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Abstract 

Developing appropriate treatments for easel paintings can be complex, as many works are 

composed of various materials that respond in different ways. When selecting a filling material 

for these artworks, several properties are investigated including: the need for the infill to react to 

environmental conditions in a similar manner as the original material; the need for the infill to 

have good handling properties, adhesion to the original support, and cohesion within the filling 

material; the ability for the infill to withstand the stress of the surrounding material and; be as 

flexible as the original material to not cause further damage. Also, changes in colour or 

mechanical properties should not occur as part of the ageing process. Studies are needed on 

acrylic-based materials used as infills in conservation treatments. 

 

This research examines some of the chemical, physical, and optical changes of eleven filling 

materials before and after ageing, with the aim to evaluate the overall appropriateness of these 

materials as infills for easel paintings. The materials examined were three rabbit skin glue (RSG) 

gessoes, and seven commercially prepared acrylic materials, all easily acquired in North America. 

Chemical analysis was carried out with Fourier transform infrared (FTIR) spectroscopy and X-ray 

fluorescence (XRF), pyrolysis gas chromatography-mass spectroscopy (Py-GC/MS), and 

differential scanning calorimetry (DSC). Overall the compositions of the various materials 

examined were found to be in agreement with the available literature and previous research. This 

study also examined characteristics of these materials not described in previous works and, 

additionally, presented the compositions and behaviour of several commonly used materials with 

little literature description. After application of an ageing regimen, most naturally aged and 

artificially aged samples displayed small changes in gloss, colour, thickness, and diffusive 

behaviour; however, to evaluate these materials fully mechanical testing and environmental 

studies should be carried out.   
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Glossary of Terms  

Acrylic dispersion paint Acrylic dispersions (often called emulsions) consist of small 

particles of solid, amorphous polymers, which are suspended in 

water.  

 

Acrylic latexes See acrylic dispersion paint. 

 

Amorphous polymer 

 

An amorphous polymer is a polymer without a significant degree of 

crystallization.  

 

ATR-FTIR Attenuated Total Reflectance Fourier transform infrared (ATR-

FTIR) spectroscopy is a non-destructive, qualitative technique that 

provides a characteristic “fingerprint” of a sample.  This is 

accomplished by irradiating a sample with an infrared source and 

recording absorption or transmittance peaks.  

 

Breakthrough time In the diffusion studies, the breakthrough time is the amount of time 

it takes for a volume of liquid to pass from the surface of a film to 

the opposite side.  

 

CaCO3 

 

Calcium carbonate is often used as a bulking agent and pigment in 

paints and gessoes.  

 

Chalk See calcium carbonate.  

 

China clay See kaolin.  

 

CIELAB 1976  CIELAB 1976 is the colour space defined by the Commission 

Internationale d’Eclairage (CIE) in 1976.  

 

CMC Critical micelle concentration is the concentration at which micelles 

are formed.  

 

Co-polymer  

 

A polymer consisting of two or more different monomers. 

.CSV 

 

Comma separated value  

Dispersion Dispersions consist of one phase being suspended in another phase.   

 

DSC Differential scanning calorimetry (DSC) is a technique that 

determines the heat capacity of a sample over a predetermined 

temperature range. With this method the glass transition 

temperature (Tg) of a sample can be determined.  

 

Ea Thermal degradation activation energy 

 

EA Ethyl acrylate (CH2CHCO2CH2CH3) is an acrylic monomer used to 
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form polymers used in acrylic emulsion paints. 

 

Easel paintings A painting rendered on a portable support (i.e., panel and canvas). 

 

Emulsion Emulsions are colloids consisting of small droplets suspended in the 

dispersion medium, in which it is not miscible.  

 

Free films 

 

Castings removed from Mylar® sheet. 

Gloss Gloss is the ability of a surface to reflect light mostly toward the 

specular direction or the angle opposite the incident light angle. 

 

GRAMS GRAMS is a spectroscopy software. 

 

ICP-OES Inductively coupled plasma optical emission spectrometry (ICP-

OES), also called inductively coupled plasma atomic emission 

spectroscopy (ICP-AES), is a technique used to detect trace 

amounts of metals.  

 

Kaolin 

 

Kaolin (hydrated aluminium silicate, Al2O3·2SiO2·2H2O) is a 

common extender in paints. 

 

Lacuna  A loss, gap or missing section in an artwork (plural lacunae). 

 

Latex  

 

See acrylic dispersion paints.  

Mil 

 

Mil is a unit of measure (0.001 inch), 1 mil = 2.54 × 10
-5

 meter. 

MMA Methyl methacrylate (CH2C(CH3)COOCH3) is an acrylic monomer 

used to form polymers in acrylic emulsion paints. 

 

Monomer 

 

Monomers are the structural units of polymers. 

nBA n-butyl acrylate (CH2CHCOO(CH2)3CH3) is an acrylic monomer 

used to form polymers in acrylic emulsion paints. 

 

p(EA/MMA)  

 

 

Poly (ethyl acrylate /methyl methacrylate) is one of the copolymers 

often used in artists’ acrylic emulsion paints.  

.PDF Portable Document Format 

 

Plaster of Paris Calcium sulphate hemi hydrate or CaSO4.1/2H2O 

 

p(nBA/MMA) Poly (n-butyl acrylate /methyl methacrylate), one of the copolymers 

often used in artists’ acrylic emulsion paints.  

 

PEG Polyethylene glycol (PEG) is a non-ionic surfactant used for 

polymer stabilization and as a wetting and dispersing agent.  

PEO Polyethylene oxide (PEO) is a non-ionic surfactant used for 

polymer stabilization and as a wetting and dispersing agent. 
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Polymer dispersion paints See acrylic dispersion paint. 

 

PVA 

 

Poly(vinyl acetate) is a common synthetic polymer used in 

conservation materials. 

 

Py-GC/MS Pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS) is 

an instrumental method that has been employed to identify 

polymeric materials, such as acrylics, polyvinyl acetate (PVA), or 

alkyds (Learner 2004). 

 

Relative humidity 

 

Relative humidity is the amount of water present in air compared to 

the maximum amount of water that the air can hold at a 

predetermined temperature. 

 

RSG 

 

Rabbit skin glue 

 

SEM Scanning electron microscopy (SEM) is an imaging technique that 

gives morphological, topographical, and elemental information by 

rastering focused beams of electrons across a sample. This process 

produces electrons that are detected by specific detectors.  

 

Talc Talc (Mg3Si4O10(OH)2) is a common extender in paints.  

 

Tg Glass transition temperature  

 

TGA Thermogravimetric analysis (TGA) or thermogravimetry (TG) is a 

destructive technique that monitors the change in mass with respect 

to the increase in temperature.  It can render information about 

thermal stability, composition, and thermal degradation activation 

energies (Ea) of a material. 

 

Thermoplastic polymers  

 

Thermoplastic polymers are polymers that when heated above a 

specific temperature become rubbery or malleable and when 

cooled, become solid again. This can be done repeatedly.   

 

TiO2 Titanium dioxide  

 

VOC Volatile organic compound  

 

XRF analysis X-ray fluorescence (XRF) analysis is a non-destructive technique 

that can be used for semi-quantitative or qualitative elemental 

analyses. The sample is irradiated by high energy X-rays resulting 

in electronically excited ions. A subsequent rearrangement of the 

electrons in the atoms results in the emission of characteristic 

fluorescent X-rays that identify the elements present in the sample. 
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Chapter 1 

Introduction 

 

Paintings are composed of various materials that responded to treatments and environmental 

conditions in different ways.  For conservation treatments, in specific infills, information about 

the filling material properties is essential, to ensure that the infill is well suited for the specific 

context. This thesis examined a number of acrylic-based materials and compared them to 

traditional materials.  

 

In the late 1940s, Bocour Artist Colors manufactured the first paint made with an acrylic polymer 

binder. Magna®, the first acrylic-resin paint brand, was commercially unsuccessful (Learner 

2007); artists’ acrylic paints only became a commercial success in the 1960s (Learner 2004). In 

the art conservation field, acrylic dispersion paints are more commonly referred to as acrylic 

emulsion paints because of this the term acrylic emulsion paints will be used throughout this 

thesis. Unlike Magna paints, these materials were made of aqueous emulsions of acrylic polymers 

(Learner 2004).  The success and widespread usage of these materials, by artists, was due to a 

number of different properties:  fast drying time, flexibility, stability under light exposure, high 

resistance to chemicals, and ability to be thinned with water (Ormsby et al. 2012; Learner 2004; 

Jablonski et al. 2004). But as acrylic artworks become dirty, damaged or degrade naturally, 

conservators are confronted with finding appropriate treatments, such as cleaning or slowing 

down the degradation process of these acrylic paints.  

 

Recognized conservation treatments were developed for traditional materials and as acrylic paints 

have different properties from previous art materials, these treatments could cause further 
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damage. Being a rather recent material, relative to traditional materials that have been used 

throughout history, there is less research on acrylic materials. In addition, many conservation 

concerns regarding acrylics were discussed through informal communications and not 

publications (Jablonski et al. 2004).  Also, there is a lack of knowledge of the acrylic emulsion 

materials, with regard to conservation treatments, transportation, and storage (Jablonski et al. 

2004; Learner 2004).  

 

Today’s commercial market offers a variety of filling materials (Fuster-López 2007). Depending 

on the artwork being treated and the appropriateness of the material, a conservator has two 

options: commercial products or conservator-prepared filling materials.  If a conservator-prepared 

filling material is determined to be most suitable, to achieve a specific optical effect or physical 

characteristic, the filling material can be composed of traditional, synthetic, or commercial 

products. These fillers are often comprised of a bulking agent (for example, sawdust, calcium 

carbonate, fumed silica, bone and ivory dust, or wood fibre) and a binding medium (for example, 

animal glue, BEVA® 371, or Mowiol®).  Some conservators add other components, such as 

pigments or a thickener. For the purpose of this research, the words traditional, synthetic, or 

commercial will be defined here and will be discussed further in the following sections.  

 

Traditional materials were used by the old masters and documented by the artist Cennino 

Cennini. Plaster of Paris (CaSO4.1/2H2O) made from naturally occurring mineral gypsum and 

glue made from parchment are two traditional materials mentioned by Cennini, for use in panel 

paintings.  Historically, materials used to prepare fillers were limited by availability, technical 

resources, and geographical regions (Fuster-López 2007; Fuster-López et al. 2008).  Synthetic 

materials included compounds that have been precipitated. Synthetic filling materials can be 

composed of various synthetic materials, including precipitated calcium carbonate, polyvinyl 

alcohol, and butyl methacrylate. Commercial materials are man-made products that can be 
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applied to a loss or lacuna, without any further alterations. Commercial fillers fall under two 

categories: acrylic and vinyl.  The vinyl-based products are manufactured for the construction 

industry, while acrylic-based products were manufactured for arts and crafts (Craft and Solz 

1998; Fuster-López 2007).  Craft and Solz (1998) list a few commercial vinyl and acrylic filling 

materials, including Liquitex® Acrylic Gesso, Golden® Acrylic Gesso, and DAP® Vinyl 

Spackling Compound. 

 

When filling a lacuna, several factors must be considered, such as the specific requirements of the 

original artwork (for example, a light-weight filling material) and environmental conditions in 

which the artwork is displayed or stored.  As a result, it is impossible to have a standard filling 

material (Fuster-López 2007). Therefore, many conservation scientists and conservators have 

conducted research, providing the conservation community with information regarding the 

characteristics of different traditional and commercial fillers. Several papers have investigated the 

physical properties of artists' acrylic paints, including those written by Learner et al. (2002), 

Erlebacher et al. (1992), Hagan (2004), Hagan et al. (2005), Fuster-López (2007) and Young et 

al. (2008). Chiantore et al. (2003), Scalarone and Chiantore (2004), Boon and Learner (2002), 

Menke et al. (2009), Hoogland and Boon (2009), and Learner (2004, 2001) have examined the 

chemical characteristics of acrylic emulsions using techniques such as: size exclusion 

chromatography (SEC), direct temperature resolved mass spectrometry (DTMS), Fourier 

transform infrared spectroscopy (FTIR), gas chromatography (GC), and mass spectroscopy (MS).   

 

A significant amount of research has been conducted on aqueous cleaning of emulsion paints 

(Dillon et al. 2012; Murray et al. 2002; Owen et al. 2004; Ormsby et al. 2008, 2009a, 2009b; 

Ploeger et al. 2005a, 2005b, 2007). Also, other characteristics of acrylic emulsions have been 

studied: natural and accelerated ageing (Doménech-Carbó et al. 2011; Learner et al. 2002, 

Whitmore et al. 1995; Smith 2007; Pintus et al. 2012), morphology (Jui-Ching et al. 2012; 
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Ploeger et al. 2005a), and water diffusion through free films (Whitmore et al. 2007; Ulrich et al. 

2011).  In addition, concerns regarding modern materials were addressed at Modern Paints 

Uncovered, a symposium held in 2006 by the Getty Conservation Institute, the Tate, and the 

National Gallery of Art in Washington D.C. 

 

Objectives 

There are filling materials currently being used that need to undergo further research or that are 

being used in a manner that has yet to be investigated (for example, on a different support or 

mixed with a different material). This thesis is investigating these types of questions.  Does the 

product display a similar amount of solubility after a certain number of years? Will ageing affect 

the physical, optical, and chemical properties of the newly added filling material? Will these 

changes cause more damage to the original material? The materials in question were three RSG 

gesso fills, with different pigment particle sizes (9 µm, 0.7 µm, and 0.07 µm). Seven common 

acrylic materials were also examined: Golden® Acrylic Gesso, Golden® Thick Gesso, Golden® 

Light Molding Paste, Liquitex® Acrylic Gesso, Liquitex® Super Heavy, Beckers® Latexspackel, 

and Flügger® Acrylspartel. In addition, 340 – 400 µm glass micro-balloons were mixed with 

Flügger Acrylspartel, to evaluate whether Flügger Acrylspartel could be made more reversible. 

All of these materials were studied as potential filling materials for paintings on canvas, panel, 

and various portable supports (i.e., easel paintings). Two materials examined, Golden Acrylic 

Gesso and Liquitex Acrylic Gesso, are acrylic-based gesso products, but they may have some 

application as filling materials. These two materials tend to be used as a ground layer for supports 

and are quite fluid. The aim of this thesis is to aid in the filling material selection process, by 

adding information to the conservation field, rather than advocating for a particular material.  
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Chapter 2 

Literature Review 

 

2.1. The Artist and Art Conservation  

When conserving an artwork, information about the original material, the artist’s intent and the 

artist’s technique are essential, so as not to disrupt the fluidity or unity of the artwork. Some 

artworks are meant to alter over time; however, others are meant to look as pristine as the day 

they were constructed. When a lacuna or loss occurs in an artwork that is intended to be 

unchanging, a conservation treatment is developed. If filling the lacuna is acceptable, this process 

is difficult, as several factors must be taken into consideration when choosing an infill.  

 

Developing appropriate treatments for easel paintings is complicated, as many works are 

composed of multiple materials that may respond in different ways. When selecting a filling 

material, several different properties are evaluated including, but not limited to, the following 

characteristics. The infill should react to environmental conditions in a similar manner as the 

original material; the infill should have good handling properties, adhesion to the original 

support, and cohesion within the filling material; the infill should be able to withstand the stress 

of the surrounding material, be as flexible as the original material, and not cause further damage. 

Also, changes in colour or mechanical properties should not occur as part of the ageing process. 

In addition, the filling material needs to be accessible and easily distinguishable from the original 

material, in case the filling material needs to be removed in the future. To achieve these various 

properties, filling materials can be composed of many different components, including acrylic-

based materials.  
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2.2. Acrylic Emulsions 

Acrylic emulsions consist of small particles of solid, amorphous polymers, which are suspended 

in water. The acrylic polymer particles are usually spherical, ranging in particle size of 0.01 to 1.0 

µm, and consist of many molecules (Learner 2004). Typically, artists’ acrylic emulsion paints are 

composed of co-polymers of either ethyl acrylate /methyl methacrylate (p(EA/MMA) ) or n-butyl 

acrylate/methyl methacrylate (p(nBA/MMA)) (Learner 2004). Early on, p(EA/MMA) co-

polymers were the principle binder used in acrylic emulsion paints but by the late 1980s 

p(nBA/MMA) based acrylic paints gained popularity, due to the toughness and hydrophobicity of 

the co-polymers (Learner 2007).  The molecular structures of these acrylic monomers can be 

found in Figure 2.1. Table 2.1 shows the structural units of some common synthetic polymers 

used in art conservation.   

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Molecular structures of a) n-butyl acrylate (nBA), b) methyl methacrylate 

(MMA), c) ethyl acrylate (EA). 
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Polymer Structural unit 

Polyethylene glycol 

(PEG) 

Polyethylene oxide  

(PEO)    

Poly(methyl acrylate)  

p(MA) 

 

Poly(ethyl acrylate)  

p(EA) 

 

Poly(methyl 

methacrylate)  

p(MMA) 

 

Poly(ethyl methacrylate) 

 p(EMA) 

   

Poly(butyl methacrylate)  

p(BMA) 

   

Poly(vinyl acetate)  

(PVA) 

  

 

Table 2.1 Common synthetic polymers used in conservation materials. 

 

Acrylic emulsion paints are also called latexes, acrylic latexes, and polymer emulsion paints 

(ASTM D5098 − 05a). The viscosity of these paints is dependent on the viscosity of the liquid 

phase, allowing for the polymer molecules to have high molecular weight (HMW). It is not 
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uncommon to have polymers in a emulsion with an average molecular weight greater than 

1,000,000. This HMW facilitates enhanced strength and toughness in the dried films (Learner 

2004).  

 

2.2.1. Film Formation 

There are numerous mechanisms that depict the film formation of acrylic paints; however, a 

standard mechanism has not been accepted.  There are three general factors that result in a good 

film formation: a stable emulsion, an ideal curing procedure, and particle coalescence. Within 

these factors, there are specific requirements that must be met.  

 

Firstly, a stable emulsion must be produced and maintained.  Surfactants are differently charged 

monomers that are incorporated into the polymer chain to ensure a homogeneous mixture of 

constituents, determined characteristics and a consistent rheology.  This process creates two 

stabilizing forces, electrostatic and steric, which force the polymer particles away from one 

another. To establish electrostatic stability, the repulsive and attractive forces between the 

polymer particles must be appropriately balanced; to establish steric stability, entropic 

contribution must be limited. Generally, the monomers used to make the polymers, for acrylic 

emulsion paints, are uncharged and stabilized with surfactants (Ploeger 2005a). 

 

As the paint film dries, water and other volatile constituents evaporate from the air-film interface, 

producing a dry layer that either moves laterally from the edges of the film or perpendicularly 

from the surface of the film. This process is referred to as a ‘coalescence front’ (Ploeger 2005a) 

and is dependent upon the vapour pressure and diffusion of the continuous phase (i.e., water 

diffusion) (Maor 2008). The initial evaporation rate continues to be relatively constant and the 

drying process remains at the air-film interface, until a drier paint layer has formed. After a drier 

layer has developed, the evaporation rate decreases due to the decrease in available water 
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(Ploeger 2005a).   This initial phase results in the polymer particles being more closely packed. 

Eventually, the polymer particles become connected and deform into polyhedra, forming a 

“honey comb” network. As the film continues to cure, the borders between the polymer particles 

become less evident and the film is regarded as being continuous (Jablonski et al. 2003).  The 

specific mechanism of this process is unknown; however, there are several possible theories.   

 

There are three mechanisms, which most scholars maintain contribute to the film formation 

process.  The first mechanism, dry sintering, proposed by Dillon et al. (1951), describes the 

coalescence of the polymer particles as being driven by the air-polymer surface tension. The 

mechanism proposed by Dillon et al. is based on the viscous flow of the polymer particles; 

however, for viscous flow to occur, shearing stress must be present (Dillon et al.1951).  As the 

film forms, the shearing stress is the result of the decrease in the surface energy of the polymer, 

which is a product of the decrease in surface area of the polymer-particle (Steward et al. 2000).   

This mechanism proposes that surface tension forces drive particle packing, minimizing the entire 

polymeric system surface energy.  This mechanism suggests that complete evaporation of the 

continuous phase occurs prior to deformation (Learner 2004).     

 

The other two mechanisms propose that water is still present in the system during deformation. 

Brown’s mechanism is based on capillary forces, in which the spherical polymer particles form a 

network that then become connected and form a continuous film (Learner 2004). Brown proposed 

that within this system there are two forces, one for and one against particle coalescence.  The 

forces for capillary interaction must be greater than those to resist deformation (Steward et al. 

2000).  The last mechanism, first applied to latex film formation by Voyutskii, is based on mutual 

inter-diffusion. This mechanism proposes that the surfactant concentration increases in the 

residual aqueous phase, as the polymer particles become more closely packed during evaporation 

(Learner 2004).  The packing of polymer particles is due to capillary forces. The last stage of 
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Voyutskii film formation proposes that the evaporation of water causes the migration of the 

solvated stabilizer molecules between polymer particles, resulting in polymer chain self-diffusion 

and a more homogeneous polymer (Steward et al. 2000).    

 

Whatever the cause of deformation, capillary or surface tension, the final stage of film formation 

is the migration of surfactants. The surfactant migrate either to the polymer or in-between the 

particles. Once the surfactants leave the polymer surfaces, the surfaces are no longer repelling one 

another resulting in the particles converging and coalescing.  A schematic of an ideal film 

formation process has been depicted by Learner (2004), and is shown in   

Figure 2.2.   

  

Figure 2.2 Ideal film formation process of an acrylic emulsion (Learner 2004, p. 14). 
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The film formation process of acrylic emulsions is influenced by several factors including: 

particle size, relative humidity (RH), temperature, and porosity of the substrate. Small, properly 

dispersed particles will pack more tightly before coalescence, resulting in a better film. The 

evaporation rate of the continuous phase will decrease at lower temperatures, high RH, and low 

substrate porosity.  The reduction in the rate of evaporation will slow the film formation process, 

producing a more coherent film.  The temperature used during this process cannot be below the 

glass transition temperature (Tg) of the acrylic polymer, or the polymer particles will be glassy 

and will resist deformation and coalescence. Once an acrylic film has dried it is practically 

insoluble in water and the films are very hard, or even impossible, to dissolve in strong organic 

solutions. Although, when acrylic films are exposed to organic solvents, they will swell and water 

can cause leaching of additives (Learner 2004). These characteristics pose important and difficult 

questions for conservation treatments of acrylic paints (Ormsby et al. 2007; Jablonski et al. 2003). 

 

The insolubility of a dry acrylic paint may be the result of polymer cross-linkage (Learner 2004). 

Inorganic constituents, such as pigments or extenders, used in acrylic paints can act as a catalyst 

in a photo-oxidative cross-linking reaction (Maor 2008). However, cross-linking has also been 

observed in acrylic films without pigments (Smith 2007). Acrylic emulsion paints bound in 

p(nBA/MMA) co-polymer are more likely to cross-link than paints bound in p(EA/MMA) co-

polymer. This is due to the oxidation of the butyl groups of the p(nBA/MMA) co-polymer, 

forming  hydroperoxides, which immediately photolyse to alkoxy radicals and initiate cross-

linking. Although, photo-oxidation in p(EA/MMA) films, result in more chain scission than 

cross-linking; as such, the insolubility of p(EA/MMA) films may be the result of chain 

entanglement and not polymer cross-linkage (Maor 2008). 
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2.2.2. Additives 

Additives are included in acrylic materials to determine specific characteristics, such as a longer 

shelf life or stability. These additives are a mixture of both non-volatile and volatile compounds; 

the non-volatile components remain in the dried paint film while the volatile compounds, 

composed of water and volatile organic compounds (VOCs), leave during drying. Additives are 

introduced into acrylic paints at two discrete times: acrylic polymer manufacturing and acrylic 

paint manufacturing. During acrylic polymer manufacturing, additives such as surfactants, are 

combined with the polymer. Additives such as defoamers or coalescing solvents are introduced 

by the paint manufacturer to achieve specific handling or performance characteristics (Ploeger 

2005).  A few additives can be found in Table 2.2; however, a more in-depth description of 

different additives has been compiled by Jablonski et al. (2003) and Learner (2004).  

 

Additives added by polymer manufacturer Additives added by paint manufacturer 

 

Surfactants: Also called surface-active agents, are 

added to provide stability through electrostatic and 

steric hindrance mechanisms. They are also needed 

to form micelles for particle formation and they can 

be non-ionic, anionic, or cationic.  

 

Wetting/Dispersing agents: added to increase the 

wetting of the pigment by the acrylic binder and to 

fragment pigment agglomerates 

 

Preservatives: added to reduce the possibility of 

microorganism growth 

 

Antifoams/defoamers: added to decrease the 

amount of foaming from the surfactants 

 

Buffers: added to provide stability of the acrylic 

polymer at a pH of 8-10  

 

Pigments: A bulking agent dispersed in the 

continuous phase of the acrylic paint, which is used 

to achieve a specific colour 

 

Table 2.2 Additives added to acrylic paints during the manufacturing processes of the acrylic 

polymer and the paint itself (Learner 2004; Ploeger 2005).  

 

 

2.3. Polymerization 

Polymerization is the process that forms the polymers used in acrylic emulsion paints. The 

knowledge of the process is mostly empirical; however, at least four known constituents are 

involved: monomer(s), surfactant(s), water, and an initiator. Additionally, protective colloids can 
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be added to stabilize the emulsion, by protecting the surface of the particle polymer against 

fluctuation and agglomeration (Learner 2004).  

 

The first stage of emulsion polymerization consists of surfactants being added to water.  Once the 

surfactants’ concentration is above the critical micelle concentration (CMC), spherical aggregates 

called micelles are formed. Micelles are usually composed of 50 to 100 surfactants, with the non-

polar structures orientated inward (Learner 2004) and are about 5 nm in diameter (Young 2011). 

The monomers are then added to the aqueous surfactant solution, having a surfactant 

concentration above the CMC, and agitated, resulting in three phases: droplets, micelles, and the 

aqueous phase.  Some of the large droplets, which are formed by the breaking of monomers, are 

stabilized by adsorbed surfactants and agitation (Young 2011), while others are dissolved into the 

micelles (Learner 2004). Although the amount of micelles is greater than the droplets, the amount 

of monomers within the micelles is small. The aqueous phase consists of a small amount of 

surfactants and monomers that have been dissolved (Young 2011).   

 

Next, an initiator is added to the formulation. The initiator, which is usually a persulphate or a 

redox-system, is dissolved into the aqueous phase (Young 2011).  Common initiators used in 

commercial acrylic emulsions are ammonium, sodium, and potassium persulphate. In addition, 

peroxides may be added to the formulation.  Figure 2.3 shows the propagation of polymer caused 

by a persulphate initiator (Learner 2004). The peroxy linkages (-O-O-) of the persulphate initiator 

are thermolytically cleaved (a.), producing sulphate radicals (2SO4-.). In the aqueous phase, the 

sulphate radicals initiate polymerization of the monomers (M), producing a new radical (-SO4M.) 

(b.). More monomers combine with the newly formed radicals, increasing the length of the 

polymer chain (c.) (Learner 2004).                         
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Figure 2.3 Propagation of polymer caused by a persulphate initiator (Learner 2004). 

 

The polymer particles continue to grow by two different processes: within the micelles or by 

means of surfactant absorption (Learner 2004).  The role of the droplets during these processes is 

to act as a reservoir of monomers (Young 2011).  These monomers diffuse into the aqueous phase 

and are absorbed by the micelles or polymer particles (Learner 2004).   At this stage, the monomer 

concentration of the particles is constant, as the polymerization rate is slower than the monomer 

diffusion rate (Young 2011).  Continuous surfactant absorption by the growing polymer particles 

depletes the concentration of surfactants.  As the surfactants continue to be adsorbed and the 

surfactant concentration drops below the CMC, the micelles disappear. Without the micelles, 

polymerization now only consists of most of the surfactants being adsorbed by the existing 

polymer particles. This polymerization process results in emulsion polymer particles, with a 

particle size ranging from 0.01 to 1.0 µm (Learner 2004). 

 

The monomers used in acrylic paint formulation are based on esters of acrylic acid and 

methacrylic acid. Commonly, ethyl acrylate, methyl methacrylate, and methacrylic acid 

monomers are used for acrylic paints (Hagan 2004). Each monomer has an effect on the final film 

properties; methyl methacrylate homopolymers produce a surface with a low Tg, which is also 

hard and brittle, while methyl methacrylate/ethyl acrylate co-polymers are more flexible (Hagan 

2004).  

Table 2.3 and  
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Table 2.4 present the Tg of methacrylate monomers, acrylate monomers, and some acrylic 

homopolymers.  

 

Methacrylate  

Monomer 

Tg (
o
C) Acrylate 

Monomer 

Tg (
o
C) 

Methyl 105 Methyl 8 

Ethyl 65 Ethyl -22 

n-Propyl 35 n-Propyl -48 

i-Propyl 78 i-Propyl -8 

n-Butyl 20 n-Butyl -54 

i-Butyl 48 i-Butyl -17 

s-Butyl 45 s-Butyl -20 

t-Butyl 107 t-Butyl -22 

n-Hexyl -5 n-Hexyl -60 

2-Ethylhexyl -15 2-Ethylhexyl -85 

Cyclohexyl 104 Cyclohexyl 16 

Lauryl -65 Stearyl - 

Nitrile - Nitrile 75 

Bornyl - - - 

Isobornyl 170 - - 

Benzyl 54 Benzyl 6 

 

Table 2.3 Glass transition (Tg) temperatures of methacrylate and acrylate monomers (Athey 

1991). 

 

Polymer Tg (
o
C) 

p(methyl methacrylate) 105 

p(ethyl methacrylate) 65 

p(n-butyl methacrylate) 48 

p(iso-butyl methacrylate) 22 

p(methyl acrylate) 9 

p(ethyl acrylate) -24 

p(n-butyl acrylate) -54 

p(2-ethylhexylacrlate) -70 

 

Table 2.4 Glass transition (Tg) temperatures of acrylic homopolymers (Learner 2004). 

 

In addition, the moment during polymerization at which the monomers are added affects the final 

film.  Two different products can be produced from the same monomers, depending on how and 

when the monomers are added. If monomers were added at the beginning of polymerization 
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versus being added at different moments during polymerization, it would result in two different 

products. As such, the identification of the initial monomers, used during formulation, does not 

indicate the precise co-polymer structure found in the final film (Hagan 2004).  The structure of 

the co-polymer during polymerization is in constant flux as it is dependent on the concentration 

and relative reactivity of the monomers. The monomer reactivity ratio is important, as it 

determines the monomer combination rate.  The monomers that have a high reactivity will be 

exhausted fast, resulting in a change in concentration and reaction rates of molecule pairs (Hagan 

2004).  There are a number of different ways to alter the polymerization process, including the 

addition of monomers at various stages of polymerization and the addition of modifiers.  The 

specific molecular weight of the co-polymer can be achieved with the addition of modifiers to the 

formulation. Long chain mercaptans (R-SH), a common modifier, are added to stop the 

polymerization, once a specific molecular weight has been reached (Hagan 2004). 

 

2.3.1. Surfactants 

Surfactants, an additive in acrylic emulsions, can be amphiphilic: consisting of a hydrophobic tail 

(i.e., hydro-carbon chain) and a hydrophilic head. Surfactants can be non-ionic or ionic. 

Generally, anionic surfactants are used and not cationic surfactants, as cationic surfactants can 

hinder initiator activity. Surfactants are an essential component in acrylic emulsions; surfactants 

are a fundamental part of the micelles used for particle formation and continuous particle 

stability. Commonly, alkyl phenol ethoxylates are used as non-ionic surfactants; both sodium 

lauryl sulphate and sodium dodecylbenzene sulphonate are used as anionic surfactants (Learner 

2004).  

 

Polyethylene oxide (PEO) and polyethylene glycol (PEG) are non-ionic surfactants used for 

polymer stabilization and as wetting and dispersing agents (Maor 2008). In the latex industry, 

these surfactants are used to influence the properties of dried films (i.e., surface tackiness, gloss, 
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adhesion, and sensitivity to water) (Ormsby and Learner 2009). PEO is a semi-crystalline, 

hydrophilic, thermoplastic water-soluble polymer family (Trotzig et al. 2007; Schachter et al.  

2004). The PEO family structure is very similar to PEG, having the same repeating unit, although 

the molecular weight of PEO is higher (i.e., 100,000 to 7 million Daltons) (Schachter et al.  

2004). When water interacts with PEO, a higher mobility and a lower degree of crystallinity have 

been observed (Trotzig et al.  2007).   

 

After the acrylic film has dried, the PEOs can migrate toward the air-film interface or to the 

substrate. If exuded surfactants accumulate, they can hinder the adhesion of subsequent layers. 

Other properties such as permeability, dirt pick-up, optical (i.e., gloss), and mechanical can be 

affected by surfactants migration (Ormsby and Learner 2009; Maor 2008; Whitmore et al. 2007). 

PEOs can develop into round matte crystals on a paint film surface (Ormsby and Learner 2009), 

often forming around dust particles (Maor 2008).  It is unknown if individual surfactants exude in 

a specific manner; however, exuded surfactants can also develop into patchy areas or a layer on 

the film’s surface. The amount of surfactants within the bulk paint composition establishes the 

exuded surfactant surface pattern.  In addition, the emulsion binder used for acrylic paints greatly 

influences the amount of exuded PEO surfactants; acrylic emulsion paints with mobile polymer 

chains continue to have exuded surfactants (Ormsby and Learner 2009).   

 

Another factor that influences the surfactant migration is the substrate. A greater amount of 

exuded surfactants are found on films of non-porous substrates than on porous substrates, which 

is most likely due to substrate absorbency. When water is absorbed by a porous substrate it 

facilitates surfactant transportation away from the surface and in the same direction as the 

absorbing water (Maor 2008). The migration of PEOs has even been observed in films that were 

aged in the dark; this process is possibly due to the ether bonds of the PEOs being broken during 

UV light exposure (Maor 2008). 
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Identification of PEOs has been carried out using Fourier transfer infrared (FTIR) spectroscopy 

and matrix assisted laser desorption/ionization – mass spectrometry (MALDI-MS) (Maor 2008). 

In addition, light microscopy has been used to examine exuded surfactants on the surface of two-

day-old paint films; the human eye, unassisted by optics, has detected surfactant crystals on the 

surface of films as young as 42-days-old (Ormsby and Learner 2009). During a number of 

different studies, Ormsby et al. examined exuded surfactant accumulation on the surface of 

p(EA/MMA) and p(nBA/MMA) based acrylic paint films. Early on in these experiments, the 

accumulation rate of exuded surfactants occurred more rapidly on the p(EA/MMA) based paints 

(Ormsby and Learner 2009). Learner et al. (2002) observed the decrease in intensity of the IR 

peaks from the surfactants in their selected paints; however, the decrease in IR peaks from the 

surfactants found in cadmium red and titanium white paints was obscured by the IR peaks for the 

pigments or extenders. 

 

2.4. Film Morphology  

Once an acrylic film dries the film is said to be continuous; however, small pores or micro-voids 

have been observed in cured films, with the use of light microscopy and scanning electron 

microscopy (SEM). Acrylic emulsions readily transport water vapour causing conservation 

concerns such as embedded air pollutants or dirt (Jablonski et al. 2003). The final surface texture 

and appearance of an acrylic film is influenced by a number of different factors, including 

additives and extraneous components. The acrylic paint film formation process is complex and 

different surface defects have occurred. The three main types of surface defects are popping, 

blushing, and cissing (Ploeger 2005). 

 

Popping (i.e., holes and craters) is often a result of poor drying at room temperature, production 

of gaseous material within the paint film, an excess of low or medium boiling point solvents, a 
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flawed undercoat (Turner 1988), or foaming from the manufacturing or application process 

(Jablonski et al. 2003).   

 

Blushing (i.e., surface whitening in a clear film or the loss of gloss in a pigmented film) is the 

result of water evaporating from the acrylic emulsion network, or water condensing at the air-film 

interface (Ploeger 2005). If water evaporates from the cured acrylic network, small air bubbles 

may form and change the optical properties of the film (Turner 1988). This additional evaporation 

phase could result in a cloudy film. If water condenses on the surface the film could appear to be 

milky, which may be the result of re-emulsified additives (Ploeger 2005).  Altering the film 

drying conditions can diminish both popping and blushing defects (Turner 1988).   

 

Cissing (i.e., small depressions in the surface) is the result of incompatible components, either in 

the form of droplets or particles that settle on the surface of the film during drying, or that were 

introduced during paint formulation (Ploeger 2005).  Unlike popping and blushing, cissing can be 

altered by the addition of additives (Turner 1988). Additives, such as surfactants, can be used to 

decrease the interfacial surface tension of the film, wet the incompatible components, and 

integrate these components into the acrylic film. The addition of these additives can diminish the 

cissing phenomenon, yielding a more homogenous surface.  If the additives are not introduced, 

the surface tension of the paint will not allow for integration of the foreign component. If the 

film-particle surface tension is great enough, then a ‘ciss’ mark is formed. In addition, depression 

marks can be formed in the film as a result of the film-particle surface tension and particle weight 

(Ploeger 2005). 

 

2.5. Technical Studies and Cleaning of Acrylic Emulsions 

There are a number of different techniques that have been used to characterize acrylic emulsion 

paints, in particular: pyrolysis gas chromatography mass spectrometry (Py-GC/MS), size 
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exclusion chromatography (SEC), nuclear magnetic resonance (NMR), Fourier transform infrared 

spectroscopy (FTIR), thermogravimetric analysis (TGA), pyrolysis - gas chromatography (Py-

GC), and direct thermally resolved mass spectroscopy (DTMS).  In the following section, only a 

few studies will be mentioned.  

 

The focus of Analysis of Modern Paints (Learner 2004) is on the composition of artists’ acrylic 

paints and other modern paints. Analyses described in this conference proceeding were conducted 

using Py-GC/MS, FTIR, and DTMS. Chiantore et al. (2003) used NMR, Py-GC/MS, SEC-FTIR, 

size exclusion chromatography, and TGA to investigate artists’ acrylic paints.  Chércoles Asensio 

et al. (2009) carried out polymer identification, on materials applied in preventive conservation 

(i.e., adhesives, supports, and insulating materials), using an attenuated total reflectance Fourier 

transform infrared (ATR-FTIR) spectrometer. Ormsby et al. (2006) used dynamic mechanical 

analysis (DMA) to determine the dimensional changes caused by immersion; ATR-FTIR to 

observe the removal of surfactants after immersion; atomic force microscopy (AFM) to document 

the surface of the paint films after immersion; differential scanning calorimetry (DSC) to 

determine the change in Tg after 30 minute immersion in various cleaning solutions; and light 

microscopy (LM) and environmental scanning electron microscopy (ESEM) to image the surface 

after cleaning.  Ormsby et al. (2009) used multiple FTIR techniques (i.e., transmission 

microscopy, ATR and mid-IR reflectance spectroscopy) to characterize changes in acrylic 

emulsion paint films after wet cleaning regimens, such as the removal of water-soluble 

components from the paint film. During this study, PEOs were the principle component 

identified.  After various aqueous cleaning regimens, Dillon et al. (2014) examined swelling and 

the amount of extractable surfactants from seven commercial artists’ acrylic paints. In particular, 

this work investigated the effects of changing the pH, conductivity, and ionic strength of the 

various aqueous cleaning solutions. Dillon et al. used a three-dimensional microscopic imaging 

method to study the physical changes of the films and liquid chromatography-tandem mass 
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spectrometry (LC-MS/MS) to analyse the extracted surfactants.  Ormsby et al. (2006), Ormsby et 

al. (2009), and Dillon et al. (2014) are not the only studies conducted on the cleaning of acrylic 

paints.  

 

Cleaning of acrylic paintings has been carried out with dry, solvent, and aqueous regimens.  

Within the past decade more research has been focused on aqueous cleaning of emulsion paints. 

Several different factors of aqueous cleaning treatments have been investigated, in particular: 

swelling, change in colour and gloss, extractable components, pH, and conductivity have been 

examined.  Most of these studies have been carried out on acrylic emulsion films to simulate a 

cleaning treatment, not on actual artworks.  

 

Murray et al. (2001) studied the swelling and leaching behaviour of acrylic paints after aqueous 

cleaning. In addition, the effects of the surfactants and chelating agents within the aqueous 

treatments were investigated. During this study, the cobalt blue paint samples were immersed in 

various aqueous cleaning mixtures and subsequently the change in paint thickness was 

determined. The volume of the samples increased 28% after immersion in 1% triammonium 

citrate solution, while the volume of the samples increased 61% after immersion in distilled 

water.   

 

Ploeger et al. (2005b) observed the leaching of alkaline materials from acrylic paint films, during 

long-term water immersion testing. In addition, Ploeger et al. (2005c, 2007) examined the change 

in surface tension, along with the rate of extractable materials during immersion, which were 

determined to be at their highest rates during the first five minutes of immersion.  

 

Ormsby et al. (2009) carried out an in-situ aqueous cleaning study on five acrylic emulsion 

paintings painted between 1962 and 1973.  The surfaces of the paints, along with any extracted 
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components from aqueous cleaning, were investigated using analytical techniques, pH, and 

conductivity measurements. In this study, it was observed that the soil-layer on a painted surface 

influences the conductivity of the painting and that after a short period of swabbing, exuded 

polyethoxylate surfactants were partially removed.  

 

Dillon et al. (2014) conducted an extraction study, on residual surfactants, and examined the 

dimensional changes of the paint films due to polyacrylates. This was all carried out on the 

principal set of colours, which are frequently included in the ‘beginner sets’ of Golden Artist 

Colors (GAC) heavy-body acrylic paints. These paints include two high contrast paints (black: 

#1200 iron oxide PBk11, white: #1380 titanium dioxide PW6) and a variety of colours (red: 

#1210 naphthol AS-D PR112 and #1277 pyrrolopyrrol PR254, blue: #1400 polysulfide of 

sodiumalumino silicate PB29, green: #1270 chlorinated copper phthalocyanine PG7, yellow: 

#1120 cadmium zinc sulphide PY35). Dillon et al. determined that the extraction of surfactants 

and physical changes of the paint film might be decreased by controlling conductivity and the 

ionic species of the aqueous cleaning solutions.  It was also determined that the swelling of the 

film decreases as the cleaning solution becomes more acidic; however, an acidic environment 

could permanently alter the colour of fugitive pigments.  

 

Owen et al. (2004) examined optical changes after swabbing and immersing four commercial 

acrylic paints (i.e., Golden Heavy Body Acrylics, Grumbacher Academy, Liquitex Basics, and 

Winsor & Newton Finity) in distilled water. The specific colours being evaluated were: titanium 

white, black, ultramarine blue, and burnt umber manufactured by Golden Heavy Body Acrylics, 

Grumbacher Academy, and Liquitex Basic, and alizarin crimson manufactured by both 

Grumbacher Academy and Winsor & Newton Finity. Swabbing had very little effect on the colour 

of the samples, but the change in gloss was measureable.  When examining the specific colours 

within the manufactures, the titanium white paint displayed the least amount of change in colour 
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after swabbing and immersion, while the ultramarine blue paint samples displayed the greatest 

change in colour. The wet treatments studied in this paper did not result in exuded constituents; 

however, if constituents were on the surface prior to treatment, these materials were sometimes 

removed or displaced. 

 

Examining potential outcomes of cleaning regimens is critical; more recently, research has also 

focused on the diffusive behaviour of a theoretical aqueous treatment. Whitmore et al. (2007) 

used a Multi-Reflection Edge Seal Liquid Cell, a custom sample-housing unit, and an ATR-FTIR 

spectrometer to study the diffusive behaviour of distilled water through various acrylic emulsion 

gesso films (i.e., Daler-Rowney, Daniel Smith, Golden, Grumbacher, Lascaux, Liquitex, Bob 

Ross, and Utrecht) and acrylic emulsion paint films (i.e., Liquitex Titanium White, 

Phthalocyanine Green, Burnt Umber, Hansa Yellow, and Cadmium Red). Whitmore et al. 

examined films of various ages, along with the leaching of water-soluble constituents from 

Liquitex Acrylic Gesso. Liquitex Acrylic Gesso films were subjected to two different ‘cleaning’ 

regimens, swabbing and immersion, after which water diffusive behaviour was determined. 

Although a conservator would never immerse an artwork, often sample immersion tests are used 

to determine how a specific material may react during a prolonged interaction with a solution. 

The immersion test was used as such. The diffusion coefficients of the dry acrylic emulsion films 

were determined to be between 1 and 8 x 10
-7

 cm
2
/second.  After immersion of the Liquitex 

Acrylic Gesso films, resulting in the extraction of soluble materials, an approximate 25 to 50 % 

decrease in the diffusion coefficients was observed, although only a small change in the diffusion 

coefficients occurred after swabbing.  

 

Ulrich et al. (2011) investigated the absorption and diffusive properties of water with different 

salt concentrations, through an acrylic paint film (Liquitex titanium white), with the use of a 

single-sided NMR.  In particular, Ulrich et al. were interested in the influence water-soluble 
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additives have over the absorption and diffusive properties of the paint.  The samples were 

subjected to water immersion for four hours, and then allowed to dry. The water diffusive 

properties through non-immersed films were determined to be independent of the salt 

concentration and type, while the immersed samples displayed a decrease in absorption when the 

concentration of salt was increased. 

 

In addition to literature based on acrylic emulsion paints, there have been a number of workshops 

and programs where issues regarding acrylic emulsions were addressed. One of these workshops, 

Cleaning of Acrylic Painted Surfaces (CAPS), is the result of a collaboration between the Getty 

Conservation Institute (GCI) Education and Science departments and MoMA, New York. The 

most recent CAPS workshop, held in 2011, incorporated practical cleaning opportunities for 

participants with lectures on new research. Also, Chris Stavroudis, Tairna Doherty, and Richard 

Wolbers developed a computational database called the Modular Cleaning Program (MCP) to 

provide conservators help in assessing different cleaning methods. A workshop held by the Dutch 

conservation association, the Restauratoren Nederland (RN), taught participants how to use the 

MCP.    

 

2.6. Acrylic Filling Materials 

2.6.1. Beckers Latexspackel 

Beckers in Sweden manufactures a fill for wood called Beckers Latexspackel.  It is a latex water-

based spackling material for doors, furniture, and other indoor-wooden fixtures. Although 

Beckers Latexspackel is primarily used on wooden supports, it will also adhere to primed steel 

substrate and some other materials. Beckers Latexspackel dries fast and has a faint odour during 

the application and drying processes. Once dried, Beckers Latexspackel is a good support for 
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primers and paint (Beckers Paints 2008).  Some of the physical and chemical properties of 

Beckers Latexspackel are summarized in Table 2.5.  

Beckers Latexspackel  

Binder: Acrylic latex 

Solvent:  Water 

Tools: Filling knife and surface spatula 

Cleaning: Water 

Colour Range: White 

Flammability: Non-flammable 

Drying time at 23ºC, 

50% RH: 

Approx. 1 hour 

Storage: Above freezing 

pH of Concentrate:  9-10 

Density: 1.8 kg/dm
3
 

 

Table 2.5  Physical and chemical properties of Beckers Latexspackel from Beckers 

Snickerispackel Material Safety Data Sheet (MSDS) and Technical Information.  

http://beckerspaints.co.uk/index.php?page=shop.product_details&flypage=shop.flypage&product

_id=144&category_id=11&manufacturer_id=0&option=com_virtuemart&Itemid=44 

http://194.132.127.122/viblad/Beckers_Export/00002477.pdf  

 

Even though little information on Beckers Latexspackel could be found, it has been used to fill 

lacunae both by painting and artefact conservators.  In 2009, the Conservation Department at the 

Museum of Modern Art (MoMA) used Beckers Latexspackel to fill lacunae found in Claes 

Oldenburg’s Floor Cake sculpture, which is composed of multiple materials: painted canvas, 

foam, and cardboard boxes (Albertson and Kress 2010).  Hale Aspacio Woodruff’s Amistad 

murals, commissioned by Talladega College, were also conserved using Beckers Latexspackel. 

The lacunae found in the oil on canvas murals were filled with Beckers Latexspackel and brought 

flush with the surrounding original material.  After texturizing the infill, to resemble the original 

material, Golden MSA colours were used for inpainting (Shutts 2012).  

 

http://beckerspaints.co.uk/index.php?page=shop.product_details&flypage=shop.flypage&product_id=144&category_id=11&manufacturer_id=0&option=com_virtuemart&Itemid=44
http://beckerspaints.co.uk/index.php?page=shop.product_details&flypage=shop.flypage&product_id=144&category_id=11&manufacturer_id=0&option=com_virtuemart&Itemid=44
http://194.132.127.122/viblad/Beckers_Export/00002477.pdf
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There was a partial characterization study on Beckers Latexspackel, carried out by Doutre (2011). 

This study investigated the physical and chemical stability of Beckers Latexspackel after 

exposure to artificial ageing. Doutre (2011) observed colour and chemical stability with the 

ageing parameters used. Also, Beckers Latexspackel displayed similar physical behaviour to that 

of traditional filling materials (i.e., calcium carbonate and rabbit skin glue gesso).  

 

2.6.2. Flügger Acrylspartel 

Flügger A/S is a Danish company that produces decorative paints and other products used by the 

building industry. One of the products manufactured by Flügger A/S is a white putty called 

Flügger Acrylspartel.  The Flügger Acrylspartel product data sheet states that it is appropriate for 

filling interior holes, that it can be applied to the edges of materials including primed woodwork 

and fibreboards, that it can build up edges, and that it can bond to a metal surface that has been 

previously treated with an anticorrosion product (Flügger A/S). Flügger Acrylspartel displays 

little shrinkage and can be applied to a number of different supports (i.e., wood, plaster, and 

metal). It can also be used as a filling material on painted surfaces and acrylic paintings 

(Conservation Resources 2003).   

 

Flügger Acrylspartel is comprised of calcium carbonate and butyl methacrylate (MFA 2006), 

which can be applied in layers or as a single thick layer without the formation of cracks (MFA 

2006 and Conservation Resources International). In addition, mixing pigments with Flügger 

Acrylspartel can produce coloured grounds. After grinding and removing dust from the surface of 

Flügger Acrylspartel, subsequent layers of aqueous or alkyd paint can be applied (Conservation 

Resources 2003). Flügger Acrylspartel can be thinned or cleaned with water, sanded, texturized, 

and burnished to a porcelain-like finish (Conservation Resources 2003).  As reported by 

Conservation Resources International LLC in the Flügger Acrylspartel product data sheet, 

Flügger Acrylspartel has the physical and chemical properties found in Table 2.6. 
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Flügger Acrylspartel 

Solids:  Weight %: 77          Vol. %: 59 

Density:  1.8 kilo/ litre 

Layer Thickness:  Max. 2 mm 

Particle Size:  Max 0.01 mm 

Adhesion:    12 kp / cm2 

Thinned/cleaning: Water 

Drying Time at 20ºC, 60% 

RH:  to Touch 

Approx. 1/2 hour 

Recoat Interval:  Approx.1 hour 

Fully Cured:  Several days 

 

Table 2.6  Physical and chemical properties of Flügger Acrylspartel from “Flügger” 

Conservation Resources International LLC. 

http://www.conservationresources.com/Main/section_34/section34_15.htm 

 

Although, the product data sheet only mentions the use of Flügger Acrylspartel with wooden, 

plaster, and metal surfaces, conservators have used Flügger Acrylspartel to fill lacunae in painted 

easel canvases, zinc-support paintings, and an aniki-ningyo (i.e., living doll) (Bubb 2010; 

Thistlewood and Northover 2009; Gleen 2011). Flügger Acrylspartel was chosen for these 

treatments because of its flexibility, homogeneity, adhesion properties, or its compatibility with 

Paraloid B72® acrylic resin (Bubb 2010; Thistlewood and Northover 2009).  Acrylic paints 

(Lawson 2011; Bubb 2010), dry pigments bound in Paraloid B72® acrylic resin (in 

methoxypropanol) (Bubb 2010), and dry pigments bound in methyl cellulose (V A Conservation 

2012) have been used as the inpaintings media, on top of Flügger Acrylspartel fills. 

 

In addition, Pohoriljakova (2010) carried out a comparative study on two common commercial 

filling materials for her Masters of Art Conservation research project at Queen’s University. In 

this project, the physical and chemical properties of Polycell Fine Surface (Polyfilla®) and 
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Flügger Acrylspartel were investigated. These properties included workability, the ability to 

remove un-aged paint, and physical changes due to natural and thermal ageing (i.e., shrinkage, 

flexibility, solubility).  In addition, an FTIR spectrometer was used to analyse the chemical 

composition of the samples directly from the containers (i.e., wet samples), and after ageing. 

With these studies, Pohoriljakova found that the solubility and flexibility of Flügger Acrylspartel 

decreased over time and that there was minimal shrinkage; however, further assessment is still 

needed to determine the effects of temperature, the effects of relative humidity, the effects of 

porosity, and the addition of bulking agents and pigments. Pohoriljakova conducted a survey on 

Flügger Acrylspartel, which revealed conservators had a lack of knowledge of its ageing 

properties.  Also, an issue was reported with removing the fills, as after seven years the removal 

of some naturally aged Flügger Acrylspartel fills became moderately difficult. 

 

2.6.2.1.  Micro-balloons 

Micro-balloons, also known as micro-spheres, can be composed of glass,
1
 polymer,

2
 carbon, 

ceramic, or metal. They are strong, non-cohesive, and resistant to moisture and most chemicals. 

Since spheres have the smallest surface area, compared to other geometric shapes, the viscosity of 

the binding medium mixture containing the micro-balloons is lower than that of the same binding 

medium combined with a bulking agent of another shape (Shutov 1986).  

 

                                                      

1 To make glass micro-balloons, a finely dispersed powder of glass and a porofore (a chemical blowing agent) is 

heated.  When the melting temperature of the glass is reached, the porofore produces gas that causes the particles to 

inflate. The micro-balloons are then cooled, chemically treated, and washed with water (Shutov 1986, p. 68). 

 
2 Micro-balloons that are comprised of polymers or reactive oligomers are fabricated from sprayed solutions or 

emulsions, which are thermally treated. Phenolic micro-balloons are produced by thermally treating a mixture of 

phenolic resin (phenol-formaldehyde resin) and other constituents (for example, surfactants). The mixture is heated to 

an appropriate temperature and then pumped into a disk sprayer by displacement pump. The discrete condensation 

products are collected at the top of the spray chamber.  The particles are heated causing the solvent to evaporate and the 

vapour within the particles to expand.  The phenolic micro-balloons are formed after solidification (Shutov1986, p. 69-

70).  
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It states in Fiberglass Supply Inc.’s information sheet for hollow phenolic micro-balloons, that 

these spheres are usually used with epoxy resins, not polyester resins.  When polyester resins are 

used the phenolic micro-balloons will collapse because of styrene attack (Fiberglass Supply, 

Inc.). The information sheet for glass micro-balloons given by Fiberglass Supply, Inc. does not 

mention a specific resin to use; however, Conservation Resources UK Ltd. suggests using acrylic 

resins, such as Paraloid B72® or Paraloid B48N®. 

 

Micro-balloons have been used in the conservation treatment of various materials, including 

wooden objects (Grattan 1988; Barclay 1989; Hatchfield 1986), a marble sarcophagus (British 

Museum n.d.), and ceramics (Burden 2004). The reasoning behind selecting a certain type of 

micro-balloon varies; a particular micro-balloon could better aid in a specific physical 

characteristic or could more easily be inpainted than another.  Barclay (1989) used a mixture of 

Araldite AZ 3456, HY 3456 (a catalyst), and phenolic micro-balloons, to restore a deteriorated 

section of a red cedar bark totem pole. This mixture was selected because it was lightweight, 

carvable, and easily inpainted. In addition, the mixture had a three-hour curing time and the use 

of micro-balloons reduced the epoxy-wood support surface interaction, minimizing the possibility 

of epoxy resin migration.  

 

Glass micro-balloons, like their polymer counterparts, have been used in several conservation 

treatments.  A mixture of Paraloid B72® and glass micro-balloons were used to fill lacunae in a 

New Kingdom Egyptian polychrome wooden shawabti (i.e., a burial figure) (Hatchfield 1986) 

and in Bronze Age ceramics (Burden 2004). For the Bronze Age ceramics the glass micro-

balloon mixture was selected because the mixture could be texturized to resemble the original 

ceramic, and because it was lightweight and reversible (Burden 2004). In addition, glass micro-

balloons have been bound with other media, including Flügger Acrylspartel. To restore an 

alabaster Etruscan cinerary urn, a filling material made of Flügger Acrylspartel and glass micro-
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balloons was used; however, the mixture ratio and the reason for selecting this particular filler 

were not presented (Hogan 2012).  

 

2.6.3. Golden Artists Colors Gessoes and Paste 

Golden Artists Colors (GAC) manufactures a number of different paints, gels, mediums, pastes, 

and gessoes, including Golden Acrylic Gesso, Light Molding Paste, and Thick Acrylic Gesso.  

Golden Acrylic Gesso is marketed as a ‘ready-to-use’ liquid ground that comes in either white or 

black. Both of these gessoes are composed of an acrylic latex binder (i.e., p(nBA/MMA)), water, 

and a pigment.  While the pigment in the white gesso is titanium white (PW6), the black gesso 

contains two pigments: carbon black (PBk7) and mars black (PBk11). Golden Acrylic Gesso can 

be thinned with water and can be used to make various coloured gessoes, by mixing it with other 

Golden acrylic products (i.e., Golden Heavy Body Acrylics, Golden Fluid Acrylics, Golden Matte 

Fluid Acrylics, and Golden High Load Acrylics). Combining Golden Acrylic Gesso with different 

Golden paints, gels, or mediums will alter the texture of the gesso.  If combined with Golden gels 

or mediums, the mixture will result in a more flexible ground with a lower absorbency and less 

“tooth”. Golden Acrylic Gesso can be applied to a substrate with the use of a brush, roller, trowel, 

or even sprayed on after thinning. GAC advises that at least two thin layers of Golden Acrylic 

Gesso be applied to the substrate, particularly on canvas or linen substrates. Once Golden Acrylic 

Gesso has dried, it can be sanded; however, dry sanding is not recommended and oil paints can be 

applied as subsequent layers (Golden Artist Colors, Inc.). As reported by GAC, Golden Acrylic 

Gesso has the physical and chemical properties compiled in  

Table 2.7. 
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Golden Acrylic Gesso  

Resin: 

 

Methyl methacrylate/ butyl acrylate 

co-polymer emulsion polymer 

Vehicle:  Water 

Viscosity: Measured Using 

a Brookfield RV 

Viscometer: 

 3,000 - 4,000 cPs  

Layer Thickness:  Should be applied in thin layers 

Thinned: 

 

Water, a maximum recommended 

dilution of 25% 

Drying Time at 

Temperature above  

65°F and Humidity below 

70%:  to touch, 10 mil wet 

film: 

Within 2 hours 

Boiling Point: 
>100ºC /212ºF 

pH: 8.5-9.2 

 

Table 2.7 Physical and chemical properties of Golden Acrylic Gesso from “Gesso (White and 

Black)” Golden Artist Colors, Inc Product Data Sheet and MSDS. 

http://www.goldenpaints.com/technicaldata/gesso.php 

http://www.goldenpaints.com/healthsafety/msds/master.pdf  

 

Golden Light Molding Paste, originally formulated for an artist, consists of an acrylic polymer 

bulked with hollow spheres.  It dries to an “opaque white or light buff-gray” colour and weighs 

1/3 the weight of Golden Molding Paste or Hard Molding Paste. Golden Light Molding Paste 

retains greater detail and higher peaks than Golden Molding Paste or Hard Molding Paste 

(Golden Artist Colors 1998). Golden Light Molding Paste can be shaped easily, is highly 

absorbent and, when it dries, forms a flexible ground with little shrinkage. Due to the high 

absorbency of Golden Light Molding Paste, it can become discoloured by dirt, pollution, and 

handling (i.e., impressions from fingers) (Golden Artist Colors 1998). GAC suggests using a 

varnish or sealing coat if Golden Light Molding Paste is to remain as the top layer of the artwork.  

Multiple painting techniques can be applied to Golden Light Molding Paste and it can also be 

http://www.goldenpaints.com/technicaldata/gesso.php
http://www.goldenpaints.com/healthsafety/msds/master.pdf
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mixed with colour to produce a coloured ground; however, the mixture will be a lighter shade of 

the colour used (Golden Artist Colors 1998). Some of the physical and chemical properties of 

Golden Light Molding Paste can be found in  

Table 2.8. 

Golden Light Molding Paste  

Specific Gravity: 1.0- 2.0 

Vapour Density Heavier than air 

Boiling Point: >100ºC /212ºF 

pH: 8.5-9.2 

 

Table 2.8 Physical and chemical properties of Golden Light Molding Paste from MSDS. 

http://www.goldenpaints.com/healthsafety/msds/master.pdf  

 

GAC is very involved with the conservation field, through donations of materials for student 

research, collaborations, and in-house examinations. In this research, the properties of white 

Golden Acrylic Gesso were examined; therefore, articles using only white Golden Acrylic Gesso 

will be mentioned in this section. Since Golden Thick Acrylic Gesso is a custom product that has 

yet to make it to the production phase, reference literature is not available at this time.  

 

The chemical and physical stability of Golden Acrylic Gesso has been examined in numerous 

studies. Young and Hagan (2009) examined the cold temperature effects of Golden Acrylic Gesso 

along with other commercially available gessoes. Young and Hagan determined the glass 

transition temperature (Tg) of Golden Acrylic Gesso using dynamic thermal mechanical analysis 

(DTMA).  The stiffness, ultimate tensile strength (UTS), and strain to failure of Golden Acrylic 

Gesso were determined using a uniaxial tensiometer. Young (2007) examined the stiffness, 

strength, flexibility, and adhesion between layers of oil, acrylic, and alkyd media on oil, acrylic, 

and alkyd ground layers, of thermally aged and unaged samples.  Unaged Golden Acrylic Gesso, 

with a subsequent acrylic paint layer displayed one of the lowest degrees of stiffness. After 

http://www.goldenpaints.com/healthsafety/msds/master.pdf
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ageing, a slight increase in stiffness was observed; however, this was within the error of the 

experiment. In addition, no change in flexibility was observed. The unaged oil paint on Golden 

Acrylic Gesso and unaged acrylic paint on Golden Acrylic Gesso displayed similar behaviour 

during examination. Unaged alkyd paint on Golden Acrylic Gesso displayed a doubling in 

stiffness that increased after ageing.   

 

Doutre (2011) conducted an undergraduate thesis research project on commercial artists’ acrylic 

gessoes often used during the conservation of easel paintings. During this study Doutre 

determined that Golden Acrylic Gesso remained chemically stable after artificial UV ageing, and 

that no noticeable colour change occurred; the mechanical characteristics of Golden Acrylic 

Gesso were dependent on the surrounding relative humidity (RH).  The mechanical properties 

were quite different from traditional materials (i.e., wax and hide glue), but were comparable to 

acrylic paints. Doutre concluded that Golden Acrylic Gesso might be appropriate for the 

conservation of modern artworks that are constructed using acrylic paints.  

 

Additionally, Whitmore et al. (2007) examined the diffusive behaviour of water through a film of 

Golden Acrylic Gesso. In this study, Golden Acrylic Gesso displayed the second lowest diffusion 

coefficient (i.e., 1.7 x10
-7

cm
2
/second) out of the eight gessoes examined.  Loew Craft and Solz 

(1998) compiled a review article on various commercial vinyl and acrylic filling materials.  In 

this article, comparisons between similar materials that are manufactured by different companies 

were reviewed to help the conservator during the filling material selection process. Loew Craft 

and Solz (1998) assembled a table describing different chemical and physical properties of the 

various products. The article mentioned that Golden Acrylic Gesso is a liquid with lower 

viscosity, which is not “self-supporting”. In addition, Loew Craft and Solz (1998) compared 

Liquitex Modeling Paste to the different Golden Molding Pastes, stating that all of the Golden 

Molding Pastes displayed higher flexibility and were softer and more plastic than Liquitex 
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Modeling Paste; however, these pastes may not be appropriate as an infill in stiff materials for a 

number of reasons. Once dry, sanding of Golden Molding Pastes was difficult and the Light 

Molding Paste shrank the least. When transmitted light was used to examine the Golden Light 

Molding Paste film, various bubbles were evident throughout the film.  These bubbles may have 

been the result of foaming agents in the formulation of Golden Light Molding Paste (Loew Craft 

and Solz 1998). One of the other products reviewed by Loew Craft and Solz was Liquitex Acrylic 

Gesso. 

 

2.6.4. Liquitex Artists Materials 

Liquitex Acrylic Gesso is an opaque, fluid, preparation medium that can be applied to several 

supports (i.e., canvas, wood, paper and metal) (Liquitex Artists Materials 2011a, 2011b). One 

layer of gesso should be enough for most substrates; however, if more than one layer is applied, it 

is recommended to sand between layers (Liquitex Artists Materials 2011a). Liquitex Acrylic 

Gesso is advertised as a matte, flexible ground that will not crack or yellow with time. Once dry, 

the Liquitex Acrylic Gesso layer adds the “perfect tooth” to a support and can be used as a 

preparatory layer for both acrylic and oil paints. Liquitex Acrylic Gesso can be thinned with 

water, but only up to 25%. If more thinning is needed it is suggested to use Liquitex Matte 

Medium.  In addition Liquitex Acrylic Gesso can be mixed with Liquitex Soft Body or Heavy 

Body Artist Colors to produce coloured grounds (Liquitex Artists Materials 2011b).  A few of 

Liquitex Acrylic Gesso’s physical and chemical properties can be found in  

Table 2.9. 

Liquitex Acrylic Gesso  

Volatility: VOC< 49.3 g/litre 

Evaporation Rate: <1 (BuAc=1) 

Thinned: 

 

Water, a maximum recommended 

dilution of 25% 

Specific Gravity: 1.5  

Boiling Point: 
>100ºC  
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Vapour Density 
>1 (Air=1) 

pH: 8 - 9 

 

Table 2.9 Physical and chemical properties of Liquitex Acrylic Gesso from “Gesso Classic White 

Primer and Sealer” and MSDS.  

http://www.liquitex.com/gesso/ 

http://www.liquitex.com/uploadedFiles/Content/Resources/Safety/MSDS_Sheets/Gesso.pdf 

 

Liquitex Super Heavy Gesso is publicized as a thick, matte, opaque, preparation medium that can 

be applied to various supports (i.e., canvas, wood, paper, metal, and “any clean, porous, non-oily 

surface”) (Liquitex Artists Material 2011a, 2011c). Liquitex Super Heavy Gesso, an impasto 

gesso, can be used sculpturally and it adds the “perfect tooth” to the substrate. Liquitex Super 

Heavy Gesso can be mixed with Liquitex Soft or Liquitex Heavy Body Artist Colors to produce a 

coloured ground. In addition, Liquitex Super Heavy Gesso can be used as a preparatory layer for 

both acrylic and oil paints. Once dry, Liquitex Super Heavy Gesso produces a flexible ground 

that will not crack or yellow with time (Liquitex Artists Materials 2011c). As reported by 

Liquitex Artist Materials and the MSDS for Liquitex Super Heavy Gesso, Liquitex Super Heavy 

Gesso has the physical and chemical properties compiled in  

Table 2.10. 

 

Liquitex Super Heavy Gesso  

Evaporation Rate: <1 (BuAc=1) 

Thinned: 

 

Water, a maximum recommended 

dilution of 25% 

Specific Gravity: >1 

Boiling Point: 
>100ºC  

Vapour Density 
>1 (Air=1) 

pH: 8 - 9 

 

Table 2.10 Physical and chemical properties of Liquitex Super Heavy Gesso from “Super Heavy 

Gesso Thick Structural Primer and Sealer” and MSDS. 

http://www.liquitex.com/gesso/
http://www.liquitex.com/uploadedFiles/Content/Resources/Safety/MSDS_Sheets/Gesso.pdf
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http://www.liquitex.com/superheavygesso/ 

http://www.liquitex.com/uploadedFiles/Content/Resources/Safety/MSDS_Sheets/SuperHeavyGe

sso.pdf 

 

Different studies have been carried out on the cleaning of Liquitex Acrylic Gesso. Some have 

examined the migration rate of surfactants, while others have measured film swelling due to 

cleaning treatments.  Ormsby et al. (2009) monitored surfactant migration rate after wet cleaning 

of acrylic emulsions paint films. In this study, Liquitex Acrylic Gesso samples were cleaned with 

five different treatments (i.e., deionised water, 0.5% v/v. Triton X-100/XL-80N
®
, 1%  w/v 

triammonium citrate (TAC), 10% ethanol solution, and Stoddard solvent (18% aromatic content)) 

and then compared to a control, which were samples that were not cleaned.  After monitoring the 

samples for four years, Ormsby et al. observed a slight increase in the amount of surface 

surfactants of Liquitex Acrylic Gesso control.  Additionally, the Liquitex Acrylic Gesso control 

showed similarities in surfactant migration to the samples cleaned with TAC, 10% ethanol, and 

Stoddard solution; however, the samples that were cleaned with deionised water and Triton X-

100® displayed a minor decrease in surfactant migration.  

 

Whitmore et al. (2007) investigated the diffusive behaviour of water through various paints, 

primers, and gesso, including Liquitex Acrylic Gesso. Liquitex Acrylic Gesso displayed the 

highest gesso diffusion coefficient (i.e., 6.6 x10
-7

cm
2
/second) of the ten- to-eleven-week-old 

samples, and only a slight decrease in the diffusion coefficient was observed after swabbing. In 

addition, Whitmore et al. examined what effect removing the water-soluble constituents from 

Liquitex Acrylic Gesso film had on the diffusive behaviour of water.  Liquitex Acrylic Gesso 

samples were immersed in deionised water for three days; subsequently the diffusion coefficients 

were determined and compared to non-immersed samples of the same age. After immersion a 

decrease in diffusive behaviour was observed, suggesting that the water permeability of Liquitex 

is dependent on its water-soluble constituents.  

http://www.liquitex.com/superheavygesso/
http://www.liquitex.com/uploadedFiles/Content/Resources/Safety/MSDS_Sheets/SuperHeavyGesso.pdf
http://www.liquitex.com/uploadedFiles/Content/Resources/Safety/MSDS_Sheets/SuperHeavyGesso.pdf
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The physical and chemical characteristics of Liquitex Acrylic Gesso, along with its handling 

properties, have been investigated in a number of different studies.  Loew Craft and Solz (1998) 

described Liquitex Acrylic Gesso as a dense, opaque, low viscosity, non-self-supporting material 

that only held peaks or forms if supplementary supports or additives were provided. To reduce the 

possibility of cracking it was suggested that thin layers of Liquitex Acrylic Gesso were used; 

however, the cracks formed due to evaporation did not weaken the film. Liquitex Acrylic Gesso 

shrank about 40% and once the film had dried, it could be sanded or burnished. Doutre (2011) 

examined the physical and chemical characteristics of Liquitex Acrylic Gesso, along with 

Beckers and Golden Acrylic Gesso. During this study, Doutre determined that the chemical and 

colour stability of Liquitex Acrylic Gesso did not change after artificial UV ageing. Doutre also 

determined that the physical characteristics were comparable to acrylic paints and might be 

appropriate for the conservation treatments of modern artworks created using acrylic paints. 

 

2.7. Traditional Materials and Art Conservation  

The word “traditional” refers to materials used in the past. Many references to these materials can 

be found in old treatises; however, these treaties reference different types of gesso. In the 1933 

translation by Thompson of Cennini’s Il Libro dell’ Arte, is a detailed handbook that illustrates 

the techniques and methods used in panel and wall paintings, as well as other crafts. In this 

treatise Cennini describes the process of preparing gesso in Italy during the 14
th
 century along 

with other techniques. The gesso described in Cennini’s treatise is a mixture of gypsum (i.e., the 

anhydrite form of calcium sulphate) and animal skin glue (National Gallery 1991), while the 

Northern School was using calcium carbonate as the bulking material in their ground or 

preparatory layers (Billinge et al. 2007).  
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In this research project, rabbit skin glue-based gesso bulked with calcium carbonate, CaCO3,
3,4,5

 

was selected as the standard, used to compare to the previously mentioned acrylic materials. It 

was selected due to its conventional use traditionally and presently. Previous research has been 

conducted on the mechanical properties of calcium carbonate and rabbit skin glue gesso 

(Mecklenburg 2007; Mecklenburg 1991); however, the function of the size of the bulking agent 

has not been evaluated. It was also the goal of this research to determine which rabbit skin glue 

gesso would be more appropriate for filling lacunae found in easel paintings. Another goal of this 

research was to determine what role, if any, the particle size played in other properties such as 

drying behaviour.  

 

2.7.1.  Nano Calcium Carbonate Gesso 

Nano-sized calcium carbonates are precipitated and not naturally occurring like the calcium 

carbonate used in traditional gesso.  The use of nano-sized calcium carbonate as the bulking agent 

in filling material used for conserving easel paintings has not been found in conservation 

literature. The electrostatic binding behaviour and deeper physical interaction between the filling 

material and the original work may be beneficial during the conservation treatment of an easel 

paint; however, these properties could result in a filling material that is difficult to remove or 

distinguish from the original material. This research project studied the possible role of particle 

size on the properties of filling materials.  

 

 

                                                      

3 Calcium carbonate (CaCO3) has many polymorphic forms (which means having the same chemical composition with 

different crystal structures); however, many of these structures only exist under extreme conditions. Calcite belongs to 

the hexagonal-rhombohedral crystal system and can be found in minerals, animals, and algae, such as limestone, 

marble, and chalk (Gettens 1979). 

 
4 Calcite is the most common and most stable form of calcium carbonate (CaCO3). It is stable at most pressures and 

temperatures (Britannica). 

 
5 Calcite, the polymorph form of calcium carbonate, was studied in this research project. 
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Chapter 3 

Experimental 

The current research focuses on seven commercial acrylic materials and three rabbit skin glue 

(RSG) gesso fill samples. Different characteristics such as porosity, absorbency, and physical 

properties were investigated before and after ageing of the filling materials.  

   

3.1. Samples 

The seven acrylic materials tested included: Golden® Acrylic Gesso, Golden® Thick Gesso, 

Golden® Light Molding Paste, Liquitex® Acrylic Gesso, Liquitex® Super Heavy Gesso, 

Beckers® Latexspakel, and Flügger® Acrylspartel. Glass micro-balloons with a diameter of 340 

– 400 µm were added to Flügger Acrylspartel, reducing the amount of binder in the filling 

material. In addition, three RSG gesso fills were made by mixing RSG with three different 

calcium carbonate particles, each having different particles sizes (9 µm, 0.7 µm, and 0.07 µm).  

All information about the commercial products has been compiled in Table 3.1.  Table 3.2 

contains information about the bulking agents, Table 3.3 has information about the RSG and 

Table 3.4 has the RSG products with the fillers. 

 

Material Name Composition Appearance 
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Beckers Latexspakel 

 

Made by Beckers in 

Sweden, acquired from 

Peregrine Brushes and 

Tools 

 Polyvinyl acetate-latex
6
  

 Unidentified acrylic polymer 

with talc (1%,) MgO2 (7%) 

and CaCO3 (7%)
7
 

 
Flügger Acrylspartel 

 

Made by Flügger in 

Denmark, acquired from 

Conservation Resources 

International, LLC 

5532 Port Royal Road 

Springfield, Virginia 22151 

USA 

 Butyl methacrylate and 

calcium carbonate
8
 

 

 

Golden Acrylic Gesso 

 

 Methyl methacrylate/ 

butyl acrylate co-polymer 

emulsion polymer with 

calcium carbonate and 

titanium dioxide
 9,10

 

 Ammonia, amorphous silica, 

propylene glycol, and calcium 

carbonate
11 

 

 

Golden Thick Gesso 

 

 Custom/Experimental Product  

 
 

 

Golden Light Molding Paste 

 

 Ammonia and propylene 

glycol
12

 

 

 
 

                                                      

6
 Latex Spackel. 2013 

7
 Mirderikvand, G. et al. 2011  

8
 Flügger Acrylic Putty. 2006. 

9
 Golden Artist Colors, Inc. Product Information Sheet, Gessoes (White and Black). . 

http://www.goldenpaints.com/technicaldata/gesso.php (accessed: 07/12/2012) 
10

 Hagan, E et al. 2009  
11

 Golden Artist Colors, Inc.  Golden Material Safety Data Sheet.  

http://www.goldenpaints.com/healthsafety/msds/master.pdf (accessed: 3/5/2013) 
12

 Golden Artist Colors, Inc.  Golden Material Safety Data Sheet 

http://www.goldenpaints.com/healthsafety/msds/master.pdf (accessed: 3/5/2013) 

http://www.goldenpaints.com/technicaldata/gesso.php
http://www.goldenpaints.com/healthsafety/msds/master.pdf
http://www.goldenpaints.com/healthsafety/msds/master.pdf
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Liquitex Acrylic Gesso 

 

 Methyl methacrylate/ butyl 

acrylate co-polymer CaCO3, 

kaolin, TiO2 
13

 

 
 

 

Liquitex Super Heavy Gesso 

 

 Titanium white gesso
14

 

 Acrylic-based
15

 

 

Table 3.1 Commercial Fillers. 

 

Material Name Composition Appearance 

Calcium carbonate 

 

Acquired from International 

Gilders’ Supplies 

 CaCO3 

 Whiting with an average 

diameter of 9 µm
16

 

 

 

Albafil® 

 

Acquired from Specialty 

Minerals Inc. 

 Precipitated calcite (CaCO3) 

with an average diameter of 

0.7 µm
17

 

 

 

                                                      

13
 Hagan, E et al. 2009 

14
 Liquitex. 2003. 

15
 Liquitex. 2003. 

16
 International Gilders’ Supplies web catalogue. Whiting. International Gilders’ Supplies. 

http://www.gilding-supplies.com/miss.htm (accessed: 7/12/2012) 

17
 Specialty Minerals Inc. 2012. 

http://www.gilding-supplies.com/miss.htm
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Multifex®  

Acquired from Specialty 

Minerals Inc. 

 Precipitated calcite (CaCO3) 

with an average diameter of 

0.07 µm
18 

 

Glass micro-balloons 

 

Acquired from 

Conservation Resources 

International, LLC 

5532 Port Royal Road 

Springfield, Virginia 22151 

USA 

 Silica
19

 

 Average diameter of 340 -400 

µm
20

 

 

Table 3.2 Bulking Agents. 

 

 

Material Name Composition Solution 

Lefranc & Bourgeois’ colle 

de peau en grain 

 
Made by Lefranc & 

Bourgeois, acquired from 

Agar Agar, Pontevedra, 

Spain 

Rabbit skin glue granules  

 

10% w/w (granules/water) 

 

Table 3.3 Adhesive Information. 

 

 

Material Name Composition Appearance 

                                                      

18
 Specialty Minerals Inc. 2004. 

19
 Conservation Resources International, LLC. Email correspondence  

20
 Glass Microballoons. Conservation Resources International, LLC - On Line Catalog.  
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RSG1 

 
 10% w/w RSG + 67% CaCO3  

 

 

RSG2  10% w/w RSG + 67% Albafil 

 

 

RSG3  10% w/w RSG + 67% 

Multifex 

 

 

Flügger Acrylspartel with 

micro-balloons 
 4:1 w/w Flügger Acrylspartel 

with micro-balloons 

 

Table 3.4 Prepared Fillers. 

 

3.2. Sample Preparation 

To examine the physical and chemical properties of the eleven filling materials, two different 

supports were used: sized cotton canvas and Mylar sheet (4 mil). The castings on canvas 

remained on the supports for the duration of testing, while samples cast on Mylar sheets were 

removed from the substrate before chemical and physical testing.  The films removed from Mylar 

gave information about the filling material independent of a support. The samples removed from 

Mylar will be referred to as free films in this thesis. The castings on canvas and Mylar were cured 

for three different time periods. The first group was cured for seven-to-ten days and will be 
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referred to as fresh samples throughout this project, while the second set cured naturally for one 

year, and the third set cured for seven-to-ten days and were then subjected to artificial ageing.  

 

To prepare the canvas samples, a de-crimped, unsized, and unbleached cotton canvas was 

stretched onto five stretcher frames and sized with 50 gL
-1

 RSG. The RSG size was prepared by 

soaking Lefranc & Bourgeois’ rabbit skin glue granules in water overnight and then heating the 

mixture to 60ºC.  Prior to casting, the sized canvases were dried for seven days at ambient 

conditions in the Microscopy Laboratory of the Art Conservation Program at Queen’s University. 

All of the materials were cast in wells approximately 23 x 4 cm. One layer or ply of 3M® 

electrical tape, with a seven mil thickness, was used to create the sample wells; however, the 

diameter of the micro-balloons was too large to make an even cast thinner than four layers. Thus, 

the Flügger Acrylspartel and micro-balloons mixture was cast in wells created with four layers of 

electrical tape.  When the materials were applied to the wells, castings were created by drawing 

down the wet material with the long side of a microscope slide.  Once the casting formed a 

surface film, the tape was removed and the casting dried for at least one week at ambient 

conditions.  The fresh and naturally aged canvases were stored in the Microscopy Laboratory at 

Queen’s University until testing, while the other canvases were artificially aged.   

 

The Mylar samples were cast to different dimensions depending on the tests that would be carried 

out; the specific dimensions will be discussed in the appropriate sections. All castings were 

allowed to dry for seven-to-ten days, and then natural and artificial ageing was carried out at the 

Art Conservation Program at Queen’s University. For workability, colour, and gloss 

measurements, the casting remained on the Mylar substrates, while samples used in the other 

sections were removed from the Mylar.   
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3.3. Observations during Casting and Drying 

During the casting and drying process, a few defects were observed.  It was noticed that if the 

RSG gesso fill samples cast on Mylar were not forced flat during drying, the samples would dry 

with a concave surface.   The curvatures of the castings were to different degrees, causing some 

of the films to pull away from the Mylar. A few castings were no longer adhered to the Mylar, 

while other samples were only adhered along the middle of the casting.  Still, other samples 

remained fully adhered to the Mylar, forcing the Mylar to curve with the casting. The curvature 

of these castings increased over the duration of this research. 

 

Pinholes developed in some of the Golden Acrylic Gesso and Liquitex Acrylic Gesso castings on 

Mylar.  It was noticed that the older the media, the more frequent the pinholes; however, the 

formation of these pinholes varied between castings.   As thicker castings were made, larger 

pinholes formed along with higher populations of small pinholes. Areas of castings with pinholes 

were not used for this research.  

 

The canvas samples that were prepared for artificial ageing were cast during November 2012. 

The laboratory conditions were less than ideal, with relative humidity (RH) levels around 18 – 

27%, causing a number of castings to fail. All of freshly cast Beckers Latexspakel and Flügger 

Acrylspartel had small cracks throughout the sample. These cracks were not observed until the 

day after casting, when the surface of the sample appeared to be matte. Unlike the acrylic 

castings, the cracks formed in the RSG gesso fill castings were apparent during the first five 

hours of drying. The RSG1 casting had small fissures and, as the surface area of the calcium 

carbonate bulking agent was reduced, the crack propagation increased. The problems caused by 

the low relative humidity resulted in the recasting of the three RSG gesso fill samples, along with 

Beckers Latexspakel and Flügger Acrylspartel.  The recasting took place in a small office, where 

the relative humidity could be more easily controlled.   A humidifier and two electric teakettles 
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were used to raise and keep the RH of the office at 50 + 4 % RH. Castings of these materials were 

carried out as previously mentioned.  Cracks were no longer seen in the acrylic castings or in 

RSG1 and RSG2; however, cracking throughout RSG3 was observed while the casting was still 

wet.  

 

3.4. Working Properties 

The working properties of a filling material are very important to establish prior to using in a 

conservation treatment.  Conservators often manipulate a filling material to achieve a specific 

effect, such as evoking the texture of the original artwork and building layers. To assess the 

working properties of the filling materials, the handling, modelling, texturing, and layering 

abilities were examined. The handling and modelling abilities of each filling material were 

determined by the author’s observation during the casting process. To determine how well the 

material levels out, holds peaks, and can be distributed, a micro-spatula was used to apply the 

filling materials to four-ply wells created on Mylar sheets.  These wells were approximately 3.8 x 

3.8 cm. This process was repeated three times per material. The samples were rated on a scale of 

one to five, one being the easiest to manipulate and five being the most difficult.   

 

If acceptable, infills used in textured artworks might be texturized to help with the reintegration 

of the artwork.  To evaluate the ease of adding texture to the filling materials, a canvas weave 

pattern was imprinted onto the fresh free films. First, three samples of each material were cast in 

wells on primed cotton canvas.  The wells used in the section were approximately 3.8 x 3.8 cm
 

with a thickness of 28 mil. The materials were then allowed to dry at ambient conditions, until a 

thin film formed on the surface. An un-sized cotton canvas was then placed on top of the casting 

and the weave of the canvas was transferred with the use of a heated spatula. The indentations 

were observed under raking and room lighting. Once again, the samples were rated on a scale of 

one to five, one being the easiest to texturize and five being the most difficult. 
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As infills are sometimes layered to insure that they are flush with the original surrounding work, 

the layering properties of the filling materials were evaluated. To assess this ability, the ease of 

building up layers of the filling materials was compared to samples of equal well thickness, which 

were cast as one layer. Samples were cast on Mylar sheets in wells approximately 20.3 x 1.6 cm, 

using 3M electrical tape and a microscope slide, as previously mentioned.  But once a film 

formed on the casting, the strips of tape were removed and the casting dried for 24 hours at 

ambient conditions.  Two layers of electrical tape were then applied next to the dried casting, 

allowing for a subsequent layer of filling material to be cast directly on the dried casting.  Like 

the first layer, the two strips of electrical tape were removed and the casting dried for 24 hours. 

This process continued until four layers were applied.  At the same time, each material was cast 

on Mylar sheets in wells approximately 20.3 x 1.6 cm
 
created with four plies of electrical tape. 

Once the samples were dry, the materials were removed from the Mylar substrate. The change in 

flexibility of the layered free films was then compared to the single application free films (see 

section 3.6.6).   

 

3.5. Characterization Techniques 

Various techniques were used to analyse the components of the filling materials, before and after 

ageing. Polymer identification was carried out by Fourier transform infrared spectroscopy (FTIR) 

and pyrolysis gas chromatography-mass spectrometry (Py-GC/MS), while the bulking agents and 

pigments of the filling materials were investigated using ATR-FTIR, and x-ray fluorescence 

(XRF). The glass transition temperatures (Tg) of the fresh free films were determined with a 

differential scanning calorimetry (DSC), while the thermal degradation activation energies of 

Golden Acrylic Gesso and RSG1 were determined using Thermogravimetric Analysis (TGA). To 

examine whether any chemical changes had taken place, the artificially aged samples were 

studied using ATR-FTIR and DSC. Py-GC/MS, TGA, and DSC was carried out in conjunction 
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with the art conservation lab technician, Michael Doutre, while Dr. H.F. Shurvell carried out all 

XRF analysis.  

 

3.5.1. Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) 

Spectroscopy 

To examine the chemical composition of the different filling materials and to determine whether a 

chemical change had occurred, FTIR spectra were collected. A Nicolet Avatar
TM

 320 FT-IR 

spectrometer equipped with a Nicolet SMART
TM

 Golden Gate attenuated total reflectance (ATR) 

accessory (Thermo Instruments, Canada) was used to examine fresh and artificially aged samples. 

Infrared spectra, in this section, were collected with 32 scans, at a resolution 4 cm
-1 

and 

background correction. Data was collected and analysed using EZ Omnic® 5.2 software.  If the 

baseline of the spectrum was curved, baseline correction was carried out using EZ Omnic.  In 

addition, data was exported as comma separated value files (.CSV) and loaded into Microsoft 

Excel (version 12.3.6). 

 

3.5.2. Pyrolysis-Gas Chromatography/Mass Spectrometry (Py-GC/MS) 

Investigation of the polymeric material was carried out using a Py-GC/MS unit.  Only fresh 

samples of Golden Thick Gesso, Golden Light Molding Paste, Liquitex Super Heavy Gesso, and 

Flügger Acrylspartel were analysed, as Doutre (2011) previously analysed fresh samples of 

Golden Acrylic Gesso, Liquitex Acrylic Gesso, and Beckers Latexspakel.  

 

This analysis was conducted at the Queen’s University Analytical Services Unit on a Hewlett 

Packard 5890 GC with a mass selective detector coupled with a TA Instruments Pyroprobe 500 

series.  A HP-608 GC column was used (length: 30m x 530μm x 0.5μm; Temperature limits: 40 

to 300°C; stationary phase: bonded, cross-linked and solvent rinsable) with helium as the carrier 
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gas. Pyrolysis was performed with the following conditions: Pyroprobe initial temperature 80ºC 

increased at 5 ºC/ms up to 300 ºC, and held for 10 seconds. The GC column temperature 

conditions are as follows: initial temperature 60ºC, held for 2 minutes and then increased at 

5 ºC/min until 300 ºC, where it was held for 5 minutes.  Data was collected by MS Chem. Station 

and analysed. The program used during this analyse was the program used by Doutre (2011).  

 

The Py-GC/MS samples were prepared by cutting small slivers, approximately 120 x 120 µm, 

from the free films. The sliver was then placed into a micro-quartz pyrolysis tube, with small 

pieces of quartz wool inserted into the two ends of the tube, securing the sample sliver.  

 

3.5.3. X-ray Fluorescence (XRF) 

To determine the homogeneity of the samples and to confirm that heavy metals were not found in 

the casting materials, a Bruker hand-held x-ray fluorescence (XRF) Tracer III- SD analyser was 

operated by Dr. H.F. Shurvell. The Tracer III-SD is an energy dispersive spectrometer that can 

identify elements having atomic numbers greater than phosphorus (15).  The homogeneity of the 

fresh samples was determined by selecting five different locations on each casting. In addition, 

partial elemental analysis of the fresh filling materials was conducted. The data collected for 

determining the homogeneity of each fresh sample was used to determine the major elements 

found within the different filling materials. All of the XRF spectra were collected and analysed 

using S1PXRF software. 

 

3.5.4. Thermogravimetric Analysis (TGA) 

Due to accessibility, only the thermal degradation activation energies (Ea) of Golden Acrylic 

Gesso and RSG1 fresh free films were determined.  This process was carried out in accordance 

with TA Instruments Application Note (TA-075), Decomposition Kinetics Using TGA. The Ea 
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determined for Golden Acrylic Gesso was used as an estimate for all acrylic materials, while the 

Ea determined for RSG1 was used for all RSG gesso fill samples.  This process was carried out 

using a TA Instruments TGA Q500 Thermogravimetric Analyser in the Queen’s University 

Chemical Engineering Polymer Characterization Lab. The TGA is equipped with a 16-sample 

pan carousel auto sampler. The data was collected and analysed using Thermal Advantage 

Software (version 4.5A).  Data was exported as portable document format files (.pdf) and 

Microsoft Excel (version 12.3.6) was used to determine the Ea of the two samples.  

 

First, the weight of each TGA pan was determined directly by the TGA unit. Samples were then 

cut from the free films and placed into a TGA pan. Subsequently, the pans were placed into the 

TGA auto sampler and weighed by the TGA instrument. During this process, three samples of 

each material were used, ranging between 7-10 mg.   

 

The analysis was carried out under a nitrogen atmosphere, with three different ramp settings. The 

first program had a ramp of 10°C/min, with a starting and ending temperature of 30°C and 600°C, 

respectively. The starting and ending temperatures of the second and third programs were the 

same as the first program, while the ramps used for the second and third programs were 20°C/min 

and 30°C/min, respectively. The TGA spectra for Golden Acrylic Gesso and RSG1 are detailed in 

Appendix I (Figure I.1-Figure I.6). 

 

Using Flynn and Wall’s rearrangement of the Arrhenius equation, the Ea of the materials were 

determined (Equation 3.1 and Equation 3.2). 
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k = Ae

-Ea

RT  

Equation 3.1 Arrhenius equation. 

Where: 

k=rate constant 

A=pre-exponential factor 

Ea = Thermal degradation activation energy (kJ/mol) 

R  = Gas constant (8.314 J/mole K) 

T  = Temperature  

 

   

Ea =
-R

b

æ 

è 
ç 

ö 

ø 
÷ 

d ln(b)

d(1
T

)
 

Equation 3.2 Flynn and Wall’s rearrangement of the Arrhenius equation.
 

Where: 

Ea = Thermal degradation activation energy (kJ/mol) 

R  = Gas constant (8.314 J/mole K) 

b  = Constant assuming n= 1 

β  = Heating rate (°C / min) 

T  = Temperature of a set weight loss (K) 

 

To determine Ea a graph was made by plotting the natural logarithm of β vs. three temperatures of 

equivalent weight loss for each material. The slope of this line is then used to calculate Ea and the 

pre-exponential factor (Z). For this estimate the reaction order was assumed to be one. The slope 

of the thermal degradation plot for Golden Acrylic Gesso was -25090 K, while the slope of the 

thermal degradation plot for RSG1 was -15077 K. See Appendix I for thermal degradation plot of 

Golden Acrylic Gesso and RSG1 (Figure I.7-Figure I.8). 

 

The thermal degradation activation energies for Golden Acrylic Gesso (Ea Golden) and RSG1 

(EaRSG1) were determined using Equation 3.3. The Ea for Golden Acrylic Gesso was determined to 

be approximately 210 kJ/mol, while Ea for RSG1 was determined to be approximately 125 

kJ/mol. See Appendix I for Ea calculation (Equation 3.3). 
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Ea » -R x slope 

Equation 3.3 Determining Ea from the thermal degradation plots. 

 

3.5.5. Differential Scanning Calorimetry (DSC) 

Acrylic emulsion paintings have an affinity for dirt and pollutants. This attraction is partially due 

to the Tg of acrylic emulsion materials being below or near room temperature. At room 

temperature acrylic materials are soft and may embed foreign objects, including dust and dirt. 

Knowing the Tg of an infill material will help in determining the compatibility of the infill with 

the original artwork.  The Tg of the fresh free films and artificially aged films were determined at 

the Queen’s University Chemical Engineering Polymer Characterization Lab, using a TA 

Instruments Differential Scanning Calorimetry (DSC) Q100.  

  

A portion of each film, 5 – 15 mg, was weighed in an aluminium pan prior to analysis. The 

sample pans were then placed into the DSC auto sampler. After which, Tg measurements were 

conducted using a heating rate of 10 °C / min with a heating range between -30 °C and 100 °C. 

The data was collected and analysed using Thermal Advantage Software (version 4.5A) and the 

data was exported as portable document format files (.pdf).  

 

3.6. Evaluation of Chemical Stability 

This section focuses on the stability of the eleven different materials, over time.  Firstly, the 

optical properties were evaluated, using a Chroma Meter and gloss meter. Physical changes were 

then determined by observing shrinkage and flexibility. Lastly, the effect of an aqueous solution 

on an acrylic paint was examined. Due to the brief amount of time for this part of the research, 

artificially aged samples were prepared along with using samples that were no older than a year.  
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3.6.1. Ageing 

The natural ageing process took place in the Microscope Laboratory of the Art Conservation 

Program at Queen’s University for one year.  The laboratory conditions were monitored with a 

HOBO® data logger (model U14-001) and an ELSEC environmental logger (model 764 UV 

monitor). During the data collection period the environmental conditions fluctuated, as the Art 

Conservation Program does not have control over these parameters, but the average conditions 

are as follows: June- September, 25 + 2°C and 53 + 12% RH; October-January, 22 + 1°C and 36 

+ 8% RH; February-May, 22 + 2°C and 46 + 6% RH. The artificial ageing of these samples were 

carried out in conjunction with Doutre. 

 

The canvas and free film samples were artificially aged using UV, thermal, and light ageing. See 

Appendix I for calculations of all artificial ageing parameters (Equation 3.4-Equation 3.5). The 

canvas and free film samples were artificially aged to the equivalence of approximately 100 years 

of exposure in a museum. This was assuming normal gallery light levels of 150 lux for 8 hours 

per day or 2950 hours per year (Whitmore 1995), with UV stop halogen having UV emissions of 

40µW/lumen (Michalski 2007a). 

 

UV ageing was carried out in a Q-Sun Xenon test chamber (model XE-1-BC) for 63 hours at 

50°C (black box temperature), 28 Wm
-2

 for all samples. The UV ageing parameters were 

determined, assuming reciprocity, with the following equation (Equation 3.4): 

 

  



Light Intensityageing (lux)

reiprocity
 x Accelerated ageing time =  Light Intensitymuseum(lux) x Equivalne age 

Equation 3.4 UV ageing parameters. 

 

Subsequently, the samples were thermally aged in a Despatch LEA 1-69 oven.  The Ea results 

established by the TGA (see section 3.5.4) were used to determine the parameters for thermally 
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ageing by means of the Arrhenius equation (Equation 3.1). The Arrhenius equation can be 

rearranged to make the following equation (Equation 3.5):  
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e =onAccelerati  

Equation 3.5 Rearrangement of the Arrhenius equation, used to determine the thermal ageing 

parameters.

  

Where: 

Tcollection = Temperature of the collection or museum 

TAA= Oven temperature used during ageing  

 

The acrylic materials were then aged for 13 hours at a temperature of 70˚C, with a relative 

humidity of 50%, while the RSG gesso fill samples were aged for 336 hours at a temperature of 

80˚C, with a relative humidity of 50%. 

 

After thermal ageing, the samples were exposed to visible light.  Since the ageing process began 

during colder weather and continued as the weather became warmer, two sets of parameters were 

used during this ageing process. This was done so the samples and ageing chambers would not 

become overheated during the warmer months. Doutre constructed these light chambers in the 

spring of 2012 and Equation 3.4 was used to determine the ageing parameters.  The first set of 

samples was exposed to a light intensity of 92,000 lux for 504 hours at 15 °C, while the second 

set of samples were exposed to light intensity of 55,119 lux for 841 hours at 26°C.  

 

 

See Appendix I for all artificial ageing calculations (Equation 3.4 and Equation 3.5). All of the 

ageing parameters have been compiled in the following two tables ( 

Table 3.5 and  
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Table 3.6). 

 

 

 

 

 

Material 

Type 

 

 

 

 

 

Ea 

 (kJ/mol) 

 

UV Ageing 

 

Thermal Ageing 

T 

(°C) 

Time 

(hours) 

Artificial age 

equivalence 

(years) 

T 

(°C) 

Time 

(hours) 

Artificial age 

equivalence 

(years) 

Acrylic-

based 
samples 

 

210 
 

 

 
50* 

 

 

 
63 

 

 
~100 

 

70 

 

13 

 

 
~100 

 RSG-based 

samples 

 

125 

 

80 

 

336 

 

Table 3.5 Parameters used for accelerated ageing (UV and Thermal). *Black box temperature. 

 

 

 

 

Material 

Type 

 

Light Ageing 

Set 1 

 

Light Ageing  

Set 2 

T 

(°C) 

Time 

(hours) 

Light 

intensity 

(lux) 

Artificial age 

equivalence 

(years) 

T 

(°C) 

Time 

(hours) 

Light 

intensity 

(lux) 

Artificial age 

equivalence 

(years) 

Acrylic-
based 

samples 

 
 

15 
 

 
 

504 

 
    

92,000 

   
 

~100 
 

 
 

  26 
 

 
 

841 

 
 

55,119 

 
 

~100 
 RSG-based 

samples 

 

Table 3.6 Parameters used for accelerated ageing with light.  

 

3.6.2. Light Microscopy and Photography 

An Olympus BX51 Microscope equipped with a DP70 Microscope Digital Camera, DP2-BSW 

software (Olympus, Tokyo, Japan), four objective lenses with various (10x, 20x, 40x, 100x) and a 

12V halogen illumination source was used to analyse and capture photographs of all free films, 

before and after artificial ageing. The magnification that rendered the most amount of 

information, usually the 20x lens, was employed.  For reflected light microscopy, a fibre optic 

light source from Zeiss (KL 1500 LCD) was used.  For transmitted polarized light microscopy, 
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the Olympus BX51 halogen source was used. Throughout this research, observations were 

captured using a Nikon D300 Digital Camera and an AF MICRO NIKKOR 60mm (1:2.8 D) lens.  

 

3.6.3. Colourimetry  

The colour of an infill is an important characteristic as it influences the colour of the inpainting 

media.  If the colour of the filling material were to change with time, it would change the 

appearance of pictorial layer and disrupt from the totality of the painting.  After the samples were 

dry, the colours of the free films were determined with a Minolta Chroma Meter (CR-300). To 

get the best colour measurements, the experiments were conducted in the Art Conservation 

photography lab with the lights off; this was because of the age and condition of the equipment.  

For greater accuracy, the Chroma Meter was recalibrated before the collection of each data set.  

Due to the thinness of the samples, a white calibration block (Cal. STd. G 89.68, R 89.50, and B 

88.26) was placed below the sample to ensure a constant background. To assess the 

discolouration of the filling material with time, the three coordinates of CIELAB, which indicate 

the lightness of the colour (L*), position on the red and green axis (a*), and position on blue and 

yellow axis (b*) (Figure 3.1), were determined before and after ageing. Five locations on each 

sample were selected and average values for L*, a* and b* were determined.  Using the CIELAB 

1976 system and Equation 3.6, the average ∆E*ab values were calculated per free fill material.   
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Figure 3.1 Model of CIE L*a*b*. 

 

 

Equation 3.6 CIELAB 1976 formula for ∆E*ab. 

Where: 

 

 

 

 

 

3.6.4. Gloss 

Like colour, gloss influences the appearance of the inpainting media applied to the filling 

material.  Therefore, studying whether the gloss of the material will change with time is essential 

when characterizing different filling materials. The change in surface gloss of the free films was 

recorded with a BYK Gardner micro Tri-gloss instrument, in accordance with ASTM D 523-08, 

Standard Test Method for Specular Gloss and the BYK operating manual (Cat. No. 4520). Gloss 

measurements were collected at five locations along each sample before and after ageing, for 60° 

and 85° geometries. As the measurements at 60° geometry were below 30 gloss units (G.U.), 

they were not used, as dictated by the BYK operating manual. 



58 

 

 

3.6.5. Change in Thickness 

Knowing the shrinking behaviour of a material is necessary when selecting an appropriate infill. 

Change in thickness of an infill caused by the drying process could result in the conservator 

layering the fill, while change in thickness during ageing could result in the removal of the infill 

and could cause further harm to the original artwork. In this section, change in thickness of the 

fresh free films was determined.  For this, the thickness of the free film was measured with a 

micrometre and compared to the thickness of the electrical tape used to construct the casting 

wells. In addition, change in thickness that occurred after ageing was investigated.   To determine 

change in thickness due to the natural and artificial ageing processes, the thickness of the aged 

materials were determined with a micrometre, and compared to the thickness of the wells in 

which they were cast.  

 

3.6.6. Flexibility 

Easel paintings are a relatively flexible support that can be deformed by mechanical damage or 

environmental conditions. This process can cause cracking in brittle materials, which can then 

propagate between layers. Filling a lacuna with an incompatible filling material could cause 

further damage to a painting. The flexibility of the various free films was evaluated before and 

after ageing.  

 

The samples on Mylar sheets were peeled slowly away from the Mylar, so that they did not tear 

or crack. The free films were cut into strips of 1.3 x 6.0 cm. The flexibility of the samples was 

determined by bending them around hollow metal Mandrel rods with diameters of 15.0 cm, 11.5 

cm, 9.0 cm, 6.4 cm, 4.5 cm, 3.0 cm, and 1.5 cm. The protocol that was followed was based on 

ASTM D4338-9, Standard Test Method for Flexibility Determination of Supported Adhesive 
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Films by Mandrel Bend. The diameter at which the filling materials flexibility failed, resulting in 

cracking, was documented.  This procedure was carried out three times per free films. The 

average failure for each material was determined.  

 

In addition the flexibility of the layered samples, that were prepared for evaluating the ability of 

the materials to be layered (section 3.4), were determined and compared to the flexibility of a 

single application of the material that were cast in a well of equal thickness.  

 

3.6.7. Swabbing and Immersion 

Conservators use both wet and dry techniques to clean the surface of acrylic emulsion paints 

(Owen et al. 2005); however, in both circumstances a standardized technique has yet to be 

developed.  In this section the solubility of the surface of the filling material surface, was 

evaluated by “swab rolling”.  Fresh canvas samples used for determining Working Properties  

(section 3.4), were re-used.  During this experiment, three common cleaning solvents were 

evaluated: distilled water, 10% ethanol (in distilled water), and 2% triammonium citrate (in 

distilled water). After swabbing, the surface of the films was not rinsed.  A qualitative assessment 

of how easy it was to disrupt the surface of the casting was made.  Each sample was rated on a 

scale of one to five, one being the easiest to remove and five being the most difficult.  

 

Although immersion of a sample is not a conservation treatment, it has often been used to 

evaluate the effects of water exposure on a surface. Unlike swab rolling, immersion tests are 

repeatable and can be used to study the prolonged effects of an aqueous solution on an acrylic 

paint.  Here, a weight-loss immersion test was used to determine the amount of soluble material 

in the free films.  The three cleaning solvents examined during swab rolling, along with pure 

ethanol and acetone, were used to determine the amount of weight loss of each fresh sample. In 
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addition, the weight loss after immersion for the artificially aged samples was determined. Unlike 

the fresh samples there was a smaller amount of artificially aged samples; as a result they were 

only immersed in distilled water and in the two solutions that displayed the largest and smallest 

effect on the weight loss of the fresh samples. After the sample dried at ambient conditions for at 

least a week, they were placed in a desiccator for 24 hours.  The samples were then removed from 

the desiccator and placed in ambient conditions until they reach equilibrium. The free films were 

weighed directly in the sample vials, ranging between 0.0900 and 0.1100 grams. The samples 

were completely immersed in 10.0 grams of the cleaning solvents. The vials were closed and sat 

at ambient conditions for 24 hours. After 24 hours, the solvents were decanted and the samples 

were dried in the open vials at ambient conditions, for 24 hours. The sample vials were then 

placed in a desiccator and allowed to dry for an additional 24 hours. The sample vials were then 

removed from the desiccator and allowed to equilibrate to ambient laboratory conditions. Once 

the sample vials reached equilibrium, they were weighed and the loss of mass was calculated 

using Equation 3.7. Two repeats were performed per cleaning solvent and an average weight loss 

was determined.  Three controls per cleaning solvent were also prepared. These vials underwent 

the same process that was just described, without adding samples to the vials.  

 

 

Equation 3.7 Percent weight loss. 

 

3.6.8. Diffusion 

The diffusive behaviour of the fresh and artificially aged free films was investigated using FTIR 

spectroscopy. A Nicolet Avatar
TM

 320 FTIR spectrometer equipped with a Golden Gate ATR 

accessory, located in the Queen’s University Art Conservation Program, was employed to 
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monitor the diffusion behaviour of Golden Acrylic Gesso, Golden Thick Gesso, Liquitex Acrylic 

Gesso, and Liquitex Super Heavy Gesso.  Golden Light Molding Paste, Beckers Latexspakel, 

Flügger Acrylspartel, Flügger Acrylspartel with micro-balloons, and the RSG gesso fill samples 

would not self-adhere; as a result the diffusive behaviour of these materials could not be 

investigated with this specific method.  Water diffusion coefficients for fresh Golden Acrylic 

Gesso, fresh Golden Thick Gesso, fresh Liquitex Acrylic Gesso, and fresh Liquitex Super Heavy 

Gesso were determined.  In addition, the apparent diffusion coefficients of three cleaning 

solutions (i.e., distilled water, 10% ethanol (in distilled water), and 2% triammonium citrate (in 

distilled water)) were measured for artificially aged Golden Acrylic Gesso, artificially aged 

Golden Thick Gesso, artificially aged Liquitex Acrylic Gesso, and artificially aged Liquitex 

Super Heavy Gesso.  This novel FTIR technique was developed and carried out with Doutre. 

 

The procedure described in A FTIR Method for Determining Diffusion Coefficients of Artists’ 

Acrylic Material was followed in this section. The infrared spectra were collected in the reflection 

mode with one scan at a resolution of 32 cm
-1

 and background correction. Firstly, a background 

spectrum was collected of the sample itself. This allowed for the subtraction of the sample peaks 

during the collection of diffusion spectra. A drop of cleaning solution was then applied to the 

surface of the material and concurrently spectra collection was started.  The time was then 

determined from this point to when the fluid came in contact with the bottom surface of the film 

(breakthrough time). The breakthrough time was used to determine the apparent diffusion 

coefficients.  In this experiment, the increase in the absorption band around 3400 cm
 -1 

(OH 

stretch) was monitored (Figure 3.2), as all of the solutions in question contained water. This 

process was carried out at least seven times per solvent per material.   The cleaning solution 

diffusion coefficients for the various materials were determined by Equation 3.8 and an average 

diffusion coefficient of each material per solution was reported. 
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Figure 3.2 Infrared spectra of an acrylic-based sample measuring began once the droplet came in 

contact with the film, monitoring the increase in the 3400cm
-1 

absorption band to determine 

breakthrough time. 

 

  

   

Diffusion coefficient =  
Film Thickness2

6 x Breakthrough Time
 

Equation 3.8 Diffusion coefficient (Nguyen et al. 1995). 

 

One 23.0 x 4.0 cm film of each material was placed in a desiccator for 24 hours, following which 

the samples equilibrated to ambient laboratory conditions for an hour. The castings were peeled 

away from the Mylar and 0.5 x 0.5 cm samples were cut just before testing. The thickness of each 

sample was then measured with a micrometre and the sample was gently pressed onto the 

diamond ATR crystal (using the side which had been touching the Mylar), ensuring that the 

sample was in direct contact with and completely covering the diamond.  
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Chapter 4 

Results and Discussion 

The working properties, chemical characterization, morphology, and stability of the eleven 

samples are summarized in the following sections. In addition, the discussion portion of this 

section will address any trends observed during the examination process.  

 

4.1. Working Properties 

The working properties of the eleven samples investigated during this thesis have been compiled 

into  

Table 4.1. 

 

 

Material  

Name 

 

 

Handling and  

Modelling 

 

 

Texturizing 

 

Layering 

Ability 

Beckers 

Latexspakel 
 A creamy, thick 

peanut butter-like 

consistency that is 

easily manipulated 

with a micro-spatula. 

Levels out easily 

when drawn down 

with a microscope 

slide and holds peaks. 

 

 

 

 

 

Rating: 2 

 

 A film formed on the 

surface of the castings 

after ~10 min, allowing 

for the weave of the 

canvas to be transferred; 

however, the pattern was 

uneven as the cast dried 

unevenly. 

 Strands of the canvas 

became embedded in the 

casting 

 Cracking occurred after 

30 mins. 

 

Rating: 3 

 Was easier to 

prepare a smooth 

surface when the 

material was 

layered. 

 

 

 

 

 

 

 

 

Flügger 

Acrylspartel 
 A thick, peanut 

butter-like 

consistency with 

chunks of calcium 

particles that are 

easily manipulated 

with a micro-spatula. 

Levels out when 

drawn down with a 

 

 A film formed on the 

surface of the castings 

after ~10 min, allowing 

for the weave of the 

canvas to be transferred.  

 

 

 

 Was easier to 

prepare a smooth 

surface when the 

material was 

layered. 
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microscope slide and 

holds peaks. 

 

Rating: 2 

 

 

 

 

Rating: 3 

 

 

 

 

Flügger 

Acrylspartel with 

glass micro-

balloons 

 Very chunky, peanut 

butter-like 

consistency.  

 Difficult to spread 

with a micro-spatula. 

 The micro-balloons 

make levelling out 

the material difficult.  

 Holds peaks well.  

 

 

Rating: 3 

 

 A film formed on the 

surface of the castings 

after ~10 min, allowing 

for partial transfer of the 

weave pattern; however, 

some of the micro-

balloons collapsed and 

made a popping noise 

when the heat spatula 

was applied.        

 

Rating: 4 

 Was easier to make 

a uniformed surface 

when applied as 

one layer. 

Golden Acrylic 

Gesso 
 Honey-like 

consistency, which is 

easily manipulated 

with a micro-spatula. 

 Levels out when 

drawn down with a 

microscope slide but 

does not hold peaks 

well.  

 

 

 

 

 

 

Rating: 4 

 

 It took over one hour for 

a film to form that 

would allow for the 

canvas weave to be 

transferred; however, the 

pattern was uneven as 

the cast dried unevenly.  

 In certain areas the 

canvas pattern did not 

transfer.  

 Strands of the canvas 

became embedded in the 

casting. 

 

 

Rating: 4 

 Layering the 

material, as well as 

applying the 

material as one 

layer, resulted in a 

smooth surface; 

however, when the 

material was 

applied as one-

layer, pinholes were 

observed.  

 

Golden Thick 

Gesso  
 Thick cream, cheese-

like consistency, 

which is easily spread 

and levelled out.  

 Holds peaks well.  

 

 

 

 

 

Rating: 1  

 

 It took over one hour for 

a film to form that 

would allow for the 

canvas weave to be 

transferred; however, the 

pattern was uneven as 

the cast dried unevenly. 

 

 

 

Rating: 3 

 Layering the 

material, as well as 

applying the 

material as one 

layer, resulted in a 

smooth surface; 

however, when the 

material was 

applied as one-

layer, pinholes were 

observed.  

Golden Light 

Molding Paste 
 Has the consistency of 

stiff cotton candy.  

 Is easily spread and 

levelled.  

 Holds peaks 

moderately well.  

 It took over one hour for 

a film to form.  

 The heated spatula 

caused the castings to 

spread-out.  

 The castings were not 

 Layering the 

material, as well as 

applying the 

material in one 

layer resulted in a 

smooth surface.  
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Rating: 2 

 

susceptible to texturizing 

with a heated spatula.  

 

Rating: 5 

Liquitex Acrylic 

Gesso 
 Viscous fluid that 

spreads and levels out 

fairly well.  

 Does not hold peaks. 

 

 

 

 

 

 

 

 

Rating: 4 

 

 It took over one hour for 

a film to form that 

would allow for the 

canvas weave to be 

transferred over; 

however, the pattern was 

uneven as the cast dried 

unevenly 

 Strands of the canvas 

became embedded in the 

casting. 

 

Rating: 4 

 Layering the 

material, as well as 

applying the 

material as one 

layer, resulted in a 

smooth surface; 

however, when the 

material was 

applied as one-

layer, pinholes were 

observed.  

 

Liquitex Super 

Heavy Gesso 
 Very thick, whipped-

cream-like 

consistency, which is 

easily manipulated 

with a micro-spatula 

and levels out very 

well.  

 Holds peaks well.  

 

 

 

 

Rating: 1 

 

 It took over one hour for 

a film to form that 

would allow for the 

canvas weave to be 

transferred over; 

however, the pattern was 

uneven as the cast dried 

unevenly. 

 

 

 

 

Rating: 3 

 Layering the 

material, as well as 

applying the 

material as one 

layer, resulted in a 

smooth surface; 

however, when the 

material was 

applied as one-

layer, pinholes were 

observed.  

 

RSG1  When the RSG1 is 

still warm it is very 

fluid; however, as it 

begins to cool it 

becomes thick and 

lumpy.  

 As long as the 

material is still warm 

it spreads and levels 

out fairly well.  

 

Rating: 4 

 

 Heated spatula causes 

the gesso fill to become 

partially liquid. 

 Texture transfer was 

uneven. 

 

 

 

 

 

 

Rating: 4 

 A four-layered free 

film could not be 

prepared as the film 

began to crack after 

the second 

application of 

material.  

 

RSG2  Toothpaste-like 

consistency when 

warm and as it starts 

to cool.  

 Spreads well with a 

micro-spatula and 

 Heated spatula caused 

the gesso fill to become 

liquid. 

 Gesso fill stuck to 

canvas once heated. 

 Texture transfer was 

 A four-layered free 

film could not be 

prepared as the film 

began to crack after 

the second 

application of 
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levels out easily when 

drawn down with a 

microscope slide.  

 Holds peaks well.  

 

Rating: 2 

 

uneven. 

 

 

 

 

Rating: 4 

material.  

 

RSG3  Soft, whipped cream-

like consistency when 

warm and as it begins 

to cool.  Is 

manipulated easily 

with a micro-spatula. 

As RSG3 continues to 

cool, the more likely it 

will stick to the 

spatula.  

 Spreads and levels out 

fairly well.  

 Holds peaks very 

well.  

Rating: 2 

 Heated spatula caused 

the gesso fill to become 

liquid. 

 Gesso fill stuck to 

canvas once heated. 

 Texture transfer was 

uneven. 

 

 

 

 

 

 

 

Rating: 4 

 Four-layered free 

films could not be 

prepared as the film 

began to crack after 

the second 

application of 

material.  

 The four-ply cracked 

and became curved.  

 

Table 4.1 Working properties of the eleven samples, where a rating of 5 is the most difficult to 

manipulate. 

 

4.2.  Characterization Techniques 

4.2.1. Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) 

Spectroscopy for Identification 

An ATR-FTIR spectrometer was used to examine fresh samples (seven-to-ten days old). The 

following spectra have been arranged to help with the chemical composition investigation 

process, as well as observing similarities between samples. See Appendix II for ATR-FTIR 

spectra of fresh samples and reference spectra (Figure II.1- 

Figure II.10).  See Table 2.1 for the structural units of some common synthetic polymers used in 

art conservation. Chemical changes observed using ATR-FTIR are summarized under  Evaluation 

of Chemical Stability (section 4.2.1). 
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4.2.1.1. Expected Components 

Binding medium 

The typical characteristic absorptions for an unplasticized polyvinyl acetate (PVA) homopolymer 

are around 1738, 1243, 1374, 1434, and 2942 cm
-1 

with a shoulder at 2966 cm
-1

 (Learner 2004). 

  

Acrylics exhibit a number of characteristic absorptions: there can be up to four sharp bands 

around 2940 cm
-1

, a sharp strong carbonyl (C=O) stretching frequency around 1729 cm
-1

, and two 

strong bands around 1240 and 1170 cm
-1

. While the peak around 1240 cm
-1

 is sharper than the 

peak around 1170 cm
-1

, the peak at 1170 cm
-1 

is more intense (Learner 2004). 

 

Poly(butyl methacrylate)  (pnBMA) has characteristic C-H stretching frequencies around 2962, 

2936, 2876 cm
-1

. While the IR frequencies around 1457, 1397, and 1380 cm
-1

 are representative 

of C-H bending, the IR frequencies around 842 and 740 cm
-1

 are due to C-H rocking. The C-O 

and C-C stretching of pnBMA has been observed around 1251, 1166, 1119, 1066, 1023, 963, 943 

cm
-1

, whereas C=O stretching has been observed around 1736 cm
-1 

(Learner 2004). 

 

Poly(butyl acrylate/ methyl methacrylate)  (p(nBA-MMA)) exhibits two C-H stretching 

frequencies around 2960 and 2877 cm
-1

, with a shoulder peak at 2940 cm
-1

. The intensity of the 

C-H stretching frequencies at 2960 cm
-1

 is greater than that at 2877 cm
-1

. In addition, p(nBA-

MMA) has two main bands around 1239 and 1170 cm
-1

. The peak at 1239 cm
-1

 is of medium 

intensity, while the peak at 1170 cm
-1

 is a singlet with a shoulder around 1153 cm
-1 

(Learner 

2004). 

 

The IR spectra of RSG exhibits the usual absorptions for proteinaceous materials: a broad band 

between 3200 and 3400 cm
-1

, two bands around 1655 cm
-1

 (amide I) and 1550 (amide II) cm
-1

, 
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and two weaker bands between 1500-1565 cm
-1

 and 1300 -1480 cm
-1

 (Derrick et al. 1999; 

Centeno et al. 2004).  

 

Pigment and extender 

Chalk (CaCO3) has a strong, broad absorption peak between 1350 and 1550 cm
-1

, and a strong, 

sharp peak around 877cm
-1

.  In addition, there are three sharp absorption peaks around 713, 1796, 

and 2514 cm
-1

, which are not as strong as the peak at 877cm
-1 

(Learner 2004).  

 

China clay or kaolin (hydrated aluminium silicate, Al2O3·2SiO2·2H2O) has characteristic IR 

frequencies between 3620 and 3700 cm
-1

.  In this region there can be at most four peaks that are 

sharp and of different intensities (Learner 2004). 

 

Talc (Mg3Si4O10(OH)2) has characteristic IR frequencies around 3677, 1039, 675, 536, 463, and 

451cm
-1

 (Wang and Somasundaran 2007; Chércoles Asensio et al. 2009).  

 

Titanium dioxide (TiO2) has strong absorption below 800 cm
-1

, which lacks any distinct features. 

The identification of TiO2 cannot be confirmed with FTIR alone. To verify the presence of TiO2 

further analysis would need to be carried out, such as energy dispersive x-ray analysis (EDX) 

(Learner 2004). 

 

4.2.1.2. Beckers Latexspackel 

Binding medium 

Beckers Latexspackel is marketed as a polyvinyl acetate-latex
 
material (Latex Spackel 2013). 

Doutre (2011) investigated the main polymer of Beckers Latexspackel using Py-GC/MS. The 

analysis of this Py-GC/MS spectrum indicated that the binding medium was methyl methacrylate 
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and not polyvinyl acetate. The binding medium of Beckers Latexspackel could not be determined 

from the ATR-FTIR spectrum taken for this project (Figure II.1), as the absorption of the polymer 

was obscured.  

 

Pigment and extender 

Doutre (2011) used ICP-OES to investigate the primary bulking agents and pigments of Beckers 

Latexspackel. In this ICP-OES analysis calcium and magnesium were identified. From this 

analysis it was suggested that CaCO3 and talc were the main bulking agents and pigments. With 

ATR-FTIR (Figure II.1), Beckers Latexspackel has a strong peak at 1398 cm
-1

, a strong sharp 

peak at 871cm
-1

, and peaks at 727, 1795 and 2516 cm
-1

, which are all indicative of CaCO3. The 

IR frequencies of Beckers Latexspackel located around 3673, 1012, 674, and around 493 cm
-1

 

could be assigned to talc.  

 

4.2.1.3. Flügger Acrylspartel 

Binding medium 

Flügger Acrylspartel is advertised as a putty composed of poly(butyl methacrylate) and calcium 

carbonate (Flügger Acrylic Putty 2006). The IR frequencies of the binding medium of Flügger 

Acrylspartel ( 

Figure II.2) are around 1734, 1219, 1020 cm
-1

; however, the identification of the binding medium 

could not be determined from this spectrum alone.  

 

Pigment and extender 

The FTIR spectrum of Flügger Acrylspartel ( 
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Figure II.2) has a strong peak at 1395 cm
-1

, two sharp strong peaks at 856 and 696 cm
-1

, and a 

sharp peak at 1808 cm
-1

. These four peaks might be representative of CaCO3, as the XRF analysis 

identified calcium.  

4.2.1.4. Golden Acrylic Gesso 

Binding medium 

The binding medium used for Golden Acrylic Gesso is a butyl acrylate/methyl methacrylate co-

polymer emulsion (Golden Artist Colors, Inc. Product Information Sheet, Gessoes, Hagan, E. et 

al. 2009). The FTIR spectrum of Golden Acrylic Gesso (Figure II.3) has absorptions around 

2948, 2927, 2851, 1738, 1450, 1384, 1235, 1156, 1039 cm
-1

, confirming that the binding medium 

of Golden Acrylic Gesso is p(nBA-MMA).  

 

Pigment and extender 

The product information sheet for Golden Acrylic Gesso states that the pigment used for the 

white gesso is PW6 (titanium dioxide). The FTIR spectrum of Golden Acrylic Gesso (Figure II.3) 

has a broad, featureless absorption below 811 cm
-1

, which could be representative of TiO2. In 

addition, Doutre (2011) investigated the primary bulking agents and pigments using ICP-OES 

and determined the presence of titanium. Also, the XRF analysis carried out for this thesis 

confirmed the presence of titanium.  

 

The absorption peak at 852 cm
-1

 for Golden Acrylic Gesso (Figure II.3) might be representative 

of CaCO3. The presence of calcium has been confirmed through XRF analysis and ICP-OES 

(Doutre 2011), and this points to the presence of CaCO3. 

 

4.2.1.5. Golden Thick Gesso 

Binding medium 
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The FTIR spectrum of Golden Thick Gesso ( 

Figure II.4) contains four peaks between at 2970 and 2830 cm
-1

, which are characteristic of 

acrylics. In addition, this spectrum exhibits a carbonyl stretching frequency at 1727 cm
-1

 and two 

C-H bending frequencies at 1442 and 1367 cm
-1

.  The binding medium of Golden Thick Gesso is 

possibly p(nBA-MMA).  

 

Pigment and extender 

The presence of titanium in Golden Thick Gesso was confirmed through XRF analysis, 

suggesting that the IR peaks below 688cm
-1

 are representative of TiO2. 

 

4.2.1.6. Golden Light Molding Paste 

Binding medium  

The FTIR spectrum of Golden Light Molding Paste ( 

Figure II.5) contains C-H stretching peaks around 2909 and 2927cm
-1

, and two C-H bending peaks 

with frequencies around 1352 and 1160 cm
-1

. In addition, there is a strong sharp peak at 1725 cm
-

1
.  These frequencies suggest that the binding medium of Golden Thick Gesso is possibly p(nBA-

MMA). 

 

Pigment and extender 

The IR bands around 1430, 856 and 711 cm
-1

 might be representative of CaCO3 ( 

Figure II.5). The presence of calcium in Golden Light Molding Paste was confirmed through XRF 

analysis, which suggests that these three IR absorptions are associated with CaCO3. 

 



72 

 

4.2.1.7. Liquitex Acrylic Gesso 

Binding medium  

Liquitex Acrylic Gesso is composed of a methyl methacrylate/ butyl acrylate co-polymer, with 

kaolin, CaCO3, and TiO2 (Hagan et al. 2009). The FTIR of Liquitex Acrylic Gesso (Figure II.6) 

has absorptions at 2950, 2927, 2871, and 1726 cm
-1

, suggesting that the binding medium of 

Liquitex Acrylic Gesso is p(nBA-MMA).  

 

Pigment and extender 

The FTIR spectrum of Liquitex Acrylic Gesso (Figure II.6) displays four peaks between 3550 and 

3700 cm
-1

, all having different intensities, which could be assigned to kaolin. While the IR 

frequencies around 1805, 1406, and 852cm
-1 

could be assigned to CaCO3, the strong featureless 

IR frequencies below 800cm
-1

 might be TiO2. The presence of calcium and titanium were 

confirmed using XRF and ICP-OES (Doutre 2011). 

 

4.2.1.8. Liquitex Super Heavy Gesso 

Binding medium  

The FTIR spectrum of Liquitex Super Heavy Gesso (Figure II.7) exhibits C-H stretching 

frequencies at 2925 and 2851 cm
-1

 and a major C=O stretching peak at 1725cm
-1

. In addition, this 

spectrum exhibits bands around 1238, 1168, and 1004 cm
-1

, which could all be representative of 

p(nBA-MMA). 

 

Pigment and extender 

The IR spectrum of Liquitex Super Heavy Gesso (Figure II.7) exhibits a broad peak around 1394 

and a sharp peak at 871cm
-1

, which might be representative of CaCO3. In addition, there are 
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featureless IR frequencies below 800 cm
-1

 that could be assigned to TiO2. The presence of 

calcium and titanium were confirmed through XRF analysis, suggesting that these IR assignments 

are correct.  

 

4.2.1.9. RSG-based Samples 

The RSG-based samples were prepared with RSG and CaCO3. The FTIR spectra (Figure II.8- 

Figure II.10) of these samples only exhibited IR frequencies that could be assigned to 

proteinaceous material (~1660 cm
-1

) and CaCO3 (~1387 and 870 cm
-1

).  

 

4.2.2. Pyrolysis-Gas Chromatography/Mass Spectrometry (Py-GC/MS) 

Investigation of the polymeric material of four fresh acrylic-based samples (i.e., Golden Thick 

Gesso, Golden Light Molding Paste, Liquitex Super Heavy Gesso, and Flügger Acrylspartel) was 

carried out at the Queen’s University Analytical Services Unit. The Py-GC/MS analysis indicated 

that methyl methacrylate was used as the main polymer for each of the samples examined in this 

section.  These findings were in accordance with the available literature. In addition, The Analysis 

of Synthetic Paints by Pyrolysis-Gas Chromatography-Mass Spectrometry (PyGCMS) (Learner 

2001), was used as a reference during the analysis of these chromatograms. The pyrolysis 

products of Golden Thick Gesso, Golden Light Molding Paste, Liquitex Super Heavy Gesso, and 

Flügger Acrylspartel are detailed in Appendix II (Figure II.11-Figure II.19). 

 

4.2.3.  X-ray Fluorescence (XRF) 

XRF analysis was carried out on all the fresh free films (seven-to-ten days old). For this type of 

analysis, elements with an atomic weight below 15 (phosphorus) could not be detected. The XRF 

findings are compiled in the following table ( 
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Table 4.2).  For the XRF spectra collected for this section see Appendix II (Figure II.20-Figure 

II.30). 

 

 

 

Material Name Elements identified, with relative amounts* 

Beckers Latexspakel 

 
Ca (l), Fe (m), Cu (tr), Zn (tr), Mn (tr), Sr (tr) 

Flügger Acrylspartel 

 
Ca (l), Fe (tr), Cu (tr), Sr (tr)  

Flügger Acrylspartel with glass micro-

balloons 

 

Ca (l), Fe (sm), Cu (sm), Sr (sm) 

Golden Acrylic Gesso 

 
Ti (l), Ca (sm), Fe (tr), Cu (tr), Zn (tr) 

Golden Light Molding Paste 

 
Ca (l), Fe (sm), Cu (tr), Zn (tr), Sr (tr) 

Golden Thick Gesso 

 
Ti (l), Fe (sm), Cu (sm), Zn (tr), K (sm), Zr (tr) 

Liquitex Acrylic Gesso 

 
Ti (l), Ca (m), Fe (sm), Cu (tr), Zn (tr) 

Liquitex Super Heavy Gesso 

 
Ti (l), Ca (m), Fe (sm),  Cu (tr),   Ni (tr) 

RSG1 

 
Ca (l), Fe (sm), Sr (sm), Cu (tr), Zn (tr), Zr (tr) 

RSG2 

 
Ca (l), Fe (tr), Cu (tr), Sr (tr) 

RSG3 

 
Ca (l), Fe (tr), Cu (tr), Zn (tr) 

 

Table 4.2 XRF elemental analysis of free films. * Relative amounts of elements present in the 

materials are indicated by: l = large, m = moderate, sm = small, and tr = trace. 

 

The XRF spectra of the filling materials displayed high amounts of calcium and titanium, 

suggesting that calcium and titanium might be components of the main pigment particles. Golden 

Acrylic Gesso, Golden Thick Gesso, Liquitex Acrylic Gesso, and Liquitex Super Heavy Gesso 

exhibited high amounts of titanium, while calcium, in major amounts, was present in the other 

seven samples.  The high amount of calcium in the RSG-based samples was expected, as these 

materials were prepared with only RSG and CaCO3.  
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The ICP-OES analysis of Beckers Latexspackel, carried out by Doutre (2011), found the 

elements:  calcium and magnesium.  This suggested the presence of CaCO3, and talc 

(Mg3Si4O10(OH)2). In addition, the IR spectrum of Beckers Latexspackel exhibited characteristic 

CaCO3 and talc absorption peaks. The presence of calcium was shown using XRF analysis, while 

the presence of magnesium, which would indicate talc (Mg3Si4O10(OH)2), could not be observed 

using XRF. 

 

Flügger Acrylspartel is advertised as a putty composed of poly(butyl methacrylate) and calcium 

carbonate (Flügger Acrylic Putty 2006). XRF analysis confirmed the presence of calcium, which 

was supported by observation of the characteristic IR bands of CaCO3. 

 

A significant amount of calcium was detected in both Golden Acrylic Gesso and Golden Light 

Molding Paste, while the presence of titanium, in Golden Acrylic Gesso and the Golden Thick 

Gesso was established through XRF analysis. These findings were in agreement with the FTIR 

spectra of the three samples, and the product information and ICP-OES analysis of Golden 

Acrylic Gesso (Doutre 2011). 

 

The IR spectra for Liquitex Acrylic Gesso and Liquitex Super Heavy Gesso both exhibited bands 

that were representative of CaCO3 and TiO2; the TiO2 IR bands were expected as both products 

were sold as titanium white gessoes. Calcium and titanium were both identified using XRF 

analysis, suggesting that both CaCO3 and TiO2 could be present.  The presence of aluminium, 

which could point toward the presence of kaolin, cannot be confirmed by XRF analysis. 
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4.2.4. Differential Scanning Calorimetry (DSC) 

Acrylic paintings have an affinity for dirt and pollutants, often resulting in foreign objects 

becoming embedded in the film. This attraction is partially due to the glass transition temperature 

(Tg) of acrylic emulsion materials being below or near room temperature. Knowing the Tg of the 

infills would help in determining the compatibility of the infill with the original artwork.  The 

glass transition temperatures of the fresh and artificially aged acrylic free films were determined 

using a TA Instruments DSC Q100. 

 

Table 4.3 lists the Tg determined for the acrylic-based materials, before and after ageing. All of 

the acrylic-based free films exhibited two different glass transition temperatures, before ageing. 

Only the transition temperatures of artificially aged Beckers Latexspakel, artificially aged Flügger 

Acrylspartel, and artificially aged Golden Acrylic Gesso were able to be determined during the 

process of this thesis.  In addition, a significant change in Tg was found after ageing, in both 

Beckers Latexspakel and Flügger Acrylspartel. The main polymer of these materials was 

determined by Py-GC/MS to be p(methyl methacrylate), which has a Tg of 105ºC (Learner 2004). 

The Tg of these fresh samples are considerably lower than 105ºC, suggesting that these materials 

are composed of a large amount of copolymer.  Typically, the Tg of a copolymer is a temperature 

between the glass transition temperatures of the two homopolymers.  And often a linear 

relationship between the copolymer composition and the Tg of the copolymer is assumed 

(Brydson 1999).  See Table 2.2 for additional glass transition temperatures of acrylic 

homopolymers. Copolymers consisting of methyl methacrylate and ethyl acrylate or butyl 

acrylate have exhibited a Tg around 12ºC (Learner 2004).  Whitmore and Colaluca (1995) 

investigated the ageing effects on the chemical and physical properties of Liquitex acrylic gloss 

medium. After UV-B exposure, Liquitex acrylic gloss medium exhibited a change in Tg, from 

12ºC to 16ºC.  All of the Tg1 of the fresh films were below room temperature (21ºC) and the 
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suggested museum conditions (temperature between 15-25ºC, Michalski 2007b).  The only fresh 

material that displayed a Tg2 below the suggested museum temperature was Golden Light 

Molding Paste.   

 

 

Material Name  

Tg of Fresh Film 

 

(ºC) 

Tg of Artificially 

Aged Film 

(ºC) 

Tg1 Tg2 Tg 

Beckers Latexspakel 0.2* 79.8* 95.7 

Flügger Acrylspartel 8.2 74.9 20.4 

Golden Acrylic Gesso 9.3 51.8 59.9 

Golden Thick Gesso 9.5 32.3  

Golden Light Molding Paste 12.7 18.7  

Liquitex Acrylic Gesso 3.1 39.7  

Liquitex Super Heavy Gesso 2.0 29.7  

 

Table 4.3 Glass transition temperatures of acrylic-based materials. * Determined by Doutre 

(2011). 

 

 

4.3.  Evaluation of Chemical Stability 

4.3.1. Light Microscopy and Photography 

The morphologies of the fresh and artificially aged free films were observed by optical 

microscope, under reflected and transmitted polarized light. See Appendix II for transmitted 

polarized light images (Figure III.1- Figure III.11) of the filling materials, before and after 

artificial ageing.  The reflected and transmitted polarized light microscope images showed that 

the acrylic-based materials are more homogenous than the RSG-based samples. In addition, a 

change in structure, such as voids and aggregates, was not observed after ageing.  
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4.3.2. Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) 

Spectroscopy to Measure Chemical Changes with Artificial Ageing 

An ATR-FTIR spectrometer was used to examine whether chemical changes occurred as a result 

of the artificial ageing. Only four of the eleven spectra (i.e., Golden Acrylic Gesso, Golden Light 

Molding Paste, Golden Thick Gesso, and Liquitex Super Heavy Gesso) displayed minor chemical 

change after ageing and therefore these are the only spectra displayed in this section (Figure 4.1 -

Figure 4.4). See Appendix III for the other spectra (Figure III.12-Figure III.17). The frequencies 

of the additional peak have been summarized in  

Table 4.4.  

 

Differences in the spectra for the above-mentioned, fresh and artificially aged samples were 

examined using GRAMS and Microsoft Excel software. Most of these variations occurred at 

frequencies that are often assigned to acrylic polymers. These differences show that the artificial 

ageing applied during this research resulted in a chemical change for these four samples (Figure 

4.1 - Figure 4.4).  
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Figure 4.1 Spectra of fresh and artificially aged Golden Acrylic Gesso; the x denotes additional 

peak. 

  

Figure 4.2 Spectra of fresh and artificially aged Golden Light Molding Paste; the x denotes 

additional peak. 

 



80 

 

 

Figure 4.3 Spectra of fresh and artificially Golden Thick Gesso; the x denotes additional peak.  

 

 

 

 

Figure 4.4 Spectra of fresh and artificially Liquitex Super Heavy Gesso; the x denotes additional 

peak.  
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Material Name Additional peak  

 

IR peaks lost after artificial ageing 

Fresh Golden Light Molding Paste 
2927cm

-1
 

Fresh Golden Thick Gesso   

2935 cm
-1

 

Fresh Liquitex Super Heavy Gesso  

1529, 1629, and 2850 cm
-1 

 

Additional IR peaks observed after artificial ageing 

Artificially aged Golden Acrylic Gesso 

 

1108, 1342, and 2867cm
-1 

Artificially aged Golden Thick Gesso 

 

1106, 1255, and1342 cm
-1 

 

Table 4.4 IR peaks lost after artificial ageing and additional IR peaks observed after artificially 

ageing. 

4.3.3. Colourimetry 

When selecting a filling material, conservators often select an infill that is easily inpainted. This 

is done to achieve a specific colour during the lacuna reintegration. If the filling material were to 

discolour with time, it would alter the appearance of inpainting media and the reintegration of the 

lacuna. To evaluate the colour stability of the filling material with time, the samples were 

characterized using CIE L*, a* and b* colour space.  Measurements were taken of fresh samples 

(seven-to-ten days old), naturally aged (one year old), and artificially aged (~100 years old).  The 

averages of these five measurements have been used to construct Figure 4.5 - Figure 4.10. 

 

The colour change, ΔE
*
ab, of the acrylic-based and RSG-based samples was determined using 

CIE76, where a change in colour is significant when ΔE
*
ab is greater than the just noticeable 

difference (JND) threshold. A ΔE
*
ab value around 1 indicates a JND, although this is an 

approximation. In addition, if the ΔE
*
ab > 5 then the change in colour is considerable (Down et al. 

2011).  Two different ΔE
*
ab values were determined for each material, one due, to natural ageing 
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(ΔE
*
abNA) and one due to artificial ageing (ΔE

*
abAA) (Table 4.5 - Table 4.8).   

 

4.3.3.1. Acrylic-based Samples  

Before and after ageing, all of the acrylic-based samples appeared, to the human eye, to be pure 

white. The L* measurements of the fresh, naturally aged, and artificially aged acrylic-based 

samples are detailed in Figure 4.5.  These L* measurements indicated an overall trend of 

darkening for all of the naturally aged and artificially aged samples, expect for one (the natural 

ageing of Golden Thick Gesso). After natural and artificial ageing, all of the samples displayed a 

significant change in L* (∆L* > 0.5) ( 

Table 4.5). The sample darkening was not obvious under normal viewing conditions. Golden 

Light Molding Paste exhibited the greatest darkening after being exposed to artificial ageing and 

natural ageing.  In addition, the darkening of Golden Light Molding Paste after natural ageing is 

comparable to the darkening Golden Light Molding Paste after artificial ageing.  

 

  

Figure 4.5 The L* values of acrylic-based samples, before and after ageing.  
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An overall trend was observed for the a* measurements (the red-green axes) in  

Figure 4.6; the acrylic samples became more green after ageing. The two Liquitex gessoes were 

the most red of all the fresh samples (largest positive a* value), whereas Beckers Latexspakel, 

Golden Acrylic Gesso, and Golden Thick Gesso were the most green of all the fresh samples 

(largest negative a* value). Following ageing, the three Golden samples became even more green 

(more negative a*), while both of the fresh Liquitex products became green after ageing. After 

natural and artificial ageing, the only sample to displayed a significant change in the a* values, 

was Golden Light Molding Paste (∆a* > 0.5) ( 

Table 4.5 and  

Table 4.6). 

 

 

 

Figure 4.6 The a* values of acrylic-based samples, before and after ageing.  

 

After natural and artificial ageing most of the b* values (the yellow-blue axis) of the acrylic-

based samples decreased (Figure 4.7).  After ageing (both natural and artificial) the b* value of 
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Golden Acrylic Gesso increased slightly. Golden Light Molding Paste and Liquitex Acrylic 

Gesso are the most yellow of all of the fresh samples (largest positive b* value), whereas Golden 

Thick Gesso and Golden Acrylic Gesso are the least yellow fresh samples (smallest positive b* 

value). The greatest change in the b* value after natural and artificial ageing, was exhibited by 

Golden Light Molding Paste. The smallest change in b*, following natural ageing was displayed 

by Golden Acrylic Gesso and Beckers Latexspakel, while smallest change in b* after artificial 

ageing was exhibited by Flügger Acrylspartel and Beckers Latexspakel.  After natural and 

artificial ageing most of the acrylic-based samples displayed changes in b* that were significant 

(∆b* > 0.5).  

 

 

Figure 4.7 The b* values of acrylic-based samples, before and after ageing.  

 

All of the CIE delta values determined for the acrylic-based samples can be found in  

Table 4.5 and  

Table 4.6. After natural ageing, all of ΔE
*
abNA were greater than the JND of 1, except for Golden 

Acrylic Gesso and Liquitex Super Heavy Gesso, whereas all of the ΔE
*
abAA values were greater 
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than the JND of 1. Although, most of the ΔE
*
abNA and ΔE

*
abAA were greater than the JND of 1, a 

change in colour was not visually observed.  

 

Golden Light Molding Paste displayed the greatest ΔE
*
abAA and ΔE

*
abNA values, which were both 

above the JND ( 

Table 4.5 and  

Table 4.6). Beckers Latexspakel exhibited the lowest ΔE
*
abAA value, while the lowest ΔE

*
abNA 

value displayed by Golden Acrylic Gesso. This means that out of these eight acrylic samples, 

Golden Acrylic Gesso is the least likely acrylic-based sample to affect the colour of an inpaint 

after one year, especially if the tratteggio technique or transparent inpaints were used. Beckers 

Latexspakel is the least likely to change the colour of an inpaint after several years, this is 

assuming that the artificial ageing parameters used are representative of natural ageing. As 

Golden Light Molding Paste displayed the highest ΔE
*
abAA and ΔE

*
abNA, it is the most likely 

acrylic sample to have an effect on the inpaint during its ageing process.  

 

Material Name ∆L* ∆a* ∆b* 
ΔE

*
abNA 

(CIE76) 

Beckers Latexspakel 
-1.23  + 0.87 -0.14 + 0.10 -0.09 + 0.07 1.24 + 0.87

+
 

Flügger Acrylspartel 
-1.76 + 1.24 -0.37 + 0.26 -0.85 + 0.60 1.99 + 1.41

+
 

Flügger Acrylspartel with 

micro-balloons 
-1.21 + 0.86 -0.31 + 0.22 -0.52 + 0.37 1.36 + 0.96

+
 

Golden Acrylic Gesso 
-0.65 + 0.46 -0.14 + 0.10 -0.06 + 0.05 0.67 + 0.47 

Golden Light Molding Paste 
-3.96 + 2.80 -1.10 + 0.78 -2.47 + 1.75 4.80 + 3.39

+ 

Golden Thick Gesso 
2.75 + 1.95 -0.24 + 0.17 -0.37+ 0.26 2.79 + 1.97

+ 

Liquitex Acrylic Gesso 
-1.41 + 1.00 -0.55 + 0.39 -1.06 + 0.75 1.85 + 1.31

+
 

Liquitex Super Heavy Gesso 
-0.56 + 0.40 -0.31 + 0.22 -0.52 + 0.37 0.83 + 0.59 

 

Table 4.5  ∆L*, ∆a*, ∆b*, and ΔE
*
ab (CIE76) values for naturally aged acrylic-based samples.

 + 

Denotes a change in colour greater than the JND of 1. 

 

 

Material Name ∆L* ∆a* ∆b* 
ΔE

*
abAA 

(CIE76) 
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Beckers Latexspakel -1.01 + 0.72 -0.10 + 0.07 -0.13 + 0.09 1.03 + 0.73
+
 

Flügger Acrylspartel -1.21 + 0.85 -0.05 + 0.03 -0.12 + 0.08 1.21 + 0.86
+
 

Flügger Acrylspartel with 

micro-balloons 
-1.41 + 1.00 -0.19 + 0.13 -0.45 + 0.32 1.49 + 1.05

+
 

Golden Acrylic Gesso -1.02 + 0.72 -0.12 + 0.08 0.25 + 0.18 1.06 + 0.75
+
 

Golden Light Molding Paste -3.89 + 2.75 -0.78 + 0.55 -1.07 + 0.76 4.11 + 2.91
+ 

Golden Thick Gesso -1.75 + 1.24 -0.39 + 0.28 -0.52 + 0.37 1.87 + 1.32
+
 

Liquitex Acrylic Gesso -1.34 + 0.95 -0.20 + 0.14 -0.53 + 0.37 1.45 + 1.03
+
 

Liquitex Super Heavy Gesso -1.07 + 0.76 -0.19 + 0.13 -0.50 + 0.35 1.20 + 0.85
+
 

 

Table 4.6 ∆L*, ∆a*, ∆b*, and ΔE
*
ab (CIE76) values for artificially aged acrylic-based samples. . 

+ 

Denotes a change in colour greater than the JND of 1.  

 

4.3.3.2. RSG-based Samples 

The fresh, naturally, and artificially aged RSG-based samples appeared, to the human eye, to be 

pure white. When comparing the fresh RSG sample colours to one another, fresh RSG2 appeared 

to be the brightest white, which agreed with the colour measurements ( 

Figure 4.8).  The L* values of the acrylic-based samples, RSG samples displayed an overall trend 

of the samples became darker as they aged. RSG1 exhibited the greatest darkening after artificial 

ageing.  In addition, a significant change in L* (∆L* > 0.5) was observed after natural and 

artificial ageing ( 

Table 4.7 and  

Table 4.8). 
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Figure 4.8 The L* values of RSG-based samples, before and after ageing.  

 

After ageing all of the RSG samples became more green; however, for two of the three samples, 

the naturally aged samples became more green compared to the artificially aged samples (Figure 

4.9). The reason for this was not clear. Fresh RSG2 was the only fresh RSG-based sample that 

had a positive a* value, indicating red, while the a* values of fresh RSG1 and fresh RSG2 were 

negative a* values, indicating green. After natural and artificial ageing, all of the RSG-based 

samples displayed a significant change in a*(∆a* > 0.5) ( 

Table 4.7 and  

Table 4.8). 
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Figure 4.9 The a* values of RSG-based samples, before and after ageing. 

 

When comparing the b* values of the fresh RSG–based samples, RSG1 was the most yellow of 

fresh sample (largest positive b* value) (Figure 4.10). After ageing all of the samples became less 

yellow, apart from artificially aged RSG2. After artificial ageing, RSG2 became more yellow 

(more positive b* value).  RSG3 exhibited the largest change in b* after natural and artificial 

ageing.  
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Figure 4.10 The b* values of RSG-based samples, before and after ageing. 

 

All of the CIE delta values determined for the RSG-based samples can be found in the following 

tables ( 

Table 4.7 and  

Table 4.8).  The ΔE
*
abAA and ΔE

*
abNA values of the RSG-based sample set, exhibited a high 

standard deviation, this is most likely due to the inhomogeneities, such as clumps of CaCO3, in the 

castings. All of the ΔE
*
abNA and ΔE

*
abAA values determined for the RSG-based samples were 

greater than the JND of 1, however, like the acrylic-based samples a change in colour was not 

perceived.  

 

Material 

Name 
∆L* ∆a* ∆b* 

ΔE
*
abNA 

(CIE76) 

RSG1 -1.17 + 0.83 -0.36 + 0.25 -0.60 + 0.43 1.36 + 0.96 

RSG2 -1.12 + 0.79 -0.33 + 0.23 -0.44 + 0.31 1.25 + 0.89 

RSG3 -1.29 + 0.91 -0.23 + 0.16 -1.32 + 0.93 1.86 + 1.32 

 

Table 4.7 ∆L*, ∆a*, ∆b*, and ΔE
*
ab (CIE76) values for naturally aged RSG-based samples.  
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Material 

Name 
∆L* ∆a* ∆b* 

ΔE
*
abAA 

(CIE76) 

RSG1 -1.91 + 1.35 -0.10 + 0.07 -0.22 + 0.16 1.92 + 1.32 

RSG2 -1.44+ 1.02 -0.22 + 0.16 0.37 + 0.26 1.50 + 1.06 

RSG3 -1.51 + 1.07 -0.44 + 0.31 -0.66+ 0.47 1.71 + 1.21 

 

Table 4.8 ∆L*, ∆a*, ∆b*, and ΔE
*
ab (CIE76) values for artificially aged RSG-based samples.   

 

4.3.4 Gloss 

Gloss is the ability of a surface to reflect light mostly toward the specular direction or the angle 

opposite the incident light angle. Gloss measurements are influenced by the refractive index and 

surface morphology of the material, and the angle of incident light used (ASTM D523 − 08 

2008). Like the colour of the filling material, the gloss has an effect on the appearance of the 

reintegration of a lacuna. The changes in gloss observed are depicted in the following figures 

(Figure 4.11 and  

Figure 4.12). 

 

4.3.4.1. Acrylic-based Samples  

The gloss measurements for the acrylic-based samples are summarized in Figure 4.11. After 

ageing, changes in gloss were measured in the acrylic-based samples; however, some of the 

samples exhibited large standard deviations, which did not allow for an overall conclusion based 

on all acrylic materials. There were a few samples that displayed small differences that will be 

mentioned in this section.  

 

The ageing of the acrylic-based samples appeared, to the human eye, to have no effect on the 

gloss of the samples. Beckers Latexspakel, which was one of the most matte samples (low G.U.) 
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prior to ageing, became slightly glossier after artificial ageing. For the fresh films, Golden 

Acrylic Gesso displayed the highest amount of gloss. When considering the standard deviation of 

the gloss measurements for Golden Acrylic Gesso, a change in gloss was not determined after 

ageing for one year.   In addition, Golden Acrylic Gesso displayed the largest change in gloss 

after artificial ageing, decreasing in gloss, while Golden Thick Gesso presented the largest change 

in gloss after natural ageing, increasing in gloss.  Unlike colour, gloss does not have a JND 

threshold or tolerance level for perceptible gloss change. These measurements indicate that, over 

time, Golden Light Molding Paste and the two Flügger Acrylspartel samples would have the 

smallest effect on the inpaint, as they displayed the lowest overall changes. 
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Figure 4.11 Gloss measurements (85°) of acrylic-based samples.
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4.3.4.2. RSG-based Samples 

The gloss measurements for the RSG-based samples are summarized in  

Figure 4.12.  RSG1, RSG2, and RSG3 were prepared with three different calcium carbonate 

particle sizes: 9, 0.7, and 0.07µm, respectively.  All samples appeared, to the human eye, to 

display the same amount of gloss. The standard deviation could be the result of surface defects, 

such as bumps, cracks, and inhomogeneities throughout the castings. When considering the 

standard deviation of RSG1, a change in gloss was not observed after natural ageing, although a 

large decrease in gloss was measured after artificial ageing.  This decrease was the largest change 

observed within the RSG-based samples.  When comparing the aged RSG2 sample to the fresh 

RSG2 sample, an increase in gloss was observed after natural ageing, while a slight decrease in 

gloss occurred after artificially ageing. Unlike the two other RSG-based samples, RSG3 showed 

no change in gloss after artificial and natural ageing, when taking into consideration the standard 

deviation of the RSG3 samples. These findings suggest that of the three RSG-based samples, 

RSG3 (with the smallest pigment size) would have the least effect on the appearance of the 

reintegration materials, with time. 
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Figure 4.12 Gloss measurements (85°) of RSG-based samples. 

 

 

4.3.5 Change in Thickness 

If the drying process of a newly applied infill results in a change in thickness, such as shrinkage, 

the conservator might layer the fill prior to inpainting or toning. If an infill were to shrink after 

several years, this might result in the removal of the infill or further harm to the original artwork. 

Understanding the dimensional changes of a sample could help a conservator select an 

appropriate infill material.  

 

In this section, the change in thickness of the fresh (seven-to-ten days old), naturally aged (one 

year old), and artificially aged (100 years old) free films were determined. The average change in 

thickness of each material is summarized in  

Figure 4.13 and  

Table 4.9.  After natural and artificial ageing, several of the samples displayed an increase in the 

change in thickness; this included Beckers Latexspakel, Golden Light Molding Paste, and 

Liquitex Super Heavy Gesso. Other samples such as Liquitex Acrylic Gesso and Flügger 

Acrylspartel with micro-balloons displayed very little change in thickness after artificial ageing.   
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Figure 4.13 Average change in thickness of acrylic-based and RSG-based materials, for the fresh, 

naturally aged, and artificially aged samples. A more positive percent change in thickness 

indicates a larger decrease in thickness.  

 

Material Name 

Average 

 Change upon 

Drying  

(Fresh sample) 

(%) 

Average 

Change after 

One Year  

 

(%) 

Average Change 

after Artificial 

Ageing 

 

(%) 

Beckers Latexspakel 31.0 + 0.56 35.8  + 0.7 42.3 + 0.46 

Flügger Acrylspartel 28.2 + 0.82 10.7 + 0.5 19.9 + 0.88 

Flügger Acrylspartel 

+ Micro-balloons 
21.1 + 0.95 24.1 + 0.5 20.4 + 1.2 

Golden Acrylic Gesso 57.9 + 0.40 49.6 + 0.2 43.4 + 0.37 

Golden Light Molding Paste 22.8 + 3.9* 59.3 + 0.8* 56.3 + 0.86* 

Golden Thick Gesso 62.8 + 0.17 52.7 + 0.2 50.0 + 0.60 

Liquitex Acrylic Gesso 64.5 + 0.30 57.1 + 0.7 66.6 + 0.53 

Liquitex Super Heavy Gesso 56.0 + 0.13 61.6 + 0.3 57.1 + 0.65 

RSG1 34.2 + 0.46 29.0 + 0.8 X 

RSG2 22.3 + 0.88 13.4 +1.5 X 

RSG3 14.0 + 0.64 8.0 + 0.4 X 

 

Table 4.9 Average change in thickness of acrylic-based and RSG-based materials. The artificially 

aged RSG-based samples were too brittle to determine shrinkage. * Determining the thickness of 

Golden Light Molding Paste was difficult with a micrometre, as the material was very sponge-
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like. X measurements could not be taken, due to the fragility of the sample. A more positive 

percent change in thickness indicates a larger decrease in thickness. 

 

Due to the fragility of the artificially aged RSG-based samples, thickness measurements were 

unable to be determined.  In addition, the sponge-like texture of Golden Light Molding Paste 

made determining the thickness of the sample difficult.  Surprisingly, after natural and artificial 

ageing, Golden Light Molding Paste only displayed a small standard deviation.  

 

The largest dimensional change with drying was displayed by Liquitex Acrylic Gesso, shrinking 

64.5 %, while the sample that shrunk the least was RSG3, shrinking only 14.0% ( 

Figure 4.13 and  

Table 4.9).   Doutre (2011) reported that Golden Acrylic Gesso and Liquitex Acrylic Gesso 

displayed similar shrinking behaviour to one another upon drying, which is in accordance with 

the findings in this project.    

 

Beckers Latexspakel was the only acrylic-based sample that continued to shrink as it aged, as 

expected. This indicates that even if the infill was level with the surface of the original artwork 

prior to drying, the infill might continue to shrink as it ages. This could result in the disruption of 

the pictorial image and the removal of the infill.  The data for the acrylic-based samples is 

extremely variable. This could be due to a number of reasons including: uneven castings, castings 

of the same material displaying slightly different changes, or different environmental conditions 

on the days of analysis.  

 

As mentioned above, the fragility of the artificially aged RSG-based samples made it impossible 

to measure the thickness of the samples with a micrometre; however, the shrinkage exhibited 

after naturally drying and curing for one year was determined. All of the RSG-based samples 
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displayed a decrease in shrinkage as they dried, although all of the naturally aged (one-year-old) 

samples were slightly more swollen (a smaller percentage change in thickness) than the fresh 

samples (seven-to-ten days old). A linear correlation was observed between the diameter of the 

calcium carbonate and the average amount of shrinkage. RSG1 having the largest CaCO3 particle 

size shrunk the most, while RSG3 displayed the least amount of shrinkage. In addition, all of the 

naturally aged (one-year-old) RSG-based samples were thicker (less percentage change in 

thickness) than the fresh RSG-based samples (seven-to-ten days old). This increase in thickness 

could be due to the RH on the day of measurement, as a higher RH could cause the castings to 

swell. In addition uneven castings or curing conditions could account for this trend.  

 

4.3.6 Flexibility 

Using an inflexible filling material on a relatively flexible support, such as a canvas painting, 

could result in the original artwork cracking. These newly formed cracks could then propagate 

between layers, causing further damage.  In order to determine the flexibility of the free films of 

filling materials, the films were evaluated before and after ageing. In addition, the difference in 

flexibility observed as a result of layering a material was examined. This was carried out by 

comparing films that were cast in one application (four-ply thick) with films that were layered 

(four-ply thick). The flexibility of these samples was determined by mandrel bending. All of the 

data collected during this section have been summarized in the following tables ( 

Table 4.10- Table 4.13).   

 

4.3.6.1. Layered Films 

Due to the variability in the sample set, an overall trend was not observed; however, the following 

conclusions were made. The flexibility of the two Flügger Acrylspartel samples and Beckers 
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Latexspakel decreased once layered, while layering the other five acrylic samples (i.e., Golden 

Acrylic Gesso, Golden Light Molding Paste, Golden Thick Gesso, Liquitex Acrylic Gesso, and 

Liquitex Super Heavy Gesso) resulted in no physical change ( 

Table 4.10 and  

Table 4.11). The flexibility of the Golden and the Liquitex samples suggested that these samples 

were suitable as thick and layered infills, in flexible artworks. The Flügger Acrylspartel and 

micro-balloon mixture displayed the highest mandrel diameter failure for the acrylic-based 

samples. This failure is most likely a result of the micro-balloons, as the average diameter for 

failure of Flügger Acrylspartel is comparable to that observed for Beckers Latexspakel. These 

findings suggest that Beckers Latexspakel and the two Flügger Acrylspartel samples would not be 

suitable acrylic-based infills for flexible artworks. The inflexibility of Beckers Latexspakel and 

Flügger Acrylspartel was as expect, as these materials were originally manufactured as a 

spackling material for wood and plaster.  

 

The RSG3 samples were unable to be cast in the thick wells (four-ply), although an issue was not 

observed while casting RSG1 and RSG2 ( 

Table 4.10 and  

Table 4.11). Cracking in the RSG3 samples was most likely due to the small particle size of the 

RSG3 bulking agent (i.e., 0.07µm).  A comparison between the RSG samples that were layered 

(four-ply thick) and the RSG samples that were cast in one application (four-ply thick) could not 

be made, as the layered free films cracked during the casting process. The layering of these RSG 

samples should be tested in a different manner, as RSG-based infills have been layered for many 

years. The failure of the RSG-based samples was most likely a result of the room conditions, 

pigment particle size, and the drawdown method used to cast the wet material.  
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Material Name 

Average Mandrel Diameter  

Where Damage Occurred (mm) 

Beckers Latexspakel 9 + 1.7 

Flügger Acrylspartel 
9 + 1.7 

Flügger Acrylspartel with glass 

micro-balloons 22 + 0 

Golden Acrylic Gesso No visible signs of failure 

Golden Light Molding Paste 
No visible signs of failure 

Golden Thick Gesso No visible signs of failure 

Liquitex Acrylic Gesso No visible signs of failure 

Liquitex Super Heavy Gesso No visible signs of failure 

RSG1 152 + 0 

RSG2 152 + 0 

RSG3 Cracked and became curved while drying 

 

Table 4.10 Flexibility of single application free films (four-ply thick). 

 

 

 

 

Material Name 

Average Mandrel Diameter  

Where Damage Occurred (mm) 

Beckers Latexspakel 18.5 + 0 

Flügger Acrylspartel 22.3 + 6.6 

Flügger Acrylspartel with glass 

micro-balloons 80.7 + 28.9 

Golden Acrylic Gesso No visible signs of failure 

Golden Light Molding Paste No visible signs of failure 

Golden Thick Gesso No visible signs of failure 

Liquitex Acrylic Gesso No visible signs of failure 

Liquitex Super Heavy Gesso No visible signs of failure 

RSG1 Cracked after second application 

RSG2 Cracked after second application 

RSG3 Cracked after second application 
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Table 4.11 Flexibility of layered free films (four-ply thick). 

 

4.3.6.2. Aged Films 

The flexibility of fresh samples was compared to the flexibility of the artificially aged samples ( 

Table 4.12 and Table 4.13).  The fresh Golden and Liquitex samples showed no visible signs of 

failure after mandrel bending ( 

Table 4.12). As a result the free films were bent in half, but still no sign of failure was observed. 

The RSG-based samples were the least flexible samples overall, while the Flügger Acrylspartel 

and glass micro-balloons mixture was the least flexible acrylic-based sample.  

Material Name 

Average Mandrel Diameter  

Where Damage Occurred (mm) 

Beckers Latexspakel 9 + 1.7 

Flügger Acrylspartel 
9 + 1.7 

Flügger Acrylspartel with glass 

micro-balloons 22 + 0 

Golden Acrylic Gesso No visible signs of failure 

Golden Light Molding Paste No visible signs of failure 

Golden Thick Gesso No visible signs of failure 

Liquitex Acrylic Gesso No visible signs of failure 

Liquitex Super Heavy Gesso No visible signs of failure 

RSG1 152 + 0 

RSG2 152 + 0 

RSG3 152 + 0 

 

Table 4.12 Flexibility of Fresh samples. 

 

After artificial ageing, the RSG-based samples and the two Liquitex samples felt more brittle, 

while Beckers Latexspakel or Flügger Acrylspartel became more flexible.  An increase in 

inflexibility of Liquitex Acrylic Gesso was displayed after artificial ageing, while the artificially 

aged RSG-based samples experience failure at the same mandrel diameter as the fresh RSG-based 

samples (Table 4.13).  If Liquitex Acrylic Gesso was used as a filling material in a flexible 
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painting, it could result in the propagation of cracks throughout the original material.  If a fill of 

Beckers Latexspakel or Flügger Acrylspartel was used as a structural fill within an easel painting, 

it might bend under the weight of the surrounding material as it ages.  

 

The drastic change in the flexibility of Liquitex Acrylic Gesso could be the result of polymer 

cross-linking and could be confirmed by an increase in Tg. The Golden samples and Liquitex 

Super Heavy Gesso continued to show no visible signs of failure after artificial ageing. The 

unchanging flexibility of the three Golden samples and Liquitex Super Heavy makes these 

samples more appropriate as infills for flexible supports and flexible artworks, while the other 

materials would be better suited for more rigid works of art.  Although to reinforce these results, 

tensile studies should be performed and the tensile strength of the different materials should be 

determined. 

 

Material Name 

Average Mandrel Diameter  

Where Damage Occurred (mm) 

Beckers Latexspakel Folded on itself and cracked in half 

Flügger Acrylspartel 
Folded on itself and cracked in half 

Flügger Acrylspartel with glass 

micro-balloons 30 +0 

Golden Acrylic Gesso No visible signs of failure 

Golden Light Molding Paste No visible signs of failure 

Golden Thick Gesso No visible signs of failure 

Liquitex Acrylic Gesso Folded on itself and cracked in half 

Liquitex Super Heavy Gesso No visible signs of failure 

RSG1 152 + 0 

RSG2 152 + 0 

RSG3 152 + 0 

 

Table 4.13 Flexibility of Artificially aged samples. 
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4.3.7 Swabbing  

Swabbing was carried out on the fresh canvas materials, to determine the solubility of the surface. 

The findings of this test are subjective and were collected to aid the conservator during their infill 

selection process. Disruption of the surface of each material appeared to be independent of free 

film and cleaning solution.  After swabbing the surface of the eleven materials, all cleaning 

solutions resulted in a thin white film forming on the swab. In addition, the surfaces of the films 

were not rinsed with distilled water after this swabbing test. 

 

After swabbing, it was noticed that the addition of micro-balloons to Flügger Acrylspartel did not 

change the solubility of the surface of the Flügger Acrylspartel film. As swabbing the surface of 

both Flügger Acrylspartel and Flügger Acrylspartel with micro-balloons, resulted in a similar 

amount of residue on the cotton swab.  

 

Flügger Acrylspartel with glass micro-balloons and the three RSG-based fills were the only 

materials that displayed surface differences after swabbing.   After swabbing the Flügger 

Acrylspartel with glass micro-balloons, the micro-balloons located on the surface of the free film 

became more evident, resulting in a surface lustre that was not uniformed, whereas voids 

appeared in the three RSG-based samples. 

 

4.3.8 Immersion  

Although immersion of an artwork is not a typical conservation treatment, it has often been used, 

in scientific studies, to evaluate the effects that long-term exposure could have on a film. The 

fresh samples were immersed in distilled water, pure ethanol, pure acetone, 10% ethanol (in 

distilled water), and 2% triammonium citrate (in distilled water) for 24 hours, while the 

artificially aged samples were immersed in distilled water and the two solutions that exhibited the 
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largest and smallest effect on the weight loss of the fresh samples (i.e., acetone and 10% ethanol 

(in distilled water)) for 24 hours. The artificially aged free films were not immersed in all five 

solutions, as not enough free films were artificially aged.  After immersion the samples were not 

rinsed. The average weight loss, due to immersion, is displayed in the following figures ( 

Figure 4.14-Figure 4.18). 

 

4.3.8.1. Immersion of Fresh Samples 

After immersion in the five different solutions (i.e., distilled water, acetone, ethanol, 10% ethanol 

(in distilled water), and 2% triammonium citrate (in distilled water)) all of the fresh samples 

displayed a weight loss, except for Golden Light Molding Paste in 2% triammonium citrate (in 

distilled water) ( 

Figure 4.14). Following immersion of fresh Golden Thick Gesso in 2% triammonium citrate (in 

distilled water), a gain in weight was measured (a negative percent weight loss). This is most 

likely due to the sample not being fully dry when the change in weight was determined and not 

the result of the sample gaining weight after immersion. 

 

Fresh Golden Light Molding Paste displayed the largest amount of weight loss after being 

immersed in pure acetone, while fresh RSG2, fresh Beckers Latexspakel, and Flügger 

Acrylspartel displayed the smallest changes in weight loss after immersion in 10% ethanol (in 

distilled water) ( 

Figure 4.14).  All of the fresh RSG-based samples were affected the most by 2% triammonium 

citrate (in distilled water) (largest amount of weight loss), when compared to the weight loss 

experienced by the fresh RSG-based samples after being immersed in the other cleaning 

solutions. The solution that displayed the second highest effect on the fresh RSG-based samples 

was water.  Similar to the fresh RSG-based samples, fresh Beckers Latexspakel and fresh Flügger 
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Acrylspartel were affected the most by 2% triammonium citrate (in distilled water), whereas the 

other six fresh acrylic-based films (i.e., Golden Acrylic Gesso, Golden Thick Gesso, Golden 

Light Molding Paste, Liquitex Acrylic Gesso, Liquitex Super Heavy Gesso, and Flügger 

Acrylspartel with Micro-balloons) were affected more by pure acetone. The cleaning solution that 

was shown to have the second highest effect on these six fresh acrylic-based samples was pure 

ethanol. After examining the immersion sample set for the fresh samples, it was notice that 

acetone had the largest affect overall, whereas 10% ethanol (in distilled water) displayed the 

lowest overall affect.    
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Figure 4.14 Percent weight loss of fresh samples after 24-hour immersion.  
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4.3.8.2. Immersion of Artificially Aged Samples   

After being immersed in pure acetone, artificially aged Golden Light Molding Paste exhibited the largest 

decrease in weight of all the artificially aged samples ( 

Figure 4.15).  This was the same trend observed for the fresh samples; however, unlike the fresh samples, 

the smallest weight lost was displayed by artificially aged RSG1 and RSG3 (after immersion in pure 

acetone).  Artificially aged RSG2 exhibited a gain in weight (a negative percent weight loss) after being 

immersed in acetone. This gain in weight is most likely a result of the sample being partially wet and not 

the result of the RSG2 sample gaining weight. 

 

 

 

Figure 4.15 Percent weight loss of artificially aged samples after 24-hour immersion.  
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When comparing the change in weight of the fresh samples to that of the artificially aged samples, various 

trends were observed ( 

Figure 4.16 - Figure 4.18). After artificial ageing, Golden Acrylic Gesso, Golden Light Molding Paste, 

the Liquitex samples, and RSG1 were affected less by water than the fresh samples (smaller change in 

weight), while no effect with water was observed for the other acrylic-based and RSG-based samples 

(when taking into consideration the standard deviation of these samples). This same decrease in weight 

loss was also observed after immersion in 10% ethanol (in distilled water) and acetone. The 10% ethanol 

(in distilled water) displayed less of an effect on all of the Golden and Liquitex samples after ageing, 

while immersing both RSG1 and RSG2 in 10% ethanol (in distilled water) displayed an increase in 

weight loss, upon ageing.  When taking into consideration the standard deviation of the results from the 

other acrylic-based samples and RSG3 after being immersed in 10% ethanol (in distilled water), ageing of 

the samples continued to display no effect on change in weight. In addition, Golden Acrylic Gesso, 

Golden Light Molding Paste, RSG1, and the two Liquitex samples were affected less by acetone after 

ageing (displaying a smaller percent weight loss).  The change in weight of Beckers Latexspakel and the 

two Flügger Acrylspartel samples after distilled water immersion was not affected by ageing. Artificially 

aged Beckers Latexspakel and the two Flügger Acrylspartel displayed similar changes in weight as the 

fresh samples, after immersion in distilled water. 

 

In addition, the differences in percent weight loss from immersion in three liquids before and after ageing 

were examined using a two-factorial analysis of variance (ANOVA) with replicates. The ANOVA results 

are shown in  

Table 4.14. These findings suggest that there is a significant difference in percent weight loss of before 

and after ageing for the three Golden samples, the two Liquitex samples and RSG1.This is not true for 

RSG1, RSG2, Beckers Latexspakel and the two Flügger Acrylspartel.  The low probability values, 'p'-
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values, displayed by these six samples indicate that these conclusions are reliable. Only the samples that 

displayed a p< 0.05 are listed in  

Table 4.14. 

 

 

 

 

Material Name 

Sum of 

squares 

Degrees of 

freedom 

Mean 

square F p 

Golden Acrylic Gesso 21.77005 1 21.77005 542.6177 2.34 x 10
-11

 

Golden Thick Gesso 1.286071 1 1.286071 25.14109 3.02 x 10
-4

 

Golden Light Molding Paste 35.76304 1 35.76304 609.6658 1.18 x 10
-11

 

Liquitex Acrylic Gesso 6.93126 1 6.93126 220.758 4.33 x 10
-09

 

Liquitex Super Heavy Gesso 43.93678 1 43.93678 26.41799 2.45 x 10
-4

 

RSG1 0.180589 1 0.180589 28.02132 1.9 x 10
-4

 

 

Table 4.14 Summary of statistics for two-way factorial ANOVA on immersion data.  Only samples that 

displayed a p< 0.05 are listed.  
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Figure 4.16 Percent weight loss of fresh and artificially aged samples after 24-hour immersion in distilled water.  
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Figure 4.17 Percent weight loss of fresh and artificially aged samples after 24-hour immersion in 10% ethanol (in water).  
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Figure 4.18 Percent weight loss of fresh and artificially aged samples after 24-hour immersion in acetone.   



112 

 

4.3.9 Diffusion 

The diffusive behaviour of an infill can have an effect on various properties including longevity, removal, 

and handling.  The diffusive behaviour can even influence the effectiveness of different conservation 

treatments. An ATR-FTIR spectrometer was used to study the relative diffusive behaviour of fresh and 

artificially aged free films (i.e. Golden Thick Gesso, Golden Acrylic Gesso, Liquitex Acrylic Gesso, and 

Liquitex Super Heavy Gesso) with three common cleaning solutions (i.e., distilled water, 10% ethanol (in 

distilled water), and 2% triammonium citrate (in distilled water)). Golden Light Molding Paste, Beckers 

Latexspakel, Flügger Acrylspartel, Flügger Acrylspartel with micro-balloons, and the RSG gesso fill 

samples would not self-adhere; therefore, the diffusive behaviour of these materials was unable to be 

investigated with this specific method.  The apparent diffusion coefficients determined during this process 

are located in the following tables ( 

Table 4.15 and  

Table 4.16).  

 

When analysing the fresh films, the apparent diffusion coefficient of distilled water ( 

Table 4.15) was determined to be the smallest for Golden Acrylic Gesso, while Liquitex Super Heavy 

displayed the largest relative diffusion coefficient. This indicates that water applied to the surface of these 

films would travel through Golden Acrylic Gesso at a slower rate than any of the other films.  In addition, 

when comparing how far water will travel, through films of identical thickness, the water would penetrate 

further into Liquitex Super Heavy than any of the other films. 
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D (x 10
-12 

m
2
sec

-1
)  

Fresh Artificially Aged 

7-10 days 100 years 

Golden Acrylic Gesso        18
 

+  2.4 

          7.8 

+ 4.5 Stdev 

Golden Thick Gesso 22
 

+ 1.0 

          10
 

+  0.8 Stdev 

Liquitex Acrylic Gesso        49
 

+ 3.5 

          22 

+ 3.1 Stdev 

Liquitex Super Heavy Gesso        67
 

+  10 

          26 

+  1.3 Stdev 

 

Table 4.15 Distilled water diffusion coefficients for acrylic-based samples.  

 

The apparent diffusion coefficients of distilled water, 10% ethanol (in distilled water), and 2% 

triammonium citrate (in distilled water) through the artificially aged samples followed the same trend as 

that displayed by water through the fresh samples; the two artificially aged Golden samples exhibited 

lower water diffusion coefficients than the two artificially aged Liquitex (Table 4.16). In addition, the 

diffusion coefficients of different cleaning solutions were found to be similar within each gesso.  

 

 

 

D (x10
 -12 

m
2
sec

-1
) 

 
Distilled Water 

10% 

Ethanol (in 

distilled 

water) 

2% 

triammonium 

citrate (in 

distilled water) 

Artificially Aged Golden 

Acrylic Gesso 7.8  5.7 5.8 

Stdev + 4.5 + 0.5 + 0.5 

Artificially Aged Golden 

Thick Gesso 10  9.1 11  

Stdev + 0.8  + 1.1  + 1.4  

Artificially Aged Liquitex 

Gesso 22  14  22  

Stdev + 3.1  + 0.8  + 1.9 

Artificially Aged Liquitex 

Super Heavy Gesso 26 21  26  

Stdev + 1.3  + 2.1  + 3.7  
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Table 4.16 Diffusion coefficients of cleaning solutions through acrylic-based samples.  

 

Chapter 5 

Summary and Conclusions 

A number of different conclusions can be drawn from this research on natural and artificially aged 

samples. It is important to keep in mind that the naturally aged samples are only one-year-old and that the 

artificially aged samples displayed properties that might be observed in 100-year-old samples. The main 

results of these investigations can be summarized as follows. 

 

5.1. Working Properties 

The best handling and modelling properties were obtained from Golden Thick Gesso and Liquitex Super 

Heavy Gesso; however, texturizing these samples resulted in an uneven pattern.  This uneven pattern 

appeared to be the result of the slow drying process needed for a surface film to form on the thick 

samples.  

 

Beckers Latexspakel and the two Flügger Acrylspartel samples were the only samples that could be 

layered without any noticeable surface defects. Layering of RSG2 and RSG3 was unable to be achieved, 

as the film began to crack after the second application of material.  These cracks were most likely a 

consequence of the environmental conditions, casting method, the surface area of the small particles, or a 

combination of these three factors.  
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5.2.  Characterization Techniques 

5.2.1. Binding Medium  

The main binding media used in most of these acrylic materials expressed characteristic p(nBA-MMA) IR 

frequencies, while the IR bands for the main polymer of Beckers Latexspakel and Flügger Acrylspartel 

were obscured.  Py-GC/MS analysis indicated that the main polymer was methyl methacrylate (MMA) in 

the formulation of Golden Thick Gesso, Golden Light Molding Paste, Liquitex Super Heavy Gesso, and 

Flügger Acrylspartel.  MA was also identified by Doutre (2011) as the main polymer in Golden Acrylic 

Gesso, Liquitex Acrylic Gesso, and Beckers Latexspakel. These results are in agreement with available 

literature.  

 

The glass transition temperatures of these acrylic-based samples are considerably lower than 105ºC, 

suggesting that these materials are composed of a large amount of copolymer. During this analysis the 

precise co-polymer was unable to be determined.    

 

5.2.2. Bulking Agents, Extenders, and Pigments 

ATR-FTIR analysis confirmed the presence of different bulking agents, extenders, and pigments within 

the various materials, including: chalk (CaCO3), kaolin (Al2O3·2SiO2·2H2O), talc (Mg3Si4O10(OH)2), and 

titanium dioxide (TiO2). These findings were all in agreement with the available literature. In addition, 

XRF analysis identified calcium and titanium in the different materials, confirming the presence of chalk 

and TiO2. XRF analysis could not identify Mg and Al; therefore there was no evidence of kaolin or talc 

from XRF.  
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5.3.  Evaluation of Chemical Stability 

The natural and artificial ageing of the samples appeared, by the human eye, to have no effect on the gloss 

or colour of the samples. Within the first year, the reintegration of lacunae filled with Golden Acrylic 

Gesso and Liquitex Super Heavy Gesso should not cause a visual disruption in the pictorial image, as 

they displayed a change in colour below the JND (ΔE
*
ab value around 1).  In addition, after one-hundred-

years, all of the materials should discolour and could result in the disruption of the pictorial image. 

 

When considering the statistical variation of the gloss measurements, the majority of the samples 

displayed very little change, if at all. Golden Thick Gesso was the only sample to display a notable 

increase in gloss after one-year, while Golden Acrylic Gesso altered the most after artificial ageing.  As 

change in gloss has not been assigned a just noticeable difference, it is difficult to determine whether or 

not an infill of Golden Thick Gesso or Golden Acrylic Gesso would cause an optical disruption in the 

pictorial layer of a painting, as the fill ages.  

 

There was no evidence that an infill made of any of these eleven materials would cause chemical 

alterations in the original material, within the first year. All of these one-year-old samples appeared to be 

chemically stable, as no change was detected by FTIR; however, a chemical change in the IR region of 

Liquitex Super Heavy Gesso and the three Golden samples was detected after a theoretical one-hundred- 

years.  Most of these differences occurred at frequencies that are often assigned to acrylic polymers. As 

the acrylic polymer is linked to a number of different characteristics, such as the flexibility and brittleness 

of the infill material, a chemical change within the fills could result in structural damage within the 

surround original material.  An easel painting can have a relatively flexible support (i.e., canvas); having 

an infill that becomes brittle or stiff while ageing could cause stress on the artwork. To determine what 

could be occurring within these polymer structures, future research should be carried out.   
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After one-hundred-years of ageing a Liquitex Acrylic Gesso fill is the most likely acrylic-based fill to 

become brittle and inflexible, whereas a fill of Beckers Latexspakel or Flügger Acrylspartel will become 

more flexible.  If Liquitex Acrylic Gesso was used as a filling material in a flexible painting, it could 

result in the propagation of cracks throughout the original material.  If a fill of Beckers Latexspakel or 

Flügger Acrylspartel was used as a structural fill within an easel painting, the ageing behaviour of these 

two materials suggest that the fill may bend from the weight of the surrounding material.  Tensile testing 

along with further chemical analysis, such as Py-GC/MS and DSC, would result in a better understanding 

of these materials.  

 

The materials examined in this thesis are rather porous and facilitate the diffusion of fluids. The diffusive 

behaviour of a material can affect many properties including longevity, removal, and handling. Such 

properties may also influence specific conservation treatments (i.e., wet cleaning).   When studying the 

diffusive behaviour of the fresh samples (i.e., Golden Acrylic Gesso, Golden Thick Gesso, Liquitex 

Acrylic Gesso, and Liquitex Super Thick Gesso), the water penetrates further into Liquitex Super Heavy 

than any of the other films. This suggests that out of these four filling materials; Liquitex Super Thick 

Gesso is more likely material to transport fluids between layers of an artwork. In addition, if a fluid were 

to collect on the surface of a lacuna filled with Liquitex Super Thick Gesso, due to condensation or 

human intervention, Liquitex Super Thick Gesso would be more likely to transport fluids between layers 

of an artwork that could cause damage to the artwork. 

 

After reintegration of a lacuna, a RSG3 fill is the least likely RSG-based samples to shrink and cause a 

visual disruption, whereas Beckers Latexspakel is the most likely acrylic-based sample to continue to 

shrink as it ages. This indicates that, even if the Beckers Latexspakel infill was level with the surface of 
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the original artwork, the infill would shrink upon ageing, resulting in the early removal of the fill from the 

easel painting.  

 

During this thesis two material specific questions were attempted to be addressed: whether the addition of 

micro-balloons would result in a material that is more “easily removed”, and whether a gesso fill made 

with nano-size calcium carbonate and rabbit skin glue (RSG2 and RSG3) would be suitable for the 

conservation of an easel painting.  

 

The increase in solubility of the surface of Flügger Acrylspartel with micro-balloons was not evident in 

this project; however, the addition of the micro-balloons resulted in a lighter weight fill that was less 

affected by the various cleaning solutions (displaying a slightly smaller percent weight loss after 

immersion). In addition, the Flügger Acrylspartel micro-balloon mixture displayed less of change in 

colour than Flügger Acrylspartel, after natural ageing. 

 

Some of the characteristics displayed by RSG2 and RSG3 were very similar to that of the traditional 

gesso fill (RSG1), while others were not. The three RSG-based gesso displayed similar weight loss after 

immersion in acetone and change in colour. RSG3 was unable to be cast in layers or as a thick film; 

however, when cast in thinner films the flexibility of all three RSG-base samples were comparable, before 

and after ageing. Although subjective, the RSG2 and RSG3 samples displayed better handling and 

modelling properties. These findings suggest that RSG2 could be suitable as an infill in a less flexible 

easel paint; however, RSG3 cannot be layered or cast to large thickness without cracking. It appears that a 

RSG3 infill might result in further damage to the artwork. To evaluate these materials fully, tensile testing 

and environmental studies should be carried out.  In addition, the brittleness of the artificially aged RSG-
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based samples could suggest that the artificial ageing regimen used for this thesis was too intense for 

these samples. 

 

Overall, the compositions of the various materials were in agreement with the available literature and 

previous research.  After artificial ageing, the majority of the samples displayed small optical, physical, 

and chemical changes, if at all; this is evident in the gloss, colour, flexibility, and diffusive behaviour of 

the materials.  

 

Future work should be directed towards: mechanical testing of these eleven materials, before and after 

artificial ageing; long term effects of surface cleaning by artificially ageing a material, cleaning it and 

subsequently ageing it again; environmental cycling of these artificially aged acrylic-based samples; 

diffusion studies using micro-emulsions, gels, and varnishes, along with how layering a sample might 

change the diffusive behaviour; and how the acidity of the various filling materials affect the surrounding 

original material.  
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Appendix I 

Experimental 

 

Thermogravimetric Analysis (TGA) 

 

Figure I.1 TGA spectra for Golden Acrylic Gesso, with a ramp of 10°C/min. The Green TGA weight loss 

curve and the Blue first derivative weight loss curve are displayed above. Black line indicates 

temperatures of equivalent weight loss used to determine Ea.    
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Figure I.2 TGA spectra for Golden Acrylic Gesso, with a ramp of 20°C/min. The Green TGA weight loss 

curve and the Blue first derivative weight loss curve are displayed above. Black line indicates 

temperatures of equivalent weight loss used to determine Ea.          

 

Figure I.3 TGA spectra for Golden Acrylic Gesso, with a ramp of 30°C/min. The Green TGA weight loss 

curve and the Blue first derivative weight loss curve are displayed above. Black line indicates 

temperatures of equivalent weight loss used to determine Ea. 
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Figure I.4 TGA spectra for RSG1, with a ramp of 10°C/min. The Green TGA weight loss curve and the 

Blue first derivative weight loss curve are displayed above. Black line indicates temperatures of 

equivalent weight loss used to determine Ea.   

 

Figure I.5 TGA spectra for RSG1, with a ramp of 20°C/min. The Green TGA weight loss curve and the 

Blue first derivative weight loss curve are displayed above. Black line indicates temperatures of 

equivalent weight loss used to determine Ea.          
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Figure I.6 TGA spectra for RSG1, with a ramp of 30°C/min. The Green TGA weight loss curve and the 

Blue first derivative weight loss curve are displayed above. Black line indicates temperatures of 

equivalent weight loss used to determine Ea. 

 

 

Figure I.7 Thermal degradation plot of Golden Acrylic Gesso. 
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Figure I.8 Thermal degradation plot of RSG1. 

 

Thermal degradation activation energies for Golden Acrylic Gesso (Ea Golden) and RSG1 (Ea RSG1) were 

determined using the following equations.  

slo p e x  RE a   

Equation 3.3 Determining Ea from the thermal degradation plots 

 

 

Where the slope of the line for Golden Acrylic Gesso is -25090 K.  

 

K 25090- x 
molK

J
8.314E Golden a   

 

 
mol

kJ
210E Golden a   

 

When examining the RSG1 plot, the slope was determined to be -15077 K.  

 

 

K 15077- x 
molK

J
8.314E RSG1 a   

 

 
mol

kJ
125E RSG1 a   



125 

 

Calculations for Ageing Parameters  

The canvas and free film samples were artificially aged to the equivalence of approximately 100 years of 

exposure in a museum.  

 

UV artificial ageing parameters were determined with the following equations.  

  



Light Intensityageing (lux)

reiprocity exponent
 x Accelerated ageing time =  Light Intensitymuseum (lux) x Equivalent age 

Equation 3.4 UV ageing parameters 

 

2

2

m

W
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hours 940002

m

W
  0.006

hours 63 x 
m

W
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2
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years 100
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days
 365 x 

day

hours
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hours 294000


 

 

Thermal artificial ageing parameters were determined with the following equations.  
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E
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Equation 3.5 Rearmament of the Arrhenius equation, used to determine the thermal ageing parameters. 

Where: 

Tcollection = Temperature of the collection or museum 

TAA= Oven temperature used during ageing 
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Thermal ageing parameters for acrylic-based samples:
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Thermal ageing parameters for RSG-based samples:
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Light ageing parameters were determined with the following equations.  

 

age Equivalent x IntensityLight  =  timeageing dAccelerate x IntensityLight (lux) museum

exponent reiprocity

(lux) ageing  

Equation 3.4 Light ageing parameters 
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Assuming that a museum is illuminated eight hours per day, 365 days per year.  

Light ageing parameters for Set 1:
 

hours 309,120 
lux 150

hours 504lux x  92,000
  

years 106 

year

days
 365 x 

day

hours
 8

hours 309,120
  

 

Light ageing parameters for Set 2:
 

hours 309,120 
lux 150

hours 841lux x  55,119


 

years 106 

year

days
 365 x 

day

hours
 8

hours 309,033


 

 

All of the ageing parameters have been complied in the following two tables.  

 

 

 

Material 

Type 

 

 

Ea 

(kJ/mol) 

 

UV Ageing 

 

Thermal Ageing 

 

T 

(°C) 

 

Time 

(hours) 

 

Artificial age 

equivalence 

(years) 

 

T 

(°C) 

 

Time 

(hours) 

 

Artificial age 

equivalence 

(years) 

Acrylic-

based 

samples 

 

210 

 

 

50* 

 

 

 

63 

 

 

~100 

 

70 

 

13 

 

 

~100 

 RSG-

based 

samples 

 

125 

 

   80 

 

    336 

 

 

Table 3.5 Parameters used for accelerated ageing (UV and Thermal). *Black box temperatures 

 



128 

 

 

 

 

Material 

Type 

 

Light Ageing 

Set 1 

 

Light Ageing 

Set 2 

T 

(°C) 

Time 

(hours) 

Light 

intensity 

(lux) 

Artificial age 

equivalence 

(years) 

T 

(°C) 

Time 

(hours) 

Light 

intensity 

(lux) 

Artificial 

age 

equivalence 

(years) 

Acrylic-

based 

samples 
 

 

15 

 

 

504 

 

92,000 

 

 

~100 

 

 

 

26 

 

 

841 

 

55,119 

 

 

~100 

 
RSG- 

based 

samples 

 

Table 3.6 Parameters used for accelerated ageing (Light).  
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Appendix II 

Characterization Techniques 

 

Attenuated Total Reflectance – Fourier Transform Infrared (ATR-FTIR) Spectroscopy 

   a)    

  b)       

   c)   

Figure II.1 FTIR spectra of a) Beckers Latexspackel, and reference spectra of b) CaCO3, and c) talc. 
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   a)  

 

b)    

 

Figure II.2 FTIR spectra of a) Flügger Acrylspartel and reference spectra of b) CaCO3. 
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   a)  

      b)  

c)   

d)     

 

Figure II.3 FTIR spectra of a) Golden Acrylic Gesso, and reference spectra of b) BA-MMA, c) TiO2, and 

d) CaCO3. 
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   a)  

      b)     

      c)  

 

Figure II.4 FTIR spectra of a) Golden Thick Gesso, and reference spectra of b) BA-MMA, and c) TiO2. 
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a)  

b)  

c)   

 

Figure II.5 FTIR spectra of a) Golden Light Molding Paste, and reference spectra of b) BA-MMA and 

c) CaCO3. 
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   a)  

      b)  

   c)  

   d)   
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        e)  

 

 

Figure II.6 FTIR spectra of a) Liquitex Acrylic Gesso, and reference spectra of b) BA-MMA, c) kaolin, 

d) CaCO3, and e) TiO2. 
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   a)     

      b)     

   c)   

     d)  

 

Figure II.7 FTIR spectra of a) Liquitex Super Heavy Gesso, and reference spectra of b) BA-MMA, 

c) CaCO3, and d) TiO2. 
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a)  

b)  

c)  

Figure II.8 FTIR spectra of a) RSG1, and reference spectra of b) pure RSG and c) CaCO3. 

 

 

 

 

 

40 

45 

50 

55 

 3500   3000   2500   2000   1500   1000   500  

Wavenumber (cm
-1

) 

50 

60 

70 

80 

90 

100 

 3500   3000   2500   2000   1500   1000  

0 

20 

40 

60 

80 

100 

 3500   3000   2500   2000   1500   1000   500  

  
  

  
  

  
  

 %
 T

ra
n

sm
it

ta
n

ce
 



138 

 

a)  

b)   

c)     

Figure II.9 FTIR spectra of a) RSG2, and reference spectra of b) pure RSG and c) CaCO3. 
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a)  

b)  

c)  

 

Figure II.10 FTIR spectra of a) RSG3, and reference spectra of b) pure RSG and c) CaCO3. 
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Pyrolysis-Gas Chromatography / Mass Spectrometry (Py-GC/MS) 
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Figure II.11 Pyrogram of Flügger Acrylspartel. See Figure II.12 for details at a, b, and c.
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a)       

b)       

c)    

Figure II.13 Mass spectra of Flügger Acrylspartel: a) early, b) mid and c) late elution. These elusions are 

details from Figure II.11 Pyrogram of Flügger Acrylspartel. 
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Figure II.14 Pyrogram of Golden Thick Gesso. See Figure II.15 for details at a, b, and c.
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a)  

b)    

c)    

Figure II.15 Mass spectra of Golden Thick Gesso: a) early, b) mid and c) late elution. These elusions are 

details from Figure II.14 Pyrogram of Golden Thick Gesso. 
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Figure II.16 Pyrogram of Golden Light Molding Paste. See Figure II.17 for details at a, b, and c.
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a)      

 b)   

c)      

Figure II.17 Mass spectra of Golden Light Molding Paste: a) early, b) mid and c) late elution. These 

elusions are details from Figure II.16 Pyrogram of Golden Light Molding Paste. 
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Figure II.18 Pyrogram of Liquitex Super Heavy Gesso. See Figure II.19 for details at a, b, and c. 
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a)   

b)  

c)  

Figure II.19 Mass spectra of Liquitex Super Heavy Gesso: a) early, b) mid and c) late elution. 

These elusions are details from Figure II.18 Pyrogram of Liquitex Super Heavy Gesso. 
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X-ray Fluorescence (XRF) 

 

Figure II.20 XRF spectrum of Beckers Latexspackel. 

 

Figure II.21 XRF spectrum of Flügger Acrylspartel.  
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Figure II.22 XRF spectrum of Flügger Acrylspartel with glass micro-balloons. 

Figure II.23 XRF spectrum of Golden Acrylic Gesso.  
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Figure II.24 XRF spectrum of Golden Light Molding Paste. 

 

 

Figure II.25 XRF spectrum of Golden Thick Gesso. 
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Figure II. 26 XRF spectrum of Liquitex Acrylic Gesso. 

 

Figure II.27 XRF spectrum of Liquitex Super Heavy Gesso. 
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Figure II. 28 XRF spectrum of RSG1. 

 

Figure II.29 XRF spectrum of RSG2. 
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Figure II.30 XRF spectrum of RSG3. 
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Appendix III 

Stability Techniques  

 

Light Microscopy and Photography 

 

a)  b)  

Figure III.1 Transmitted polarized light of a) fresh Beckers Latexspakel and b) artificially aged 

Beckers Latexspakel. Magnification 20x. 

 

a)   b)  

Figure III.2 Transmitted polarized light of a) fresh Flügger Acrylspartel and b) artificially aged 

Flügger Acrylspartel. Magnification 20x. 
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a)   b)   

Figure III.3 Transmitted polarized light of a) fresh Flügger Acrylspartel with glass micro-

balloons and b) artificially aged Flügger Acrylspartel with glass micro-balloons. Magnification 

20x. 

 

a)   b)  

Figure III.4 Transmitted polarized light of a) fresh Golden Acrylic Gesso and b) artificially aged 

Golden Acrylic Gesso. Magnification 20x. 

 

a)   b)   

Figure III.5 Transmitted polarized light of a) fresh Golden Thick Gesso and b) artificially aged 

Golden Thick Gesso. Magnification 20x. 
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a)   b)   

Figure III.6 Transmitted polarized light of a) fresh Golden Light Molding Paste and b) 

artificially aged Golden Light Molding Paste. Magnification 20x. 

 

 

a)   b)  

Figure III.7 Transmitted polarized light of a) fresh Liquitex Acrylic Gesso and b) artificially 

aged Liquitex Acrylic Gesso. Magnification 20x. 

 

 

a)    b)   

Figure III.8 Transmitted polarized light of a) fresh Liquitex Super Heavy Gesso and b) 

artificially aged Liquitex Super Heavy Gesso. Magnification 20x. 
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a)   b)  

Figure III. 9 Transmitted polarized light of a) fresh RSG1 and b) artificially aged RSG1. 

Magnification 20x.  

 

 

a)  b)  

Figure III. 10 Transmitted polarized light of a) fresh RSG2 and b) artificially aged RSG2. 

Magnification 20x. 

 

 

a)   b)  

Figure III.11 Transmitted polarized light of a) fresh RSG3 and b) artificially aged RSG3. 

Magnification 20x. 
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Attenuated Total Reflectance – Fourier Transform Infrared (ATR-FTIR) Spectroscopy  

 

Figure III.12 ATR-FTIR Spectra of fresh and artificially aged Beckers Latexspakel.  
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Figure III.13 ATR-FTIR spectra of fresh and artificially aged Flügger Acrylspartel. 
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Figure III. ATR-FTIR spectra of fresh and artificially aged Flügger Acrylspartel with glass micro-balloons. 
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Figure III.14 ATR-FTIR spectra of fresh and artificially aged Liquitex Acrylic Gesso. 
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Figure III. 15 ATR-FTIR spectra of fresh and artificially aged RSG1. 
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Figure III.16 ATR-FTIR spectra of fresh and artificially aged RSG2. 
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Figure III.17 ATR-FTIR spectra of fresh and artificially aged RSG3.
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