UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Casting Rodin’s Thinker

Sand mould casting, the case of the Laren Thinker and conservation treatment innovation
Beentjes, T.P.C.

Publication date
2019

Document Version
Other version

License
Other

Link to publication

Citation for published version (APA):

Beentjes, T. P. C. (2019). Casting Rodin’s Thinker: Sand mould casting, the case of the Laren
Thinker and conservation treatment innovation. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:16 May 2025


https://dare.uva.nl/personal/pure/en/publications/casting-rodins-thinker(69db04ce-74ba-4e9c-95e1-a05f69e9d694).html

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, | 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 piece-
moulding 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 art-
technological 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 Eugene 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 lonides 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 1931-
1937.

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 piece-
moulds 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 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. 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

- apressing 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 Eugene 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 Eugene Rudier share great technical similarity with Griffoul castings
and a marked difference compared to the bronzes produced by his uncle Frangois Rudier. It is
possible that Eugene 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
Francois Rudier, once the business partner of father Griffoul.

A comparison study was also instrumental in establishing the possible founder of the lonides
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 Eugene Gonon. Through analysis of the art technological features of
this bronze and comparison with other bronzes by these founders Eugene Gonon was
identified as the most likely founder of the lonides 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 lonides
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,
| 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 Denkervan 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. VVan 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 Italié, 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

Italié 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-was-
methode

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. VVoor
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 verloren-
was-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 materiéle 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 voor
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 Eugene
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 Eugéne Gonon zijn eerder geopperd. VVoor 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 carriere 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 opperviak 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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Appendix 1: ICP-MS analysis
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Prog 1510 Bronze samples concentrations ICP-OES (major and minor elements)

VU code

Ref 1A
Ref 18
Ref2

32X P811-G standard addition (added: 0.50 ppb REE[17x] and 0.5 ppb Srand 0.5 ppb Rb)

and ICP-MS (trace elements) Tony Beentjes UvA, Metals Conservation, Aug 2015

Babes Swarf

Babes Cut

Babes Cast Line

Thinker Berlin

Thinker Ny Carlsberg Glyptotek
Thinker Melbourne NGV

S497 Victor Hugo M.Rodin

$978 dylle Musee Rodin P. Gonon
91.7 #1,2 flash Proper right chin
91.7 # 3 Blob Aon top of base
Blank

Thinker Melbourne NGV

5497 Victor Hugo M.Rodin

$497 Victor Hugo M.Rodin

$978 idylle Musee Rodin P. Gonon
5978 Idylle Musee Rodin P. Gonon
91.7 #1,2 flash Proper right chin

32X PB11-G original
32X PB11-G standard addition
31XT81-J original

Company.MBH analytical LTD, Englond

dilution factor:

1:?
5139
5066

10368
5063
5176
5056
5158
5015
5026
4945

x

4915
4830
5255
5077
5215
4928

5144
5145
5258

32X P811 (batch G) Phosphor bronze (Chil Cost)
Element;

Sn
Pb
Zn
Fe
NI

St
As
Mn
4P
Al
Co
Bi
Sb

“w

Concentration: Uncertainty:
(%) (%)
3.306 0.015
0.995 0.01¢
171 0.02
0.399 0.005
0.8%8 0.009
0.123 0.004
0.198 0.005
0.132 0.001
0.946 0.010
0.081 0.003
0.050 0.002
0.0310 0.0009
0.584 0.009
0.0148 0.0010
0.0091 0.0009
90.44 0.13

31X TB1 (batch J) Traces in Brass (Chill Cast)

Element: Concentration:

SETCEIINEC

Al
Co

St

Mg
Cu

Cr

=%

Cd

(%)
0.231
0.201
36.90
0,038
0.220
0.093

0.0114

Uncertainty:

(%)
0.005
0.003
0.05
0.002
0.003
0.002
0.003
0.003

0.002
0.001
0.0002
0.0006
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Appendix 2: Chronological list of original and monumental size Thinkers

Original size Thinkers

date Collection foundry Material/ casting
method

c. 1881 Rodin Museum, Paris n/a terra cotta

c. 1884 Nat. Gallery of Victoria, Melbourne (Aus)(1196- | Gonon? lost wax
3)

1896 Musée d’Art et Histoire , Geneva (CH) (1896- Auguste Griffoul sand mould
0011)

1896 Nasjonalgalleriet, Oslo (N) (NG.S5.00638) Auguste Griffoul sand mould

1899 Musées Royal des Beaux-Arts, Brussels (B) J. Petermann Brussels sand mould
(3517)

1900 Musée des Beaux-Arts, Béziers (F) (00:7.1) n/a exhibition plaster

1900? Rodin Museum, Paris (F) (5.02520) n/a plaster

1901 Private collection, London (UK) Frangois Rudier? sand mould

1901 Private collection Italy Francois Rudier? sand mould

1901 Ny Carlsberg Glypotek Copenhagen (MIN 605) Francois Rudier? sand mould

1903 National Gallery of Art, Washington Eugene Rudier? sand mould
(USA)(1942.5.12 (A-76))

1905 or Alte Nationalgalerie, Berlin (B 1210) Eugene Rudier? sand mould

earlier

1906 Private collection Oslo (Ralph Pulitzer Thinker A. Rudier sand mould
with Rodin plaque)

1907 or Private collection Paris (Joseph Pulitzer A. Rudier sand mould

earlier Thinker)

1909 or Musée des Beaux-Arts, Montréal (1909.465) A. Rudier sand mould

earlier

1910 Metropolitan Museum of Art, New York A. Rudier sand mould
(11.173.9)

1910-20 Private collection, Los Angeles A. Rudier sand mould

1917 Private collection, whereabouts unknown A. Rudier sand mould

1917? Rodin Museum, Paris (5.01131) A. Rudier sand mould

1922 or Fogg Art Museum , Cambridge, USA A. Rudier sand mould

earlier (1943.1362.A)

1922 or Burrell Collection, Glasgow (7.8) A. Rudier sand mould

earlier

1923 Museum of Art, Baltimore A. Rudier sand mould

1924 Private collection, whereabouts unknown A. Rudier sand mould

1925 Musée des Beaux-Arts de I'Indochine, Hanoi, n/a exhibition plaster
Probably destroyed

1924 or Rodin Museum, Philadelphia (F1929-7-123 or A. Rudier sand mould

1928 F1929-7-15)

1926 Museum of Art, Toledo, USA (26.4) A. Rudier sand mould

1928 or Yale University Art Gallery, New Haven, USA A. Rudier sand mould

earlier (1967.82.4)

1930 Ordrupgaard, Copenhagen (DK) (305 WH) A. Rudier sand mould

1931 or Giza Museum, Cairo A. Rudier sand mould

earlier

c.1931- Rodin Museum, Paris (5.02840) n/a Plaster foundry

1939 model (A.Rudier)

1935? Private collection A. Rudier sand mould
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Between | Singer Museum, Laren (NL) (56-1-412) A. Rudier sand mould
c.1931-
1937
c.1931- Private collection, Norway A. Rudier sand mould
1939
1939 Musée cantonnal des Beaux-Arts, Lausanne, A. Rudier sand mould
Switzerland (80)
Before Iris Cantor Trust, Los Angeles (New York?) A. Rudier sand mould
1940
c.1943 Private collection A. Rudier sand mould
1945 National Museum of Western Art, Tokyo A. Rudier sand mould
? Cleveland Museum of Art, Cleveland USA A. Rudier sand mould
? Art Gallery of Ontario, Toronto A. Rudier sand mould
? Private collection, Johannesburg, South Africa A. Rudier sand mould
1955 Private collection G. Rudier sand mould
1956 Galeria d'arte religiosa moderna, Vatican G. Rudier sand mould
? Corporate collection, Japan G. Rudier sand mould
c.1960 Rodin Museum, Paris n/a Plaster foundry
model (G.Rudier)
c.1960 Rodin Museum, Paris n/a Plaster foundry
model (A.Rudier)
1964 Ateneum Art Museum, Helsinki G. Rudier sand mould
1966 Kept in the lobby of the Cantor Fitzgerald G. Rudier sand mould
headquarters at the World Trade Center NYC.
Reputedly survived the 9/11 attack and
disappeared from rubble.
? Cantor Collection G. Rudier sand mould
1967 Rodin Museum, Paris (5.00788) G. Rudier sand mould
Monumental size Thinkers
1904 University of Louisville, Alle R. Hite Art Institute, | A.A. Hébrard lost wax
Louisville, USA.
1904 Detroit Institute of Art, Detroit (22143) A. Rudier sand mould
1904 Rodin Museum, Paris (5.01295) A. Rudier sand mould
1904 Ny Carlsberg Glyptotek, Copenhagen A.A. Hébrard lost wax
1904 Staatliche Kunstsammlungen, Dresden n/a plaster
1904 National Museum, Poznan, Poland n/a plaster
1904 Metropolitan Museum of Art, New York n/a plaster
1906 Argentinian State (monument on the Plaza del A. Rudier sand mould
Congresso), Buenos Aires
1907 Musée d'art modern, Strasbourg, France n/a plaster
1907 Ca' Pesaro, Museo d'Arte moderna, Venice n/a plaster
1909 ?, Stockholm A. Rudier sand mould
19147 California Palace of the Legion of Honor A. Rudier sand mould
1916 Cleveland Museum of Art, Cleveland, USA A. Rudier sand mould
1918 Rodin Museum (Meudon, on Rodin's grave) A. Rudier sand mould
? Rodin Museum, Paris (S.00161) n/a plaster
? Rodin Museum, Paris (S.05727) n/a plaster
1919 Rodin Museum, Philadelphia (F1929-7-123) A. Rudier sand mould
1923 National Museum, Kyoto, Japan A. Rudier sand mould
1926 Private collection? Laeken (cemetery), Belgium | A. Rudier sand mould
1926 National Museum of Western Art, Tokyo A. Rudier sand mould
1928 Baltimore Museum of Art, Baltimore, USA A. Rudier sand mould
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1930 Columbia University, New York A. Rudier sand mould
1942? Puschkin Museum, Moscow A. Rudier sand mould
1950 Nelson-Atkins Museum, Kansas City, USA A. Rudier sand mould
? Rodin Museum, Paris n/a plaster
1965 Prefectural Museum of Art, Shizuoka, Japan G. Rudier sand mould
1966 Kunsthalle, Bielefeld, Germany G. Rudier sand mould
1968 or Iris and B. Gerald Cantor Foundation and G. Rudier sand mould
19727 Stanford University, Stanford, USA

1969 Norton Simon Art Foundation, Pasadena, USA G. Rudier sand mould
1974 City Art Museum, Nagoya, Japan G. Rudier sand mould
? Galerie Sayegh, Paris n/a plaster
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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 111-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 S1IPXRF 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 XI3t-goldd van Thermo Scientific, alloy mode, silicon drift detector operating at
50 kV (detection limits for metals of 10 mg/kg (10 ppm).

Cr Cu Zn Sn Pb

Luc Megens 93.6+/-05 |09+/-0.2 39+/-04 <0.5%
(RCE) 31-3- % % %
2009 three bare
metal spots
(XRF)

Bertil van Os | 0.0% 91.25% 0.46% 6.42% 0.33%
(RCE)16-5-11
Lower part of
base (XRF)
Tata steel 10- 96.1% 3.8% 0.1%
04-2009
sample(EPMA)

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 Kq LLiF

Sn lo LPET

Pb My 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% Snand 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 ljmuiden, 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
40
30
20
10
0
0 0,5 1 1,5 2
Sample 2 : E= 82000 MPa
Stress (MPa)
120
100
80
60
40
20
0
0 0,5 1 15 2 25
Sample 3: E= 66000MPa
Stress (MPa)
90
80
70
60
50
40
30
20
10
0
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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 (HCI) solution of
FeClI3 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 pm particle size. The
polished surface was studied using optical microscopy before and after etching with a (HCI)
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 FeCI3 + HCI + 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.

355



Metallography of sample:

For deeper metallographical analysis is was necessary to prepare and study the sample.

Fig. 2a: 5x unetched N Fig.2b: 10x unetched

Fig 2c: 20x unetched Fig.2d: 50x unetched

l 50.0 pm |

Fig.2e: 100x 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: 10x after etching

Fig.3c: 20x after etching Fig.3d: 50x% after etching

Fig.3e: 100x 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 1cm?) 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 analysis
1 Light green antlerite
2 Dark green Negative (no crystalline
material, perhaps wax layer)
3 Yellowish green Negative (sample perhaps
insufficient)
4 red negative
5 Yellowish green Brochantite (although very
little crystaline material)
6 Dark green 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
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Drawing 1

Drawing 2

(drawing T.Davidowitz)
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Drawing 4 (drawing T.Davidowitz)

Drawing 3

Sample 1, light green
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Location of taking sample 1
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Sample 2: dark green

Location of taking sample 2
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Sample 3: yellowish green
L s

Location of taking sample 3

Sample 4: red

Location of taking sample 4

Sample 5: yellowish green

362



Denker_5 geelgroen [001]

o
o
o
¥
~
o
0
°
Y
<
88 5 g
- q
8 8 & [2 © 33
: 8g |5 2 3 4898 Z
) < $ @ o
2 < 4 |7 ks 3o« S 5@ Q 28e ° ©
i T o 3 o~ = @© < Il v g ~|o 3
ol & o © o 2w b 7| T Sew N[
W © 2 e 3 2 N i e X o B 25 R NENERS 2
2 e ;3 o T am i © ) =Rt o |dlH|e N S
2 ST TR T She-T o 43358 S
@ ! T — S no ! v D ] R =
3 | \o ® T A= 4 ] el ! W
S sk A & - o u Pl il rd iTH RE R Ly
< ’ i ) o I 5 ey ]S [
W | S Y 1o S
et ) i K ‘ ! [ . v
I W i
L [ L T T T | T 1 [ Tt r Tt [t T T T [ T T T T [ 1 | L
50 60 70 80

2-Theta - Scale

mDenker_S_geelgroen [001] - File: Denker_5_geelgroen_02 [001].raw - Type: 2Th alone - Start: 46.600 ° - End: 97.700 ° - Step: 0.100 ° - Step time: 420. s - Temp.: 25 °C (Room) - Time Started: 0 s - 2-Theta: 46.60'
Operations: Background 0.214,0.100 | Range Op. Merge | Import [001]
@00—043-1458 (1) - Brochantite-M - Cu4+2S04(OH)6 - Y: 162.50 % - d x by: 1. - WL: 1.54056 - Monoclinic - a 13.10600 - b 9.85400 - ¢ 6.02100 - alpha 90.000 - beta 103.370 - gamma 90.000 - Primitive - P21/a (14)

XRD spectrum sample 5

Sample 6: dark green

Location of taking sample 6
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interview with Pierre Bingen

Appendix 4:

Jules Huret, “Un artiste: a propos du monument d’Eugéne Delacroix” L’ Echo de Paris, 7

October (1890): 2. (can be found online on the Gallica website:

http://visualiseur.bnf.fr/CadresFenetre?O
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