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The former town hall of Amsterdam (today the Royal Palace) was built in the mid-seventeenth 
century and designed by Dutch architect Jacob van Campen (1596-1657).1 It is one of the most 
prestigious buildings of the Dutch Golden Age. Within the palace, the galleries surrounding the 
so-called Citizen Hall are decorated with eight monumental paintings hung six meters above 
ground level (fig. 1). The decoration theme, chosen by the burgomaster Cornelis de Graeff 
(1599-1664), depicts the Batavians’ battles against their Roman overlords, a scheme that 
symbolizes the independence of Holland from Spain and the power of the city of Amsterdam. 
The commission for the paintings was given in 1659 to painters Govert Flinck (1615-1660), 
Jacob Jordaens (1593-1678), Jan Lievens (1607-1674), Jurriaen Ovens (1623-1678) and 
Rembrandt van Rijn (1606/7-1669), all of whom delivered canvas paintings. 2 Half a century later 
in 1697, Giovanni Antonio de Groot (1664-1712) completed the series with two fresco paintings.  
On the 29th of June 1655, at the official opening of the still incomplete building, the poet Joost 
van den Vondel (1587-1679) described the galleries as a “treasure of chisel and brush(work)” 
harmonizing with the architecture.3 The paintings complemented the sculpture and enhanced it, 
the two “accompanying each other as two sisters, side by side.” Today, however, contemporary 

visitors find it difficult to agree with Vondel’s words. There is no sign of “sisterly” interaction 
between the dark, scarcely legible paintings and their white sculpted and architectural 
surroundings. The dark appearance of the paintings together with the loss of spatial balance 
within the decorative ensemble were the main reasons for the recent (2007-2008) in-situ 
conservation treatment of the paintings by the Stichting Restauratie Atelier Limburg (SRAL).4 
During the conservation treatment, accumulated dirt, old layers of varnish and overpaint were 
removed, greatly enhancing the painting’s legibility. Despite this treatment, the overall darkness 
of the paintings remained a problem as they still stood out as dark patches against the white 
marble of the interior architecture.  
 

                                               
1 For a detailed study of the seventeenth century town hall of Amsterdam, now royal palace, see Eymert-Jan 
Goossens, The Palace of Amsterdam, Treasure wrought by chisel and brush, (Zwolle: Waanders Publisher/Royal Palace 
Amsterdam: 2010). 
2 J. Jordaens painted Peace Between the Romans and the Batavians, 1661-1662, A Roman Camp under Attack by Night, 1661-
1662, Samson Defeats the Philistines, 1661 and David and Goliath, 1664-1666; J. Lievens painted Brinio Raised on the Shield, 
1661; G. Flinck and J. Ovens composed The Conspiracy of Claudius Civilis, 1659-1663 and A. de Groot executed The 
Peace Negotiations Between Civilis and Cerialis and The Erection of the Trophies, 1698. Rembrandt painted The Conspiracy of 
Claudius Civilis, 1662. This painting remained in-situ only one year before being replaced by the painting by Flinck 
and Ovens. It is now preserved in the National Museum of Stockholm. 
3 Joost van den Vondel, Inwydinge van ‘t stadhuis t’Amsterdam, Amsterdam 1655, 897 and 899. 
4 The restoration campaign took place from Ap. 2007 to Sept. 2008 under the supervision of A. van Grevenstein. It 
was carried out in collaboration with the conservation-restoration master program at the University of Amsterdam 
and the Rijksdienst Cultureel Erfgoed (RCE), which was called at that time Instituut Collectie Nederland (ICN). 
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Fig. 1 Royal Palace Amsterdam, South gallery, paintings by Jordaens (foreground) and Lievens (far 

background). Photo by J. Schlomoff 

 
Technical examination and material analysis of the paintings, carried out as part of SRAL’s 
treatment, revealed that the dark brown grounds used to prime the canvasses are a primary factor 
in explaining the dark appearance of the four paintings by Jordaens. 5 This is especially true for 
these works as the painter left the ground exposed in many areas, clearly indicating his intention 
for an overall dark tone.6 The question of the original colour of the ground in relation to its  
current condition requires investigation, that includes consideration of the physical history of the 
works and past treatments, specifically wax-resin lining carried out  in 1963. This conservation 
technique, traditionally implemented in the Netherlands from the middle of the nineteenth 
century, involves the impregnation of the painting and the lining canvas with a mixture 
composed of natural resin and beeswax. Practitioners observing paintings treated using this 
method have noted overall darkening in tone of the works. The degree of distortion of tonal 
values in wax-resin lined  paintings in the Royal Palace Amsterdam is not even or equivalent in 
magnitude for each painting. For instance, darkening is less obvious in David and Goliath than in 
The Peace Negotiations Between Civilis and Cerialis (fig. 2). Importantly, technical research found that 
the grounds, which currently exhibit a similar dark brown tone, are composed of five variant 
compositions of organic and inorganic materials, suggesting that the darkening effect of wax-
resin treatment is dependent on the physical characteristics of the ground layers. This finding 

                                               
5 The discussion excludes the painting by Lievens because it does not exhibit any areas of exposed ground. The 
painting by Flinck and Ovens is also not considered since it was painted on an unprimed canvas. For the results of 
the art historical technical study of the painted ensemble in the Amsterdam’s royal palace, see Margriet van Eikema 
Hommes and Emilie Froment, “The Decoration Programme in the Galleries of the Royal Palace Amsterdam: An 
harmonious interaction between painting, architecture and light?” in The Batavian Commissions, ed. Marianna van der 
Zwaag (Royal Palace Amsterdam, 2011): 35-53. 
6 When discussing painting technique, the ground or preparation is the layer (or layer package) applied all over on to 
the support before paint is applied.  
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raises the question of the conditions for and the extent to which wax-resin lining has modified 
the optical properties of the paintings’ ground layers. Another important question is whether it is 
possible to retrospectively identify the paintings that have endured significant modifications due 
to wax-resin impregnation.   
 

  
Fig. 2 Left, Jordaens, David and Goliath, 1664, detail (ca. 250 x 120 cm); right, Jordaens, Peace Between the Romans and the 

Batavians, 1661, detail (ca. 80 x 50 cm). Photos by author. 
 
Crucially, it is not only the paintings of Amsterdam’s royal palace that have undergone this 
treatment. Until the 1970s most of the paintings on canvas supports in the Netherlands were 
lined using wax-resin that was thought to be a useful preventive treatment that would protect the 
works from damage caused by environmental moisture. It is estimated that ninety to ninety-five 
per cent of seventeenth century Netherlandish7 canvas paintings in the Netherlands have been 
wax-resin lined.8 This includes works of great historical importance, such as The Night Watch, 
1642, by Rembrandt further highlighting the relevance of the present enquiry regarding the 
influence of the treatment on the current perception of paintings of this period.9  
The alteration of ground layers is of significance for seventeenth century Netherlandish 
paintings, as the visual effects of these works is usually achieved through preparation of the 
canvas with a coloured ground that is then used in the final composition. Typically, beige, light 
brown or grey ground veiled by a layer of thinly applied overlying paint was a painterly device to 
provide depth to the modeling of forms. In other cases, such as in the paintings by Jordaens in 
the Royal Palace Amsterdam, the ground in many places is left completely uncovered and used as 
a mid-tone. Both techniques facilitated the modus operandi of the painter in providing a middle 
tone onto which the addition of highlights and shadows were applied to create the illusion of 
volume and space. Although this technique is very efficient in the production of large-scale 

                                               
77 Throughout this thesis the term ‘Netherlandish paintings’ refers to works created by seventeenth century painters 
from northern and southern Netherlands.  
8 The real number of wax-resin lined paintings preserved in the Netherlands is not known. It is common knowledge 
that paintings not lined are scarce. For example, 92% of the Dutch Golden Age paintings in the collection of the 
Frans Hals Museum in Haarlem have been wax-resin lined. Mireille te Marvelde, message to the author, August 
2013. 
9 It is important to note that the research questions addressed in this thesis are potentially of international relevance 
since by the end of the nineteenth century the method had spread abroad under the influence to the conservators 
Alois Hauser Jr. (1857-1919), Carel Frederik Louis de Wild (1869-1932) and Martin de Wild (1899-1969) who 
respectively introduced the wax-resin lining technique to Germany, the United States and Great Britain, Mireille te 
Marvelde, “Wax-resin lining,” in Conservation of Easel Paintings: Principles and practice, Joyce Hill Stoner and Rebecca 
Anne Rushfield eds. (London and New-York: Routledge, 2012), 427. 
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compositions, it was often used regardless of the size of the painting. 10  Consequently any 
modifications to the tonal-value of the ground may have a significant impact on the overall tonal  
and pictorial balance, leading to a misunderstanding of the artists’ intent and loss of impact on 
the viewer.  
Colour change in ground layers was chosen as the primary focus of the present research because 
of its significant impact on the appearance of seventeenth century paintings. Further, these 
changes were considered as a sign of the potential modification of the painting’s materials, which 
is relevant for the conservation of these works.11 The lack of research specifically examining the 
impact of wax-resin lining on seventeenth century Netherlandish paintings has resulted in an 
absence of a means for evaluating the extent or likelihood of darkening in paintings from this 
period. Despite this, in order to formulate an appropriate treatment plan, conservators often 
have the crucial task of identifying alterations and interpreting their causes. Regarding the 
treatment of aged paintings, this process is made even more challenging by contextual factors, 
including the natural ageing of original materials as well as the physical impact of environmental 
conditions and past treatments. Recognising darkening of paintings can also be complicated, 
especially for works from the seventeenth century where clair-obscur effects are crucial and the 
areas of darkness prevalent. The popular opinion that seventeenth century Netherlandish 
paintings are inherently dark often also supports an acceptance of such an appearance, even if it 
is the result of material change or a previous treatment.  
By clarifying the conditions under which wax-resin linings may have altered the appearance of 
paintings produced in the Netherlands during the seventeenth century, this research aimed to 
enable paintings conservators to recognize and understand visual changes caused by this 
treatment as well as anticipate conservation problems when confronted with the paintings in 
question. This would define “safe practice” measures for future conservation decisions. In 
addition, the results of the research would provide new evidence for consideration by 
conservators and art historians for estimating the original appearance of the paintings, and the 
impact of visual changes caused by their physical history. Considering the great number of 
paintings that were subjected to wax-resin linings, it is timely that this thesis undertakes the 
research that aims to understand the consequences of wax-resin lining and its implications for 
the future conservation and restoration of these works.  
The thesis is structured in two parts which are both accompanied by appendices. Part 1 presents 
the experimental strategy developed for research. It is organised in four chapters, summarized as 
follows:  

 Chapter 1 focuses on the rationale behind the experiments conducted on reconstructions. 
The discussion considers the choice of materials and the physical characteristics of the 

                                               
10 Ashok Roy, “The National Gallery Van Dyck’s: Technique and development,” Technical Bulletin 20 (1999): 50; 
Karin Groen and Ella Hendriks, Frans Hals: A technical examination,” in Frans Hals, ed. Seymour Slive (London: 
Royal Academy, 2000): 114, Ernst van de Wetering, Rembrandt the Painter at Work (Amterdam University Press, 
2000), 205; David Bomford, Jo Kirby, Ashok Roy, Axel Rüger, Raymond White, Art in the Making: Rembrandt 
(London: National Gallery Company, 2006), 27. 
11 The assumption that wax-resin impregnation may result in fundamental changes to paintings is supported by the 
research carried out by Jaap Boon et al. in 1994. Analysis with Gas Chromatography Mass Spectrometry identified 
the presence of wax in a paint sample from The Jewish Bride by Rembrandt, 1665, Rijksmuseum Amsterdam. The 
cause of this was then assumed to be the wax-resin lining that the painting endured in 1957. The paper emphasizes 
that the material found in the paint layer was highly microscopic in scale, a fact that implies a very deep 
impregnation, J. J. Boon, D. Rainford and J. Pureveen, “Massaspectrometrische analyse van wassen,”KM 9 (1994): 
15. 
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reconstructions. As these choices were based on material evidence found in the paintings 
selected for research, the results of technical examination of these works are also presented.  

 Chapter 2 discusses the wax-resin lining procedure of the reconstructions used on the 
reconstructions throughout the experimental study. To do this, the first section provides a 
historical overview of wax-resin lining methods, highlighting differences between procedures 
and time periods. Then, the rationale behind choices are discussed and the lining procedure 
is described step-by-step 

 Chapter 3 discusses the rationale behind the treatment of the reconstructions before lining.  

 Chapter 4 describes the analytical methods and measurement techniques used for monitoring 
the effects of lining the reconstructions, namely light microscopy and spectrophotometry.  

Part 2 of the thesis presents the experimental results. It contains five chapters:  

 Chapter 5 examines the colour change after wax-resin treatment of the series of ground 
reconstructions composed of one type of pigment in either animal glue or linseed oil.  

 Chapter 6 examines the colour change after wax-resin treatment of a set of chalk-containing 
oil-bound ground reconstructions. The experiment also investigates the influence of varying 
proportions of chalk in grounds composed of yellow iron oxide, raw umber and lead white, 
used alone and in mixtures.  

 Chapter 7 explores colour change after wax-resin treatment of various compositions of 
quartz-containing grounds. 

 Chapter 8 examines the hiding power of all ground types under investigation.  

 Chapter 9 compares results from the measurement of change after wax-resin treatment of 
the reconstructions with measurements from the paintings selected for this study.  

The conclusion reviews the main results of the research, while also evaluating the methodology 
and suggesting areas of future study.  
Before starting with part 1 on the experimental strategy, the following chapter introduces both 
the historical and theoretical background of the present research. The first section describes the 
origins of wax-resin lining and presents the reasons behind its application as well as its main 
technical principles. The information provided by documents on the causes for and conditions 
of colour change in paintings after wax-resin lining was crucial for formulating the hypothesis of 
the present research. Then, fundamental research carried out in the 1980s and the 2010s on 
colour change of ground layers after wax-resin linings is reviewed and inferences from these 
studies on the present research are identified. Further, the research methodology is presented in 
section 5, followed by a description of the research focus in section 6.  
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1. Historical background 
 
Over time the materials of paintings degrade, including deterioration of the canvas support and 
the cracking, cupping, cleavage and flaking of overlying paint and ground layers. Paintings 
conservators have used a variety of approaches in the treatment of paintings exhibiting these 
types of deterioration, a common method is lining which involves adhering  a new canvas to the 
verso of the original (fig. 3). The purpose of lining a painting is to help maintain its physical 
integrity and flatness, allowing it to be stretched onto a strainer or stretcher so that it can be 
safely displayed, loaned and stored.  
 

 
Fig. 3 Shematic representation of a lining.  

Source of the illustration: G. L Stout and R. J. Gettens, “The Problem of Lining Adhesives for Paintings,” Technical Studies in the 
Field of Fine Arts II (1933): 82. 

 
There are records documenting the lining of paintings on canvas from the mid-eighteenth 
century onwards, and paintings are still lined today.12  There are many material options and 
technical variants used to complete a lining, all dependant on when and where the lining takes 
place, the purpose of the treatment (presence of holes, tears and/or deformations in the canvas), 
the material and technical specificities of the painting and the particular routine of the 
practitioner. In the Netherlands from the mid-nineteenth century, the traditional method for 
lining paintings involved an adhesive based on a mixture of beeswax and natural resin. 13 
Consequently, this type of lining is commonly called wax-resin lining, though it is also known as 
“the Dutch method” due to its geographical origin.14 Differences in the application consist of 
variations in the kinds of wax and resin used, as well as in their proportions when mixed. Despite 
these, the main aspects of the method are essentially the same, and include melting the wax-resin 

                                               
12 Alan Phenix, “The lining of Paintings: Traditions, principles and developments,” in Lining and Backing (London: 
UKIC, 1995): 21-33. 
13 In the second half of the nineteenth century the Dutch restorer Nicolaas Hopman (1794-1870), together with his 
son Willem Antonijn Hopman (1828-1910), invented the principle of wax-resin lining. Wax-resin lining was 
developed as an alternative to the traditional method of glue-paste lining, which owes its name to the composition 
of the adhesive used (animal glue, cereal flour and water). The large amount of moisture introduced into the 
structure of paintings during the lining process was an important risk factor. In addition, glue-paste linings exposed 
to humid conditions offer favourable conditions for mould growth and infestation, which contribute to the 
deterioration of paintings. Because of this issue, glue-paste linings were considered inadequate for the lining of 
paintings subjected to a humid climate, like that of the Netherlands. Te Marvelde, “Wax-resin Lining,” 424-425. 
14 The history of wax-resin lining is today very well informed thanks to the research carried out by Mireille te 
Marvelde during the research project Molecular Aspects of Ageing in Painted Works of Art (MOLART), 1995-1999. 
For the most recent publication, see Te Marvelde, “Wax-Resin Lining,” 424-433. 
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adhesive into the painting’s structure using heat and pressure generated by a hot hand held iron 
or heated vacuum lining table (fig. 4).  
 

 
Fig. 4 Painting conservator Roy Hesterman during the lining of The Night Watch in 1975.  

Photo: courtesy of the Rijksmuseum Amsterdam 

 
Impregnating the painting’s structure with lining adhesive is usually characteristic of traditional 
lining methods, not only for reinforcing fragile canvasses but also, and often more importantly, 
for consolidating delaminating paint. In the case of wax-resin lining the impregnation was also 
intended to make the painting hydrophobic and thus less prone to degradation.15 This method of 
lining is described by Phenix as an “integrated approach,” since “the process of lining seeks to 
fulfil several functions in one complete treatment.”16  
By contrast, modern applications aim to treat each alteration, i.e., flaking paint, filling, 
reinforcement and elimination of the deformations of the textile support, in separate operations. 
By doing so, the lining does not necessarily involve an impregnation of the painting’s 
constituents. These changes resulted from research carried out in the 1970s, which included the 
introduction of new materials and methods that reflected the changing attitudes of the time.17 
This had a considerable influence on conservation and restoration practice, regarding 
methodology, application technique and treatment objectives. 18  In 1974, the Greenwich 

                                               
15 The recent research by Cecil Krarup Andersen invalidates this assumption for nineteenth century paintings, C. 
Krarup Andersen, M. Scharff, J. Wadum and M. Mecklenburg, ”With the Best Intentions: Changed response to 
relative humidity in wax-resin lined early 19th century canvas paintings,” in Preprints of the 17th ICOM Committee for 
Conservation triennial meeting Melbourne, ed. Janet Bridgland (Paris: ICOM, 2014). 
16 Phenix, “The Lining of Paintings: Traditions, principles and developments,” 24. See also: Paul Ackroyd, “The 
structural conservation of canvas paintings: Changes in attitude and practice since the early 1970s,” Studies in 
conservation 47 (2002). 
17 The first formulation of a code of ethics for art conservators was adopted by the members of IIC-American 
Group (now AIC) at the annual meeting in Ottawa, Ontario, Canada, on the 27th of May 1967. The primary purpose 
of this document was “to express those principles and practices which will guide the art conservator in the ethical 
practice of his profession,” American Institute for Conservation of Historic and Artistic Works, Code of Ethics and 
Guidelines for Practice (Washington: AIC, 1977-1979 revised in 1994), http://www.conservation-us.org/our-
organizations/association-(aic)/governance/code-of-ethics-and-guidelines-for-practice#.WrEyHk2ouCg. 
18 In the early 1970s Gustav Berger (1920-2006, paintings conservator in New-York) introduced to the conservation 
field a new heat seal adhesive named BEVA 371 composed of a combination of synthetic polymers. This adhesive is 
the result of a research program initiated in 1967, and focused on investigating new lining adhesives for paintings, 
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conference on comparative lining techniques introduced most of the research projects carried 
out on the topic to the wider field of conservation. This was a crucial moment in the history of 
conservation regarding the structural treatment of canvas paintings: “The conference was a 
turning point and marked the change of attitude of many conservators who began to consider 
lining as a procedure which should only be used as a means of last resort. … At first, it was just a 
shift in emphasis from how a painting should be lined to how a painting should be seen and 
valued not only for the image on its face but as an integral object which should be protected and 
enjoyed in its entirety.”19  
During the conference, conservators from around the world gathered to present and discuss 
lining techniques. Some participants endorsed traditional techniques, and others who promoted 
modern methods. Wax-resin lining was a focus point of the discussions. 20  Contributing 
conservators gave formal lectures as well as demonstrations of structural interventions during the 
evening sessions. The post-prints contain a combination of research papers and conservators 
promoting  specific techniques for lining. These papers provide practical instructions, formulate 
recommendations and evaluate their practical experiences. The undesirable effects of wax-resin 
linings are often referred to and include a change of surface paint texture,21 the irreversible 
character of the impregnation,22 softening of the paint film,23 and cracking.24 Most importantly 
for the present research, several papers drew attention to the risks of affecting the tonal values of 
paintings by wax-resin lining. 25  For example, the Belgium paintings conservator, Georges 

                                                                                                                                               
Gustav Berger and William H. Russell, Conservation of Paintings, Research and innovations (London: Archetype 
publications, 2001), 117-147. During the 1970s the so-called cold-lining, developed by Vishwa Mehra in Amsterdam, 
was revolutionary in terms of the materials used and the methodology of their application, Vishwa Mehra, "The 
Cold Lining of Paintings," The Conservator 5 (1981): 12-14. This was followed by Bent Hacke’s development of a low-
pressure table for linings, Bent Hacke, “A Low-Pressure Apparatus for Treatment of Paintings,” in Preprints of the 5th 
triennial Meeting of the ICOM Committee for Conservation in Zagreb (Paris: ICOM, 1978), 78/2/12/1-17. 
19 Westby Percival-Prescott, “Origins and outcomes of the lining conference,” in Lining Paintings: Papers from the 
Greenwich conference on comparative lining techniques, ed. Caroline Villers (London: Archetype Publications, 2003), VIII 
foreword. 
20 Ibid. 
21 Alan Cummings and Gerry Hedley, “Surface Textures Changes in Vacuum Lining: Experiments with raw canvas,” 
in Lining Paintings: Papers from the Greenwich conference on comparative lining techniques, ed. Caroline Villers (London: 
Archetype publications, 2003), 87. 
22 Gustav Berger and H.I. Zeliger, “Wax Impregnation of Cellulose: An irreversible process,” in Lining paintings: 
papers from the Greenwich conference on comparative lining techniques, ed. Caroline Villers (London: Archetype Publications, 
2003), 25; Robert E. Fieux, “Consolidation and lining adhesives compared” in Lining Paintings: Papers from the 
Greenwich conference on comparative lining techniques, ed. Caroline Villers (London: Archetype Publications, 2003), 35; 
Arthur Lucas, “Lining and Relining Methods and Rules Evolved at the National Gallery Conservation Department” 
in Lining Paintings: Papers from the Greenwich conference on comparative lining techniques, ed. Caroline Villers (London: 
Archetype Publications, 2003), 108; Vishwa Raj Mehra “A Low-Pressure Cold-Relining Table” in Lining Paintings: 
Papers from the Greenwich conference on comparative lining techniques, ed. Caroline Villers (London: Archetype Publications, 
2003), 122. 
23 Berger and Zeliger, “Wax Impregnation of Cellulose,” 25; Peter Newman, “A Method for Lining Paintings with 
Glue Composition,” in Lining Paintings: Papers from the Greenwich conference on comparative lining techniques, ed. Caroline 
Villers (London: Archetype Publications, 2003), 30; Gustav Berger, “Some Effects of Impregnating Adhesives on 
Paint Films,” in Lining Paintings: Papers from the Greenwich conference on comparative lining techniques, ed. Caroline Villers 
(London: Archetype Publications, 2003), 125.  
24 Berger, “Some Effects of Impregnating Adhesives on Paint Films,” 125. 
25 Westby Percival-Prescott, “The Lining Cycle: Causes of physical deterioration in oil paintings on canvas: lining 
from the 17th century to the present day” in Lining Paintings: Papers from the Greenwich conference on comparative lining 
techniques, ed. Caroline Villers (London: Archetype Publications, 2003), 11; Berger and Zeliger, “Wax Impregnation 
of Cellulose”; Fieux, “Consolidation and Lining Adhesives Compared,” 35; George Messens, “Hand Lining with 
Wax-Resin Using an Iron,” in Lining Paintings: Papers from the Greenwich conference on comparative lining techniques, ed. 
Caroline Villers (London: Archetype Publications, 2003), 70.  
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Messens (1925-2001) noted that “it is a pity in all cases to have to line, for even if the treatment 
is carried out well with precision and care, a slight change is always noticeable.”26 
As a consequence of this conference, the risks of material changes as a consequence of wax-resin 
linings became a subject of concern within the conservation field. Following this event, the 1975 
triennial conference of the International Council of Museum – Committee for Conservation 
took place. There, the American paintings conservator, Gustav Berger (1920-2006) 
communicated further results of the research that he had begun to present in Greenwich.27 His 
arguments against wax-resin impregnation were so convincing that Westby Percival-Prescott 
(1923-2005) called for a moratorium on this practice. From this date, the practice of wax-resin 
lining began to decrease.28  
 

2. The physical impact of wax-resin linings on paintings: observations and 
speculative interpretations by restorers between the 1930s and 1970s 
 
The documents gathered in the Greenwich conference post-prints are a valuable source of 
information about the physical effects of wax-resin linings on paintings, as they record 
observations of restorers’ practical experience. Other documents, including publications by 
restorers during the first half of the twentieth century are also rich in information on the causes 
and conditions of colour change in paintings (full quotes referred to in this section are in 
appendix 1).  
Interestingly, many of the sources testify to the vulnerability of preparatory layers to colour 
change after wax-resin impregnation, an effect noted during the Greenwich conference by both 
Berger and Percival-Prescott. They highlighted that “in some cases, the tonal drop is almost a 
blackening effect, where the ground or priming has been of such a colour to become 
considerably darker and thus the colour values of the original painting are sometimes savagely 
altered.”29 This assessment corresponds with the opinion of David Bomford, then paintings 
conservator at the National Gallery in London, who in 2003, reviewing the lining of an 
Impressionist painting carried out in 1976, affirmed: “we were, of course, aware of the possible 
drawbacks of wax lining – darkening of exposed areas of priming and unwanted texture changes 
…”30  
A review of publications prior to the Greenwich conference showed that the risk of darkening, 
particularly to ground layers, is acknowledged early in the history of wax-resin lining application. 
For example, in 1937 Stanley Cursiter (1887-1976) and the Dutch paintings conservator and 

                                               
26 George Messens, “Hand Lining with Wax-Resin Using an Iron,” 70. 
27 The post prints of the Greenwich conference were published almost thirty years after the conference took place. 
Some of the lectures that were held in Greenwich were transcribed as papers at the occasion of the ICOM-CC 
triennial meeting in Venice, 1975. 
28 The questionnaire sent to conservators in the field in 2002 by P. Ackroyd et al. illustrates the fact that “wax resin 
linings have declined steadily since 1975, when 82% used this adhesives regularly; in 1984 49% employed then 
always or often (overall 90%), while by 2001 only 12% use wax-resin always or often (overall 53%), Paul Ackroyd, 
Alan Phenix, Caroline Villers and Nancy Wade, “Structural Treatments for Canvas Paintings in 2002: Summary of 
questionnaire,” in Preprints Meeting ICOM-Committee for Conservation 13th Triennial Meeting, Rio de Janeiro (Paris: ICOM, 
2002), 321-323. 
29 Percival-Prescott, “The Lining Cycle,” 11. 
30 David Bomford, “The Conservator as Narrator: Changed perspectives in the conservation of paintings,” in 
Personal Viewpoints: Thoughts about paintings conservation, ed. Mark Leonard (Los Angeles: Getty Conservation Institute, 
2003), 4. 
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chemist, Martin de Wild (1899-1969) wrote: “if the wax mixture penetrates these exposed 
portions of the ground, they are almost certain to go lower in tone and so alter their relation to 
the superimposed or adjoining touches of pigment.”31  Furthermore, the 1950 Manual on the 
Conservation of Paintings, of which the author is anonymous though it is known that M. De Wild 
contributed, warned that treatment of paintings with wax would “darken somewhat a transparent 
painting executed on a such an [absorbent white] ground,” and “make the darker tones appear a 
shade lighter and duller.”32 It also suggested that bright paintings in general are problematic 
because of their higher risk of staining. In 1960, the German paintings conservator, Wolters 
(1912-1998) stated that “some experts fear that [wax-resin lining] may change the appearance of 
the colours in the painting because it causes an increasing transparency, which mainly affects the 
ground layers and which cannot be reversed.”33 For this reason, he continues, wax-resin lining 
“cannot … be used for pictures painted in distemper,” while it does not “affect the transparency 
of oil colour.” 
Until the 1980s, there was no investigation into the conditions under which colour change would 
occur as a result of a wax-resin treatment. The lack of systematic measurement has not, however, 
prevented speculative interpretations by restorers and seem to have inspired two main research 
projects carried out over the last thirty years: in the 1980s by the National Gallery, London and 
in the 2010s by the Van Gogh Museum, Amsterdam. All sources consulted agree that colour 
changes result from the impregnation of the painting with lining adhesive, though opinions vary 
regarding the conditions that affect this alteration.  
The degree of porosity or absorbency of ground layers is often reiterated in the sources as an 
essential condition for the occurrence of darkening.34 Some of the sources elaborate further in 
explaining colour change by referring to physical optics and refractive indices of materials (see 
appendix 2 for the basics behind this notion). For example, in 1934 Cursiter and Harold 
Plenderleith (1898-1997) hypothesised that the darkening effect of a wax-resin treatment is 
caused by the impregnation of the paint layer with a medium that has a different refractive index 
to the original. In order to prevent this undesirable effect, they advise addressing problematic 
zones before the lining is carried out, i.e., treating areas considered porous,35 with a medium that 
has a similar refractive index to the original. This recommendation is reiterated in 1937 by De 
Wild and Cursiter.36 Some decades later, Percival-Prescott used the same argument in order to 
explain colour changes: “impregnation with wax or wax-resin can alter the vehicular balance of 
paint layers and lower the relative refractive index in such a way as to bring perceptible changes 
of tone and quality to the paint layer.”37 Later he suggested that, not only absorbent water-based 
grounds might be subject to colour changes, but also oil-bound grounds due to “open cavities 
inherent in the structure of the material.” Prescott argued that the presence of chalk or gypsum 

                                               
31 S. Cursiter and A. M. de Wild, “Picture Relining,” Technical Studies in the Field of the Fine Arts V-3 (1937): 167-170. 
32 Anonymous, Manual on the Conservation of Paintings, (International Council of Museums, 1940; repr., London: 
Archetype Publications, 1997), 217-218. 
33 Christian Wolters, “The Care of paintings: Fabric paint supports,” Museum XII-3 (1960): 143.    
34 Plenderleith and Cursiter, “The Problem of Lining Adhesives for Paintings – Wax Adhesives,” Technical Studies in 
the Field of the Fine Arts III-2 (1934): 99; Gustav Berger and H.I. Zeliger, “Detrimental and Irreversible effect of Wax 
Impregnation on Easel Painting” in Preprints Meeting ICOM-Committee for Conservation 4th Triennial Meeting Venice (Paris: 
ICOM, 1975): 75/11/2-1- 15; Wolters “The Care of Paintings,” 143. 
35 Interestingly the authors indicate that increased porosity may account to ageing processes, Plenderleith and 
Cursiter, “The Problem of Lining Adhesives for Paintings – Wax Adhesives,” 90-113. 
36 Cursiter and De Wild, “Picture Relining,” 169-170. 
37 Percival-Prescott, “The Lining Cycle,” 11. 
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may enhance the porosity of the layer and thus its likelihood to stain when impregnated with 
wax-resin. Because of this he concludes that darkening due to impregnation occurs not only in 
ground layers but also in any paint layer that exhibits adequate porosity. Berger and Zeliger share 
this opinion.38 Reference to the notion of “transparency” is only referred to by Wolters, who 
suggests that wax-resin causes an increased transparency of ground layers, possibly resulting in 
colour changes in paintings.39 
Further, some of the sources suggest that colour change in paintings after wax-resin treatment 
may due to the inherent yellow colour of the adhesive mixture. 40 In order to prevent this, the 
American conservator and scientist George L. Stout (1897-1978) and the scientist Rutherford J. 
Gettens (1900-1974) suggested that darkening could be avoided by modifying the adhesive: 
“discoloration or stain is a defect which can be dismissed from extensive consideration because it 
is almost entirely apparent at the time when the adhesive is made up. … Wax-resin combinations 
are much less dark [than oils and glue-oil emulsion] and probably less apt to change color, but 
the technique of lining might be improved by bringing this type of adhesive to a lighter and 
clearer tone.” The same point is addressed in the Manual on the Conservation of Paintings: “In 
inferior grades, [colophony] has the disadvantage, of being rather dark so that for bright 
paintings, or for pictures where the white priming plays an important part, none but the clearest 
quality should be used.” 

 
3. Research hypothesis 
 
The study of conservation records, spanning more than forty years during which wax-resin lining 
was extensively used, reports that ground layers undergo colour change after wax-resin lining. 
This is therefore presented as a significant cause explaining the overall darkening and sometimes 
yellowing of paintings. These records further suggest that some types of grounds are more likely 
to change colour than others. For example, white primings were noted as particularly susceptible 
to staining. Furthermore, sources suggest that the degree of colour change is dependent on the 
material composition of grounds and both the binding medium and pigments were proposed  as 
potentially influential. Many sources also highlight the degree of ground porosity, due to material 
composition or ageing, as key. However, only a few of them mention the “degree of 
transparency”, or hiding power of ground layers as a crucial parameter for the final dark 
appearance of paintings. Interestingly, some of these testimonies from experience practitioners, 
relate to material evidence found in the paintings of the Royal Palace Amsterdam which noted 
that the darkening effect of wax-resin linings varied per paintings. The correlation between 
material evidence and documentary sources supported the hypothesis put forward in the present 
study that the visual consequences of wax-resin linings in seventeenth century Netherlandish 
canvas paintings is related to the original preparation technique. Previous studies that have 
addressed this question undertaken in the 1980s and 2010s provided basis on which to develop 
the present research. 
 

  

                                               
38 Berger and Zeliger, “Detrimental and Irreversible Effect of Wax Impregnation on Easel Painting,” 75/11/2-2. 
39 Wolters “The Care of Paintings,” 143. 
40 Beeswax and natural resin are naturally tinted yellow to brown. 
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4. State of knowledge 
 
In the 1980s the National Gallery, London and in 2010 the Van Gogh Museum, Amsterdam 
both investigated the conditions under which colour changes occur to paintings after wax-resin 
linings using different approaches. The National Gallery investigated the behaviour of 
experimental reconstructions based on the analysis of grounds from European paintings from 
the sixteenth to twentieth century. Only one example, the so-called “Rembrandt-type double oil 
ground,” was included in this study to represent Netherlandish seventeenth century painting 
practice. 41  The second study carried out in 2010 at the Van Gogh Museum, examined 
reconstructions of nineteenth century grounds based on analysis of grounds from paintings by 
Vincent van Gogh (1853-1890),  which were mostly white or light in toned.42 
The Van Gogh Museum primarily examined the influence of material composition of grounds 
on the degree of colour change. Results showed that binding medium has a significant effect on 
the level of darkening; animal glue bound grounds were found to be the most susceptible while 
oil bound grounds were the least.43 Additionally, the inorganic composition of the grounds was 
also found to play an important role - the chalk-containing grounds darkened more than the 
grounds consisting of lead white. Further, the research investigated whether the colour of the 
ground influences the degree of colour change. Interestingly, and contrary to what is suggested in 
historical sources, the grey grounds darkened significantly more than the white.44 Finally, other 
influential factors related to the original painting technique were examined, including application 
technique of the size layer and the canvas weave.  
Although research at the National Gallery examined different ground compositions, the 
experiment did not allow for inference to be drawn  about changes that could be associated with  
specific variables. In agreement with previous studies, Bomford and Staniforth correlated the 
darkening (change in hue was not investigated) of paintings after impregnation with a change of 
refractive index dependant on the porosity of differing painting materials. In the same study,   
colour change was measured in samples lined using different wax-resin adhesive mixtures, one of 
which was composed of beeswax and a polycyclohexanone resin (Ketone N). 45  Colour 
measurements found comparable levels of darkening, suggesting that materials with different 
refractive indices do not necessarily influence the degree of colour change by themselves, but 
rather the most important parameter was the filling of the voids in the paint.46 Perhaps most 
importantly, their research showed that colour change varied as a function of ground layer 
thickness, with colour change more significant when grounds were applied thinly. This suggested 
that that the grounds’ degree of hiding power was a critical factor for darkening post 

                                               
41 The “Rembrandt- type ground” is a double ground consisting of a first red colored ground layer composed of red 
ochre and red lead in linseed oil and of a subsequent grey coloured ground composed of black, yellow iron oxide 
and lead white in linseed oil, David Bomford and Sarah Staniforth, “Wax-Resin Lining and Colour Change: An 
evaluation,” National Gallery Technical Bulletin 5 (1981): 58-65. 
42 One grey ground composed of chalk and bone black in animal glue was created for the study. 
43 Emily Nieder Ella Hendriks and Aviva Burnstock, “Colour Change in Sample Reconstructions of Vincent van 
Gogh’s Grounds Due to Wax-Resin Lining,” Studies in Conservation 56 (2011): 98.  
44 Ibid, 100. 
45 Bomford and Staniforth, “Wax-Resin Lining and Colour Change,” 61. 
46 The influence of pigment to binding medium ratio with regard to the darkening of paint films was examined by 
Feller and Kuntz in 1981: R. L Feller and N. Kunz, “The Effect of Pigment Volume Concentration Paint on the 
Lightness and Darkness of Porous Paints” in AIC preprints (Washington, D.C: American Institute for the 
Conservation of Historic and Artistic Works, 1981), 66–74. 
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impregnation. This aspect, however, was not proved using scientific methods since “there was 
no control over their thickness of application.”47 
None of the research projects examined the effects of ageing on the condition of grounds and 
subsequently the degree of colour change after wax-resin impregnation,48 though it should be 
noted that in the 1980s article Bomford and Staniforth encourage future researchers to take this 
into account. This recommendation corresponds with the suggestions made by Cursiter and 
Harold Plenderleith in 1934.  
Both research projects used reflectance spectrophotometric measurements to record colour 
change. The study by Bomford and Staniforth recorded colour changes using the 1931 CIE XYZ 
and the 1976 CIE L*u*v* (CIELUV) colour spaces. The Van Gogh Museum used the CIE 
L*a*b* colour space, and by doing so developed the experimental procedure implemented by the 
National Gallery. 
 
The results of previous research on colour change in grounds on wax resin lining informed the 
methods used in the present study. These included the production of experimental samples and 
the parameters measured  using a spectrophotometer. Neither of the previous studies specifically 
addressed darkening of seventeenth century Netherlandish paintings after wax-resin treatment. 
The present research therefore focussed on  the study of paintings from this period and location  
by investigating the cconditions and the extent to which, wax-resin lining has modified optical 
properties of grounds layers on canvas paintings. It also aimed to provide evidence for  
retrospective identification of  paintings that have undergone these changes.  

 
5. Research methodology  
 
To answer the research questions, the present study takes into consideration three main factors. 
Firstly, the material and physical characteristics of ground layers for canvas paintings produced in 
the Netherlands during the seventeenth century. Secondly, the physical modifications that may 
become manifest in these ground layers as a consequence of natural ageing and/or restoration 
treatments before wax-resin was implemented. And finally, the different methods for wax-resin 
lining used by paintings conservators in the Netherlands from the mid-nineteenth century until 
the 1970s. In order to examine the influence each of these factors, the research methodology 
included technical examination of seventeenth Netherlandish canvas paintings, the study of 
historic documents,49 practical experiments on reconstructions and instrumental analyses. The 
following section presents the rationale behind the use of reconstructions. It also discusses the 
choice of paintings examined within the present research. Material evidence from the paintings, 
provided by technical examination, formed the basis for the material and physical characteristics 
of the reconstructions. 
 
  

                                               
47 Bomford and Staniforth, “Wax-Resin Lining and Colour Change,” 63. 
48 The National Gallery research implemented wax-resin linings on freshly prepared samples and the Van Gogh 
research used artificially aged experimental samples. 
49 The present research is indebted to previous studies that investigated large parts of these documents. References 
to the specific research come when appropriate all along the thesis. 
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5.1 Reconstructions 
 
Central to the research methodology was the study of optical phenomena observed on 
experimental samples, also called reconstructions, produced based on technical evidence from 
paintings selected for their relevance to the research (further discussed in section 5.2 in this 
chapter). Further, reconstructions allowed factors of influence to be studied either independently 
or in combination to highlight their relative importance.  
A fundamental aim of the research was to produce samples that replicated as closely as possible 
the material and physical characteristics of the ground layers in seventeenth century 
Netherlandish canvas paintings. Part of this expectation was fulfilled by the use of “historically 
accurate reconstruction,” a concept introduced to the conservation field by Leslie Carlyle in the 
early 1990s.50 This method involves the reproduction of historical painting techniques based on 
technical evidence and, where available, materials as close as possible to those used in the past, 
prepared using recipes from contemporary treatises. The making reconstructions is a hands-on 
process that provides an opportunity to observe the practical feasability of the use of historical 
materials and the extent to which the guidelines provided by historical recipes was practical. Also 
to acertain whether the outcome was similar to that observed in paintings. Reconstructions can 
also provide physical evidence for the original appearance of paintings. Carlyle argues that the 
use of reconstructions for technical research is only valid when materials and methods used are 
as close as possible to those used during the period in question, since only then are they 
comparable to the original paintings.51 The production of historically accurate reconstructions 
relies on the availability of documentary sources that include technical information, as well as the 
availability of materials that can represent what would have been used in the past based on 
chemical analyses of materials from historic paintings.52  
Since the 1990s, the use of historically accurate reconstructions has been adopted in studies of 
historical painting techniques.53 An example is Maartje Stols-Witlox’ PhD research in which she 
made direct comparisons between reconstructions and painted art in order to validate the results 
of experiments. Stols-Witlox concluded that this method was successful in providing insights 
into historical painting practice that could not be obtained using materials that underwent 

                                               
50 The term “historical accurate” is the one initially proposed by Carlyle at the beginning of the 1990s. The 
impossibility to reach real historical accuracy led to other formulations such as “historically informed,” Spike 
Bucklow, “Housewife Chemistry,” in In artists’ Footsteps the Reconstruction of Pigment and Paintings, Studies in honour of 
Renate Woudhuysen-Keller, Lucy Wrapson, Jenny Rose, Rose Miller and Spike Bucklow eds. (London: Archetype 
Publications, 2012) 26; and “historically appropriate,” Stols-Witlox, A perfect Ground, 6. The current dissertation, in 
agreement with Carlyle, adopts the very first appellation of the concept. It refers to a three-part model that includes: 
documentary source research (recipes, reported observations), technical analysis from historical objects and 
reconstructions with historically appropriate materials. Carlyle, e-mail to author, May, 2, 2015. For the complete 
history of the concept: Leslie Carlyle, “Exploring the Grammar of Oil Paint Through the Use of Historically 
Accurate Reconstructions,” in Conservation of Easel Paintings: Principles and practice, Joyce Hill Stoner and Rebecca Anne 
Rushfield eds. (London and New-York: Routledge, 2012) 33. 
51 Leslie Carlyle, Jaap J. Boon, Ralph Haswell and Maartje Stols-Witlox, “Historically Accurate Ground 
Reconstructions for Oil Paintings,” in Preparation for Painting, The artist’s choice and its consequences, Joyce H. Towsend, 
Tiarna Doherty, Gunnar Heydenreich and Jacqueline Ridge eds. (London: Archetype Publications, 2008), 110. 
52 Leslie Carlyle, “Historically Accurate Reconstructions of Oil Painters’ Materials: An overview of the hart project 
2002-2005,” in Reporting Highlights of the De Mayerne Programme. Jaap J. Boon and Ester S.B. Ferreira eds. (The Hague: 
NWO, 2006), 63. 
53 Since 2008, ICOM-CC includes an entire working group that focuses on the use of historical accurate 
reconstructions: the Art Technology Source Research (ATSR). The website gives access to many references related 
to this field of research. http://www.icom-cc.org/21/working-groups/art-technological-source-research/.  
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modern processing.54 Other researchers include Abbie Vandivere who also positively embraced 
this approach in her PhD.55 However, few studies have used historically accurate reconstructions 
for the assessment of past restoration techniques,56 though one exception includes the research 
by the Van Gogh Museum in their study of grounds used by the artist.57  
The current research opted to use historically accurate reconstructions because this method is 
suited to an optical assessment of the effects of wax-resin impregnation on the original 
appearance of paintings. In this case, it was not feasible to examine changes based on the study 
of the paintings alone (see discussion at the beginning of the present introduction). Furthermore, 
tests on historical paintings were put aside on ethical grounds, since wax-resin impregnation is 
currently is considered irreversible and therefore not supported by present-day conservation 
approaches. Based on previous research, the present study began with a working hypothesis, that 
the response of ground layers to wax-resin impregnation depends on the physical characteristics 
of the material components, including the size and shape of the pigment particles, the wettability 
of the surface, and pore size.58 The employment of materials and techniques as similar as possible 
to those used in the mid-seventeenth century was therefore an essential aspect of the research.  
Although the concept of “historical accurate reconstruction” does not refer to the reproduction 
of historical conservation methods, the present research used the same principles to set up the 
lining procedure used throughout. Therefore, research included technical examination of wax-
resin lined paintings alongside the study of archival documents from historical conservation 
practices including reports, photographs and publications. 
 
5.2 Technical examination of seventeenth century Netherlandish paintings 
 
Material and physical evidence found from technical examination of historical paintings was 
crucial for carrying out the present research: it supported the choice of materials and techniques 
used for making the reconstructions and provided practical criteria for interpretation of the 
results. The following sub-section, introduces the paintings selected that were chosen for their 
historical and technical relevance to the research. Of particular importance was that ground 
layers used for these paintings were representative of the preparation of canvases in the 
Netherlands during the seventeenth century. Another important criterion was that these 
paintings had been subjected to recent technical study. This resulted in the following list in table 
1. Photographs of the paintings are found in appendix A.1 
 
  

                                               
54 Stols-Witlox, A Perfect Ground, 225. 
55 Abbie Vandivere, “From the Ground Up,” (PhD thesis, University of Amsterdam, 2013), 6. 
56 This approach was implemented for research on the conservation of contemporary paintings see, Rachel Barker 
and Bronwyn Ormsby, “Conserving Mark Rothko’s Black on Maroon 1958: The construction of a ‘representative 
sample’ and the removal of graffiti ink,” Tate Papers 23 (Spring 2015), http://www.tate.org.uk/research 
/publications/tate-papers/23/conserving-mark-rothkos-black-on-maroon-1958-the-construction-of-a-
representative-sample-and-the-removal-of-graffiti-ink. 
57 These samples were produced at the occasion of the Van Gogh Ground Project that is one component of the 
HART Project (Historically Accurate Reconstructions Techniques) conducted by Carlyle from 2002 to 2005. Leslie 
Carlyle, “Historically Accurate Reconstructions of Oil painters’ Materials,” 70.   
58 Stefan Michalski, “A Physical Model of the Consolidation Process, Particularly of paintings,” in The Care of Painted 
Surfaces. Materials and methods for consolidation, and scientific methods to evaluate their effectiveness, ed. CESMAR7 (Saonara: Il 
Prato, 2006), 28-29. 
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Table 1 Identification of the paintings selected for the present study 

 
Rembrandt van Rijn (1606-1669), The Night watch (The Company of Captain Frans Banning Cocq and Lieutenant Willem van 
Ruytenhurch), 1642. Oil paint on canvas, 363 × 437 cm. Amsterdam, Rijksmuseum. 

Gerard van Honthorst (1592-1656), The arrival of Mary Stuart Greeted by Willem II, 1649. Oil paint on canvas, 327 x 206 
cm. The Hague, Royal Palace of Huis den Bosch, Oranjezaal. 

Gerard van Honthorst (1592-1656), The Marriage of Frederiek Hendrik and Amalia van Solms, 1651. Oil paint on canvas, 
750 x 218 cm. The Hague, Royal Palace of Huis den Bosch, Oranjezaal. 

* Gerard van Honthorst (1592-1656), Louise Henriette Leads Friedrich Wilhelm, Elector of Brandenburg, to Her Parents, 
1649. Oil paint on canvas, 319 x 202 cm. The Hague, Royal Palace of Huis den Bosch, Oranjezaal.  

* Theodoor van Thulden (1606-1669) The Maid of Holland Offering Frederik Hendrik Supreme Command, 1651 Oil paint 
on canvas 750 x 300 cm. The Hague, Royal Palace of Huis den Bosch, Oranjezaal.  

* Theodoor van Thulden (1606-1669) Part of the Triumphal Procession, With Prisoners, 1648. Oil paint on canvas 200 x 
380 cm. The Hague, Royal Palace of Huis den Bosch, Oranjezaal.  

* Jacob Jordaens (1593-1678), Susanna and the Two Elders, 1653. Oil paint on canvas, 153,5 x 203 cm. Copenhagen, 
Statens Museum for Kunst, the National Gallery of Denmark. 

Jacob Jordaens (1593-1678), Peace Between the Romans and the Batavians, 1661-1662. Oil paint on canvas, 550 x 550 cm. 
Amsterdam, Royal Palace, East gallery. 

Jacob Jordaens (1593-1678), Samson Defeats the Philistines, 1661-1662. Oil paint on canvas, 340 x 600 cm. Amsterdam, 
Royal Palace, East gallery. 

Jacob Jordaens (1593-1678), A Roman Camp Under Attack by Night, 1661-1662. Oil paint on canvas, 550 x 550 cm. 
Amsterdam, Royal Palace, North gallery. 

Jacob Jordaens (1593-1678), David and Goliath, 1664. Oil paint on canvas, 340 x 600 cm. Amsterdam, Royal Palace, 
East gallery. 

 
The paintings selected are mostly history paintings, considered by the Dutch painter and art 
theorist Samuel van Hoogstraten (1627-1678) as “the most elevated and distinguished step in the 
art of painting…” 59  In the seventeenth century, history paintings were often the result of 
prestigious commissions such as the decoration of Amsterdam’s former city hall or the 
Oranjezaal in the palace of Huis ten Bosch,60 where most of the paintings selected are situated.61 
A militia group portrait (schuttersstuk) like The Night Watch was amongst the most prestigious 
assignments a painter could receive at that time. Due to the importance of the commissions, the 
list of selected paintings comprises works by some of the most famous artists of the time.62 
 
Regarding painting technique, these works contain areas of visible ground to a varying extent, as 
was common in seventeenth century Netherlandish paintings. Although painters’ use of mid-

                                               
59 Samuel Hoogstraten, Introduction to the Academy of Painting, or the Visible World (original title: 'Inleyding tot de hooge 
schoole der schilderkonst: anders de zichtbaere werelt'), Rotterdam, 1678. For an analysis of the book, see 
Weststeijn, The Visible World. 
60 In 1647, Amalia van Solms (1602-1675) commissioned the decoration of the Oranjezaal (central hall in the royal 
palace Huis ten Bosch) to Jacob van Campen. The Dutch architect contracted painters from both the northern and 
southern Netherlands in order to execute the paintings. This monumental ensemble of nearly forty paintings 
glorifies the memory of Frederik Hendrik van Oranje (1584-1647), the just deceased husband of Amalia van Solms. 
About the history of the Oranjezaal and concepts behind it, see Margriet van Eikema Hommes and Elmer Kolfin, 
Een zaal uit loutere liefde: Amalia’s ambities in de Oranjezaal van Huis ten Bosch, (Zwolle: Waanders en de Kunst, 2013). 
61 Other important commissions for painted ensembles in the Netherlands at that time include Trompenburgh in ‘s 
Graveland, 1636, the residence of Jacoba Lampsins in Utrecht, 1657, the Trippenhuis in Amsterdam, 1660-1662, the 
Mauritshuis in the Hague, 1644. 
62 Gerard van Honthorst (1592-1656), Jacob Jordaens (1593-1678), Rembrandt van Rijn (1606-1669), Theodoor van 
Thulden (1606-1669). The painters in this list are Dutch except for Jordaens who is Flemish from Antwerp. 
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tone coloured grounds left visible in the final composition is known to facilitate the rendering of 
impressive volume and space, this effect is not readily recognizable when viewing some of these 
paintings today. A pronounced example is Peace between the Romans and the Batavians (Peace) where 
Jordaens’ intention to impress the viewer is made obvious by his use of an impressive triangular 
composition and bright colours in key areas of the composition (fig. 5 left). Today the sense of  
three dimensionality is compromised by the dark colour of the ground, that now contrasts with 
highlighted areas, while merging with shaded parts, thus preventing an accurate reading of 
volume and space (fig. 5 right, see also fig. 2).63  
 

  
Fig. 5 Left, Jordaens, Peace between the Romans and the Batavians, 1661-1662, overview; Right, detail.  

Photos by René Gerritsen. 
 
For The Night Watch, Rembrandt challenged the mode of representation usually used by painters 
for a militia group portrait. Rather than a static representation of juxtaposed figures, Rembrandt 
painted a tumultuous scene where people are depicted in movement and the rendering of space 
is enhanced by a powerful contrast of light and shade. Whether or not Rembrandt intended the 
ground of The Night Watch to be so dark is a point often discussed in recent literature, with some 
sources suggesting that the wax-resin treatment has altered the optical characteristics of the 
ground, resulting in an overall darkness of the painting.64 Visual assessment of a copy of the 
painting on wooden panel completed between 1642 and 1649 by Gerrit Lundens (1622-1683), 
housed at the National Gallery London, supports the assumption that The Night Watch originally 
had a brighter overall appearance. Interestingly, areas of exposed ground in Rembrandt’s 
composition correspond with much lighter zones in the copy, further supporting the hypothesis 
that the ground of The Night Watch has changed colour over time (fig. 6). 
 

                                               
63 M. van Eikema Hommes and E. Froment, “The decoration Programme in the Galleries of the Royal Palace 
Amsterdam,” 40-41. 
64 E. van de Wetering, C. M. Groen and J. A. Mosk, “Summary Report on the Results of the Technical Examination 
of Rembrandt’s Night Watch, Rijksmuseum bulletin 24 (1976), 87. The more recent research by Ernst van de Wetering 
suggests that the appearance of The Night Watch has hardly altered with time, Van de Wetering, Rembrandt the Painter 
at Work, 262-263. 
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Fig. 6 Left, detail of The Night Watch by Rembrandt; right, detail of the copy by Lundens.  

The comparison of the two details shows the difference in brightness of the two paintings as well as the colour 
difference in areas where the ground is left exposed (grey arrow). 

 
The paintings selected have a broad range of ground types, covering the range of materials and 
physical characteristics usually found in preparatory layers of seventeenth century Netherlandish 
paintings on canvas.65 The selection includes three different types of single ground, including one 
type composed mostly of lead white, another that is rich in chalk and a third that contains quartz. 
Analysis of samples from the grounds of these works identified different forms of iron oxide and 
black pigments in various proportions. The quartz-containing ground used for The Night Watch  
is composed mainly of quartz sand and clays. Although this type of ground is unusual for the 
period, it was used in a number of works by Rembrandt from 1642, until his death in 1669.66 The 
paintings selected for this study have four different types of double grounds, in which the first 
layer is composed mostly of chalk with iron oxides in various proportions, and the second 
consists of lead white often mixed with chalk, and also occasionally iron oxide and black 
pigments. Though it was not possible to identify the binding medium used for the grounds with 
confidence, analysis using Gas Chromatography Mass Spectrometry pointed to the use of animal 
glue and/or linseed oil. 
Six of the paintings selected had been previously wax-resin lined in the past, and four were not 
(marked with an * in table 1). Unlined paintings were: Louise Henriette Leads Friedrich Wilhelm,  
Susanne and the Two Elders, The Maid of Holland Offering Frederik Hendrik Supreme Command and Part 
of the Triumphal Procession with Prisoners. These paintings were included in the selection for 
comparison purposes with wax-resin lined paintings. Comparison of the two paintings by Van 
Honthorst was particularly relevant as the paintings have the same ground and have been 
hanging on the same wall since their completion in 1649. Furthermore, the two unlined paintings 
by Van Thulden were added to the selection because they exhibited the same ground as the 

                                               
65 Stols-Witlox, A Perfect Ground, 50-55; Elisabeth Martin, “Grounds on Canvas 1600-1640 in Various European 
Artistic Centres, in Preparation for Painting, The artist’s choice and its consequences, Joyce H. Townsend, Tiarna Doherty, 
Gunnar Heydenreich and Jacqueline Ridge eds. (London: Archetype Publications, 2008), 59-62; 
66 Karin Groen, “Grounds in Rembrandt’s Workshop and in Paintings by his Contemporaries,” in: Ernst van de 
Wetering A corpus of Rembrandt paintings, (Dordrecht: Springer, 2005), table IV. 
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paintings by Van Honthorst, but contain larger areas of unexposed ground, therefore providing 
valuable material evidence for assessing the colour of the ground before lining.  
 

6. Focus of the research  
 
The materials used in the reconstructions were chosen based on their close similarity to materials 
identified by technical study of the grounds of the selected paintings. This included nine different 
pigment types including chalk, lead white, raw umber, yellow iron oxide, red iron oxide, tile red, 
charcoal black, quartz sand, and two types of clays, as well as two binding media, linseed oil and 
animal glue. Pigments were used either independently or in mixtures. The mixtures provided an 
assessment of the influence of the proportion of chalk in mixtures of yellow iron oxide, raw 
umber, and lead white on colour change after impregnation. The choices of proportions of 
different inorganic materials derived from the finding that  identified chalk in eight out of twelve 
grounds investigated. A wider survey of technical studies also provided evidence for the use of 
chalk in almost all grounds layers in seventeenth century canvas paintings.67 The influence of 
chalk on the degree of colour change of paintings after wax-resin treatment is mentioned in the 
historical sources (discussed in section 2 of the current chapter). In the present study various 
ratios of clay to quartz with and without the addition of yellow iron oxide were prepared, based 
on results of technical study of paintings.  
The degree of porosity of the paint film is a key factor in explaining colour change after wax-
resin lining. It was expected that impregnation of the paint film with the wax-resin adhesive 
would be facilitated by increased porosity, causing a change in refractive indices and therefore a 
change in appearance. Though the original materials and techniques govern this physical 
characteristic, porosity may change during the course of paintings’ history due to ageing 
processes and restorations treatments. The present research therefore included practical 
experiments in order to investigate the potential influence of different factors related to ageing 
processes, on the degree of absorbency of the reconstruction including the pigment to binding 
medium ratio, solvent exposure and artificial ageing.  
Differences of refractive indices in paint films influence the ability of paint to obscure an 
underlying substrate, or hiding power. The degree to which a ground layer hides the canvas 
support was suggested by previous research to be an important condition for the colour change 
of paintings post wax-resin treatment since the colour of the canvas itself darkens dramatically 
when impregnated with wax-resin (see section 4 in this chapter). Hiding power is governed by 
paint composition and layer thickness, two parameters which are related to original painting 
techniques and are less affected by the complexities of ageing than porosity. Paint composition 
and layer thickness therefore form the core of the experimental research in this thesis.  
  

                                               
67 E. Martin, “Grounds on Canvas 1600-1640 in Various European Artistic Centres,”, 59-62; K. Groen and E. 
Hendriks, “Frans Hals: A technical examination, ” 115; Margriet Van Eikema Hommes, Art and Allegiance in the Dutch 
Golden Age, (Amsterdam: Amsterdam University Press, 2012), 193. 
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APPENDIX 1 
Quotes from paintings conservators, conservation scientists and curators on 
colour changes of paintings following wax-resin lining (listed in 
chronological order) 
 
 
Harold Plenderleith and Stanley Cursiter, “The Problem of Lining Adhesives for Paintings – wax 
adhesives,” Technical Studies in the Field of the Fine Arts III-2 (1934): 98-99. 

“A point to be remembered is that pigments in which, through age, the binding property 
of the medium has to some extent perished may appear very different in colour from the 
same pigment when restored to their right content. Any change in the character of the 
original medium may also produce a change of colour pitch, so it may be important to 
ensure that the new binding medium -should it permeate the paint layer - does not differ 
in refractive index from the original medium. A wax-resin relining mixture may produce 
a heavy leaden appearance unless precautions are taken to treat pigments which have 
become porous with some other binder, applied on the surface before relining is started.” 

 
Stanley Cursiter and A. Martijn de Wild, “Picture Relining,” Technical Studies in the Field of the Fine 
Arts V-3 (1937): 167 and 170. 

 “[i]f the paint layer is in an absorbent condition, it may have to be impregnated with 
some medium analogous to that originally used in producing the picture. This is very 
important and may be particularly needful in the case of pictures where, as in many 
modern works, portions of the ground are left exposed between the touches of paint. If 
the wax mixture penetrates these exposed portions of the ground, they are almost certain 
to go lower in tone and so alter their relation to the superimposed or adjoining touches 
of pigment. This question of altered values, due to change in the refractive index of the 
mediums or to impregnation with mediums of a character differing from those originally 
used, is a frequent source of distortion in the colour values of restored pictures.” 

 
Anonymous, Manual on the Conservation of Paintings (International Council of Museums, 1940; 
repr., London: Archetype Publications, 1997), 213, 217 and 218. 

“[the lining adhesive in general] should at the same time, preserve the canvases from 
disintegration without altering the optical properties of the ground or of the paint layer.” 
 “Another advantage of a glue adhesive is that it interferes but very little with the optical 
properties of most primings (reflecting power). Wax, on the other hand, would slightly 
reduce the reflecting power of a more or less absorbent white priming, and thus darken 
somewhat a transparent painting executed on such a ground. In the case of an oil 
painting, the wax which penetrates the paint layer or which even spreads over its surface 
through the crackle would reduce the depth (transparency) of the colours a little, and 
thus make the darker tones appear a shade lighter and duller. In an old master - a 
Rembrandt or a Titian, for example - this loss of transparency would alter the effect 
originally intended by the artist. Moreover, as mentioned above, a varnish applied to a 
painting in such a condition would not retain its transparency and would tend to 
crackle.” 
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“These drawbacks can, however, be met by adding a little resin, as a hardening 
ingredient, to the wax. Rosin (colophony) is generally used for this purpose and has so 
far proved very useful. In inferior grades, it has the disadvantage, of being rather dark so 
that for bright paintings, or for pictures where the white priming plays an important part, 
none but the clearest quality should be used.” 

 
Christian Wolters, “The Care of Paintings: Fabric paint supports,” Museum XII-3 (1960): 143. 

 “Some experts fear that this process may change the appearance of the colours in the 
painting because it causes an increasing transparency, which mainly affects the ground 
layers and which cannot be reversed. (This technique cannot of course be used for 
pictures painted in distemper.) Various objections have also been raised concerning the 
restricted air circulation, and even impermeability thus occasioned. Other experts, on the 
contrary, consider that wax impregnations by no means cause total impermeability and 
do not affect the transparency of oil colour. Apparently little use is made of 
impregnations with a synthetic resin base. In theory they would be excellent, but their 
effects, unlike those of wax, are not as yet fully known and it is feared that they might be 
irrevocable. Some experts have pointed out that it is not possible to remove wax 
completely.” 

 
Westby Percival-Prescott, “The lining Cycle: Causes of physical deterioration in oil paintings on 
canvas: lining from the 17th century to the present day” in Lining Paintings: Papers from the Greenwich 
conference on comparative lining techniques, ed. Caroline Villers (London: Archetype Publications, 
2003), 11. 

“The wax-impregnation method is in very common use in countries in the Western 
world. Thousands of paintings have been lined or impregnated with the use of wax-resin 
mixtures. Not all of the paintings treated have fare well. In some cases, the tonal drop is 
almost a blackening effect, where the ground or the priming has been of such a colour to 
become considerably darker and thus the colour values of the original painting are 
sometimes savagely altered.  
The dangers of a change in tone of the paint caused by the infusion of wax or wax-resin 
have only recently been redefined. The rough rule of thumb criteria that oil paintings will 
take a wax-resin impregnation, while tempera or gouache paintings will not, no longer 
wholly serves, for some oil paintings are almost as radically changed as tempera paintings 
by wax-impregnation method…We have also seen that many of the so-called ‘oil 
grounds’ are (if of the type recommended by De Mayerne) of a non-homogeneous 
structure and these grounds too, can easily be affected by penetration of the open cavities 
inherent in the structure of the material. 
However, the use of gypsum, chalk and fillers was not confined to the ground and 
priming layers, but was often a regular component in the white paint layers of the picture, 
forming, with the lead carbonate, a light semi-opaque paint with increased colour 
‘staining power’ (30). 
The adulteration of lead white with chalk was also common during the 17th century as it 
is today and chalk continues to be a regular ingredient in artists’ paints. Impregnation 
with wax or wax-resin can alter the vehicular balance of paint layers and lower the 
relative refractive index in such a way as to bring perceptible changes of tone and quality 
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to the paint layer. Sadly, this principle which was so clear to Muntz was not recognized 
by later restorers in the 19th and early 20th centuries.” 
“(30): High opacity whites have high stain (or tinting) resistance; low opacity whites have 
low stain resistance. This factor was made use of by painters in the 17th century who 
commonly employed two whites.” 

 
Gustav Berger and H.I. Zeliger, “Wax Impregnation of Cellulose: An irreversible process,” in 
Lining Paintings: Papers from the Greenwich conference on comparative lining techniques, ed. Caroline Villers 
(London: Archetype publications, 2003), 26. 

“To date, the following effects of all waxes on the components of easel paintings have 
been noted:  
6. Staining of canvas on application. 
7. Staining of absorbent paint films and priming on application.” 

 
Robert E. Fieux, “Consolidation and Lining Adhesives Compared” in Lining Paintings: Papers from 
the Greenwich conference on comparative lining techniques, ed. Caroline Villers (London: Archetype 
publications, 2003), 36. 
 

Table 1 Comparison table for criteria. 
Criteria Wax-resin Beva 371 PVA Aqueous glue 
Color staining Yes No No Not as demonstrated, 

but might 
 
George Messens, “Hand Lining with Wax-Resin Using an Iron,” in Lining Paintings: Papers from the 
Greenwich conference on comparative lining techniques, ed. Caroline Villers (London: Archetype 
publications, 2003), 70.  

“Before describing this method of lining paintings, I would like to say that it is a pity in 
all cases to have to line, for even if the treatment is carried out well with precision and 
care, a slight change is always noticeable.”  

 
Gustav Berger and H.I. Zeliger, “Detrimental and Irreversible Effect of Wax Impregnation on 
Easel Painting,” in Preprints Meeting ICOM-Committee for Conservation 4th triennial Meeting Venice 
(Paris: ICOM, 1975), 75/11/2-1- 15;  

“After lining it was no longer the old painting because all its colour values were 
insidiously changed. Recent research has shown wax impregnation of paintings to be 
irreversible. Six researchers in Europe and United States have independently of each 
other provided objective scientific proof that 1. Wax stains and discolours many paint 
films and grounds, 2. Many wax-resin mixtures are prone to discoloration.” 

 
Ségolène Bergeon, Science et patience ou la restauration des peintures (Paris: Réunion des Musées 
Nationaux, 1990), 46, 57 and 58.  

“On reproche aussi à cette methode d’introduire un matériau à base de cire qui, 
emplissant tous les vides, rend un peu ivoire les preparations blanches poreuses, 
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assombrit les preparation colorées si elles sont poreuses, et serait difficilement éliminé 
ultérieurement ce qui rendrait le procédé non reversible.” 
“D’autre part seules les preparations poreuses, claires ou non, sont transformées, mais les 
preparations non poreuses, meme blanches ne sont pas assombries, ce qui enlève aux 
détracteurs de la methode une grande partie de leurs arguments.”  
“La couche colorée composant les chairs, les vêtements, les feuillages et le ciel était assez 
couvrante pour le pas craindre dans le cas de la cire résine l’éventuel léger 
assombrissement de la preparation (faible car affectant surtout la couche profonde, mais 
peu la seconde preparation ne provoquât un assombrissement de la composition.” 

 
David Bomford, “The conservator as narrator: changed perspectives in the conservation of 
paintings,” in Personal viewpoints: thoughts about paintings conservation, ed. Mark Leonard (Los Angeles: 
Getty Conservation Institute, 2003), 4 and 5. 

“The Nineteenth-century painting in question is Camille Pissaro’s Fox Hill…I consulted 
with colleagues and concluded that the painting was structurally weak: I wax-lined the 
painting on a vacuum hot table and remounted it on its original stretcher. This was a 
treatment that was completely in line with normal practice in the mid-1970s. It was 
routine operation that took just a few hours to carry out. We were, of course, aware of 
the possible drawbacks of wax lining – darkening of exposed areas of priming and 
unwanted texture changes – but Fox Hill appeared unaffected by its treatment.” 
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APPENDIX 2 
Fundamental of optics 
 
 
1. Colour perception 
 
Visible light, also called light, occupies a small portion of the complete spectrum of 
electromagnetic radiations that surrounds us. Visible light is composed of wavelengths in a range 
from approximately 380 to 780 nanometers (fig. 1) to which human eyes are sensitive. 

 

 

Fig. 1 Light is composed of electromagnetic radiations which wavelengths range from approximatively 380 to 780 
nm between UVA with shorter wavelengths and infrared with longer wavelengths. Image: Wikimedia commons. 

 
All waves seen together form ‘white’ light. When white light is passed through a glass prism, 
however, the seven colours corresponding to different wavelengths of the visible region can 
been visualized (fig. 2).  
 

 

Fig. 2 Dispersion of white light through a prism. Image: Wikimedia Commons. 

 
When a ray of light (incident light) encounters a material part of the light may be reflected at the 
surface while another part may penetrate into the substrate (fig. 3). Reflected light implies that 
once the incident ray of light comes into contact with the surface of the material, it returns into 
the medium (normally air) from which it originated. Light that penetrates a material can be 
absorbed and/or transmitted. When entering a paint film, light is affected by the optical 
properties of pigment and medium. The crystal structure, particle size and chemical condition of 
materials in the paint film govern the degree of absorption, transmission and scattering of the 
incident light, as well as the composition of the light reflected off the paint film.68 The nature of 

                                               
68 A. G. Abel, “Pigments for Paint,” in Paint and Surface Coatings, Theory and practice, R. Lambourne and T. A. Strivens 
eds. (1999, 2nd edition; Abington Cambridge: Woodhear Publishing, 1987): 92- 95; Fred. W. Billmeyer, Jr. and Harry 
K. Hammond, “Color and Light,” in Paint and Coating Testing Manual, ed. Joseph V. Koleske (Philadelphia: American 
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the wavelengths reflected determines the perceived hue of the material. For example, a black 
pigment appears so because it almost fully absorbs the incident light, while a white pigment 
almost fully reflects the incident light. A coloured pigment selectively absorbs light, meaning that 
some wavelengths of the incident light are absorbed by the pigment while others are reflected 
(fig. 3).69  
 

 

Fig. 3 The colour perceived from a material is dependent on the nature of the wavelengths reflected from the 
material. Image from internet source 

 
2. Hiding power and refractive index 
 
Light is transmitted when it passes through a transparent material and is reemitted on the 
opposite side. Upon entering a material light is transmitted, often meaning that the light beam 
changes direction from the incident beam with respect to a line called the “normal”, which is an 
axis perpendicular to the surface at the point of reflection and refraction (fig. 4). Refractive index 
measures the bending of a ray of light when it passes from one medium into another. Depending 
on the velocity of the substance (every material produces a characteristic velocity for a specific 
wavelength of light) light can be refracted at different angles. The ratio of the velocity of light in 
air to the velocity of light in another substance is expressed as the index of refraction of that 
substance. 
 

 

Fig. 4 Interactions of light with a transparent substance (e.g., glass). 
 
Both binder and pigments have specific refractive indices. The greater the difference between the 
refractive indices of the pigment and the surrounding medium, the greater the amount of light 
scattered into the paint film.70 Refraction phenomena occur at the pigment/medium interface 

                                                                                                                                               
Institute for Testing and Materials, 1995): 448; Yoshiko Shimazu, Chemical and Optical Aspects of Appearance 
Changes in Oil Paintings from the 19th and early 20th Century (PhD thesis, University of Amsterdam, 2015), 15-17.  
69 Leonard Schaeffer, “Hiding Power,” in Paint and Coating Testing Manual, ed. Joseph V. Koleske (Philadelphia: 
American Institute for Testing and Materials, 1995): 484. Abel, “Pigments for Paint,” 92. 
70 Abel, “Pigments for Paint,” 99; Schaeffer, “Hiding Power,” 483. 
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and prevent light from being transmitted through the medium. Differences in refractive indices 
are therefore key in determining the degree to which a pigmented coating obscures or hides the 
background or substrate to which it has been applied. This property of paint layers is generally 
referred to as the hiding power or covering. According to ASTM Standard E284, “Standard 
Terminology of Appearance”, hiding power is a relative term that differs from the properties of 
opacity or transparency, which are absolute.71 An opaque sample means that it has the ability to 
prevent all transmission of light due to full absorption or scattering of the incident light before it 
reaches the substrate. 72  A transparent material allows light to pass through without being 
scattered and therefore the incident light is almost unaffected until it reaches the under layer or 
substrate. 
Paintings are multi-layered systems in which the appearance of the surface is potentially 
influenced by the colour of underlying layers. A paint layer with low hiding power may transmit 
part of the incident light to an underlying layer, likely a ground layer or the canvas support. 
Therefore, the light transmitted through the paint is possibly absorbed and/or reflected by the 
substrate, meaning that the reflectivity information of the substrate affects the perception of the 
top layers (fig. 5). Hiding power of a paint film is influenced by the amount of scattering and 
absorption of the pigmented layer, as well as layer thickness and the ratio pigment to binding 
medium or Pigment Volume Concentration (PVC).73 
 

  
Fig. 5 Schematic representation of light phenomena in poorly hiding paint.  

Image source: http://www.justpaint.org/defining-luminous-effects/ 

 

3. Optics behind the colour change of ground layers after wax-resin impregnation 
 
In general, the appearance of a poorly hiding ground may be modified after wax-resin 
impregnation due to the substantial darkening of the underlying canvas. This effect might be 
exacerbated when the ground is porous (i. e. high PVC ratio). In this case, void spaces in the 
ground become filled with wax-resin with a refractive index different than air. This reduces the 
hiding power of the ground, facilitating light transmission to under-layers such as the darkened 
canvas. The filling up of voids has also a darkening effect on its own. A poorly bound paint layer 

                                               
71 Roy S. Berns, Color Science and the Visual Arts, A guide for conservators, curators, and the curious (Los Angeles: Getty 
Conservation Institute, 2016), 115. 
72 Schaeffer, “Hiding Power,” 481 
73 F. Gläser, “Coloristic properties,” in Industrial Organic Pigments. Production, properties and applications, W. Herst and K. 
Hunder eds., 4th ed. (1993; Weinheim: Wiley, 2004), 55; Parker B. Mitton, “Opacity, Hiding Power, and Tinting 
Strength,” in Pigment handbook, Volume 3: Characterization and physical relationships, ed. Temple C. Patton (New York: 
Wiley, 1973), 289.  
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exhibits a rough surface, whereas a well-bound system has a smooth surface (see fig. 6 and 7). 
This roughness is caused by protruding pigment particles or aggregates. Consequently, the part 
of the light that is reflected on the surface is scattered in all directions instead of being reflected 
specularily, as it would be on a smooth surface. In the case of a specular reflection, all the 
incident light, that is white, is reflected at the same angle. Thus, when considering figure 7, 
placed at the right spot viewer A sees a glossy surface. Outside of this specific spot, viewer B 
observes the paint layer without being disturbed by any reflections. In the case of a rough 
surface, the part of incident light reflected at the surface is scattered in all directions, or diffused. 
Nowhere can the viewer find a spot to avoid the reflection of white light coming from the 
incident light. Consequently, rough (or matte) paint layers appear lighter than well-bound ones. 74   
 
 

     
Fig. 6 Poorly bound paint layer, the reflected light is 

diffused by the rough surface 
Fig. 7 Well bound paint layer surface, the incident 

light is reflected specularily 

 
 
 
 

                                               
74 Robert L. Feller and Noel Kunz, “The Effect of Pigment Volume Concentration on the Lightness or Darkness of 
Porous Paints”, in AIC Preprints 9th Annual Meeting, (Washington DC, American Institute for the Conservation of 
Historic and Artistic Works, 1981), 70. 
 




