again and shows now sign yet of deterioration, such as
discolouration of the retouched areas. The infills and replacement leg, also seem to be very
stable, with no cracking or other deformations visible.

Fig. 6.19. Head of the Laren Thinker before, during and after the restoration treatment. (image left M. Svenson)

Fig. 6.20. Statue from different angles and close up of the head, after treatment.
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6.7

A comparison between Thinkers using 3D imaging927

6.7.1 Introduction
Traditionally the technical study of bronze sculptures has focussed either on material analysis,
textual source material or visual and radiographic examination. The application of innovative
3D imaging during the treatment of the Laren bronze raised the question whether 3D imaging
can also be used to distinguish between the various casts and models of the Thinker. Previous
studies using superimposed deviation scans demonstrated that differences in shape, size and
modelling could be identified.928 During the treatment of the Laren bronze 3D scans were
produced of the bronze and the original foundry plaster (inv.no. S2840). Additionally, a 3D
scan was produced of the Ionides cast whilst on loan for the Laren exhibition. Together with a
3D scan of the Metropolitan museum cast they formed a small but representative group of 3D
scans which could be used for a comparison study since this group contained an original
pattern, two sand mould casts and a lost wax cast. The specific question which arose during
the study of various 3D scans of the original size Thinker was the following: can 3D imaging
be used to distinguish between a lost wax bronze and a bronze cast in sand moulds?
In the last decade an increasing number of bronze sculpture studies, making use of 3D
imaging technology, have been carried out. These studies, usually a comparison between
multiple casts, can provide interesting information about the used models and the casting and
moulding technique through similarities and deviations. A well-executed 3D scan can provide
a very comprehensive record of a sculpture giving detailed information on size, morphology
and shape of the sculpture. Bronzes are usually produced in multiples, which opens the
intriguing possibility for detailed deviation studies between different casts by comparing the
3D scans of these bronzes. In this case study it was possible to compare not only three
different early bronze casts of the Thinker by Rodin but also to compare the bronzes with an
early plaster foundry model still preserved at the Rodin Museum Paris. The plaster foundry
model was most likely used in the early twentieth century to cast at least one of the
aforementioned bronze Thinkers. The aim of this study was to compare the various 3D scans

927

Sub-chapters has been used for a peer reviewed paper presented at the icom-cc metals group meeting
Metal 13 in Edinburgh in 2013. The text from this paper that was not written by me is not included here. See
for the complete paper: Beentjes, T., Street, R. and Thurrowgood, D. “3-D imaging as a research tool for the
study of bronze sculpture.” METAL 2013: Interim Meeting of the ICOM-CC Metal Working Group, Conference
Proceedings, 16-20 September 2013, E. Hyslop et al, Historic Scotland and International Council of Museums,
2013.
928
Miyazaki, D., et al. “3D Digital Archive of the Burghers of Calais.” 12th international conference on
Interactive Technologies and Sociotechnical Systems. VSMM (Virtual Systems and Multimedia), 18-20 October
2006. Springer-Verlag (2006): 399-407. <https://link.springer.com/chapter/10.1007%2F11890881_44>
[accessed 6 June 2018]; Boulton 2007a and Boulton, A. “Altered states: Henri Matisse's sculpture Aurora” AIC
Objects Specialty Group postprints, volume 14, (2007): 110-129; Zycherman, L. et al. “3-D scanning of Matisse,
The Back I – IV: One thing after another” 2012, <http://ncptt.nps.gov/wp-content/uploads/zycherman.pdf>
[accessed 6 June 2018]; Lins, A. “Houdon's studio practice : creating multiple versions of a portrait bust”
Encountering Genius: Houdon's Portraits of Benjamin Franklin, J. Hinton (ed.) Philadelphia Museum of Art
(2011): 65-88.
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of the sculpture and to establish whether any deviations can be contributed to variations in the
model or to the moulding and casting process of the bronzes.

6.7.2 3D imaging of sculpture
3D imaging of sculpture was initially developed in the 1980s as a form of digital
photogrammetry. Although photogrammetry was already used as early as 1849 to create maps
using triangulation, it received a new impetus with the advent of digital photo and video
capture.929 In the early days of 3D imaging mainly laser scanning systems were used, but
increasingly fringe projection or structured light scanners using white light, developed in
Germany in the 1990s, started be employed to scan sculptures. The latest generation of
structured light scanning utilises blue LED light which improves the portability of the scanner
and scanning accuracy. There are several different methods for 3D imaging and the choice for
these is usually determined by size and suitability of the object to be scanned.
Both laser and structured light scanning are excellent surface-recording tools and the latest
versions of these are also capable of capturing colour. It is important for both the light source
and sensor to have a clear view of the surface of the sculpture. Deep undercuts, highly
reflective surfaces or very dark matt light-absorbing surfaces make sometimes for difficult
scanning. Laser scanners work by projecting a low intensity laser line or spot on the sculpture
and capturing its reflection back to the scanner using a camera. As with structured light
scanning the laser source and the camera must be specially aligned to be able to record and
calculate through triangulation the 3D point locations on the sculpture’s surface.
With structured light scanning, a sequence of organized patterns of light, usually stripes, is
projected onto the surface of the sculpture (fig. 6.21).

Fig. 6.21. The Thinker from the Metropolitan Museum during 3D scanning. A striped pattern of light is projected onto the
surface of the sculpture using a structured white light scanning system. (image R. Street. Metropolitan Museum, New York)

929

De Roos 2004, 25.
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The distortion of the projected light pattern is recorded by the scanning system’s camera.
Because the camera is specially aligned with the light projector it is possible, using complex
algorithms, to calculate very precisely the distance of every point. For the scanning of
sculpture, structured light scanning is now usually preferred because of high accuracy and
speed of scanning.
The accuracy of these scanners is determined by the field of view (FOV) which can usually be
altered by changing lenses or using a zoom lens. The smaller a FOV the closer the scanner
needs to operate and the higher the accuracy. For the scanning of intricate or complex objects
it is necessary to scan from multiple angles and special software integrate these separate scans
to create a 3D model. Sometimes the shape of an object requires the use of different types of
scanners in order to capture all the features. For example, the scanning of the interior of a
sculpture requires a different, smaller, type of scanner than the outside.

6.7.3 The 3D scanning of bronze sculpture
Sculpture has been a favourite subject for 3D imaging because of its suitability for scanning.
Generally speaking a sculpture is not highly reflective, not transparent and of a manageable
size, therefore capable of recording high quality 3D scans.
A well-performed 3D scan is first of all a detailed digital record of the surface and dimensions
of a sculpture. By using special software, it is possible to make cross-sections of every part of
the sculpture. A fascinating feature of the post processing software is contour matching,
whereby it is possible to overlap data from one scan onto the next scan. The operator merges
the scans by selecting reference points of matching features. This opens now the exciting
possibility to compare in great detail different versions of a sculpture, for example on
dimensions and shape.
Capturing the surface of a sculpture with a 3D scan can provide information about its
condition such as damage or missing parts. But most 3D imaging systems are usually not able
to record subtle surface changes, such as superficial corrosion or fine surface cracks. New 3D
scanners are being developed using multiple light sources which are capable of recording
minute surface details such as micro cracks or tool marks. Standard 3D scans are therefore an
additional tool in condition reporting but no replacement for traditional recording techniques.
When an object it too fragile to handle or expected to deteriorate fast, a 3D scan can be an
excellent means to record its current condition.930
The use of 3D imaging has been also very helpful during the reconstruction of fragmented
sculpture. The fragments are scanned individually and can be virtually pieced together to
facilitate the reconstruction process.931 Making up missing sections of sculpture using 3D
930

Logan, J.A., et al. “Saving the Ferryland Cross: 3-D Scanning, Replication, and Anoxic Storage.” The
Conservation of Archaeological Materials: Current Trends and Future Directions. E. Williams and C. Peachey
(eds.). Archaeopress. BAR International Series 2116 (2010): 127–134.
931
See Arbace, L. et al. “Innovative uses of 3-D digital technologies to assist the restoration of a fragmented
terracotta statue.” Journal of Cultural Heritage. 2010, <http://dx.doi.org/10.1016/j.culher.2012.06.008>
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imaging is another possibility. This is done by overlapping scans of the damaged sculpture
and of a complete sculpture, thus identifying the missing section(s). If required this missing
part can be reproduced using 3D printing.932
For the study of bronzes 3D imaging offers some new possibilities. Surfaces can be studied in
detail for tool marks and it is sometimes possible to compare different surfaces to establish
whether an object can be attributed to a certain artist or fabricator.
By comparing different sculptures from the same sculptor intriguing insights into a sculptor’s
working practice can be achieved. Recent research in Japan for example finally answered the
question whether Rodin used the same model of a hand on different figures. By digitally
overlapping 3D scans of Rodin’s sculpture The Burghers of Calais in Tokyo, the researchers
were able to confirm the use of a model of the same hand on different parts of the sculpture.933
Deviation studies, whereby 3D scans are superimposed, are an excellent tool to visualise the
differences between various models or casts.
Differences in size and shape between models and casts can be the result of surmoulage
(after-casting) whereby an existing bronze cast and not the original (foundry) model is used as
a model for casting. A bronze that is cast using tradition casting methods is always smaller
than the original model because the metal contracts during solidification. For bronze the
minimal shrinkage is 1,5%, depending on several factors during moulding and casting.934
Because of the high accuracy of 3D scans (< 10 µm) it is possible to compare even small
bronzes.935 When the possibility arises to compare scans of several different versions of an
original sculpture it is possible to gain new insights into an artist’s working practice. By
careful study of the deviations in the various versions of a sculpture it is sometimes possible
to identify a chronological sequence of manufacture.936

6.7.4 A case study with Rodin’s Thinkers
As part of the treatment of a vandalised bronze, 3D scans were produced of the original
foundry plaster, preserved at the Rodin Museum, Meudon, and the damaged bronze from
[accessed 22 June 2018]; Street, R. et al. “Exploring the use of laser scanning and finite element analysis in the
restoration of Tullio Lombardo’s marble sculpture of Adam.”LACONA IX , 9th conference of Lasers in the
Conservation of Artworks. David Saunders (ed) et al., Archetype Publications in association with the British
Museum (2010): 163-172.
932
Beentjes, T. et al., “The Treatment of the Damaged Bronze of Rodin’s the Thinker from the Singer Museum
in Laren, the Netherlands: an Innovative Approach.” METAL 2010: Proceedings of the Interim Meeting of the
ICOM-CC Metal Working Group, Charleston, 11-15 October 2010. P. Mardikian (ed) et al. Clemson University,
(2010): 269-277; Beentjes. T., and Van der Molen, R. “An innovative treatment of a severely damaged bronze,
the Thinker by Rodin. ”Lasers in the Conservation of Artworks IX. D. Saunders (ed) et al, Archetype Publications
and the British Museum (2013): 146-153.
933
Miyazaki 2006, 399-407.
934
Allison, A. H., and Pond, R.B. “On copying bronze statuettes” JAIC, Volume 23, Number 1, Article 4 (1983):
32-46. <http://cool.conservation-us.org/jaic/articles/jaic23-01-004.html> [accessed 6 June 2018]
935
Boulton 2007a & Boulton 2007b, 110-129.
936
Zycherman 2012 & Lins 2011, 65-88.
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Laren.937 Subsequently the National Gallery of Victoria, Melbourne, also decided to have their
Thinker 3D scanned. These three scans could now be compared with a 3D scan of the cast in
the Metropolitan Museum, New York. This study was set up to find out more about the
variation in models and the casting and moulding methods used for producing these bronzes.
Post processing software has several features to make variations between scans more visible,
one of these is making a virtual cross-section of the different sculptures (fig. 6.22).938

Fig. 6.22. Screenshot of a planar cross-section of the 3D deviation scan of the Metropolitan Thinker and foundry plaster
S.2840. (image R. Street. Metropolitan Museum of Art. New York)

A line scan is thus created and by superimposing these line scans of the different sculptures it
is possible to make the planar deviations visible (fig. 6.23).
When studying the deviations in the head area of the Thinkers some interesting features can
be observed (fig. 6.24). In general, the bronzes compared to the ‘model’, the foundry plaster
from the Rodin Museum, are very similar in size and shape. The Ionides cast has an extra
detail at the back of the head in the form of some sort of cap. Another feature is the deviating
shape of the fore-head of the Laren cast. This can be explained by the damage inflicted to this
bronze. When closely observing the size of the different bronzes compared to the foundry
plaster it is interesting to note that the Metropolitan bronze is slightly larger than the Ionides
cast. This can be explained by the fact that the Metropolitan bronze has been cast using the
sand mould casting method whereas the Ionides Thinker is a lost wax casting. Because the
latter process uses an inter-model of wax, additional shrinkage occurs. Variations in the
position of the hand underneath the chin are explained by the fact that this is a detachable part
of the foundry model and thus susceptible to movement during the moulding process.

937

Beentjes 2010 & 2013
For this study Geomagic Qualify was used, from Geomagic (430 Davis Drive, Suite 300, Morrisville, NC
27560, USA)
938
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Fig. 6.23. A deviation line scan study of planar cross sections of all four Thinkers. (image R. Street, Metropolitan Museum of
Art, New York)

Fig. 6.24. A detail of the deviation line scan study of planar cross sections showing the upper area of all four Thinkers.
(image R. Street, Metropolitan Museum of Art, New York)
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When looking at the cross section of the base of the sculpture (fig. 6.25) it is again the Ionides
Thinker showing a detail not found on the other versions in the form of an additional ‘flab’ at
the back. This feature makes it possible to fix the bronze to a base, probably to prevent this
top-heavy sculpture from tipping over. This detail is only found on the Ionides cast, all the
subsequent Thinkers are lacking this but have instead, inside the base, a cast in lead slab fixed
to the back of the base to act as a counterweight. The line scans of the base also show the
lower rim of the different bases ‘cut off’ at various angles. It is the Ionides cast again which
differs most. This might be explained by the fact that this particular copy of the Thinker was
commissioned from Rodin for the first time as a bronze sculpture and he was probably still
experimenting with the right angle at which the sculpture should be positioned.

Fig. 6.25. A detail of the deviation line scan study of planar cross sections showing the lower area of all four Thinkers.
(image R. Street. Metropolitan Museum of Art. New York)

Another way of visualising the deviations between the different sculptures is to use false
colours as an indication of the amount of variation.
When studying figure 6.26, the basic form of the figure shows no major deviations which is
interesting considering the fact that the foundry plaster (inv.no. S2840) probably dates from
the early 1930s whereas the Ionides bronze dates from almost half a century earlier (1884).
Although there are some variations around the base and the head it is clear that Rodin has
done no major re-modelling of the statue. This also shows the use of a master model taken
from the original clay model. This master model was used to reproduce all the subsequent
foundry models which are subject to much wear when used in the sand mould casting process.
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Fig. 6.26. A series of screenshots of the superimposed 3D scans of the foundry plaster S.2840 and the Melbourne Thinker are
compared. The colour green indicates locations where the bronze hardly deviates from the plaster. In places where the bronze
is smaller than the plaster it is indicated in blue and where the dimensions of the bronze deviate positively from the plaster
model is in yellow. (image R. Street, Metropolitan Museum of Art, New York)

6.8

The use of 3D techniques for the treatment of the Laren Thinker

The restoration of the Laren Thinker was one of the first uses of 3D scanning and printing to
make up missing parts of a sculpture. While these 3D techniques had previously been used to
reproduce models of sculptures, the Laren Thinker restoration demonstrated that 3D scanning
and printing could be used for making up missing parts in high definition. What made the
Laren Thinker restoration especially challenging and unique was the fact that these newly
reproduced parts had to be incorporated in the sculpture and required a fit with minimal
tolerance. In addition to this the surface of the 3D printed parts required a surface very close
to the original Rodin modelling, with no distracting printing lines. Most 3D reproduction
techniques available around 2010, such as milling and printing, left to the naked eye visible
milling and printing lines. This was deemed unacceptable for the Laren Museum. Fortunately,
by 2010 new printing technology had been developed and was capable of producing prints
with a layer built up of 0.1 mm or less, hardly visible to the naked eye. The visibility of these
print layers is largely dependent on the angle of the layers. Layers that are at perfect right
angles are less discernible than layers at different angles. For example, the 3D print of the
missing leg showed at the front hardly any stair casing whereas at the back some lines were
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visible. It was decided, in consultation with the museum, that because the lines were only
visible from the back, it was not considered an issue and the lines were not to be removed
from the surface. Later patination and retouching made these lines even less visible. This new
stereo lithography process used an UV-curing acrylate in which a UV-laser light solidified
locally a photo polymeric acrylic resin.939 As mentioned previously, these 3D prints in acrylic
resin were deemed not to have the right properties to be used directly as infills in the damaged
sculpture. No information could be found at the time, 2010, on the long-term stability of this
UV sensitive resin.940 It was therefore decided to make casts from these acrylic prints in epoxy
resin filled with bronze powder.941 The addition of bronze powder created a resin with a
metallic appearance which made it easier to retouch.
The 3D printing technology has evolved rapidly since 2010 and it is now (2018) possible to
make larger prints directly in bronze using laser sintering.942 At the time of Laren Thinker
restoration, printing in bronze was not an option yet and the hypothetical question would be
whether one would opt now for 3D printed infill in bronze instead of acrylic. To answer that
question, one would have to compare first the different options by testing to find out which
one is the most suitable. Although bronze infills in a bronze sculpture would seem the natural
choice, in modern conservation practice one often deliberately chooses a different material to
make clear what a new addition is and what is original. The choice for bronze for the missing
leg was determined by the strength requirements where bronze was deemed stronger than a
resin.
One of the interesting issues with 3D technology for making up missing parts is the high
resolution of these techniques. With the Laren Thinker restoration for example the original
foundry model was scanned at high resolution to produce 3D prints with great detail. In
theory the surface detail of the prints could be higher than the surface of the bronze cast. This
is because there is always loss of detail through the process of moulding casting and finishing.
In addition to this the Laren bronze had been exposed to the elements for decades causing
addition surface loss. A potential risk would be that the infill displayed greater detail than the
original bronze surface thereby ‘improving’ the statue, something modern conservators are
taught to stay well away from.
Once the infills were reproduced, in epoxy resin with bronze powder, it was expected to be
able to place these directly in the sculpture. Unfortunately for most of the infills this did not
work. The problem was caused by the fact that some of the saw cuts were not perfectly
perpendicular to the surface whereas the infills invariably were. A 3D scan is a surface
measurement and has no thickness of its own. Wall thickness has to be added on the computer
by adding a virtual layer to an interior of a scan. This wall thickness is perfectly parallel to the
939

Polyjet® from Materialise, Belgium.
Over the past years a noticeable discolouration of the acrylic prints, used to make the moulds for the epoxy
infills, could be observed.
941
Araldite® 2020 from Huntsman International LLC. Araldite® 2020 has been used in conservation for many
years and has proven itself in terms of long term stability.
942
A recent condition check of the Laren Thinker in July 2017, has not observed any visible deterioration of the
restorations of 2010. The detailed images taken after restoration proved to be indispensible for this
assessment.
940
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outer surface with the sides of the infill at right angles. To fit the new straight infills in the
gaps some infills had to be adjusted. This was done by filing the sides of the infill at the
slanted angles of the saw cuts. Another problem was encountered whilst fitting very long
infills. Some of these infills went around the corner, covering two sides of the base. It was
mechanically impossible to fit these infills in one piece and it was decided to cut these infills
at certain points to make it possible to place them in the sculpture.
The above-mentioned issues with the use of 3D techniques demonstrate that although a high
degree of technology is involved, practical application requires still good hand skills. The 3D
scanning itself is also a skilled job where practice and experience is a surprisingly important
factor to enable to produce good-quality scans which are an accurate representation of the
scanned object.
3D imaging and printing are now used increasingly in the field of metal and sculpture
conservation. 3D imaging, structured white light as well as photogrammetry are now often
used techniques for recording sculpture and archeological finds.943 The replication of missing
parts using 3D techniques has been applied frequently and is now considered a good and
viable alternative to traditional reproduction methods.944

6.8.1 3D technology in conservation of works of art: a conservator’s view
The use of 3D technology for documenting and making up missing parts of art works, is a
relative new development in the field of conservation. To assess the implication for the field it
is good to critically consider several aspects regarding its use.
3D scanning is one of several digital imaging techniques used for capturing surface data. It
offers some distinct advantages over more traditional techniques such as moulding or
traditional photography. The main advantage of 3D scanning techniques, using light, is the
ability to record the surface without direct contact. The traditional way of capturing the
surface by moulding requires direct contact between the moulding material and the object
creating a potential risk of damage to the object’s surface. Owners or custodians of objects are
therefore hesitant to give permission for direct moulding on the object and prefer nowadays
the use of non-contact recording such as 3D scanning. Another advantage of 3D scanning is
the ease with which the data can be manipulated, stored and distributed. The 3D model can
for example be digitally adapted in size to compensate for shrinkage.
943

Riccardelli, Carolyn, et al. "The treatment of Tullio Lombardo’s Adam: a new approach to the conservation of
monumental marble sculpture." Metropolitan Museum Journal 49.1 (2014): 48-116; Arbace 2013; Dajnowski,
Andrzej, et al. "New trends in art conservation, the use of lasers to clean as well as generate an augmented
reality representation of an iconic public monument in bronze: The Alma Mater." Studies in
Conservation 60.sup1 (2015): 65-72.; Kmosek, J., and Leroux, M. “Restoration of an Archaeological Iron Object
using 3D Technology: A Case Study.”METAL 2016: Proceedings of the Interim Meeting of the ICOM-CC Metal
Working Group (2016): 61-67.
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Smith, S.M. and L. Petitt. “Conservation Treatment of Malvina Hoffman’s Bushman Family, Kalahari Desert,
South Africa (1930) using 3D Technology.” METAL 2016: Proceedings of the Interim Meeting of the ICOM-CC
Metal Working Group (2016): 276-283.
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There are not only advantages to the use of 3D scanning. The technique has some limitations
and disadvantages. The limitations are usually due to the use of light as a means of capturing
the surface: translucent materials or surface coatings can be a problem as well as very shiny or
dark matt surfaces, causing unwanted reflection or complete absorption of the light. The linear
nature of light also makes that undercut details that cannot be captured at different angles are
not registered properly. Damaging effects of the light to light sensitive objects are usually not
an issue because of the low light intensity of 3D scanners especially the latest generation of
scanners using LED light. Although the resolution of 3D scanners is still increasing, it is still
not at the level of the definition one can achieve with the finest mould materials such as
silicone rubbers. High definition 3D scanners usually only capture small surface areas or
small objects, this is because of the enormous data files generated by these HD 3D scanners.
As a general rule one can state that an increase in field of view usually constitutes a reduction
in resolution.
The main concerns with 3D scanning are in the way the data are captured, processed and what
is ultimately done with the processed data. Good data capture is a skilled process and
individual operators can produce remarkable differences in the quality of the captured data.
The same can be said about the subsequent processing of these data. Most of the software for
this is developed for industry purposes and has automated features enabling the production of
a 3D model with relative ease. Irregularities and gaps in the data are often corrected or filled
in by the software to create a complete and workable 3D model. This of course compromises
the authenticity of the data. For documentation of historic objects, it is vital that the data are
accurate and a true representation of the object. For the 3D scanning of historic objects, it is
therefore important that the captured data are collected and processed with this in mind and it
is advisable to always keep a copy of the raw data as a future reference.
Another concern with 3D scanning is the future readability of the data files. Future
generations might not be able to read files produced in the past because of changes in hardand software. It is therefore good practice to regularly update archived files or one can
convert the binary data into ASCII files which can be printed out as text. Because 3D
techniques are a field which is evolving at a rapid pace and techniques used now might be
obsolete in the near future it is also paramount to document, in as much detail as possible, all
the technicalities such as hardware, software (including versions) and the exact procedure
followed.
The last main concern with 3D scanning of objects is not a technical issue but an ethical one.
A well-produced 3D model can potentially be used, in combination with 3D printing, to
produce very accurate copies of an object. This can be very useful for study but also
potentially used to produce a fraudulent fake object. Owners and custodians of historic objects
should therefore be careful for unauthorised access to and use of data files. Commercial
companies hired for 3D scanning should have a legal binding contracts with the owners of
historic objects to prevent unauthorised use of data files to produce fraudulent copies of their
objects.
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6.9

Communicating the treatment

Documenting conservation-restoration treatments is an essential part of modern conservation
practice. The case of the Laren Thinker was exceptional in many aspects, also concerning the
documentation of the treatment. Because the theft, recovery and the subsequent discussion
around its treatment was covered so publicly, the Laren Museum was adamant that the
treatment should be communicated in a transparent and public manner.
In addition to a traditional treatment report, the museum managed to secure funding to order
the production of a documentary covering the theft, recovery, some of the decision making
and treatment.945 The museum also organised an exhibition marking the completion of the
restoration and return of the sculpture to the museum.946 This exhibition focussed not only on
the treatment but also tried to place the Laren Thinker in the context of other Thinkers as well
as the wider context of Rodin’s oeuvre and career. The exhibition was accompanied by a
catalogue which was in effect, the first monograph on Rodin’s Thinker.947
In addition to the exhibition, a public, one day, symposium was organised.948 This symposium
was organised to elucidate the complex treatment and to provide a platform for discussion. In
contrast to the pre-restoration discussion, there was barely discussion challenging the
conservation treatment during the symposium. During and after the exhibition too, there were
no features in newspapers contesting the choice for treatment.949 How can this be explained?
Perhaps the fact that the restoration was a fait accompli, and nothing could be changed
anymore, can be an explanation. It is likely however, that the transparency of the process and
treatment played a role as well. It was clear for everyone to see how the treatment was carried
out: with maximum effort to preserve the original features of the bronze.
In this respect it is interesting to look at other high-profile cases of art vandalism in the past.
Most of these cases are well-known paintings damaged by a short, violent, attack, invariably
by a man. In some cases the transparency of the decision-making prior, during and after the
restoration was of a standard, currently considered not acceptable anymore, for example in the
cases of the Stedelijk’s Barnett Newman’s Who’s afraid of red, yellow and blue III (1986) and
Rembrandt van Rijn’s Danae in the Hermitage in 1985.950 In both cases the museums own
conservators were completely or partially bypassed in the decision whether and how to restore
the artworks. With the Danae, it was politicians stipulating soon after the vandalism, that the
painting without question would be brought back to its former glory regardless its current
condition.951 In the case of Who’s afraid of red, yellow and blue III, the painting was taken out

945

De Denker van Anna; documentary by director Paul Kramer, 2011
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947
Tilanus 2011
948
13.05.2011, Singer Museum Laren
949
The only notable exception is the Broken Thinker website initiated by Arnoud Holleman and Gert Jan Kocken
in December 2016. [online] Available at:<http://www.brokenthinker.nl> [last accessed 27 October 2017]
950
James 1991 and Aleshina 1993.
951
Despite this ‘political’ order for total restoration, the conservation team in charge were appearently left
some autonomy regarding the treatment of the painting and were able to carry out an ‘ethical’treatment using
modern conservation standards. See Aleshina 1993.
946

299

of the care of the Stedelijk museum’s own conservators and transported to a private
conservator in New York. The treatment could not be independently monitored and caused
great controversy.952
Transparency however, should not become a goal of its own, it can only work if the case for
restoration is well researched and supported by good argumentation.

6.10 Conclusion
In this chapter, I have documented various aspects of the treatment of the Laren Thinker. The
nature of the damage and the requirements of the museum provided a challenge that could not
be solved by using, then current, restoration techniques. A new approach was required and
initiated new research into the suitability of 3D techniques for sculpture conservation.
The theft, recovery and treatment were from the start a very public affair. The fact that the
museum went public as soon as they discovered the theft, might have prevented the sculpture
from being cut up entirely. The recovery of the sculpture-initiated a, very public, discussion
regarding its future. As so often with art, this heated discussion used sometimes arguments of
a personal and sentimental nature. In this chapter, I have taken a more factual approach and
looked at the different arguments used in this discussion and reflected on this from a
conservator’s and technical art-historian’s point of view.
As the owner and main stakeholder, the Singer Museum decided to investigate the options for
restoring the sculpture. The complexity of the decision-making process justified setting up an
expert committee. The extent of vandalisation of such an important work of sculpture is
fortunately not an often-occurring event and one has to look at paintings restoration conservation to find similar expert committees. The metals department of the Conservation
and Restoration of Cultural Heritage programme at the University of Amsterdam was
approached to research and formulate possible treatment options.
The structure of the restoration project with the expert committee and the team of
conservators worked very well and can be considered as an exemplary set-up for consensual
conservation decision-making, when dealing with such a complex project. Usually
restoration/conservation projects are characterised by monetary and time restraints. In the case
of the Laren Thinker these factors were less prominent.
The treatment of the Laren Thinker was one of the earliest uses of 3D techniques for the
restoration of sculpture. Its complexity with 3D printed parts, placed in the sculpture, was not
carried out before. The use of 3D techniques proved to be very effective and readily
applicable. Despite the high-tech nature of these 3D techniques, a high degree of skill or
craftsmanship is still required for good execution.
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The restored bronze has regained its place in the permanent display of the museum. It actually
has now a more prominent place, above a doorway, which comes close the original position of
this sculpture as part of the Gates of hell. After almost eight years, the restoration itself is still
in very good condition with no discolouration or distortion of the new parts and infills.
In this chapter, I also looked at the implications of the use of 3D techniques in
conservation/restoration in general and gave some recommendations for best practice.
Because of the complexity of some of the techniques, equipment and their expense, most of
the 3D imaging and 3D printing is carried out by non-conservators whose objectives might
differ from conservators. Conservators should be aware of this and be selective in their choice
for professionals to perform their 3D imaging. 3D techniques offer an exciting new array of
possibilities for the conservation profession with opportunities previous generations of
conservators could only dream of. The conservation profession, although by nature
conservative, should embrace the new techniques because they can offer so much. These 3D
techniques have been developed mainly for industrial purposes and it is only by interacting
with this technology that one can discover new possibilities for the conservation profession.
Although the brutal act of vandalism severely damaged a major work of art, it provided a
unique opportunity to initiate valuable research. This research, useful for the wider field of
conservation, gave opportunity for technical study, treatment optimisation and new
developments, and can be seen as one of the very few positive consequences of the
vandalism.’
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Conclusions
Traditionally, technical art history has a strong focus on material analysis and textual sources
with research often gravitating towards either analysing material or historical aspects of an art
work. Although these two research methods have also been applied to this research, I have
tried to bridge the gap between these two approaches by shifting the focus of this thesis
towards the manual production process. With bronze sculpture, the technicalities of the
execution of the moulding and casting process greatly determine the appearance of the final
art work. The selected moulding technique, combined with the founder’s choice of moulding
materials and the procedure followed, is reflected in characteristic details captured in the
bronze sculpture. These characteristics, such as alloy, construction, surface finish and
patination, determine not only its final outer appearance but are also reflected in the interior
surface. It is this interior surface, which provides often a wealth of information regarding the
used founding technique, informing the researcher on the foundry technique, age and
authenticity.

Historical development of sand mould casting
This research identified the absence of a chronological overview of the development of sand
as a moulding material. By consulting source material such as manuals and other technical
sources, a much better insight was created in this thesis, of the introduction and use of sand
moulds in early modern Europe. One of the earliest uses of sand as a moulding material in
Western Europe is in iron foundries in the late fifteenth century. Unfortunately, very little
documentary evidence survives detailing this early use. Most of the early written references to
sand mould casting are describing the casting of small, low relief objects such as precious and
base metal seals, medals and plaquettes, carried out by goldsmiths and medal founders. From
the end of the seventeenth century, sand moulds were beginning to be used for the production
of other, more domestic, products such as copper alloy cauldrons and skillets. The founding of
hollowware required more complex moulding techniques compared to the simple two-part
moulding as practised by goldsmiths and medal founders. The first pictorial evidence for the
use of these so-called piece-moulds was found in the eighteenth century. Other artisans
making use of sand moulds were the cannon founders. Complex piece-moulds were
developed and applied by a new generation of sand moulders who were going to be
instrumental in the development of the sand moulding of sculpture.
Around the question whether sand mould cast bronzes are by definition from the nineteenth
century and later, this study identified documentary evidence of piece-mould cast bronzes
before 1800, in technical texts by Dossie (1758) and Sprengel (1770). These give descriptions
of loam/clay piece moulding and are to date the earliest European accounts of the piecemoulding of a refractory sculpture mould, which was subsequently used for casting bronze
directly into. They are possibly the earliest descriptions of sand mould casting of bronze
sculptures and challenge the current accepted views that the sand piece-mould casting of
bronze sculptures developed around 1800.
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The intricacies of this moulding technique, as practised in the nineteenth century, has not been
the subject of serious comprehensive study before. The research was based on three main
types of source material: surviving objects, early written sources and pictorial material. For
the first type of source material, bronzes and plaster models were studied. Pictorial source
material was available in the form of drawings, paintings and photographs. For the late
nineteenth and early twentieth century, photography is a very fortunate and welcome
additional source, providing the researcher with accurate detailed information not available to
researchers of earlier material. The last type of source material, textual sources, were
available in the form of contemporary eye witness accounts, manuals and other technical
sources such as encyclopaedia entries and patents. These workshop manuals proved to be a
very rich source for practical technical research for this thesis and complemented object
research very well. Textual sources research can provide technical information on bronzes that
cannot be deduced from object study alone. Especially whereby materials used in the process,
are removed during finishing, such as the lanterns and other core vents and outer mould
material. As so often with research, the search for elucidation frequently results in more
complexity. An example of this, as given in this thesis, is the use of hybrid moulding
techniques in the nineteenth century. The clear distinction between lost wax and sand mould
casting, as often described in the literature on bronzes, proved to be in practice, as established
by this research, not so clear.
Apart from visual examination, a number of bronze sculptures were subjected to material
analysis. Non-destructive X-ray fluorescence surface analysis was carried out, as well as
sample analysis for alloy and core material. The metal samples were analysed with ICP-MS
and core material was analysed with laser diffraction. The data collected with these analyses
provided information on alloy composition and grain-size distribution of the cores. The effect
of heat on the grain-size distribution of clay rich moulding sand was also studied. A form of
sintering of the clay particles was observed, leading to a decrease in clay content. A
correlation was established between the distance of the moulding sand to the hot cast metal
and the clay content whereby the metal closest to the cast metal showed the largest decrease
in clay content. This finding has important implications for the interpretations of past and
future core analyses. It was also found that the choice of analytical method greatly determines
the accuracy of the analysis of the grain-size distribution. This was demonstrated by
comparing the Getty Schmidtling clay and silica values from 2008 using point counting and
the recent, more accurate, laser diffraction method as used for this study.
Although the main focus of this thesis was the founding of metal objects, a great deal of
attention is given to non-metallic materials, such as sand, clay and plaster. It is only with the
help of these refractory materials that sculptors and founders can create their metal objects.
Most of these refractory materials are removed during the making process and, unfortunately,
outer mould material is therefore very rarely encountered on historic bronzes. Core material in
contrast, is a common occurrence inside hollow bronze sculpture. Research into core material
is now increasingly used in bronze technology research, forming now an essential part of
bronze sculpture research. The interaction between the molten metal and the refractory
material is a fascinating, albeit complex one. For modern mould materials and metals, due to
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large economic interests, this is well researched and understood. For historic mould materials
this is not yet the case, with still plenty of research to be done.

Researching the Thinker
The Thinker, as the main focus of this research, was chosen not only because of the treatment
and exhibition on the Laren Thinker, providing a rare opportunity for detailed study of
Thinkers but also because the Thinker can be seen as exemplary for Rodin’s bronze
sculptures. It is often assumed that bronzes, deriving from the same model and made in the
same foundry, are identical. However, this is rarely the case. By comparing a great number of
near identical casts of Rodin’s Thinker, slight, but crucial, differing art-technological features
were identified. These differences lent each cast its own character and these bronzes, although
cast in multiples, should not be seen as factory produced identical objects which are
interchangeable. Although these various casts may be artistically not unique, due to the
intricacies of the founding and casting process and the manual finishing, each cast possesses
an art-technological uniqueness. The availability of a large group of original size Thinkers for
study, made this observation possible. Rodin was the first modern sculptor to produce his
bronzes in such large editions, enabling to make this type comparison studies.
One of the main research questions concerned Rodin’s preference for a particular casting
technique for his bronzes. Very few personal references can be found with regard to the
artist’s choice for a casting method and if there is a preference expressed, it is for the lost wax
technique. A broad approach is used in this thesis to document the use of the two competing
casting techniques, lost wax and sand mould casting, from an art-historical as well as arttechnological point of view. A picture emerges of an artist who is willing to try out a newly
re-established casting method, lost wax, in favour of the well-established technique of sand
mould casting, but in the end has to be pragmatic and chooses for the Alexis Rudier foundry
and in effect the sand mould casting technique and possibly an aesthetic preference for a sand
mould cast surface played a role as well.
Three times during his career Rodin tried out lost wax casting but every time he was
disappointed by the foundry and went back to the trusted sand mould casting. Although Rodin
looked critically at the prices asked by foundries, he was prepared to pay a premium if the
foundry performed up to his standards. Rodin was, apart from an artist also a business man
who demanded basically two things from his foundries: sound castings accurate to his models
and prompt delivery within the agreed time. These lost wax foundries would time and time
again fail to deliver on time. It was the young founder Eugène Rudier of the A. Rudier
foundry who came to the rescue. By using the sand mould casting technique, he was able to
full fill the increasing demand of Rodin bronzes, in time and consistent quality. From around
1902-03 he would cast the vast majority of Rodin bronzes including all the subsequent
original size Thinkers. Around fifty authorized casts of the original size Thinkers, produced
between 1884 and 1967, have been identified. Of the first one, the Ionides Thinker, the only
one to be cast using lost wax casting, the foundry was still a mystery. Through the study of
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the material aspects of this bronze, such as material analysis and comparing casting features,
it was possible to gather enough information to support a firm attribution to the Gonon
foundry.
Another research question relating to a specific Thinker was the question of the production
date of the Laren Thinker. A specific technical feature on a toe of the Laren cast was
observed, probably caused during the moulding and casting of the plaster foundry model. This
feature was only observed on one foundry model, still in the collection of the Rodin Museum
Paris. On a small group of bronze casts this feature was also observed and by comparing the
dates of these other Thinkers, the period of use of this foundry model is now set between 1931
and 1939, narrowing the production date for the Laren Thinker somewhere between 19311937.
In addition to the use of traditional research methods as literature research, innovative
techniques were also applied in the study. 3D imaging techniques, used successfully in the
treatment of the Laren Thinker, were used successfully in a comparative study to determine
the casting methods of a small group of Thinkers. In this study various casts of the original
size Thinkers were 3D scanned in high definition. These 3D scans were subsequently used for
a deviation study which identified foundry specific dimensional deviations. One of the initial
research questions was whether differences could be observed between the lost wax casting
and sand mould casting: potentially very interesting for authentication purposes. Indeed, the
deviations, identified for the first time in this study, made it possible to make a distinction
between lost wax and sand mould castings purely based on 3D imaging.
The treatment of the Laren Thinker was one of the earliest uses of 3D techniques for the
restoration of sculpture. The complexity of using 3D printed replacement parts, which were
placed in the sculpture, was not attempted before and the question arose whether these
innovative 3D techniques were suitable to apply directly in sculpture conservation/restoration.
Eventually the use of 3D techniques proved to be very effective and readily applicable.
The research, prior to the treatment of the Laren Thinker, was the start of my fascination with
sand mould casting: why did an artist of such a stature have his bronzes cast with an ‘inferior’
casting method and how was this actually achieved. This thesis gives many new facts and
previously unknown details of the use of natural sand as a moulding and casting material. By
researching the intricacies of the technique, a picture emerged of a technique evolving over
time, from a fairly basic founding technique to a very complex and skilled founding
technique, capable of casting elaborate sculptures.
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Suggestions for future research
This thesis gives for the first time a comprehensive overview of the technical development of
sand as a moulding material for founding. It is based primarily on original historical textual
source material. Other sources such as archeological evidence proved to be less fruitful. This
is partly due to the ephemeral nature of sand moulds but also due to archeologist being
unfamiliar with sand as evidence of a founding technique. If future excavations could be more
aware of the presence of moulding sand, perhaps the extent of the use of sand moulding could
become clearer.
Although I have tried to make my overview of the technical development of sand mould
casting as comprehensive as possible, some knowledge gaps were easier to fill than others.
Because this part of the research drew heavily on textual source material, this has its
reflection on the research. Some trades, periods and countries are perhaps under-represented
because of lack of available source material. The availability of textual sources can have
several causes. Firstly, the most obvious one is the fact that not every trade in every
country/language published in any given time period. Secondly, not all source material has
survived to the present day. Thirdly, even if these texts have survived, it might not be easily
accessible for today’s researcher, due to language, lack of cataloguing or referencing in
literature. The early development of sand mould casting specifically, is rather sketchy and
could benefit from more research. Were there earlier uses of sand mould casting than the
fourteenth century and is it possible to establish a possible knowledge transfer between the
Middle East and the West?
In the area of technical features on bronzes, there remains still much to be researched. This
study observed on some bronzes a specific technical feature, identified as portées. These
portées have never been properly studied and its use seems to be not limited to only sand
mould casting and the nineteenth century. It would be therefore very useful to find more
examples to determine the precise use and context of this casting feature. This research found
evidence of the use of hybrid techniques, how widespread was the use of these techniques or
were these hybrids the result of experimentation in the early development of a technique?
This research made extensive use of comparison studies. For example, the specific damage to
a toe of the original size Thinker was used to narrow the date of use of foundry plaster S.
2840. Future comparison with more casts could possibly narrow this date even more. The
other comparison study, using 3D imaging, was able to discriminate between the different
casting methods by comparing dimensions. Future research with more accurate 3D imaging
methods could be used to map specific markers such as small damages. These damages could
then, as with the above-mentioned research with the toe, be used in deviation studies which
could potentially provide a chronological sequence.
The research presented here, is the first detailed technical study of Rodin’s Thinkers, and
although the number of studied Thinkers for this study is considerable, it is far from
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conclusive and it is hoped that future examination of currently not accessible examples, can
contribute to this study and confirm some of the findings.
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Summary
Casting Rodin’s Thinker
Sand mould casting, the case of the Laren Thinker and conservation treatment
innovation

Chapter 1 provides for the first time a comprehensive overview of the historical technical
development of sand moulding and casting. The lack of archaeological evidence shifted the
focus of this research to early descriptions or depictions of sand mould casting. Historically,
foundries have used predominantly natural occurring sands for moulding. The exception to
this was the use of artificially produced finely powdered refractory materials by sixteenth and
seventeenth century medal founders and goldsmiths to produce fine castings. Strictly speaking
with these artificially produced powders one cannot speak of sand anymore and the modern
term aggregate to denote this type of moulding material is therefore more appropriate. The
moulding and casting recipes detailing the grinding of various refractory materials to a fine
powder were common for the early modern period and the large variety of different mould
materials described in these recipes suggest an experimental element. Of the natural moulding
sands, it was the French moulding sand from Fontenay-aux-Roses that possessed a
combination of properties that made it so desirable for sand moulding. Small uniformly round
grains, each encapsulated with a fine layer of clay made for a moulding sand that took a very
fine imprint but was still permeable enough to facilitate the escape of mould gases. The clay
content of this sand was between 16-19%.
The earliest firm evidence for sand mould casting in Western Europe dates from the late
fifteenth century. Most of the early written references to sand mould casting are describing the
casting of small, low relief objects such as precious and base metal seals, medals and
plaquettes by goldsmiths and medal founders. Evidence prior to the middle of the sixteenth
century is exclusively Italian including well known early written sources as Da Vinci,
Piemontese and Cellini. From the middle of the sixteenth century depictions of goldsmithing
workshops illustrated casting flasks, an essential tool in the sand mould casting process. The
use of sand moulds for casting is a general accepted practice amongst goldsmiths and medal
founders in Europe, with evidence from Italy, France, Germany and the Low Countries. Apart
from goldsmiths and medal founders, other professions were also making use of sand as a
moulding material. From the end of the seventeenth century sand moulds were beginning to
be used for the production of other more domestic products such as copper alloy cauldrons
and skillets. Previously these cooking vessels were made using baked loam moulds or with
lost wax casting. Some of the foundry knowledge was transferred from the Low Countries and
Germany to Britain where sand moulding was also applied to cast iron wares. The founding of
hollowware required more complex moulding techniques than the simple two-part moulding
as practised by goldsmiths and medal founders. The complex shapes of hollowware and other
undercut objects such as pulleys could only be moulded by making moulds made up of more
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than two mould parts. The first pictorial evidence for the use of these so-called piece-moulds
can be found in the eighteenth-century Diderot Encyclopédie in the section on the founding of
pulleys. Other artisans making use of sand moulds were the cannon founders. Although sand
moulds for gun founding had seen some limited use in England and France around the middle
of the eighteenth century, the aftermath of the French revolution brought the sand moulding of
cannon to full development. Complex piece-moulds were developed and applied by a new
generation of sand moulders who were going to be instrumental in the development of the
sand moulding of sculpture.
While chapter one looked at the historical development of sand mould casting in Western
Europe in general, the focus of chapter 2 was on the application of sand as a moulding
material for the founding of sculptures. The research presented in this chapter demonstrates
that the historical division between sand mould casting and lost wax casting is sometimes not
so clear when dealing with the eighteenth and early nineteenth century. A picture emerges of
several hybrid techniques incorporating elements previously thought to be exclusive to a
specific moulding and casting technique. The use of plaster cores and wax was, for example,
not exclusive to lost wax casting and additionally there is evidence that piece-moulding using
loam moulds was also used for lost wax casting. It is difficult to determine the extent of the
use of these hybrid techniques from just the textual sources. The early textual evidence found
so far for these hybrid techniques, such as loam piece-moulding incorporating wax parts,
describes only the use of these techniques for the founding of large bronzes. The traditional
categorisation in lost wax or sand mould casting might not applicable to certain bronzes
which used hybrid techniques. This study has shown that remains of core material or the
appearance of the interior surface of a bronze does not always conform to the current accepted
views on the used moulding technique.
Dossie’s (1758) and Sprengel’s (1770) descriptions of loam/clay piece moulding are to date
the earliest European accounts of the piece-moulding of a refractory sculpture mould which
was subsequently used for casting bronze directly into. These descriptions by Sprengel and
Dossie are possibly the earliest descriptions of sand/loam mould casting of bronze sculptures
and challenge the current accepted views that the piece-mould casting of bronze sculptures
developed around 1800. The first French evidence for the casting of sculpture in sand piecemoulds is from 1798 and points to post-revolutionary Paris as the source of French sculpture
casting in sand moulds. Piece-moulding in sand replaced in France lost wax casting as the
preferred technique for the casting of monumental sculpture during the first quarter of the
nineteenth century. This research found that Germany was closely behind France whereas for
Britain and the United States it took till the middle of the nineteenth century for sand mould
casting to become the main sculpture casting technique. In the countries where sand piecemoulding became the preferred method, the lost wax method was practised only very
occasionally for the reproduction of sculpture and became nearly obsolete. Italy was a
different story, up till recently it was assumed that sand mould casting of sculpture was not
exercised and only the lost wax technique was practised. New evidence however points to use
of sand mould casting for the casting of monumental sculpture in Milan by the Manfredini
brothers. They acquired their sand moulding skills during their stay in Paris. This example of
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knowledge transfer can also be observed in other countries where the foundry knowledge of
sand piece-moulding transferred, either by French foundry men working abroad or foreign
practitioners working in France. This research found that the French moulding techniques
were exemplary and practised virtually unchanged in foreign workshops with even the
Parisian sand being imported. As a result, the technique of piece-moulding in natural sand of
sculpture was often referred to as French moulding.
The following factors were instrumental in enabling sculpture casting with sand as a moulding
material to develop:
-

the availability of a natural sand with superior moulding properties in Paris
a pressing demand for an alternative – faster and less expensive – casting method for
the founding of cannon in Paris at the end of the eighteenth century
the bad track record of lost wax casting for the founding of monumental bronze
sculpture as being costly, time-consuming and prone to failure

Several factors were instrumental for the change in preference from lost wax casting to sand
mould casting during the nineteenth century. With monumental statuary especially, the sand
moulding technique was welcomed as a more reliable and economical way of casting. The
fact that the whole moulding process could be constantly monitored combined with casting in
parts was a great advantage. While one of the aims of this chapter was to clarify the use of
sand mould casting, one of the outcomes of this chapter is the complexity of this technique,
especially during the early, more experimental, phase.
Chapter 3 looked at the modelling and plaster model making prior to the founding process.
The transformation of the Rodin’s clay model into the final bronze was complicated process
involving various steps. The artist’s soft wet clay model needed to be converted into a more
durable medium to ensure long term preservation of this model and enable reproduction. This
was usually done by making a plaster mould which was subsequently used to make a plaster
model. Plaster models to be used in sand mould casting, called patterns, were made extra
sturdy to withstand the moulding process whereas plasters, whose sole purpose was to be
exhibited, were executed much lighter. This chapter discussed the making of these clay and
plaster models in Rodin’s atelier and suggests a new categorisation to identify and name the
various types of plasters produced. As with the bronze casting process, no author has given to
date a detailed description of the technical aspects of the making of these plasters in Rodin’s
workshop. This is most likely due the fact that Rodin was not involved in this and thus the
making of these plasters was regarded as mere reproduction and not part of the artistic
process. Indeed, the principal aim of the making of plaster models was to reproduce the clay
model in plaster as accurate as possible without alteration of the artist’s model. However, it is
sheer impossible, using traditional mould making techniques, to make a perfect copy without
loss of surface detail, shrinkage or minor moulding mistakes. It is the occurrence of these
minor imperfections that enables to make distinctions between plaster models and ultimately
their derivatives, the final bronze casts. By mapping these minor deviations between models
and dated bronze casts, a first attempt is made in this chapter to make a chronological
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sequence of certain bronze casts of the original size Thinker. The fortunate survival of most of
Rodin’s plaster models of the original size Thinker the Rodin Museum in Paris enabled
detailed study that continued in chapter 4.
This chapter 4 gives a detailed study of the production process of Rodin bronzes and in
particular Thinkers. It describes in detail the moulding, casting and finishing of bronzes using
sand piece-moulds. Starting point for sand moulding is a pattern, a sturdy model of the
sculpture to be reproduced. Patterns for sand moulding were made from various materials
with plaster being favoured for the moulding of larger sculptures. The study of these original
foundry plasters demonstrated the use of a complex system of mould pieces called false-cores
in sand. The decline in availability of high quality moulding sand from Fontenay –aux-Roses,
from the 1960s onwards, contributed greatly to the demise of the founding of sculpture in
natural sand moulds. This chapter describes in detail the piece-moulding of bronzes in natural
sand including the complex procedure to fabricate a core from sand, involving repeated
assembly and disassembly of the piece-mould and the use of sand cones, called flies. An
internal and external armature held the core together and in place, inside the outer mould and
a core vent (lantern) facilitated the escape of core gases. Most of the Rodin bronzes cast
before 1903 are in fact brasses. It is only when Rodin starts commissioning Eugène Rudier of
the A. Rudier foundry that a true bronze alloy is used regularly. The A. Rudier foundry was
remarkable consistent in using one particular alloy, casting all type of sculptures with this
alloy, during the entire working period of the foundry. The time around 1900 was also a
turning point for Rodin concerning the patination of his bronzes. Previously these bronzes
were patinated by the commissioned foundry but from 1900 onwards Rodin bronzes were
increasingly patinated by Jean Limet and later his son. These complex patinas involved the
use of various chemicals often applied in multiple steps. This chapter also describes for the
first time in detail the various markings one can encounter in the surface or the interior of
Rodin bronzes. These can range from signatures, foundry marks or stamps and dedications
with a suggested chronological sequence of some of these. Because the model of the Thinker
is inherently unstable and has the tendency to tip forward a lead counterweight can be found
inside most of the Thinkers. This study observed a development in form and position of these
counterweights and suggests a possible chronological sequence.
While the previous chapter 4 looked at the making process and the characteristics it produced
on the bronzes, chapter 5 focussed mainly on the technical differences between the various
Rodin bronzes. By comparing various Thinkers and other Rodin bronzes it was observed that
the castings produced by Eugène Rudier share great technical similarity with Griffoul castings
and a marked difference compared to the bronzes produced by his uncle François Rudier. It is
possible that Eugène Rudier or one of his foundry men acquired some of their bronze
moulding and casting skills from father or son Griffoul via the connection of his uncle
François Rudier, once the business partner of father Griffoul.
A comparison study was also instrumental in establishing the possible founder of the Ionides
Thinker. This first ever bronze cast of the Thinker has always been a sort of enigma. The only
lost wax cast Thinker, has no foundry mark or documentation to attribute it to a specific
foundry. Two founders have been suggested as likely candidates by art historians in the past,
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namely Pierre Bingen or Eugène Gonon. Through analysis of the art technological features of
this bronze and comparison with other bronzes by these founders Eugène Gonon was
identified as the most likely founder of the Ionides Thinker.
Traditionally the technical study of bronze sculptures has focussed either on material analysis,
textual source material or visual and radiographic examination. The application of innovative
3D imaging during the treatment of the Laren Thinker raised the question whether 3D
imaging can also be used to distinguish between the various casts and models of the Thinker.
By comparing the various 3D-scans of the Thinker, variations could be observed. Slight but
significant differences in size, between the plaster foundry model, the sand cast bronze and
the lost wax bronze were made digitally visible and made it possible to discriminate between
the various casting methods. Although small variations in modelling between the Ionides
Thinker and the other Thinkers could be observed, the similarity between the foundry model
and the other casts is remarkable. This demonstrates the use of a master model taken from the
original clay model. This master model was used to reproduce all the subsequent foundry
models. When Rodin started, in the mid-1870s, to commission foundries to cast his first
bronzes, sand mould casting was the pre-eminent founding method for bronze sculpture. As a
result, these first Rodin bronzes were cast using sand moulds. Around this time however a
renewed interest emerged in lost wax casting which according to contemporary art-critics was
the preferred method for reproducing fine art sculpture. They argued that only this founding
technique, used to produce the great bronze sculptures of Antiquity and the Renaissance, was
suitable to reproduce the modern master sculptors. This prompted several artists, Rodin
amongst them, to have, around 1880, their work reproduced in bronze using the lost wax
technique. From 1882 Rodin, who never performed his own castings, used the Gonon and
Bingen lost wax foundries until 1886. This was Rodin’s first period of using lost wax
founders and was ended for several reasons. Rodin popularity as an artist increased in this
period and resulted in more commissions for bronzes. The artisanal nature limited the output
and resulted in a long production process of these two foundries. This resulted in long
delivery times for Rodin his bronzes which started to annoy Rodin. Quality of the casts might
have been another issue for Rodin. Even though Gonon and Bingen were using both lost wax
casting, their methods differed considerably, resulting in a difference in the quality of casting,
with the surface detail rendering of Bingen’s cast being superior to that of Gonon. The very
detailed surface of Bingen’s bronzes was however the result of a second modelling of the wax
which Rodin could hardly have enjoyed. The second period was 1903-05 when he used the
Hébrard lost wax foundry for two enlarged Thinkers and a handful of smaller bronzes.
Hébrard convinced Rodin of the commercial potential of lost wax bronzes in the United
Stated, received the commission for the first monumental Thinker, which would be exhibited
at the St. Louis world fair. Hébrard was even prepared to lower his price in order to get this
commission. However, the quality of this cast greatly disappointed Rodin and Rodin soon
ended their collaboration. Rodin was going to use a lost wax foundry one last time around
1912-13 when the Montagutelli brothers produced busts and statuettes for the artist. This
relationship however was short lived because Rodin soon discovered that this foundry was
also producing unauthorised casts of his work which forced Rodin to take legal action against
the foundry. Three times during his career Rodin was willing to try out lost wax casting but
every time he was disappointed and went back to the trusted sand mould casting. Although
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Rodin looked critically at the prices asked by foundries, he was prepared to pay a premium if
the foundry performed up to his standards. Rodin was apart from an artist also a business man
who demanded basically two things from his foundries: sound castings accurate to his models
and prompt delivery within the agreed time. It is significant that of the more than fifteen
hundred authorised life-time casts only a small fraction, around sixty, was cast using the lost
wax technique and no life-time Rodin bronze was lost wax cast from 1913 onwards.
Apart from economic motives (lost wax casting was more expensive), quality of the castings
and the reliability of the foundry, there might have been another motive for Rodin to prefer
sand mould casting over lost wax casting: the aesthetic quality of a sand mould cast surface. It
is conceivable that Rodin, with a background in stone carving, preferred the soft tactile
surface of sand mould cast surface over an, too detailed, lost wax surface. The difference
between the two surfaces is usually the type of detail and the extend of the undercutting of
these surface details. This gives a sand moulded surface a closed and more solid appearance
similar to a stone carved surface. A lost wax cast surface can have as a contrast, very sharp,
almost harsh details which can sometimes detract the attention from the overall shape of the
sculpture. And although Rodin never expressed himself about the difference between sand
mould cast surfaces and lost wax cast surfaces, it is known that he distanced himself from the
overly detailed commercial work he produced early in his career.

The last chapter documents various aspects of the treatment of the Laren Thinker. The theft,
recovery and treatment were from the start a very public affair. The recovery of the sculpture
initiated an interesting, at times very public, discussion regarding its future. In this chapter 6,
I have looked at the different arguments used in this discussion and reflected on this from a
conservator’s and technical art-historian’s point of view.
As the owner and main stakeholder, the Singer Museum decided to investigate the options for
restoring the sculpture. The complexity of decision making process justified setting up an
expert committee. The extent of vandalisation of such an important work of sculpture is
fortunately not an often-occurring event and one has to look at paintings restoration conservation to find similar expert committees.
The treatment of the Laren Thinker was one of the earliest uses of 3D techniques for the
restoration of sculpture. It’s complexity with 3D printed parts that were placed in the
sculpture was not performed earlier. The use of 3D techniques proved to be very effective and
readily applicable. This chapter also looks at the implications of the use of 3D techniques in
conservation/restoration and gives recommendations for best practice. Because of the
complexity of some of the techniques and equipment and their expense, most of the 3D
imaging and 3D printing is carried out by non-conservators whose objectives might differ
from conservators. Conservators should be aware of this and be selective in their choice for
professionals to perform their 3D imaging. These 3D techniques have been developed initially
for industrial purposes and it is only by interacting with this technology that one can discover
new possibilities for the conservation profession.
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Samenvatting
Het gieten van de Denker van Rodin
Zandgieten, de zaak van de Larense Denker en innovaties in
conservingsbehandelingen

Dit proefschrift geeft voor het eerst een historisch overzicht van de technische ontwikkeling
van het gieten van metaal in mallen gemaakt van natuurlijk zand. Deze traditionele manier
van gieten is bijna geheel in onbruik geraakt. Van oudsher gebruikten gieterijen hiervoor
natuurlijk zand, van verschillende bronnen. Het zand gewonnen aan de rand van Parijs, in
Fontenay-aux-Roses, bezat van nature de perfecte eigenschappen om als vormzand voor de
mallen te dienen. De combinatie van kleine uniforme ronde korrels en een natuurlijk
kleigehalte van 16-19% maakte dit zand zeer gewild. Het is dit kleigehalte dat het zand
bijeenhoudt en het produceren van perfect gedetailleerde mallen mogelijk maakt. Dit zand is
wezenlijk anders dan het moderne vormzand, dat gebonden wordt door synthetische
polymeren.
In dit onderzoek is een vergelijking gemaakt, op basis van historische bronnen, tussen het
zand gebruikt in de negentiende eeuw en in de twee helft van de twintigste eeuw. Hierbij is
vastgesteld dat de korrelgrootte en vorm van de zandkorrels groter en grover werd waardoor
de vormkwaliteiten van het zand achteruitgingen. Tevens is het effect van hitte op het
kleigehalte onderzocht. Hierbij is vastgesteld dat er een verandering in korrelgrootte is waar te
nemen bij het zand dat zich het dichtst bij het gegoten metaal bevindt. Dit is hoogst
waarschijnlijk toe te schrijven aan een vorm van sintering van de kleideeltjes. Deze bevinding
laat zien dat de plaats van monstername van kernmateriaal van cruciaal is voor het verkrijgen
van een representatief onderzoeksresultaat. Deze bevinding heeft repercussies voor het
interpreteren van korrelgrootte-analyses gedaan in het verleden.
Het vroegste bewijs voor zandgieten in West-Europa dateert van de laat vijftiende eeuw. De
eerste geschreven bronnen, daterend vanaf 1500 en veelal Italiaans, beschrijven het vormen
en gieten van kleine eenvoudige voorwerpen zoals penningen en plaquettes. Het gebruik van
zandgieten door goud- en zilversmeden en penninggieters vindt in de loop van de zestiende
eeuw algemene ingang in Europa met voorbeelden uit onder andere in Italië, Frankrijk,
Duitsland en de Lage Landen.
Vanaf eind zeventiende eeuw zien we bewijs voor het zandgieten als productiemethode voor
gebruiksvoorwerpen zoals bronzen en messing potten en ketels. Het vormen en gieten van
deze, vaak holle, objecten vereiste meer complexe mallen dan de eenvoudige tweeledige
mallen zoals gebruikt door de edelsmeden en penninggieters. Deze zogenaamde deelmallen
worden voor het eerst afgebeeld in de achttiende-eeuwse Encyclopédie van Diderot en
d’Alembert in het hoofdstuk betreffende het gieten van katrolschijven. Het gebruik van
deelmallen in zand neemt na de Franse Revolutie een grote vlucht, m.n. bij het gieten van
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kanonnen, en zal dan vervolgens ook worden gebruikt voor het vormen en gieten van
sculpturen.
Hoofstuk 2 gaat dieper in op dit gebruik van zand als malmateriaal in de productie van
sculpturen en laat zien dat het traditionele onderscheid tussen zandgieten en het alternatief,
verloren-was-gieten, niet zo duidelijk was als voorheen gedacht. Dit proefschrift beschrijft
voor het eerst diverse hybride technieken met overlappende kenmerken die voorheen enkel
werden toegedicht aan een bepaalde techniek. Het gebruik van was en gips was niet exclusief
voor de verloren-was-techniek en omgekeerd werden lemen deelmallen soms ook gebruikt
voor het afvormen van wasmodellen.
Dossie (1758) en Sprengel (1770) zijn de vroegste beschrijvingen van het gebruik van lemen
en/of klei deelmallen voor het gieten van monumentale bronzen beelden. Dit kan
waarschijnlijk gezien worden als de voorloper voor het gebruik van deelmallen uit zand. Door
ambivalent taalgebruik is het onderscheid tussen leem en zandmallen is soms moeilijk op te
maken uit de beschrijvingen in oude geschreven bronnen. De vroegste tekst die deze studie
heeft gevonden van het gebruik van zandmallen voor het gieten van beelden, dateert uit 1798
en dicht deze uitvinding toe aan de Parijse gieter Rousseau.
In het eerste kwart van de negentiende eeuw zal zandgieten het verloren-was-gieten bijna
geheel verdringen als vervaardigingswijze voor bronzen beelden in Frankrijk en Duitsland en
rond het midden van de eeuw ook in het Verenigd Koninkrijk en de Verenigde Staten. In
Italië daarentegen bleef de verloren-was-methode in zwang, alhoewel er wel degelijk bewijs is
voor het gebruik van zandgieten voor het produceren van monumentale bronzen beelden in dit
land. De gieterijen buiten Frankrijk haalden de kennis van het gieten van beelden in
zandmallen uit Frankrijk. Ook het zand werd, vaak tegen hoge kosten, uit Frankrijk gehaald.
Het uit zwang raken van de verloren-was-techniek ten faveure van het zandgieten in de
negentiende eeuw had meerdere oorzaken:
-

de noodzaak van een alternatieve – snellere en goedkopere – methode voor het gieten
van kanonnen in Frankrijk aan het einde van de achttiende eeuw
de beschikbaarheid van geschikt natuurlijk vormzand in Parijs
technische problemen met het gieten van monumentale bronzen met de verloren-wasmethode

Hoofdstuk 3 en 4 gaan dieper in op het vorm- en gietproces zoals dat aan het eind van de
negentiende eeuw uitgevoerd werd, met name in Frankrijk, en toegespitst op het vormen en
gieten van de Denker van Rodin. Rodin bronzen en de Denker in het bijzonder, vormen goede
representatieve voorbeelden van laat negentiende en vroeg twintigste eeuwse bronzen. Rodin
bronzen werden geproduceerd gedurende een lange periode, van rond 1875 tot recent, door
bijna alle belangrijke Parijse gieterijen, met alle toen gangbare giettechnieken. De nadruk ligt
op het originele of middenformaat Denker, de afgeleiden hiervan, de vergrote (monumentale)
of verkleinde versies worden minder uitvoerig behandeld. Hoofdstuk 3 behandelt het proces
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van modelleren en het vervaardigen van het gipsen model, dat grotendeels plaats vond in het
atelier van Rodin, terwijl hoofdstuk 4 de gieterijprocessen rond de Denker behandelt.
De transformatie van het kunstenaarsmodel in klei tot het definitieve bronzen beeld is een
gecompliceerd proces met vele handelingen. Wanneer het kleimodel afgerond was, werd dit
door middel van mallen vervangen door een meer duurzaam gipsmodel.
Gipsen modellen kunnen, op basis van hun functie, in verschillende groepen onderverdeeld
worden. De gipsen modellen die als gietmodel dienden, waren extra stevig uitgevoerd. Gipsen
modellen voor tentoonstellingen waren juist dunwandig en dus licht uitgevoerd, om het
transport te vergemakkelijken. Ook waren er verschillende modellen nodig voor de diverse
stadia in het proces van klei- tot definitief gieterijmodel. De variatie in modellen wordt in
deze studie voor het eerst beschreven en gecategoriseerd aan de hand van de verschillende
modellen voor de Denker. De diverse stappen van kleimodel naar definitief gipsen model
laten hun sporen na in de vorm van detailverlies en andere kleine onvolkomenheden op het
oppervlak. Deze sporen zijn vaak terug te vinden op de uiteindelijke bronzen beelden. Voor
deze studie is een begin gemaakt met het in kaart brengen van deze afwijkingen bij de diverse
uitvoeringen van de Denker. Zodoende kon een chronologische opeenvolging worden
opgesteld waardoor een betere datering van de diverse bronzen Denkers mogelijk is. Dit kon
vooral doordat een groot aantal originele gipsen modellen bewaard is gebleven in het Rodin
museum in Parijs (locatie Meudon).
Hoofdstuk 4 onderzoekt in detail alle stappen in de gieterij die noodzakelijk zijn om van het
gipsen gieterijmodel, met behulp van zandmallen, een bronzen afgietsel te maken. Wederom
staat de Denker hierbij centraal, soms aangevuld met informatie met betrekking tot andere
bronzen. Door bestudering van de originele gietmodellen en contemporaine technische
literatuur komt een beeld naar voren van een zeer complex systeem van deelmallen, waarbij
de zandmal, soms bestaande uit honderden maldelen, verscheidene keren af- en opgebouwd
moest worden. Vooral het fabriceren van de kern, vaak van hetzelfde vormzand gemaakt,
vereiste een grote vaardigheid. Hierbij werd gebruik gemaakt van interne ijzeren armaturen
alsook van kernpijpen voor de afvoer van gassen die ontstaan tijdens het gieten. Het verlies
aan kwaliteit en beperkte beschikbaarheid van hoogwaardig natuurlijk vormzand vanaf het
begin van de jaren 1960 zorgde voor een afname van het gebruik van de natuurlijke
zandgietmethode voor bronzen beelden. Samen met technische vernieuwingen in de verlorenwas-methode zette dit de teloorgang van het gebruik van het traditionele zandgieten voor
bronzen sculpturen in gang.
Naast de handelingen van het vormen en gieten zijn ook de materiële aspecten van het
bronsgieten in zandmallen onderzocht, waarbij vooral naar de samenstelling van de legering is
gekeken. De koperlegering die gebruikt is voor het merendeel van Rodin’s beelden van vóór
1903, is messing. Pas vanaf 1903, wanneer Rodin gebruik gaat maken van de gieterij van
Rudier, zien we dat doorgaans brons gebruikt wordt. De gieterij van Rudier blijkt daarbij heel
consistent een bepaalde legering te gebruiken, voor verschillende sculpturen van Rodin en
over een lange periode. Rond 1903 gaat Rodin ook steeds vaker gebruik maken van één firma
voor het patineren van zijn bronzen, namelijk vader en zoon Limet. Deze patinas en het
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aanbrengen ervan worden in detail beschreven, net als andere oppervlakte-elementen, zoals
signaturen en gieterijstempels. Ook hierbij wordt een chronologische volgorde voorgesteld.
Ook de specifieke kenmerken aan de binnenzijde van de bronzen worden geanalyseerd. Een
opvallend kenmerk aan de binnenzijde van Rodin’s Denkers is het loden tegengewicht, dat
moet voorkomen dat het beeld voorover valt. Ook voor dit loden tegengewicht wordt een
chronologische volgorde gesuggereerd.
Hoofdstuk 5 richt zich op de technische verschillen tussen diverse bronzen van Rodin en
specifiek zijn Denkers. Daarbij is vastgesteld dat de bronzen die gegoten zijn door Eugène
Rudier grote technische overeenkomsten vertonen met die van de gieter Griffoul, wat wellicht
duidt op een vorm van kennisoverdracht tussen deze twee gieterijen.
Van de originele middelgrote formaat Denker zijn uiteindelijk meer dan vijftig afgietsels
gemaakt. De eerste bronzen Denker is vanuit kunst-technologisch oogpunt enigmatisch. Van
dit beeld, dat zich nu in de National Gallery of Victoria in Melbourne bevindt, weten we sinds
kort dat het rond 1884 met de verloren-was-methode is gegoten. Het is de enige Denker in het
originele middelgrote formaat die met deze techniek is gegoten. Archiefonderzoek heeft tot nu
toe nog niet kunnen achterhalen welke gieterij hierbij betrokken was; de gieterijen van Pierre
Bingen of Eugène Gonon zijn eerder geopperd. Voor dit onderzoek is daarom gekeken naar
de kunst-technologische kenmerken van deze gieterijen, die vervolgens zijn vergeleken met
die van de Denker uit Melbourne. Hieruit is geconcludeerd dat Gonon de meest
waarschijnlijke de gieter van deze Denker is.
Bij de vergelijking tussen de diverse gietingen van de Denker is gebruik gemaakt van 3D
scans. Hierbij is ook gebruik gemaakt van een 3D scan van een gipsen gietmodel. De
verschillen in modellering tussen de diverse modellen bleken miniem te zijn, maar er is wel
een formaatverschil waargenomen tussen de diverse Denkers. Dit verschil is toe te schrijven
aan de krimp die veroorzaakt wordt door afvormen en gieten. De krimp was het grootst bij de
verloren-was-gegoten Denker uit Melbourne.
Toen Rodin rond 1875 zijn eerste bronzen liet gieten, was de zandgietmethode de meest
gangbare methode en werden ook zijn bronzen op deze wijze gegoten. Rond 1880 begon in
Frankrijk een hernieuwde interesse in het verloren-was-gieten en liet ook Rodin, vanaf 1882,
bronzen gieten volgens deze methode. Dit gebeurde in de gieterijen van Bingen en Gonon en
duurde tot ongeveer 1886. Dit was Rodin’s eerste, korte periode van het gebruik van verloren
was; vanaf 1886 ging hij weer gebruik maken van zandgieterijen. Hiervoor zijn verschillende
oorzaken aan te voeren. Uit Rodin’s correspondentie kunnen we afleiden dat de kunstenaar
vaak lang moest wachten voordat de verloren-was-gegoten bronzen beelden werden
afgeleverd. Wanneer we naar deze beelden kijken, bijvoorbeeld de Denker uit Melbourne
(1884), zien we dat de kwaliteit van deze vroege brons nogal te wensen overlaat. Bij Bingen
moest de kunstenaar tijdens het gieterijproces nogmaals aan de detaillering van het wasmodel
werken, een handeling waar Rodin waarschijnlijk niet naar uitkeek. Rodin’s tweede periode
van verloren-was-gieten was tussen 1903 en 1905, toen hij de gieterij van Hébrard gebruikte
voor twee monumentale Denkers en een handvol kleinere bronzen beelden. Ook nu weer
duurde de aflevering lang en was de kwaliteit niet naar Rodin’s wens. Rodin ging nog
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eenmaal in zee met een verloren-was-gieterij, die van de broers Montagutelli, rond 1912-’13.
Deze samenwerking eindigde echter abrupt, toen Rodin ontdekte dat deze gieterij buiten zijn
medeweten bronzen beelden naar zijn ontwerp produceerde, waardoor Rodin genoodzaakt
was juridische stappen tegen deze gieterij te ondernemen.
Driemaal tijdens zijn carrière probeerde Rodin dus zijn bronzen te laten produceren volgens
de verloren-was-methode en telkens werd hij teleurgesteld, om steeds opnieuw terug te keren
naar de vertrouwde zandgieterijen. Rodin was niet alleen kunstenaar, maar ook een zakenman
die twee dingen van zijn gieterijen verlangde: goede bronzen, die binnen de afgesproken
termijn werden geleverd. Hoewel Rodin waarschijnlijk ook naar de prijs keek (zandgieten was
goedkoper), was dit vermoedelijk niet doorslaggevend voor zijn keuze. Rodin kreeg
bijvoorbeeld een aanbod van Hébrard om tegen een concurrerende prijs met de verloren
wastechniek zijn bronzen te laten gieten. Het aantal bronzen beelden van Rodin dat is gegoten
met de verloren-was-methode is dan ook maar een fractie (rond de zestig) van zijn totale
bronzen oeuvre, dat bestaat uit ongeveer vijftienhonderd exemplaren.
Wellicht is er nog een andere reden voor de keuze van Rodin voor het zandgieten, namelijk de
esthetische kwaliteiten van het gegoten oppervlak. Het is denkbaar dat Rodin, met een
achtergrond in steenhouwen, gecharmeerd was van het wat zachtere uiterlijk van een
zandgieting met minder dieperliggende details. Kleine detailleringen in het oppervlak met
ondersnijdingen zijn moeilijk af te vormen in zand en komen niet goed over of worden soms
preventief gevuld. Dit geeft het uiteindelijk oppervlak van een zandgegoten brons dikwijls een
meer ‘gesloten’ oppervlak, dat gelijkenis vertoont met dat van een stenen sculptuur. Hoewel
Rodin zich hierover nooit heeft uitgelaten, weten we dat hij niet tevreden was met zijn vroege,
overmatig gedetailleerde werk, waar hij zich later dan ook van distantieert.
Het laatste hoofdstuk behandelt diverse aspecten van de behandeling van de in 2007 na een
diefstal zwaar beschadigde Denker. Dit vormde het vertrekpunt van het onderhavige
onderzoek. De diefstal, het terugvinden door de politie en de keuze voor de restauratie hadden
een sterk publiek karakter. In dit hoofdstuk komen de diverse standpunten ten aanzien van de
restauratie van dit exemplaar van de Denker aan bod en reflecteer ik hierop als restaurator en
technisch kunsthistoricus, waarbij ik kijk naar de materiaal-technische aspecten die, naar mijn
mening, soms in de discussie onderbelicht zijn gebleven.
De voorwaarden die door de eigenaar van het beeld, Singer Museum in Laren, mede op advies
van een begeleidingscommissie, werden gesteld aan de restauratie, vroegen om een
innovatieve benadering. Van de verschillende opties die zijn overwogen, bleken het 3D
scannen van diverse andere exemplaren van de Denker en van het gietmodel en het printen
van de sinds de diefstal en beschadiging ontbrekende onderdelen het meest geschikt. Het
gebruik van deze technieken ten behoeve van de restauratie van de Larense Denker was een
van de eerste toepassingen daarvan in de geschiedenis van de restauratie van beeldhouwkunst.
De inzet van 3D technieken bleek, na grondig onderzoek, effectief en probleemloos
toepasbaar en leverde een belangrijke bijdrage aan de realisatie van het uiteindelijke resultaat.
Dit hoofdstuk kijkt ook naar de implicaties van het gebruik van 3D technieken voor
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conservering en restauratie van bronzen beelden en geeft aanbevelingen voor het toekomstig
gebruik ervan.
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Appendices:

Appendix 1: ICP-MS analysis
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Appendix 2: Chronological list of original and monumental size Thinkers
Original size Thinkers
date

Collection

foundry

c. 1881
c. 1884

Rodin Museum, Paris
Nat. Gallery of Victoria, Melbourne (Aus)(11963)
Musée d’Art et Histoire , Geneva (CH) (18960011)
Nasjonalgalleriet, Oslo (N) (NG.S.00638)
Musées Royal des Beaux-Arts, Brussels (B)
(3517)
Musée des Beaux-Arts, Béziers (F) (00:7.1)
Rodin Museum, Paris (F) (S.02520)
Private collection, London (UK)
Private collection Italy
Ny Carlsberg Glypotek Copenhagen (MIN 605)
National Gallery of Art, Washington
(USA)(1942.5.12 (A-76))
Alte Nationalgalerie, Berlin (B I 210)

n/a
Gonon?

Material/ casting
method
terra cotta
lost wax

Auguste Griffoul

sand mould

Auguste Griffoul
J. Petermann Brussels

sand mould
sand mould

n/a
n/a
François Rudier?
François Rudier?
François Rudier?
Eugène Rudier?

exhibition plaster
plaster
sand mould
sand mould
sand mould
sand mould

Eugène Rudier?

sand mould

Private collection Oslo (Ralph Pulitzer Thinker
with Rodin plaque)
Private collection Paris (Joseph Pulitzer
Thinker)
Musée des Beaux-Arts, Montréal (1909.465)

A. Rudier

sand mould

A. Rudier

sand mould

A. Rudier

sand mould

Metropolitan Museum of Art, New York
(11.173.9)
Private collection, Los Angeles
Private collection, whereabouts unknown
Rodin Museum, Paris (S.01131)
Fogg Art Museum , Cambridge, USA
(1943.1362.A)
Burrell Collection, Glasgow (7.8)

A. Rudier

sand mould

A. Rudier
A. Rudier
A. Rudier
A. Rudier

sand mould
sand mould
sand mould
sand mould

A. Rudier

sand mould

Museum of Art, Baltimore
Private collection, whereabouts unknown
Musée des Beaux-Arts de l'Indochine, Hanoï,
Probably destroyed
Rodin Museum, Philadelphia (F1929-7-123 or
F1929-7-15)
Museum of Art, Toledo, USA (26.4)
Yale University Art Gallery, New Haven, USA
(1967.82.4)
Ordrupgaard, Copenhagen (DK) (305 WH)
Giza Museum, Cairo

A. Rudier
A. Rudier
n/a

sand mould
sand mould
exhibition plaster

A. Rudier

sand mould

A. Rudier
A. Rudier

sand mould
sand mould

A. Rudier
A. Rudier

sand mould
sand mould

Rodin Museum, Paris (S.02840)

n/a

Private collection

A. Rudier

Plaster foundry
model (A.Rudier)
sand mould

1896
1896
1899
1900
1900?
1901
1901
1901
1903
1905 or
earlier
1906
1907 or
earlier
1909 or
earlier
1910
1910-20
1917
1917?
1922 or
earlier
1922 or
earlier
1923
1924
1925
1924 or
1928
1926
1928 or
earlier
1930
1931 or
earlier
c.19311939
1935?
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Between
c.19311937
c.19311939
1939

Singer Museum, Laren (NL) (56-1-412)

A. Rudier

sand mould

Private collection, Norway

A. Rudier

sand mould

Musée cantonnal des Beaux-Arts, Lausanne,
Switzerland (80)
Iris Cantor Trust, Los Angeles (New York?)

A. Rudier

sand mould

A. Rudier

sand mould

Private collection
National Museum of Western Art, Tokyo
Cleveland Museum of Art, Cleveland USA
Art Gallery of Ontario, Toronto
Private collection, Johannesburg, South Africa
Private collection
Galeria d'arte religiosa moderna, Vatican
Corporate collection, Japan
Rodin Museum, Paris

A. Rudier
A. Rudier
A. Rudier
A. Rudier
A. Rudier
G. Rudier
G. Rudier
G. Rudier
n/a

c.1960

Rodin Museum, Paris

n/a

1964
1966

Ateneum Art Museum, Helsinki
Kept in the lobby of the Cantor Fitzgerald
headquarters at the World Trade Center NYC.
Reputedly survived the 9/11 attack and
disappeared from rubble.
Cantor Collection
Rodin Museum, Paris (S.00788)

G. Rudier
G. Rudier

sand mould
sand mould
sand mould
sand mould
sand mould
sand mould
sand mould
sand mould
Plaster foundry
model (G.Rudier)
Plaster foundry
model (A.Rudier)
sand mould
sand mould

G. Rudier
G. Rudier

sand mould
sand mould

A.A. Hébrard

lost wax

A. Rudier
A. Rudier
A.A. Hébrard
n/a
n/a
n/a
A. Rudier

sand mould
sand mould
lost wax
plaster
plaster
plaster
sand mould

n/a
n/a
A. Rudier
A. Rudier
A. Rudier
A. Rudier
n/a
n/a
A. Rudier
A. Rudier
A. Rudier
A. Rudier
A. Rudier

plaster
plaster
sand mould
sand mould
sand mould
sand mould
plaster
plaster
sand mould
sand mould
sand mould
sand mould
sand mould

Before
1940
c.1943
1945
?
?
?
1955
1956
?
c.1960

?
1967

Monumental size Thinkers
1904
1904
1904
1904
1904
1904
1904
1906
1907
1907
1909
1914?
1916
1918
?
?
1919
1923
1926
1926
1928

University of Louisville, Alle R. Hite Art Institute,
Louisville, USA.
Detroit Institute of Art, Detroit (22143)
Rodin Museum, Paris (S.01295)
Ny Carlsberg Glyptotek, Copenhagen
Staatliche Kunstsammlungen, Dresden
National Museum, Poznan, Poland
Metropolitan Museum of Art, New York
Argentinian State (monument on the Plaza del
Congresso), Buenos Aires
Musée d'art modern, Strasbourg, France
Ca' Pesaro, Museo d'Arte moderna, Venice
?, Stockholm
California Palace of the Legion of Honor
Cleveland Museum of Art, Cleveland, USA
Rodin Museum (Meudon, on Rodin's grave)
Rodin Museum, Paris (S.00161)
Rodin Museum, Paris (S.05727)
Rodin Museum, Philadelphia (F1929-7-123)
National Museum, Kyoto, Japan
Private collection? Laeken (cemetery), Belgium
National Museum of Western Art, Tokyo
Baltimore Museum of Art, Baltimore, USA
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1930
1942?
1950
?
1965
1966
1968 or
1972?
1969
1974
?

Columbia University, New York
Puschkin Museum, Moscow
Nelson-Atkins Museum, Kansas City, USA
Rodin Museum, Paris
Prefectural Museum of Art, Shizuoka, Japan
Kunsthalle, Bielefeld, Germany
Iris and B. Gerald Cantor Foundation and
Stanford University, Stanford, USA
Norton Simon Art Foundation, Pasadena, USA
City Art Museum, Nagoya, Japan
Galerie Sayegh, Paris
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A. Rudier
A. Rudier
A. Rudier
n/a
G. Rudier
G. Rudier
G. Rudier

sand mould
sand mould
sand mould
plaster
sand mould
sand mould
sand mould

G. Rudier
G. Rudier
n/a

sand mould
sand mould
plaster

Appendix 3: reports technical analysis
The alloy of the Laren ‘Thinker’ has been analysed on three occasions. Twice with a portable
XRF (X-ray fluorescence) and once with EPMA (Electron Probe Micro Analysis).
The first analysis was carried out by Luc Megens (RCE) on three different bare metal spots on
the statue in March 2009 using a Bruker Tracer III-V with a rhodium tube operating at 40 kV
and 2.2 uA with a 0.0012 Al/ 0.0001 Ti filter in the primary beam and a Si-PIN detector.
Quantification was performed using the S1PXRF software.
The second analysis was carried on a sample from the left upper arm at the Tata steel research
laboratories in Ijmuiden, the Netherlands in April 2009 using Electron Probe Micro Analysis
(EPMA)
The third analysis was done during the Rodin exhibition in Laren by Bertil van Os (RCE)
using a Niton Xl3t-goldd van Thermo Scientific, alloy mode, silicon drift detector operating at
50 kV (detection limits for metals of 10 mg/kg (10 ppm).
Cr
Luc Megens
(RCE) 31-32009 three bare
metal spots
(XRF)
Bertil van Os
0.0%
(RCE)16-5-11
Lower part of
base (XRF)
Tata steel 1004-2009
sample(EPMA)

Cu
93.6 +/- 0.5
%

Zn
0.9 +/- 0.2
%

Sn
3.9 +/- 0.4
%

Pb
<0.5 %

91.25%

0.46%

6.42%

0.33%

3.8%

0.1%

96.1%

The alloy used for the sculpture is analysed as an average of 94,5 % Cu, 1 % Zn, 4 % Sn and
< 0.5 % Pb
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Analytical report Tata Steel research laboratory, 10 April 2009, by J. Winter and F. Twisk
Subject:

Characterisation of piece of 'de Denker' from Rodin

Introduction
In 2007 the statue ‘De Denker’, sculpted by Rodin, was stole form the Singer Museum in Laren (NL). The statue was later found
back, heavily damaged. In order to do repairs to the statue, it was important to know more about the chemical and metallurgical
composition of the statue.
A small piece of this statue was therefore offered to MSA in order to characterise the material.

Aim
Aim of the characterisation was to supply information concerning the material of which the statue was made, in order to facilitate
the repair of the ‘Denker’.

Method
The sample was first analysed with LiM (Light Microscopy). The samples were analysed ‘as-is’ (without etching) as well as after
etching with 10% ammoniumpersulphate during approx. 60 seconds.
The sample was subsequently analysed with EPMA (Electron Probe Micro Analysis), operated at 20 kV.
Mappings and quantative line scans were made for the elements Cu, Sn and Pb. An overview of the analysed element lines is
given in table 1.

Table 1: elements, analysis parameters
Element

line

Xtal

Cu

kα

LLiF

Sn

lα

LPET

Pb

mα

LPET

Results
The results of the LiM-analyses are presented further. These pictures show that the sample is made by casting directly, given
the vast amount of slenk holes. There are a vast number of dendritic structures visible that support this assumption. Apparently
no further working has been done on the structure, such as forging.

The results of the EPMA analyses are presented further.
These analyses show that there main element of the material is Cu. Sn is present as an alloying element. A second phase with
more Sn is also visible in the mappings. Pb is present in isolated particles. The total chemical composition is approx. 96.1 % Cu,
3.8 % Sn and 0.1 % Pb.

Additional (not fully quantified) XRF-analysis suggested 93.6 % Cu, 0.9 % Zn, 3.9 % Sn and < 0.5 % Pb. The actual values for
the different elements might be slightly different, since the XRF was at that moment not fully quantified.
Zn could be present as pollutant from the Sn. This element was however not taken into account during the EPMA analysis.

Conclusions
The material from ‘de Denker’ indicated that the material was a brass, consisting of approx. 96 % Cu and 4 % Sn. Some
impurities of Pb are found, and XRF-analyses suggested also some Zn to be present.
The structure of the sample suggested a casted material with no further working like forging being done after casting.
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Tensile strength tests
Tests carried out at the Tata steel research laboratory Ijmuiden, Netherlands.
Tests performed on a Instron draw bench, draw speed 30 MPa/sec, Draw rod DP5, test rods
10 mm diameter, 200mm length
Sample 1 : E= 44000MPa
Stress (MPa)
90
80
70
60
50
Stress (MPa)
40
30
20
10
0
0

0,5

1

1,5

2

Sample 2 : E= 82000 MPa
Stress (MPa)
120
100
80
60

Stress (MPa)

40
20
0
0

0,5

1

1,5

2

2,5

Sample 3: E= 66000MPa
Stress (MPa)
90
80
70
60
50
Stress (MPa)
40
30
20
10
0
0

0,5

1

1,5

2
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Metallographic analysis
The microstructure of the Laren Thinker has been studied three times, first on the sample from
the upper left arm that was supplied to the research laboratory of Tata Steel in Ijmuiden for
alloy analysis. The second time was in situ on the sculpture by localised polishing and etching
of the inside of a saw cut where the left lower leg was detached. This was carried out together
with Ineke Joosten (RCE and Daria Prantstraller (University of Bologna). The third study was
carried out by Daria Prantstraller in the laboratories of the University of Bologna at the
Ravenna Campus.
The in-situ metallography was carried out directly on a cutting surface by means of a digital
microscope (Dyno lite) after grinding, polishing and etching with an acidic (HCl) solution of
FeCl3 in ethyl alcohol. The next study was carried out by Daria Prantstraller in the
laboratories of the University of Bologna at the Ravenna Campus on a small sample. This
sample was taken from an edge of one of the saw cuts on the lower left leg. This sample was
cold embedded in polyester resin and subsequently ground up to 2000 grit SiC paper followed
by polishing with polycrystalline diamond particles on cloth up to 1 μm particle size. The
polished surface was studied using optical microscopy before and after etching with a (HCl)
solution of FeCl3 in ethylic alcohol.
Metallography in situ:

Fig. 1a-c: effect of in situ grinding and polishing on the cutting surface. a) as cut b) after grinding c) after
polishing.

Fig. 1d in-situ metallography of the cutting surface after
etching with FeCl3 + HCl + EtOH. The highest magnification possible with the Dyna lite was x 90 and was
sufficient to clearly distinguish the presence of dendrites on the etched surface, but not enough to
investigate other morphological features.
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Metallography of sample:
For deeper metallographical analysis is was necessary to prepare and study the sample.

Fig. 2a: 5× unetched

Fig.2b: 10× unetched

Fig 2c: 20× unetched

Fig.2d: 50× unetched

Fig.2e: 100× unetched

Before etching it is already possible to observe mainly at low magnification (fig.2 a-c) a cored
dendritic microstructure even on the in-situ sample, due to micro segregation occurred during
solidification from the liquid phase. Since hot working is known to be capable to eliminate
coring, during the cut the frictional heat should have effectively removed most coring. The
presence of few cracks, due to the cutting damage, are visible in fig 2a and c. The
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microstructure is quite clean (fig. 2d, e), being composed of one single phase (Cu based solid
solution) with the presence of few amounts of small inclusions, probably lead.

Fig.3a: 5× after etching

Fig.3b: 10× after etching

Fig.3c: 20× after etching

Fig.3d: 50× after etching

Fig.3e: 100× after etching

After etching the most evident microstructural features are the extended plastic deformation
bands (figs. 3 a-e) caused by the cut. The presence of the already mentioned cored dendrites,
together with the deformation bands, the twisted shape of grains boundaries (fig 3.c-e) and the
absence of annealing twins prove that no re-crystallisation has occurred during cutting.
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Tata steel research laboratorium, 10 April 2009, by J. Winter and F. Twisk.
The sample was analysed with light microscopy(LiM). The samples were analysed ‘as-is’
(without etching) as well as after etching with 10% ammonium per-sulphate during approx.
60 seconds. The sample is made by casting directly, given the vast amount of slenk holes
and dendritic structures. No further working has been done on the structure, such as
forging.
LiM photos unetched

LiM photos etched

Patina analysis
Main constituents of green patina are brochantite and some antlerite X-ray diffraction using
Siemens GCCS with GADDS Bruker-AXS Analysis performed by Luc Megens, RCE, in
November 2009.
The patina of the Laren Thinker has three distinct main colours: dark green, light green and
yellowish green. In places were, due to plastic deformation of the bronze, the mineral upper
part of the patination has flaked off, a reddish layer has been exposed.
Samples have been taken in 6 different places by carefully scraping the surface (area of
around 1cm²) with a scalpel.
Two samples were taken from yellowish and dark green patina and one sample each of the
light green and reddish patina.
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The samples were analysed by means of powder X-ray diffraction (XRD) by Luc Megens
(RCE) using Siemens GCCS with GADDS Bruker-AXS (Bruker HiStar, GADDS, EVA) with
a detection limit of around 5%.
Results
Sample No. Sample colour
1
Light green
2
Dark green
3

Yellowish green

4
5

red
Yellowish green

6

Dark green

analysis
antlerite
Negative (no crystalline
material, perhaps wax layer)
Negative (sample perhaps
insufficient)
negative
Brochantite (although very
little crystaline material)
Brochantite and some
antlerite

Conclusion:
The patina of the Thinker from the Singer museum Laren consists mainly of basic copper
sulfates. Main constituents of green patina are brochantite and some antlerite.

Sample locations

Drawing 1

Drawing 2
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(drawing T.Davidowitz)

Drawing 3

Drawing 4

Sample 1, light green
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(drawing T.Davidowitz)

Location of taking sample 1
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XRD spectrum sample 1

Sample 2: dark green

Location of taking sample 2
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Sample 3: yellowish green

Location of taking sample 3
Sample 4: red

Location of taking sample 4
Sample 5: yellowish green

Location of taking sample 5
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XRD spectrum sample 5

Sample 6: dark green

Location of taking sample 6
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XRD spectrum sample 6

364

Appendix 4: interview with Pierre Bingen
Jules Huret, “Un artiste: a propos du monument d’Eugène Delacroix” L’Ėcho de Paris, 7
October (1890): 2. (can be found online on the Gallica website:
http://visualiseur.bnf.fr/CadresFenetre?O=NUMM-798992&I=2&M=imageseule )
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