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ABSTRACT 
The conservation of silver objects mainly constitutes addressing the issues of tarnish 
removal and of preventing tarnish. For decades lacquer has been used to coat silver objects 
in order to protect them from tarnishing. However, the degradation of coatings causes an 
uneven tarnishing and a corrosion that can propagate under the coating layer, thus 
destabilizing the silver object. To remove the coatings, extensive amounts of volatile 
solvents are used, which put a stress on both the conservator performing the treatment and 
to the environment. This thesis aims to investigate if the use of different types of gels, an 
eco-friendly agar gel and a polyvinyl acetate (PVA) high-viscosity polymeric dispersion 
(HVPD), can be used to remove coatings effectively, while also reducing the use of volatile 
solvents. Experiments were performed on unaged and aged silver coupons coated with 
nitrocellulose lacquer. Four different agar-gels, loaded with different volumes of either 
acetone or ethyl acetate, and one PVA-gel loaded with a microemulsion were used in 
attempts to remove the coatings on the silver coupons. Discussion regarding the impact of 
choice and concentration of solvent, application time, the question of residue and 
consequences of mechanical action for clearance of gels, follows the results of the 
experiments. The study concludes that it is possible to remove aged nitrocellulose coatings 
from silver with the use of agar 2% (w/v) loaded with 40% acetone:ethanol (1:1), but that 
further or complementary treatments need to follow to address the issue of residues. 
Therefore, a reduction in use of volatile organic solvents can be accomplished within the 
treatment of lacquer removal from coated silver. 

 
Title in original language: The Use of Gels for the Removal of Cellulose Nitrate Lacquer on 
Silver   
Language of text: English 
Number of pages: 74 
Keywords: agar gel, metal conservation, nanomaterials, silver coating, sustainable 
conservation, varnish removal  
ISSN 1101-3303 
2022:5 



 
 

 
 



 
 

Preface 
I would first like to extend my gratitude to my supervisor Charlotta Bylund Melin, as she 
mentored me at my internship at Nationalmuseum, brought me onto this project and has 
continued to support and encourage me to pursue my interests within the field of 
conservation. This gratitude is also extended to Stavroula Golfomitsou. Thank you for being 
an inspiration and for the encouragement.  
 
The sincerest gratitude to my colleague, confidant and friend Evelina Borén. Without whom I 
would not have managed these last couple of months. Thank you for being my pillar and 
rock throughout this experiment. And a big thank you to my dear classmate and friend 
Helena Berg, who was our rock when both me and Evelina felt at our lowest. Your support 
throughout this has meant the world.  
 
The warmest thanks to Peter Mc Elhinney who with great patience has helped explain and 
set up our FTIR-analysis and microscopic analysis. Thank you for your involvement and for 
instilling energy and excitement for this thesis work. Big thank you also to Yngve Magnusson, 
who with great patience took the time (even while on vacation) to explain difficult concepts 
of the Nanorestore products in a pedagogical manner to help me be able to discuss my 
results. Your help has been invaluable for this project. Many thanks to Zareen Abbas who 
took his time to read and discuss the chapters on the chemistry of gels with me. Your help, 
insight and enthusiasm has been greatly appreciated. Thanks also to Liv Friis for helping with 
the experimental work. Your positive energy has been invaluable.  
 
Thank you to my class with whom I’ve gotten to spend these very special years. You have 
been a great source of knowledge, laughter and support, especially during all the long lab-
hours and all the very precious fika-breaks.   
 
Of course, this thesis (and these last three years) would not have been possible without my 
mother who has constantly stood by me, pushed me and supported me unwaveringly. I 
would not be where I am today without you. Big thank you also to my siblings who have 
persistently encouraged me. Thank you for always making me laugh. Finally, the deepest 
gratitude to my partner who has always been my source of comfort. Thank you for always 
being in my corner.   
 
 
 
 
 
 



 



 
 

Table of Content 
1. INTRODUCTION ................................................................................................................................... 10 

1.1 BACKGROUND AND PROBLEM STATEMENT ........................................................................................................... 10 
1.2 CONTEXT OF THE STUDY .................................................................................................................................... 11 
1.3 SCOPE AND LIMITATIONS .................................................................................................................................. 11 
1.4 PURPOSE & RESEARCH QUESTIONS ..................................................................................................................... 12 
1.5 THEORETICAL FRAMEWORK ............................................................................................................................... 12 

1.5.1 Contemporary Theory of Conservation ............................................................................................... 12 
1.5.2 Sustainable Development ................................................................................................................... 13 

1.6 METHODOLOGY .............................................................................................................................................. 13 
2. PREVIOUS RESEARCH ........................................................................................................................... 14 

2.1 CORROSION MECHANISM .................................................................................................................................. 14 
2.1.1 Tarnishing Mechanism on Silver ......................................................................................................... 14 
2.1.2 Tarnishing Mechanism on Coated Silver ............................................................................................. 14 

2.2 TYPES OF COATINGS USED ................................................................................................................................. 15 
2.3 CELLULOSE NITRATE ......................................................................................................................................... 15 

2.3.1 Molecular Structure & Properties ....................................................................................................... 15 
2.3.2 Degradation of Cellulose Nitrate ........................................................................................................ 17 
2.3.3 Cellulose Nitrate as a Conservation Material ..................................................................................... 19 

2.4 SILVER COATING AS A PRACTICE ......................................................................................................................... 19 
2.5 REMOVAL OF COATINGS .................................................................................................................................... 20 

2.5.1 Solvents .............................................................................................................................................. 20 
2.5.2 Gels ..................................................................................................................................................... 21 

2.5.2.1 Agar ............................................................................................................................................................... 22 
2.5.2.2 Nanostructured Fluids and Gels .................................................................................................................... 24 

3. EXPERIMENTAL STUDY ........................................................................................................................ 26 
3.1 WHAT IS EXAMINED? ....................................................................................................................................... 26 
3.2 TECHNICAL METHODS AND ANALYSIS TOOLS ......................................................................................................... 26 

3.2.1 Accelerated Aging through UV ........................................................................................................... 26 
3.2.2 Fourier Transform Infrared Spectroscopy ........................................................................................... 26 
3.2.3 Visual Examination & Microscopy ...................................................................................................... 27 
3.2.4 Criterion Anchored Rating Scale - CARS .............................................................................................. 27 

3.3 METHOD ....................................................................................................................................................... 28 
3.3.1 Cleaning, Coating and Mounting of Silver Coupons ........................................................................... 28 
3.3.2 Selection of Gel and Solvent Combinations ........................................................................................ 29 
3.3.3 Removal of Coatings ........................................................................................................................... 31 
3.3.4 Number of Coupons to be Used .......................................................................................................... 32 
3.3.5 Clearance of Gel .................................................................................................................................. 33 

3.4 MATERIALS AND EQUIPMENT USED IN THE EXPERIMENT ......................................................................................... 33 
3.4.1 Materials ............................................................................................................................................ 33 
3.4.2 Equipment .......................................................................................................................................... 34 

4. RESULTS .............................................................................................................................................. 35 
4.1 EFFICACY OF GEL – TREATMENT EVALUATION ....................................................................................................... 35 

4.1.1 Agar loaded with ac:et 20% ................................................................................................................ 35 
4.1.2 Agar loaded with ac:et 40% ................................................................................................................ 37 
4.1.3 Agar loaded with Ethyl acetate 10% ................................................................................................... 39 
4.1.4 Agar loaded with Ethyl acetate 20% ................................................................................................... 42 
4.1.5 Peggy 6 loaded with Nanorestore Cleaning Polar Coating S .............................................................. 44 
4.1.6 Ten test areas with the highest CARS-scores ...................................................................................... 45 

4.2 SURFACE – MICROSCOPIC EXAMINATION ............................................................................................................. 46 



 
 

4.3 ATR- AND IRRAS FTIR SPECTRA ........................................................................................................................ 49 
4.3.1 ATR-FTIR Spectra ................................................................................................................................ 49 
4.3.2 IRRAS-FTIR Spectra ............................................................................................................................. 49 

5. DISCUSSION ........................................................................................................................................ 53 
5.1 IMPLICATION OF CONCENTRATION, CHOICE OF SOLVENT & TYPE OF GEL .................................................................... 53 
5.2 IMPLICATION OF DEGREE OF DETERIORATION OF LACQUER & APPLICATION TIME ......................................................... 54 
5.3 THE RESIDUE QUESTION ................................................................................................................................... 56 
5.4 SURFACE ABRASION ......................................................................................................................................... 58 
5.5 DIFFICULTY OF PREPARATION AND APPLICATION OF GELS ........................................................................................ 58 

6. SUMMARY AND CONCLUSIONS ........................................................................................................... 60 
REFERENCES ................................................................................................................................................. 61 
APPENDIX 1: CLEANING OF NEW COUPONS AND ATTACHMENT OF SUSPENSION STRING ............................. 65 
APPENDIX 2: AGAR-GEL RECIPES ................................................................................................................... 66 
APPENDIX 3: GEL-SOLVENT TREATMENTS ON ZAPONLACK – RESULTS FROM TRIAL TESTS ............................ 68 
APPENDIX 4: PRESENTATION OF ALL CARS-SCORES ...................................................................................... 71 
APPENDIX 5: PRESENTATION OF ALL TREATMENTS THAT “PASSED” ............................................................. 73 

 
 



 



 10 

1. Introduction  
1.1 Background and Problem Statement  
The conservation of silver primarily deals with the removal and prevention of silver 
tarnishing (Selwyn, 1993). In contact with air, the silver reacts with hydrogen sulphide to 
form silver sulphide, a black corrosion product (Graedel, 1992). The removal of this tarnish is 
carried out by polishing, applying chemical methods or a combination of both, which damage 
the silver surface by abrading and removing silver particles. With each polishing treatment, 
there is therefore a loss of silver (Selwyn, 1993).  
 
To minimize the frequency of polishing treatments, methods have been developed to instead 
prevent the silver from tarnishing. This can be done by controlling the environment, i.e., the 
objects’ exposure to air, humidity and pollutants, or by adding a protective coating to the 
silver object (Inaba, 1996). During the first half of the twentieth century, the method of 
lacquering silver with protective coatings was developed, which today remains a common 
method to protect the silver from tarnishing (Horie, 2010, p.215). Different types of coatings 
and different types of application methods have been used which have in turn led to differing 
results in terms of protective efficiency (Pouliot et al., 2013; Reedy et al., 1999).  
 
Furthermore, the coatings that have been used are not stable materials and can degrade within 
a span of 25-30 years. The degradation of the protective coating allows for the corrosion of 
the silver to propagate under the coating. To prevent the silver from further tarnishing, the 
coatings need to be removed. This is often done as part of a re-lacquering treatment where 
old, degraded coatings are removed, the silver is thoroughly cleaned and a fresh coating is 
applied (Pouliot et al., 2000; Selwitz, 1988, p.56).  
 
Thus, it is probable for a conservator to expect both a lacquering and a re-lacquering 
treatment within their working lifetime. The re-lacquering treatment is preceded by the 
removal of the old coating. Traditionally, old coatings have been, and are still, removed using 
extensive amounts of free solvents (Horie, 2010, p.216; Luxford & Thickett, 2007; Pouliot et 
al., 2013; Reedy et al., 1999; Shashoua et al., 1992), rendering the treatments harmful for both 
the conservator performing the treatment and for the environment. The success of the 
treatments have also differed, especially considering the removal of coatings from highly 
decorated, intricately patterned surfaces. Additionally, the methods utilized today all employ 
mechanical action which can further abrade the silver surface (Luxford & Thickett, 2007; 
Pouliot et al., 2013; Reedy et al., 1999). 
 
Therefore, there is a need for new methods to be developed to remove the aged lacquer 
effectively, without compromising the health and safety of the conservator, with consideration 
to the environmental impact of the materials and with minimal damage to the silver surface. 
   
In more recent years, new materials and methods have developed to address issues associated 
with the use of extensive amounts of solvent in both cleaning and coating removal treatments. 
These new methods and materials include the use of steam, lasers, gels, gel-like materials and 
colloidal materials (P. Baglioni et al., 2013; Bertasa & Korenberg, 2022; Ormsby et al., 2017; 
Passaretti et al., 2021; Pouliot et al., 2013).  
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1.2 Context of the Study  
This study will be a part of a larger research project led by PhD Charlotta Bylund Melin at 
Nationalmuseum in Stockholm, in collaboration with PhD Stavroula Golfomitsou at the 
Department of Conservation at the University of Gothenburg and Integrating Platforms for the 
European Research Infrastructure on Heritage Science (IPERION HS). It is also a part of the 
Swedish National Heritage Board’s guest collegiate project. The project is financed by the 
Donation group at Nationalmuseum, with the aim of conserving a large, lidded cup that is 
currently a part of Nationalmuseum’s collection (Nationalmuseum, n.d.). IPERION HS is 
financing a trip to Crete where analysis and trials with laser will undergo, and The National 
Heritage Board is financing analysis within the guest collegiate project.  
 
The cup in question was made in 1609 by Hans Reiff and was from 1635 a part of the Royal 
Treasury in Stockholm. In 1647 the cup was gifted to the tsar of Russia, Aleksej Michailovitj, 
by the Swedish queen Christina. It was later acquired by the Nationalmuseum, in 1931. The 
cup is intricately ornamented, with gilded decorative elements, and measures approximately 
140 cm in height and has a weight of 14 kg (Nationalmuseum, n.d.).  
 
The cup has previously been lacquered. The coating has since deteriorated, and tarnishing has 
been observed under the coating. Furthermore, the deteriorating coating has changed the 
appearance of the silver and the gilded decorative elements (Bylund Melin C, personal 
communication, September 6, 2021). Therefore, this project was launched in order to gain 
more knowledge on the methods of coating removal from silver, with the aim of treating the 
cup (Nationalmuseum, n.d.).  
 
1.3 Scope and Limitations 
Analysis on the coating from the cup was previously performed. What was first presumed to 
be Zaponlack, a nitrocellulose lacquer, more resembles Plextol D514 after Attenuated Total 
Reflectance-Fourier Transform Infrared Spectroscopy (ATR-FTIR) analysis. Plextol D514 is 
no longer available as a conservation material and will therefore not be further investigated 
within this study.  
 
However, according to conservators at Nationalmuseum, it is known that Zaponlack, has been 
used to coat silver objects (Bylund Melin C, personal communication, September 6, 2021). 
Therefore, it is decided that the project will only investigate and discuss the removal of 
Zaponlack from silver surfaces. Three different methods will be tested to remove aged and 
unaged coatings: removal with green solvents (study conducted by colleague Evelina Borén), 
removal of coatings utilizing laser (conducted by Charlotta Bylund Melin) and removal of 
coatings with gels. This thesis will solely address, and investigate, the removal of Zaponlack, 
a cellulose nitrate lacquer, with gels.  
 
As this study is being conducted within a limited timeframe and with limited resources, the 
time in which the silver coupons are aged has been limited to approximately three weeks. 
Additionally, the project shares a limited amount of silver coupons for the conduction of all 
experiments. The number of gel-solvent combinations to be tested within this sub-project 
have therefore been limited.  
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1.4 Purpose & Research questions 
The purpose of this research is to investigate if the removal of coatings on silver can be 
addressed with the use of gels, as a way to limit the amount of solvent used. The aim of this 
study, therefore, is to investigate whether different types of gels and gel-like materials: agar-
gels and nanomaterials, can be used to remove aged and unaged cellulose nitrate lacquer from 
silver surfaces. To determine whether the purpose has been achieved, the study needs to 
address several issues, which are listed below.  
 

1. Which gel-solvent combination is the best, with regards to both the conservator, the 
efficacy of coating removal and with regards to the silver object?  

2. Can different types of gels be used in order to completely avoid mechanical action 
in the treatment of lacquer removal, and subsequent gel-clearance?  

3. Do the gels leave any residue on the silver surface?  
4. Is the use of gels a justified, alternative method for the removal of coatings from 

silver objects?  
 
1.5 Theoretical Framework 

1.5.1 Contemporary Theory of Conservation  
The contemporary theory of conservation is a reoccurring theoretical perspective in 

conservation science research in general, but also in studies dealing with coated silver (see 
(Pouliot et al., 2013; Reedy et al., 1999; Sease et al., 1997) for examples on studies that use 
contemporary theory as a theoretical perspective). Muñoz-Viñas contemporary theory of 
conservation is based on critical theory, which means that the concepts and phenomena that 
are encompassed by this contemporary theory are positioned critically against previous 
conservation dogma (Muñoz-Viñas, 2005).  
 
One of the most central concepts of contemporary theory is sustainable conservation, in 
which Muñoz-Viñas challenges the established ethical guidelines which advocate minimal 
intervention and reversibility in all conservation treatments (American Institute for 
Conservation [AIC], 1994; European Confederation of Conservator-Restorers' Organisations 
[E.C.C.O], 2003). He argues that sustainable conservation should consist of a conscious, and 
deliberate evaluation of treatment decisions, regarding the object's different values; values 
that give the object its significance (Muñoz-Viñas, 2005).  
 
The concepts of reversibility and minimal intervention are central to this study. All types of 
cleaning are per definition non-reversible (Muñoz-Viñas, 2005). The removal of old coatings 
from silver objects is therefore irreversible. It is impossible to reapply a coating with the exact 
same composition and execution as the one removed. The object can be re-lacquered, but the 
new coating will never be the same as the one removed. The action of removing old coatings 
can therefore never fulfill the criteria of reversibility. However, removing an old coating is 
beneficial for the stability and preservation of the silver object. Therefore, the coating should 
be removed even though the action is non-reversible.  
 
One of the risks with the minimal intervention criteria is that it can cultivate a passivity and 
an unwillingness to perform treatments on objects (Muñoz-Viñas, 2005). For example, one 
could argue that the most minimal intervention in preventing silver from tarnishing is to 
control the environment in which the silver is stored. The environmental control would 
prevent the silver from corroding while leaving the degrading coating in place. However, this 
places great requirements on climate control, which not only has a negative environmental 
impact but also limits museums’ opportunity to exhibit silver objects, thereby also limiting the 
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publics’ access to the objects. In addition, as the coating degrades it is discolored which 
affects the aesthetic expression of the object.  
 
It can also be argued that the silver objects, before first being coated as part of a conservation 
treatment, have never been lacquered. With regards to what Muñoz-Viñas (2005) refers to as 
the object’s integrity, the lacquer is not a part of the original object and the object was never 
intended to be lacquered. Thus, it would be justified to remove the coating as it is a 
component added to the object without regard to original intent (Muñoz-Viñas, 2005). With 
all these aspects in mind, a removal of old coatings would correspond with a sustainable 
conservation of the silver object.   
 
Furthermore, the purpose of this study is to investigate a more careful method, with regards to 
the impact the methods have on the silver object. By aiming to develop effective methods that 
damage the object as little as possible, it can be argued that the ethical guidelines on minimal 
intervention are attained (AIC, 1994; E.C.C.O, 2003) .  
 

1.5.2 Sustainable Development 
In 1987, the Brundtland Report was written on behalf of the UN. The Brundtland report 

establishes the concept of sustainable development globally, as well as investigating long-
term environmental strategies for sustainable development (Brundtland & United Nations 
Environment Programme, 1987). Sustainable development is defined as a "development that 
meets the needs of today without jeopardizing the ability of future generations to meet their 
needs" (Brundtland & United Nations Environment Programme, 1987, p.40).  
 
This first establishment of the concept of sustainable development has been adapted by 
global, international museum and conservation institutions to formulate guidelines specified 
for professionals in the conservation sector (Hosagrahar et al., 2015; International Institute for 
Conservation of Historic and Artistic Works [IIC], 2014). Consequently, an important part of 
the method development for conservators centers around considering and conforming to the 
guidelines for sustainable development.  
 
Within the framework of this study, it becomes relevant to investigate the effectiveness of the 
gels as the use of gels leads to a drastic reduction in the amount of solvent used. By using gels 
instead of free solvents, the amount of toxic chemical waste can be reduced. 
 
1.6 Methodology  
This thesis follows a deductive, empirical approach, where previous research will lay the 
foundation for research questions and experimental design. The study is initiated by an 
overview of previous research, and current state of knowledge within relevant subjects, which 
is followed by an experiment. A discussion and conclusions follow, substantiated by previous 
research together with the results of the experiment.  
 
The experiment’s focus is the evaluation of the removal of aged and unaged cellulose nitrate 
coatings from silver, using gel as the coating removal method. Silver coupons were produced, 
which were lacquered with Zaponlack, a cellulose nitrate lacquer. The coupons then 
underwent accelerated aging, thus representing historical coated silver objects. Different gel-
solvent combinations were then used to attempt to remove the coatings.  
 
Different quantitative and qualitative methods of analysis followed the gel treatments to 
evaluate the results of each treatment based on set criteria. These are detailed in section 3.2. 
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2. Previous research  
2.1 Corrosion mechanism   

2.1.1 Tarnishing Mechanism on Silver 
As silver is a noble metal, it is resistant to chemical attacks. However, the main issue with 

silver, and silver alloys, is their tarnishing. Pollutants in the air readily reacts with the silver 
surface to form a dark corrosion product that covers the surface like a film (Vassiliou & 
Gouda, 2013). The tarnishing of silver depends on the relative humidity (RH) of the 
environment and the number of pollutants present in the air. A higher RH, as well as a higher 
content of pollutants, accelerate the rate of tarnishing. The high humidity results in 
monolayers of water on the silver surface which “provides a medium for the absorption of 
atmospheric gases and the subsequent dissolution of solid silver” (Graedel, 1992, p.1963).  
 
The main corrosion product constituting silver tarnish is acanthite (Ag2S) Acanthite forms as 
the silver is exposed to sulphur-containing atmospheric pollutants, mainly hydrogen sulfide 
(H2S) (Graedel, 1992; Vassiliou & Gouda, 2013). The reaction that forms acanthite is 
presented below:  
 
4 Ag + O2 + 2 H2S à 2 Ag2S + 2 H2O  
 
It has also been shown that the white corrosion product chlorargyte (or silver chloride) (AgCl) 
is common on silver. As hydrochloric acid (HCl) is a common atmospheric gas, it has been 
proposed that in humid conditions, where there are water monolayers on the silver surface, the 
dissociation of HCl enables the chloride to react with silver ions to form chlorargyte. Another 
possible explanation is that the chloride ions are adsorbed to the silver surface and form 
chlorargyte as the aqueous layer evaporates (Graedel, 1992).  
 

2.1.2 Tarnishing Mechanism on Coated Silver 
The type of corrosion that forms on coated silver differs from the corrosion on uncoated 

silver. As the coating ages, it deteriorates, which can result in the crizzling and cracking. This 
in turn enables atmospheric pollutants and humidity to come into contact with the silver 
surface.  
 
Tarnish in the form of a uniform film is the most common observation of corrosion on silver 
objects in museum environments. For coated objects, the tarnish that forms can never cover 
the silver surface homogenously as only some parts of the silver surface become exposed 
when the coating degrades. This causes uneven tarnishing, and tarnish that propagates under 
the coating layer, which cannot be removed without first removing the coating. The uneven 
tarnishing can also disrupt the aesthetic appearance of the silver object (Pouliot et al., 2013).  
 
A study was conducted to thoroughly examine the different types of corrosion found on a 
collection of coated silver artefacts (Sease et al., 1997). The collection had been exposed to an 
environment with unusually high sulphuric pollutants present, resulting in the formation of 
large crystals of acanthite. These crystals had been formed where the coating had failed, i.e. 
where the film had cracked or where there were large pores present in the film that had 
resulted in the silver surface being exposed. The crystals had in some places pushed the 
coating layer off, further exposing the silver, causing the corrosion to propagate under the 
coating. At the removal of the crystals, it was discovered that the corrosion had pitted the 
silver surface underneath (Sease et al., 1997).  
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This type of corrosion, where large crystals of acanthite is formed, is not a common corrosion 
type on museum objects, as the formation of this type of corrosion requires a high degree of 
pollutants present. Normally, in museum environments the pollution levels are kept to a 
minimum. However, as established in the study, this type of corrosion is possible in air-tight 
museum display cases where silver is displayed together with materials emitting pollutants 
(Sease et al., 1997).  
 
The other corrosion type observed was filiform corrosion, a corrosion type that has been 
regularly observed on coated iron, aluminum and magnesium objects. Filiform corrosion only 
occurs under coatings and is characterized by a network of thin channels. The corrosion starts 
at a break in the coating and propagates under the coating in thin lines. The corrosive 
mechanism is executed at the tip of each filament, and as the filaments grow, they leave 
behind porous corrosion products in channels behind them. Water, oxygen and sulphuric 
compounds diffuse into the channels to reach the active corrosion site at the tip, causing 
further corrosion. The propagation of the filiform corrosion finally results in the breaking of 
the coating, enabling further corrosion sites to form (Sease et al., 1997).  
 
2.2 Types of Coatings Used  
Several types of polymers have been used to coat silver, with cellulose nitrate lacquers being 
the most common. A variety of acrylic polymers have also been used, although not as 
frequently as cellulose nitrate, among which poly-methyl-methacrylate (PMMA) and Paraloid 
B-44-based lacquers, such as Incralac, developed by International Cooper Research Org. 
(INCRA) can be found. Between 1930 and 1960 poly-butyl-methacrylates (PBMAs) were 
used (Horie, 2010, p.164). 
 
Today, the most frequently used lacquers are cellulose nitrate lacquer, with Agateen No.27 
(Agate Manufacturing Company), HMG (H. Marcel Guest, ltd) and Frigilene (MacDermid) 
being the most common. Among the acrylic polymers, Paraloid B-72 (co-polymer of ethyl-
methacrylate and methylacrylate), Paraloid B-48N (co-polymer of methyl-methacrylate and 
butylacrylate) and Paraloid B44 (co-polymer of methyl-methacrylate and ethylacrylate) are 
the most frequently used. It is also worth noting that microcrystalline waxes, such as 
Renaissance Wax has been used to coat silver, especially in less ventilated spaces as waxes do 
not require volatile solvents (Grissom et al., 2013; Reedy et al., 1999).  
 
The most commonly used lacquers are all diluted in different volatile solvents which places 
safety demands on the preparation of the lacquers and the use of them. Proper respiratory 
equipment should be worn, or the work should be executed in well ventilated spaces, to 
prevent inhalation of volatile fumes (“Health & Safety: A Conservator’s Guide to Respiratory 
Protection”, 2019). Agateen no.27 is diluted in a blend of different hazardous solvents while 
the acrylic polymers are solubilized in volatile solvents such as acetone, toluene, xylene or 
lacquer thinners (Reedy et al., 1999).  
 
2.3 Cellulose Nitrate  

2.3.1 Molecular Structure & Properties 
As previously mentioned, the most frequently used coatings are cellulose nitrate (or 

nitrocellulose) lacquers, which are polynitrate esters derived from the polysaccharide 
cellulose. Cellulose is a natural polymer consisting of a chain of repeated glucose molecules. 
The unit of glucose consist of three hydroxyl groups (-OH)(Selwitz, 1988, p.1). The 
nitrocellulose is manufactured by substituting these hydroxyl groups with nitrogen. This is 
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done by a process of “nitration, purification, digestion and dehydration” (Selwitz, 1988, p. 11) 
in which cellulose nitrate pulp is soaked in nitric acid, water and sulphuric acid, with the 
sulphuric acid acting as a catalyst (Horie, 2010, p.214; Selwitz, 1988, p.11). The degree of 
substitution (D.S) describes the average number of nitrate groups per ring. The production of 
nitrocellulose with a D.S of 2.3 is the most common (figure 1). This type of nitration results in 
a polymer chain containing 50% trinitrated rings, 34% dinitrated rings and 16% mononitrated 
rings (Selwitz, 1988, p.9).  
 
The nitrocellulose also differs in degree of polymerization (D.P) and thus in molecular 
weight. Most commercially available nitrocellulose products range from 70-850 in D.P, and 
20 000 to 250 000 in molecular weight, which in turn give the products different properties. 
Before the 1920s, higher molecular weight products were used, while today the lacquers 
commonly have a molecular weight of 25 000 (Horie, 2010, p.214; Selwitz, 1988).   
    

 
Figure 1. Cellulose Nitrate with a 2.3 D.S. Figure 
courtesy of (Selwitz, 1988, p.1) 

The commercial lacquers are mixtures of cellulose nitrate, solvent and plasticizers which give 
each product slightly different characteristics and tendencies. The most common plasticizers 
are camphor, tri-phenyl phosphate and dibutyl phthalate. A mixture of 5% plasticizer, 20% 
cellulose nitrate and 75% solvent is a common formula for a commercial cellulose nitrate 
lacquer (Horie, 2010, p.214). 
  
The presence of nitrogen- and hydroxyl groups gives the molecule a high polarity and an 
ability to form strong but reversible bonds with both organic and inorganic oxygen carrying 
molecules. Due to its high polarity, it is only readily soluble in polar solvents such as ketones, 
for example acetone or methyl ethyl ketone (MEK), and esters, such as ethyl acetate. Based 
on solubility parameters (figure 2), one could predict what solvents can be used to solubilize 
cellulose nitrate, although aged synthetic polymers can be harder to solubilize compared to 
“fresh” polymers (Horie, 2010, p.216; Selwitz, 1988, p.2).  
 



 17 

 

Figure 2. Window of Solubility for cellulose nitrate (dashed red 
line)(Horie, 2010), visualized in TEAS-chart. Fd = dispersion forces, Fp = 
polar forces, Fh = hydrogen bonding 

When dried, the cellulose nitrate forms a hard and brittle film with great optical properties. As 
they are easily solubilized in a large number of solvents, cellulose nitrate has been a readily 
employed product in conservation practices (Selwitz, 1988, pp.52-53).  
 

2.3.2 Degradation of Cellulose Nitrate 
Cellulose nitrate degrades primarily by thermal reactions, photochemical reactions and 

hydrolysis. Photochemical reactions and hydrolysis can occur in room temperature and are 
accelerated by exposure to light and to acidic compounds. The degradation of cellulose nitrate 
is an autocatalytic reaction, meaning that the products of the initial degradation reaction, if not 
removed, further catalyze and drive degradation (Horie, 2010, p.214; Shashoua et al., 1992).  
 
The cellulose nitrate degradation is initiated by the homolytic cleavage of the NO2-O bond on 
the 2nd or 3rd carbon positions, which are the most labile in the glucose ring (figure 3-4). This 
releases the radical nitric oxide (•NO2) which can abstract hydrogen, thus reacting with a 
hydrogen radical, or in reaction with water, to form nitrous acid/nitric acid, HNO2/HNO3. The 
nitrous acid/nitric acid is highly oxidizing, while simultaneously lowering the pH, thus further 
catalyzing hydrolysis and breakdown of the polymer chain, i.e., chain scission (Neves et al., 
2019).    
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Figure 3. Cleavage of NO2-O bond on the 2nd carbon position. Figure courtesy 
of (Selwitz, 1988, p.19) 

 

Figure 4. Cleavage of NO2-O bond on the 3rd carbon position. Figure courtesy  
of (Selwitz, 1988, p.19)  

  

It is also known that as the number of nitrogen groups increase, so does the nitrocellulose’s 
instability and tendency to degrade. However, nitrogen groups are essential in creating the 
polymers polarity, which in turn is essential in nitrocellulose’s ability to dissolve in solvents 
and plasticizers, as well as for adhesion to surfaces and film formation. Therefore, a sufficient 
number of nitrogen groups need to be present for cellulose nitrate to work as a coating 
(Selwitz, 1988, p.34)  
 
The photooxidation of the cellulose nitrate occurs primarily within wavelengths between 360 
and 400 nm, with the same mechanism of nitrate ester cleavage as mentioned above (cleavage 
of the NO2-O bond on the 2nd or 3rd carbons). Higher energy wavelengths, i.e., shorter 
wavelengths (UV, X-rays and gamma-rays), cause the dissolution of the glucose ring, 
resulting in a decline in molecular weight (Shashoua et al., 1992). The decline in molecular 
weight causes the viscosity to drop without bigger changes in the nitrate amount. This is the 
reverse for longer wavelengths, i.e., visible light and longer wavelengths, as longer 
wavelengths cause little change in viscosity but a great loss of nitrogen (Selwitz, 1988, p.23) 
It is worth noting that the degradation of the cellulose nitrate continues even after the light 
source has been removed, albeit at a slower rate (Shashoua et al., 1992).  
 
As previously mentioned, degradation of cellulose nitrate is catalyzed by acidic compounds. 
Since acidic compounds are used in the manufacturing of cellulose nitrate, residues can 
initiate its degradation. Within modern manufacturing, more thorough rinsing of these acidic 
compounds results in more stable cellulose nitrate lacquers (Selwitz, 1988, pp.15-16; 
Shashoua et al., 1992).  
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In summary, the main pathways of cellulose nitrate degradation are:   
 

1. Acid catalyzed ester cleavage, initiated by acidic residues within the polymer. 
2. Homolytic scission of the NO2-O bond, initiated by high temperatures, above 100°C 

and irradiation with visible and near UV light. 
3. Ring disintegration, initiated by irradiation with light of shorter wavelengths. 

 
The last mechanism of ring disintegration only occurs on rings that are trinitrated (Selwitz, 
1988, p.25). The degradation of cellulose nitrate coatings causes the film to crack and yellow 
(Horie, 2010, p.214; Reedy et al., 1999)  
 

2.3.3 Cellulose Nitrate as a Conservation Material 
The cellulose nitrate’s many favorable characteristics has led to its extensive and continued 

use within many conservation fields. Cellulose nitrate has been used as a consolidate for 
stone, wall paintings, wood and other organic materials such as paper or plants; as an 
adhesive for ceramics and glass, as a coating for unstable glass, painted stained glass and as a 
coating for metals (Horie, 2010, p.21).  
 
As a coating, one of the most important characteristics is the polymer’s solvent release. The 
solvent evaporates, forming a nitrocellulose film within minutes of application, giving the 
conservator more control of the application than with acrylic based polymers which have a 
slower drying time (Selwitz, 1988, p.52). The forming of a uniform film is explained by the 
interaction of the liquid adhesive, that has a low surface energy, and the solid metal surface, 
which has a high surface energy. Low energy liquids spread and wet high energy surfaces, 
thus covering flat surfaces evenly (Horie, 2010, p.99).  
 
Additionally, cellulose nitrate gives a more satisfactory optical appearance compared to other 
polymers, as it creates a bright, clear and colorless coating that gives the impression of 
invisibility (Selwitz, 1988, p.53).  
 
2.4 Silver Coating as a Practice  
It has repeatedly been shown that there are large differences in the coatings protective 
qualities based on what type of coating is used, and how the treatment is performed. In a 
study performed by the conservation staff at the Winterthur Museum, it was found that the 
coatings on 42% of the 2000 surveyed coated silver objects had failed 30 years after having 
been coated. The conservators concluded that most objects had been coated with cellulose 
nitrate, and that the failures of the coatings were a result of application and handling errors 
(Pouliot et al., 2013).  
 
A successful coating treatment requires a uniform and sufficiently thick layer of coating that 
completely encases the silver object. This can be difficult to accomplish, especially with 
objects that are more intricately detailed or shaped, and with silver objects containing 
components of other materials. Furthermore, the results of the coating treatment vary 
depending on the skill and experience of the conservator. Applying a successful coating is 
highly dependent on the conservator’s experience with performing coating treatments. 
Additionally, improper handling, such as touching of the object when the coating has not yet 
set, results in a coating more prone to failing (Pouliot et al., 2013).  
 
Different types of coatings and application methods are further detailed in a study by Reedy et 
al. (1999) The study concludes that Agateen, the cellulose nitrate lacquer, has the best 
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protective qualities as the coating manages to prevent tarnish after accelerated aging, as 
opposed to the acrylic polymers tested which offer no protection after accelerated aging. 
Acrylic polymers should therefore not be used as a protective coating for silver. Furthermore, 
the authors conclude that spraying is the better application method as it results in a more 
uniform and thick coating compared to brushing. However, it is also stated that brushing is a 
better application method for more intricately shaped objects. In all cases it was observed that 
all coatings crack and start to peel after accelerated aging (Reedy et al., 1999).     
 
It is very difficult to predict how long the cellulose nitrate lacquer can retain its protective 
qualities as there are many different factors affecting its rate of degradation. Different lifetime 
expectancies have been proposed, based on experiments with known variables, with some 
suggesting that the cellulose nitrate retains its protective efficacy for at least 10-30 years 
(Luxford & Thickett, 2007; Pouliot et al., 2013) and others suggesting a lasting protective 
effect of up to 100 years (Selwitz, 1988; Shashoua et al., 1992).   
 
Despite difficulties applying lacquer and handling lacquered silver objects, observations of 
coatings cracking after aging, and statements that the coatings will eventually have to be 
removed and replaced, the method of coating silver is still being supported (Luxford & 
Thickett, 2007; Pouliot et al., 2013; Reedy et al., 1999; Shashoua et al., 1992). Conservators 
conclude that the method of coating silver is valid if performed correctly and therefore should 
be performed in order to prevent tarnishing of silver on open display as no alternative 
conservation treatments are deemed as effective (Pouliot et al., 2013). 
 
2.5 Removal of coatings  

2.5.1 Solvents 
The most common method of coating removal is by immersion in solvents, most 

commonly acetone and xylene, coupled with mechanical action (Luxford & Thickett, 2007; 
Pouliot et al., 2013; Reedy et al., 1999). The interactions between the solvent and the polymer 
can be described through four steps, as detailed below.  
 

     1.  The solvent molecules infiltrate between the polymer chains by     
diffusion. 

3. The outer layer of the polymer interacts with the solvent and swells. 
4. The outer layer of the swollen polymer absorbs more solvent and 

becomes a rubbery gel. 
5. The polymer molecules are lost from the surface at a rate depending 

on the flow of solvent over the surface. (Horie, 2010, p.87) 
 

As the solvent penetrates the polymer and the polymer swells, the polymer-solvent interface 
moves into the solvent. Cracks form, which penetrate the polymer, further enabling the 
diffusion of the solvent into the depth of the polymer. As the polymer keeps swelling into the 
solvent, dissolution of the polymer starts. This means that the swelling always occurs before 
the dissolution. Ultimately, the depth of the swollen polymer reaches an equilibrium and the 
rate of penetration of the solvent follows the rate of dissolution of the polymer (Horie, 2010, 
pp.87-88).  
 
As the solvent interacts with the polymer it diffuses into the gel matrix, weakening the 
intermolecular interactions of the polymer, thus separating the polymer chains. This causes 
the polymer to be more mobile, which lowers the glass transition temperature (Tg) (Li & 
Xiao, 2021). For a polymer to release from the surface, the temperature of the solvent-
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polymer mixture must be kept above the polymer’s Tg. Polymers with a low Tg will therefore 
swell more and dissolve more quickly (Horie, 2010, p.88).  
 
The swelling and dissolution of the polymer is also dependent on the solvent’s molecular size 
and its solubility parameters. Larger solvent molecules reduce the depth of swelling and the 
solvents solubility parameters should match that of the polymer (figure 2, section 2.2.1) to 
increase the diffusion of the dissolved polymer molecules from the surface and into the 
solvent, thus forming a stable, low viscosity solution and reducing the depth of the gel (Horie, 
2010, p.88).  
 
It has been noted that the removal of nitrocellulose coatings from silver objects by use of 
solvents often is incomplete, which consequently can cause uneven tarnishing (Bylund Melin 
C, personal communication, September 6, 2021). To address this issue, methods utilizing 
steam have been proposed. The steam is used to soften and then mechanically strip the 
coating from the silver surface. This method has been shown to be effective (Horie, 2010, 
p.216; Pouliot et al., 2000).   
 

2.5.2 Gels  
The cleaning of sensitive surfaces has long been a problem for conservators. For example, 

porous materials such as certain stones, plaster and gypsum, often cannot be cleaned by 
means of direct treatment with liquid solvents to the surface as the liquid can redistribute the 
dissolved dirt further into the porous material (Gorel, 2010). Another example is the cleaning, 
or removal of varnish from sensitive oil or acrylic paintings as the use of free solvents often 
cannot offer the appropriate amount of control of the cleaning process (Wolbers, 2017). 
Therefore, the need to develop new and safer methods has been driving the development of 
using colloid materials, micellar systems, nanostructured fluids and gels as methods of 
cleaning sensitive surfaces (P. Baglioni et al., 2013; Gorel, 2010) .      
 
The gels can be loaded with different solvents that are slowly released in the gel-object 
interface in a controlled manner. The use of gels is gentler on the surface being treated as no 
mechanical action needs to be employed, but also gentler on the conservator who performs 
the treatment as the gels are loaded with significantly less solvent than the amount used in 
traditional cleaning with organic solvents or aqueous solutions (P. Baglioni et al., 2015). 
Furthermore, the loading of solvents into the gel matrix limits the solvents evaporation rate, 
giving the conservator a longer working time and more control over the conservation 
treatment (Wolbers, 2017).   
 
One reoccurring issue with the use of gels in the field of conservation is the issue of potential 
gel residues and their subsequent clearance. The gels are readily employed on sensitive 
surfaces, partly to minimize mechanical action on the surface. However, most gels can, and 
do, leave residues that need to be cleared mechanically. The action of clearance with 
mechanical force would defeat the purpose of employing the gels in the first place, if the aim 
of the use of gels is to not use mechanical force on the surface (P. Baglioni et al., 2013; 
Kavda, 2019; Sansonetti et al., 2020).  
 
As mentioned, there are still many advantages to the use of gels, not only for the object to be 
treated but also for the conservator. The many, and varied uses of the gels are not fully 
understood, but the gels have in many cases been shown to be effective in removing dirt and 
surface treatments, such as coatings, from moisture-sensitive surfaces  
(P. Baglioni et al., 2013, 2014; P. Baglioni et al, 2015; Gorel, 2010; Kavda, 2019).  
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2.5.2.1 Agar  
One of the most widely used gels within conservation practice, is agar agar, or simply 

agar gels. Agar is a polysaccharide derived from red algae, mainly from the families Gelidium 
and Gracilariae, and is a hydrocolloid. This means that the agar, which is purchased as a solid 
powder, when mixed with water and heated forms a sol that during cooling forms a gel 
(Kavda, 2019; Scott et al., 2012). With the increasing awareness of environmental impact, 
agar has become an attractive material as the gel is natural, non-toxic and biodegradable, as 
well as thermo-reversible (Kavda, 2019; Sansonetti et al., 2020; Scott et al., 2012). One of the 
issues of using agar gel is that it can leave residues which need to be mechanically cleared. 
This can be problematic when cleaning surface sensitive objects and calls for further research 
and method development (Passaretti et al., 2021; Sansonetti et al., 2020; Scott et al., 2012).   
 
Agar consists of the two polysaccharides agarose and agaropectin with agarose comprising 
approximately 70% of the mixture (Scott et al., 2012). Agarose is a non-ionic polysaccharide 
that provides the gelling mechanism while agaropectin is acidic and non-gelling (Cremonesi 
& Casoli, 2017). Agarose is a polymer comprised of galactose monomers. The D-galactose is 
linked with 3,6 anhydro L-galactose (figure 5). Agaropectin is a more complex polymer of D-
galactose and 3,6 anhydro L-galactose as it is sulphated and contains glucuronic- and pyruvic 
acid (figure 6). The agaropectin decreases the pore size of the agar-gel network, consequently 
slowing down the movement of water within the gel matrix (Kavda, 2019). 
 
 

  

Figure 5. Agarose. D-galactose (a) 1,3 linked with 3,6 
anhydro L-galactose (b). Figure courtesy of (Kavda, 
2019)  

 

Figure 6. Agaropectin. D-galactose (a) 1,3 linked 
with sulphated, glucuronic- and pyruvic acid 
containing 3,6 anhydro L-galactose. Figure 
courtesy of (Kavda, 2019) 

 
Hydrogen bonds are fundamental in the forming of the polymer chains (intramolecular bonds) 
and in the gelation mechanism (intermolecular bonds) (figure 7-8). When the agar is heated 
and cooled down, gelation initiates as the agarose polymers form helixes. These helixes form 
double helixes through hydrogen bonds within which cavities are formed that can hold water 
(Arnott et al., 1974). The helixes can also fold over on themselves to form double helixes 
(Armisén & Galatas, 2009). Both types of double helixes can then form a macroreticulum, a 
network held together by hydrogen bonds which bind water within this network (figure 9) 
(Armisén & Galatas, 2009).  
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Figure 7. Intramolecular hydrogen bond. Figure 
courtesy of (Tako, 2015)          

Figure 8. Inter- and intramolecular hydrogen bonds. 
Figure courtesy of (Tako, 2015) 

 

 
Figure 9. Gelation of Agar. Polymers (A). Helix formation (B1 & B2). Double helixes (C). Macroreticulum 
(D). Figure courtesy of (Armisén & Galatas, 2009) 

 
The gel formed is rigid and highly water retentive while at the same time limiting the 
adhesion to the surface, a trait that is essential when treating sensitive surfaces. Furthermore, 
the agar gel can be loaded with appropriate solvents, with care being taken to the solvent’s 
polarity and miscibility with water (Passaretti et al., 2021).  
 
Usually, the agar gels used in conservation have a concentration of 0,5-5% (w/v) (Gorel, 
2010; Kavda, 2019; Passaretti et al., 2021; Sansonetti et al., 2020; Scott et al., 2012). It is 
important to note how the concentration of the agar impacts the characteristics of the gel. The 
mobility of water within the gel matrix as well as the overall water content that the gel is 
capable of holding is directly dependent on the concentration (Bertasa et al., 2017).  
 
It has been shown that when the agar concentration is between 1-3% (w/v), the capacity to 
hold water increases with increasing concentration, but that it decreases drastically for gel 
concentrations of 5% (w/v) and above. This can be explained by the gel porosity and the 
number of possible binding sites. As the concentration increases, the pore size decreases, 
which makes for a denser, more compact gel. Generally, as the porosity increases, so does the 
surface area and consequently, the binding sites for water. However, this correlation is true 
until a concentration limit of 5% (w/v), when the gel has become so dense that the water 
molecules’ access to these binding sites is limited. Therefore, agar gels with concentrations of 
5% and above cannot hold water in the capacity that lower concentration gels can do 
(Sansonetti et al., 2020) .  
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2.5.2.2 Nanostructured Fluids and Gels  
As previously mentioned, the need for more controlled cleaning methods compatible 

with sensitive surfaces along with the aspiration to minimize the use of toxic solvents has 
been the driving force in the development of nanostructured fluids for conservation use. These 
new methods have been developed and expanded on for the past 30 years and continue to 
drive research and development of more targeted, greener and safer cleaning practices (P. 
Baglioni et al., 2013; Wolbers, 2017).  
 
Nano structured fluids (NSFs) are colloid materials, i.e. microemulsions and micelles. 
Microemulsions are mixtures of two immiscible liquids, a polar and nonpolar liquid, which is 
made possible by the addition of surfactant. This causes droplets, micelles, of the first liquid 
to form, dispersed in the second liquid (Chelazzi et al., 2018).  
 
NSFs are amphipathic systems, which means that they incorporate both polar (hydrophilic) 
and nonpolar (hydrophobic) components within the same system. The emulsions can have 
three different compositions; oil-in-water emulsions (o/w) where the continuous phase 
consists of water (polar) and the droplets consist of hydrocarbons (nonpolar “oil”), water-in-
oil emulsion (w/o) with the continuous phase being the nonpolar oil and the droplets being 
water, or bicontinuous emulsions where both nonpolar and polar liquids are continuous, i.e., 
no micelles are formed (figure 10) (Chelazzi et al., 2018; Santana et al., 2013). 
 

 
Figure 10. Schematic visualization of different emulsions: w/o, bicontinuous and o/w. Figure courtesy of 
(Santana et al., 2013) 

 
The use of microemulsions makes it possible to selectively target and clean surfaces from 
grime and dirt without damaging the materials comprising an artwork. Furthermore, the 
components that are removed are contained within the micelles, confined in the emulsion, 
thus inhibiting the redistribution onto the surface, or into pores on porous surfaces (M. 
Baglioni et al., 2019; P. Baglioni et al., 2013; Chelazzi et al., 2018).  
 
The high cleaning efficiency of nano structured fluids is explained by the large interface area 
produced by the formation of nano-sized droplets in the emulsion (M. Baglioni et al., 2010, 
2019). The efficiency of the emulsion is further dependent on the solvents used and the 
surfactants, and co-surfactants, comprising the mixture (M. Baglioni et al., 2018). Therefore, 
one can predict and control the cleaning action of the NSF for the specific situation at hand.  
 
Several studies have been conducted on the specific issue of varnish and coating removal, 
with primarily murals and paintings, being examined  
(M. Baglioni et al., 2010, 2019; P. Baglioni et al., 2013, 2014; P. Baglioni et al., 2015). As 
synthetic polymers age and degrade, the solubility of the polymer decreases, making them 
harder to remove by action of free solvents alone (P. Baglioni et al., 2013). Instead, the use of 
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NSFs, containing both solvents and surfactants, promotes not only the solubilization of the 
polymer but also the dewetting of it (M. Baglioni et al., 2018, 2019).  
 
The removal of synthetic polymers from a surface can be achieved by either solubilization of 
the polymer or the swelling of it. Solubilization occurs when the solvents within the NSF 
increase the mobility of the polymer chains by lowering the polymer’s Tg while the 
surfactants initiate the dewetting process, promoting the detachment of the polymer from the 
surface by lowering the interfacial tension. These two synergetic processes promote the 
breakdown of the polymer chain into droplets which are then confined in the continuous 
phase of the emulsion (M. Baglioni et al., 2018, 2019).  
 
When swelling occurs, the polymer chain is not broken into confined droplets. Instead, 
migration of solvents from the micelles towards the polymer interface occurs, resulting in the 
decrease of micelle size. The combined action of the solvent which swells the polymer, and 
the surfactant that promotes dewetting, results in the removal of the polymer by peeling. The 
polymer does not solubilize but instead swells and “lifts off” the underlying surface, making it 
easily removable by gentle mechanical action. This condition can often be desirable when 
selectively removing coatings from a surface, as the coating can be peeled off without leaving 
any solubilized residues on the surface (P. Baglioni et al., 2013). 
 
To further increase the control of the action of NSFs, the NSF can be coupled with highly 
retentive hydrogels. The gel acts as a sponge that minimizes the wetting of the surface, while 
allowing the safe removal of materials from the surface by the same mechanism of action as 
described above. By coupling the NSFs with a highly retentive gel, materials can be removed 
from the surface layer by layer, thus increasing control of the interaction between the NSF 
and the substrate (M. Baglioni et al., 2019).   
 
The interactions and bonds that form the gel network are of great importance when 
considering the question of residues. As previously discussed, physical gels, such as agar, are 
comprised of either hydrogen bonds, and/or dipole-dipole interactions. These interactions, 
although strong enough to produce a gel, can still break, causing residues to be left on the 
treated surface. To address the issue of residues, the use of chemical gels has been proposed, 
as the network of chemical gels is formed by much more stable covalent bonds (P. Baglioni et 
al., 2013).  
 
Another class of “gels” are the high-viscosity polymeric dispersions, (HVPDs). Although not 
defined as gels, the HVPDs are gel-like and can be loaded with solvents, enzymes and 
amphiphatic constituents. One such HVPD common within the field of conservation is 
polyvinyl alcohol (PVA) that in the presence of borate ions produces a 3D-network of high 
viscosity, with the borate ions acting as cross linkers, or bridges, between polymer chains (P. 
Baglioni et al., 2013).  
 
The great range of the composition of the solvents and surfactants comprising the NSFs, 
coupled with the great array of gels and HVPDs, gives the conservator the tools to tailor the 
cleaning treatment, its efficacy, speed and degree of cleaning, to the very specific conditions 
of each cleaning situation, while simultaneously decreasing the use of toxic materials that the 
conservator is exposed to.  
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3. Experimental Study 
3.1 What is examined? 
Agar was chosen as the gel to be investigated, as it has many benefits both considering the 
environment and for the conservator (see sections 2.5.2 & 2.5.2.1). The other gel chosen was 
the HVPD Nanorestore Gel® Peggy 6, formally a gel-like material. This was chosen as one of 
the research questions is whether different types of gels can be used to completely avoid 
mechanical action on the surface. Based on technical data sheets from the manufacturer, it is 
possible to use the Nanorestore gels without needing to mechanically treat the surface to clear 
it of any gel/solvent residues (Deffner & Johann, n.da). Therefore, the Nanorestore products 
were chosen as a comparison to the Agar-gels which need mechanical action for clearance.  
 
Silver coupons were provided by Norwegian Swedish Gold AB (NSG AB). The coupons are 
a silver-copper alloy with 925 parts silver and 75 parts copper. Each coupon measures 
50x30x0,5 mm. On arrival, they were protected by a blue plastic film wrapped on the front 
and the back of each coupon. Within part of the bigger project, 90 silver coupons had already 
been prepared with Zaponlack. Within the scope of this study, another 40 coupons were 
prepared and coated with Zaponlack.  
 
3.2 Technical Methods and Analysis Tools 

3.2.1 Accelerated Aging through UV  
The lacquered silver coupons were artificially aged in a Xenotest 440 which exposes the 

coupons to UV radiation (see section 3.4.2 for details on aging parameters). It was decided 
that the standard ISO 16474-2:2013 was to be used. The standard details the method used 
when exposing paint and varnish samples to Xenon-Arc light in the presence of moisture, in 
order to mimic the aging effects of materials exposed to daylight filtered through glass 
windows; an environment that matches a museum environment (British Standards Institution 
[BSI], 2013).   
 

3.2.2 Fourier Transform Infrared Spectroscopy 
Fourier transform infrared spectroscopy (FTIR) was used to compare new, unaged lacquer 

with the lacquer that had undergone accelerated aging, as well as to examine the surface for 
lacquer residues. Two types of FTIR were used within the scope of this study: Attenuated 
Total Reflectence (ATR) FTIR and Infra-Red Reflection Absorption Spectroscopy (IRRAS) 
FTIR. FTIR is based on the principle that when a material is irradiated with infrared radiation, 
some of the radiation that passes through the material is absorbed. As all molecules have 
different structures, they absorb different amounts of radiation. The radiation that passes 
through the material is detected and measured to produce different types of spectra (“Fourier-
transform infrared spectroscopy”, 2022; Merck KGaA, n.d.).  
 
ATR-FTIR was used to investigate the properties of thinner samples of lacquer, that were 
removed from the silver coupons. With this technique, the IR beam is passed through a crystal 
that is in contact with the sample. The way in which the beam is reflected creates an 
evanescent wave, that extends into the sample; typically, with a depth of 0,5-2 µm. As the 
beam exits the crystal, it is detected and converted to a spectrum. The spectrum is presented 
as a graph with wavenumber (cm-1) on the X-axis, and absorbance or transmittance on the Y-
axis. Through this method pieces of lacquer can be analyzed to visualize their aging. 
(“Fourier-transform infrared spectroscopy”, 2022; Pięta et al., 2019; Spring et al., 2008;)  
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IRRAS-FTIR on the other hand can be used on highly reflective surfaces such as silver 
coupons, as in the scope of this study, to detect residues. This is a non-destructive method of 
analysis. The infrared beam is directed onto the silver surface at an angle and passes through 
the lacquer on the surface, reflecting off the silver surface and is ultimately gathered by a 
detector. As the beam passes the lacquer layer it interacts with it, and this interaction can then 
be visualized. Through this technique, a clean silver surface can be analyzed and compared 
with a surface that has been treated. If the surface that has been treated does not match the 
spectrum of the clean silver surface it can be concluded that there is some type of residue on 
the silver surface. (McClelland et al., 2020; Thermo Scientific Spectroscopy & Materials 
Analysis, 2015) 
 
Since the reference library of IRRAS-FTIR is very limited, the method can only be used to 
determine whether there are any residues present on the surface, but it cannot be used to 
differentiate between different types of residues: i.e., gel-residues or lacquer residues 
(personal communication, Mc Elhinney P, May 24, 2022).  
 

3.2.3 Visual Examination & Microscopy  
The surface was examined visually to evaluate the removal of lacquer. Residues of lacquer 

as well as potential scratching caused by the treatment was examined microscopically with a 
Leica DM2700 M microscope with a magnification of 200x.   

 
3.2.4 Criterion Anchored Rating Scale - CARS 
To evaluate the results in a more objective manner, a scale based on five points (or criteria) 

was used, in which descriptive terms were assigned a numerical value from 0-4, where 0 is 
worst and 4 is best (table 1). This scale is called the Criterion Anchored Rating Scale (CARS) 
and was adapted from Kavda (2019). The scores of all criteria were added, ultimately giving 
each performed treatment a total CARS-score. The higher the CARS-score the more 
successful the treatment.  
 
Five different criteria were examined, and scored: lacquer removal, abrasion, residues, ease 
of use and time (table 1). When dealing with gels, the residue question is vital. In this case, 
however, no methods of analysis were available to specifically detect gel residues. Therefore, 
residues in CARS refers to residues of lacquer and not residues of gel. If no lacquer had been 
removed, the treatment would get a score of 0 on residues. However, had lacquer been 
removed from an area, i.e., the area had gotten a score above 0 on lacquer removal, then the 
lacquer residues were only evaluated within the area where lacquer had been removed. 
Therefore, a test area where only some lacquer was removed could still score highly on the 
residues criterium as that area might have been free of residues.  
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TABLE 1. Criterion Anchored Rating Scale used to evaluate results  
Lacquer Removal 
The amount of lacquer on 
the surface is assessed 
compared to an untreated 
silver coupon reference 

0 
100% of 
surface is 
covered 

by 
lacquer 

1 
61-99% of 
surface is 

covered by 
lacquer 

2 
41-60% of 
surface is 

covered by 
lacquer 

3 
1-40% of 
surface is 
covered 

by lacquer 

4 
0% of surface 
is covered by 
lacquer (no 

lacquer 
remains) 

Abrasion 
The surface is 
microscopically examined 
for scratches 

0 
A lot of 

scratches 
- 

2 
Some 

scratches 
- 4 

No scratches 

Residues 
The amount of residual 
lacquer is assessed 

0 
100% of 
surface 
covered 

by 
residues 

1 
61-99% of 
surface is 

covered by 
residues 

2 
41-60% of 
surface is 

covered by 
residues 

3 
1-40% of 
surface is 
covered 

by 
residues 

4 
0% of surface 
is covered by 
residues (no 

residues 
remain) 

Ease of use 
The handling of the gels is 
assessed; consideration is 
taken to ease of 
application/removal/handling 

0 
Difficult - 

2 
Relatively 

easy 
- 4 

Very easy 

Time 
Assesses the application time 

0 
2 hours - 2 

40 minutes - 4 
10 minutes 

 
3.3 Method  

3.3.1 Cleaning, Coating and Mounting of Silver Coupons  
Before cleaning of the silver coupons, a small hole was drilled into the coupons on the 

middle of one of the short sides, so that the coupons could be suspended by a string. This was 
done before the protective plastic film was removed. To the right of the drilled hole, the 
coupons ID number was engraved.  
 
The coupons were thoroughly cleaned using an ultrasonic bath. Each coupon was cleaned by 
immersion in three acetone baths before a suspension string was attached. These procedures 
are detailed in Appendix 1.  
 
A rack was prepared in a fume hood where the coupons were placed to dry. The coupons were 
quickly dipped into the Zaponlack and excess lacquer was allowed to drip off by holding a 
clean paper towel against the bottom edge. The coupons were then hanged on the rack, in the 
fume hood, and dried for 2-3 days. It can be noted that this method of coating resulted in a 
thicker layer of lacquer along the bottom edge of the coupon, about 3 mm wide.  
 
The coupons were mounted in a random order in standardized metal frames, in fitted 
constructions made of polypropylene plastic (figure 11). As it was discovered that the 
cleaning of the silver coupons in the ultrasonice bath had caused abrasion on the surface of 
the coupons, it was decided that the side with the abrasion would be marked with a red dot 
and would be considered the backside of the coupon, ultimately not being used further in the 
experiment (figure 12). The side with the red dot therefore did not undergo aging.   
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The frames were mounted in the ATLAS Xenotest 440 chamber and aged for 525 hours (see 
3.4.2 for details on aging parameters).  
 

  

Figure 11. Coupons mounted in construction of polypropylene in metal 
frames 

Figure 12. Side with abrasion (indicated with 
arrow) marked with red dot 

                       

3.3.2 Selection of Gel and Solvent Combinations  
To determine what gel and solvent combinations would be used to remove the coatings on 

the coupons, trial tests were performed. Agar gel (2% w/v) was loaded with two different 
solvents with different volumes of solvent, resulting in five different gel-solvent 
combinations. The solvents were chosen based on the solubility of cellulose nitrate and its 
window of solubility in TEAS charts.  

 
Acetone and ethyl acetate were chosen as solvents based on their capability to solubilize 
cellulose nitrate and their miscibility with water (as agar is a hydrogel) (figure 13). As acetone 
is difficult to mix with water, an equal amount of ethanol was added, giving a 1:1 acetone and 
ethanol mixture (abbreviated to ac:et), in order to increase the acetones tendency to evenly 
mix in the sol (Tengelin, 2017). It can be noted that ethanol cannot solubilize cellulose nitrate 
(figure 13).  
 
Two glass plates were covered with Zaponlack and were left to dry for 2 days before the 
different gels were used to test the efficiency of coating removal. In all trials, the surface was 
lastly cleared with a cotton swab + deionized water:ethanol (1:1). The solvent concentrations 
used are listed below, and the Agar-recipes adapted from Tengelin (2017) are detailed in 
Appendix 2.  

 
1. Agar 2% (w/v) gel containing 20% ac:et (1:1)  
2. Agar 2% (w/v) gel containing 30% ac:et (1:1)  
3. Agar 2% (w/v) gel containing 40% ac:et (1:1)  
4. Agar 2% (w/v) gel containing 10% ethyl acetate  
5. Agar 2% (w/v) gel containing 20% ethyl acetate  
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Additionally, three Nanorestore Gel® Peggy 6-gels were loaded with 3% acetic acid, 5% 
acetic acid and Nanorestore Cleaning® Polar Coating S. Acetic acid was chosen as it can 
potentially solubilize cellulose nitrate (figure 13) and can be loaded into the Nanorestore 
Gel® Peggy 6. Nanorestore Cleaning® Polar Coating S was chosen as it is recommended by 
the manufacturer, Deffner & Johann (figure 14).  
 

 
Figure 13. TEAS chart. Solubility window of cellulose nitrate (dashed red line) 
(Horie, 2010). Solvents A-D marked within the chart. A= acetone. B= ethanol, C= 
ethyl acetate, D= acetic acid 

 

 
Figure 14. TEAS-chart. Solubility window of cellulose nitrate (dashed red line). 
Solubility window of Cleaning Polar Coating S marked with blue lines (Deffner & 
Johann, n.db). Solvents comprising the product also marked in the chart  



 31 

3.3.3 Removal of Coatings 
Based on the results of the trials, one Nanorestore Gel® Peggy 6, and four different Agar 

gels were selected to be tested on the silver coupons. The results of the trial tests are detailed 
in Appendix 3. The gel-solvent combinations used in the experiment are listed below. These 
were chosen to be comparable. 20% ac:et contains 10% acetone, making it comparable to the 
gel loaded with 10% ethyl acetate, as the gels both contain the same volume of the solvent 
that is expected to dissolve the lacquer. This is also the case with the 40% ac:et which 
contains 20% acetone, making it comparable to the gel loaded with 20% ethyl acetate.  
 

1. Agar (2% w/v) loaded with 20% ac:et  
2. Agar (2% w/v) loaded with 40% ac:et  
3. Agar (2% w/v) loaded with 10% ethyl acetate  
4. Agar (2% w/v) loaded with 20% ethyl acetate  
5. Nanorestore Gel® Peggy 6 loaded with Nanorestore Cleaning® Polar Coating S 

 
Furthermore, from the trial test, it was noted that when small pieces of the Peggy-gel were 
used, the adhesion to the surface was not optimized as the edges “curled” upwards (figure 15). 
Therefore, it was decided that glass weights would be used to add pressure to the gel surface, 
thus increasing the adhesion to the surface.  
 

 
Figure 15. Curling of Peggy 6 during treatment 

 
Each coupon was divided in three test areas, so that three different application times could be 
tested on one coupon. The test areas were numbered from 1 at the top, 2 in the middle and 3 at 
the bottom (figures 16-17). The gels were applied once with three different application times: 
10 minutes, 40 minutes and 2 hours. Test area 1 corresponds to an application time of 10 
minutes, test area 2 corresponds to an application time of 40 minutes and test area 3 
corresponds to an application time of 2 hours. The gel used on test area 2-3 was covered with 
cling foil in order to prevent the gel from drying out.   
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Figure 16. Schematic sketch of test areas on coupon. 
Each test area measures 1,5x3cm. The bottom edge was 
excluded from experiments as the lacquer was thicker, 
which could cause misleading results 

Figure 17. Sectioning of silver coupon into three 
test areas.   

 

3.3.4 Number of Coupons to be Used 
As this study is a part of a larger project, an experimental design was developed in order to 

identify the different factors that could vary within each sub-project, thus impacting the result. 
The factors and their different levels of variations were used to calculate the minimum 
number of coupons needed within each sub-project, while still being statistically analyzable. 
Within the scope of this study, there are four factors that can vary with different levels of 
variations, i.e., number of variations. The different factors that can vary are the condition of 
the coating, the type of gel used, the solvent used and the application time. The factors and 
their different levels of variation are presented in tables 2 and 3. 
 
TABLE 2. Factors and their variations when using Agar 
FACTORS  LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 
Condition of 
Coating Unaged Aged      

Type of gel Agar       

Gel-Solvent Agar-ac:et 20% Agar-ac:et 40% Agar-ethyl 
acetate 10% 

Agar-ethyl 
acetate 20%  

Application time 10 min 40 min 2h   
 

TABLE 3. Factors and their variations when using Peggy 6 
FACTORS  LEVEL 1  LEVEL 2 LEVEL 3 

Condition of 
Coating Unaged Aged    

Type of gel Peggy 6     

Gel-Solvent Peggy 6- Cleaning Polar Coating S     

Application time 10 min 40 min 2h 
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It was decided that three replicates would be used to increase the reliability of the experiment. 
Furthermore, it was decided that all application times would be tested on each coupon, i.e., 
one test coupon was divided into three test areas (figure 16-17, section 3.3.3). Below is 
presented the calculation on the number of coupons that were to be used, based on the factors 
and their different variables, and number of replicates.  
 
Number of coupons to be used:  
 
Peggy 6: gel-solvent x number of replicates x condition of coating = 1x3x2 = 6 coupons 
Agar: gel-solvent x number of replicates x condition of coating = 4x3x2 = 24 coupons  
Total: 30 coupons 

 
The gels were tested on 30 coupons, of which 15 were aged and 15 were unaged.  
 

3.3.5 Clearance of Gel 
The removal of lacquer and the clearance of the gel was done by swiping with a cotton 

swab moistened with deionized water:ethanol (1:1). The swiping was performed 
perpendicular to the length of the coupon, with ten swipes from left to right (à) and ten 
swipes from right to left (ß). This was performed so that each test area was subjected to the 
same treatment and so that any scratches resulting from the treatment could easier be 
recognized. This was done for all test areas treated with Agar-gels.  
 
However, the Peggy 6-gel was handled differently as it should not need any mechanical 
action for clearance. Instead, the clearance step consisted only of an additional application of 
a few minutes of Peggy 6-gel loaded with unionized water.  
 
3.4 Materials and Equipment Used in the Experiment  

3.4.1 Materials  
Materials used in the experiment are detailed in Table 4.  

 

TABLE 4. Materials used in experiment 

Material Details Manufacturer 

CN-Zaponlack S Solubilized in CN-Verdunner V1000 Höpner Lacke GmbH 

Acetone For gas chromatography ECD and FID 
SupraSolv® 

Sigma-Aldrich  
 

Ethanol Absolute ≥99.8% AnalaR NORMAPUR® VWR Chemicals 

Ethyl Acetate ≥99% GPR RECTAPUR® VWR Chemicals 

Agar, granulated Purified and free from inhibitors, 
suitable for microbiology Millipore 

Nanorestore Gel® Peggy 6 PVA HVPD Deffner & Johann 

Nanorestore Cleaning® 
Polar Coating S NSF Deffner & Johann 
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3.4.2 Equipment 
• ATLAS Xenotest 440  

o ISO 16474-2:2013 
§ Filter system: Xenochrome 320  
§ Irradiance control: 300-400 nm  
§ Fan speed (rpm): 2000  
§ Phase length: 102 min  
§ W (W/m2): 50  
§ CHT (°C): 38  
§ BST (°C): 65 
§ RH (%): 50  
§ No water spray  

o Aged for 525 h 
• Leica DM2700 M microscope 

o 200x magnification  
• ALPHA FT-IR Spectrometer, Bruker  

o ATR-FTIR  
§ Platinum ATR module, with pressure applicator  
§ Accessory: Diamond 
§ Resolution: 4 cm-1 
§ Sample scan time & background scan time: 24 scans  
§ Result spectrum: Absorbance  

 
o IRRAS-FTIR 

§ A241/D module, contactless reflection  
§ 5mm diameter, attachment  
§ Resolution: 4 cm-1 
§ Sample scan time & background scan time: 24 scans  
§ Result spectrum: Reflectance  
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4. Results  
4.1 Efficacy of Gel – Treatment Evaluation  
 The results of the treatments were evaluated with the use of CARS (see table 1, section 3.2.4 
for description of CARS). It is important to note that the evaluation, based on CARS, is still 
subjective, but that it was made in cooperation with colleague Evelina Borén, and supervisor 
Charlotta Bylund Melin.  
 
The scores are presented in tables 5-9. As some treatments did not remove any lacquer, thus 
resulting in a score of 0 for lacquer removal, these were automatically deemed failed 
treatments and are not further discussed. Whether a treatment is deemed a pass or a fail is 
indicated in the tables. All scores above 0 on lacquer removal were given a pass. The tables 
are separated and presented by the gel used, followed by images depicting the coupons 
presented in the table. Additional reflections are marked with one or several stars (*) and are 
explained below each table. A table of the CARS-scores of all coupons is presented in 
Appendix 4. 
 

4.1.1 Agar loaded with ac:et 20% 

 
* The lacquer is already peeling from the corner, before start of treatment. Therefore, given a 
score of 0 on lacquer removal as intact areas of the test area were not affected by the 
treatment. 
 
** The lacquer swells and can be peeled off, edges can be lifted with dry cotton swab 
 
*** A dry cotton swab is gently rolled on surface to remove swelled/peeled lacquer 
 
 

TABLE 5. Removal of coating on silver coupons with Agar (2% w/v) loaded with ac:et 20% 
Coupon 
number 

Aging  Test 
area   

Lacquer 
removal 

Abrasion Residues Ease 
of 
use  

Time  Sum 
(CARS
-score)  

PASS/
FAIL 

Additional 
reflection 

43 Unage
d 
 

1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 0 4 0 4 0 8 FAIL * 

104 Unage
d  

1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 0 4 0 4 0 8 FAIL  

127 Unage
d 

1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 0 4 0 4 0 8 FAIL  

 

42 Aged 1 0 4 0 4 4 12 FAIL  
2 1 4 0 4 2 11 PASS  
3 3 4 1 4 0 12 PASS ** 

92 Aged 1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 0 4 0 4 0 8 FAIL  

128 Aged 1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 3 4 3 4 0 14 PASS *** 
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Figure 18. Unaged coupons after treatment with 
Agar 2% (w/v) loaded with ac:et 20% 

Figure 19. Aged coupons after treatment with Agar 
2% (w/v) loaded with ac:et 20% 

  
Figure 20. Detail of peeling from corner on coupon 
no.43. Corner had started peeling before treatment 

Figure 21. Peeling of lacquer from coupon no.42, 
test area 3, after treatment 
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4.1.2 Agar loaded with ac:et 40% 
 
TABLE 6. Removal of coating on silver coupons with Agar (2% w/v) loaded with ac:et 40% 
Coupon 
number 

Aging  Test 
area   

Lacquer 
removal 

Abrasion Residues Ease 
of use  

Time  Sum 
(CARS-
score) 

PASS 
/FAIL 

Additional 
reflection 

5 Unaged 
 

1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 0 4 0 4 0 8 FAIL  

115 Unaged  1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 1 4 0 4 0 9 PASS * 

110 Unaged 1 0 4 0 4 4 12 FAIL  
2 1 4 0 4 2 11 PASS * 
3 1 4 0 4 0 9 PASS * 

 

93 Aged 1 0 4 0 4 4 12 FAIL  
2 4 2 3 4 2 15 PASS  
3 4 4 3 4 0 15 PASS  

103 Aged 1 1 4 1 4 4 14 PASS  
2 3 4 2 4 2 15 PASS  
3 4 4 3 4 0 15 PASS ** 

24 Aged 1 0 4 0 4 4 12 FAIL  
2 4 4 4 4 2 18 PASS  
3 4 4 3 4 0 15 PASS ** 

 
* Lacquer changes in color, becomes white-ish/milky 
 
** No swabbing performed as lacquer started to crack immediately upon removal of gel and 
subsequent drying of surface; dry cotton swab is used to pushed up/off pieces of lacquer 
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Figure 22. Unaged coupons after treatment with 
Agar 2% (w/v) loaded with ac:et 40% 

Figure 23. Aged coupons after treatment with Agar 
2% (w/v) loaded with ac:et 40% 

 

 

Figure 24. Aged coupons after removal of lacquer  
by peeling/dry cotton swab 
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4.1.3 Agar loaded with Ethyl acetate 10% 
 
TABLE 7. Removal of coating on silver coupons with Agar (2% w/v) loaded with ethyl acetate 
10% 
Coupon 
number 

Aging  Test 
area   

Lacquer 
removal 

Abrasion Residues Ease 
of 
use  

Time Sum 
(CARS-
score) 

PASS 
/FAIL 

Additional 
reflection 

78 Unaged 
 

1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 0 4 0 4 0 8 FAIL * 

129 Unaged  1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 0 4 0 4 0 8 FAIL  

106 Unaged 1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 1 4 0 4 0 9 PASS  

 

124 Aged 1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 2 2 1 4 0 9 PASS  

91 Aged 1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 3 4 2 4 0 13 PASS  

25 Aged 1 0 4 0 4 4 12 FAIL  
2 0 4 0 4 2 10 FAIL  
3 3 2 3 4 0 12 PASS  

 
* The lacquer is already peeling from the corner, before start of treatment. Therefore, given a 
score of 0 on lacquer removal as intact areas of the test area were not affected by the 
treatment.  
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Figure 25. Unaged coupons after treatment with 
Agar 2% (w/v) loaded with ethyl acetate 10% 

Figure 26. Aged coupons after treatment with Agar 
2% (w/v) loaded with ethyl acetate 10% 

  
Figure 27. No.106. Unaged. Lacquer partially 
removed. Indicated with arrow 

Figure 28. No.106. Aged. Lacquer removed from test 
area 3 
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Figure 29. No.91. Aged. Lacquer removed from test 
area 

Figure 30. No.25. Aged. Lacquer removed from test 
area 3 
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4.1.4 Agar loaded with Ethyl acetate 20% 
 
TABLE 8. Removal of coating on silver coupons with Agar (2% w/v) loaded with ethyl acetate 
20% 
Coupon 
number 

Aging  Test 
area   

Lacquer 
removal 

Abrasion Residues Ease 
of 
use  

Time Sum 
(CARS-
score) 

PASS 
/FAIL 

Additional 
reflection 

22 Unaged 
 

1 0 4 0 4 4 12 FAIL  
2 

1 4 0 4 2 11 
PASS * 

** 
3 

1 4 0 4 0 9 
PASS * 

** 
112 Unaged  1 0 4 0 4 4 12 FAIL  

2 0 4 0 4 2 10 FAIL  
3 1 4 0 4 0 9 PASS ** 

109 Unaged 1 0 4 0 4 4 12 FAIL  
2 1 4 0 4 2 11 PASS ** 
3 1 4 0 4 0 9 PASS ** 

 

125 Aged 1 0 4 0 4 4 12 FAIL  
2 1 4 0 4 2 11 PASS ** 
3 1 4 0 4 0 9 PASS ** 

58 Aged 1 0 4 0 4 4 12 FAIL  
2 1 4 4 4 2 15 PASS ** 
3 1 4 1 4 0 10 PASS ** 

32 Aged 1 0 4 0 4 4 12 FAIL  
2 1 4 0 4 2 11 PASS ** 
3 2 4 2 4 0 12 PASS **  

 
* The lacquer is already peeling from the corner, before start of treatment. Still given a score 
of 1 on lacquer removal as areas that cannot be peeled are still affected by the treatment 
(evident in figure 31) 
 
**very sticky/glutinous lacquer 
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Figure 31. Unaged coupons after treatment with 
Agar 2% (w/v) loaded with ethyl acetate 20% 

Figure 32. Aged coupons after treatment with Agar 
2% (w/v) loaded with ethyl acetate 20% 

 
Figure 33. Detail of lacquer bound to gel. From test area 3 on coupon no.58. 
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4.1.5 Peggy 6 loaded with Nanorestore Cleaning Polar Coating S 
 
TABLE 9. Removal of coating on silver coupons with Nanorestore Gel® Peggy 6 loaded with 
Nanorestore Cleaning® Polar Coating S 
Coupon 
number 

Aging  Test 
area   

Lacquer 
removal 

Abrasion Residues Ease 
of 
use 

Time Sum 
(CARS-
score) 

PASS 
/FAIL 

Additional 
reflection 

100 Unaged 
 

1 0 4 0 0 4 8 FAIL  
2 0 4 0 0 2 6 FAIL  
3 0 4 0 0 0 4 FAIL  

95 Unaged  1 0 4 0 0 4 8 PASS  
2 1 4 0 0 2 7 PASS  
3 1 4 0 0 0 5 FAIL  

49B Unaged 1 0 4 0 0 4 8 FAIL * 
2 0 4 0 0 2 6 FAIL * 
3 0 4 0 0 0 4 FAIL * 

 

126 Aged 1 2 4 4 0 4 14 PASS  
2 1 4 0 0 2 7 PASS  
3 0 4 0 0 0 4 FAIL  

49F Aged 1 2 4 3 0 4 13 PASS * 
2 

1 4 0 0 2 7 
PASS * 

**  
3 0 4 0 0 0 4 FAIL * 

53 Aged 1 2 4 3 0 4 13 PASS  
2 1 4 0 0 2 7 PASS ** 
3 0 4 0 0 0 4 FAIL  

 
*Note: by mistake, too many coupons were aged, which resulted in a lack of one unaged 
coupon. To address this issue, the backside of coupon number 49 was used as an unaged test 
area. Tests were carried out on both sides of coupon number 49, with the front (marked 49F) 
being the aged test area and the back (marked 49B) being the unaged test area. 
 
**During removal, the gel was pulled against the surface, thus pulling some lacquer off the 
surface. This can be classed as mechanical action.  
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Figure 34. Unaged coupons treated with Peggy 
6 loaded with Cleaning Polar Coating S 

Figure 35. Aged coupons after treatment with Peggy 6 loaded with 
Cleaning Polar Coating S 

 

4.1.6 Ten test areas with the highest CARS-scores 
All treatments that scored above 0 on lacquer removal (see table 1, section 3.2.4 for 

description of CARS) are presented in Appendix 5. Table 10 presents the ten test areas of 
those that passed, that scored highest. These are presented in descending order based on their 
CARS-score.  

 
TABLE 10. Top ten highest CARS-scores  
Coupon 
number 

Test 
area 

Lacquer 
Removal 

Abrasion Residues Ease 
of use 

Time Sum (CARS-
score) 

Method used  

24 2 4 4 4 4 2 18 ac:et 40% 
93 2 4 2 3 4 2 15 ac:et 40% 
93 3 4 4 3 4 0 15 ac:et 40% 
103 3 4 4 3 4 0 15 ac:et 40% 
24 3 4 4 3 4 0 15 ac:et 40% 
103 2 3 4 2 4 2 15 ac:et 40% 
128 3 3 4 3 4 0 14 ac:et 20% 
91 3 3 4 2 4 0 13 ethyl acetate 10% 
42 3 3 4 1 4 0 12 ac:et 20% 
25 3 3 2 3 4 0 12 ethyl acetate 10% 
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4.2 Surface – Microscopic Examination  
It was observed that the silver metal sheets had been rolled in different directions during 
manufacturing, leading to some coupons having a stretching and ultimately “scratches” 
extending along the length of the coupons while others had scratches perpendicular to the 
length of the coupon (figures 36-38). It can be noted that the coupons were ordered and 
therefore manufactured in two different batches, thus probably being cut from silver sheets 
with different rolling patterns.  

 
Prior to this finding it had been decided that the cotton swab would only be swiped 
perpendicular to the length of the coupon, as it was assumed that all coupons were 
manufactured in the same way as an assigned reference coupon which from the 
manufacturing had stretch marks along the length (figures 36-38). Had that been the case for 
all coupons, it would have been easier to detect any scratches resulting from the treatment as 
these scratches would perpendicularly cross the scratches along the length of the coupon.  

 

 
Figure 36. Schematic image of direction of scratches  
caused by rolling of metal sheets during manufacturing. 
A= scratches along the length of the coupon, 
B=scratches perpendicular to the length of the coupon.  

 

            
Figure 37. Untreated silver surface with                Figure 38. Untreated silver surface with  
scratches corresponding to A (fig.36)   scratches corresponding to B (fig.36) 

 
All areas where lacquer had been removed were examined under microscope, at a 
magnification of 200x and with raking light (figure 39). All areas were not photographed, but 
all surfaces were given a score based on the CARS criteria previously presented (see table 1, 
section 3.2.4 for description of CARS). All areas where the CARS score on the criteria 
abrasion was less than 4 (i.e., no scratches) were photographed and are presented below. 
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These included only three coupons: coupon no.25, test area 3 (figure 40), no.93, test area 2 
(figure 41) and no.124, test area 3 (figures 42-43).  
 

 
Figure 39. Positioning of coupon in microscope,  
and positioning of raking light 

  
Figure 40. No.25, test area 3. Extensive scratching Figure 41. No.93, test area 2, possible scratching 

from treatment 

  
Figure 42. No.124, test area 3, possible scratches 
from treatment, indicated with blue arrow. Lacquer 
residues indicated with red arrows 

Figure 43. No.124, test area 3, possible scratches 
from treatment, indicated with blue arrow. Lacquer 
residues indicated with red arrows 

 
Residues of lacquer were also evident in microscopic images. All areas where lacquer had 
been removed (i.e., all test areas with a score above 0 on lacquer removal) were examined for 
lacquer residues. A selection of areas showing residues were photographed and are presented 
below (figures 44-49).  
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Figure 44. No.49F. Test area 1, treated with Peggy 6. 
Iridescence (indicated with blue arrows) and spots of 
lacquer (indicated with red arrows) 

Figure 45. No.93, test area 2. Treated with Agar + 
ac:et 40%. Spots of lacquer residues (indicated with 
red arrows) 

  

Figure 46. No.103, test area 2. Treated with Agar + 
ac:et 40%. Iridescence and streaks of lacquer 
residues indicated with arrows 

Figure 47. No.103, test area 3. Treated with Agar + 
ac:et 40%. Iridescence and streaks of lacquer 
residues, indicated with arrows 

  

Figure 48. No.124, test area 3. Treated with Agar + 
ethyl acetate 10%. Spots of lacquer residues.     

Figure 49. No.124, test area 3. Treated with Agar + 
ac:et 20%. Lacquer residues indicated with arrows 
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4.3 ATR- and IRRAS FTIR spectra  
4.3.1 ATR-FTIR Spectra 
ATR-FTIR analysis was done on the unaged lacquer and on aged lacquer, for comparison. 

The resulting spectra are presented below (figure 50). The analysis on aged lacquer was taken 
on April 21st 2022, i.e., five days before the coupons were removed from the ATLAS 
chamber.  

 
 

 
Figure 50. Red spectrum is aged lacquer. Black spectrum is unaged lacquer.  
X-axis: wavelength (cm-1), Y-axis: absorption 

 

4.3.2 IRRAS-FTIR Spectra 
IRRAS-FTIR was done on a selection of coupons with test areas that scored 3 or higher on 

lacquer removal in CARS (see table 1, section 3.2.4 for description of CARS). The results are 
presented below (figures 51-56).  

 
In all figures, the flat horizontal blue spectrum is that of the gold reference, while the other 
blue spectrum is that of the silver reference. One analysis was made on each test area, if not 
indicated otherwise in the caption under the figure. The X-axis shows wavelength (cm-1), and 
Y-axis shows reflectance. 
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Figure 51. No.42, aged, test area 3. Two analysis were made on the same test area. 
Reflectance spectra is shown in green. Area treated with Agar + ac:et 20%.  

 

Figure 52. No.93, aged. Top pink spectrum is test area 3, bottom pink spectrum is test  
area 2. Areas treated with Agar + ac:et 40% 
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Figure 53. No.103, aged. Top brown spectrum is test area 2, bottom brown spectrum 
is test area 1, where lacquer remains. Areas treated with Agar + ac:et 40%.  

 

Figure 54. No.25, aged, test area 3. Reflectance shown in red. Area treated with Agar 
+ ethyl acetate 10% 
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Figure 55. No.91, aged, test area 3. Reflectance shown in green. Area treated with 
Agar + ethyl acetate 10% 

 

Figure 56. No.53, aged, test area 1. Reflectance shown in mustard. Area treated with 
Peggy 6 + Cleaning Polar Coating S 
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5. Discussion  
5.1 Implication of Concentration, Choice of Solvent & Type of Gel   
Only based on the CARS-scores it is evident that the acetone is the more effective solvent 
compared to the ethyl acetate (table 10, section 4.1.6 & Appendix 4-5). This might be 
explained by the smaller molecular size. Acetone is a smaller molecule compared to ethyl 
acetate and can therefore more easily penetrate the polymer. Furthermore, acetone is slightly 
more polar (figure 13, section 3.3.2) and is more miscible in water. These characteristics 
could explain the increased interaction between acetone and the polymer.  
 
It is also clear that a higher concentration of acetone performs better than the lower 
concentration. This is not surprising, as a gel with a higher concentration of acetone 
consequently contains more acetone molecules that can diffuse into the polymer, thus 
initiating the solubilization process. The higher the concentration, the more readily the solvent 
will solubilize the polymer. Here, the limiting factor is the loading of acetone into an agar-gel, 
that cannot contain an infinite amount of acetone in its gel matrix.   
 
The acetone-loaded gels also performed better compared to the Nanorestore Gel® Peggy 6 
loaded with Nanorestore Cleaning® Polar Coating S. It is unclear why the Cleaning® Polar 
Coating S performed so poorly, despite the Cleaning® Polar Coating S matching the 
dissolution area of cellulose nitrate in TEAS-charts. Many different explanations are possible, 
primarily pertaining to its preparation and handling. The experience of working with these 
products was lacking, and the products had not previously been tested or worked with at the 
institution (Gothenburg University). Therefore, their preparation and handling was done 
primarily based on technical datasheets and instructions from the manufacturer.  
 
As the aim of the use of the Nanorestore products within this study was to avoid any type of 
mechanical action on the surface, the clearance was only performed by treating the surface 
with a Nanorestore Gel® Peggy 6 loaded with deionized water. This appeared to be 
insufficient. It was observed that the product had in fact swelled the lacquer which 
presumably could have been removed with mechanical action (table 9 & figure 35, section 
4.1.5). As it, within the scope of this study, was agreed that no mechanical action would 
follow the treatment with Nanorestore products, the gels were considered a failure. Of course, 
this failure is primarily caused by the demand of “no mechanical action” set within the study 
and is not a reflection on the quality of the products. Further discussion on the performance of 
the Nanorestore products is presented in section 5.2. 
 
One surprising observation was that of the reaction of agar-gel loaded with 20% ethyl acetate. 
The higher concentration resulted in a complete change in the appearance of the lacquer, 
giving it a white, hard and crusty character (figure 31-32, section 4.1.4). The risk of altering 
the appearance of the object to such an extent, as demonstrated in this study, cannot be 
accepted with regards to the demand of minimal intervention. As no further experiments were 
carried out to investigate whether the lacquer could be removed without a change of 
appearance to the underlying silver, this method was concluded to be unacceptable as a 
coating removal method.  
 
It can be noted that this change of appearance did not occur at lower concentrations of ethyl 
acetate. An agar-gel containing 10% ethyl acetate did not exhibit any color changes or 
changes in tackiness, as was observed when the amount of ethyl acetate in the gel was 
doubled. A possible explanation of the change of appearance brought on by the higher 
concentration could be that the lacquer might have also reacted with not only the gel, but also 
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free solvent. Ethyl acetate does not readily dissolve in water, making it difficult to 
homogenously mix into the sol. Despite all efforts, the final gel felt moister to the touch than 
the other gels and had an extensive smell of ethyl acetate. This could indicate that the ethyl 
acetate had not been mixed into the sol well enough, resulting in a gel that did not contain 
20% ethyl acetate but instead also held free solvent on its surface.  
 
If the ethyl acetate is not held within the gel matrix, more of the solvent would be available to 
freely react with the lacquer. As previously described, the solvent molecules diffuse between 
the polymer chains and swell the polymer. As more solvent is absorbed by the polymer it gels 
and becomes rubbery (Horie, 2010, pp.87-88). Since the amount of solvent, or the flow of 
solvent, is drastically restricted, due to most of it being loaded into the gel matrix and 
therefore slowly being released at the gel-surface interface, the lacquer cannot be dissolved. 
When the gel is removed, the lacquer is therefore still in the state of a rubbery gel. This was 
readily experienced, as the tacky lacquer could be swiped off with a cotton swab (figure 57). 
But as the solvent evaporated, which in the case of ethyl acetate happens quickly, the lacquer 
remains on the surface in its gelled form, now hardened.  
 
It can also be noted that the lacquer never did dissolve when using the stronger concentration 
of ethyl acetate-loaded agar, but instead reached its gelled state with some of it being bound 
to the gel surface, some of it being swabbed off and the rest of it remaining on the surface 
(figure 33, section 4.1.4). The suggested explanation on the different behaviors of the of gels 
loaded with different amounts of ethyl acetate needs further investigation.  
 

 
Figure 57. Lacquer removed from area  
treated with Agar + ethyl acetate 20% 

 
5.2 Implication of Degree of Deterioration of Lacquer & Application Time  
Clearly, the gels react differently when treating unaged versus aged lacquers. Based solely on 
the ATR-FTIR spectra of the unaged versus aged lacquer, one could draw the conclusion that 
the lacquer has deteriorated slightly, as the peak around 600-700 nm has slightly diminished 
(figure 50, section 4.3.1) (Nandiyanto et al., 2019) .  
 
Furthermore, some of the peaks within the range of approximately 400-650 nm have 
increased, which could suggest an increase in formed compounds within this region. As 
previously explained, the peaks indicate different bonds. Therefore, during deterioration, 
when bonds break, peaks change. The breaking of bonds, and their following reactions, could 
result in other bonds forming, which would present themselves as new peaks. Only slight 
changes can be seen in the spectra comparing aged and unaged lacquer, suggesting minimal 
deterioration of the lacquer (figure 50, 4.3.1).  
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This does not mean that the polymer has undergone no changes. It is quite evident that the 
gels more readily remove lacquer that has undergone aging (Appendix 4), which means that 
changes must have occurred within the polymer chain. These changes may just not yet be 
significant enough to appear in the ATR-FTIR spectra.  
 
The deterioration of the polymer, which is characterized by scission of polymer chains, would 
facilitate the diffusion of solvent into the polymer, thus initiating swelling of the polymer. 
This could explain why the unaged lacquer does not react as readily with the solvents of the 
gel. The polymer chains are intact and therefore might require higher concentrations of 
solvent in order to start swelling. The solvent amount released in the gel-surface interface is 
clearly enough in the case of the aged lacquer, as the treatment swells the lacquer and renders 
it removable.  
 
It has previously been established that aged lacquer is more difficult to remove compared to 
“newer” or less aged lacquer (Horie, 2010, p.216; Selwitz, 1988, p.2; Golfomitsou S, personal 
communication, April 26, 2022). This can be explained by the formation of new compounds 
as the lacquer deteriorates. During the process of deterioration (detailed in section 2.2.2) 
radicals are formed which can react with molecules in the environment. This can result in a 
degraded polymer containing bonds and structures making it less soluble in solvents that are 
usually employed for the removal of coatings. Aged coatings, that have freely been in contact 
with different compounds in the environment, therefore can be harder to remove. 
 
Additionally, the conclusion can be drawn that 10 minutes is too short of an application time 
as no gels used on test area 1 performed well enough to be included in the top ten highest 
CARS-scores (table 10, section 4.1.6). Most treatments on test area 1 were deemed a failure 
as no lacquer was removed. Regarding the agar-gels, only one test area, treated with the 
higher concentration of ac:et, had lacquer removed with an application of 10 minutes. The 
lacquer was only partly removed (figure 23, section 4.1.2).  
 
Again, considering the top ten highest CARS-scorers, the treatments done on test area two 
and three perform the best (table 10, section 4.1.6). With the best performing gel, a visual 
examination points towards an application time of 40 minutes being enough for lacquer 
removal, as the amount removed with an application of 40 minutes is similar/the same 
compared to the amount of lacquer removed with an application of 2 hours (table 6, section 
4.1.2).  
 
It could be argued that it might be easier to remove the lacquer from test area 1 as the coating 
was performed by dipping the coupons and letting them hang while drying, thus resulting in a 
lacquer layer that might be thinner on top (test area 1) and thicker on the bottom of the 
coupon (test area 3). However, the results contradict this. The use of gels limits both the 
amount of solvent available for solubilization and limits the polymer-solvent interaction at the 
interface. Therefore, an application time of 10 minutes might be too short for enough solvent 
to diffuse into the polymer to start the solubilization process, while longer application times 
allows for more solvent to diffuse into the polymer and start to swell it.  
 
This is however not the case for the Peggy 6-gels as the shorter application times performed 
better in lacquer removal compared to the longer application times. The application of only 10 
minutes removed more lacquer than both longer application times on test areas 2-3. The 
Peggy, although in essence a physical gel-like material (HVPD), behaves as a chemical gel, 
which means that it is held together by covalent bonds. The gel functions as a membrane 
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between the solvent and what is to be solubilized, i.e., the lacquer, that limits the rate at which 
solvents can pass the gel and diffuse into the polymer. This is a controlled process where only 
a limited volume of solvent can pass the membrane within a limited timeframe. As the solvent 
is diffused into the polymer, it breaks the intermolecular bonds of the polymer, thus initiating 
solubilization (Y. Magnusson, personal communication, May 11, 2022).  
 
Within 10 minutes, the solvent has diffused into the polymer and solubilized it to such an 
extent that lacquer can be removed from the silver surface. The longer application times allow 
for the solvent to not only interact with the polymer but also to evaporate. After 40 minutes 
the solvent has evaporated from the polymer, thus leaving the lacquer intact on the surface. 
However, it is clear that the gels within these timeframes have interacted with the polymer, as 
the appearance of the coating has been altered (figures 34-35, section 4.1.5). The solvent must 
have interacted and broken some bonds within the polymer matrix, but as it evaporates, the 
polymer matrix and its structural integrity has been kept intact (Y. Magnusson, personal 
communication, May 11, 2022).  
 
Finally, a distinction must be made between the aged samples within this study and historic 
silver. The coating on a historic silver object has deteriorated to a greater extent than that of 
the coupons used in this experiment. It is not clear how these gels would perform on such an 
object. As previously described, as the cellulose nitrate ages, the polymer chains do cleave, 
but the following reactions that can take place, can impact its solubility, rendering it harder to 
remove with the solvents used in this experiment. Therefore, the gels that are deemed 
successful within this experiment might still not succeed in removing the coatings of historic 
silver. Whether solvent-loaded gels can be used to remove lacquer on historic silver, 
therefore, needs to be further investigated.  
 
5.3 The Residue Question 
An ocular examination of the areas where lacquer had been removed revealed that most areas 
look to still have residues of lacquer in the form of milky/cloudy/streaky surfaces (figure 58). 
It also seems that the longer application times with agar-gels resulted in less residues 
remaining (figure 59). Additionally, the surfaces where lacquer was removed with the Peggy 
6 were visually perceived as “cleaner”, i.e., free from residues (figure 60). It was confirmed 
by microscopic assessment that lacquer remains on areas treated with solvent-loaded agar and 
Peggy 6 (figures 44-49, section 4.2)  
 



 57 

 
Figure 58. No.42. Residues in test area 3,  
indicated with arrow. Area treated with  
Agar + ac:et 20%. 

        

  
Figure 59. No.103. Comparison between amount of 
lacquer residue on test area 2 & 3. Lacquer residue 
in test area 2 indicated with blue arrow, lacquer 
residue in test area 3 indicated with red arrow 

 

Figure 60. No.126, aged, test area 1. No lacquer 
residues detected ocularly on surfaces that have been 
cleared of lacquer (marked with arrow) 

The IRRAS-FTIR spectra strengthen the observation of lacquer residues. Almost all spectra 
have the same “shape” or pattern as the silver reference (figures 51-56, section 4.3.2), with 
the “spikes” around 2200-2400 cm-1 most probably being atmospheric moisture. However, 
most spectra have a tilted baseline curve, i.e., the spectrum is tilted compared to the “flatter” 
reference spectrum and have a spectrum starting from a lower point on the Y-axis. This is 
indicative of a less reflective surface and therefore might suggest lacquer residues.  
 
The spectra most resembling that of the silver reference are coupon no.93, test area 3 (figure 
52, section 4.3.2) which was treated with agar loaded with ac:et 40%, coupon no.103, test 
area 2 (figure 53, section 4.3.2), which was treated with agar loaded with ac:et 40%, and 
coupon no.91, test area 3 (figure 55, section 4.3.2which was treated with ethyl acetate 10%. 
Lacquer was however observed on all these surfaces (table 6, section 4.1.2, & table 7, section 
4.1.3). It can therefore be concluded that no treatment performed within this study leaves the 
surface free of lacquer. Still, it can be concluded that a longer application time with the best 
performing gel, agar loaded with ac:et 40%, leaves less residue than the shorter application 
time (figure 52, section 4.3.2, & figure 59, above) 
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Therefore, the suggestion can be made to apply the treatment with the best performing gel 
twice. The agar loaded with ac:et 40% was used on coupon no.103, where it can visually be 
concluded that the coating layer has been removed to a satisfactory extent (figure 59, above), 
but that the silver surface is left with milky/streaky lacquer residues. A second application of 
the same gel could therefore, potentially, clear the silver surface of residue.  
 
Within the scope of this study, the potential gel-residues could not be analyzed. The IRRAS-
FTIR method cannot differentiate between gel residues versus other types of residues. 
Therefore, there could potentially be both gel and lacquer present on the silver surface, which 
is only visualized in the spectra as a less reflective surface. However, it was noted that when 
the gels successfully removed lacquer, they did so by swelling the lacquer. When the gel was 
removed and the solvent-polymer dried, the polymer subsequently cracked and peeled off. 
The gel itself was consequently not in contact with the silver surface. Thus, it can be 
suggested that gel-residues cannot be present on the silver surface as it was never in contact 
with the silver surface.  
 
5.4 Surface Abrasion  
It is concluded that the surface always needs to be treated mechanically to a lesser or greater 
extent, in order to remove the lacquer. However, the areas treated with the most effective gel, 
required only minimal mechanical action as the lacquer started peeling off immediately after 
removal of the gel. The impact of the mechanical action was evaluated microscopically, from 
which the conclusion can be drawn that the surface had not been abraded because of the 
treatment.   
 
Scratches could only be detected on three coupons. Regarding the extensive scratches on 
coupon no.25 (figure 40, section 4.2), these scratches have with all likelihood not been caused 
by the treatment. The surface of this coupon is generally scratchy, with deep grazes extending 
under the lacquer, i.e., where mechanical action from the experimental treatment has not been 
performed on the silver surface. Still, the possibility of the mechanical action causing 
scratches cannot be completely excluded. The treatment might have contributed to some of 
the scratches on the surface.  
 
The scratching patterns on coupon no.93 and no.124 look more in line with what the 
mechanical action of swabbing with a cotton swab might look like (figures 41-42, section 
4.2). Still, the number of scratches is minimal. All surfaces, 36 test areas in total, that scored 
above 0 on lacquer removal, were examined for abrasion. Out of the 36 surfaces, only two 
test areas exhibited any sign of scratching potentially caused by the performed treatment. 
Therefore, it can be concluded that the method used in this study minimally abrades the 
surface.  
 
5.5 Difficulty of Preparation and Application of Gels 
When employing gels as a method, it is important to understand its limitations regarding its 
preparation. When dealing with Agar, it is important to take into consideration the interaction 
between the gel and the solvent that is to be added. Firstly, a solvent that readily forms 
hydrogen bonds should preferably be chosen. The solvent should also be readily miscible in 
water.  
 
On this subject, there is a clear difference between the acetone and the ethyl acetate, as 
acetone is miscible in water while ethyl acetate is soluble in water to a lesser extent. To 
increase the ethyl acetate’s miscibility with water, ethanol could potentially have been added 
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in the same manner as with the acetone, as ethyl acetate is soluble in ethanol and ethanol is 
readily soluble in water.  
 
Clearly, the solubility of the solvent has a great impact on the outcome and therefore the 
effectiveness of the gel. If the solvent has not been evenly and totally solubilized in the water, 
and mixed into the sol, the final gel will not contain the amount of solvent that is aimed for. 
The agar-gels used in this experiment therefore most likely do not contain the amount of 
solvent that has been established. The agar-gel that should hold ethyl acetate to a degree of 
20% most likely contains much less ethyl acetate. This principle goes for all gels that are 
prepared by adding solvent to the liquid/sol-state. The true amount of solvent will always be 
equal to, or less than the amount aimed for.  
 
Another important subject is that of the handling of the gels. The agar-gels are all rigid gels, 
therefore working well on flat surfaces. Therefore, treating objects that are not flat, such as 
the Reiff cup of the Nationalmuseum, with rigid gels will pose problems. For the gels to 
work, it is essential that good adhesion to the surface can be accomplished. Agar-gels can 
however be applied in a semi-solid state, by brushing or spraying, which upon cooling form a 
film of gel. This method of applying the agar can be used to treat uneven objects and objects 
that are not flat (Giordano & Cremonesi, 2021; Kavda, 2019). However, applying gels in a 
semi-solid state increases the risk of gel-residues (Kavda, 2019).  
 
The method of applying the agar as a semi-solid can be problematic, as the semi-solid state of 
agar is reached at approximately 40°C thus limiting the application time and placing demands 
on temperature control. To address this issue, methods have developed where the agar-gel is 
grated and applied to a surface (Cremonesi, 2016). Should an object like the Reiff cup be 
treated with agar-gels, it is suggested that these application methods be considered as an 
application method such as that employed in this study will not perform sufficiently on non-
flat surfaces.  
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6. Summary and Conclusions 
It is evident that the best performing gel was the agar-gel containing 40% acetone:ethanol, as 
this gel effectively removed the aged lacquer from the silver surface in a satisfactory manner. 
In the preparation of the gel, only 20 ml of acetone and 20 ml of ethanol, was used. This 
produced a gel that was used on a total surface area of 81cm2, with approximately 1/3 of the 
gel remaining after the completion of the experiment. Therefore, it can be concluded that the 
use of an acetone-loaded agar-gel not only effectively can remove cellulose nitrate coatings 
on silver, but also that the treatment requires much smaller amounts of acetone than that of 
traditional removal of coatings with free solvents. The employment of the gel limits the 
handling and exposure of the conservator to volatile organic compounds (VOCs). 
 
The study further indicates that an application time of 40 minutes is enough for a satisfactory 
lacquer removal. However, a second application should be performed, aiming to remove the 
residual lacquer. An application time of 30 minutes followed by a second application is 
suggested to address the residue question. These suggestions, however, need to be 
investigated. Firstly, it is not confirmed whether a 30-minute application is enough for lacquer 
removal, and secondly, the second application time needs to be investigated. Hypothetically, 
the second application time can be shorter than the first application time, given that the first 
application removes the lacquer and only leaves residues (as seen in this study).  
 
The issue of gel-residues could not be specifically investigated within the scope of this study 
but is an ever-present issue when employing physical gels. Therefore, further studies need to 
investigate if the gels leave residues and to what extent. However, within this study, it is 
suggested that the gels could not leave any residue, as the gels only swelled the polymer, 
rendering it peelable after the removal of the gel. Consequently, the gels were never in contact 
with the silver surface.  
 
Unfortunately, this study cannot suggest a treatment method in which mechanical action of 
the surface is completely avoided. In all cases, the surface where lacquer was removed, 
needed to be treated mechanically to a lesser or greater extent. However, it can be concluded 
that there is no indication that the surface has been abraded, even after swiping with a cotton 
swab. Therefore, this method should be less abrasive than traditional methods of mechanical 
action with cotton swabs and free solvents.   
  
By employing a non-toxic, safe, reusable material such as agar, coupled with the highly 
reduced amount of solvent, the method can be considered both more environmentally 
sustainable, as well as safer for the conservator. Furthermore, using gels as a method to 
remove cellulose nitrate coatings has been shown to be controlled, time effective and non-
abrasive towards the sensitive silver surface. Therefore, based on the results of this 
experiment, it can be concluded that the use of gels can be a justified method for the removal 
of coatings on silver objects. 
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APPENDIX 1: Cleaning of new coupons and attachment of suspension 
string 
Cleaning of the coupons was performed as the coupons were delivered with a protective 
plastic wrapping that could leave residue. The cleaning was performed in a fume hood as 
acetone was used.  
 

1. The ultrasonic bath was filled with water. A coupon was placed in a glass jar with 90 
ml acetone. The glass jar was put in the ultrasonic bath, which runs for 3 minutes. The 
glass jar should not have a lid and the ultrasonic bath should also stay open (without a 
closed lid). After 3 minutes, the coupon was lifted with tweezers and put in the next 
bath (see point 2 below)  

2. The silver coupon was placed in a glass beaker with 90 ml acetone, for 3 minutes. 
After 3 minutes, the coupon was placed in bath number three (see point 3 below).  

3. The coupon was once again put in another glass beaker with 90 ml acetone, for 3 
minutes. After 3 minutes, the coupon was lifted, with tweezers, and was leaned against 
a large glass beaker until completely dried.  

 
When three coupons had been cleaned this way, the acetone was exchanged as follows:  

o The acetone in the glass jar placed in the ultrasonic bath was exhausted and disposed 
of.  

o The acetone from bath no 2 was poured into the glass jar of the ultrasonic bath.  
o The acetone from bath no 3 was poured into the glass jar of bath no 2.  
o In bath no 3, new acetone was added.  

 
After the cleaning and drying, a fishing line was used to tie a loop through the hole in the 
coupons. A piece of fishing line was cut, with the length of about 12 cm. The line was 
threaded through the hole and a knot was made, that could be adjusted so that the distance 
between the silver coupon and the knot was approximately 7 cm. The knot was tightened and 
if necessary, any remnants of long strings of the fishing line was cut. Touching the coupons 
was avoided as much as possible, and clean nitrile gloves were worn at all times. The coupons 
were, as much as possible, only handled by the strings.  
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APPENDIX 2: Agar-gel recipes  
2 g of Agar granulate was mixed into a deionized water- and solvent mixture, that constitutes 
100 ml, giving an Agar gel with the concentration 2% (w/v). The volume of solvent varies in 
all produced gels, thus also resulting in gels containing different volumes of water. An Agar 
gel loaded 20% with solvent thus contains 20 ml of solvent and 80 ml of water. An Agar gel 
loaded 30% with solvent contains 30 ml of solvent and 70 ml of water, etc. The different Agar 
gel recipes are detailed in table A-E below.  
 
TABLE A. 20% acetone:ethanol (1:1) in Agar (2% w/v)  
Materials  

• Tall beaker – approximately 400-500 ml  
• Small beaker – approximately 100 ml  
• Thermometer  
• Glass rod  
• Container 
• Cling foil  

How to prepare gel 1. In a small beaker, mix together 10 ml of 
acetone and 10 ml of ethanol. Set aside. 

2. In a tall beaker, 2 g agar is mixed into 80 
ml of cold water. 

3. The mixture is heated to 83°C, stirring 
constantly with a glass rod. 

4. The beaker is put into a water bath to cool 
down to 50°C. 

5. The beaker is removed from the water bath 
and the solvent-mixture is added. The 
mixture is stirred with the glass rod until 
uniform. 

6. The mixture is poured into a container of 
appropriate size. 

7. The gel is left to cool for a few minutes in 
room temperature. 

8. The gel is wrapped with cling foil and 
placed in fridge. 

 
TABLE B. 30% acetone:ethanol (1:1) in Agar (2% w/v)  
Materials  

• See Materials under Table A  

How to prepare gel 
1. In a small beaker, mix together 15 ml of 

acetone and 15 ml of ethanol. Set aside. 
2. In a tall beaker, 2 g agar is mixed into 70 

ml of cold water. 
3. See How to prepare gel, points 3-8 under 

Table A 
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TABLE C. 40% acetone:ethanol (1:1) in Agar (2% w/v)  
Materials  

• See Materials under Table A  

How to prepare gel 1. In a small beaker, mix together 20 ml of 
acetone and 20 ml of ethanol. Set aside. 

2. In a tall beaker, 2 g agar is mixed into 60 
ml of cold water. 

3. See How to prepare gel, points 3-8 under 
Table A 

 
TABLE D. 10% ethyl acetate in Agar (2% w/v)  
Materials  

• See Materials under Table A  

How to prepare gel 1. 10 ml ethyl acetate is poured into a small 
beaker and set aside. 

2. In a tall beaker, 2 g agar is mixed into 90 
ml of cold water. 

3. See How to prepare gel, points 3-8 under 
Table A 

 
TABLE E. 20% ethyl acetate in Agar (2% w/v)  
Materials  

• See Materials under Table A  

How to prepare gel 1. 20 ml ethyl acetate is poured into a small 
beaker and set aside. 

2. In a tall beaker, 2 g agar is mixed into 80 
ml of cold water. 

3. See How to prepare gel, points 3-8 under 
Table A 
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APPENDIX 3: Gel-solvent treatments on Zaponlack – Results from trial 
tests 
 
Prior to the experiment, the agar-gels were tested on Zaponlack coated on glass plates in order 
to evaluate their performance with regards to concentration, application time and number of 
applications. This was performed in order to limit and select the gels and application method 
to be used on the coupons.  
 
Five different application times were tested for one application. Two applications were tested 
on the longer application times; i.e., 20 minutes, 40 minutes and 1 hour. The results with one 
application are presented in Table F, and in figure A, and Table G presents the results of two 
gel applications, together with figure B.  
 
The Peggy 6-gel was also tested on Zaponlack coated on glass plates with the results being 
presented in Table H.  
 
TABLE F. Agar-Solvents on Zaponlack, one application 
Application 

time 
Agar-Solvent combinations 

 20% 
acetone:ethanol 

30% 
acetone:ethanol 

40% 
aceton:ethanol 

10% ethyl 
acetate 

20% ethyl 
acetate 

3 min YES:  
Swells à peels 
off with 
mechanical 
force  

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

10 min YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

20 min NO:  
 
NB! Cleaned 
with water (not 
water:ethanol)  

NO:  
 
NB! Cleaned 
with water (not 
water:ethanol)   

NO:  
Partially swells 
à patchy 
 
NB! Cleaned 
with water (not 
water:ethanol) 

NO:  
Partially swells 
à patchy 
 
NB! Cleaned 
with water (not 
water:ethanol) 

NO:  
Partially swells 
à extensive 
mechanical 
action peels off 
lacquer 
 
NB! Cleaned 
with water (not 
water:ethanol) 

40 min NO: extensive 
mechanical 
force is needed 
to remove 
coating 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

1 h NO: extensive 
mechanical 
force is needed 
to remove 
coating 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical 
force 

NO:  
Partially swells 
à mechanical 
action peels off 
lacquer 
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Figure A. Results of trials with Agar loaded with solvents, after one application. The solvent used is noted horizontally on 
tape, application time is noted vertically (left) on tape. NOTE: as it was presumed that Plextol D514 would also be used 
within this study, Plextol D514 was coated on the other side of the glass (indicated with arrow). However, this lacquer was 
excluded from the study and no testing was performed on the Plextol. 

 
TABLE G. Agar-Solvents on Zaponlack, two applications 
Application 

time 
Agar-Solvent combinations 

 20% 
acetone:ethanol 

30% 
acetone:ethanol 

40% 
acetone:ethanol 

10% ethyl 
acetate 

20% ethyl 
acetate 

20 min YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à 
peels off with 
mechanical 
force 

YES:  
Swells à 
peels off with 
mechanical 
force 

40 min YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à 
peels off with 
mechanical 
force 

YES:  
Swells à 
peels off with 
mechanical 
force 

1 h 
(2nd time: 
52min) 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à peels 
off with 
mechanical force 

YES:  
Swells à peels 
off with 
mechanical 
force 

YES:  
Swells à 
peels off with 
mechanical 
force 

YES:  
Swells à 
peels off with 
mechanical 
force 
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Figure B. Results of trials with Agar loaded with solvents, after two applications. The solvent used is noted horizontally on 
tape, application time is noted vertically (left) on tape. NOTE: as it was presumed that Plextol D514 would also be used 
within this study, Plextol D514 was coated on the other side of the glass (indicated with arrow). However, this lacquer was 
excluded from the study and no testing was done on the Plextol. 

 
TABLE H. Peggy 6-Solvent on Zaponlack, one application 
Application 

time Peggy 6-Solvent combination 

 3% acetic acid 5% acetic acid Polar Coating S 
3 min YES:  

Swells à peels off 
with mechanical force  

YES:  
Swells à peels off 
with mechanical force 

YES:  
Swells à peels off with mechanical 
force 

10 min YES:  
Swells à peels off 
with mechanical force 

YES:  
Swells à peels off 
with mechanical force 

YES:  
Swells à peels off with mechanical 
force 

20 min NO  
 
 

NO 
  

NO:  
Partially swells à patchy 
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APPENDIX 4: Presentation of all CARS-scores 
Below are presented all coupons, their test areas and CARS-scores. These have been color 
coded according to method used, aging and whether they passed of failed (based on the 
pass/fail criteria set under section 4.1). The color-key is presented below.  
 

Agar 2% (w/v) + ac:et 20% 
Agar 2% (w/v) + ac:et 40% 
Agar 2% (w/v) + ethyl acetate 10% 
Agar 2% (w/v) + ethyl acetate 20% 
Peggy 6 + Cleaning Polar Coating S 

 
TABLE I. Presentation of all coupons’ CARS-scores 
Coupon 
number 

Aging Test 
area 

Lacquer 
removal  

Abrasion Residues  Ease of 
use 

Time Sum (CARS-
Score) 

104 
 

Unaged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 0 4 0 4 0 8 

127 
 

Unaged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 0 4 0 4 0 8 

43 
 

Unaged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 0 4 0 4 0 8 

42 
 

Aged 
1 0 4 0 4 4 12 
2 1 4 0 4 2 11 
3 3 4 1 4 0 12 

128 
 

Aged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 3 4 3 4 0 14 

92 
 

Aged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 0 4 0 4 0 8 

5 
 

Unaged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 0 4 0 4 0 8 

110 
 

Unaged 
1 0 4 0 4 4 12 
2 1 4 0 4 2 11 
3 1 4 0 4 0 9 

115 
 

Unaged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 1 4 0 4 0 9 

24 
 

Aged 
1 0 4 0 4 4 12 
2 4 4 4 4 2 18 
3 4 4 3 4 0 15 

103 
 

Aged 
1 1 4 1 4 4 14 
2 3 4 2 4 2 15 
3 4 4 3 4 0 15 

93 
 

Aged 
1 0 4 0 4 4 12 
2 4 2 3 4 2 15 
3 4 4 3 4 0 15 

106 Unaged 1 0 4 0 4 4 12 

Aged  Pass  
Unaged  Fail 
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 2 0 4 0 4 2 10 
3 1 4 0 4 0 9 

78 
 

Unaged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 0 4 0 4 0 8 

129 
 

Unaged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 0 4 0 4 0 8 

25 
 

Aged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 3 2 3 4 0 12 

124 
 

Aged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 2 2 1 4 0 9 

91 
 

Aged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 3 4 2 4 0 13 

109 
 

Unaged 
1 0 4 0 4 4 12 
2 1 4 0 4 2 11 
3 1 4 0 4 0 9 

112 
 

Unaged 
1 0 4 0 4 4 12 
2 0 4 0 4 2 10 
3 1 4 0 4 0 9 

22 
 

Unaged 
1 0 4 0 4 4 12 
2 1 4 0 4 2 11 
3 1 4 0 4 0 9 

125 
 

Aged 
1 0 4 0 4 4 12 
2 1 4 0 4 2 11 
3 1 4 0 4 0 9 

32 
 

Aged 
1 0 4 0 4 4 12 
2 1 4 0 4 2 11 
3 2 4 2 4 0 12 

58 
 

Aged 
1 0 4 0 4 4 12 
2 1 4 4 4 2 15 
3 1 4 1 4 0 10 

100 
 

Unaged 
1 0 4 0 0 4 8 
2 0 4 0 0 2 6 
3 0 4 0 0 0 4 

95 
 

Unaged  
1 0 4 0 0 4 8 
2 1 4 0 0 2 7 
3 1 4 0 0 0 5 

49(B) 
Unaged  

1 0 4 0 0 4 8 
2 0 4 0 0 2 6 
3 0 4 0 0 0 4 

49(F) 
Aged 

1 2 4 3 0 4 13 
2 1 4 0 0 2 7 
3 0 4 0 0 0 4 

53 
 

Aged 
1 2 4 3 0 4 13 
2 1 4 0 0 2 7 
3 0 4 0 0 0 4 

126 
 

Aged  
1 2 4 4 0 4 14 
2 1 4 0 0 2 7 
3 0 4 0 0 0 4 
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APPENDIX 5: Presentation of all treatments that “passed”  
All test areas that were given a score above 0 on lacquer removal (see table 1, section 3.2.4 
for description of CARS) are presented in the table below, in descending order based on their 
CARS-score. The method used is also presented, to facilitate comparison between the 
different test areas. The methods used have also been color-coded so as to facilitate 
readability of the table.  
 
TABLE J. All test areas scoring above 0 on lacquer removal  
Coupon 
number 

Test 
area 

Lacquer 
Removal  

Abrasion Residues Ease 
of 
use 

Time Sum 
(CARS-
score) 

Method used 

24 
2 

4 4 4 4 2 18 
Agar 2% (w/v) + 
ac:et 40% 

93 
2 

4 2 3 4 2 15 
Agar 2% (w/v) + 
ac:et 40% 

93 
3 

4 4 3 4 0 15 
Agar 2% (w/v) + 
ac:et 40% 

103 
3 

4 4 3 4 0 15 
Agar 2% (w/v) + 
ac:et 40% 

24 
3 

4 4 3 4 0 15 
Agar 2% (w/v) + 
ac:et 40% 

103 
2 

3 4 2 4 2 15 
Agar 2% (w/v) + 
ac:et 40% 

128 
3 

1 4 4 4 2 15 
Agar 2% (w/v) + 
ac:et 20% 

91 
3 

3 4 3 4 0 14 
Agar 2% (w/v) + 
ethyl acetate 10% 

42 
3 

2 4 4 0 4 14 
Agar 2% (w/v) + 
ac:et 20% 

25 
3 

1 4 1 4 4 14 
Agar 2% (w/v) + 
ethyl acetate 10% 

126 
1 

3 4 2 4 0 13 
Peggy 6 + Cleaning 
Polar Coating S  

49(F) 
1 

2 4 3 0 4 13 
Peggy 6 + Cleaning 
Polar Coating S  

53 
1 

2 4 3 0 4 13 
Peggy 6 + Cleaning 
Polar Coating S  

32 
3 

3 4 1 4 0 12 
Agar 2% (w/v) + 
ethyl acetate 20% 

124 
3 

3 2 3 4 0 12 
Agar 2% (w/v) + 
ethyl acetate 10% 

58 
2 

2 4 2 4 0 12 
Agar 2% (w/v) + 
ethyl acetate 20% 

103 
1 

1 4 0 4 2 11 
Agar 2% (w/v) + 
ac:et 40% 

42 
2 

1 4 0 4 2 11 
Agar 2% (w/v) + 
ac:et 20% 

110 
2 

1 4 0 4 2 11 
Agar 2% (w/v) + 
ac:et 40% 

22 
2 

1 4 0 4 2 11 
Agar 2% (w/v) + 
ethyl acetate 20% 

109 
2 

1 4 0 4 2 11 
Agar 2% (w/v) + 
ethyl acetate 20% 
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125 
2 

1 4 0 4 2 11 
Agar 2% (w/v) + 
ethyl acetate 20% 

32 
2 

1 4 1 4 0 10 
Agar 2% (w/v) + 
ethyl acetate 20% 

58 
3 

2 2 1 4 0 9 
Agar 2% (w/v) + 
ethyl acetate 20% 

115 
3 

1 4 0 4 0 9 
Agar 2% (w/v) + 
ac:et 40% 

110 
3 

1 4 0 4 0 9 
Agar 2% (w/v) + 
ac:et 40% 

106 
3 

1 4 0 4 0 9 
Agar 2% (w/v) + 
ethyl acetate 10% 

22 
3 

1 4 0 4 0 9 
Agar 2% (w/v) + 
ethyl acetate 20% 

112 
3 

1 4 0 4 0 9 
Agar 2% (w/v) + 
ethyl acetate 20% 

109 
3 

1 4 0 4 0 9 
Agar 2% (w/v) + 
ethyl acetate 20% 

125 
3 

1 4 0 4 0 9 
Agar 2% (w/v) + 
ethyl acetate 20% 

95 
1 

1 4 0 0 2 7 
Peggy 6 + Cleaning 
Polar Coating S  

126 
2 

1 4 0 0 2 7 
Peggy 6 + Cleaning 
Polar Coating S  

49(F) 
2 

1 4 0 0 2 7 
Peggy 6 + Cleaning 
Polar Coating S  

53 
2 

1 4 0 0 2 7 
Peggy 6 + Cleaning 
Polar Coating S  

95 
2 

1 4 0 0 2 7 
Peggy 6 + Cleaning 
Polar Coating S  

 
 


