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Abstract 

The aim of the work was to devise a methodology to artificially age urushi (Japanese 

lacquer) samples and to test a series of different treatments, both Western and Japanese, to 

conserve urushi objects for future generations.  

 

The results of this work need to consider the wider implication of cross-cultural objects to 

obtain the most effective and sympathetic conservation treatment. By comparing the Mazarin 

chest (an urushi object at the V&A museum) and two other disparate, yet related, cross-

cultural conservation and restoration projects, it is demonstrated how the cultural 

background of an object can affect its value and the consequent effects this can have during 

conservation. 

 

Microcracks form on the surface of urushi as it ages, similar to those seen from desiccation 

cracking. These microcracks are initiated by the formation of pinholes and light degradation. 

The pinholes form because of changes in relative humidity. Temperature also plays a role in 

the formation of pinholes, but oxidation occurs at high temperatures. Different light sources 

will produce different degradation of urushi surfaces.  

 

The effect of solvents used for cleaning and diluting urushi were tested. Polar solvents such 

as acetone damage the surface of urushi. Solvents that would be suitable for conservation 

include Solvesso A and Han 8070.  

 

Two conservation materials were used to treat aged urushi surfaces: a Western resin 

(Paraloid B72) and urushi. Both gatame (used dilute to fill the cracks) and suri (used to cover 

the surface) style treatments were used. The B72 was too dilute to draw any conclusions on 

its effectiveness. Using urushi, the suri treatment was more effective than gatame. 

 

The effect of a coating of shellac, as was often used to ‘restore’ urushi objects in the West, 

was also investigated. The shellac showed some cracking after ageing, and was very difficult 

to remove even with aggressive solvents.  
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Chapter 1 Introduction 

Urushi is the name given to Japanese lacquer, which is a natural polymeric material 

produced from the sap of trees. It has been used for thousands of years as a decorative but 

durable coating for many objects made from wood, leather, ceramics etc, [Takahashi, 2005]. 

It can be found in a variety of colours although black and red are probably most common 

and it has a highly glossy finish. 

 

Made in Japan and intended for export to the West, the Mazarin chest is a prime example of 

a ‘cross-cultural’ object and the recent project to conserve it highlights the problems 

encountered with regard to the conservation and restoration of cross-cultural objects such as 

these. It was decided from the beginning of the conservation project to involve both 

Japanese and Western conservators, to optimise knowledge and skill transfer for the benefit 

of the entire collection [V&A, 2003].  This was also preferable to sending the chest to Japan, 

and subsequently not knowing how it was being conserved or why certain treatments may 

have been chosen. 

 

Conserving an historic object will include input from scientists, curators, conservators and 

ethnic communities, which can lead to a conflict of ideas and interests [Viñas, 2005]. These 

conflicts have different origins; some are based on cultural differences, historical and 

traditional values, or miscommunication between differing viewpoints. The first section of this 

thesis will explore why these tensions arise, and in what form they manifest themselves, 

through three case studies and discuss how this can affect an object’s value.  

 

Over time, urushi will fade and the gloss will turn dull and matt. The surface will appear 

powdery. Mud -like cracks (micro-cracks) will form, and sometimes pieces of urushi will flake 

off [Yamashita and Rivers, 2011b].  A number of different methods have been employed in 

the past to restore urushi objects, including the use of Western varnishes. This has often 

caused further complications in later restorations, as the varnish used is very different to 

urushi and problems arise when trying to remove the varnish. Today, urushi objects are 

usually restored with urushi based treatments and compatible solvents.  

 

It is not fully understood what happens to the physical properties of urushi as it ages, and 

how the treatments behave in the long term. In the case of museum objects, the object’s 

history, such as previous treatments and the conditions it was kept in, is unknown. The 

micro-cracking that appears on the surface is thought to be produced by fluctuations in 
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temperature and relative humidity, and is assisted by light degradation [Yamashita and 

Rivers, 2011b]. A number of ageing tests were conducted to assess the impact these 

different processes have when considered individually and when these processes are 

combined. There has been some previous scientific work carried out as part of the Mazarin 

chest project. There has been some investigation as to the most effective method of artificial 

ageing, which has been built upon in this thesis [Keneghan, 2011]. Other work includes the 

absorption and desorption of water in urushi and moisture uptake in wood and urushi 

[Bratasz et al., 2008]. For the benefits of further work, a reliable method for artificial ageing is 

needed and this requires an understanding of the ageing process of urushi and the 

interaction of the layers with the material. 

 

The artificial ageing (sometimes referred to as accelerated ageing) needed in conservation is 

different from commercial artificial ageing. Most commercial uses of artificial ageing are to 

test a product to failure, and this is reflected by industrial standards. However, the ageing 

used for the purpose of conservation research is to faithfully replicate damage seen in 

naturally aged objects to be used for testing [Feller, 1994]. Artificial ageing is utilised in 

conservation when assessing different conservation treatments, as naturally aged material is 

not readily available for invasive and destructive testing. Further, in the cases where material 

is available, the condition and storage history and/or the layer composition is not known. 

Although artificial ageing been used in conservation science for many years, it is difficult to 

reproduce natural ageing. Natural ageing is a combination of different degradation 

processes caused by light, relative humidity and temperature [Feller, 1994]. The process of 

light degradation can cause cross linking and embrittlement, leaving the material vulnerable 

to swelling and shrinking caused by changes in humidity and water content, and is 

exacerbated by changes in temperature. This damage is dependent on time and even 

artificial/accelerated ageing can take months to produce sufficient damage, even then it may 

not be reproducible for different types of lacquer. 

 

In Japan, urushi objects are traditionally conserved with urushi. However such treatments 

are irreversible and it may be difficult to distinguish a modern treatment from the original 

material. These treatments using urushi are called gatame and suri. Gatame is usually 

applied diluted to fill the cracks, and is wiped after application to ensure that no urushi is left 

on the surface. Suri uses urushi either diluted or neat, to cover the surface of the object as 

well as filling in the cracks [Yamashita and Rivers, 2011a]. Both treatments usually require 

many thin layers rather than one thick layer. In the past, Japanese objects owned by 

Western museums were treated in Japan, with little knowledge transfer as to how they were 

restored or how to care for the other lacquer objects in their collections. Over the years there 
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has been more interest in urushi and more Western conservators are studying the subject. 

The exchange of information will initiate changes in attitudes towards urushi, both for 

Westerners and Japanese, and promote debate over what is meant by successful treatment. 

Understanding how urushi objects are made, and the culture that they come from, can bring 

successful collaborative research on urushi objects. However there has not been much in-

depth research into the long term effects of the different treatments and the scientific 

properties of urushi. 

 

Some objects held in Western museums have been treated with a range of natural resins 

including shellac (from the 19th century) and sandarac (pre 19th century) to restore gloss and 

lustre to urushi objects [McSharry, 2009]. It is unknown whether removing these previous 

coatings damages the objects further. It is also unknown how effective conserving them with 

traditional urushi methods on top of the old coating will be, or if the urushi treatment is 

affected by possible residues of the coating when the old coating has been removed. 

 

In this thesis, different conservation treatments were applied to a series of naturally aged 

samples to investigate the effect that they have on the appearance of the micro-cracking and 

the strength of the conserved surface. These treatments were gatame, suri and Paraloid 

B72. The samples underwent further artificial ageing to investigate how the treatments affect 

the micro-cracking in the long term. In addition to these samples, a further series of samples 

investigated the effect a shellac varnish has on a naturally aged urushi surface and the 

consequences of applying a suri (urushi) coating onto a light degraded shellac coating. 
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Chapter 2 The Causes and 

Manifestation of Tensions When 

Working with Cross-cultural Objects 

2.1 Introduction  

One of the more controversial types of object in museum collections is human remains. 

Attitudes towards human remains in museums have changed over the years: initially, 

remains were collected as curiosities rather than for any particular scientific reason; in the 

19th century bones and remains were seen as material for scientific research, which inspired 

a frenzy of collecting human remains for study [DCMS, 2007b, Hole, 2007, Wellcome Trust, 

2009a]. When the British Empire collapsed in the 20th century, and the after-effects of 

colonisation were re-evaluated, museums were embarrassed at the part they had played in 

exploiting indigenous peoples for the sake of a collection, and felt the need to distance 

themselves from such negative associations with a new approach more fitting to a more 

tolerant time; today, it is mostly the personnel in museums that are approaching indigenous 

tribes to return the remains [British Museum, 2006, DCMS, 2007b, Jenkins, 2008, Jenkins, 

2009], aided by changes in legislation.  

 

Although controversial, human remains do have significant scientific research value. 

Scientists can obtain important information from these unique historical and biological 

specimens.  They have the potential to tell us how humans lived a long ago, for example. 

The use of modern human remains for scientific research requires specific consent from the 

deceased, or their close relatives [OPSI, 2004]. The question of consent can also be loosely 

applied to older remains, with the indigenous communities representing the closest ‘relatives’ 

to the deceased, immaterial of age or exact ethnic group.  

 

Although human remains are an extreme example of cross-cultural ‘object’, many of the 

problems highlighted are the same as those for less controversial items, such as the Mazarin 

Chest. Ideas of ownership and belief (and consequently value) can clash if the relative 

importance placed on ownership and spiritual or cultural value differ.  
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This section starts with an overview of the history of collections of human remains in 

museums, and examine why human remains were collected: the motives and methods used 

by collectors can help explain why remains are contested today. This will lead to a 

discussion of the value human remains have to different people and how these differences 

have led to markedly polarised arguments. I will follow up this discussion by considering the 

recent changes in UK law concerning human remains. I will then bring together these 

arguments to discuss a recent case in the UK - the repatriation of Maori remains to Te Papa 

Tongarewa in New Zealand. I will compare this to an earlier case involving Aboriginal 

remains, to highlight the way that different attitudes to similar objects can lead to noticeably 

different results. Finally, I will compare these findings with those concerning the conservation 

of East Asian lacquer objects in museum collections. The study is limited to the British 

perspective, as the overall study of my work is commissioned by a UK institution and to give 

fully comprehensive viewpoint of both countries and cultures is beyond the scope of this 

thesis.  

 

2.2 Part One: The Mazarin Chest  

2.2.1 Introduction 

The Mazarin chest is believed to have been made around 1630-1640 in a Kyoto workshop 

for exported to the West, although the first owners and history of the commission of the 

chest are not known. Its 18th century steel key bears the coat of arms of the Mazarin-La 

Meilleraye family, from which the chest derives its name [V&A, 2009b]. 

 

The Mazarin chest was produced at a time when the ‘namban’ (lit. Southern barbarians) 

export style was out of fashion and the stylised Japanese design was gaining in popularity 

[Bincsik, 2008]. Other similar chests were made, though not to the same quality as the 

Mazarin chest. These were often disassembled and reused in other pieces of furniture, for 

example the Charlottenburg and Vitel cabinets [V&A, 2009e].    

 

Having been on display for many years, the chest underwent conservation between 2004-

2008, in a project involving scientists, conservators and curators from several different 

countries and museums, working on different aspects of the project, funded by the Toshiba 

International Foundation, the Getty Foundation and the V&A museum [V&A, 2009c].  The 

chest was then exhibited in Japan and the US, before returning to the V&A to be redisplayed 

in 2009 [V&A, 2009c].  
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It was decided from the beginning of the conservation project to involve both Japanese and 

Western conservators, to optimise knowledge and skill transfer for the benefit of the entire 

collection.  This was also preferable to sending the chest to Japan, and subsequently not 

having the day-to-day V&A curatorial and conservation discussion of the treatment. 

 

The projected aimed to find conservation approach that would accommodate both Japanese 

and Western viewpoints. This was one of the primary aims of the project [Rivers, 2005, V&A, 

2009c]. Differing cultural backgrounds and training create different towards conservation: the 

Western approach might be to minimise and make the treatments retreatable in the future, 

whereas the Japanese would emphasis the cultural material continuity, employing traditional 

materials and methods closer to those with which the chest would have originally been made 

[Rivers, 2005]. 

 

2.2.2 Production and Preservation of Urushi Objects 

Urushi, Japanese lacquer, was used as a decorative material and prized for its gloss and 

durability. The material has been in use for nearly 9000 years, the earliest known lacquer 

objects dating from the Jomon period [Takahashi, 2005].  However, photodegradation 

causes urushi to lose its gloss and microcracks to appear on the surface.  This, in turn, 

makes it much more vulnerable to further damage from heat, organic solvents and moisture 

[Kitano, 2009a, p33]. Moisture damage can lead to parts of the urushi flaking off, taking 

associated decoration with it [Kitano, 2009a, p33]. Comparing a photodegraded surface to a 

new example of the same, the aged surface is not as resistant to solvent damage as the new 

and cleaning treatments and solvents used on photodegraded urushi need to be chosen 

carefully to ensure that they do not inadvertently cause further damage [Yamashita, 2009a]. 

Restoration treatments can contribute to the damage of an object done without sympathy to 

the original material. In addition, replacement materials do not age in the same way as the 

original urushi. 

 

The two approaches to conservation of photodegraded urushi conservation in Japan are the 

urushi-gatame and suri urushi techniques. Gatame uses urushi diluted in a solvent, to thin it 

and allow it to penetrate the cracks caused by light degradation. Any excess is wiped from 

the surface before it cures [Yamashita, 2009a, p93]. Suri is a similar technique, except a 

new layer on urushi is left of the surface of the object, to add further protection and give it 

more lustre [Yamashita, 2009a, p94].  
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The type and quality of the urushi used will affect the final look of the object as well as its 

material properties. There are a number of variables in how (Japanese) urushi is harvested 

and processed which affect the properties of the final product. 

o As urushi is a natural substance, it can vary significantly between batches. [Heckmann, 

2002, p16]. 

o It is made from the sap of the tree Toxicodendron Vernicifluum (formerly Rhus 

Vernicifulua Stokes), a tree found in Japan, China and Korea. Similar trees, from the 

same family, are found throughout China, Vietnam, Thailand, Taiwan and Myanmar, but 

these have slightly different chemistry [Heckmann, 2002, p12].  

o The tree is traditionally tapped when it is at least ten years old - the older the tree, the 

better quality of the lacquer [Quin, 2001, p39-40] – leading to complications with regard 

to sustainable growth of the trees.  

o The tapping season itself is a limited one, beginning in June and ending in September.  

Tapping seasons can, and do, run for longer than this – from as early as May and as late 

as November - but this yields a lower quality of urushi [Heckmann, 2002, p14, Quin, 

2001].  

o Within this limited time-frame, a tree would be tapped at four to five day intervals to allow 

it sufficient time to heal [Heckmann, 2002, p14].  

o As a consequence, yields are relatively low: a typical tree would usually produce about 

250ml of urushi per harvest [Webb, 2000, p5]. 

o Environmental factors with regard to the sap’s collection also affects the properties of the 

urushi: the sap will have higher water content if it was collected during a rainy period, the 

quality of urushi will vary between locations, etc. [Webb, 2000, p5-6]. 

o All sap collected needs to be filtered to remove dirt and other contaminants, to produce 

ki urushi - raw urushi that has not undergone the kurome or nayashi processes (see 

below) [Kitano, 2009b, p46-47].  

o Raw urushi can contain between 20-60% water. The raw urushi can be processed to 

produce kijiro, which has an average water content at around 3% [Heckmann, 2002, p16, 

Webb, 2000, p6]. Dehydration and homogenisation - called kurome and nayashi 

respectively [Heckmann, 2002, p16, Kitano, 2009b, p46] - involves the raw lacquer being 

stirred at an elevated temperature which must not exceed 50°C.  Even heating over 

several hours at the right temperature was a difficult process before the invention of 

thermometers. Variation in temperature during the refining process may have affected 

the quality of original urushi artefacts because the rate and evenness of the reduction of 

the water content will affect the gloss, transparency, and hardness of the final product 

[Heckmann, 2002, p16, Webb, 2000, p6].   
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o Additives to improve qualities such as gloss, colour, drying rate etc, may be added whilst 

the urushi is homogenising [Heckmann, 2002, p16, Webb, 2000, p6] and introduce 

another area where inconsistencies may result in subtle differences in the finished 

lacquer. 

 

While the kurome and nayashi could benefit from automation, lacquer production is still done 

following traditional techniques, and has changed very little over the centuries [Heckmann, 

2002, p15]. 

 

The highest quality of urushi objects are made using the honkataji process (which was called 

honji by John J Quin in 1882, although today honji is a name used for a lesser quality 

process) [Quin, 2001, p52, Webb, 2000, p27]. Urushi objects are built up layer by layer, each 

layer being cured before the next is applied. The process begins with raw urushi (ki) being 

applied to the substrate to seal it.  The substrate itself is selected depending on the intended 

use, and therefore desired quality, of the completed object. 

 

Wood is the most common material used for the substrate of urushi objects, due to its 

versatility [Kitano, 2009b, p42, Webb, 2000, p12].  The wood is selected for its strength, 

stability, resistance to wetting and drying, and texture [Kitano, 2009b, p42].  The common 

types of wood used are hinoki (Japanese cypress), which is generally the preferred choice 

for wooden substrates; hōnoki (magnolia), which is the preferred choice for sword sheaths; 

kiri (paulownia), which is used for items such as clothes boxes and tea caddies; hime-ko 

matsu (Japanese white pine), used for figurines; sugi (Japanese cedar) and hiba (arbor 

vitae), which are used for cheaper articles [Heckmann, 2002, p80-81, Quin, 2001, p80-81]; 

keyaki (zelkova), often used as a building material; sakura (cherry) and kihada (cork tree), 

which are used for handiwork and furniture; and wood from non-indigenous trees such as 

the Japanese horse chestnut, used for making Western style furniture. The Mazarin chest is 

thought to have a hinoki substrate [V&A, 2009a].  

 

Bamboo can also be used as a substrate, although it can be often be difficult identify as not 

being wood once it has been lacquered since the process may hide the weave.  Bamboo is 

often prepared as basketry, or by using the coiled method. Woven sheets of bamboo can be 

used as substrates for larger objects [Matsumoto, 2009a, Webb, 2000, p16-16].  

 

Paper was an alternative to wood substrates.  Japan is famed for versatile application of 

paper as a construction material, though in the 20th century its comparative cheapness led 

to its widespread use for export and tourist wares [Webb, 2000, p19].   
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Fabric, usually hemp but also sometimes linen or cotton, can likewise be coated with lacquer 

and moulded over a form which is removed once the lacquer has dried, a process call 

Kanshitsu or dry lacquer [Matsumoto, 2009a, Webb, 2000, p18-19]. Hide and leather 

substrates were often used for armour, although the lacquer doesn’t adhere as well on 

leather as wood [Webb, 2000, p19]. 

  

Metal is a fairly common substrate and was used for sculptures and armour. Ceramics were 

used in the earliest days of lacquer but are rarely used today [Matsumoto, 2009a, Webb, 

2000, p23]. 

 

Any imperfections are filled with kokuso, a mixture of urushi and a filler component such as 

sawdust or chopped fibre.  Next, a hemp textile, or a paper layer for cheaper articles, is 

applied to the wooden substrate using urushi mixed with wheat (mugi) or rice (nori) paste 

[Quin, 2001, p55-56, Webb, 2000, p25-27]. The cloth weave is filled in by kiriko (medium 

coarse clay) mixed with urushi. [Webb, 2000, p25-28]. Onto this, the first foundation layer is 

added using jinoko (coarse clay powder), then the next foundation layer using kiriko, before 

the final layer of foundation using sabi (fine clay called tonoko mixed with urushi) is applied 

[Quin, 2001, p53-56]. Ki urushi may be applied to seal the surface of the foundation layers 

and dried before the top urushi layers are applied [Webb, 2000, p28].  

 

Each layer of urushi is applied to the object, left humidified until it has cured, then polished 

using charcoal [Quin, 2001, Webb, 2000, p32]. Raw urushi is used for the foundation layers 

whilst the refined urushi is used for the upper layers. [Quin, 2001, p52-53]. It is possible to 

omit a number of these steps or use cheaper variations to produce more inexpensive 

lacquer pieces [Quin, 2001, Webb, 2000, p28]. 

 

There are many different ways to decorate an urushi surface. The most common are raden 

which is mother-of-pearl inlay; maki-e, which is ‘sprinkled pictures’, usually using gold or 

silver powder; hyomon and kanagai, which use metal foil for decoration; urushi-e, which is 

painting using coloured urushi; and choshitsu and chinkin, in which is the urushi is incised 

[Matsumoto, 2009b, p62-63].  
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2.2.3 The Role of Artists, Conservators, Living National Treasures in 

Conservation 

Urushi is a complex material to produce and consequently requires skilled artists to apply 

and produce high quality urushi objects. Urushi artists typically produce new pieces and 

restore the old. There are not as many lacquer artists as there once were [Murose, 2009]. 

Those that are still active often enjoy reputations based on lineage, sometimes within familial 

lines [Kitamura, 2009, Murose, 2009]. This brings added difficulties. Although coming from a 

renowned family of lacquer artists does bring advantages in on-the-job training and 

established reputation, it can be difficult to gain recognition as an individual artist in one’s 

own right [Kitamura, 2009]. Different families have varying attitudes towards the younger 

generation entering the family business: in some cases there can be pressure to follow the 

family business [Kitamura, 2009]; in others, families will leave it for the younger generation to 

decide for themselves if they wish to follow tradition or adopt a modern career [Murose, 

2009].  A new lacquer artist, not directly related to an established family, would have to be 

recommended to one of these workshops to be taken on as an apprentice employee, making 

the market for artists very selective [Murose, 2009]. There are very few conservation courses 

in Japan [Murose, 2009]. The students who are on conservation courses, irrespective of the 

level of conservation knowledge and skill they may already possess, usually know very little 

about urushi and so are taught as if beginners [Kitamura, 2009]. It takes about 5 years to be 

fully competent with urushi and, so far, no Western conservator or artist has trained for that 

time in Japan [Murose, 2009]. 

 

In the UK, conservation is carried out by conservators rather than an artist or maker. 

Conservators choose treatments that reflect Western conservation ethics, such as 

retreatability, whereas the artists in Japan favour materials that were used in the original 

object (where possible). There are many routes into conservation today in the UK, shown in 

Figure 1, including internships and formal courses [ICON, 2009]. Some conservator-

restorers train in making new objects before specialising in restoration, and are either 

attached to private workshops or work freelance.  
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Figure 1: Routes into conservation as a career [ICON, 2009] 

 

The professional bodies of Institute of Conservation (ICON), the Society of Archivists (SoA), 

or the British Horological Institute (BHI) have a professional accreditation for conservator-

restorers. To be an accredited conservator, the theoretical and ethical approach to the object 

is assessed as well as the practical application.  A factor influencing the need for ethics and 

the theory behind conservation and restoration treatments has been the restoration debates 

in the 19th and 20th centuries - such as those about the cleaning of paintings at the National 

Gallery in London [Viñas, 2005, p106-107].  

 

These different approaches are reflections of both historical practice and cultural values. In 

1950 the Japanese government established the law ‘For the Protection of Intangible Cultural 

Properties’ to recognise and preserve traditional skills that were, and still are, endangered. 

Those designated with holding the title ‘Intangible Cultural Property’ are usually referred to 

as a ‘Living National Treasures’. The term Intangible Cultural Property was initially intended 

to refer to the skill (hence ‘intangible’), though it inevitably came to be used to refer to the 

holder of that skill [Richard, 2004, Rousmaniere, 2007, p12]. A similar schemes is run by 

UNESCO to protect World Intangible Cultural Properties [UNESCO, 2003]. There is no UK 

equivalent that recognises traditional arts and crafts or the knowledge needed to produce 

them and the UK government has not ratified the 2003 convention. 

 

This scheme to protect traditional skills works in Japan because there is a culture of keeping 

old skills alive [Murose, 2009]: the renewing of Shinto Temples and their treasures is a well-

known example of this. Although being designated a Living National Treasure is an honour, 

it does have its disadvantages. There is debate about the usefulness of the Living National 

Treasure system; the law states that it is the skill and not the artist which is protected [ACA, 

2008, p9-10], but the system has the potential to turn into a ‘hall of fame’, rather than a 

means of preserving traditional skills.  The designation can often happen without the 

nominee’s knowledge and is not always welcomed. Some artists feel they subsequently 

have an obligation to continue working beyond retirement age and there is also lot of 
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emphasis placed on teaching the skills, which takes up a lot of time the artists may prefer to 

spend on the art itself [Kitamura, 2009, Murose, 2009]. 

 

There is no equivalent to a Living National Treasure in the UK, and conservator-restorers 

have not necessarily trained as artists before working in conservation. Many of the traditional 

craft skills that have been previously used in conservation and needed in restoration have 

been in decline because techniques and materials are now lost or rendered obsolete by 

modern technology [Vaccaro, 1996b, p426]. There has been a shift in Western thinking away 

from restoration treatments, to less invasive conservation treatments. The final decision 

between conserving and restoring is dependent upon the owner’s wishes, the object itself, 

and the contemporary attitude towards object preservation [Viñas, 2005, p175-176].  

 

Many artists in Japan prefer their own tools and their own materials (when budget and time 

allow them to do so) when working on foreign collection rather than the Western alternatives 

[Kitamura, 2009]. Japanese artists have traditionally been quite secretive about their choice 

of materials and techniques, but have been required to give up information about their work 

when Western museums questioned conservation work they had done [Kitamura, 2009]. 

Japanese conservators realise that Western conservators prefer their own materials, as that 

is what they are most comfortable with [Kitamura, 2009, Murose, 2009].  However, urushi 

artists would still prefer to use urushi and traditional materials when conserving Japanese 

objects: they understand the material properties as the object ages over time. The use of 

traditional materials and techniques ensures the continuity of the object’s character when 

worked on by different artists [Murose, 2009, Sano, 2009]. The use of urushi for 

conservation may cause tension when working with a Western museum that would tend to 

prefer an object in its collection to be conserved using retreatable materials.  

 

2.2.4 History of Urushi Objects Made for Export in the West 

Urushi objects stared to appear in the Western Europe in the 16th Century, when traders and 

missionaries, mostly Spanish and Portuguese, first began embarking on journeys to the Far 

East [Nagashima, 2008, p30].  The Portuguese were the first Europeans to reach Japan and 

were greatly impressed with the worked goods that Japan had to offer.  In particular, these 

Europeans were greatly impressed with lacquer objects - both for their beauty, and their 

durability [Nagashima, 2005, Nagashima, 2008, p34-35]. 

 

The earliest type of lacquered goods produced for the Western market were namban urushi. 

These had a mix of Japanese and foreign styles on Western style objects, and were 
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commissioned pieces rather than those produced for general sale [Bincsik, 2008, Impey and 

Jörg, 2005, p78, Nagashima, 2008, p37].  The earliest namban pieces were thought to have 

been made for the Jesuit priests who were living and working in Japan, as the styles seem to 

combine both cultures [Impey and Jörg, 2005, p19].  The namban style is characterised by a 

lack of blank space, geometric designs, abundance of raden or similar, and painted 

decorations. An example is shown in Figure 2 [Impey and Jörg, 2005, p78-79]. 

 

Figure 2: Nambam tankard (courtesy of the V&A, FE.23-1982) 

 

As well as preaching the Christian religion, many missionaries travelled to Japan to trade 

valuable goods and make their fortune [Nagashima, 2008, p34-35].  In addition to 

Catholicism, Europeans also brought with them other examples of Western technology – 

perhaps the most significant of these being muskets, which would change warfare in Japan 

irrevocably [Impey and Jörg, 2005, p17]. However, at the start of the Edo period in 1610, the 

Shogun grew suspicious of the influence of the Catholic Church and the systematic 

persecution of missionaries soon followed. This eventually ended with the banning of 

Catholic missionaries, and the Christian religion, throughout Japan.  The bulk of foreign 

trade was subsequently conducted by the Protestant Dutch and the Chinese, through the 

port of Nagasaki [Impey and Jörg, 2005, p15-19]. However some of the missionaries 

apparently did continue to trade in Japan, as Christian wares such as crosses were still 

produced [Nagashima, 2008, p35]. 

 

The VOC (Dutch East India trading company) held the monopoly on European-Japanese 

trade until the latter part of the 17th century, when private and other commercial traders 

began acquiring Japanese lacquer objects through alternative trade routes through Asia 

[Bincsik, 2008, Nagashima, 2008, p40].  Export lacquer underwent a transition from the 
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namban style to a more pictorial style during the 1630-50s [Impey and Jörg, 2005, p83, 

Nagashima, 2008, p38]. The new styles reflected the Dutch dominance of the Japanese 

export market: the Dutch preference being for less geometric patterns and more landscape 

pictures as well as maki-e decoration, rather than the raden [Impey and Jörg, 2005, p82-83, 

Nagashima, 2008, p38].  The borders and cartouche that were used on earlier lacquer 

pieces began to disappear [Impey and Jörg, 2005, p84].  

 

This Dutch-influenced style varies considerably in quality during the 17th century [Impey and 

Jörg, 2005, p85]. At one end of the spectrum are the pieces known as the ‘fine pieces’, 

exceptionally good quality examples of export lacquer made between 1630s and 1650s, 

including the Van Diemen Box and the Mazarin Chest [Impey and Jörg, 2005, p85].  The 

quality of commissioned export lacquer work began to decrease after 1640, under the 

influence of market forces as the Dutch tried to get cheaper pieces and lacquer became 

more commonplace [Impey and Jörg, 2005, p95].  Rather than selling their best items to the 

Dutch at a price below their worth, the Japanese took on less foreign orders, and turned 

instead to making smaller domestic objects that could be sold in Japan [Impey and Jörg, 

2005, p95]. 

  

During the late 17th and 18th century, the demand for objects from East Asia was high, 

despite the reduced number of lacquer objects being exported. Japanese supply was not 

sufficient to satisfy European demand, so astute Europeans began developing their own 

version of lacquering, known as ‘japanning’. The term ‘japan’ in England came to mean a 

lacquered object in the same way ‘china’ refers to porcelain [Hidaka, 2009, Nagashima, 

2008, p41]. But European japanning artists produced illustrations that were a Western 

impression of the East, rather than an authentic recreation of it [Hidaka, 2009, p18-19].  

 

By the 18th century, tastes once again changed among the upper classes in Europe, with 

screen and flat chests disassembled and re-worked to suit fashionable trends.  Sometimes 

this involved the removal of the wooden backing leaving the maki-e finish to be transferred 

onto a curved object, or the incorporation of a smaller object into a larger one [Nagashima, 

2008, p41]. Many of the lacquer objects obtained by Western elite were used to show off 

their taste and wealth; to be placed in a ‘cabinet of curiosities’, or given as gifts to foreign 

dignitaries [Bincsik, 2008, p2, Hidaka, 2009, p18, Nagashima, 2008, p40-41]. 

 

At the end of the 18th century and during the 19th century, revolution and industrial 

progression changed the markets once again: tighter regulation in Japan over the export of 

maki-e led directly to a decrease in export.  This, and the collapse of the Samurai class, 
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meant that much of the traditional patronage for lacquer artists was gone [Nagashima, 2008, 

p45]. The industrial power of countries like Britain re-established the Japanese artisan’s 

desire for international trade, whilst domestic industrialisation and the rise of the English 

middle class meant that those who had made ‘new’ money were able to buy expensive 

luxuries from the increasingly impoverished nobility. Among these was William Thomas 

Beckford, who described himself as a ‘Japan manic’, and was an avid collector of all things 

Japanese.  He owned the Mazarin Chest and the Van Deimen Box, during the 19th century 

[Nagashima, 2008, p45].  By the mid 19th century, the style of urushi objects had changed 

again, with raden coming back into fashion, and simpler designs of flowers and birds 

becoming more common.  This shift has come to be known as the Kyoto-Nagasaki style 

[Impey and Jörg, 2005, p96].  

 

By the mid 19th century, Japan had fully opened its borders to foreigners; and had even 

began to participate in the World Fairs – intent on generating more interest in Japan as a 

country and culture, rather than just in its exported goods. In 1882, John J Quin, attached to 

Sir Henry Parkes staff in the British Consulate at Hakodate in Japan, undertook a thorough 

investigation of lacquer production in Japan.  To accompany his report, he acquired items of 

lacquer-ware and the tools and raw materials used in their manufacture [Prendergast et al., 

2001, p26-28].  Quin also compared antique objects with contemporary ones, to see how 

production had developed [Prendergast et al., 2001, p27].   

 

The interest in Japan was not just confined to politics and objects in the world market, but 

also in performing arts, where its influence began to be felt -perhaps most notably in theatre 

and opera. Some examples of this Japanese ‘trend’ in popular culture are still performed 

today - such as ‘The Mikado or The Town of Titipu’ by William S Gilbert and Arthur Sullivan, 

first performed in 1885 and still popular a century later [Jefferson, 1984, p184].  In writing the 

story (inspired, according to popular legend, by a Japanese sword falling from the wall at 

Gilbert’s home) Gilbert thoroughly researched all his props and costumes to be as authentic 

as possible, and was aided in this by the people of the Japanese village that had been set 

up in Knightsbridge (on the site of what is now Imperial College London) [James, 1989, 

p105-106, Jefferson, 1984, p184, Leigh, 1999].   

 

Enthusiasm for all things Japanese persisted in the 19th century, thereby securing trade and 

ensuring employment for the Japanese craftsmen during a time of considerable upheaval in 

their country [Nagashima, 2005].  
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Today, urushi objects can fetch a large sum of money.  A jewellery box decorated in maki-e 

by a recognised modern artist could sell for around ¥1,000,000 (around £6,000-7,000) 

[Kitamura, 2009].  Urushi pieces are still being made: some for private owners, others for 

exhibitions, and some for the artist’s own pleasure [Kitamura, 2009, Murose, 2009]. 

 

2.2.5 The History of the Mazarin Chest 

Though it takes its name from the fact the Mazarin-La Meilleraye family crest appears on the 

steel key of the chest, the first owners and history of the commission of the Mazarin chest 

are not known.  It was believed to have been made around 1630-1640 in a Kyoto workshop, 

destined to be exported to the West, [V&A, 2009b].   The chest was produced at a time when 

the namban style was out of fashion, due to the aforementioned political shifts in both Japan 

and the West. Due to this cultural ‘cross-pollination’, the chest displays designs that are both 

Western in form and Japanese in style. It is thought that there were a number of these 

chests made. Another example, known as the ‘Lawrence chest’, larger than the Mazarin 

chest but with a similar design, is known to have been bought by a private collector at 

auction during World War II - its present whereabouts and condition are unknown. Other 

similar chests were made, though not to the same quality of the Mazarin Chest, and were 

disassembled and reused in other pieces of furniture [V&A, 2009e].   

 

It is known that the Mazarin chest was sold to the Parisian Jacques Leopold Duc de Bouillon 

(1746-1802), who was an avid art collector. In 1800 the chest, and a number of other pieces 

which previously belonged to Duc de Bouillon, passed into the collections of Gothic novelist 

and eclectic collector William Beckford (1760-1844) [V&A, 2009b]. In 1823 the chest was 

sold to Hamilton Palace in Scotland where it remained until 1882, when it was sold to the 

South Kensington Museum (later the V&A museum) [V&A, 2009b].  

 

2.2.6 Conservation of the Mazarin Chest 

The Mazarin chest is one of the most important urushi objects in the V&A’s collection. It 

underwent conservation between 2004 -2008 before being displayed at the Kyoto National 

Museum and the Suntory Museum of Art in Tokyo, Japan and the J Paul Getty Museum in 

Los Angeles, USA, before returning to the UK to be put back on display at the V&A in 

October 2009 [V&A, 2009d]. The project to conserve the chest, involved a collaboration of 

scientists, conservators and curators from several different countries and museums working 

on different aspects of the project [V&A, 2009c]. It was decided from the beginning to involve 

both Japanese urushi specialists and Western conservators, to optimise knowledge and skill 
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transfer, rather than sending the chest to Japan and risking loss of control over how it was 

being conserved, or each party becoming concerned as to why certain treatments may have 

been chosen, over their own preferred methods.  Therefore conservation approach had to be 

found that would satisfy both viewpoints. This was one of the primary aims of the project 

[Rivers, 2005, V&A, 2009c].  

 

2.2.7 Background of the Mazarin Project 

In 1998 the V&A was approached with a request to be a part of the Japanese government’s 

programme of ‘conservation of works of Japanese art in foreign collections’ and in 1999 a 

proposal was made to conserve the Mazarin chest [Rivers, 2003, V&A, 2004, F1, 1]. This 

would have involved sending the chest to Tokyo to the Tokyo National Research Institute for 

Cultural Properties, or Tobunken as it is commonly known, to be treated by a contracted 

urushi artist or conservator using traditional Japanese materials and techniques [V&A, 2004, 

F1, 1]. After much discussion between the curators, the Deputy Director of the museum and 

the conservators, it was decided that the Mazarin chest would remain at the V&A to be 

treated in-house rather than being sent back to Japan. The three main reasons given for this 

decision were: firstly, decoration had begun to flake off the chest and transporting it to Japan 

risked further loss of decoration as well as damage to the chest during shipping: also, the 

chest had acclimatised to the low RH conditions in London and the difference in RH between 

the two cities may have affected the long term effectiveness of the treatment. The second 

reason was that the damage caused to the Mazarin chest through changes in environment 

were not unique to the chest and affect many other lacquer objects [Rivers, 2003]. To send 

only one object to be conserved without knowing how it was done is not beneficial to the 

collection as a whole. In-house skills needed to be developed to allow V&A conservators to 

treat objects at the museum rather then send them abroad, a prohibitively slow and costly 

process. The third reason was to develop existing and initiate new cross-cultural contacts to 

share information between the Japanese artists and conservators and the V&A and together 

to choose the best treatment based on a wide area of expertise [Rivers, 2003].  

 

There is only one record of conservation treatments of the Mazarin chest prior to the project. 

This treatment undertaken in 1986 described cleaning the chest using almond oil and lamp 

black (black carbon pigment). Other undocumented restoration attempts had occurred at 

some point in the chest’s history, including the application of black natural varnish to some 

areas, parts of the inlay and silver decoration had been polished such that detail in these 

area had been lost and there had been attempts to retouch lost foil decoration using gold 

leaf [V&A, 2004, p8].  
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The V&A realised that to treat the Mazarin chest in-house would require a Japanese 

conservator. Yoshihiko Yamashita was selected because he was known to V&A staff and 

was open to discussion about the techniques and materials used for conserving urushi 

objects [Hutt, 2010]. Yamashita had his own workshop in Tokyo and worked at the 

Tobunken [Yamashita, 2009b]. The schedule of work depended on how much time 

Yamashita could give that would allow him to work on other projects in Japan as well as 

allow staff at the V&A to carry out other work [Faulkner, 2010, V&A, 2003]. The project 

required a V&A conservator to learn about urushi and its application to conserve other urushi 

object in the collection as well as advise appropriate technique to remove previous Western 

restoration treatment that had been applied in the past. V&A senior conservator Rivers went 

to the Tobunken to learn about the materials and techniques traditionally used to conserve 

urushi objects during the project [Rivers, 2009, V&A, 2004, F1, 2]. Having both a Western 

and Japanese conservators enabled greater amounts of meaningful dialogue to produce an 

effective and sympathetic conservation towards the Mazarin chest and other urushi objects 

[Rivers, 2005]. However such collaboration was not without its difficulties. Problems caused 

by the language barrier and different work practices were resolved by involving a bi-lingual 

(in Japanese and English) curator Rupert Faulkner in weekly meetings facilitate 

communication, strengthen the working relationship and set out an agreed work programme 

[Faulkner, 2010, Rivers, 2010]. Another curator, Julia Hutt, curator of Japanese lacquer was 

consulted at all stage but particularly when conservation involved the removal of dirt or 

varnish which could not be undone [Hutt, 2010]. The ability to discuss openly discuss 

different techniques and materials allowed informed and justifiable conservation work on the 

chest that could be applied to other urushi objects and taught to other conservators. 

 

The chest had damage caused by light and fluctuating humidity and temperature. Splits 

along the joints especially on the lid, were caused by shrinking and warping of the wooden 

substrate which consequently damaged urushi along the joint lines, in some cases exposing 

the foundation layers making them vulnerable [V&A, 2004, p8, V&A, 2009c]. Parts of the 

mother-of-pearl inlay were lifting or had been lost. Silver and gold decoration had tarnished 

in places and were also lifting and wrinkled in places and some of the finer detail on silver 

elements had been polished away [V&A, 2004, p8, V&A, 2009c]. Light degradation caused 

microcracking in the lacquer resulting in loss of gloss from the surface [V&A, 2004, p8]. 

 

Although urushi has been used by craftsman for hundreds of years, little scientific 

information was available to inform the conservators about the long term preservation of 

Mazarin chest. Very few publications existed in English about the chemical and mechanical 
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properties of urushi and these needed to be established to inform conservators about the 

long term stability of urushi and the implication this could have when using urushi as a 

conservation material. It was hoped that it would be possible to artificially age new urushi 

boards (where the composition was known) to test the different conservation treatments and 

artificially age these again to find the best treatment from the scientific results. During the 

project Dr Brenda Kenegan was invited to the Tobunken to find out more about the scientific 

research that had been previously done on urushi and develop a plan for the scientific 

research to be done at the V&A [Keneghan, 2009, V&A, 2004]. The Tobunken provided the 

V&A with the bulbs and samples they used for initial artificial ageing tests. The difficulties 

associated with artificial ageing lacquer were not fully appreciated at the outset of the 

project, both budget and timetable proved unrealistic. It was only at the end of the project 

that the V&A was able to produce some artificially aged samples using an unfiltered mercury 

tungsten lamp. However, the samples available to use were limited in number, thereby 

reducing the number of assessments that could be performed and reducing the accuracy of 

the experiments [Keneghan, 2009]. The initial information obtained from this research was 

produced in the time scale needed by the conservators who combined their knowledge of 

the materials and techniques with these initial results to choose the most appropriate 

treatments for the chest. The defiant results from all the experiments could not be produce in 

time and the amount of research that needed to be done was the foundation for 5 PhD 

projects and those PhDs will produce results which would benefit urushi objects to be 

conserved in the future. 

 

A lot of the project’s success was due to people being able to juggle commitments, time and 

resources around to accommodate and overcome the problems, such as cultural 

differences, when working with a cross cultural object [Faulkner, 2010, Hutt, 2010]. 

Unsuccessful parts of the collaboration occurred when unexpected problems arose and 

there were insufficient resources and information available to overcome them. The project 

increased the level of awareness of urushi between the different fields and was successfully 

concluded with a conference held at the V&A ‘Crossing Borders - The Conservation, Science 

and Material Culture of East Asian Lacquer’ conference held at the V&A on 30th- 31st 

October 2009, which attracted many people working with urushi in different fields from 

countries around the world.  

 

2.2.8 The Wider Implications for Cross-Cultural Objects 

In Japan, urushi objects are traditionally conserved with urushi, however such treatments are 

irreversible, and it may be difficult to distinguish a modern treatment from the original 
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material [Webb, 1998]. Western museums are more concerned with conserving the original 

‘authentic’ object in a less intrusive way that can be reversed or retreated should the need to 

do so arises, distinguishing between the new treatments and the original material [Smith, 

1998]. These contrasting approaches stem from cultural differences, history and connection 

to the objects and can cause tension in a collaborative project. 

 

In the past, Japanese objects owned by Western museums were treated in Japan, with little 

knowledge transfer as to how they were restored, so that Western institutions did not learn 

how to care for the other lacquer objects in their collections [NRICP, 1993]. Over the years 

there has been more interest in urushi and more western conservators are studying the 

subject [NRICP, 2005]. The exchange of information may initiate change in attitudes towards 

urushi, both for Westerners and Japanese, and promote debate over what is meant by 

successful treatment [Rivers, 2005]. However an object’s history must also be considered. 

Urushi objects are not all made to the same quality. Exported lacquer pieces are generally 

inferior to those that were produced for the Japanese market. Some urushi pieces have had 

additions, ranging from the addition of Western decoration to fill in blank spaces to a 

complete disassembly and reconstruction into a new piece of furniture. Such alterations 

have now become part of the object’s history [Bincsik, 2008]. These factors need to be taken 

into consideration when conserving an object and decisions need to be taken as to whether 

or not later alterations should be reversed to regain the ‘original’ object or if these later 

additions are now integral aspects of the object. The final decision will in part depend on the 

culture that owns the object. 

 

In Japan there is a scheme to protect traditional arts, whereas one does not exist in the UK 

[Rousmaniere, 2007, p12-13]. Japanese artists would like to think that people who restore 

their work in the future would share the care and attention for the object felt by themselves, 

the original artist and that there is a need for continuity with the object [NRICP, 2005, Sano, 

2009]. There is no equivalent scheme in the UK and many of the traditional crafting skills 

that have been previously used in conservation and needed in restoration have been in 

decline because of techniques and materials are now lost or rendered obsolete with modern 

technology [Vaccaro, 1996b, p426]. This decline implies that traditional skills are less valued 

in the UK than in Japan. However, there are very few conservation courses in Japan and 

many routes into conservation in the UK [ICON, 2009, Murose, 2009]. This difference in 

attitude towards conservation is an example of the cultural barriers that need to be 

considered when treating cross cultural objects. 

 



21 

The Mazarin chest project team deliberately adopted a cross-cultural approach to 

conservation in an attempt to overcome problems inherent in the conservation of cross-

cultural objects.  Differing cultural backgrounds and training produce different viewpoints 

when it comes to conservation: the Western approach might be to minimise intervention and 

make the treatments as retreatable as possible to preserve the authenticity of the original 

material whereas the Japanese might prefer continuity of the object, and employ more 

traditional materials and methods closer to those with which the chest would have originally 

been made [Rivers, 2005]. However, resources were not available for all part of the projects 

and consequently not all the goals, for example - having scientific research to aid selection 

of conservation materials, for example - were achieved [Keneghan, 2009]. 

 

Problems such as communication issues, raised by the cross-cultural collaboration 

experienced by the project team, are not unique to urushi objects. Parts Two and Three of 

this study investigate the problems encountered in a further two cross-cultural projects 

based in the UK.   

 

2.3 Part Two: The Repatriation of Human Remains from the 

British Museum to Te Papa Tongarewa National 

Museum of New Zealand 

2.3.1 Introduction 

One of the more controversial types of object in museum collections is human remains. 

Attitudes towards human remains in museums have changed over the years: initially, 

remains were collected as curiosities rather than for any particular scientific reason; in the 

19th century bones and remains were seen as material for scientific research, which inspired 

a frenzy of collecting human remains for study [DCMS, 2007b, Hole, 2007, Wellcome Trust, 

2009a]. When the British Empire collapsed in the 20th century, and the after-effects of 

colonisation were re-evaluated, museums were embarrassed at the part they had played in 

exploiting indigenous peoples for the sake of a collection, and felt the need to distance 

themselves from such negative associations with a new approach more fitting to a more 

tolerant time; today, it is mostly the personnel in museums that are approaching indigenous 

tribes to return the remains [British Museum, 2006, DCMS, 2007b, Jenkins, 2008, Jenkins, 

2009], aided by changes in legislation.  
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Although controversial, human remains do have significant scientific research value. 

Scientists can obtain important information from these unique historical and biological 

specimens.  They have the potential to tell us how humans lived a long ago, for example. 

The use of modern human remains for scientific research requires specific consent from the 

deceased, or their close relatives [OPSI, 2004]. The question of consent can also be loosely 

applied to older remains, with the indigenous communities representing the closest ‘relatives’ 

to the deceased, immaterial of age or exact ethnic group.  

 

Although human remains are an extreme example of cross-cultural ‘object’, many of the 

problems highlighted are the same as those for less controversial items, such as the Mazarin 

Chest. Ideas of ownership and belief (and consequently value) can clash if the relative 

importance placed on ownership and spiritual or cultural value differ.  

 

This section starts with an overview of the history of collections of human remains in 

museums, and examine why human remains were collected: the motives and methods used 

by collectors can help explain why remains are contested today. This will lead to a 

discussion of the value human remains have to different people and how these differences 

have led to markedly polarised arguments. I will follow up this discussion by considering the 

recent changes in UK law concerning human remains. I will then bring together these 

arguments to discuss a recent case in the UK - the repatriation of Maori remains to Te Papa 

Tongarewa in New Zealand. I will compare this to an earlier case involving Aboriginal 

remains, to highlight the way that different attitudes to similar objects can lead to noticeably 

different results. Finally, I will compare these findings with those concerning the conservation 

of East Asian lacquer objects in museum collections. The study is limited to the British 

perspective, as the overall study of my work is commissioned by a UK institution and to give 

fully comprehensive viewpoint of both countries and cultures is beyond the scope of this 

thesis.  

 

2.3.2 Different Values Associated with Human Remains. 

One of the contentious points in the repatriation debate is the very idea that remains are 

properties that can be owned. One of the requests from the indigenous communities to the 

chairman of the working group involved in the Human Tissue Act 2004 was that the remains 

are regarded as human beings, not as objects or artefacts [OPSI, 2004]. Human remains 

have little monetary value; their main values lie in emotional significance and scientific 

analysis.  
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Human remains can inform how humans lived in the past. Bones and the DNA they contain 

can provide information about health, diseases, diet, possible occupation, migration, cause 

of death, and attitudes towards death in society. The formation of the skeleton provides 

information about the gender and approximate age.  By comparing different DNA, changes 

in demographics over time can be understood [Cox, 2001, Endicott, 2008, Macleod, 2001, 

Schutowski, 2001, Stechel et al., 2006, Walker, 2001]. DNA sequences can also be used to 

understand the movement of population, and genetics [Cox, 2001, Endicott, 2008]. Both 

macroscopic and microscopic data can be obtained from bones and this research can be 

used to compare genetic code with appearance [Foley, 2008, Stechel et al., 2006]. By 

examining bones on the macroscopic level, which is largely non invasive, scientists can 

examine wear and tear on remains, such as teeth, to obtain information about lifestyle and 

how events such as disease or famine affect the growth of the individual [Cox, 2001, 

Odegaard and Cassman, 2008, Walker, 2001]. Some diseases leave markings or distortion 

on bones [Odegaard and Cassman, 2008, Stechel et al., 2006]. The skeleton can reveal 

trauma (pre, peri and post mortem) as well as surgical techniques carried out on the person 

during their lifetime  (such as realigning bones after a fracture) showing the progress of 

medical advancement through the ages [Cox, 2001, Stechel et al., 2006]. Intrusive 

microscopic methods include extracting DNA and stable isotope analysis which allows 

scientists to gain insight into the diet and origins of the individual [Cox, 2001, Endicott, 2008, 

Stechel et al., 2006, Walker, 2001]. However, microscopic examinations are considered 

destructive techniques, because a small sample (a few cubic millimetres) required needs 

preparation before the test is carried out, for example cutting down to size. In many cases 

the sample is destroyed by the test – adding to the controversy involved in dealing with 

human remains. Such techniques are used to extract isotope or DNA samples or to perform 

a chemical analysis to map the different chemicals found in the material [Cox, 2001, Smith, 

2008]. This can yield more complex and detailed information on diet, and by using isotopes, 

age and geographical location and migration dates can also be ascertained.  

 

Analysis of ancient skeletons has close links to indentifying bodies in forensics, both on a 

small scale, such as a murder investigation, and on a larger scale, such as in the 

documenting of modern human rights atrocities across the globe. DNA analysis provides a 

means of determining the cause of death, and allows the return of the bodies to their 

families. By comparing the taphomony (the process of body decomposition) of recent 

skeletons, and comparing them to ancient skeletons, the relationship of the contemporary 

burial environments to the respective bodies, and what effects this has had or will have on 

the skeleton can be seen [Cox, 2001, Odegaard and Cassman, 2008, Stechel et al., 2006]. 
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Newer methods (some of which are unpublished and still under research) potentially present 

methods to extract information from remains previously thought impossible. Information 

about disease epidemics could provide valuable insights into how modern epidemics behave 

and spread, and inform the human response to them [Cox, 2001, Endicott, 2008, Stechel et 

al., 2006]. It can also help provide evidence to determine if today’s lifestyle is ‘responsible’ 

for modern health issues: for example ,a study of medieval bones in Yorkshire proved that 

osteoporosis was as common in medieval times as it is today [IOI, 2003]. Human remains 

provide scientists with a ‘snapshot’ of a past time that cannot be found elsewhere. Ancient 

DNA could establish where and who the descendants of a particular race are. The older the 

remains, the more difficult it is to obtain information. At the same time, those remains are 

also likely to be rarer and therefore of greater scientific value [Cox, 2001, Endicott, 2008, 

Walker, 2001]. The suitability of DNA for analysis derived from remains held in museums is 

generally quite high, because museum objects tend to be of a better quality and are often 

kept in more controlled conditions, preserving valuable biological information that might 

otherwise be lost [Odegaard and Cassman, 2008]. Origin will also have an effect on the 

quality of data that can be obtained. Remains that have been under cycling environmental 

conditions, for example periods of wet and dry, are more likely to be degraded [Endicott, 

2008] compared to objects kept in a more stable environment.  

  

The treatment of the dead is important in all cultures.  In many cases it is believed that the 

body should not be disturbed and if it is, then it should be reburied as soon as possible 

[Nagar, 2002]. For many indigenous communities, the return of their ancestors is seen as an 

apology for the atrocities and neglect inflicted upon them in the past [Fforde, 2001, Jenkins, 

2008, Nihipali, 2001, Simpson, 2001, Thornton, 1998, Turnbull, 2001]. The repatriation 

therefore takes on a more political aspect, and becomes a form of recognition of the people, 

their beliefs, and their heritage. Examining Maori beliefs in particular, two concepts 

dominate: the concept of Mana can be related to spiritual power and well being; while Tapu 

relates to the concept of things sacred and from the gods [Besterman, 2008, British 

Museum, 2008a, Hole, 2007, Te Papa Tongarewa, 2008, White, 2001]. These definitions are 

inexact and reflect a broad philosophy.  The head is regarded as the most Tapu item in 

Maori society.  Toi Moko (dried heads) were the embodiment of people who had died both 

spiritually and physically, a way of keeping the deceased among the living and ensuring that 

their memory was not forgotten. The heads were mostly those of close loved ones and 

important people in the Iwi (clan). They would be kept safe from enemies, and bought out on 

special occasions to be honoured.  However, the Maori would also traditionally take the 

heads of defeated enemies, to signify their complete dominance over the defeated foe. Toi 

Moko made from the heads of enemies would endure repetitive public humiliations on such 
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special occasions [Besterman, 2008, British Museum, 2008a, Davies, 2001, White, 2001]. 

The Toi Moko therefore had another value, and could be exchanged in negotiations and 

peace treaties with other Iwi (although this was not common). In the 19th century, enemy Toi 

Moko took on another value, and as they were traded with Europeans for guns [Besterman, 

2008, Hole, 2007].  This raises the issue of the respective values placed upon these items 

by the Maori and the Europeans; the former imbued them with spiritual and cultural value, 

whilst the latter saw them as exotic trinkets and curios. The value of the remains today for 

the Maori is the connection to the ancestors who have been forcibly removed from their 

homeland. They contain significant cultural weight for the Maori, as well as being a link to 

their past. To have a Toi Moko kept in a far away museum is to continue the humiliation and 

serves as constant reminder of past defeat by an enemy, a painful colonial past, and the 

violation of Maori beliefs at the hands of the Toi Moko’s current owners [Davies, 2001, Te 

Papa Tongarewa, 2008, White, 2001].  

 

2.3.3 Science, Racism, and Challenging Attitudes 

The issue of the return of human remains is impassioned, with accusations of racism 

frequently appearing in the debate. It has been claimed that there is a risk of losing valuable 

and irreplaceable material if remains are removed from the scientific community and 

returned to their native community  [Endicott, 2008]. The clash occurs between different 

value systems. Whilst most scientists who would not regard themselves as racist, some of 

their arguments over human remains have been compared with those used in the Nazi 

regime – for example when citing purity of race as a reason to retain remains of indigenous 

peoples rather than using samples from living descendents. The clash between the objective 

view, in which an object is disconnected from subjective opinions and becomes something to 

be studied, and the traditional view, which regards an object as part of the heritage implying 

an emotional connection, is a similar argument between preserving the object as it currently 

is and preserving the continuity of the object, as discussed in the previous chapter. 

 

Over the past fifty years there has been in an increased awareness of the abuse suffered by 

indigenous people around the world in the past, especially during colonial times where whole 

tribes and ways of life were wiped out by settlers who were trying to ‘educate’ the ‘savage’ 

native people [Besterman, 2008, Hole, 2007, Simpson, 1996, p30-36, Turnbull, 2001]. Until 

the introduction of the Human tissue Act in 2004, the most common reason cited by 

institutions against returning human remains is that the remains were of scientific importance 

and that the Museum Act of 1963 prevented them from returning any remains [DCMS, 

2007b, Fforde, 2001, Jenkins, 2008, Turnbull, 2001]. Increasingly more personnel in 
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museums feel that these remains should be repatriated, especially as many of them were 

forcibly taken without the consent of their owners or their tribe [Clark, 2001, Fforde, 2001, 

Mansell, 2001, Thornton, 1998, Turnbull, 2001]. The indigenous communities believe that 

this will serve as an apology for the past and will help heal the wounds inflicted upon them 

by Europeans [Besterman, 2008, Bryony, 2004, IOI, 2003, Jenkins, 2008]. For the 

indigenous communities it is a chance to gain recognition; to bury the dead, in both the literal 

and figurative sense. It has been reported that there is a positive emotional impact of 

returning the remains to indigenous people [BBC, 2003, BBC, 2005, BBC, 2006b, BBC, 

2007, Jenkins, 2008, McLean, 2008]. UK museums have not had the same pressure to 

return objects to indigenous people as countries such as America have, where the problems 

experienced by indigenous people are more politically sensitive. The recent debate in the 

United States over who ‘owns’ the Kennewick man, a 9000 year old skeleton found in the 

USA beside the Columbia river, shows how the race and ownership debate can be disputed 

for remains that are over ten thousand years old and how such a debate can be 

misinterpreted by the parties involved, thereby destroying any chance for intercommunity 

dialogue and an amicable solution.  When the Kennewick man was originally found, the 

person was thought to have died around 19th century body but scientific tests showed that 

the remains much older. This sparked a controversial debate over who had custody over the 

body, the Native American tribes or the Federal government. So involved and complex is this 

case, it demands more space than this current study could dedicate to it. [Lippert, 2005, 

Simpson, 1996, Thornton, 1998, Zimmerman and Clinton, 2005].  

 

The purpose of museums has evolved over time this has affected the way collections are 

viewed. Around a hundred years ago the museum would have been regarded as a 

demonstration of wealth and power of the country and a symbol of colonialism [Clark, 2001, 

Jenkins, 2009, Lowenthal, 2005, Simpson, 1996, p1-2]. Education and social responsibility 

are two of the main focuses of the modern museum. There is a greater emphasis on 

divulging and interpreting information to visitors rather than keeping it within the institution 

and academics [Jenkins, 2008, Jenkins, 2009, O’Neil, 2001]. Science and archaeology have 

historically been an inherent part of colonial ideology [Clark, 2001, IOI, 2003, Lippert, 2005, 

Lowe, 2001, Thornton, 1998]. Scientists have claimed that research on remains will greatly 

benefit indigenous peoples by giving them an understanding of how their ancestors would 

have lived in the past. Indigenous peoples have argued that they have never received these 

‘benefits’ and the results are rarely even discussed with them [Clark, 2001, Hewat, 2001, IOI, 

2003]. They contest the role of Western scientists in educating them about their past.  

Indigenous people have argued that giving emphasis to intrusive science leads to a 

diminished emphasis on their history in particular oral history, and traditions of their own 
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peoples [Clark, 2001, Hewat, 2001, Nihipali, 2001, Simpson, 2001, Thornton, 1998]. There is 

a growing interest by the younger generation of indigenous peoples to study science and 

archaeology, which could eventually see indigenous people acting as mediators [Bolton, 

2008, IOI, 2003, Lippert, 2005]. 

 

Recent controversies in the medical world have prompted tougher laws about the use of 

human tissue [Hewat, 2001, Lowe, 2001, Swain, 2001]. These controversies involved the 

retention of babies’ remains for ‘scientific’ purposes without the consent of the parents. It has 

been argued that individual consent can be ignored for the ‘benefit’ of many [Brooks and 

Rumsey, 2008].  In the context of human remains repatriation, the idea of consent may be 

vague and may be confused with the issues ownership. 

 

Although the Human Tissue Act 2004 in theory makes it easier to return remains, there are 

still a lot of barriers and bureaucratic problems to overcome [Amos, Jenkins, 2008, Nihipali, 

2001, O’Neil, 2001]. This act law in the UK has relieved national museums of one of the 

biggest barriers (or arguably the most convenient excuse) against the repatriation of human 

remains. Even so, a number of institutions including the Manchester Museum and the Royal 

College of Surgeons were returning indigenous remains in the years before the introduction 

of the Human Remains Act in 2004 [BBC, 2005, DCMS, 2007b, Jenkins, 2008]. This shows 

a change in attitude of museum personnel, especially those in powerful positions, bought on 

by the increased awareness of the struggle for indigenous people to gain recognition and 

reconnect to their past [British Museum, 2009, Clark, 2001, Jenkins, 2008, Mansell, 2001, 

Turnbull, 2001].  

 

Museums may be concerned with the extent of future repatriation claims. Modern day 

Pagans have approached museums and demanded that all remains are reburied [BBC, 

2008, James Randerson, 2007, Jenkins, 2009]. Although these groups have no 

recognisable connection to the remains to which they lay claim, museums may involve them 

in talks on how to treat those remains, especially those on display.  

 

There is a different attitude taken to domestic remains compared to those of foreign origin. 

English Heritage with the Churches Committee has produced guidelines for scientist and 

archaeologists when excavating remains [English Heritage, 2005, Jelena Bekvalac, 2006, 

Swain, 2001]. The Museum of London hosts one of the most comprehensive databases of 

remains found in London, which charts the history of a major city through its changing 

population [Cox, 2001, Hewat, 2001, Swain, 2001, White, 2006, William J White, 2001]. 

There is a more relaxed attitude with these remains: the public generally seem more 
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comfortable with them as was shown by the 2008 Wellcome Institute exhibition ‘Skeletons’ 

[Cox, 2001, Lowe, 2001, Swain, 2001, Wellcome Trust, 2009b, William J White, 2001]. Care 

is taken to obtain permissions from any possible descendents before commencing invasive 

scientific studies [Amos, DCMS, 2007b, Hewat, 2001, Swain, 2001].  

 

2.3.4 The Reports of the DCMS Working Group on Human Remains, the 

Human Tissue Act 2004 and Other Legislation 

The laws regarding human remains are complex and vary according to the institution, place, 

and type of remains. In the UK, the Working Group on Human Remains was set up in 2001 

in response to the growing number of repatriation requests, and concerns over the fate of 

human remains in museums. This was prompted by discussions and an official joint 

statement - from the then Prime Ministers of Australia and Great Britain, John Howard and 

Tony Blair - to increase efforts to facilitate repatriation requests for indigenous peoples. The 

objective of the group was to establish the legal status and power the museums had over 

remains in their collections and to advise on action or legislative changes needed to aid 

repatriation and ensure that human remains were cared for sensitively and appropriately. 

The report stated that: 

 

The Working Group has, throughout its deliberations, considered the future of human 

remains as an independent matter, distinct from other material in the collections of 

museums…[DCMS, 2007b] 

 

This decision was made to ensure people working with remains remembered that they were 

once a living person, and showed due respect. This decision to try and separate human 

remains from other museum objects was not unanimous and some claimant groups felt 

unhappy with the distinction. The Working Group had many contributors, from a range of 

specialisations and countries, resulting in a comprehensive and detailed analysis of human 

remains in England. 

 

National museums have historically been resistant to repatriation claims and often deferred 

to the British Museum Act 1963, which made it difficult to return remains, even if the 

museum were in favour of repatriation. Other reasons cited were that the remains were of 

too great an importance to science to be repatriated [DCMS, 2007b]. The findings of the 

Working Group contributed towards the Human Tissue Act 2004. The Act mostly dealt with 

the medical profession, and to specimens that have been given with consent and which were 
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less than a hundred years old. Item 47 of the Act deals with the de-accession of remains in 

museums, and allows the listed institutions to return remains if they are less than a thousand 

years old - even if they are mixed with other material [OPSI, 2004].  

 

A survey carried out by the Working Group revealed that a higher number (around 61000 

items) of human remains were kept by institutions than was previously thought even though 

only those with sufficient staffing capabilities were able to respond to the survey. Most of 

those that didn’t respond were university departments that claimed they had already 

answered the questions for similar reports, or had other higher priorities such as teaching or 

research. It was not made clear when collecting the data what was meant by ‘human 

remains’, and replies often included samples of hair as well as complete skeletons. Most of 

the respondents had a small number of remains (less than 50). When the survey requested 

information about foreign remains, many institutions ran into problems - especially when 

trying to classify age and locations of the remains. Within the 132 UK institutions questioned, 

60 had foreign remains, and only 5 of these had comprehensive collections representing 

remains from all over the world. Objects from New Zealand accounted for 35% of post 1500 

AD foreign collections of human remains. The survey implied a large number of the number 

of human remains thought housed at institutions across the UK.  Importantly, only 9% of the 

remains were stored in accordance with the wishes of the community that they represented 

[DCMS, 2003, DCMS, 2007b]. 

 

The Working Group’s conclusion included recommendations to license institutions that hold 

remains, thereby ensuring that a more detailed account of their holdings was produced, that 

the remains themselves were kept in suitable conditions, and a unifying code of practice was 

complied with. A change to the law that would allow museums to relinquish remains as they 

deem appropriate was also recommended. The licensing authority would ensure that 

museums would publish their criteria for repatriation. The Human Remains Advisory Panel, 

like the Spoliation Advisory Panel (the panel to decide the fate of looted and stolen objects 

between 1933-1945, in collections), would consist of independent advisors to ensure that all 

matters relating to remains in museums were dealt with lawfully and make 

recommendations. To provide a simpler process and set up a licensing institution was 

considered to be prohibitively difficult, since some collections are divided between 

institutions or are on permanent loan, and there was considerable confusion over which of 

the parties involved would need to take responsibility for the remains [Amos, Cox, 2001, 

DCMS, 2003, IOI, 2003, Wellcome Trust, 2004]. There were further concerns regarding the 

different practices between archaeological remains originating in the UK, and those remains 

merely possessed by UK and the type of institutions holding remains, for example a 
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university department or a museum, may also have had different practices [DCMS, 2007b, 

Wellcome Trust, 2004].   

 

Not all the findings and recommendations were welcomed by the different groups consulted, 

including museums and indigenous organisations, and there was debate as to the 

effectiveness of setting up such procedures. Sir Neil Chalmers concludes the report by 

dissenting: 

 

…My reasons for dissent fall into three main areas. First, the Report and 

Recommendations do not provide a proper balance between the public benefits 

deriving from medical, scientific and other research on the one hand and the wishes 

of claimant communities on the other. The Report is slanted heavily, both in tone and 

in substance, in favour of the latter. Second, some of the Recommendations are 

disproportionately complicated and cumbersome in relation to the problems that they 

are seeking to resolve. Third, some of the Recommendations are unworkable… 

[DCMS, 2007b] 

 

 A number of other institutions, such as the Wellcome Trust, agreed with the dissent.  They 

expressed similar concerns that the report was heavily in favour of repatriation, that there 

was not enough balance for the scientific and public benefit of retaining remains for the 

future, and that some of the recommendations were impractical. They suggested that 

although the report refrained from recommending mandatory return of the remains, the 

various panels it suggested might well make it so. Concerns were expressed that the 

number of panels involved would also have complicated procedures rather then streamlining 

them [Amos, Cox, 2001, DCMS, 2003, IOI, 2003, Wellcome Trust, 2004].  

 

A voluntary code of practice, as suggested by organisations like the Wellcome Trust, would 

prove more beneficial than a compulsory one, as it would allow for changes should parts of 

the code become outdated and obsolete [Wellcome Trust, 2004].  The World Archaeological 

Congress (WAC) was in support of the Working Group’s report, comparing it to the 

Vermillion Accord (it was the first agreement to acknowledge appropriate care and respect 

for all human remains, drawn up in 1989) and highlighting the way in which it recognises that 

indigenous heritage belongs to the inheritors of that heritage. The WAC raised the concern 

that indigenous people would be required to put forward evidence that the remains were 

removed without consent.   Such documentation rarely exists, however, given the context of 

the time at which the remains were acquired. The WAC recommended that the onus should 

be shifted: that the holding institution put forward evidence that they had consent to retain 
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such materials, and stated they would be in favour of forcing museums to comply with the 

communities’ wishes [DCMS, 2004]. 

 

The establishment of the Human Tissue Act 2004 has forced museums to investigate what 

remains they hold, and to make this information public. In doing so, it negated the clause in 

the British Museums Act 1963 and so removed one of the barriers faced by national 

museums when it came to repatriation. It also highlighted some of the deeper issues 

concerning the retention of human remains that were also valuable scientific resources. 

 

2.3.5 The Repatriation of Remains from the British Museum to Te Papa 

Tongarewa in New Zealand 

A Te Papa Tongarewa National Museum of New Zealand (henceforth, Te Papa) 

representative approached the British Museum I998 to request the return of seven Toi Moko 

(preserved heads) held by the British Museum [British Museum, 2009]. In 2004 the British 

Museum met with representatives with Te Papa to discuss the repatriation of human remains 

generally. These remains originated from New Zealand and this was a request to return 

them to the Maori whom Te Papa represents. It is believed that these remains have never 

been on display at the British Museum, and that they had never undergone any significant 

scientific study [British Museum, 2008b]. A number of reports were commissioned to assess 

the value of the remains: their importance to science against their importance to the Maori, 

to either justify the keeping of them at the British Museum or have them repatriated to New 

Zealand [British Museum, 2008b]. Prior to this the British Museum had returned a number of 

remains to the Tasmanian Aboriginal Centre (TAC) which had attracted media attention 

[BBC, 2006a]. Both requests for repatriation, both Maori and Tasmanian, had been refused a 

number of times before, because the British Museum did not have the power of de-

accession until the passing of the aforementioned Human Tissue Act in 2004 [Burnett, 

2008].  

 

The British Museum is one of the largest museums in the UK and still has others items that 

have disputed ownership, such as the Elgin Marbles and Benin Bronzes (although some of 

the bronzes have been sold back to Nigeria) [BBC, 2000]. Te Papa is a national museum 

that represents the Maori and has the backing of the New Zealand government in 

repatriation cases [James Te Puni, 2008, Te Papa Tongarewa, 2008]. The physical distance 

between the two institutions made face to face communication difficult and most 

communications were by email, phone or letter [British Museum, 2009]. The correspondence 
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between the British Museum and Te Papa suggests that the personnel at the British 

Museum were sympathetic towards the repatriation. There were a number of delays, 

however, mostly due to the British Museum’s wish to collect as much information as possible 

to help the Board of Trustees make a decision. The Te Papa dossier contains a large 

volume of correspondence between the organisations, and shows that the decision over 

whether or not the remains should be returned to New Zealand was much more complex 

than the previous claim by the TAC: as there were more objects being claimed and more 

organisations involved in the process. In addition to seven Toi Moko, there were nine bone 

fragments. Of the remains that Te Papa claimed, only the bone fragments have a fully 

documented history - they came from the Meinertzhagen collection - whereas the seven 

heads have a less certain history (largely because the bones were not traded, and so not 

collected, in the same way the Toi Moko had been) [British Museum, 2009].  It is uncertain 

as to when the heads were originally acquired, and this affects the authenticity of the heads: 

they may have belonged to a warrior, or merely to a slave whose head was crudely tattooed 

to be sold for guns.  

 

Te Papa, supported by the New Zealand government, makes claims for Maori remains to be 

returned unconditionally, and will not allow scientific research on the remains [Bennington, 

2008]. Lissant Bolton, Head of the Oceania section at the British Museum at the time, was 

sent to New Zealand to consult with independent researchers and obtain different 

viewpoints, as well as Te Papa’s, about repatriation of Maori remains.  Te Papa is keen to 

show a united front when making claims for human remains, and is dismissive of anything 

that might say otherwise - as demonstrated by the reaction to Lissant Bolton’s comment in 

her report.  That comment read: 

 

“The Repatriation Unit at Te Papa argued that they are in the best position to research 

remains. However, not all the people I spoke to would hold that position.” [Bolton, 2008] 

 

Te Papa’s response stated that they were the official body for the repatriation of human 

remains, and that all the Iwi (tribes) were united in their view that ancestral remain should be 

returned to New Zealand.  Any negative views towards repatriation were in the minority, they 

claimed, but were still taken into account by them [Te Papa Tongarewa, 2008]. Te Papa 

serves as a halfway-house between retrieving the remains and reburying them with the 

appropriate Iwi.  However, within the Maori community there is some debate over how this 

should be done, and even if it should be done at all [Bolton, 2008, Halealoha-Ayau and 

Kawik-Tengan, 2002]. In the meantime, the remains are kept in a special storage area called 

“Wahi Tapu” which has the same regulations and precincts as a traditional Maori grave or 
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consecrated ground. Access to these remains is restricted, and permission has to be 

granted from the specific Iwi [White, 2008]. Within the Maori community bones are easier to 

discuss than whole heads, which – being Tapu (sacred with implied prohibition of contact) - 

make many people uncomfortable and unwilling to discuss [Bolton, 2008]. This could also be 

due to the fact the heads show an individual face, and are therefore more personal than 

bones. 

 

It was decided in April 2008 that the nine bone fragments were to be returned, but not the 

seven Toi Moko. The Toi Moko did not show any signs of mortuary disposal and were 

deemed to be of sufficient importance as a source for human history to outweigh the needs 

of the original community [JACA, 1950]. The bone fragments were returned to Te Papa on 

the 19th November, after a repatriation ceremony at the British Museum (details and 

explanations of the repatriation ceremony having been sent to the British Museum by Te 

Papa) [British Museum, 2009]. The event was attended by Maori representatives from both 

New Zealand and London, and they expressed that they were satisfied with the way the 

British Museum conducted the ceremony [McKinney, 2009].  

 

The impression left by reading the dossier is that staff at the British Museum was not 

comfortable with studying the remains without the consent of the Maori, and feels it would be 

inappropriate to put the Toi Moko on display. The British Museum did not have a policy for 

human remains until 2006, and Te Papa had to wait for two years after the first meeting had 

been held for the British Museum to implement such a policy [British Museum, 2008b]. The 

British Museum is, for their part, investigating the provenance of the Toi Moko and trying to 

keep up to date with current research into human remains from New Zealand [British 

Museum, 2009]. 

 

2.3.6 The Differences Between the Te Papa and the Tasmanian 

Aboriginal Centre Claim 

The respective claims by the Tasmanian Aboriginal Centre (TAC) and the Te Papa 

repatriation case are markedly different.  

 

The claim by TAC in 2006 had factors more favourable for repatriation to take place, as the 

cremation bundles being claimed had little use scientifically and had better written 

provenance as to their origin. These bundles had been studied in great detail and could not 

serve any further purpose for the British Museum, as they would not be put on display.  
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The claim by Te Papa was more complicated. The Toi Moko were of greater scientific 

importance because DNA extraction would be of an exceptionally high quality: the presence 

of hair would provide detailed information about genetic diversity more readily than from the 

bone fragments, as well as allowing analysis of diet [Endicott, 2008].  

 

There is also the issue of politics: the Maori have been more prominent in New Zealand 

politics than their Aboriginal counterparts in Australia and Tasmania, and so have had more 

power and influence in New Zealand [Hole, 2007]. The political strength of the Maori has 

historical roots. When the Europeans went to Australia they declared it empty [Turnbull, 

2001]. The Aboriginals were consequently not regarded as human by the European and 

efforts were made to eradicate the Aboriginals altogether, including moving them away from 

their homeland, hunting them, and bringing infections such as smallpox [Simpson, 1996, 

p30-32]. The Maori fought against the European invaders so fiercely that the British were 

forced to produce the Treaty of Waitangi in 1840, thus acknowledging the Maori as a people 

[Hole, 2007]. The Maori were not suppressed by the colonists in the same uncompromising 

way as the Aborigines had been, and so were more able to retain lands and culture [Hole, 

2007]. This, combined with the knowledge that many heads were willingly sold by the Maori 

themselves, may well explain why there is less cultural guilt felt by museums towards the 

Maori remains than towards the Aboriginal remains, and therefore why they may have more 

confidence to say no to a repatriation claim.  

 

There is also an element of control being exerted by the museum: to avoid setting a 

precedent, to avoid giving away remains too freely, and to send a warning to those making 

claims that not all remains should be uniformly returned and reburied.  There is also an 

implied message that the uniqueness of a museum’s collection will influence how important 

the museum is, and the political influence it maintains as a consequence. 

 

2.3.7 Wider Implications for Cross-cultural Objects 

Human remains are one of the more controversial examples of cross-cultural objects found 

in museums, owing not only to the often dubious ethical history of the acquisition, but also to 

the inherent sensitive nature of beliefs and traditions regarding treatment of the dead.  

Differences in values and beliefs is one of the primary sources of conflict when working with 

cross-cultural objects, and reflects what is important to each culture. Even within a 

community, individual people have different values an these values may change over time.  
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Human remains have numerous functions that reflect what is important to individual people 

and to cultures as a whole. For some, they are a source of scientific study that can provide 

information about genetics, health, and migration patterns of different groups [IOI, 2003]. 

The acquisition of artefacts was seen by museums as a way of gaining power and influence 

in their field, in that having a complete, definitive collection raised the museum’s standing.  In 

the 19th Century, when there was a fear that native populations would disappear during 

European colonisation, specimens of these indigenous human remains became a ‘must 

have’ [Morris, 2006]. From the perspective of the indigenous communities, the repatriation of 

remains acquired in this manner is a form of recognition, and it has been argued that the 

case of repatriation is more about politics and social injustice than culture [IOI, 2003]. For 

many indigenous people it is a way of regaining a sense of cultural pride, of self 

determination, and a way to ensuring the growth of their culture’s future by strengthening its 

roots [Simpson, 1996, p7].  

 

These different functions demonstrate the different values that a society has in relation to 

another. Some indigenous people see the relationship between life, death and the past as 

circular cycles, whereas the Western outlook tends to be linear and sequential [IOI, 2003]. 

Having a circular view makes the issue more personal: an attitude where the past informs 

the present and the present informs the future, where ‘what goes around comes around’, 

gives a culture a different attitude to the dead than is held by a culture where the dead are 

merely remnants of the distant past.   

 

Ownership and consent are very complex matters, which reflect the mindset of the culture 

displaying them.  This is especially true of human remains. In the UK, it is only possible to 

possess a body but not own it [DCMS, 2007b, p236]. Consent to use human remains for 

legitimate reasons is not always needed, and in some cases can be given retrospectively. 

For example, in the 18th century an Irish giant known as O’Brien did not want his remains on 

display after death but through bribery his body was obtained by John Hunter, and is still on 

display at the Hunterian museum [Brooks and Rumsey, 2008]. Even if the remains were 

given with the prior consent of the individual in question, they should be nevertheless be 

treated with respect [DCMS, 2007b, p127-157].  In the case of the Toi Moko under 

discussion, the Maori might regard the museum the ‘guardian’ of the remains, which has a 

different connotation from the Western idea of ownership.  Unlike the concept of ownership 

involved in a cash transaction, the concept of ‘guardianship’ is a two-way relationship 

between the object and the museum, with the museum having a responsibility to care for the 

object, whilst benefitting from its presence [Raymond, 2009]. There is growing ethical 
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uncertainty within the UK toward human remains, displaying a changing attitude within 

museums and creating a greater dialogue between communities [IOI, 2003].   

 

Having an understanding of how something is used, in its original context, can correct 

previously held assumptions about an object and a culture. At Cultural Encounters and 

Explorations: Conservation’s ‘Catch-22’ talk at UCL in 2009, Maori performance artist 

Rosanna Raymond discussed the issue of seeing objects in their context to work out what 

they are used for and how. She argues that a museums might conserve an object, but not 

the relationship between the object and its culture. Artefactual status is only one aspect of a 

relic, and the lack of communication with its native community undermines the heritage of 

both. This contradicts Western ideology, in which artefacts are prized to the point of being 

excluded from the public, imprisoned, for their own good. [Raymond, 2009]. There is now 

more effort being made by museums in the UK to work with indigenous groups to gain 

mutually acceptable objectives, for example a museum retaining the remains but keeping 

them in their cultural context [Nuku, 2009]. The willingness of museums to consult 

indigenous peoples shows a shift in power, in the attitude to possession of collections, and a 

readiness to share information more freely [Simpson, 1996, p265].  

 

There has been a shift in attitudes both by Western museums and indigenous communities 

toward human remains. Western museum personnel are increasingly uncomfortable with 

their culture’s role in the atrocities committed in the past and see indigenous human remains 

as a reminder of that past [IOI, 2003, Jenkins, 2008]. Largely, it has been senior museum 

personnel and politicians that have initiated this change [Jenkins, 2009]. This changes the 

function of the remains from a demonstration of power, to one of regret and apology. Being 

apologised to also enforces the image that indigenous people are victims, and this is not the 

culture many people wish to have conveyed [Nuku, 2009]. Even within indigenous 

communities, knowledge and access to objects should not be open to everyone [Nuku, 

2009, Simpson, 1996, p203]. George Nuku, who is a Maori carver and a dissenter to many 

current Maori policies, is trying to address this problem using modern and traditional 

methods combined [Nuku, 2009]. He disagrees with the repatriation scheme proposed by Te 

Papa. Rather than expressing the wishes of the individual Iwi, Nuku thinks it is overly 

centralised, too broad in its intentions, and merely used to tick boxes [Nuku, 2009]. He would 

like to see Toi Moko and similar remains stay in their current locations, but be treated with 

respect in their cultural context; rather than be transferred from one museum to another, 

from one box to another, and remain inaccessible [Nuku, 2009]. Within museums, there is a 

greater focus on working with indigenous communities as equals rather than the previously 

held ‘them and us’ mentality, with the aim of having them teach both outsiders and others in 
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their own community about themselves and their traditions, and thereby restore what might 

have been lost or denied to them and ensure its future. 

 

Human remains exemplify how different cultures have different functions for the same 

objects. The function, of human remains and urushi objects, is not a display of wealth but 

cultural enlightenment, science versus tradition, the ‘objective’ view (this is an object) and 

the ‘traditional’ view (this is an ancestor/heritage). The history of these objects and the 

differences between cultures are also a display of power imbalance, and it is problems with 

the balance of power between cultures which forms a similarity between the Mazarin Chest 

and the human remains, as discussed here. However, within these cultures, there are 

variations in attitudes. This is also true of urushi objects were there are different approaches 

towards conservation within the two different cultures. These variations made it possible to 

initiate dialogue and find an amicable solution during the Mazarin chest project.  

 

2.4 Part Three: The Conservation and Restoration of a 

Grade 1 Listed Building: Bevis Marks Synagogue 

2.4.1 Introduction 

Over the past 200 years, there has been a shift in attitude towards art conservation. Current 

Western guidelines dictate that any conservation work that is carried out on a building or 

object of cultural importance should be as reversible as possible, so that the object is 

stabilised and not damaged any further. It should be fully documented and any parts that 

have been resorted should be easily distinguished so that future conservators can identify 

which parts are new and which are original [ICOM, 2006]. However, the approach towards 

how buildings and objects are treated and conserved varies from culture to culture and from 

museum to museum [Viñas, 2005, p167-168].   

 

Listed buildings are a good example of issues raised when considering issues around 

conservation. In the UK, the listed building scheme is designed to protect historically 

important buildings from damage or inappropriate restorations. It has been argued, however, 

that a building that is listed is given ‘the kiss of death’: it cannot function as it is supposed to, 

and risks becoming dangerous if it cannot meet modern health and safety standards 

[LAPSD, 2007, p22, Lourenço, 2006, SPAB]. Listing has a lot of disadvantages and does not 

guarantee that the building will be properly maintained, or even spared destruction. Even 

with listed status, many buildings can change in function (for example houses of worship 
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which have been converted into homes or pubs) [Rosenberg, 1996, p211]. Some of these 

transformations have been criticised, but in many cases it has been the only way of saving 

the building from demolition [CABE, 2001].  

 

Bevis Marks Synagogue is the oldest surviving synagogue in the UK and was built in 1701. 

In 1950 it was given a Grade I listing, and is one of only two grade I listed synagogues in 

London, one of only three in the entire UK, at the time of writing. As a working synagogue it 

struggles to get a regular congregation, since many members of the Jewish community live 

outside of the City of London. This problem is further complicated by the fact that Bevis 

Marks Synagogue is Sephardi, i.e. Middle Eastern and Mediterranean Jews, whereas the 

majority of the Jewish community in the UK today are Ashkenazi, of Eastern European 

origin.  However, it remains a popular venue for religious weddings [Brown, 2008].  

 

In this section I will discuss the divergence between restoration and conservation and how 

factors such as authenticity can affect perceptions and treatment of buildings, in comparison 

to other objects and artefacts. The guidelines for listed buildings will be outlined and how 

these guidelines are applied in theory and in practice, as well as the advantages and 

disadvantages of such a scheme. The history of Bevis Marks synagogue will be discussed 

from its inception through to the present day, and the limitations of belonging to a minority 

within a minority.  Finally, a comparison between the situation of Bevis Marks and urushi 

objects will be examined. 

 

2.4.2 The Function and Requirements of Listed Buildings 

The two-fold purpose of ‘listing’ is to (a) identify buildings and structures that are of national, 

historical, or architectural importance; and (b) protect them from demolition, neglect, 

vandalism, and pollution. The Listing Register was established in 1947 under the Town and 

Country Planning Act as a response to the increasing number of old buildings being 

destroyed by redevelopment, amid concerns over the loss of valued buildings to bombing 

during the war. Listed status does not guarantee that the building will be properly maintained 

and won’t be destroyed, but consent must be applied for before any alterations and repairs 

can commence.  The idea of protecting the building and its contents is not to freeze it in 

time, but to ensure that the special interest of the building is not compromised [English 

Heritage, 2009b]. Listing has a lot of additional disadvantages: for example, a building that is 

listed may depreciate in value because of the restrictions placed on it [LAPSD, 2007, p22]. 

The listing status has been changed in recent years to allow for sympathetic modern 
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development; and to highlight more important and unique buildings, rather than to uniformly 

list buildings from a given era  [DCMS, 2007a]. 

 

There are three different grades for listed buildings. It is possible to have a building with two 

different grades, because one part has more importance then another - for example ‘The 

Blackfriar’ pub on Queen Victoria Street, where the both the exterior and the interior are 

listed separately [Taylor, 2008]. Listing grades are based on importance and rarity. English 

Heritage describes the different grades as: 

 

• Grade I buildings are of exceptional interest, sometimes considered to be 

internationally important. Just 2.5% of listed buildings are Grade I.  

• Grade II* buildings are particularly important buildings of more than special interest. 

5.5% of listed buildings are Grade II*.  

• Grade II buildings are nationally important and of special interest. 92% of all listed 

buildings are in this class and it is the most likely grade of listing for a home owner. 

[English Heritage, 2009a] 

 

However, the early listing descriptions were often flawed: they did not always make it clear 

which parts of the buildings were of interest, or whether this interest was historical or 

architectural; and they usually lacked drawings or photographs of the building at the time of 

listing. This has caused subsequent confusion between owners and local authorities as to 

what can and cannot be altered [Drury and McPherson, 2003, English Heritage, 1950]. As 

some of the listing descriptions are so vague, it is often a matter of personal opinion as to 

which parts of the building are important and need to be preserved [Drury and McPherson, 

2003].  

 

In one example, a Georgian building was listed in the 20th century, in the condition it was in 

at that time.  The owner wishes to restore part of the building to its original Georgian state, to 

reveal the original fireplace hidden behind a modern replacement, but could not do so 

because the listed status was for the later addition [Freedman, 2006].   

 

Politics and personal agendas will also influence decisions [Bradbury, 2009, Foggo, 2009]. 

There is conflicting information as to what architect, planning officer and owner think of as 

acceptable repairs and alterations [Foggo, 2009, LAPSD, 2007]. These opinions can change 

over time. For example, fibreglass fittings replacing lead or wood to save weight and reduce 

maintenance, and therefore cost, may have been acceptable during a past repair, but 
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unacceptable when repaired again in the future [City of London, 1955-1992, Jamilly, 1996, 

p87]. Resolving these problems becomes particularly difficult when trying to modernise a 

building to meet modern living and health and safety standards. 

 

The Equality Act 2010 is an example of a standard which could be difficult to accommodate 

within a listed building. This Act requires that buildings and services make provision for 

disabled users. 

 

Section 20: Duty to make adjustments 

 

82. This section defines what is meant by the duty to make reasonable 

adjustments for the purposes of the Act and lists the Parts of the Act which 

impose the duty and the related Schedules which stipulate how the duty will apply 

in relation to each Part. The duty comprises three requirements which apply 

where a disabled person is placed at a substantial disadvantage in comparison 

with non-disabled people. The first requirement covers changing the way things 

are done (such as changing a practice), the second covers making changes to the 

built environment (such as providing access to a building), and the third covers 

providing auxiliary aids and services (such as providing special computer software 

or providing a different service). 

 

83. The section makes clear that where the first or third requirements involves the 

way in which information is provided, a reasonable step includes providing that 

information in an accessible format. 

 

84. It sets out that under the second requirement, taking steps to avoid the 

disadvantage will include removing, altering or providing a reasonable means of 

avoiding the physical feature, where it would be reasonable to do so. 

[www.legislation.gov.uk, 2010] 

 

Although there is no definitive answer to what ‘reasonable’ means, a series of guidelines has 

been produced for clarification [Wilson, 2010]. For a historical building, it is not always 

possible to make it disability-access friendly. To do so could require the fabric of the building: 

an uneven stone floor in an old church might have to be changed or removed, for example. 

In some cases temporary measures such as removable ramps are used but it is difficult to 

secure disabled access to higher levels such as towers and spires. In these situations, the 
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Equality Act must remain flexible in its application with regards to the listing status, as 

changing the building would not only be prohibitively expensive but would damage it.  

 

To carry out work on listed buildings involves a considerable amount of bureaucracy, and 

can be complex, costly, and time-consuming. Any work done on a listed building needs 

approval from the local council.  English Heritage must be consulted if the building is Grade 

II* or Grade I listed [Freedman, 2006]. Most local authorities do not have specialist 

departments or individuals that have been trained to handle planning permission for listed 

buildings. 

 

There are some exceptions in which English Heritage and the local authority do not need to 

be consulted. Some religious denominations, for example the Church of England in the UK, 

have ‘ecclesiastic exemption’ which frees them from the listing regulations as they are 

considered faculty buildings. The religious denominations that can claim ecclesiastic 

exemptions must have their own system in place to protect the building in question, or listing 

regulations would be applied. Before 1994, all religious buildings had ecclesiastic exemption, 

but this was revoked and at the time of writing, only denominations with sufficient resources 

to assess and monitor alterations to listed buildings are exempt. Consequently Jewish listed 

buildings such as Bevis Marks Synagogue no longer have ecclesiastic exemption and so are 

governed by the normal listed buildings regulations [CLPO, 2009, SPAB]. 

 

2.4.3 The Argument Between Conservation and Restoration. 

Regulations to protect old buildings may make it difficult to alter and update them to fully 

comply with today’s living, working and technological requirements, even when many of 

these buildings are still in use [LAPSD, 2007].  

 

There is no easy all-encompassing solution, as each case needs to be considered on its 

own merits. Many of the debates surrounding the conservation of listed buildings are similar 

to those surrounding art objects in museums, such as the Mazarin Chest.  The way objects 

are treated and conserved varies from culture to culture and museum to museum: at one 

extreme there are those who declare that not even dirt should be cleaned away from the 

objects; at the other, are those who think that all objects should be restored to their former 

glory as authentically as possible [Viñas, 2005, p2-6].  Consider the case of Uppark House, 

which burnt down after extensive restoration work.  The opposing parties debated whether it 

was better to leave the ruin as it was, as a monument to the original building; or to rebuild 

the house, true to its original style, but nevertheless a replica. The decision was made to 
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restore the building. The shell of the building was still intact, the insurance policy stated that 

the money could only be used for repairs and rebuilding and the over 95% of the contents 

(including carpets and wall hangings) were rescued from the fire and needed housing in an 

appropriate setting [EFH, 2006].  

 

During the 19th century, views on how to preserve old buildings began to polarise towards 

either conservation or restoration [Viñas, 2005, p3-5]. The first of these concepts, 

conservation, is attributed to John Ruskin. Ruskin believed that trying to restore a building to 

its former glory was a falsification, that ancient buildings should be left alone, and that nature 

should be left to take its course [Morris, 2009, Ruskin, 1989, p194-197, Vaccaro, 1996a, 

p309-310]. Along with William Morris, Ruskin set up the Society for the Protection of Ancient 

Buildings (SPAB) which still operates today to protect buildings from being changed and 

destroyed [Morris, 2009, Vaccaro, 1996a]. Whilst Ruskin argued against restoration, in 

France around the same time, Eugène Viollet-le-Duc was arguing in favour of restoring 

buildings to a good state of repair even if that state had never actually been present in the 

building in question [Viñas, 2005]. He believed that when restoring an old building, the style 

should be thoroughly researched. The restorative architect must have a knowledge of the 

building and its temperament to rival that of the original architect. He was against removing 

previous restorations or latter additions, for example later roof guttering, since they had now 

become part of the building and it would serve no practical purpose to remove them.  Viollet-

le-Duc also advocated that materials used in the restoration, and the restoration work itself, 

needed to be of a higher quality than were originally used [Viollet-le-Duc, 1996].  

 

The attitude currently most prevalent in Europe and America is that any restoration work 

carried out on an object should be as reversible as possible, and fully documented. New 

parts should be easily distinguishable from the original material so that future conservators 

can determine which parts are new and which are original [ICOM, 2006]. However, people 

project emotions on to buildings as much as objects, and this often becomes a barrier to 

cleaning and restoration [Philippot, 1996, p372-376]. Memories, emotion and conceptions of 

authenticity also play a part in the debate over whether or not to clean, restore or conserve. 

[Ashley-Smith, 1999a, Philippot, 1996, p372-376, Starn, 2002b].  

 

Two cleaning controversies at the National Gallery in London, occurring a century apart, 

exemplify the emotional impact that can occur if the object is perceived to have been altered. 

In the 1850s, and again during World War Two, paintings in the National Gallery had been 

sent away and, unknown to the general public, cleaned. When they were redisplayed after 

the war, there was a huge outcry: critics claimed that the pictures had been ‘flayed alive’ and 
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that all the patina had been removed [Beck and Daley, 1993, p129-135, Starn, 2002b]. Dirt 

on the surface of an object must be removed before any other conservation treatments can 

take place, or else it might cause problems during treatment.  However, cleaning solutions 

may remove a part of the original material, and the mechanical action of cleaning could also 

cause additional wear and tear [Brandi, 1996].  The selection of solvents is therefore 

important, as the wrong combination of materials and solvents can cause irredeemable 

damage [Phillips, 1997, p139-141].  

 

With certain objects, the artist may have intentionally factored in how the object will look with 

age; intending the work of art to change over time  [Brandi, 1996, p380-383, Phillips, 1997, 

p157]. Touching up, re-painting, alteration, adding layers of varnish, etc. have taken place 

for hundreds of years. This gives rise to the question of what to do with past restoration 

work: whether it should be removed, or kept as part of the object’s history [Philippot and 

Philippot, 1996, p157, Phillips, 1997].  

 

There are occasions where restoration or remodelling is preferred to conservation for 

practical or political reasons. Conservation work at two major railway stations in London 

highlights when conservation may not be appropriate, and the replacement of parts may be 

preferable. Liverpool Street station, which is a listed building, is one of the major mainline 

stations linking London to other parts of the UK. The original lead guttering at Liverpool 

Street Station did not work as it should have and was causing a number of structural 

problems. To restore the building for long term survival, the decision was taken to remove 

the lead guttering altogether, even though it was an integral part of the building [Taylor, 

2008]. Another recent example was the removal of the listed floor in St Pancras station to 

allow more light to reach the lower floors of the building, utilising previously under-used 

space in an extremely busy station. English Heritage agreed to this as there was heavy 

political pressure to do so as well as the practical aspect to this work. These are two 

examples in which remodelling the buildings can be seen to be more beneficial for the long 

term use of that building than their previous iteration [Taylor, 2008].  Restoration that makes 

the necessary improvements yet stand out as unoriginal can be simpler and cheaper to 

achieve, yet some find it jarring, deterring appreciation for the original. A restoration that 

blends in with the original may be more expensive, but will lend itself more readily to the 

original aesthetic. [Vaccaro, 1996a, p308-312, Viñas, 2005, p72-74].  

 

The obvious predicament with continuous restoration over a sustained period of time is 

exemplified by the legend of the ‘Ship of Theseus’. In this allegorical tale, the ship – which 

had been used during the defeat of the Cretan Minotaur - was kept by the people of Athens 
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in honour of Theseus. When pieces of the ship began to rot, they were replaced, with newer 

material in the style of the old.  Over time, each component of the ship had been replaced in 

this way, until there was nothing left of the original ship. The question arising from this 

example, “is it the same ship?”, is at the centre of the debate about conservation.  We need 

to establish what it is we are trying to conserve: the ship itself, the memory of the ship, or the 

history behind the ship.  The answer will depend on what is considered to be authentic 

[Starn, 2002a]. 

 

Whenever buildings or objects undergo conservation or restoration difficult decisions need to 

be made [Viñas, 2005, p72-74]. It needs to be decided whether they should be conserved 

sympathetically in their current state, whether they should be restored back to an 

interpretation of their original state, or whether they should simply be left alone.  When an 

object is restored it usually involves adding new material to the original - even if it is a like 

with a like replacement (e.g. replacing the lead on a church roof) [Taylor, 2008]. Substituting 

original material with the same type of material is not always beneficial. Material properties 

change over time and the newer material may not be compatible with the old, making things 

worse. For example, urushi becomes brittle with age, whilst newer urushi will be more 

flexible.  This needs to be taken into consideration when using new urushi to conserve 

objects [Kitamura, 2009]. There may be other advantages to replacing original material with 

newer alternatives: easier maintenance, weight reduction, and compliance with health and 

safety regulations.  Restoring a building is not always practical though. Perhaps the original 

design was flawed, or the architectural plans were altered during construction because of the 

need to economise [English Heritage, 2008, Lourenço, 2006, Taylor, 2008]. There are many 

factors to consider when choosing the most suitable treatment, including the age and rarity 

of the object, the materials available, cost, and associated legislation such as that for listed 

buildings [Phillips, 1997, Viñas, 2005].  

 

2.4.4 The History and Sustainability of Bevis Marks Synagogue 

Bevis Marks Synagogue was listed Grade I on 1st January 1950 with the following 

description: 

 

“Plain, rectangular building of red brick with modest dressings of Portland stone. 2 

tiers of windows, segmentally arched below and round-arched above, with semi-

elliptical heads to larger, central openings in east and west elevations. Simple 

cornice and parapet. West doorway with segmental pediment on consoles and lamp 

on decorative iron bracket. Plain interior with gallery supported on Doric columns to 3 



45 

sides. Ceiling altered apparently in C19. Fittings remarkably complete and little 

altered from original arrangement, some being older than present building. They 

include wainscot, benches, railings, very finely carved echal or reredos, and 7 large 

brass chandeliers. This was the 2nd synagogue erected in England after the 

resettlement of 1656 and in its little altered state is of exceptional historic interest.” 

[English Heritage, 1950] 

 

For many years, Bevis Marks was the only Grade I listed synagogue in the UK.  Although it 

has since been joined by two others – London’s New West End synagogue and Liverpool’s 

Old Hebrew Congregation – listed synagogues are still uncommon, in comparison to the 

number of listed churches. Bevis Marks remains the oldest surviving synagogue in the UK, 

and was built at an important time in both British and British-Jewish history.   

 

The establishment of a synagogue in a country with a history of religious wars was always 

going to be troublesome.  The earliest extant record of Jews entering the UK was during the 

settlement following the Norman Conquest, when their financial influence and established 

networks proved of use to William I [Roth, 1978, p4]. By the 13th century, the Crusades had 

given rise to increased anti-Jewish feeling: persecution fuelled by the ‘blood libels’ (the 

accusation that Jews were using the blood of Christians to make the Passover bread) and 

similar examples of hate-mongering and rumour, such as the widely held belief that the Jews 

were responsible for killing Christ  [Roth, 1978, p90]. In 1290, Edward I expelled the Jews 

from England, following which there are no records of any permanent Jewish communities or 

settlements until the 17th Century. There are individual cases of ‘Marranos’ (Jews who hid 

from the Spanish Inquisition by pretending to Christian) escaping to England [Roth, 1978, 

p136]. Some of these Marranos appeared in politics: for example a royal physician accused 

of trying to poison Elizabeth I, Dr Roderigo Lopez (believed to be the basis for Shylock in 

Shakespeare’s ‘Merchant of Venice’), but not a ‘community’, nothing that justified the 

establishment of a synagogue [Katz, 1996, p49, Roth, 1978, p143-144]. After the English 

Civil War, however, Rabbi Menasseh ben Israel - who had come from Holland where Jews 

had previously been accepted - petitioned Oliver Cromwell to allow Jews to be officially re-

admitted to England.  Although Cromwell gave his verbal agreement, there was no written 

assurance from the Council of the State until December 1655, when they conceded that, 

because the expulsion was a royal decree and was therefore only valid for the lifetime of that 

particular monarch, Jews were indeed free to return to England [Barnett, 1940].  

Nevertheless, things remained uncertain for the Jews.  When Cromwell died and Charles II 

was restored to the throne in 1661 that uncertainty increased. The king allowed the Jews to 

continue to live and worship freely in England, but the Conventicle Act - which became law 
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on the 1st July 1664 and forbade religious assemblies of more than 5 people outside of the 

Church of England - caused a number of problems for the community, leaving them open to 

blackmail and threats. The Jewish community wrote to Charles II asking for protection.  A 

reply was promptly received from the Head of State, Sir Henry Bennet, saying that the Jews 

were ‘the King’s people’, entitled to the same protection and under the same regulation as 

everyone else [Barnett, 1940].  

 

Even with the royal charter and assurances, Jews were still not trusted by the public, and so 

kept a low profile [Barnett, 1940]. The first recorded synagogue in England was a rented 

room in Creechurch Lane, London, which served both the Sephardi and Ashkenazi 

communities. By the end of the 17th century, even after the Ashkenazim had moved out and 

acquired their own synagogue, the premises at Creechurch Lane was still too small to serve 

the Sephardi community, and so another synagogue had to be built [Barnett and Levy, 1998, 

English Heritage, 2007, Montefiore, 1894].  Consequently, the site for Bevis Marks was 

leased in 1699.   

 

Joseph Avis, a Quaker master-builder, was given the contract to build the Bevis Marks 

synagogue, at a cost of £2850 [Kadish, 2001].  As building work was regulated by the Guilds 

of London, however, no Jews were allowed to help with the actual construction. The Guilds 

required that a builder had to be a freeman (trader) of the City, and this required that he was 

attached to a church. It is rumoured that Mr Avis gave all the money that had not been spent 

on the construction back to the community, as he did not want to make financial gain from 

building a House of God. It is also rumoured that Princess Anne (later Queen Anne) donated 

an oak beam from one of the Royal Navy’s ships to be incorporated into the roof.  Neither of 

these stories have any documented proof although there is a naval oak beam in the roof 

[Barnett and Levy, 1998, Kadish, 2001]. Even though Avis was given the contract to build 

Bevis Marks, there is a record of a payment to an architect, Mr Henry Ramsey. It is uncertain 

who designed the synagogue. It could have been a culmination of ideas between the 

architects and the community, influenced by the design of its parent synagogue, the Esnoga 

in Amsterdam [Barnett, 1940, Kadish, 2005].  The Bevis Marks and Esogna synagogues 

share much in architectural style, as well as sharing the same Hebrew name Sh’ar ha 

Shamayim - Gateway to Heaven.  The Esnoga community in Amsterdam donated some of 

the brass light fittings such as the chandeliers to Bevis Marks and the two synagogues both 

share the simple interior with the elaborate Ark that contains the Scrolls of Law (Torah) 

facing toward Jerusalem (Figure 3). 



47 

 

Figure 3: View from the ladies gallery: The Ark. 

 

However, Bevis Marks is a smaller building than its Dutch counterpart, and has a strong 

similarity to contemporary Quaker meeting houses and the original churches of Sir 

Christopher Wren. Though Wren had no direct involvement with the synagogue, Avis and 

many of the workmen who built it had previously worked for him, so his influence would be 

felt and the techniques and styles employed may have been carried over [Kadish, 2005].  

Built using English materials and by English craftsmen, it is said - particularly among the City 

of London Guiding Association - that if you want to see what an original Wren church looked 

like before the Victorians modified them, then visit Bevis Marks [Kadish, 2005, Taylor, 2008].  

 

The synagogue was located away from the main road, since at the time it was not 

permissible for places of worship other than Church of England to have a main entrance 

opening onto the high road [Kadish, 2001, Kadish, 2005, Krinsky, 1996, p19]. There were 

also still those who did not want to see the Jews return to England, and so the Jewish 

community wished to keep a low profile [English Heritage, 2007].  This is in marked contrast 

with the New West End Synagogue, the only other one with a Grade I listing in London. Built 

in 1879, this was in the grand cathedral style, with a much more lavish interior, and reflects 

how the Jews had gained more acceptance, security and influence by this time [English 

Heritage, 2007].  By 1886, Bevis Marks synagogue was considered to be redundant by 

comparison, and faced the threat of demolition.  The Sephardi Community of the Victorian 

era considered it to be too out-of-date and too out-of-the-way to be worth keeping. This 

caused uproar from certain members of the community, including a number of highly 

influential figures [Barnett and Levy, 1998, Kadish, 2001, Montefiore, 1894]. The Bevis 
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Marks Anti Demolition League was established and a number of articles were written in the 

press, including the Times newspaper and the Strand magazine, to bring the discussion of 

the future of Bevis Marks to the public eye. Concerned community members also contacted 

the Society of Protection of Ancient Buildings (SPAB) for assistance. As a consequence, the 

decision to demolish the synagogue was overturned. Nevertheless, over time parts of the 

synagogue - such as the alms house and school  - have been sold off to raise money 

[Kadish, 2001].  

 

The synagogue has had some modernisation to fulfil the needs of the congregation. Electric 

lighting was installed in 1929 but this was in addition to the candles rather then replacing 

them altogether [Kadish, 2001].  There have been a number of difficulties to get the Bevis 

Marks to meet health and safety regulations, like the addition of the handrail into the ladies 

gallery (Figure 4). Even though this is considered ‘furniture’ (as it can easily be removed 

without damaging the building) it still required permission from the City of London authority 

[CLPO, 2009].  

 

Figure 4: Staircase and handrail at Bevis Marks synagogue. 
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In 1992 and 1993 Bevis Marks was damaged by the IRA bombings of the neighbouring 

Baltic Exchange. However, the 1993 restoration of Bevis Marks synagogue did not require 

any planning permission as the synagogue was replacing ‘like for like’, after being damaged 

by causes outside its control, and could claim ecclesiastic exemption at that time [City of 

London, 1955-1992, CLPO, 2009]. Contemporary correspondence between the architects 

mentions the ecclesiastic exemption as a method of getting around existing restoration 

problems with the flooring, prior to the bombings (Figure 5) although not everyone was 

happy with this [City of London, 1955-1992].  Ironically, it was during this controversial 

replacement of the flooring that the synagogue was hit by the first blast. Fortunately, the 

scaffolding already in situ helped minimise damage to the building [Kadish, 2001].  

 

The subsequent major restoration project gave an opportunity to restore the synagogue to its 

1701 state and remove some of the later alterations,  although some, like the Victorian 

stained glass, were kept (Figure 6) [City of London, 1955-1992]. At the time of writing, it was 

hoped that sufficient funds could be raised to allow the synagogue to be redecorated.  

Samples were be sent off to a specialist to assess the original colour of the walls with the 

aim of restoring them to the original décor [Bitton, 2009]. 

 

Figure 5: Old and new floor boards inside Bevis Marks synagogue. 
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Figure 6: Windows at Bevis Marks synagogue showing the Victorian stain glass border. 

 

At the time Bevis Marks was opened in 1701, the community was predominantly Sephardi, 

with relatively few Ashkenazi, who were looked down upon by their Sephardim counterparts, 

and this attitude prevailed even after the Ashkenazim had established themselves as a 

community. 

 

“…the Sephardim being the patricians and the Ashkenazim the plebeians for the 

Jewish people” [Montefiore, 1894] 

 

Today, however, this balance has shifted in the other direction: with the Sephardim now very 

much the minority, making up just over 3% of the Jewish population within the UK as a 

whole [Hart and Kafka, 2006]. The lack of Sephardi Jews, combined with falling numbers of 

Jews living in the City of London, means that Bevis Marks is now struggling to maintain a 

regular congregation. 

 

Listed buildings carry their own problems, but when those buildings are also cross-cultural 

those problems increase. There are only a few listed buildings that are cross-cultural like 

Bevis Marks synagogue. It has only been relatively recently that people, Jews and non Jews 

alike, have developed an interest in British Jewish Heritage and have made efforts to protect 

it. Work has been done to document and protect Jewish buildings of importance and bring 

them to the attention of non-Jewish organisations such as English Heritage [Kadish, 2009]. 

Historically, synagogue bodies have been reluctant to make detailed records of their own 
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buildings, records and illustrations of lost synagogues are recorded by non Jewish 

organisations like the National Monuments Register [Jamilly, 1996, p98-99]. Furthermore, 

British Jewish heritage is not being taught to British Jewish children as part of their religious 

education, where only a general history is taught, and so future generations are unaware of 

the value of such buildings [JFS, 2007-8].  The more parties who are interested in heritage, 

the more incentive there is to invest in it [Mason, 2002, p10]. 

 

2.4.5 Wider Implications for Cross-Cultural Objects 

Of all cross-cultural objects, listed buildings offer perhaps the most useful insight into how 

and why objects are ranked by their value. Buildings are part of heritage, a testimonial to 

past taste and manufacturing methods. The motivation behind listing buildings was to reduce 

the loss of historical artefacts and information when old buildings were destroyed [SPAB]. 

Within the listing process there are three grades, indicating that some buildings are of 

greater importance. Buildings are judged on their history, rarity, location and accessibility, 

with the political climate at the time of listing also being a factor [Taylor, 2008]. This range of 

values is often contradictory and each is not easily comparable with the others.  Finding a 

suitable approach that can accommodate these different values can therefore be difficult [de 

la Torre and Mason, 2002, Mason, 2002, p9]. Ideally, a decision should be based upon 

research and practicality, and not on personal tastes or political issues, however there are 

not always the resources or the motivation to do this. 

 

Preserving built heritage is often regarded as a burden on resources and an obstacle to 

development. Work done on the building has to be approved by external organisations and 

government bodies, which can even have the adverse effect of resulting in prosecution if the 

guidelines are not met [English Heritage, 2009b]. A building that is listed may lose its 

functionality, and consequently, its monetary value may be adversely affected by the 

restrictions placed upon it [LAPSD, 2007, p22]. The original artist’s/architect’s intent also 

needs to be considered: for example whether to restore a building as the architect originally 

intended, or as it is found [Taylor, 2008]. As with all historical objects, balance needs to be 

established between authenticity and the effectiveness of any preservation work undertaken, 

to minimise the amount of intervention needed in the future. In the past there have been a 

number of costly and irreversible mistakes made, and many conservators do not want to be 

responsible - or even associated with - such mistakes in the future. This led to the rise in the 

idea of reversibility and recently retreatability [Appelbaum, 1987]. The idea of a treatment 

being as reversible as possible may give the impression that the treatment is only temporary, 

yet conservators aiming for the long term preservation of the object. Buildings act as a good 
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example through which to highlight the ideas behind such decisions, as the way in which this 

will affect their functionality and value is more noticeable. Because they have greater 

emphasis on function (usability as a building), listed buildings have a greater economic 

dependency to sustain its function, for example adding handrails on staircases to comply 

with health and safety regulations. The decision whether to maintain or change that function 

depends on the needs of owner, and the weight of financial factors upon this decision may 

be considerable. 

 

The idea of functionality, of being able to meet the needs of their congregations, makes 

synagogues particularly vulnerable – more so than churches, because of cultural laws such 

as the prohibiting of work on the Sabbath, including driving, which can prevent many 

orthodox Jews from worshipping at historical synagogues because of the distance they’d 

need to travel [Kadish, 2009]. Consequently there is a conflict of values: the cultural/religious 

value, versus the historical value, versus the functional value of the building.  

 

Despite the wealth of other values that a site may have, economic and political motives are 

still the main considerations for many heritage sites [Mourato and Mazzanti, 2002, p68].  

Many early synagogues were lost because they were sold, or were damaged to the point 

where repairs became financially impractical. Bad practice and mismanagement led to many 

costly mistakes when newer synagogues were erected, leaving the old synagogues and their 

communities neglected [Jamilly, 1996, p88, Kadish, 1996, p5].  Although synagogues dating 

from the Restoration are few in number, there remains strong opposition to having them 

listed from the communities themselves [Kadish, 2009]. Community leaders would prefer to 

see funding spent on education than on maintaining older buildings. For example, in 2009 

the United Synagogue fought against a grade II listing on their synagogue in Hackney.  They 

decided they would rather sell the site to a property developer and use the money from the 

sale to build a modern building better suited to the needs of its ageing congregation, than 

retro-fit the existing building and face the associated administration costs involved [Grenby, 

2009]. There may be jealous rivalry between individual synagogue organisations, and often 

such politics will not allow one organisation to sell one of their buildings to another: the 

United Synagogue, currently the largest synagogue organisation, would be more willing to 

sell one of their buildings to other faiths than to a different branch of the same faith like the 

Reform or Masorti movement [Jamilly, 1996, Kadish, 2009]. Denying a rival organisation the 

purchase of an existing synagogue not only forces the rival to expend resources to build a 

new one, but also denies them credibility by favouring a different religion over them. The 

economic considerations are an extension of political power being exerted within the 
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community. The more members an organisation has, the more influence and power it exerts, 

and the more perceptible such factors may become in the decision process.  

 

The situation at Bevis Marks is particularly difficult because not only is it a Jewish building in 

a Christian country, but it belongs to what is now a minority group within English Jewry [Hart 

and Kafka, 2006]. This separation makes additional support from within the Jewish 

community as a whole slightly more difficult to obtain, as the majority of Jews in the UK do 

not have a personal connection to the building. 

 

2.5 Discussion and Points for Further Consideration 

Attitudes and methods in conservation have changed and developed over time. However, 

there are still a lot of difficulties to be addressed. These difficulties can originate from a 

range of sources, including the cultural background and experience of the conservator, and 

affect the perceptions and value of an object.  Examples of difficulties that manifest 

themselves when working with cross cultural objects include different attitudes towards 

treatment of the dead, and the cultural power imbalance. This study has concentrated on the 

tensions associated with cross-cultural objects and their effects on the value of those 

objects; the three cases discussed in this study have common problems that affect value. 

There are a number of parallels between the human remains case, Bevis Marks case, and 

the Mazarin chest case. These objects are deeply meaningful to their source cultures. All 

three source cultures exhibit an ‘insider’ and ‘outsider’ attitude, making them insular.  In this 

situation it is vital to find common ground from which to start discussions. Any given culture 

can be difficult to understand for an outsider, even if one can speak the language and knows 

its customs [DCMS, 2005a, p31-33]. 

 

It has been shown that value may be difficult to define. Not all values are quantifiable and 

comparable, and can also change over time [Mason, 2002, p5]. What was once a narrow 

field of interest and expertise has expanded to include communities as well as academics, 

bringing more opinions and choices [de la Torre and Mason, 2002, p3]. For the purpose of 

this study, a simplified view of values was proposed: defined as historical, cultural, and 

functional. The interplay between these three concepts affects the interest and power 

invested in an object. Power, as Mason states, is an extension of values, and all values are 

political [Mason, 2002, p10-12]. Tensions arising from the interplay of these values and the 

resultant power imbalance can manifest themselves in various forms, ranging from 
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communication problems during conservation, to wider controversy. Applying different 

values is difficult and requires multiple methods, as Randall Mason states: 

 

Values are produced out of the interaction of an artifact and its contexts; they 

don’t emanate from the artifact itself [Mason, 2002, p8]. 

 

Interactions between a person and an object may have emotional value that is not always 

expressed in academic literature. Such interaction can range from how a conservator feels 

when working on a ancient artefact to undo the damage it has received in the past; to the 

desire to use a ceremonial item for the purpose for which it was created; or to walk into a 

house of worship, aware of the people who had been there before, and to feel the solemnity 

of the atmosphere [Balachandran, 2009, Raymond, 2009]. The emotional response 

associated with an object becomes particularly prominent in the case of human remains in 

museums, where the monetary value has been removed and the conflicting use and context 

of the remains is debated. Religious listed buildings, as seen in the case of Bevis Marks, 

have a greater level of uncertainly over their value because of their limited interactions with 

owners and wider community. The Mazarin Chest became the focus of conservation and 

research efforts that not only benefitted the chest itself, but also other similarly related 

objects; raising the profile of the conservation of urushi as a whole [Faulkner, 2010]. This 

implies that the value of the Mazarin chest has increased because of the higher number of 

interactions the project engendered.   

 

Values can change within a community, both in form and importance, as traditional values 

are questioned. Miscommunication between different cultures can also amplify reservations 

and uncertainties during a collaborative project. The debate over what can and cannot be 

done to human remains (if they can be used for scientific purposes or displayed) can be 

severely affected by miscommunication, by the entrenching of preconceived ideas, and by 

the inability to compromise. We have seen how dissention from the majority viewpoint can 

find a solution to these issues, but by definition, dissent is marginalised.  Within any culture 

there will be dissenters, who are often ignored or derided because they don’t conform with 

the acknowledged majority, and are regarded as counter-productive [Bolton, 2008, Nuku, 

2009]. Nuku’s concept of storing of human remains in a culturally sympathetic setting, within 

their current location, in such a way as to allow them to be interacted with by their 

community without them suffering further deterioration or damage, is a mutually beneficial 

solution to many of the problems raised, though as a dissenting view, it has yet to be 

adopted. 
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The need for continuity with the past often comes into conflict with the need for 

modernisation. At Bevis Marks, an internal need to update and modernise the building to 

meet the needs of the community was countered by an external pressure to keep the 

building as it was, a further example of the need for compromise and understanding. This 

tension was also apparent in the Mazarin chest project: the effectiveness and ethics of the 

Japanese conservation methods were questioned by Western institutions (and vice versa); 

whereas in Japan this would have been accepted without question as being the traditional 

way [Rivers, 2010].  

  

Changes in cultural attitudes are often initiated at the top [Jenkins, 2009]. For example, 

when the UK government launched an investigation into human remains being held by 

institutions in the UK, it heightened the awareness of indigenous remains kept in UK 

institutions and removed some of the barriers against their repatriation [OPSI, 2004]. 

Similarly, permission to remove the floor of a listed building, St Pancras railway station, was 

granted because of political pressure to refurbish the station to improve the station’s 

environment [Taylor, 2008]. It was decided between the curators, the conservators and the 

Deputy Director of the museum, that the Mazarin chest would be treated in-house and form 

a collaborative project between the V&A and Japanese conservators, rather than being sent 

back to Japan. As knowledge of the research being undertaken spread, further interest was 

raised. This in turn facilitated additional research [Faulkner, 2010, Rivers, 2010].  

 

Experience and changing attitudes has lead to an adaptability of opinions with regard to the 

best method by which to treat objects [Calver, 2009]. However, one issue that remains is 

that of lack of communication.  Reducing the amount of shared information causes mistakes 

to be repeated.  Mistakes need to be admitted without fear of attack or public humiliation. It 

also reduces the need to hide mistakes, requiring more intrusive restoration work, which may 

in turn cause further damage [Maisey, 2009]. Secrecy and lack of cohesion between 

institutions and individuals increases the workload that needs to be done [DCMS, 2005b, 

p18-20]. Opportunities to distribute knowledge and present findings are limited to specialised 

conferences and journals, with the latter only being available with an expensive subscription, 

or exclusively high price per article.  

 

More cross-cultural objects are bridging the gap between different cultures, and the opinions 

of the original culture are being given more consideration as the object is removed from the 

purely academic field into the public field [DCMS, 2005a, p15, Raymond, 2009]. More people 

want to get involved, and museums are beginning to consult a wider range of opinions. 

Conservation professionals are getting involved in projects which they may not previously 
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have considered: such as involving a community in raising awareness of their, and other 

minority ethnic communities, amongst the wider population [DCMS, 2005b, p10, Raymond, 

2009]. The collaborative approach to objects is giving better understanding of the objects for 

both the original community and the current owners/guardians. 

 

Ownership of an object can be debatable where the provenance of the item may not be 

known [DCMS, 2005a, p15-18]. Not all cultures demand the return of the objects, but would 

prefer that they are simply treated as they would be if they were in their original community 

[Nuku, 2009]. This turns ‘ownership’ into ‘guardianship’, where the connection between the 

object and a museum is mutual, rather than merely custodial [Raymond, 2009]. Museums 

are being encouraged to participate in cultural exchange and co-operation, to utilise the 

objects and knowledge gained, and to provide better access to their collections [DCMS, 

2005a, p31-32].  In the case of human remains, this ownership is contested between two 

different powers, source community and the current ‘owners’; each of which has a different 

function value (science or ancestral respect) for the remains. In the case of Bevis Marks 

synagogue, the owners are held responsible by an external authority (English Heritage) that 

has an interest in conserving the building for the wider community. These case studies both 

relate to the Mazarin Chest case, in that the original culture similarly does not possess the 

object, but has a say in how is should be preserved. Originally it was proposed that the chest 

should go to Japan for treatment, but this was decided against as it would only benefit one 

object and not others in the collection, or of similar design, in the future [Faulkner, 2010, 

Hutt, 2010, Rivers, 2010]. The cross-cultural approach adopted by the Mazarin Chest project 

implies an underlying sense of guardianship for two cultural rather than ownership by one. 

  

In 2005 the UK government Department of Culture, Media and Sport (DCMS) undertook 

research into the future of museums and the impact they have upon society [DCMS, 2005a, 

p6-7]. The report showed that greater collaboration and funding was needed in order to 

expand research and understanding about objects in the collections [DCMS, 2005b, p20]. 

The future of heritage science was debated by the House of Lords in 2006 and their findings 

stated that the industry was disorganised and under threat [HOL, 2006, p27]. The report also 

stated: 

   

Thus heritage science is by its nature collaborative. The development of 

collaborative projects requires good communication between organisations and 

individuals, to identify problems and research opportunities and to pull together 

the teams to work on them [HOL, 2006, p28]. 
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The three case studies given highlight the different stages of collaboration, and what can be 

gleaned from them to aid further projects. In this respect, the Mazarin chest project is the 

most collaborative; Bevis Marks synagogue the least. One of the biggest achievements for 

those involved on the Mazarin chest project was the level of international collaboration 

involved.  The opportunity for both the cultural and knowledge exchange, and the 

opportunity to examine both Western and Japanese methods used during the conservation 

will have far-reaching benefits [Faulkner, 2010, Hutt, 2010, Rivers, 2010]. The collaboration 

was not without problems, but these were overcome by improving communication between 

those involved and through better understanding of ‘values’ in each other’s cultures. By 

holding a conference and workshops about the project, they ensured that the information 

was shared and discussed by others in the same field. In the case involving the repatriation 

of human remains from the British Museum to Te Papa, the collaboration between the two 

institutions was somewhat more limited and polarised, principally due to the nature of the 

project: it was more concerned with the current situation of the remains and not their future. 

Even within this narrow specification, there was some co-operation between both museums, 

with personnel visiting their counterpart museum to ensure both sides of any discussion 

were considered, as well as involving input from independent sources. Had the request 

considered alternative options beyond repatriation (such as developing a traditional setting 

for the human remains where they could be kept in the UK) there may have been an 

opportunity for a more mutually beneficial outcome. At Bevis Marks synagogue, there has 

been scant research into the building, despite its importance in architectural, socio-political, 

and cultural history. There are a number of collaborations that could be conceived that would 

benefit the wider community: for example a comparison between the Bevis Marks 

synagogue, original Wren churches and Quaker meeting houses from the same period. A 

project of this nature would not only grant a better understanding of those who created the 

synagogue, and perhaps confirm or refute some of the legends associated with its 

construction, but could also help strengthen ties between these different religious 

communities, and draw further attention to problems shared by all listed religious buildings.  

 

2.6 Conclusion 

Concepts of ‘value’ and the clashes between different value categories give rise to many of 

the problems encountered when working with cross-cultural objects and can also provide the 

answers to those questions. Collaborative study, when successfully utilised, can produce a 

better understanding of an object’s history, culture, and function; and increase that object’s 

value in these categories.  This, in turn, can redress the balance of power between different 
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value categories, and, consequently, can help achieve equilibrium between opposing 

communities.  

 

During the Mazarin Chest project that it was decided further research was needed to clarify a 

number of scientific question that arose: such as the effect of solvents during conservation, 

the continuation of research into suitable methods of artificially ageing urushi, and 

investigation of different conservation techniques.  

 

Science has been part of conservation for some time, though it did not gain wide application 

until the 20th century [Viñas, 2005, p74-75]. Mostly used to assess an object’s condition, 

determine its history, and assess the effectiveness of conservation treatments, science in 

conservation has been hindered by lack of communication, inflexibility, and lack of technical 

understanding [Viñas, 2005, p115-118]. Communication between conservators and 

scientists needs to be open-minded, and both parties need to fully understand each other. 

The lack of technical understanding can be resolved by accepting the limits of science, and 

being aware of the variation and individuality inherent in hand-crafted objects such as urushi 

works [Viñas, 2005, p115-127]. Some of these variations lie in the material itself, as 

previously discussed: urushi being a natural substance with many factors which can affect its 

quality; limiting the ability to faithfully reproduce consistent results. Understanding what the 

problem is that needs to be resolved from both viewpoints is essential for a successful 

conservation and science collaboration. 

 

This PhD research was set up between Imperial College London and the V&A museum, 

funded by the AHRC Collaborative Doctoral Awards scheme, to encourage collaboration 

between different institutions and disciplines: 

 

The studentships provide opportunities for doctoral students to gain first hand 

experience of work outside an academic environment. These awards also 

encourage and establish links that can have benefits for both collaborating 

partners, providing access to resources and materials, knowledge and expertise, 

that may not otherwise have been available and also provide social, cultural and 

economic benefits to wider society.  [AHRC, 2009] 

 

This statement reiterates findings of the House of Lords report into the need for collaboration 

and its benefits, especially when combining disciplines in order to obtain a solution to a given 

problem (for example, having an archaeologist, a scientist, and a weaver examine ancient 
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textile fragments in order to understand its construction). However, neither report considers 

the specific problems encountered when working with cross-cultural objects.  

 

My research is therefore part of a cross-cultural collaboration - both between Japanese and 

Western establishments, and between art and science institutions. It has been 

commissioned and executed in the UK, not in Japan, because questions about what the best 

treatment would be were asked in the UK. The main aim of the scientific research is to 

compare three different urushi conservation treatments: gatame – where only the 

microcracks are filled using urushi; suri – where urushi coating is applied to the surface; and 

gatame and suri type treatments with the addition of a Western material, in this case 

Paraloid B72.  For many Japanese conservators, favourable results for gatame or suri would 

reinforce the notion that traditional materials and techniques are the best choice for the 

conservation of urushi objects which may not sit comfortably with current Western ethics and 

codes of practice regarding retreatability, as urushi-based materials are irreversible once 

applied. However, in Western collections, urushi traditions are not so strong or so personal 

and knowledge of the conservation of urushi is limited. This research will help initiate 

discussion which types of treatments and materials are more appropriate for conservation by 

conducting a series of scientific experiments for a wide range of materials and techniques to 

compare and debate the qualities of each. The results of this research need to be used in 

conjunction with an object’s inherent value: differing values will determine which approach 

may prove better in each specific case. 
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Chapter 3 Literature Review and 

Previous Work by Others 

3.1 Introduction 

There has been some work done to analyse urushi as a material in scientific papers, 

although the majority of these papers focus on the chemistry of urushi. The chemical 

analysis of urushi confirms that there are variations in the composition of urushi depending 

on when and where it was harvested [McSharry et al., 2007, Niimura, 2009]. Details of the 

growing, harvesting and refining process can be found in Chapter 1, as well as information 

on the application and decorative techniques involved in the production of urushi objects. 

The literature also investigates the differences in photostability and other properties of the 

different urushi, e.g. [Kamiya et al., 2006]. There has been limited research done on the 

strength of the layer structure, and on how having a layered structure affects the urushi on 

the top surface, e.g. [Ogawa and Kamei, 2000]. Although there are further papers available, 

unfortunately these have been published in Japanese and translations are not available, so 

these cannot be discussed in detail. 

 

Cracking is a common occurrence on many decorative surfaces (such as urushi, lacquer and 

paint), and can be accompanied by other damage such as buckling and distortion [de 

Joussineau et al., 2005, Jagla, 2007]. Cracking is usually found on the surface of the object 

where it has been exposed to fluctuating relative humidity (RH) and high temperatures [Tang 

et al., 2010, Tay et al., 2001]. Cracking occurs in a range of different materials including mud 

and paint [Groisman and Kaplan, 1994]. There is a considerable body of research that aims 

to understand how and why cracks propagate. Analogies and comparison between two 

similar systems are often employed to find a possible solution to a specific problem because 

it makes the problem easier to simplify and understand. Reviewing papers about 

fractography and cracking in other materials would facilitate how this research could be 

compared with problems found in decorative surfaces even though the two systems are 

chemically different. 

 

Previous work on artificial (also known as accelerated) ageing will be discussed, although, 

like the published urushi research, it focuses more on the chemistry rather than the physical 

properties which are the prime concern of this thesis. Artificial ageing is used to accelerate 

the ageing process from years to months or possibly weeks. The ideal is to be able to 
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replicate the natural ageing process chemically which would influence the physical ageing. 

However this still remains an impossible task to do. Artificial ageing has many limitations, as 

often the ageing process is so complex and the object’s history is unknown that it is difficult 

to reproduce the natural effects. Indeed, every object’s composition, production and history 

varies, and so the best that can be achieved is some sort of generic damage. 

 

3.2 Chemical Properties of Urushi 

Urushi is classed as a thermoset polymer. When it has just been collected, the urushi is 

made up of a water-oil-water emulsion which is unstable [McSharry et al., 2007]. This 

typically will have 55-70% urushiol, 20-25% water, 6.5-10% polysaccharides, 1.4-2.8% 

glycoprotein and 0.1-1% enzyme [Hayakawa, 2003, Kumanotani, 1995]. The exact amount 

of the constituents will vary between trees. It is also dependant on the place it is harvested, 

the time of year, the weather conditions etc. [Vogl, 2000].  

 

The main chemical component of the urushi is urushiol. The structure of the urushiol is 

shown in Figure 7. It consists of a phenolic compound which has long carbon chains (C15 

and C17 in length) which are mostly unsaturated [Qin, 1996, Vogl, 2000]. This phenolic 

molecule will polymerize at high humidity and temperature due to the oxygen enzyme 

laccase, which is influenced by the rate at which the oxygen diffuses. Laccase reduces the 

oxygen to water which will then transport dissolved oxygen through the film [Kumanotani, 

1995, McSharry et al., 2007, Vogl, 2000]. Once polymerised, urushi will form a strong 

crosslinked network structure giving high resilience against chemical degradation [McSharry 

et al., 2007, Vogl, 2000]. An urushi layer is usually around 10-15µm thick [Vogl, 2000].  

 

 

 

Figure 7: The structure of urushiol  [Vogl, 2000]. 

 



62 

The cured urushi has a regular and dense grain structure which has large particles of 

polysaccharide dispersed randomly within it [Kumanotani, 1995]. It is thought that these 

particles are deposited by the water droplets during the kurome (dehydration) stage.  During 

the pre-polymerisation the urushiol oxidises at elevated temperatures using the laccase as a 

catalyst for the reaction, producing dimer side groups that crosslink. The glycoproteins will 

move out of the water phase and into the oil phase where they will react with the urushiol 

[Kumanotani, 1995, McSharry et al., 2007]. The water content will also decrease, and this 

will cause an increase in the viscosity. As the viscosity increases there will be a decrease in 

the number of reactions taking place, as there are less free sites for the reaction to take 

place, and it becomes more difficult for oxygen to diffuse into the urushi [Kumanotani, 1995, 

Kumanotani, 1998]. The result is a translucent, brown viscous liquid. It can take around two 

months for the urushi to fully cure [Vogl, 2000].  

 

Kumanotani proposed the grain structure of the cured urushi shown in Figure 8 [Kumanotani, 

1998]. The small particles are thought to be made up of a complex shell structure of 

polysaccharides and glycoprotein which prevents oxygen diffusion [Kumanotani, 1998]. The 

inner core is made from a polymerized urushiol, as shown in Figure 8. However, these 

models are based on images obtained by etching a film of urushi which others have been 

unable to reproduce [Keneghan, 2009]. 

 

 

Figure 8: Structure of urushi [Kumanotani, 1998]. 
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3.3 Degradation of Urushi 

Urushi is generally a highly resilient material. It has a high resistance to water, acids, and 

alkalis. However it is severely degraded by visible and UV light, leading to a decrease in 

gloss and deterioration of the top surface of the urushi [Yamashita and Rivers, 2011b]. This 

deterioration is observed as the formation of a white powdery surface. Keneghan tried a 

number of ways to age urushi including soaking the samples in peroxide, putting samples in 

liquid nitrogen, and putting samples in alternating hot and cold temperatures, as well as 

trying exposure to different light sources. Table 1 gives a summary of these results 

[Keneghan, 2011]. It can be ascertained from this table that light is needed for small cracks 

to appear, and that thermal shock and chemical attack are too severe. 

 

Table 1: Artificial ageing methods and results [Keneghan, 2008] 

Method – Exposed to Results 

  

Mercury tungsten lamp Small cracks 

Mercury tungsten lamp then water, 1 week 

alternating 
Small cracks and slight burning 

Peroxide Produced bubbles and changed surface colour 

Infra red lamp then placed on a freezer, 1 week 

alternating 
Nothing 

Water then oven Nothing 

Liquid nitrogen Large thermal cracks 

Artificial daylight lamps Nothing 

UV-C lamp Disintegration of the surface 

Xenon arc lamp Serve fading and loss of gloss 

 

 

High concentrations of pollution from acid fog can also cause discolouration and loss of 

gloss by appearing on the lacquer surface as dark spots [Tsujino, 2001]. It is thought that a 

carbonyl group is formed from the oxidation of the side chains of the urushiol and this is 

accelerated by acidic fog.  

 

There has been some research to try and improve the colour and gloss retention, these 

methods include H ion implantation [Awazu, 1999], optimising the conditions during urushi 

manufacture [Hisada, 2000], as well as mixing in photo-curing monomers [Taguchi, 2007] 

and adding a precious metal colloid [Lu et al., 2006]. Out of these, optimising the conditions 
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during manufacture is the most practical solution without changing the chemical structure of 

urushi, the other methods require specialist equipment or processes which may not be 

feasible. 

 

3.3.1 Light Degradation of Urushi 

Further work was done at the V&A to investigate the light degradation of the urushi for the 

purposes of artificial ageing [Keneghan, 2011]. A series of trials were conducted using a 

range of light sources including UV, daylight fluorescent and mercury tungsten lamps. From 

the tests, it was found that exposure to the mercury tungsten lamps gave the closest match 

to naturally aged samples. However, conditions including relative humidity and temperature 

were not kept constant or consistent throughout the test [Keneghan, 2011]. 

 

The process by which the urushi film breaks down is not fully understood, but it is thought 

that UV light causes further photochemical crosslinking which will increase the stress in the 

film and cause cracking [Vogl, 2000]. Kamiya et al [Kamiya et al., 2006] investigated the 

difference between two samples, the first sample had four layers of black urushi and the 

second sample had three layers of black urushi and a kurome urushi layer as the top layer. 

The results showed that the colour of the black lacquer sample had faded much more than 

the kurome lacquer sample in the same conditions. In the black urushi sample, small holes 

appeared on the surface. It was also observed that cracks had appeared on black urushi 

earlier than on the one with the kurome top coat, and that the sites of cracking were different 

in the two cases. Kamiya et al suggested that this was due to the black urushi having a 

higher number of carbon bonds breaking, and that the differences in the crack sites were 

due to the differences in the top layer compared to the rest of the substrate [Kamiya et al., 

2006].  

 

In work done at Loughborough University [Elmahdy et al., 2011, Liu et al., 2011], it was 

found that the mechanical properties of urushi were highly influenced by the amount of UV 

radiation that the sample had been exposed to. As the amount of time the sample was 

exposed to UV light for was increased, so too did the Young’s modulus and the failure stress 

but the failure strain dramatically decreased, as shown in Table 2, indicating an increase in 

crosslinking [Liu et al., 2011]. Note that the source used to undertake these tests was 

actually a xenon arc lamp, which produces light with a range of wavelengths in the light 

spectrum and not just UV light as described by the authors (more detail about different light 

sources will be discussed in further Chapters). Liu et al aimed to produce a computer model 

for urushi as it ages by matching the model to experimental data, and found that a 



combination of different models are required, including the use of a modified generalised 

Kelvin fluid to model the pre-yield behaviour and a von Mises model for post

[Liu et al., 2011]. 

 

Table 2: Tensile elastic modulus (E), tensile strength at break (

(εB) from constant displacement rate tests at 0.002mm/min, for fresh and light

film samples  [Liu et al., 2011]

 

3.3.2 Degradation of Urushi by Temperature and Humidity

Humidity and water are critical to the final properties of the urushi. Urushi becomes brittle 

under very light and dry conditions.

water. It is thought that a stress will occur between the urushi and the substrate due to 

different rates of shrinkage and expansion, as a result of which the lacquer will peel off. The 

stress-strain curve will also be affected by humidity and urushi has a higher breaking strain 

at higher humidity, as shown in 

a wooden sphere. When the humidity is low, the stress will be in tension across the surface 

of the urushi and away from the centre of the sphere causing peeling. Under dry conditions, 

the stress will be in compression along the surface and pulling down towards 

the sphere. Ogawa et al also researched the effect of the thickness of the layer, and its 

effect on the adsorption rate of the urushi. They also compared the amount of water 

absorbed before the film would fracture but found that the modelled 

different from the experimental result. Using a calculated model, the film fractured at 

100%RH. However, in the practical experiment no fracture occurred. This was possibly due 

to the time available for stress relaxation to occur whilst t

film [Ogawa and Kamei, 2000]
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combination of different models are required, including the use of a modified generalised 

yield behaviour and a von Mises model for post

: Tensile elastic modulus (E), tensile strength at break (σB) and elongation at break 

) from constant displacement rate tests at 0.002mm/min, for fresh and light

, 2011]. 

Degradation of Urushi by Temperature and Humidity

Humidity and water are critical to the final properties of the urushi. Urushi becomes brittle 

under very light and dry conditions. Many vessels made of urushi are designed to contain 

water. It is thought that a stress will occur between the urushi and the substrate due to 

different rates of shrinkage and expansion, as a result of which the lacquer will peel off. The 

ve will also be affected by humidity and urushi has a higher breaking strain 

at higher humidity, as shown in Figure 9 [Ogawa et al., 1998]. Figure 9 shows the urushi on 

den sphere. When the humidity is low, the stress will be in tension across the surface 

of the urushi and away from the centre of the sphere causing peeling. Under dry conditions, 

the stress will be in compression along the surface and pulling down towards 

the sphere. Ogawa et al also researched the effect of the thickness of the layer, and its 

effect on the adsorption rate of the urushi. They also compared the amount of water 

absorbed before the film would fracture but found that the modelled 

different from the experimental result. Using a calculated model, the film fractured at 

100%RH. However, in the practical experiment no fracture occurred. This was possibly due 

to the time available for stress relaxation to occur whilst the moisture is absorbed into the 

[Ogawa and Kamei, 2000]. 

combination of different models are required, including the use of a modified generalised 

yield behaviour and a von Mises model for post-yield behaviour 

) and elongation at break 

) from constant displacement rate tests at 0.002mm/min, for fresh and light-aged urushi 

 

Degradation of Urushi by Temperature and Humidity 

Humidity and water are critical to the final properties of the urushi. Urushi becomes brittle 

Many vessels made of urushi are designed to contain 

water. It is thought that a stress will occur between the urushi and the substrate due to 

different rates of shrinkage and expansion, as a result of which the lacquer will peel off. The 

ve will also be affected by humidity and urushi has a higher breaking strain 

shows the urushi on 

den sphere. When the humidity is low, the stress will be in tension across the surface 

of the urushi and away from the centre of the sphere causing peeling. Under dry conditions, 

the stress will be in compression along the surface and pulling down towards the centre of 

the sphere. Ogawa et al also researched the effect of the thickness of the layer, and its 

effect on the adsorption rate of the urushi. They also compared the amount of water 

absorbed before the film would fracture but found that the modelled results were very 

different from the experimental result. Using a calculated model, the film fractured at 

100%RH. However, in the practical experiment no fracture occurred. This was possibly due 

he moisture is absorbed into the 
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Figure 9: The relationship between stress and humidity for urushi films on a wooden 

substrate [Ogawa and Kamei, 2000]. The large arrows show the direction of the stress seen 

by the surface of the film, in the circumferential and radial directions. 

 

Other work to examine the effect of relative humidity on urushi objects was done in 

collaboration with the V&A as part of the Mazarin chest project [Bratasz et al., 2008]. The 

investigation showed that urushi absorbed more water at higher humidity, and that aged 

lacquer would absorb more water because of the oxygen available from photodegradtion. 

The dimensional changes in the urushi layer during absorption were comparable with those 

of the hinoki layer in the radial direction (which is the direction that the wood is cut). Much of 

the damage is caused by how the wood, and the lacquer is constrained in the structure of 

the object [Bratasz et al., 2008]. Although the aged and new urushi absorbed more moisture 

at high humidity, the seasonal fluctuations of the relative humidity levels in the V&A would 

not be sufficient to cause damage to the urushi or the wooden substrate [Bratasz et al., 

2008]. 

 

When urushi is aged at room temperature then the glass transition temperature of the urushi 

film is increased, the maximum loss tangent decreased and the storage modulus at 20°C 

increased. There is a straight line correlation between the glass transition temperature and 

the maximum loss tangent. Pre-curing the urushi at temperatures above 100°C for twelve 

hours increased the glass transition temperature and reduced the maximum loss tangent, 

but the storage modulus remained the same [Obataya et al., 2002]. Urushi samples that had 

been exposed to higher moisture contents at room temperature had a lower storage 

modulus and a higher maximum loss modulus. Samples that were made from ki urushi 

tended absorb more moisture than those which had undergone the kurome treatment 

[Obataya et al., 1999, Obataya et al., 2002]. 
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3.4 Desiccation Cracking 

Desiccation cracking can often be found on old urushi objects. Usually it is found on an 

exposed surface of the object where it has been in sunlight. Desiccation cracking occurs to a 

number of different materials including mud and paint, and there has been a lot of work done 

to understand the cracks and how they propagate. Although mud is mechanically and 

chemically different from urushi, it is likely that the principles behind the cracking are similar 

[Hull, 1999]. Like urushi, mud segments are also a layered structure with the coarser grains 

towards the bottom and the finer grains towards the top. The crack pattern and propagation 

depends on a number of factors including humidity, temperature, type of substrate, 

homogeneity of the layers, particle size and thickness of the material. 

 

The mechanism of desiccation cracking has not been fully explained. An experiment by 

Groisman and Kaplan using a coffee/water mixture proved that the friction with the substrate 

had a direct effect on the amount of cracking [Groisman and Kaplan, 1994]. Using an 

experiment in which the substrate plate had a varying amount of grease to reduce the friction 

between the mixture and the plate, it was confirmed that the higher the friction, then the 

higher the cracking density was [Groisman and Kaplan, 1994]. As materials contract when 

the water content is reduced, inner stresses arise which are relieved by cracking. The cracks 

propagate along where the stresses are the highest and will often start at an inhomogeneous 

site or a particle embedment. There is a linear relationship between the thickness of the 

layer and the final scale of the crack pattern. The thicker the layer, the more regular the 

crack pattern is and the more even the fragment areas are, as shown in Figure 10. The 

fragments are also larger and the angle at which the cracks intersect will be closer to 90 

degrees [Groisman and Kaplan, 1994].  

 

 

Figure 10: From left to right, crack patterns with decreasing layer thickness  [Groisman and 

Kaplan, 1994]. 

 

A possible reason for the horizontal cracks found during desiccation cracking is the resulting 

stress caused by the differences between contraction rates of the top and the bottom of the 
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layer. Since the top (free) layer is not restrained, it will contract faster then the bottom layer 

which is adhered to the substrate as shown in Figure 11. At point B the stress is in two 

dimensions, caused by the contraction difference between the top and bottom surfaces 

[Kitsunezaki, 1999]. This causes horizontal cracking (delamination) of the film.  

 

 

 

 

Figure 11: Diagram of stress on a film on a surface where A is the bottom centre point of the 

horzontal part of the island, B is the lateral point and C is a point above A. [Kitsunezaki, 

1999].  

 

A number of experiments have been done to try and find the relationship between RH and 

cracking. It is generally found that cracking occurs when a sample is cycled thorough very 

dry and very humid conditions. The initial crack will appear in the initial cycles, and then the 

crack density will increase during further cycles [Michalski, 1991]. It is thought that the crack 

mechanism during the initial cycle is irreversible; once the cracks have formed, they will not 

heal. Further, rewetting the material will not fully heal the material and in some cases could 

potentially weaken it further. Particle size will also have an effect on the cracking. Materials 

with finer grains are more prone to develop cracks than materials with a larger grain size 

because finer materials are more likely to contract when they lose moisture [Yesiller et al., 

2000]. 

 

Many of the desiccation cracks found in soil are thought to start from the surface and 

propagate downwards. It has been thought that the start is a pre-existing surface defect, 

although it is likely that the mechanism for cracking is much more complex than that, and 

that the crack may start at the bottom from a stress raiser caused by a defect such as an 

inclusion or a void. By studying the surface morphology of the flake we can find the point of 

origin from crack patterns. It is thought that the origin of the crack is due to a void or 

inclusion and that the crack can propagate upwards as well as sideways [Weinberger, 1999]. 

 

For a film, the key factor which decides whether the material fractures on the top or bottom is 

the tensile strength of the layer and the adhesion strength to the substrate. If the stress in 

the top surface of the film exceeds the tensile strength of the material, then the crack will 
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originate on the surface and will move downwards. If the stress around a defect in the lower 

layer is greater than the adhesion strength then the crack will start at a defect and 

propagate. 

 

3.5 Artificial (Accelerated) Ageing 

For museum conservation purposes, there are rarely readily available naturally aged 

samples to experiment on. To understand the historic conditions we must try to find a way to 

replicate the damage seen on objects caused by natural ageing, but on new samples. 

However, there are differences between a naturally aged sample and an artificially aged 

sample. Many paints and coatings are artificially aged, but these tests are run until the 

sample fails rather than trying to reproduce natural ageing [Boxhammer, 2001, Hu et al., 

2009]. Thus the ageing regime used is comparative, to allow the expected lifetime of one 

paint or coating to be compared to others, rather than an attempt to duplicate the damage 

seen in natural ageing.  

 

For artificial ageing, the choice of light source used in the ageing process can make a 

difference to the results [Feller, 1994, Gulmine and Akcelrud, 2006] because of the light 

spectra they emit or the intensity of the light. The effects of ageing are usually divided into 

two categories, of chemical and physical ageing. The first is easier to measure and often has 

a direct effect on the second [Feller, 1994]. An example of chemical ageing would be 

changes in the chemical structure and how the structure changes when photodegraded. 

Trying to measure colour change caused by the chemical reactions caused by 

photodegradation (which would be an example of physical ageing) is more difficult and the 

results, such as gloss readings, are instrument specific. 

 

Artificial ageing needs to be carried out in such a way that the ageing process is speeded 

up, but such that the damage is still physically and chemically comparable with natural 

ageing. There are a number of ways that are thought to speed up the ageing process. The 

main two are to increase the temperature and the light intensity. Small changes in either 

factor can greatly influence the colour intensity, for example yellowing that occurs in 

varnishes can be bleached by light, so careful investigation needs to be done [Boxhammer, 

2001, Feller, 1994, Rene E de la Rie, 1988]. There are a range of different light sources 

available including UV-C, mercury tungsten or Xenon arc lamps, all of which have a different 

light spectrum.  
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Another consideration is that the light source will inevitably produce heat which must be 

considered as temperature has an effect on the ageing process. There are different types of 

temperature measurements that can be used during artificial ageing. The easiest is to take 

the temperature of the chamber. However, the temperature that the sample experiences 

may also be affected by how much heat it absorbs. Generally, a black or dark item will 

absorb more heat and radiation than a white item. For weathering tests, this can be shown 

by the black or white panel temperature. This is the temperature experienced by a black 

surface or white surface at a given lux and/or temperature [Feller, 1994]. Other factors that 

are thought to make a difference to the ageing are moisture content and oxygen diffusion.  

 

It is not possible to find a direct correlation between naturally aged and artificially aged 

surfaces that incorporates all the different factors such as light and moisture absorption or 

desorption [Boxhammer, 2001, Bracci and Melo, 2003, Weyermann and Spengler, 2008]. 

Different types of degradation cannot be directly reproduced at the same rate to one another 

when compared to naturally aged samples. An explanation for this is that naturally aged 

samples will be affected by fluctuations in humidity, contaminates, storage conditions and 

temperature as well as irradiation [Bracci and Melo, 2003, Weyermann and Spengler, 2008].  

 

3.6 Summary 

Urushi is a durable natural material which has a complex chemical structure that can vary 

between trees, countries and the time that it is harvested. The main chemical component of 

urushi is urushiol, which is a phenolic compound with long carbon chains. Urushi is sensitive 

to light degradation, which will make it more vulnerable to other types of degradation such as 

by humidity and temperature. When degraded, urushi forms a desiccation or mud crack 

pattern.  These mud crack patterns have been studied intensively for clays and soils and 

could be used to predict the failure mechanisms of urushi. By understanding these 

mechanisms and their effects, it may be possible to artificially age new urushi samples for 

the purposes of testing conservation treatments and predict the long term effects these 

treatments may have. 

 

  



Chapter 4 

Samples and SEM Techniques Used 

4.1 The Samples Used in this Work

 

The composition and structure of urushi objects was outlined in the previous Chapter on 

urushi objects.  A wooden substrate is coat

that. The foundation layers are then applied starting with the coarsest layer and moving to 

finer clay. Urushi is then applied on top of the foundation layers, starting with the lower grade 

for the bottom layers and moving to the high grade urushi for the topmost layers. In the 

following Chapters, references will be made to the different urushi samples that were used.

 

A set of samples were made for the V&A during the Mazarin chest project by Yoshihiko 

Yamashita which had a layer structure to represent an object similar to the Mazarin chest. 

The layer structure for these samples is described in Appendix 1 and they have the following 

structure when viewed under the SEM as shown in 

 

                  

Figure 12: The layer structure of urushi sample described in Appendix 1.

 

Two sets of urushi samples were commissioned for this thesis. One set of samples was a 

black (although not roiro) urushi board and the second was a nashiji board with silver flakes. 

These two sets of samples were intended to represent high quality urushi o

collections. The layer structures of these samples are described in Appendix 2. The black 

Urushi 

Textile 
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Introduction to the Urushi 

Samples and SEM Techniques Used 

The Samples Used in this Work 

The composition and structure of urushi objects was outlined in the previous Chapter on 

urushi objects.  A wooden substrate is coated with urushi and a textile layer placed on top of 

that. The foundation layers are then applied starting with the coarsest layer and moving to 

finer clay. Urushi is then applied on top of the foundation layers, starting with the lower grade 

layers and moving to the high grade urushi for the topmost layers. In the 

following Chapters, references will be made to the different urushi samples that were used.

A set of samples were made for the V&A during the Mazarin chest project by Yoshihiko 

ashita which had a layer structure to represent an object similar to the Mazarin chest. 

The layer structure for these samples is described in Appendix 1 and they have the following 

structure when viewed under the SEM as shown in Figure 12.  

 

: The layer structure of urushi sample described in Appendix 1. 

Two sets of urushi samples were commissioned for this thesis. One set of samples was a 

black (although not roiro) urushi board and the second was a nashiji board with silver flakes. 

These two sets of samples were intended to represent high quality urushi o

collections. The layer structures of these samples are described in Appendix 2. The black 
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Figure 13: The layer structure of black urushi sample 

 

                  

Figure 14: The layer structure of a nashiji urushi sample described in Appendix 2.
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samples have the following structure when viewed under the SEM as shown in 

hown in Figure 14. 

 

: The layer structure of black urushi sample described in Appendix 2.

 

: The layer structure of a nashiji urushi sample described in Appendix 2.

Through the next Chapters, the samples will be compared to their unaged condition and the 

naturally aged condition. An unaged urushi sample is shown in Figure 15

some dust on the surface (usually used for focusing) but no cracks and a slight bobbling 

effect, similar to the image produce by Kumanotani (shown in the literature review) 

. Otherwise the surface is featureless. 

Wooden

Substrate

Foundation

Nashiji

urushi

Wooden

Substrate

Foundation

samples have the following structure when viewed under the SEM as shown in Figure 13. 

described in Appendix 2. 

: The layer structure of a nashiji urushi sample described in Appendix 2. 

Through the next Chapters, the samples will be compared to their unaged condition and the 

15. The sample has 

or focusing) but no cracks and a slight bobbling 

effect, similar to the image produce by Kumanotani (shown in the literature review) 

Wooden 

Substrate 

Foundation 

Nashiji

urushi 

Wooden 

Substrate 

Foundation 

High 

grade 

urushi 



                    

Figure 15: An unaged urushi sample.

 

Figure 16 shows a naturally aged sample taken from a 19

polygonal crack network is clearly visible and the surfaces of the islands have a rough 

appearance with debris across the surface. The cracks have a ‘V’ shape and go as far as the 

foundation layer as shown in Figure 

 

                     

Figure 16: A naturally aged urushi object.
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: An unaged urushi sample. 

shows a naturally aged sample taken from a 19th century screen frame. The 
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Figure 17: The layer structure of a naturally aged urushi sample.

 

The wooden substrate used for all the above samples is hinoki (Japanese cypress).
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: The layer structure of a naturally aged urushi sample. 
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little pressure as is necessary to eliminate charging is used, to avoid unnecessary scattering 

of the electron beam and any resulting signals. Typically a chamber pressure of 60 or 70 Pa 

was used in the present work.  

 

The electron beam collides with the sample producing a number of different signals including 

X-rays, secondary electrons and backscattered electrons, as shown in Figure 18. The beam 

is swept over the sample in a raster pattern, and the signals detected are used to form an 

image. The secondary electrons (SE) have low-energies and are guided to a detector at the 

side of the chamber using a positive bias. The SE signal is topographically sensitive, as a 

steep slope, e.g. at the edge of a crack, increases the surface area of the interaction volume 

between the incident beam and the substrate. This enables the release of a larger number of 

secondary electron, and can be observed as a bright line in the SEM image. SE imaging was 

not used for this work because it requires a conductive surface, and to make urushi 

conductive, it would have to be coated with a thin layer of gold which would affect the results 

after further testing.   

 

 

Figure 18: Electron beam and specimen interaction in the SEM. Secondary electrons (SE) 

and backscattered electrons (BSE) are produced [Jones, 2008]. 

 

The backscattered electrons (BSE) are electrons which are scattered with energies similar to 

that of the electron beam. The number of electrons produced is affected by the atomic 

number of the sample making this a useful technique for compositional analysis. The 

incident beam is deflected near the nucleus of the atom and electrons are scattered both 

elastically and inelastically. These electrons contain information about the properties of the 

atom, and the higher the atomic number then the brighter the image will be. The BSE 

detector needs to be placed above the sample because the electrons prefer to travel up the 
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optic axis and cannot be guided to a detector like secondary electrons. The detector used is 

a p-n solid state (semiconductor) material.  

 

The Hitachi VP-SEM used in the present work is fitted with a five-element backscattered 

electron detector. This allows three different BSE imaging modes to be used with variable 

pressure conditions. There are compositional (comp), topographic (topo) and 3D, as shown 

in Figure 19. The last of these is a combination of the compositional and topographical 

modes. The compositional mode uses four elements of the detector to give elemental 

contrast for the material being analysed. The larger the atomic weight, the brighter the image 

is. For the topographic mode, pairs of diodes switched to negative bias are used to enhance 

the topography of the sample at the expense of elemental contrast, see Figure 19. Here the 

closer to the surface the signal is, the brighter the image. The 3D image combines both of 

these images with the signal from the fifth segment of the detector, which is placed off-axis 

to help further enhance the topographic effects in the image, giving more of a 3-D surface 

appearance as shown in Figure 19. 

 

 

Figure 19: SEM images showing the different modes in SEM [Jones, 2008]. 

 

Figure 20 shows SEM images of a cracked urushi surface taken using the three BSE modes. 

In the present work, the compositional and 3D modes were used, and it is clear that the 

compositional and 3D images, shown in Figure 20a and c respectively, are nearly identical. 

The images show deep cracks in the urushi, without the distracting highlighting of the edges 

see using secondary electron imaging. The topographic mode, shown in Figure 20b, is not 

suitable for the present work. Although this mode gives some topographical information, it 

cannot produce enough data to be useful. It does not cope well with sharp corners and deep 

cracks. The depth of the cracks is underestimated, and there is poor definition between the 

different heights. Hence the image would be difficult to analyse further.  
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a)                             b) 

      

c) 

Figure 20: SEM images of urushi showing the three different Backscattered electron modes 

a) compositional, b) topographic and c) 3D. 

 

4.3 Mechanisms of Cracking 

As previously discussed in the literature review section, desiccation cracking can occur in 

many different materials but give a similar pattern. There are number of factors which can 

affect the pattern of desiccation cracks such as direction of drying, the adhesion of the 

material on the substrate and the thickness of the material [Groisman and Kaplan, 1994, 

Mal, 2005].  

 

The principles for cracking are also very similar for urushi to other materials, as when a 

material loses water by drying or curing, the material contracts creating bi-axial tension 

within the material [Hull, 1999]. As the desiccation continues, the stress exceeds the material 

tensile strength and cracks are formed [Groisman and Kaplan, 1994]. The mechanisms of 

desiccation cracking are discussed in more detail in the literature review. Island type crack 

networks are assumed to form due to weak interfacial strength between the material and the 

substrate [Groisman and Kaplan, 1994, Nakasa et al., 1998]. As the crack patterns on urushi 

objects are evenly distributed rather than concentrated to certain parts of the object, it can 
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be assumed that uniform tension and shrinkage occurs across whole surface (although for 

the purposes of surface crack modelling, inherent randomness is added to the system 

otherwise the crack pattern would be too ordered and uniform which corresponds to the 

inhomogeneity of the material) [Iben and O'Brien, 2009]. However, it is hard to assess when 

the horizontal cracks occur, and these are often assumed to happen together with the 

vertical cracking [Nakasa et al., 1998]. 

 

Urushi objects, as will be demonstrated in later chapters, only crack if they have been light 

degraded. Work by McSharry showed that urushi samples that had been naturally aged had 

a significant decrease in free or mobile water molecules, and FTIR analysis indicated that 

aged urushi is partially soluble in water [McSharry, 2009]. It is also known that urushi will 

undergo photochemical crosslinking when exposed to sunlight, increasing the crosslink 

density and causing an increase in stress from the particle rearrangement [Vogl, 2000]. 

Weight loss will also occur during photodegradation either from the water loss or 

decomposition of the polymerised urushiol chains [McSharry, 2009]. This will cause the 

urushi material to shrink, generating stresses in the material. The increase in crosslinking will 

cause the material to become more brittle, with an increase in failure stress but a decrease 

in failure strain and fracture toughness [Liu et al., 2011].   

 

Usually cracks are initiated after the formation of pinholes on the surface of the urushi. It is 

thought that these pinholes are created during photodegradation from scissions and 

reactions, such as the Norrish reactions, which form volatile compounds that are then lost 

from the surface of the urushi [Druce, 2011]. Once the pinholes are formed, they will act as 

stresses raisers in the material, initiating cracks on the surface which will then propagate in a 

downward direction towards the substrate. However, pinholes also appear during humidity 

cycling, as will be demonstrates in later Chapters, but no cracks appeared on the samples 

that were not light degraded. It can be concluded that the cracking on urushi occurs from a 

combination of events, but must involve a process in which the urushi is embrittled, e.g. as 

found by photodegradation, and subjected to high internal stresses, most likely from 

shrinkage. 
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Chapter 5 Photodegradation of 

Urushi 

5.1 Introduction 

Urushi is known to degrade when exposed to light. The light damage, or photodegradation, 

seen on artefacts is due to exposure to sunlight, often filtered through window glass, rather 

than light from artificial sources. The spectrum of electromagnetic activity from the sun is 

divided up into ultraviolet (UV), visible and infrared (IR) radiation, as shown in Figure 21. 

Only a limited range of these wavelengths are visible to the human eye. It is not known what 

wavelength, or combination of wavelengths, produces the cracking effect on the surface. In 

addition, this work requires that the effects of sunlight exposure over many years are 

reproduced within a reasonable timescale, in the order of months. This required acceleration 

prevents sunlight from being used to reproduce the damage, so an alternative (artificial) 

source is required.  

 

Different light sources produce different wavelengths that may have an effect on urushi 

surfaces. A number of different bulbs were tried to replicate the effects of natural 

degradation on the surface of the urushi. The different light sources used were firstly an 

unfiltered mercury tungsten bulb, which has traditionally been used for artificial ageing. 

Secondly, a UV-C source was used, which concentrates on the ultra-violet (UV) part of the 

light spectrum, and which is generally used to reduce biological growth. Thirdly, commercial 

fluorescent daylight lamps were used. Finally, a xenon arc lamp with a daylight filter to 

simulate noon outdoor conditions, as used in most modern commercial weathering machines 

was used. This source is supposedly the source which is the closest to replicating natural 

sunlight [Feller, 1994, Phillips, 2010, Q-Lab, 2006].  

 

The amount of ‘white light’ (i.e. wavelengths in the visible spectrum) is usually quoted as 

luminance, for which the unit is lux [Feller, 1994]. This measurement is used by bulb 

manufacturers and photographers to measure light intensity levels. Many light 

measurements for conservation purposes are also given in lux. However, the severity of 

damage will also be affected by the power of the light source and the exposure time. 

Spectral irradiance is a measurement of the sun’s power at a given point on the Earth’s 

surface. The measured irradiance can be plotted against the wavelength of the 

electromagnetic waves, as shown in Figure 21. The irradiance will vary from place to place 
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due to latitude, and will depend on factors including the season, the time of day, the amount 

of ozone, the land height and the aspect (e.g. whether a slope is facing north or south) [Gray 

et al., 2010]. Spectral irradiance is measured for weathering purposes, being used as a 

basis of comparison for artificial ageing, as well as for designing solar cells for producing 

‘green’ energy. It is not possible to directly compare lux and irradiance. For the purposes of 

this work, only irradiance is considered. 

 

 

Figure 21: Solar radiation spectrum for the sun, a black body spectrum and on the Earth’s 

surface at sea level (h=0) [Gray et al., 2010].  

 

Figure 21 shows that the irradiance (also known as solar radiation) produced by the sun is 

not equal at different wavelengths. In addition, many of the shorter wavelengths (the ultra 

violet) and certain frequencies of infra-red (IR), are filtered out by the atmosphere before the 

radiation reaches the Earth’s surface, although this will vary depending on where the 

measurements are taken. The black body temperature is the temperature of a surface that 

absorbs all incident energy and the best emitter of thermal radiation. In Figure 21, the 

blackbody spectrum is assumed to be very close to the sun’s surface.  

 

In the UK, spectral information has been collected by the weather station which is part of the 

London Grid For Learning (LGFL) over a number of years. This scheme has been working 

since 2006 to measure the weather conditions in the UK [LGFL, 2010]. There are a number 

of stations around the UK that gather the information and show the variation across the UK 



at a given time. These variations will reflect the difference in weather conditions such as 

rainfall and cloud cover [LGFL, 2010]

The solar distribution for Kensington in 2010 can be seen in 

the number of occurrences of a given solar radiation level over a one

 

Figure 22: Distribution of solar radiation at Kensington for 2010.

 

The distribution shows a distinct skew to the left, with the highest number of points on zero, 

and a roughly exponential decrease in occurrences with solar radiation. This relationship is a 

reflection of night-time, dawn and dusk readings where the irradiance levels will be lower. 

During the winter months, shown in 

W/m2 and the solar radiation level stays lo

1420 W/m2 (although this is infrequent) and has a much wider and more even spread of 

solar radiation level throughout the month. Autumn (taken as the month of September

an typical maximum irradiation level of 956 W/m

2010) had an typical maximum irradiation level of 894 W/m

LGFL, 2011].  
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at a given time. These variations will reflect the difference in weather conditions such as 

[LGFL, 2010].  

The solar distribution for Kensington in 2010 can be seen in Figure 22. This Figure shows 

the number of occurrences of a given solar radiation level over a one-year period.  

 

: Distribution of solar radiation at Kensington for 2010. 

The distribution shows a distinct skew to the left, with the highest number of points on zero, 

and a roughly exponential decrease in occurrences with solar radiation. This relationship is a 

time, dawn and dusk readings where the irradiance levels will be lower. 

During the winter months, shown in Figure 23, the daytime solar radiation stays below 300 

and the solar radiation level stays low. In summer, see Figure 24, it can go as high as 

(although this is infrequent) and has a much wider and more even spread of 

solar radiation level throughout the month. Autumn (taken as the month of September

an typical maximum irradiation level of 956 W/m2 across the UK, and Spring (taken as March 

2010) had an typical maximum irradiation level of 894 W/m2 across the UK 

at a given time. These variations will reflect the difference in weather conditions such as 

. This Figure shows 

year period.   

The distribution shows a distinct skew to the left, with the highest number of points on zero, 

and a roughly exponential decrease in occurrences with solar radiation. This relationship is a 

time, dawn and dusk readings where the irradiance levels will be lower. 

, the daytime solar radiation stays below 300 

, it can go as high as 

(although this is infrequent) and has a much wider and more even spread of 

solar radiation level throughout the month. Autumn (taken as the month of September) has 

across the UK, and Spring (taken as March 

across the UK [LGFL, 2010, 



Figure 23: Distribution of solar radiation at Kensington in December 2010

 

Figure 24: Distribution of solar radiation at Kensington in June 2010.

 

In Japan the measured solar irradiation level for a winter’s day for different weather 

conditions is shown in Figure 

generally much higher in Japan than in the UK. This is in the northern part of Japan. 

Measurements of irradiance levels are not readily available for Tokyo, but as Tokyo is further 

south the average irradiance would be expected to be higher.
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: Distribution of solar radiation at Kensington in December 2010 

 

solar radiation at Kensington in June 2010. 

In Japan the measured solar irradiation level for a winter’s day for different weather 

Figure 25 [Oke et al.]. This shows that in winter, irradiance is 

generally much higher in Japan than in the UK. This is in the northern part of Japan. 

Measurements of irradiance levels are not readily available for Tokyo, but as Tokyo is further 

average irradiance would be expected to be higher. 

 

In Japan the measured solar irradiation level for a winter’s day for different weather 

. This shows that in winter, irradiance is 

generally much higher in Japan than in the UK. This is in the northern part of Japan. 

Measurements of irradiance levels are not readily available for Tokyo, but as Tokyo is further 
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Figure 25: Direct irradiance density for Toyohashi (Aichi prefecture, Japan) during December 

for three different weather conditions. (SCP is stable condition pattern, FCP is frequent 

change pattern) 

 

In addition to the light intensity, the UV index is also measured as part of weathering 

monitoring stations. This index is used to assess the harm caused by UV-C (wavelengths 

less than 280 nm, which is extremely harmful to animals and plants but is mostly filtered out 

by the atmosphere), UV-B (wavelengths between 280-320 nm and the main cause of serious 

skin cancers) and UV-A (wavelengths 320-400 nm and causes photoageing in humans) 

radiation on human skin and is weighted accordingly [Coldiron, 1998, Feister et al., 2011, 

Krzyscin et al., 2001]. However, it cannot be used in conjunction with other solar 

measurements to obtain UV light intensity values and therefore is not considered a 

comparable factor for artificial ageing purposes.  

 

It is possible to add up all the irradiance levels over a given time period. However, the values 

given by the LGFL and Oke et al, measured the total amount of irradiation over a time frame 

but it is wavelength independent (and range the of wavelengths used is unknown) unlike the 

conventional sunlight simulators, such as the QSun, which measure the irradiation at a 

specific wavelength (usually 340nm or 420nm). From the manufacture’s literature, it is 

possible to calculate the total irradiation from area under the graph which would make it 

independent of wavelength but it would assume that the curve is consistent throughout the 

test. 

 

It is unusual for object to be placed in direct sunlight. If they are in direct sunlight then it is 

usually behind a window which will act as a filter to certain wavelengths, especially in the UV 

part for the spectrum. 
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Urushi boards with the full layer compliment were placed under 4 different light sources with 

different spectra to assess how well they replicated the effects of long-term natural light 

ageing. Other factors such as temperature and relative humidity will not be fully considered 

here, but will be discussed in later Chapters. 

 

5.2 Method 

A sample of unaged black roiro board (see Appendix 2) was cut up into smaller pieces 

approximately 5 mm x 10 mm, and these were placed under four different light sources for 1, 

2 and 3 weeks (the exposure conditions are described in more detail below). The surfaces of 

the samples were examined using a scanning electron microscope (SEM) (Hitachi S3400N, 

Maidenhead) and compared. 

 

The different light sources used were an unfiltered mercury tungsten bulb (Sylvania HSB BW 

500W 240V, Figure 26), UV-C bulbs (Philips, PL-L36W TUV, Figure 27), daylight lamps (GE 

F20W/AD, Figure 28), and a xenon arc lamp using a window glass filter and calibrated at the 

340nm wavelength (Q-Sun, Xe3-H, Figure 29). 

 

With the exception of the xenon arc bulbs, there was no humidity or temperature control 

although fans were installed for the fluorescent daylight and UV-C bulbs to ensure air 

circulation through the test chamber. Measurements taken at the V&A showed that the 

temperature and humidity of the daylight bulb chamber varied between 20.3 to 27.8°C and 

25 to 51% RH over a 90 day timeframe [Keneghan, 2010]. The UV-C light box temperature 

and humidity were also measured by the V&A and found to range between 22.1 to 25.7°C 

and 28 to 43% RH over 30 days [Keneghan, 2011]. The humidity and temperature levels 

around the mercury tungsten bulb had been measured in a previous experiment and varied 

between 9-15% RH and 28 to 40°C [Keneghan, 2010]. The chamber containing the xenon 

arc bulbs was set to a chamber temperature of 50°C at a humidity level of 12%.  

 

Below are the spectra for the range of the bulbs used. There may be some variation in 

manufacturing and slightly different models having different outputs. Although usually the 

data will quote spectral power nominalised over the visible light spectrum, the spectra shown 

may be considered to be typical. Relative spectral or radiant power is the amount of light 

power radiated over an area for a given wavelength unit [Fairchild, 2005, p56-58]. 
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5.2.1 Mercury Tungsten 

The mercury tungsten (HgW) lamp, shown in Figure 26, shows discrete peaks in the spectral 

power rather than a smooth curve across the spectrum, with the highest peak in the green-

yellow segment of the spectrum.  

 

 

Figure 26: Relative spectral power against wavelength for the mercury tungsten bulb 

[Sylvania, 2008]. 

5.2.2 UV-C 

The spectrum for UV-C bulbs is shown in Figure 27. As expected, the highest peak for the 

UV-C lamp is in the ultra violet segment at around 250 nm, with very few peaks anywhere 

else on this spectrum. The other peaks which are present are less than 10% of the spectral 

power of the peak at 250 nm. UV-C is filtered out by the atmosphere and is not naturally 

seen in high concentrations on the Earth’s surface.  

 

 

Figure 27: Relative spectral power against wavelength for the UV-C bulb [Phillips, 2010]. 
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5.2.3 Daylight Fluorescent 

The fluorescent lamp has a much smoother curve compared to the previous two lamps 

although it is higher in the red segments and lower in the violet compared to natural sunlight, 

as shown in Figure 28. The peaks at approximately 410, 450 and 650 nm are similar to 

those seen with the HgW bulb spectrum. However, the overall light intensity is more similar 

to that of sunlight than the mercury tungsten bulb as there is a spread of power across the 

various wavelengths of visible light.   

 

 

Figure 28: Radiant power against wavelength for the daylight bulb [GE, 2010].  

 

5.2.4 Xenon Arc 

The xenon arc lamp had the spectrum closest to natural sunlight compared to the other three 

spectrums, as shown in Figure 29, but there are still some variations. For example, overall, 

the xenon arc has more peaks rather than being a smooth response in the visible light 

segment of the spectrum, especially toward the infra red. Window glass will stop the shortest 

wavelengths from passing through. For the UV and most of the visible spectrum using a 

xenon arc lamp is in good agreement with natural sunlight through a window. However, in 

the red-IR range, the xenon arc light has a series of spikes and troughs which are dissimilar 

to natural sunlight in that part of the spectrum. Spikes in the IR range are seen in daylight 

that doesn’t pass through window glass as shown in Figure 21 but these go beyond the data 

for the Xenon arc light.  
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Figure 29: Irradiance against spectrum for the xenon arc bulb [Q-Lab, 2006]. The spectrum 

for sunlight through glass is shown for comparison. 

 

For the xenon arc tester, an irradiance of 0.68 W/m2 at a wavelength of 340nm is commonly 

used to represent outdoor exposure in Florida, which is one of the standard benchmarks for 

artificial ageing [Pickett and Gardner, 2005]. The xenon arc lamp has two calibration points, 

one at a light wavelength 340nm and one at 420nm depending on which section of the light 

spectrum is more critical to testing. However, London does not receive as much constant 

sunlight as Florida due to the differences in latitude and climate conditions. As the 

experiments were testing for indoor exposure, the irradiance rating was decreased to 0.50 

W/m2 at a wavelength of 340nm.  

 

5.3 Results 

Three separate unaged urushi samples were exposed to each lamp type and one sample 

from each lamp was removed every week for three weeks. This section talks about the 

differences between the lamps and the progress of the damage after each week of 

exposure. Prior to exposure to light, the sample surfaces are smooth and glossy, with no 

visible pinholes or cracks. Naturally aged samples show deep and wide cracks with 

polygonal islands like mud cracks. 

 

5.3.1 Mercury Tungsten 

Figure 30 shows the damage done by the mercury tungsten lamp used by kind permission of 

the V&A museum. After one or two weeks there has been little change in the surface of the 

sample other than an increase in the bobbling where the texture is less smooth than before 

ageing. After three weeks the cracks have formed although these are not as deep or wide as 



on naturally aged samples. The island sizes are also much bigger, but these are likely to get 

smaller as the ageing progresses. Other experiments which involved light ageing using

mercury tungsten lamp (such as the experiments in Chapter 4) also showed an increase in 

bobbling as the samples were exposed to longer periods under the light, sometimes with no 

cracking. There are very few pinholes visible, the presences of which is 

to cracking. 

 

 

a)                        b)

Figure 30:  Samples exposed to mercury tungsten lamp after a) 1 week b) 2 weeks c) 3 

weeks 

 

5.3.2 UV-C 

Figure 31 shows the results from the UV

previous work done by V&A, these samples were expected to give a more

appearance after ageing [Keneghan, 2009]

but the surface is beginning to deteriorate becoming uneven and rough. The bobbling 

appearance has become more pronounced compared to the other samples and a few 

pinholes have appeared. The surface has a rougher and more powdery texture with more 

particles and debris appearing on the surface than the mercury tungsten samples.

 

 

a)                        b)

Figure 31: Samples exposed to UV
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on naturally aged samples. The island sizes are also much bigger, but these are likely to get 

smaller as the ageing progresses. Other experiments which involved light ageing using

mercury tungsten lamp (such as the experiments in Chapter 4) also showed an increase in 

bobbling as the samples were exposed to longer periods under the light, sometimes with no 

cracking. There are very few pinholes visible, the presences of which is usually a precursor 

 

b)                                  c) 

:  Samples exposed to mercury tungsten lamp after a) 1 week b) 2 weeks c) 3 

shows the results from the UV-C bulbs (also held at the V&A Museum). From 

previous work done by V&A, these samples were expected to give a more

[Keneghan, 2009]. Even after three weeks, no cracks have formed 

but the surface is beginning to deteriorate becoming uneven and rough. The bobbling 

more pronounced compared to the other samples and a few 

pinholes have appeared. The surface has a rougher and more powdery texture with more 

particles and debris appearing on the surface than the mercury tungsten samples.

 

b)                       c) 

: Samples exposed to UV-C bulbs after a) 1 week b) 2 weeks c) 3 weeks

on naturally aged samples. The island sizes are also much bigger, but these are likely to get 

smaller as the ageing progresses. Other experiments which involved light ageing using the 

mercury tungsten lamp (such as the experiments in Chapter 4) also showed an increase in 

bobbling as the samples were exposed to longer periods under the light, sometimes with no 

usually a precursor 

  

:  Samples exposed to mercury tungsten lamp after a) 1 week b) 2 weeks c) 3 

C bulbs (also held at the V&A Museum). From 

previous work done by V&A, these samples were expected to give a more “chewed up” 

. Even after three weeks, no cracks have formed 

but the surface is beginning to deteriorate becoming uneven and rough. The bobbling 

more pronounced compared to the other samples and a few 

pinholes have appeared. The surface has a rougher and more powdery texture with more 

particles and debris appearing on the surface than the mercury tungsten samples. 

  

C bulbs after a) 1 week b) 2 weeks c) 3 weeks 



 

5.3.3 Daylight Fluorescent

The final lamp bank at the V&A museum used for these experiments were the fluorescent 

bulbs which are used for commercial lighting. These have not produced cracking in similar 

previous experiments done by the V&A. Even after three weeks, very little has changed, the 

surface is still featureless and smooth with very few pinholes and no cracks, see 

 

a)                        b)

Figure 32: Samples exposed to fluorescent daylight bulbs after

weeks 

 

5.3.4 Xenon Arc 

The samples exposed to xenon arc lamps, used in a weatherometer (QSun, Xe

Imperial College London are shown in 

the first week but these cracks do not appear on the samples aged for 2 weeks. On the 3 

week samples, the cracks are visible and are wider than they were at 1 week. The three 

samples have responded differently even though they were cut from the same sample 

board, showing cracking after 1 week and 3 weeks, but not after 2 weeks.

 

 

a)                        b)

Figure 33: Samples exposed to
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Daylight Fluorescent 

The final lamp bank at the V&A museum used for these experiments were the fluorescent 

used for commercial lighting. These have not produced cracking in similar 

previous experiments done by the V&A. Even after three weeks, very little has changed, the 

surface is still featureless and smooth with very few pinholes and no cracks, see 

 

b)                       c) 

: Samples exposed to fluorescent daylight bulbs after a) 1 week b) 2 weeks c) 3 

The samples exposed to xenon arc lamps, used in a weatherometer (QSun, Xe

Imperial College London are shown in Figure 33. The samples show shallow thin cracks in 

the first week but these cracks do not appear on the samples aged for 2 weeks. On the 3 

week samples, the cracks are visible and are wider than they were at 1 week. The three 

responded differently even though they were cut from the same sample 

board, showing cracking after 1 week and 3 weeks, but not after 2 weeks. 

 

b)                      c) 

: Samples exposed to xenon arc after a) 1 week b) 2 weeks c) 3 weeks

The final lamp bank at the V&A museum used for these experiments were the fluorescent 

used for commercial lighting. These have not produced cracking in similar 

previous experiments done by the V&A. Even after three weeks, very little has changed, the 

surface is still featureless and smooth with very few pinholes and no cracks, see Figure 32.  

 

a) 1 week b) 2 weeks c) 3 

The samples exposed to xenon arc lamps, used in a weatherometer (QSun, Xe-3H) held at 

. The samples show shallow thin cracks in 

the first week but these cracks do not appear on the samples aged for 2 weeks. On the 3 

week samples, the cracks are visible and are wider than they were at 1 week. The three 

responded differently even though they were cut from the same sample 

 

 

xenon arc after a) 1 week b) 2 weeks c) 3 weeks 
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In summary, all the samples show an increase in degradation the longer they are exposed to 

light from all sources, but the type of damage seen is dependent on the light source used. 

5.4 Discussion 

The results show that the xenon arc and the mercury tungsten lamps have more notable 

ageing effects (cracking) on the new urushi samples. Cracks can be seen using both of 

these sources after 3 weeks. Brenda Keneghan at the V&A museum has previously 

performed similar experiments using samples with a similar construction to those used in the 

present work (see Appendix 1). These experiments show the UV-C light having a chewed up 

surface after 1000 hours (six weeks). This effect was also observed in the present work after 

3 weeks (500 hours), and comparison with the V&A results shows that further exposure to 

UV-C will increase the roughness of the surface but will not generate the required cracking.  

 

The xenon arc samples previously tested by the V&A were done by placing them under four 

different conditions using a range of commercial ageing methodologies by Atlas Material 

Testing Technology Ltd (Bicester, Oxfordshire) and showed different results to what was 

obtained in these experiments. Three of the conditions used by Atlas included water 

spraying and humidity control as well as exposure to different light intensities. These tests 

were based on international standards for artificial ageing for automotive coatings. The 

PV3923 test used continuous light exposure at low RH. The SAE J 1885 procedure 

alternated between light at 50%RH and dark at 95%RH. The SAE J 1960 test cycled 

between a light condition and a dark condition with water spray. The final test used 

continuous light and was sprayed with water at 2 hour intervals. The tests used a variety of 

light intensities and temperatures  [Keneghan, 2011]. Most of these samples showed a 

coarse surface after testing, which is different from the images from this experiment. This 

chewed up appearance is probably the under layers being exposed and degrading after 

erosion of the top surface, especially in the samples which were sprayed with water. In the 

present experiment using the xenon arc lamps, cracking occurred within 1 week using low 

RH with the surface becoming rougher and more textured rather than the smooth flat surface 

seen on unaged samples. This may be because of the window glass filter and the lower light 

intensity used in this experiment compared to the conditions used at Atlas. 

  

Other experiments done by the V&A used the mercury tungsten bulb, which showed that the 

samples had cracks similar to those of naturally aged samples, but these cracks were not of 

the same scale and were finer than naturally aged samples [Keneghan, 2011]. Coloured 

sample boards exposed to the mercury tungsten lamp by Catherine Coueignoux showed 
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signs of burning, were unevenly aged and had a powdered surface [Coueignoux, 2008]. The 

cracks that appeared on the samples in the present thesis were not as wide, nor were they 

as numerous as the samples had been exposed for a much shorter timescale than those at 

the V&A.  

 

In real life situations, light is not shone on an object continuously and there will be cooling 

effects from darkness. Other associated effects such as an increase in humidity may also be 

factors that need to be considered. Many light tests are conducted by relating the amount of 

energy that the samples will be exposed to with the number of hours of sunlight for a given 

time period. Increasing the intensity of the radiation will not necessarily produce better 

ageing or decrease the time it takes to age a sample, but will merely alter the number of 

reactions during a specified time period [Feller, 1994]. This may increase the primary 

reactions but decrease the number of secondary reactions that require time. Secondary 

reactions are thought to cause some of the damage seen during ageing, such as the 

yellowing of varnishes which occurs with time. Yellowing is also affected by the wavelength 

of the light. Certain wavelengths will cause the varnish to yellow and others will cause it to 

bleach, but which process will dominate depends on the material in question and the other 

conditions [Rene E de la Rie, 1988]. Research has found that the yellowing reaction tends to 

occur during dark cycles of ageing tests as light degradation can cause yellowing to be 

bleached during artificial ageing [Rene E de la Rie, 1988].  

 

Out of the four bulbs, the ones that produced the least amount of change were the daylight 

fluorescent bulbs even though these have a wider spectrum (or luminosity) which is more 

comparable to natural daylight than the UV-C or the mercury tungsten bulbs. The most likely 

cause is that the irradiance level was too low compared to the other light sources to have 

much of an effect over the short exposure time used. 

 

In the experiments carried out in this chapter, only the xenon arc tests had the temperature 

and humidity controlled. However, effects from humidity and temperature will be discussed in 

further chapters, and for the purposes of this set of experiments any changes in temperature 

and humidity were not considered. Ideally, the experiment for the xenon arc would be 

repeated at different light intensities to find the most effective intensity. However, the time 

scale and costs involved rendered such an experiment unsuitable for this study, but it is an 

area for further study.  The effects of luminosity versus irradiation also need to be 

considered in more detail. This is discussed in later Chapters - Future work. 
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Based on the spectra and results shown in this chapter, xenon arc would be best source of 

light to use for artificial ageing but its high cost and lack of availability meant that some light 

ageing was done using the mercury tungsten bulb. 

 

5.5 Conclusion 

Photodegradation will produce cracking on urushi objects. Using natural sunlight takes years 

to produce cracking. Artificial light sources can be used to speed up this process and 

produce cracks in months or weeks. 

 

By comparing the different light spectrums of the four different lamps (mercury tungsten, UV-

C, daylight fluorescent and xenon arc) the closest irradiance to natural sunlight is the xenon 

arc lamp.  

 

Mercury tungsten bulbs will produce cracking even though the light spectrum has discrete 

band and is not representative of natural daylight. 

 

UV-C and daylight fluorescent bulbs do not produce useful information as UV-C is not found 

naturally on the Earth’s surface and chews up the surface of the samples rather than cause 

cracking. Exposure to daylight fluorescent bulbs does not cause any damage due to the low 

intensity level. 

 

Out of the different light sources, the xenon arc lamp produced cracks faster than the other 

sources. The mercury tungsten lamp also produced cracking but other conditions such as 

temperature are not controlled. 
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Chapter 6 The Effect of Humidity 

During Ageing 

6.1 Introduction 

In the previous Chapters, the effects of light were discussed. This Chapter discusses how 

humidity affects urushi ageing when the temperature is controlled. 

 

Humidity affects an object’s stability. For wooden furniture, for example the Mazarin chest, 

the main body or substrate will be made of wood, in this case hinoki. Wood absorbs moisture 

and consequently will swell. However, swelling will occur at different rates depending on the 

orientation to the grain direction. This difference can induce stress within the objects and can 

cause cracks to appear [Bratasz et al., 2008]. The coating comprises of a multilayer 

construction of different media including coarse and fine foundation clay layers, a textile or 

paper layer and the urushi itself. Each of these layers will respond differently to humidity. 

Furthermore due to the age and condition of these objects, the water will be able to access 

the lower layers of the coating due to cracks and delamination. Hence in a museum 

environment it is preferred to keep objects in cases where the relative humidity (RH) can be 

controlled. For urushi the conditions are typically 60-65% RH at room temperature 

[Yamashita and Rivers, 2011a]. However there is concern that in the event of a catastrophe 

(something that will cause the display case to break) the object will be subjected to a new 

humidity level causing damage to the object. These events may be considered to be rare. 

However, natural variations in humidity are common. Most objects displayed in museums will 

not have been acquired by the museum when new, and hence will have been subject to 

fluctuating humidity in their earlier life. There are diurnal and seasonal variations in relative 

humidity. There are also geographical variations. For example the United Kingdom has a 

very different climate from that of Japan and other countries where urushi objects are 

manufactured.  

 

6.2 Rates of Diffusion 

6.2.1 Diffusion Coefficients 

In the present work, three experiments were performed to evaluate the effects of humidity on 

urushi type objects, both when the humidity was held at a constant value and when it was 
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cycled between a very high and a very low RH. Consequently it is necessary to evaluate 

how long the specimens will take to reach equilibrium by considering the diffusion of water 

into the urushi and into the hinoki substrate. 

 

Two sets of published research have tried to calculate the diffusion rates of water into urushi 

and hinoki, but have produced different results. The first of these was by Toshio Ogawa and 

Takahiro Kamei [Ogawa and Kamei, 2000]. In their paper they calculate the diffusion 

coefficients as 1.06 x10-7 mm2/s for new urushi film and 1.13 x10-4 mm2/s for the hinoki 

wood. The diffusion coefficient for hinoki was based on the values from beech wood (Fagus 

crenata) in a gravimetric system using a thermal regain system, although the full description 

of the methodology for obtaining values for both urushi and hinoki was unavailable in English 

[Ogawa and Kamei, 2000].  

 

The second set of data was produced by Lukasz Bratasz, Roman Kozlowski and Antonina 

Kozlowska [Bratasz et al., 2008]. This work was done in collaboration with the V&A as part 

of the Mazarin chest project to inform the V&A what further damage RH would have on 

already degraded objects [Bratasz et al., 2008]. They calculated the diffusion coefficients as 

5.51x10-8 mm2/s for new urushi and 1.51x10-6 mm2/s for hinoki [Rachwal, 2008]. The 

diffusion coefficient was calculated using a modified ASTM E 96–80 permeance cup 

procedure using RH values of 43% and 75%.  

 

There will be natural variation between different hinoki and urushi samples so identical result 

would not be expected. By comparing both set of results [Bratasz et al., 2008, Ogawa and 

Kamei, 2000], the values for urushi are close, but the values for the hinoki are very different. 

This may be due to one set being based on a beech sample rather than hinoki. 

 

To attempt to resolve the differences, a simple experiment was done using only hinoki wood 

cut to 60 mm x 35 mm x 10 mm. The wood was bought in Tokyu Hands in August 2009 and 

kept in its shrink wrap in dark conditions at room temperature and ambient humidity. One 

sample was cut parallel to the grain and a second perpendicular to the grain. A third sample 

was cut parallel to the grain but was only 5 mm in thickness. The samples were put into high 

RH (~100%) for a month and a half, then low RH (~10%) conditions for two weeks in the 

oven and weighed periodically. The results for the first absorption cycle are shown in shown 

Figure 34. From this data, an approximate value for the diffusion co-efficient for hinoki was 

can be calculated using Equation 1 [Comyn]. 
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where Mt is the mass uptake at time t, M∞ is the mass uptake at equilibrium concentration, L 

is the thickness, and D is the coefficient of diffusion, assuming Fickian diffusion. 

 

 

Figure 34: Weight change versus time, water absorption and desorption of hinoki wood for 

the first cycle. 

 

Figure 34 also reiterates that the thinner the wood samples, the quicker they will absorb 

water. The wood cut perpendicular to the grain will absorb water faster than if it were cut 

parallel to the grain. 

 

Figure 35a shows the water absorption and Figure 35b shows the water desorption over 

three cycles. The data from Figure 35 shows that it takes longer for water to be taken in by 

the wood but that it loses moisture again relatively quickly. For each consecutive absorption 

cycle in Figure 35a, the maximum weight decreases although the time scale for the three 

cycles were not the same. The water is absorbed more quickly on the second cycle then the 

first cycle. The water is absorbed more quickly again on the third cycle compared to the 

second. Likewise the desorption gets faster with each cycle, the second is quicker than the 

first and the third is quicker than the second. This implies that shorter cycling humidity can 

be used. On all three cycles, the desorption of water goes down to the same value of -5% 

suggesting that the hinoki samples were not completely free from water at the start of the 

test. 

0

0.2

0.4

0.6

0.8

1

1.2

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time t1/2 (s)

M
t/

M
∞

10mm perpendicular to
the grain 

10mm  parallel to the
grain 

5mm  perpendicular to
the grain 



96 

The values obtained for hinoki using Figure 34 and Equation 1 calculated as 5.7x10-6 mm2/s 

for 10 mm perpendicular sample, 1.8x10-6 mm2/s for 10 mm parallel sample, and for 7.1x10-6 

mm2/s for the 5 mm perpendicular sample. The parallel sample which shows the lowest 

diffusion is closest to the value obtained by Bratasz et al (1.5x10-6 mm2/s) [Bratasz et al., 

2008]. The values from the 10 mm and 5 mm perpendicular samples show good agreement 

within the experimental error. These tests show that the diffusion of water is approximately 

three times faster perpendicular to the grain compared to parallel. 

 

 

a) 

 

b) 

Figure 35: Weight change versus time of hinoki wood for three cycles, a) water absorption 

and b) desorption.  
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6.2.2 Calculation of the Rate of Water Uptake 

A method to approximate how long it takes the moisture to travel through the urushi film is 

needed for experimental purposes. The aim is to find how far the water diffuses into the 

sample rather then find the saturation point. This can be achieved by using the data in 

Figure 34 and by using a basic diffusion calculation (assuming Fick’s second law of diffusion 

and that the moisture only goes into the sample from one side) [Askeland, 2009].   
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    Equation 2 

where Cx is the concentration at position x after time t, C0 is the initial concentration where 

the distribution is uniform, Cs is the constant concentration at the surface, erf is the Gaussian 

error function and D is the coefficient of diffusion. This equation also assumes a semi infinite 

width of material. This purpose of this is to get an approximate time for the moisture to 

diffuse into the sample rather than to obtain a definite result. Using a thickness of 1 mm the 

diffusion was calculated and is shown in Figure 36, using the Bratasz et al and Ogawa et al 

values of the urushi diffusion coefficients of 5.51 x 10-8 mm2/s and 1.06 10-7 mm2/s 

respectively. 

 

Figure 36: Distance against time to achieve equilibrium moisture content (EMC) for urushi, 

the triangle are the results using the value from Ogawa et al, the diamonds are using the 

values from Bratasz et al [Bratasz et al., 2008, Ogawa and Kamei, 2000].  
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Most urushi objects have very thin layers of urushi, usually around 1 mm thick. Using Figure 

36, it should take around 20 days for the equilibrium moisture content to go through 1 mm of 

urushi. The graph also implies that the longer the sample is left in a high RH atmosphere, 

then the further the moisture will penetrate. If the high RH cycle is only a few days, then only 

the top of the urushi will become wet and swell. It is unknown how far the water needs to 

penetrate for the cracks to appear or what effect the presence of others layers, for example 

the clay foundation layer, will have. This implies that rapid variations in relative humidity will 

only affect very thin layers of urushi on a short time scale, which may affect its effectiveness 

during artificial ageing. 

 

6.2.3 Choice of Experiment for Evaluation of the Effect of Humidity 

Three experiments were performed to evaluate the effects of humidity on urushi objects, 

both when the humidity was held at a constant value and when the urushi was cycled 

between a very high and a very low RH. The effect of humidity after the additional effect of 

light degradation was also investigated. The first experiment was to test how different 

humidity conditions would affect cracking and to confirm if light was needed to induce 

cracking. Urushi samples (on a hinoki board with the under layers) were kept at different 

constant RH levels at 50°C for 16 weeks. Two further samples were cycled between the 

extreme RH conditions (of ~10% and ~100% RH).  

 

The second experiment looked at how quickly cracks would develop depending on the 

amount of light and number of humidity cycles that the samples were subjected to. A 

mercury tungsten (HgW) lamp, as described in Chapters 5 was used for the light 

degradation.  

 

In the third experiment, samples were aged using the QSun Xe3H, as described in the 

previous Chapters, for 6 cycles and placed into high RH conditions for extended lengths of 

time before being placed into a vacuum oven for 48 hours to see if this would exacerbate the 

cracking further. 
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6.3 The Effect of Constant and Cyclic Relative Humidity 

6.3.1 Introduction 

Before discussing the experiments it would be useful to consider similar work reported in the 

literature. A number of previous experiments have explored the relationship between relative 

humidity (RH) and cracking in urushi. It has been found that cracking occurs when a sample 

is cycled between very dry and very humid conditions, for example the desiccation cracking 

that occurs in clay soils [Yesiller et al., 2000]. The water has two effects, the first is the 

swelling and shrinking of samples when they absorb and desorb water and the second is the 

chemical reaction with water by the urushi [Hull, 1999, p86, McSharry, 2009, Yesiller et al., 

2000]. The swelling and leaching effect raises the stress in the material causing failure and 

cracking by bi-axial tension [Hull, 1999, p86]. When urushi on a wooden substrate is moved 

from low to high humidity conditions, the urushi swells causing a compressive stress 

assuming that the wood is rigid. Similarly, moving a sample from high humidity conditions 

into low humidity conditions it will cause tensile stresses in the urushi as it contracts [Bratasz 

et al., 2008]. The top surface contracts causing a tensile stress in the surface of the material 

while the bottom is constrained by the under layers thus giving the ‘V’ shaped cracks found 

on old urushi samples [Kitsunezaki, 1999]. This situation is further complicated by the 

presence of the textile/paper layer as well as the clay-based foundation layers causing 

differential expansion/contraction across the sample thickness. The chemical reaction of 

water on urushi surfaces that can cause damage is discussed in the Chapter which 

investigates the effect of solvents on urushi surfaces. 

 

New lacquer does not suffer the same amount of damage as light degraded lacquer when 

exposed to fluctuating relative humidity [Yamashita and Rivers, 2011b]. Hence, it is thought 

that although relative humidity is needed, light degradation is also essential to initiate the 

process of cracking. The light damage causes the lacquer to become brittle due to an 

increase in the crosslink density and thus more susceptible to cracking caused by 

dimensional changes [Vogl, 2000]. The water absorption is also affected if there is a newer 

layer of varnish or lacquer applied to the surface, as light degraded lacquer absorbs more 

water than new lacquer [Bratasz et al., 2008]. Light degraded lacquer will also absorb water 

faster than new lacquer [Bratasz et al., 2008]. The number of RH cycles will affect how deep 

the cracks propagate and the crack density. The greater the number of cycles then the 

deeper the cracks will go and the higher the crack density will be [Michalski, 1991]. The 

cracks will also widen and it is thought the cracks may propagate sideways causing flaking 
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(delamination) and loss of surface. The crack shape will be dependent on the underlying 

layers of the urushi and on the thickness of the layer [Groisman and Kaplan, 1994]. 

 

If urushi is exposed to liquid water e.g. through condensing high humidity, and is rewetted, it 

is not fully known whether material is deposited into the cracks, or if the top surface is 

eroded away.  

 

Humidity is not only important when considering crack propagation but it affects the 

conditions that lacquer can be stored at. Other problems such as mould growth and 

discoloration can occur, if it is kept at high humidity for long periods, which would damage 

the object.  

 

In the present thesis the first experiment investigates the effect humidity has on unaged 

urushi samples (representing an urushi object having a complete layer structure). One set of 

urushi samples were kept at constant humidity and temperature. A second set were kept at 

constant temperature but the humidity was cycled between very high and very low relative 

humidity. A further set of samples underwent light degradation before being exposed to 

cycling humidity. 

 

6.3.2 Method – Constant Humidity 

Four translucent LDPE food boxes (Whitefurze, Coventry) were prepared to allow urushi 

samples to be exposed to different levels of relative humidity, see Table 3. Holes were drilled 

into the end of the boxes to allow a humidity probe to be used to take readings, and the 

holes were plugged with a rubber bung when the probe was not being used. Sealing film 

(Paraplastic, Pechiney) was wrapped around the rim to improve the seal between the lid and 

the box to stop water vapour escaping. (Note that Paraplastic was not used for the two 

extreme humidity boxes as the lid would have to be removed on a weekly basis. Further, 

loss of humidity was desirable for the low humidity box, and the loss of humidity was 

compensated for in the high humidity box).  
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Table 3: Relative humidity conditions used at 50°C for 16 weeks.  

 Relative humidity, Number of samples tested 

Condition % Light aged Not light aged 

Dry 10-15 1 (cycled) 2 (1 cycled) 

Mid Dry ≈25 0 1 

Mid Wet ≈55 0 1 

Wet ≈100 1 (cycled) 2 (1 cycled) 

 

Self-indicating silica salt was used to control the humidity in each box. To dry the silica salt, 

a thin layer was placed on a tray, and dried in the oven at 50°C until the crystals turned blue. 

To hydrate the silica salt, a closed container containing damp paper towel and a thin layer of 

silica salt was put into the oven at 50°C until the towel dried. The towel was rehydrated using 

distilled water until the silica salt was saturated, as indicated by the white colour.  

 

For the box with the lowest RH, designated the ‘dry’ box, dried silica salt was used. For the 

highest humidity box, designated the ‘wet’ box, the bottom of the container was lined with 

hydrated silica salt, and a small dish of distilled water was placed in this box to ensure that 

the silica salt remained saturated. The dish was refilled when the water level dropped, 

approximately once a week. To achieve the intermediate RH levels, mixtures of dry and wet 

silica salts were used. It was found that the ‘mid wet’ humidity box would lose moisture so a 

small piece of paper towel, hydrated using distilled water, was placed in the box to increase 

the humidity. To reduce the humidity of the boxes, the rubber bung was removed for a short 

time. The boxes were placed into a fan oven at 50°C. The temperature and the humidity 

were checked using a Vaisala HMP41 humidity probe (Cole Parmer). The probe was 

inserted into each box in the oven and remained there until the temperature and relative 

humidity readings settled (which took around 20 minutes). The boxes were sealed once the 

correct stable humidity level was achieved.  

 

A sample of urushi approximately 30 mm x 5 mm on 10 mm thick hinoki wood with the full 

layer was placed into each of the four boxes. The layer structure is described in detail in 

Appendix 1. Two light aged samples, which had been aged using a mercury tungsten light 

box for 4 weeks, were placed into the two extreme humidity boxes. One was started in the 

wet condition and the other at the dry, and these were swapped over every week. The 

samples that were cycled were observed using a Fisher pocket microscope (FB70287) each 

week to identify any cracking that might have appeared. The boxes were kept in the fan 

oven at 50°C for 16 weeks. The temperature and the humidity were checked at weekly 



intervals, using the same procedure as above. After exposure, the samples were examined 

using a Hitachi S3400N scanning electron microscope (Hitachi, Maidenhead). 

 

6.3.3 Results- Constant Relative Humidity 

Scanning electron microscopy (SEM) shows that the un

see Figure 37a. The surface shows no holes, cracks or scratches. Some dust is seen on the 

surfaces, which aids focussing on such a smooth surface. 

 

a)                

Figure 37: Urushi on hinoki samples, a) Un

low RH conditions only for 16 weeks at 

 

The sample without any light degradation kept in low RH conditions for 16 weeks at 50

shown in Figure 37b. There is little change to the surface of the material other than the 

appearance of pinholes. This shows that low RH alone is not sufficient to induce cracking. 

However the presence of pinhol

may initiate cracking. 

 

The sample without light degradation shown in 

Mould has grown on the surface, and is visible 

again, no cracks are visible, but pinholes have appeared. The growth of the mould shows 

that constant 100% RH for long periods is not suitable for the preservation of urushi objects. 

It is also not a suitable condition for artificial ageing.

 

The samples that were not light aged and placed in the mid wet and mid dry RH boxes 

showed no difference in appearance.
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als, using the same procedure as above. After exposure, the samples were examined 

using a Hitachi S3400N scanning electron microscope (Hitachi, Maidenhead). 

Constant Relative Humidity  

Scanning electron microscopy (SEM) shows that the un-aged urushi is flat and featureless, 

a. The surface shows no holes, cracks or scratches. Some dust is seen on the 

surfaces, which aids focussing on such a smooth surface.  

 

                   b)    

: Urushi on hinoki samples, a) Un-aged and untreated sample; b) after exposure to 

low RH conditions only for 16 weeks at 50°C. 

The sample without any light degradation kept in low RH conditions for 16 weeks at 50

b. There is little change to the surface of the material other than the 

appearance of pinholes. This shows that low RH alone is not sufficient to induce cracking. 

However the presence of pinholes confirms that 50°C is sufficient to produce holes which 

The sample without light degradation shown in Figure 38 was kept in high RH conditions. 

Mould has grown on the surface, and is visible as star-shaped patterns in the image. Once 

again, no cracks are visible, but pinholes have appeared. The growth of the mould shows 

that constant 100% RH for long periods is not suitable for the preservation of urushi objects. 

ition for artificial ageing. 

The samples that were not light aged and placed in the mid wet and mid dry RH boxes 

showed no difference in appearance. 

als, using the same procedure as above. After exposure, the samples were examined 

using a Hitachi S3400N scanning electron microscope (Hitachi, Maidenhead).  

ushi is flat and featureless, 

a. The surface shows no holes, cracks or scratches. Some dust is seen on the 

  

aged and untreated sample; b) after exposure to 

The sample without any light degradation kept in low RH conditions for 16 weeks at 50°C, is 

b. There is little change to the surface of the material other than the 

appearance of pinholes. This shows that low RH alone is not sufficient to induce cracking. 

es confirms that 50°C is sufficient to produce holes which 

was kept in high RH conditions. 

shaped patterns in the image. Once 

again, no cracks are visible, but pinholes have appeared. The growth of the mould shows 

that constant 100% RH for long periods is not suitable for the preservation of urushi objects. 

The samples that were not light aged and placed in the mid wet and mid dry RH boxes 



a)                      

Figure 38: Urushi on hinoki sample 

magnification, b) 2000x magnification.

 

6.3.4 Results - Cycling Relative Humidity

The sample without any prior light degradation that was put into cycling conditions, where 

the RH varied from 10% to 100% RH, 

condition, see Figure 37a. The main difference is the appearance of pinholes in the material, 

but otherwise the texture of the 

samples, even though they have been at 100% RH. This is because they have not been held 

at 100% RH for extended periods of time, and dry out during the low RH part of the cycle 

thereby preventing mould growth.

 

a)                   

Figure 39: Surface of urushi on hinoki samples to a) non light aged sample cycled from low 

RH then high RH conditions, b) light aged sample cycled from high then low RH 

 

The samples that had been light aged using the mercury tungsten lamp before being put into 

to cycling RH conditions were the only samples that showed any sign of cracking, as shown 
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                   b) 

: Urushi on hinoki sample after exposure to high (~100%) RH conditions, a) 500x 

magnification, b) 2000x magnification. 

Cycling Relative Humidity 

The sample without any prior light degradation that was put into cycling conditions, where 

the RH varied from 10% to 100% RH, see Figure 39a, shows little change from the un

a. The main difference is the appearance of pinholes in the material, 

but otherwise the texture of the surface is similar. There is no mould growing on these 

samples, even though they have been at 100% RH. This is because they have not been held 

at 100% RH for extended periods of time, and dry out during the low RH part of the cycle 

growth. 

 

                               b) 

: Surface of urushi on hinoki samples to a) non light aged sample cycled from low 

RH then high RH conditions, b) light aged sample cycled from high then low RH 

The samples that had been light aged using the mercury tungsten lamp before being put into 

to cycling RH conditions were the only samples that showed any sign of cracking, as shown 

 

after exposure to high (~100%) RH conditions, a) 500x 

The sample without any prior light degradation that was put into cycling conditions, where 

a, shows little change from the un-aged 

a. The main difference is the appearance of pinholes in the material, 

surface is similar. There is no mould growing on these 

samples, even though they have been at 100% RH. This is because they have not been held 

at 100% RH for extended periods of time, and dry out during the low RH part of the cycle 

  

: Surface of urushi on hinoki samples to a) non light aged sample cycled from low 

RH then high RH conditions, b) light aged sample cycled from high then low RH conditions.  

The samples that had been light aged using the mercury tungsten lamp before being put into 

to cycling RH conditions were the only samples that showed any sign of cracking, as shown 
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in Figure 39b. Pinholes also appeared in this sample, and some of the holes are in crater 

type blemishes on the surface of the sample. This is the sample that is most similar in 

appearance to naturally aged lacquer. The irregularly shaped islands between the cracks are 

approximately 20 µm square. There appears to be no preferable direction of cracking, unlike 

after the thermal shock used in Chapter 7, discussing the effect of temperature. The surface 

is not powdery. These results show that light exposure is important for producing cracking on 

the surface of the urushi. There was no difference between the appearance whether if the 

sample was put into high humidity then low humidity first or vice versa. 

 

6.4 Effect of Light Exposure and Cycling Relative Humidity 

6.4.1 Introduction 

Having established that light is required to produce cracking in urushi, a further experiment 

was needed to establish how many weeks of light damage and how many RH cycles were 

needed to produce cracking. It was hoped that by finding the ‘optimum’ time for light 

exposure and number of RH cycles needed, an efficient ageing regime could be established 

for use throughout the rest of the investigation to replicate the effect of natural ageing, but in 

a much shorter timescale. 

 

Investigations into other materials such as gesso and soils have previously been performed 

to try and find the relationship between RH and cracking. It is generally found that cracking 

occurs when a sample is cycled through very dry and very humid conditions. The initial crack 

will appear in the initial cycles and then the crack density will increase during further cycles 

[Michalski, 1991]. It is thought that the crack mechanism during the initial cycles is 

irreversible; once the cracks have formed, they will not heal. Even rewetting the material will 

not fully heal the cracks, and in some cases could potentially weaken the material further 

[Yesiller et al., 2000]. Particle size will also have an effect on the cracking. Materials with 

finer grains are more prone to develop cracks than materials with a larger grain size. Finer 

materials are also more likely to shrink when dried out [Yesiller et al., 2000]. 

 

A number of samples underwent different amounts of light exposure but the same number of 

RH cycles, i.e. 4 cycles (8 weeks). With the exception of one pair, these samples underwent 

light exposure before RH cycling. The exception spent a week under light between each RH 

cycle. A further pair of samples were cut parallel and perpendicular to the grain of the wood 

to assess the influence of the wood grain direction on cracking. SEM imaging was used to 

compare the results. 
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6.4.2 Method – Light Aged and Cycling Humidity 

Seven pairs of urushi samples on a hinoki substrate with a full layer compliment  were used 

(see Appendix 1), measuring approximately width: 5 mm, thickness: 12.5 mm, length: 32 

mm. The exceptions were the pair which tested the perpendicular and parallel to the wood 

grain effect which measured 145 mm and 65 mm in length respectively. The samples were 

artificially aged using a new unfiltered mercury tungsten bulb (Sylvania HSB BW, 500W 

240V) for varying amounts of time before being cycled between high and low relative 

humidity (RH) at 50°C in a fan oven.  

 

A photograph of the mercury tungsten lamp rig at the V&A museum is shown in Figure 40. 

The samples were mounted around the inside circumference of an open ended cylinder 

surrounding the mercury tungsten (HgW) bulb. The samples were moved around the lamp 

rig at intervals to ensure that the samples got an even exposure of light. Temperature and 

RH readings of the conditions around the mercury tungsten bulb were taken each week for 

the duration for the test, and are shown in Table 4. 

 

 

Figure 40: The set up of the samples in the HgW lamp. 
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Table 4: Temperature and RH around the HgW bulb during light ageing of the samples. 

Exposure time, 

days Temperature,
 °C

 

Relative Humidity, 

% 

0 38.5    8.8 

3 40.0 11.7 

11 28.0 13.9 

17 34.0    8.7 

25 33.5 11.3 

46 32.0   8.7 

63 34.0 12.7 

67 33.0 10.0 

 

The mean conditions are 10.8% RH and 34.1°C. There is a variation in the recorded RH and 

temperature of ±2.6% RH and ±6°C respectively. The probe’s accuracy for RH is ±3% and 

±0.2°C for temperature. During irradiation, the samples are considered to be in a low RH 

environment. It can be assumed that the samples lost moisture during the light degradation 

because of the heat generated by the light source and the low RH conditions. Despite being 

close to the bulb, the temperatures are low because the bulb is kept in an enclosure which is 

outdoors. 

 

Each RH cycle consisted of 1 week in a clear sealed food container at a high RH (~100% 

RH) before being placed in a second container with a low RH (~10% RH) for one week. All 

the sample pairs underwent four RH cycles. The containers were set up as described in the 

previous experiment for the two extreme RH containers using dried silica salt and hydrated 

silica salt. 

 

The samples were placed under the mercury tungsten lamp for different lengths of time 

before commencing the RH cycles. The first pair was subjected to 1 week under the mercury 

tungsten bulb before commencing the RH cycle, the second pair for 2 weeks under the light, 

the third pair for 3 weeks and the fourth pair for 4 weeks. The different times under the 

mercury tungsten bulb were used to investigate how much light degradation was needed to 

initiate cracking. Another pair of samples was rotated through 1 week under the mercury 

tungsten bulb and 1 RH cycle, and this rotation was done 4 times. 

 

The final sample pair consisted of a sample that was taken perpendicular and a sample that 

was taken parallel to the hinoki grain to compare the crack pattern between the samples cut 

along the longitudinal or latitudinal direction of the wood. This pair was placed under the 
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mercury tungsten lamp for 4 weeks before undergoing 4 RH cycles. The samples were 

observed using a pocket microscope (FB70287, Fisher) at each step to observe any 

cracking that might have appeared at x100 magnification. For more detailed analysis, the 

samples were observed using the SEM. A summary of the different samples can be found in 

Table 5. 
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Table 5: A summary of the light and RH cycling conditions of the samples. 

 

Sample 
light exposure 

(weeks) 

Number of RH cycles 

(weeks) 
Light 

RH 

cycle 
Light 

RH 

cycle 
Light 

RH 

cycle 

1 1 4 NA NA NA NA NA NA 

2 2 4 NA NA NA NA NA NA 

3 3 4 NA NA NA NA NA NA 

4 4 4 NA NA NA NA NA NA 

Alternative 1 1 1 1 1 1 1 1 

Parallel to wood grain 4 4 NA NA NA NA NA NA 

Perpendicular to wood 

grain 
4 4 NA NA NA NA NA NA 
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6.4.3 Results - Light Exposure Time before RH Cycling 

Before exposure to the mercury tungsten lamp, the samples have a smooth surface as was 

shown in Figure 37. Figure 41a shows that after only one week of light exposure, pinholes 

developed. The surface of the urushi showed white specks and had a crackled appearance 

giving a rough appearance to the surface which can be observed as a loss in gloss. 

However, no cracks were present on the surface. After one RH cycle, small cracks, around 

50 microns in length, start to appear randomly in the samples, see Figure 41b. The cracks 

start at or go through a pinhole. The number of pinholes and white specks remains 

approximately the same as after the light exposure only.  

 

After two RH cycles, shown in Figure 41c, the surface still has a crackled pattern and no new 

cracks have appeared. Between two and three cycles of RH, the crack lengths have grown 

by 100% and the number of cracks appearing on the sample has increased. Most of the new 

and bigger cracks appear around the lower dust particle. All the cracks go through the 

pinholes rather than around them, which can be clearly seen in Figure 41d. A few pinholes 

have multiple cracks running through them with an angle of 120°-180° between the cracks. 

At the end of the fourth cycle shown in Figure 41e, the cracks have grown again, but not as 

rapidly as during the previous cycle. More cracks have appeared. The highest number of 

separate cracks through one pinhole is three, and these are equally spaced. Although the 

number of cracks has increased, there is no indication of any crack network and the cracks 

appear in random places rather than join up. 

 

The second set of samples exposed to two weeks under the HgW lamp has a similar change 

to the first set of samples, as shown in Figure 42a before being RH cycled. However after 

one RH cycle, whereas the set of samples that were in the light for one week have a 

crackled effect, these samples appear less jagged and smoother but some of the pinholes 

are in craters, see Figure 42b. After the second RH cycle, shown in Figure 42c, there are 

some fine hairline crack cracks moving perpendicular to the main cracks (the main cracks 

were present from the beginning and were due to the material being cut). After a third RH 

cycle, shown in Figure 42d, the cracks are more numerous and appear to get longer and 

wider, with cracks now going parallel to the main crack. After the fourth RH cycle, see Figure 

42e, the cracks are still getting wider and longer, and a network pattern is being to take 

shape. There has been little change to the main cracks which were caused by the cutting 

process. 

 

 



a)                     

c)                

e)        

Figure 41: Samples that were placed under HgW light for 1 week before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 

d) light and 3  RH cycles, e) light and 4 RH cycles.
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                    b) 

 

                                d) 

 

: Samples that were placed under HgW light for 1 week before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 

and 3  RH cycles, e) light and 4 RH cycles. 

  

  

: Samples that were placed under HgW light for 1 week before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 



a)                        

c)                      

e) 

Figure 42: Samples that were placed under HgW light for 2 weeks before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 

d) light and 3 RH cycles, e) light and 4 RH cycles.

 

The samples shown in Figure 

cycling. After only exposure to light, see 

those samples exposed to only 2 weeks of light as shown above. After three weeks under 

the light and one RH cycle, see 

sample at this stage. However once the samples have undergone
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                      b) 

 

                      d) 

 

: Samples that were placed under HgW light for 2 weeks before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 

d) light and 3 RH cycles, e) light and 4 RH cycles. 

Figure 43 were put under the light for 3 weeks before undergoing RH 

cycling. After only exposure to light, see Figure 43a, these samples show a similar surface to 

ed to only 2 weeks of light as shown above. After three weeks under 

the light and one RH cycle, see Figure 43b, the samples are very similar to the previous 

sample at this stage. However once the samples have undergone two RH cycles, see 

  

  

: Samples that were placed under HgW light for 2 weeks before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 

were put under the light for 3 weeks before undergoing RH 

a, these samples show a similar surface to 

ed to only 2 weeks of light as shown above. After three weeks under 

b, the samples are very similar to the previous 

two RH cycles, see Figure 
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43c, then the cracking is comparable to the 2 week light samples after four RH cycles. There 

are multiple cracks through the pinholes and the cracks are of a similar length. After a third 

RH cycle, see Figure 43d, the cracks are beginning to form a network or crack pattern. At 

the end of four cycles, see Figure 43e, the cracks are beginning to intersect forming islands. 

However the cracks are still very fine (approximately 1 µm wide) compared to the very wide 

cracks seen on naturally aged samples (approximately 10 µm wide). The difference in width 

is probably an indication of the different time periods involved affecting these two processes. 

A raised area of the surface (indicated by the red circles) becomes flatter as the test 

progresses. This suggests that the surface is being eroded. 

 

Figure 44 shows the samples that have been exposed to 4 weeks of light before undergoing 

RH cycles. Figure 44a shows the sample only after light exposure. Like the previous 

samples, the surface appears rougher but no cracks are visible. A flaw, probably caused by 

a finger mark or variation in the urushi surface, in the surface is not visible until the sample 

had undergone 1 RH cycle, see Figure 44b. This area of the surface has a different 

appearance from the ‘cratered’ surface over the rest of the sample, but although cracks 

propagate through this smooth area, cracks do not initiate in this region. Cracks appear after 

2 RH cycles as shown in Figure 44c. There is little difference between this sample and the 3 

week light sample except for at the end where the pinhole craters appear larger than in the 

previous samples. The crack network begins to form after 3 RH cycles as shown in Figure 

44d. However after 4 RH cycles, as shown in Figure 44e, the craters appear to have 

widened but the crack density does not change compared to 3 RH cycles. 

 

All the samples showed cracks after 2 or 3 RH cycles. Cracking initiated and propagated 

quicker when the sample was exposed to the mercury tungsten lamp for longer before RH 

cycling. 

 

 

 

 

 

 

 

 

 

 

 



 

a)                         

c)                  

e)    

Figure 43: Samples that were placed under HgW light for 3 weeks before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 

d) light and 3 RH cycles, e) light and 4 RH cycles.
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                     b) 

 

                         d) 

 

     

: Samples that were placed under HgW light for 3 weeks before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 

3 RH cycles, e) light and 4 RH cycles. 

 

 

: Samples that were placed under HgW light for 3 weeks before being cycled 

between high and low RH. a) light only, b) light and one RH cycle, c) light and 2 RH cycles, 



a)                          

c)                         

e)    

Figure 44: Samples that were placed under HgW light for 4 weeks before being cycled 

between high and low RH. a) 4 weeks of light only, b) 4 weeks of light and one RH cycle, c) 

light and 2 RH cycles, d) light and 3 RH cycles, e) light and 4 RH cycles.

 

6.4.4 Results - Cycling Light and RH

The samples shown in Figure 

rotation to see how this would differ from the 4 week light 4 RH cycles sample as both 
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                      b) 

 

                      d) 

 

: Samples that were placed under HgW light for 4 weeks before being cycled 

between high and low RH. a) 4 weeks of light only, b) 4 weeks of light and one RH cycle, c) 

light and 2 RH cycles, d) light and 3 RH cycles, e) light and 4 RH cycles. 

Cycling Light and RH 

Figure 45 were subjected to 1 week under light then 1 RH cycle in 

rotation to see how this would differ from the 4 week light 4 RH cycles sample as both 

  

  

: Samples that were placed under HgW light for 4 weeks before being cycled 

between high and low RH. a) 4 weeks of light only, b) 4 weeks of light and one RH cycle, c) 

were subjected to 1 week under light then 1 RH cycle in 

rotation to see how this would differ from the 4 week light 4 RH cycles sample as both 



samples would thus have had the same amount of time under light and RH conditions but 

with different intervals.  

 

After being exposed to light, as shown in 

but is otherwise smooth. After the first light and RH rotation, shown in 

sample behaved in the same way as the 1 week light sample after only RH cycle and has 

pinholes and craters scattered around the surface. After a further week of being subjected to 

light, shown in Figure 45c, the sample did not appear to change much compared to the 2 

weeks light and 2 RH cycles. After a further RH cycle, shown in 

cracks were visible. Like before, all the cracks initiated at or ran through pinholes. After a 

further week of light, shown in 

had only had 1 week light after 4 RH cycles. 

 

The crack network developed rapidly after a further RH cycle, shown in 

comparable with the sample which had seen 3 weeks and 4 RH cycles. Again there was little 

difference to the cracks in length and the crack density once the sample had received the 

final light ageing, shown in Figure 

continued to intersect. Deeper cracks c

photos at this stage. At the end of the test, shown in 

have vanished. When the magnification is increased, the old pinhole and c

but seem to be covered over and is comparable with the 4 week light samples at the end of 

that test.  

 

Overall the results show that both light and cycling humidity are needed. However, it doesn’t 

matter if the light conditions are done t

rotations of short light and RH cycles.

 

a)                 
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samples would thus have had the same amount of time under light and RH conditions but 

After being exposed to light, as shown in Figure 45a, the sample has a bobbled appearance 

but is otherwise smooth. After the first light and RH rotation, shown in 

sample behaved in the same way as the 1 week light sample after only RH cycle and has 

pinholes and craters scattered around the surface. After a further week of being subjected to 

, the sample did not appear to change much compared to the 2 

weeks light and 2 RH cycles. After a further RH cycle, shown in Figure 45

cracks were visible. Like before, all the cracks initiated at or ran through pinholes. After a 

further week of light, shown in Figure 45e, the cracks were comparable with the sample that 

d 1 week light after 4 RH cycles.  

The crack network developed rapidly after a further RH cycle, shown in 

comparable with the sample which had seen 3 weeks and 4 RH cycles. Again there was little 

ference to the cracks in length and the crack density once the sample had received the 

Figure 45g, although more islands were appearing as the cracks 

continued to intersect. Deeper cracks could also been seen near the big crack seen on the 

photos at this stage. At the end of the test, shown in Figure 45h, some of the cracks seem to 

have vanished. When the magnification is increased, the old pinhole and c

but seem to be covered over and is comparable with the 4 week light samples at the end of 

Overall the results show that both light and cycling humidity are needed. However, it doesn’t 

matter if the light conditions are done together or are segmented, i.e. done as a series of 

rotations of short light and RH cycles. 

 

                              b) 

samples would thus have had the same amount of time under light and RH conditions but 

a, the sample has a bobbled appearance 

but is otherwise smooth. After the first light and RH rotation, shown in Figure 45b, the 

sample behaved in the same way as the 1 week light sample after only RH cycle and has 

pinholes and craters scattered around the surface. After a further week of being subjected to 

, the sample did not appear to change much compared to the 2 

45d, only a few small 

cracks were visible. Like before, all the cracks initiated at or ran through pinholes. After a 

e, the cracks were comparable with the sample that 

The crack network developed rapidly after a further RH cycle, shown in Figure 45f, to be 

comparable with the sample which had seen 3 weeks and 4 RH cycles. Again there was little 

ference to the cracks in length and the crack density once the sample had received the 

g, although more islands were appearing as the cracks 

ould also been seen near the big crack seen on the 

h, some of the cracks seem to 

have vanished. When the magnification is increased, the old pinhole and cracks are visible 

but seem to be covered over and is comparable with the 4 week light samples at the end of 

Overall the results show that both light and cycling humidity are needed. However, it doesn’t 

ogether or are segmented, i.e. done as a series of 

 



c)                   

e)                  

g)                  

Figure 45: Samples that were placed under HgW light for 1 week before being cycled 

between high and low RH, with light and RH cycle rotation repeated. a) 1 week of light only, 

b) 1 complete rotation, c) 1 rotation plus 1 

week light, f) 3 rotations, g) 3 rotations plus 1 week of light, h) 4 rotations.
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                              d) 

 

                              f) 

 

                              h)   

: Samples that were placed under HgW light for 1 week before being cycled 

between high and low RH, with light and RH cycle rotation repeated. a) 1 week of light only, 

b) 1 complete rotation, c) 1 rotation plus 1 week of light,  d) 2 rotations e) 2 rotations, plus 1 

week light, f) 3 rotations, g) 3 rotations plus 1 week of light, h) 4 rotations. 

  

  

  

: Samples that were placed under HgW light for 1 week before being cycled 

between high and low RH, with light and RH cycle rotation repeated. a) 1 week of light only, 

week of light,  d) 2 rotations e) 2 rotations, plus 1 
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6.4.5 Results - Effects of Wood Grain Orientation 

The final two samples were cut either parallel to the wood grain, shown in Figure 46a, or 

perpendicular to the wood grain, shown in Figure 47a. These samples were put under light 

for 4 weeks and 4 RH cycles. This allowed the effects of the wood grain direction on the 

crack patterns and the crack density to be compared. Both samples have similar surfaces 

after being subjected to 4 weeks of light, see Figure 46a and Figure 47a. After 1 RH cycle, 

both samples show cracks of a similar length but the sample cut parallel to the grain appears 

to have more cracks, as shown in Figure 46b and Figure 47b. However, after 2 RH cycles 

shown in Figure 46c and Figure 47c, and 3 RH cycles shown in Figure 46d and Figure 47d, 

the sample perpendicular to the grain has more cracks than the sample parallel to the grain. 

A network is also starting to form on the sample cut perpendicular to the grain. By the end of 

4 RH cycles the sample cut perpendicular has more cracks then the sample cut parallel to 

the grain of the wood, as may be seen in Figure 46e and Figure 47e. The number of 

pinholes are about the same for both samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



a)                  

c)                   

e)       

Figure 46: Samples cut parallel to the grain that were

before being cycled between high and low RH. a) 4 weeks of light only, b)  4 weeks of light 

plus one RH cycle, c) light and 2 RH cycles, d) light and 3 RH cycles, e) light and 4 RH 

cycles. 
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                              b) 

 

                              d) 

 

: Samples cut parallel to the grain that were placed under HgW light for 4 weeks 

before being cycled between high and low RH. a) 4 weeks of light only, b)  4 weeks of light 

plus one RH cycle, c) light and 2 RH cycles, d) light and 3 RH cycles, e) light and 4 RH 

  

  

placed under HgW light for 4 weeks 

before being cycled between high and low RH. a) 4 weeks of light only, b)  4 weeks of light 

plus one RH cycle, c) light and 2 RH cycles, d) light and 3 RH cycles, e) light and 4 RH 



a)                  

c)                   

e) 

Figure 47: Samples that were cut perpendicular to the grain and were placed under HgW 

light for 4 weeks before being cycled between high and low RH. a) 4 weeks of light 

4 weeks of light plus one RH cycle, c) light and 2 RH cycles, d) light and 3 RH cycles, e) light 

and 4 RH cycles. 
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                              b) 

 

                             d) 

 

: Samples that were cut perpendicular to the grain and were placed under HgW 

light for 4 weeks before being cycled between high and low RH. a) 4 weeks of light 

4 weeks of light plus one RH cycle, c) light and 2 RH cycles, d) light and 3 RH cycles, e) light 

  

  

: Samples that were cut perpendicular to the grain and were placed under HgW 

light for 4 weeks before being cycled between high and low RH. a) 4 weeks of light only, b)  

4 weeks of light plus one RH cycle, c) light and 2 RH cycles, d) light and 3 RH cycles, e) light 
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6.4.6 Summary 

The orientation did not affect how quickly the cracks appeared, but the sample that was cut 

parallel to the grain showed a higher crack density than the sample cut perpendicular to the 

grain. The sample did not crack more in one direction compared to another. 

 

6.5 Discussion 

The first two experiments were done to show the effect of light and humidity on samples of 

urushi. The first of these tested the effect of different humidity levels and whether light made 

a difference to the amount of cracking. The second was to try and quantify the light and 

humidity needed to propagate cracks, and their effect on the crack density of the sample. 

These experiments were performed by placing samples under an HgW lamp before 

exposing them to different RH levels by holding them in a fan oven at a temperature of 50°C. 

 

All the samples show pinholes after the first cycle. These holes act as crack initiators in 

these cases. Pre-existing cracks have little or no effect on the number of cracks or the length 

of the cracks during ageing. There is no mention of such pinholes seen on all the samples in 

any of the literature, although these pinholes are only visible under high magnification (x500) 

and not visible with the naked eye. The pinholes appear on naturally-aged samples but are 

fewer in number than those found on the artificially aged samples. Even for the first set of 

experiments where the sample was put into low and very high RH conditions without light 

degradation, these pinholes still appeared. These holes appeared after only 1 RH cycle and 

are much worse when the sample has been light degraded. After one cycle, the damage is 

done and the holes remain with few or no new holes appearing. The pinholes could be 

damage from droplets affecting the vulnerable surface during wet cycles and causing 

degradation, or surface water escaping from the sample during a dry cycle and leaving a 

hole behind, or a combination of the two. Pinholes have also been found in other materials 

such as soils [Yesiller et al., 2000]. 

 

By comparing the different results in the first of the experiments, it is clear that the urushi 

needs to be light degraded before cracks will start to appear. The sample that had been kept 

in high RH conditions exhibited fungal growth with no delamination of the urushi layers and 

is therefore not suitable for artificial ageing. However, leaving a sample in only dry conditions 

had little effect on the amount of cracking, although it does produce pinholes, but this has 

limited use for artificial ageing.   
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The results of the second experiment show that the more light degraded the sample is, then 

the more quickly cracks will appear and propagate. Cracks will appear even if there is only a 

small amount of light degradation, but they will form and propagate at a much slower rate. 

The results of the second humidity test show that the order of degradation/RH cycles only 

matters at the beginning, when the sample needs to be light degraded before the RH cycles 

propagate the cracks. Afterwards, it makes no significant difference whether the light 

degradation is done in a block or cycled with dark RH cycles. 

 

The final experiment in this section was done to assess if the time that the samples are kept 

in a high RH conditions would have any further effect on the cracking, whether to make this 

more numerous or deeper. There has been work to attain the diffusion coefficient of urushi 

but none are consistent with each other. This may be that the value will vary as urushi is a 

natural material and its properties are affected by numerous condition as outlined in Section 

1.3.2.  As yet there is little information how these different diffusion coefficients change when 

the sample has been light degraded, but they would probably be higher allowing water to 

permeate at a faster rate. However, the cracking caused by fluctuating RH had a reduced 

effect, none of the experiments in this Chapter show any deeper cracks or a significant 

increase in the crack density. This experiment was also done at a higher temperature (the 

diffusion rates quoted in the introduction of this chapter were calculated at room 

temperature) which should increase the rate of diffusion of water in the sample, but this 

appeared to make little difference to the crack concentration and the depth of the cracks. 

However on naturally-aged urushi objects the crack islands are much smaller. This implies 

that the stresses and consequential damage caused by the swelling and shrinkage of the 

material have a very limited time frame and any further effects caused by water damage 

would be a by-product of chemical changes in the material. 

 

6.6 Conclusions 

Light and cycling RH are needed to crack samples. The longer the samples are kept in the 

light, the more cracks that will appear in a shorter time period. 

 

When a sample is exposed to more RH cycles the crack density increases and the length of 

the cracks will also increase. 

 

Keeping samples in high RH conditions for an extended period of time has limited effect on 

already cracked light degraded samples. The effect of the wood on the cracking has little 
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effect on its own. This is in agreement with the work done by Bratasz et al [Bratasz et al., 

2008] to confirm that aged urushi objects did not need to be kept in tightly controlled RH 

conditions. 
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Chapter 7 The Effects of 

Temperature During Artificial Ageing 

7.1 Introduction 

In the previous Chapters, the effect of light sources and humidity on the artificial ageing of 

urushi was investigated. In doing those experiments the temperature was kept as constant 

as possible. In the series of experiments presented in this Chapter, the temperature is varied 

to see what effect thermal ageing has on the production of microcracks.  

 

It is known that temperature has a significant influence on the rate of diffusion of water 

through a material, and generally the higher the temperature then the higher the diffusion 

rate [Callister Jr, 2000, p102]. The patterning seen in the urushi is described as “desiccation” 

cracking, similar to that found with mud cracks in geology. Shrinkage occurs as water 

evaporates away from the material. It has been found for soils that higher temperatures lead 

to higher water evaporation rates and higher surface crack ratios compared to exposure to at 

room temperature [Tang et al.].  

 

The experiments described in other Chapters were all performed below the boiling point for 

water (100°C) and below the glass transition temperature (Tg) of urushi. The Tg  is the 

temperature at which a polymer transforms from a glassy solid state to a rubber-like state, 

allowing the molecules to move more easily in the material. Obataya et al measured the 

glass transition temperature of three different types of urushi [Obataya et al., 1999, Obataya 

et al., 2002]. The Tg for kijiro urushi was found to be 120°C. They found that the Tg increased 

up to 170°C as the urushi was heated using a viscoelastometer and a heating rate of 

3°C/min from -150°C to 400°C [Obataya et al., 2002]. In a another experiment, a set of kijiro 

urushi samples were aged for 2 weeks before being thermally aged for 12 hours at a range 

of temperatures. As the temperature of the heat treatment was increased above 100°C, so 

the storage modulus (the value of stored energy in the elastic region) increased. The authors 

attribute this increase to the thermal hardening and advanced oxidative polymerisation of the 

urushiol molecules. As the temperature increased further and the films shrunk, the amount of 

shrinkage was dependent on temperature. The samples above 150°C showed no evidence 
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of post curing due to the oxidation polymerising of urushiol. Above 200°C the urushi films 

showed shrinkage and weight loss, becoming weak and brittle. The appearance of the films 

degenerated due to the cleaving of the main chains in the pyrolysis of the urushi constituents 

[Obataya et al., 1999]. Other work by Niimura and Miyakoshi, confirms that thermal 

degradation in new lacquer samples starts around 200°C and the fastest thermal 

degradation occurs around 450-500°C [Niimura and Miyakoshi, 2006]. 

 

There are few data in the literature on the effect of low temperature on urushi. However, it is 

known that large deep cracks are produced on urushi objects/boards when put into liquid 

nitrogen [Keneghan, 2009]. The large deep cracks found in this case are likely to be caused 

by thermal shock, as urushi objects are made multilayered and of mixed media. Hence the 

rates of contraction will vary throughout the structure and the resulting stresses will cause 

the sample to fracture.  

 

In the present thesis, a set of samples was tested using liquid nitrogen. One set was placed 

in the liquid nitrogen once only, a further set was cycled between the liquid nitrogen and an 

oven at 50°C.  

 

To test the effect of cycling temperatures, a set of samples was placed into ovens and 

freezers for three cycles of 15 minutes each. A further set of samples were placed into a 

freezer then the oven also at 50°C for 24 hours each for three cycles. The results of these 

experiments would help assess the effect of temperature cycling on urushi objects.  

 

At the time of writing, no paper has analysed urushi objects including the substrate and 

foundation layers when they undergo thermal treatment. It is known that temperature can 

accelerate desiccation cracks in soils and the next series of experiments investigated the 

consequences of using elevated temperature during artificial ageing. The samples were 

heated using temperatures above what the samples have previously been subjected to 

(50°C) and above 100°C to ensure that the samples have been dried out and the water 

content reduced. The purpose of these experiments was to test the effect of further ageing 

treatments to increase the cracking.  
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7.2 Method – Exposure of Aged Samples at Constant 

Temperature 

7.2.1 Introduction 

Two different types of urushi sample boards were held at constant temperature at different 

values. The temperatures were chosen ranged from 80°C-200°C based on the work by 

Obataya et al [Obataya et al., 1999, Obataya et al., 2002] and by practical considerations. 

The times varied according to temperature, the lower the temperature, the longer the 

samples were held at that temperature to allow for ageing effects to occur. 

 

7.2.2 Samples Prior to Thermal Treatment 

Black and nashiji samples (see Appendix 2 for layers composition) were artificially aged 

using a QSunXe-3H weatherometer for 8 cycles at 75% RH for 72 hours then 20% RH for 96 

hours at 0.55 W/m2, using a window glass filter and at a chamber temperature of 50°C. 

 

7.2.3 Thermal treatment at 80°C 

Two samples of each type of urushi board were placed in a fan oven at 80°C as this is below 

the boiling point of water but still higher than the previous temperature used in testing. One 

set of each sample type, consisting of one black and one nashiji sample, was removed after 

1 week. As the temperature was low, it was unlikely that any changes would be observed 

unless held for a longer period of time 

 

7.2.4 Thermal treatment in a Vacuum oven at 120°C 

A second pair of samples was placed into a vacuum oven at 1700 mbar below ambient 

pressure at 120°C. This temperature was chosen as it is above the boiling point of water and 

the vacuum oven would aid water content reduction in the samples. The set, consisting of 

one black and one nashiji sample, was removed after 1 hour. As this was above the boiling 

point of water and the samples were under vacuum it was not necessary to hold them in the 

oven for long periods. 
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7.2.5 Thermal treatment at 150°C 

A third pair of samples was placed into a fan oven at 150°C based on the work done by 

Obataya [Obataya et al., 1999]. The set, consisting of a black and a nashiji sample, was 

removed after 1 hour. The second set of samples remained in the oven for 4 hours. As this 

was a fan oven, the samples were held for longer to allow more water to transport away from 

the sample. 

 

7.2.6 Thermal treatment at 200°C 

A final pair of sets was placed into fan oven at 200°C based on the work of Obataya but still 

below the combustion temperature of wood [Obataya et al., 1999]. One set, consisting of 

one black and one nashiji sample, was removed after 1 hour. The second set was kept in the 

fan oven for 2 hours. These temperatures, although below the combustion temperature of 

wood, which is usually around 240°C, caused the wood to char and so the time was kept as 

short as possible. 

 

The samples were placed under the scanning electron microscope (SEM)(Hitachi S-3400, 

Maidenhead) to assess any changes in appearance. 

 

7.3 Method – The Effects of Cycling Temperature on 

Unaged Urushi Samples 

7.3.1 Introduction 

It is unlikely that any urushi object has been kept at a single consistent temperature over its 

lifetime. During the year, temperatures fluctuate both between times of the day and over the 

seasons. It is not known what effect these fluctuations will have on an urushi object. Further 

to this, it may be possible to accelerate the effects of cyclic temperature by using more 

extreme conditions, which would usefully reduce the overall time needed in artificial ageing. 

 

A number of un-aged sample boards, both black and nashiji, were used with the layer 

structure described in Appendix 2. These boards were placed into different temperature 

ageing regimes. Each set consists of one black and one nashiji sample. The temperature 

‘cycle’ consisted of a cold step then a hot step. 
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7.3.2 Cycling between -10°C and 50°C 

A set of samples were held at a temperature of -10°C, this was achieved by using a 

temperature controlled chamber as part of a temperature and humidity testing rig 

constructed by Eric Hagen [Hagen, 2008]. The samples were held at -10°C for 15 minutes.  

The samples were then placed into a fan oven and held at 50°C for a further 15 minutes. 

The cycle was repeated three times. 

 

7.3.3 Cycling between -25°C and 50°C 

A set of samples were put into a hard plastic box (Anachem, GMBH-JWL) to reduce 

moisture and frost forming on the surface of the sample. This was placed directly into a 

freezer and held at -25°C for 15 minutes before being placed into a fan oven and held at 

50°C for 15  minutes.  This cycle was repeated three times. 

 

7.3.4 Cycling between -70°C and 50°C 

A set of samples was held at a temperature of -70°C was achieved by using a temperature 

controlled chamber (Instron, High Wycombe) using liquid nitrogen to cool it. The samples 

were held at -70°C for 15 minutes.  The samples were then placed into a fan oven and held 

at 50°C for a further 15 minutes. The cycle was repeated three times. 

 

7.3.5 Cycling between -80°C and 37°C 

A set of samples were put into a small plastic box to reduce moisture and frost formation on 

the surface of the samples and placed into an ultra low temperature freezer (U570, New 

Brunswick Scientific) at -80°C for 24 hours before being placed into an incubator at 37°C for 

24 hours (this is the optimum temperature for most enzyme reactions to occur [Stoker, 

2009]). This cycle was repeated three times, although on the last cycle the samples were 

held at 37°C for 48 hours. This experiment was conducted at University College London 

(UCL) with the kind assistance of Laura Thei. 

 

7.3.6 Cycling between -210°C and 80°C 

Samples were placed into liquid nitrogen (-210°C) for approximately 5 seconds before being 

placed into an oven and held at 80°C for 15 minutes. For one set of samples this cycle was 

done once, and for a second set of samples this cycle was repeated three times



7.4 Results – Testing Aged Samples at Different Constant 

Temperatures 

7.4.1 Samples Prior to Thermal Treatment

Figure 48 shows images of the samples prior to thermal t

of the different types of damage seen on the samples that were water damaged after 8 

cycles in the QSun. There are large craters where material has been removed by the water 

and leaving calcium deposits.

 

  

a) 

 

b) 

Figure 48: Examples of water and light damaged samples before oven treatments a) black 

samples b) nashiji samples. 

 

7.4.2 Thermal treatment at 80

Figure 49 shows the samples that had been placed in the fan oven at 80

The surfaces of the samples did not show any significant change in appearance after 1 

week. However, on the side views, it can be seen that the top layers (images b and d) are 

beginning to change in appearance. The surface of these samples in the side views are 

lighter in appearance compared to the body of the urushi. The black sample has a much 

clearer discolouration than the nashiji sample. This change in texture becomes more 

pronounced as the temperature increases.
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Testing Aged Samples at Different Constant 

 

Samples Prior to Thermal Treatment 

shows images of the samples prior to thermal treatment. These are typical images 

of the different types of damage seen on the samples that were water damaged after 8 

cycles in the QSun. There are large craters where material has been removed by the water 

and leaving calcium deposits. 

 

  

: Examples of water and light damaged samples before oven treatments a) black 

Thermal treatment at 80°C 

shows the samples that had been placed in the fan oven at 80

The surfaces of the samples did not show any significant change in appearance after 1 

week. However, on the side views, it can be seen that the top layers (images b and d) are 

ginning to change in appearance. The surface of these samples in the side views are 

lighter in appearance compared to the body of the urushi. The black sample has a much 

clearer discolouration than the nashiji sample. This change in texture becomes more 

onounced as the temperature increases. 

Testing Aged Samples at Different Constant 

reatment. These are typical images 

of the different types of damage seen on the samples that were water damaged after 8 

cycles in the QSun. There are large craters where material has been removed by the water 

 

 

: Examples of water and light damaged samples before oven treatments a) black 

shows the samples that had been placed in the fan oven at 80°C for one week. 

The surfaces of the samples did not show any significant change in appearance after 1 

week. However, on the side views, it can be seen that the top layers (images b and d) are 

ginning to change in appearance. The surface of these samples in the side views are 

lighter in appearance compared to the body of the urushi. The black sample has a much 

clearer discolouration than the nashiji sample. This change in texture becomes more 



 

a)               

c)               

Figure 49: Samples placed into an oven at 80

side view c) nashiji sample d) nashiji samples side view.

 

7.4.3 Thermal treatment in a Vacuum oven at 120

Figure 50 shows the before and after images of the samples that were placed into the 

vacuum oven. The differences between the before and after images, for both nashiji and the 

black samples, are negligible. The hairline cracks (for example, the crack on the middle right 

of the nashiji sample) appear to have widened slightly but the number of cracks has not

increased. Even the pinholes have not increased in density or started to form cracks.
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                    b)              

 

          d)           

Samples placed into an oven at 80°C for 1 week a) black sample b) 

side view c) nashiji sample d) nashiji samples side view. 

Thermal treatment in a Vacuum oven at 120°C 

shows the before and after images of the samples that were placed into the 

differences between the before and after images, for both nashiji and the 

black samples, are negligible. The hairline cracks (for example, the crack on the middle right 

of the nashiji sample) appear to have widened slightly but the number of cracks has not

increased. Even the pinholes have not increased in density or started to form cracks.

        

       

a) black sample b) black sample 

shows the before and after images of the samples that were placed into the 

differences between the before and after images, for both nashiji and the 

black samples, are negligible. The hairline cracks (for example, the crack on the middle right 

of the nashiji sample) appear to have widened slightly but the number of cracks has not 

increased. Even the pinholes have not increased in density or started to form cracks. 



a)               

c)               

Figure 50: Sample board placed into a vacuum oven at 120

before b) black sample after c) nashiji sample before d) nashiji sample after.

 

7.4.4 Thermal treatment at 150

Figure 51 shows the results of the thermal treatment at 150

samples. In the top views there appears to be very little difference to the surface texture and 

no cracks have initiated. However the side view (image e and f) shows an increased band of 

discolouration compared to the 80

different texture to the body of the urushi underneath.  The side views also show debris on 

the surface of the discoloured segment which appears to be forming a crust. The thickness 

of the crust layer appears to be the same for both types of

debris is more pronounced in the nashiji samples than on the black sample.
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          b) 

 

          d) 

Sample board placed into a vacuum oven at 120°C for 1 hour 

before b) black sample after c) nashiji sample before d) nashiji sample after.

Thermal treatment at 150°C 

shows the results of the thermal treatment at 150°C for both the black and nashiji 

samples. In the top views there appears to be very little difference to the surface texture and 

no cracks have initiated. However the side view (image e and f) shows an increased band of 

discolouration compared to the 80°C samples with the surface of the u

different texture to the body of the urushi underneath.  The side views also show debris on 

the surface of the discoloured segment which appears to be forming a crust. The thickness 

of the crust layer appears to be the same for both types of urushi, although the formation of 

debris is more pronounced in the nashiji samples than on the black sample.

 

 

C for 1 hour a) black sample 

before b) black sample after c) nashiji sample before d) nashiji sample after. 

C for both the black and nashiji 

samples. In the top views there appears to be very little difference to the surface texture and 

no cracks have initiated. However the side view (image e and f) shows an increased band of 

C samples with the surface of the urushi having a 

different texture to the body of the urushi underneath.  The side views also show debris on 

the surface of the discoloured segment which appears to be forming a crust. The thickness 

urushi, although the formation of 

debris is more pronounced in the nashiji samples than on the black sample. 



a)               

c)               

e)     

Figure 51: Samples placed into an oven at 150

4 hours c)  nashiji sample 1 hour d) nashiji sample 4 hours e) black sample 4 hours side 

view f) nashiji sample 4 hours side view.

 

7.4.5 Thermal treatment at 200

The final sets of samples, shown in 

hours. These samples show little difference on the top surface but the side views show a 

further increase of the encrusting debris and change of texture when comparing the surface 
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         b)  

 

         d)  

 

                    f)       

Samples placed into an oven at 150°C for a) black sample 1 hour b) black sample 

4 hours c)  nashiji sample 1 hour d) nashiji sample 4 hours e) black sample 4 hours side 

view f) nashiji sample 4 hours side view. 

Thermal treatment at 200°C 

samples, shown in Figure 52, were thermally treated at 200

hours. These samples show little difference on the top surface but the side views show a 

further increase of the encrusting debris and change of texture when comparing the surface 

  

  

 

C for a) black sample 1 hour b) black sample 

4 hours c)  nashiji sample 1 hour d) nashiji sample 4 hours e) black sample 4 hours side 

, were thermally treated at 200°C for 1 or 2 

hours. These samples show little difference on the top surface but the side views show a 

further increase of the encrusting debris and change of texture when comparing the surface 
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layers of urushi to the bottom layer. This encrustation layer has a rough rather than a smooth 

texture. It is unclear whether the crust is breaking up, or if the encrusted layer is growing 

from the top to the bottom, as the layer is thicker on the surface than further down but gaps 

are still visible revealing the smoother surface underneath. This wasn’t visible at 80°C, but at 

150°C the crust of debris was starting to form. This is clear on the black sample compared to 

the nashiji sample where the encrustations appear to stop at the silver flakes. The nashiji 

urushi shows horizontal cracks along the topside of the flakes implying that the urushi is de-

adhering from the flakes of silver.  

 

The crust layer appears in the fan oven sample but not the vacuum oven samples. This 

implies that the discolouration and encrustation is occurring because the samples are 

oxidising. In the vacuum oven, there is no oxygen present so it would not form the crust layer 

seen on the other samples would not form. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



a)               

c)    

e)          

Figure 52: Samples placed into a oven at 200

hours c) nashiji sample 1 hour d) nashiji sample 2 hours e) black sample 2 hours 

f) nashiji sample 2 hours side view
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         b)      

 

                    d) 

 

                    f) 

Samples placed into a oven at 200°C a) black sample 1 hour b) black sample 2 

hours c) nashiji sample 1 hour d) nashiji sample 2 hours e) black sample 2 hours 

f) nashiji sample 2 hours side view 

  

  

 

a) black sample 1 hour b) black sample 2 

hours c) nashiji sample 1 hour d) nashiji sample 2 hours e) black sample 2 hours side view  



7.5 Results – Testing the Effects of Cycling Temperature 

on Unaged and Aged Samples

The previous section showed that too high a temperature for the hot cycle should not be 

used. Consequently a maximum of 50

avoid thermal degradation of the surface obscuring any features from the cycling.

 

7.5.1 Untreated and Unaged Samples

Unaged samples were used to compare damage done by the cycling t

aged samples to see when during the artificial ageing process the cycling temperature would 

have the biggest effect. 

 

Figure 53 shows an example of the samples that have not undergone any thermal cy

The surface is featureless and flat with no distinctive areas. All unaged samples look like this 

before they are cycled. (Note that dust particles are visible in some of the images. This is 

naturally occurring contamination and was used to aid focus

 

a)        

Figure 53: Samples that have not undergone thermal cycling a) black  b) nashiji.

 

7.5.2 Cycling between -

Figure 54 shows the samples after they have been cycled 3 times between 

minutes then and 50°C for 15 minutes. Very little has changed on these samples. There are 

a few pinholes, as seen in the previous Chapters (usually after the dry cycle after a chan

in humidity) on both samples but no cracks have formed. There is very little change in the 
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Testing the Effects of Cycling Temperature 

on Unaged and Aged Samples 

The previous section showed that too high a temperature for the hot cycle should not be 

Consequently a maximum of 50°C or 80°C are used in the following experiment to 

avoid thermal degradation of the surface obscuring any features from the cycling.

Untreated and Unaged Samples 

Unaged samples were used to compare damage done by the cycling temperature to light 

aged samples to see when during the artificial ageing process the cycling temperature would 

shows an example of the samples that have not undergone any thermal cy

The surface is featureless and flat with no distinctive areas. All unaged samples look like this 

before they are cycled. (Note that dust particles are visible in some of the images. This is 

naturally occurring contamination and was used to aid focusing). 

 

                     b) 

: Samples that have not undergone thermal cycling a) black  b) nashiji.

-10°C and 50°C 

shows the samples after they have been cycled 3 times between 

C for 15 minutes. Very little has changed on these samples. There are 

a few pinholes, as seen in the previous Chapters (usually after the dry cycle after a chan

in humidity) on both samples but no cracks have formed. There is very little change in the 

Testing the Effects of Cycling Temperature 

The previous section showed that too high a temperature for the hot cycle should not be 

C are used in the following experiment to 

avoid thermal degradation of the surface obscuring any features from the cycling. 

emperature to light 

aged samples to see when during the artificial ageing process the cycling temperature would 

shows an example of the samples that have not undergone any thermal cycling. 

The surface is featureless and flat with no distinctive areas. All unaged samples look like this 

before they are cycled. (Note that dust particles are visible in some of the images. This is 

 

: Samples that have not undergone thermal cycling a) black  b) nashiji. 

shows the samples after they have been cycled 3 times between -10°C for 15 

C for 15 minutes. Very little has changed on these samples. There are 

a few pinholes, as seen in the previous Chapters (usually after the dry cycle after a change 

in humidity) on both samples but no cracks have formed. There is very little change in the 



texture of the surface compared to that of samples that have not undergone cyclic 

temperature changes. 

 

a)                             

Figure 54: Views of samples cycled between 

 

7.5.3 Cycling between -

Figure 55 shows the samples that have been cycled 3 times using a lower tempe

25°C for 15 minutes and the same higher temperature of 50

previous set, very little has changed on these samples other than the appearance of a few 

pinholes. 

 

a)                                  

Figure 55: views of samples cycled between 
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texture of the surface compared to that of samples that have not undergone cyclic 

 

                                           b) 

: Views of samples cycled between -10°C and 50°C a) black b) nashiji urushi.

-25°C and 50°C 

shows the samples that have been cycled 3 times using a lower tempe

C for 15 minutes and the same higher temperature of 50°C for 15 minutes. Similar to the 

previous set, very little has changed on these samples other than the appearance of a few 

 

                                            b) 

: views of samples cycled between -25°C and 50°C a) black b) nashiji urushi

texture of the surface compared to that of samples that have not undergone cyclic 

 

C a) black b) nashiji urushi. 

shows the samples that have been cycled 3 times using a lower temperature of -

C for 15 minutes. Similar to the 

previous set, very little has changed on these samples other than the appearance of a few 

 

C a) black b) nashiji urushi 



7.5.4 Cycling between -

Two sets of samples were tested, one unaged and a second set that had been light aged to 

see if a change in temperature would induce further cracks in the aged sample. 

and Figure 57 shows the samples that have been cycled 3 times using a lower temperature 

of -70°C for 15 minutes and the same higher temperature of 50

shows the unaged sample which has a more pinholes compared to the previous set of 

samples but no other changes in the samples.

 

 

 

a)                  

Figure 56: Views of samples cycled between 

 

Figure 57 shows the light aged samples,

changed by being thermally cycled. The widths of the cracks have not change nor has the 

crack density increased. There is no indication that new cracks will form and these samples 

do not show any pinholes. 

 

 

 

136 

-70°C and 50°C 

Two sets of samples were tested, one unaged and a second set that had been light aged to 

perature would induce further cracks in the aged sample. 

shows the samples that have been cycled 3 times using a lower temperature 

nd the same higher temperature of 50°C for 15 minutes. 

shows the unaged sample which has a more pinholes compared to the previous set of 

samples but no other changes in the samples. 

 

          b) 

: Views of samples cycled between -70°C and 50°C a) black b) nashiji urushi.

shows the light aged samples, there is little to imply that these aged samples have 

changed by being thermally cycled. The widths of the cracks have not change nor has the 

crack density increased. There is no indication that new cracks will form and these samples 

Two sets of samples were tested, one unaged and a second set that had been light aged to 

perature would induce further cracks in the aged sample. Figure 56 

shows the samples that have been cycled 3 times using a lower temperature 

C for 15 minutes. Figure 56 

shows the unaged sample which has a more pinholes compared to the previous set of 

 

C a) black b) nashiji urushi. 

there is little to imply that these aged samples have 

changed by being thermally cycled. The widths of the cracks have not change nor has the 

crack density increased. There is no indication that new cracks will form and these samples 



a)               

Figure 57: Views of samples light and humidity aged then cycled between 

a) black b) nashiji urushi 

 

7.5.5 Cycling between -

Figure 58 shows an unaged sample that have been cycled over a longer period of time (24 

hours rather than 15 minutes) to see how it would compare to those held at a shorter time 

frame but have a similar change between the two temperatures. The samples held

longer time period have significantly more pinholes than the other samples, especially for the 

nashiji urushi. The black sample also appears to have a slightly rougher surface texture 

compared to the samples that have not undergone thermal cycling.

 

7.5.6 Cycling between -

These samples shown in Figure 

before placed in an oven. This is a very extreme treatment. The samples not only have 

cracks in the surface but these cracks extend into the foundation layers and around the 

textile layer, see images c) 

samples. The cracks in naturally aged sample will go down to the foundation layer but not 

further. The cracks themselves appear after being dipped in liquid nitrogen and the hot step 

does not appear to add any further damage. The cracks that appear are visible with the 

naked eye unlike cracks produced naturally as they are much wider (around 20 microns for 

the liquid nitrogen cracks and 10 microns for the naturally aged cracks). These cracks are 

not similar enough to those produced by natural ageing, making this method too aggressive 

for the purposes of artificial ageing.
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          b) 

: Views of samples light and humidity aged then cycled between 

-80°C and 37°C 

shows an unaged sample that have been cycled over a longer period of time (24 

hours rather than 15 minutes) to see how it would compare to those held at a shorter time 

frame but have a similar change between the two temperatures. The samples held

longer time period have significantly more pinholes than the other samples, especially for the 

nashiji urushi. The black sample also appears to have a slightly rougher surface texture 

compared to the samples that have not undergone thermal cycling. 

-210°C and 80°C 

Figure 59 have been cycled by being dipped in liquid nitrogen 

before placed in an oven. This is a very extreme treatment. The samples not only have 

cracks in the surface but these cracks extend into the foundation layers and around the 

textile layer, see images c) and d) which generally does not happen in naturally aged 

samples. The cracks in naturally aged sample will go down to the foundation layer but not 

further. The cracks themselves appear after being dipped in liquid nitrogen and the hot step 

to add any further damage. The cracks that appear are visible with the 

naked eye unlike cracks produced naturally as they are much wider (around 20 microns for 

the liquid nitrogen cracks and 10 microns for the naturally aged cracks). These cracks are 

imilar enough to those produced by natural ageing, making this method too aggressive 

for the purposes of artificial ageing. 

 

: Views of samples light and humidity aged then cycled between -70°C and 50°C 

shows an unaged sample that have been cycled over a longer period of time (24 

hours rather than 15 minutes) to see how it would compare to those held at a shorter time 

frame but have a similar change between the two temperatures. The samples held for a 

longer time period have significantly more pinholes than the other samples, especially for the 

nashiji urushi. The black sample also appears to have a slightly rougher surface texture 

have been cycled by being dipped in liquid nitrogen 

before placed in an oven. This is a very extreme treatment. The samples not only have 

cracks in the surface but these cracks extend into the foundation layers and around the 

and d) which generally does not happen in naturally aged 

samples. The cracks in naturally aged sample will go down to the foundation layer but not 

further. The cracks themselves appear after being dipped in liquid nitrogen and the hot step 

to add any further damage. The cracks that appear are visible with the 

naked eye unlike cracks produced naturally as they are much wider (around 20 microns for 

the liquid nitrogen cracks and 10 microns for the naturally aged cracks). These cracks are 

imilar enough to those produced by natural ageing, making this method too aggressive 



a)               

Figure 58: Views of samples cycled between 

 

a)               

c)               

Figure 59: Samples after 3 cycles of 

urushi c) black side view d) nashiji side view.
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          b) 

: Views of samples cycled between -80°C and 37°C a) black b) na

 

                     b) 

 

         d) 

: Samples after 3 cycles of -210°C to 80°C a) black top view b) nashiji top view 

urushi c) black side view d) nashiji side view. 

 

C a) black b) nashiji urushi 

 

 

C a) black top view b) nashiji top view 
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7.5.7 Summary 

From the different cycling conditions, the one that showed the most changes was the liquid 

nitrogen sample. However this treatment was too aggressive. The samples that were cycled 

for 24 hours at each step, indicate that some damage might be occurring with the formation 

of pinholes. The other cycling treatments (15 minutes for each step) had little effect on the 

samples. 

 

7.6 Discussion 

It is difficult to assess the effect of temperature on ageing urushi objects.  Materials such as 

paints and gesso are described as becoming brittle and flaking when heated, but these 

effects are rarely due to temperature alone and are part of other reactions such as oxidation 

or moisture loss. Thermal ageing can be grouped into three distinct categories, (i) pure 

thermal ageing, (ii) (pyrolytic) thermal ageing involving oxygen (thermo-oxidation), and finally  

(iii) thermal ageing with moisture content (thermal hydrolytic) [Feller, 1994, p143]. None of 

the tests done in this Chapter were able to control the relative humidity (RH) levels or control 

the amount of oxygen present so these factors cannot be dismissed. It is also possible that 

thermal exposure can be used as a pre-ageing treatment to accelerate the ageing process 

[Feller, 1994, p163-165].  

 

The samples held at constant temperature, with the exception of the vacuum oven samples, 

show a clear line of where the urushi layer changes in texture. This change in texture with 

depth could be an indication of chemical change and reduction of water content in the 

surface of the layer. This contrast is not as clearly visible in non temperature aged urushi 

samples. The debris that is shown to be ‘splitting’ or crumbling in the highest temperature 

could be debris oxidising, a thin top layer that is unable to extend as much as the layer 

below causing a split in the surface or the formation of a ‘third’ texture within the urushi layer. 

The latter two cases imply a reaction is occurring and the urushi is shifting to a different 

state, which is consistent with the findings from Obataya. As these reactions did not occur on 

the sample placed in the vacuum oven, it also confirms Obataya’s idea that an oxidative 

process took place. When a vacuum oven is evacuated of air, and consequently oxygen, no 

encrusting or change in texture could be seen. It would be interesting to compare this 

sample chemically to a naturally aged sample to see if heating urushi objects can hasten 

artificial ageing. Ideally the samples should have been observed before and after ageing to 

assess if the changes are local or global.  
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Further confirmation of oxidation taking place from the experiment is from observing the 

wooden substrate, as shown in Figure 60. As the temperature and time increased, the more 

charred the wood gets. The 2 pieces of wood at 200°C are both charred to a dark brown 

appearance, whilst those at 80°C are only fractionally darker than wood that has not been 

heat treated at all. In real life situations there is little discolouration of the wooden substrate 

(in situations where it can be seen) and any discoloration that does take place is likely to be 

so over an extended period of time.  

 

 

Figure 60: The charring of the wooden substrates, from top to bottom: 80°C for 1 week, 

120°C for 1 hour, 150°C for 1 hour, 150°C for 4 hours, 200°C for 1 hour, 200°C for 2 hours. 

 

Again, the main indication of any change in the sample is the presence of pinholes. The 

pinholes that are apparent in the cycling temperature experiment are likely to be caused by 

moisture movement from the surface of the sample by scission or oxidation of the polymer 

chains as discussed by Obataya [Obataya et al., 2002]. These pinholes appeared when the 

time of the cycle was extended and when the temperature was below 0°C. The temperature 

cycle made little difference to already aged samples. Further tests need to be done to see if 

thermally ageing first can reduce the time needed for light damage to produce cracks. 

Further work could also investigate cycling the temperature between -80°C and higher 

temperature then 37°C. By comparing these temperatures to significant temperatures of an 

urushi sample with underlayers, such as the Tg, it would be possible to assess how these 

temperatures affect further artificial and natural ageing. This is similar to the effect seen in 

varnishes which also become brittle due to oxidation as they age [Rene E de la Rie, 1988]. 

 

The samples put into liquid nitrogen show cracks that are too aggressive for ageing 

purposes. Although the cracks are V-shaped, the top appearance is too jagged and torn to 

be mistaken for natural ageing. The cracks are produced out of thermal shock and appear 

suddenly rather than being formed over time. Repeated heating and dipping into liquid 
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nitrogen does produce more cracks although the numbers of cracks are still not comparable 

to naturally aged cracks. The cracks themselves appear after being dipped in liquid nitrogen 

and the hot step does not appear to add any further damage. The cracks that appeared were 

visible with the naked eye unlike cracks produced naturally as they are much wider (around 

20 microns for the liquid nitrogen cracks and 10 microns for the naturally aged cracks). The 

liquid nitrogen cracks formed perpendicular to the grain and altogether the number of cracks 

increased depending of how many times the sample was dipped into liquid nitrogen, there 

were far fewer cracks produced to natural cracks. The use of liquid nitrogen is not a useful 

tool for ageing urushi samples.  

 

Cracks may also appear because of the difference in thermal expansion, if the underlayer 

expands more than the top layer and the top layer is weaker, the sample will crack. The 

coefficients of thermal expansion for most polymers are around 50-400x10-6 °C-1 at room 

temperature. Thermoset polymer will have a lower coefficient because the strong 

crosslinking [Callister Jr, 2000, www.engineeringtoolbox.com, 2011]. The coefficient of 

thermal expansion for wood varies depending on the moisture content and direction of the 

grain. It is generally 3-6x10-6 °C-1 parallel to the grain, and higher, 25-40x10-6 °C-1, 

perpendicular to the grain [Callister Jr, 2000, www.engineeringtoolbox.com, 2011]. This 

implies that in one direction (perpendicular to the grain), the two values are similar and so a 

change in temperature would have little effect. Consequently any cracks due to thermal 

effects would be caused by expansion in the direction parallel to the grain of the substrate. 

Hence the crack pattern created by the thermal effects would be expected to appear as a 

series of roughly parallel cracks running perpendicular to the grain. This is not taking into 

consideration the foundation layers and textile layer which will help to negate this effect. 

Ceramics have a coefficient of thermal expansion of 5-15x10-6 °C-1, and since the foundation 

layers are a mixture of clay and urushi with a ratio of approximately 1:1  [Heckmann, 2002, 

p86-87], the co-efficient of thermal expansion would be inbetween the values of clay and 

urushi and is approximately 300 x10-6 °C-1. It is the urushi which is likely to expand and 

contract most with changes in temperature compared to the other layers. However, the effect 

of moisture may have a larger role in the contraction and expansion of the different layers. 

Exact values for the coefficient of thermal expansion of urushi and hinoki have not been 

reported in any of the literature. It is expected that the structure is designed to even out the 

changes in thermal expansion between the substrate and the top layer, which is one of the 

reasons why urushi is a very durable material. 
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7.7 Conclusions 

Temperature cycling made little difference to already aged samples other than an increased 

number of pinholes appearing. The longer the cycles and the more extreme the temperature 

(but not enough to induce thermal shock), the more holes that appeared.  

 

It is not possible to get desiccation cracking using only temperature, other factors need to be 

considered. Changes in temperature did produce pinholes and higher temperatures 

produced oxidation. 

 

The wooden substrate became more charred (oxidised) as the temperature increased 

although there was no increase in crack density. This is not representational of real objects 

where the wooden subtract is unlikely to be exposed and is encased with the layer structure.  

 

There was also a change in texture visible only on the side views in the upper and lower 

urushi layers. Both of these were caused by oxidation of the material. The increase of 

oxidation at higher temperature implies that either the testing temperature needs to stay 

below 80°C or that the testing with elevated temperature needs to occur in a vacuum.  

 

Aggressive methods to artificially age samples were inappropriate because the cracks, in the 

case of liquid nitrogen, caused by thermal shock produced cracks that were too deep and 

too wide. Too high temperatures caused charring and high levels of oxidation. Both of these 

mechanisms are not seen on naturally aged objects. 
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Chapter 8  The Effect on Solvents on 

Unaged, Naturally or Artificially Aged 

Urushi Surfaces 

8.1 Introduction 

8.1.1 The Use of Solvents in Conservation 

Solvents are used for various processes in conservation, including for light cleaning (i.e. the 

removal of dust and dirt) or heavy cleaning (i.e. the removal of waxes, varnishes or other 

non original coatings). They are also used to reduce the viscosity of consolidants and 

adhesives which are applied to the surface, or deeper within the structure to stabilise the 

material or to re-adhere flaking areas. 

 

The short term effects of solvents on new materials can include discolouration and swelling. 

Some materials such as shellac can be re-dissolved by alcohol when new. New urushi 

objects are highly resilient to chemical damage. However, when objects have degraded, they 

may react differently. In conservation practice, spot tests are done using solvents and these 

are visually inspected over a number days to see what effect the solvents have had. 

 

Swelling and leaching can cause stress raisers in the material leading to the initiation of 

cracks or the propagation of existing cracks. These cracks can propagate vertically and 

horizontally leading to flaking and loss of the original material as well as loss of gloss. Other 

unwanted physical changes to the original surface would include discolouration, removal of 

the original material, or weakening of the surface leaving it vulnerable to further degradation. 

 

A number of different solvents are used in conservation for cleaning, consolidation and 

application. It is not clear what the long term effects of such solvents would be on degraded 

urushi, or even on new surfaces and there is little information available on either. The use of 

solvents on degraded varnishes, for example shellac, has been documented, and 

consequently their swelling and leaching behaviour can be predicted [McSharry, 2009].  

 

As it ages, the urushi surface becomes more acidic [Schellmann, 2003]. The surface also 

cracks, allowing the solvent to penetrate further into the structure, potentially causing 
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damage deeper within the material as well as on the surface. The work in this Chapter 

investigates the short and long term effects of solvents on aged, unaged and artificially aged 

urushi surfaces. Part of the work reported here was performed in collaboration with Carolyn 

McSharry who has gone into greater detail into the different solvents, their effects and their 

uses in conservation in her thesis [McSharry, 2009]. However she only considered the short 

term effect of the solvents. In the present work, the effects of re-ageing solvent treated 

samples are considered. 

 

8.1.2 Solvent Types and Practical Considerations 

Different types of solvents have different chemical properties such as polarity, chemical 

structure (e.g. whether aromatic or aliphatic) and evaporation rates, [McSharry, 2009]. The 

Kauri Butanol (K-B) value is a measure of the aromatic content and is an indication of how 

polar the solvent is, which will affect how the solvent reacts to the material being treated. 

 

Practical considerations also affect the choice of an appropriate solvent, and these are 

usually dictated by the evaporation rate and the occupational (or working) exposure limit 

(OEL/WEL). The evaporation rate is an indication of how long the material is diluted before 

the solvent evaporates, thus providing a time frame in which to work. Some materials, such 

as urushi, may need to be diluted to make them less viscous so that they can penetrate 

deeper into the material being treated. This is important as too high an evaporation rate will 

make solute unworkable too quickly, whereas too low a rate will increase the drying time 

[Rivers and Umney, 2003]. The evaporation rate of the solvent is typically quoted as the 

nBuAc number which compares the evaporation rate of a solvent to that of a standard 

solvent (butyl acetate) which is standardised as 1 or 100. 

 

The occupational exposure limit relates to the problem that many of the solvents can 

produce harmful side effects to people, so limits (quoted in ppm or mg/m3) to their exposure 

are recommended. Some solvents require extraction or personal protective equipment that 

in some situations may not be available or not practical in a conservation setting. 

 

The types of solvents available vary in purity and contents. Many solvents are identified and 

sold using a product name which follows the International Union of Pure and Applied 

Chemistry (IUPAC) nomenclature, or synonyms thereof. However, commercial or proprietary 

solvents are also available. These are often mixtures of two or more solvents. The use of a 

mixture can improve the physical or chemical qualities of a solvent, such as its stability or 

volatility [Marcus, 1990]. The use of a proprietary name allows the manufacturer to not 
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disclose the exact proportions or composition of the mixture, reducing the likelihood of other 

companies selling an exact equivalent. Four of the solvents used in this work are proprietary 

solvents; these are Han 8070, Exxsol DSP 80-110, Shellsol A and Solvesso A 150ND. The 

exact composition of these solvents is not known for copyright reasons. Exxsol DSP 80-110 

is a petroleum derived complex substance which is used for cleaning, and contains 

cyclohexane, heptane, octane n-hexane and iso-hexane [Exxsol, 2003]. Han 8070 is an 

aromatic hydrocarbon containing trimethylbenzene and naphthalene. It is used in the 

process of applying urushi [Exxsol, 2005]. Shellsol A and Solvesso A 150ND (ND is short for 

naphthalene depleted) are also aromatic hydrocarbons used to apply urushi. They are both 

99-100% aromatic, and have a similar density and boiling range [Exxsol, 2007, Shell, 2007]. 

Han 8070 was withdrawn by ExxonMobil during this work, and Solvesso A 150ND was 

chosen as an equivalent replacement [Rivers, 2011, Yamashita and Rivers, 2011b]. 

 

Many solvents are available in different grades. It is assumed that the analytical reagent 

grade was used for this work, which is the grade most likely to be found in research 

laboratories, as details of the manufacturer and exact grade used are unavailable. The grade 

refers to the purity of the solvent, including the water content and the percentages of 

impurities that are present. As the purpose of these solvents is to clean or dilute, the use of 

high purity grades is less important than if they were used in processes that would be more 

sensitive to the presence of impurities, such as high performance liquid chromatography. 

 

8.1.3 The Effect of Solvents on Urushi 

For the purposes of consolidation a number of solvents were considered based on the 

aforementioned properties to test how easily the urushi separates from the solvent before 

and after drying, as this will affect the final appearance of the object after conservation. 

Figure 61 shows a number of initial tests done with three different urushi types, dried at 

different humidity, using a range of solvents. These were done as part of the Gatame 

workshop on the 15-17th March 2010 held at the V&A. Three urushis were chosen based on 

different conservation needs: kijomi, kijiro and nashiji urushi (before it is blended with kijiro to 

produce a blend with the required properties needed for conservation). The nashiji and kijiro 

urushi require different relative humidity (RH) to cure so two different relative humidities (60 

and 70%) were chosen and compared. The solvents were selected based on a solvent test 

done by Shayne Rivers and Yoshihiko Yamashita whilst they were conserving the Mazarin 

chest [Yamashita and Rivers, 2011a]. These solvents have a range of different chemical 

structures and are suitable for use by conservators (they have a high WEL and workable 

nBuAc). 
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The different solvents show how much the results can vary even between the different urushi 

types. The two different turpentines (although both unsuitable) show significant differences, 

for example, see the separation of the urushi and solvents using the kijiro. The gum 

turpentine (row 2 column 1 in Figure 61) shows a more sunburst effect with a dense patch in 

the centre compared to the distilled turpentine (row 2 column 2 in Figure 61) which has the 

dense material on the outside edge with a streaky appearance in the centre. The diethyl 

benzene (fourth column, Figure 61) had black dots appearing and was not dry around the 

edges which would also make it unsuitable to use to dilute urushi. The Shellsol A did not 

separate and cured successfully, so was suitable to use from the selection. 

 

Different urushis are chosen depending on their drying properties, photostability and 

appearance. The nashiji urushi (row 3, Figure 61) is more affected by the solvent and 

separates more readily compared to the other urushi types. Nashiji urushi needs the higher 

(70%) RH. To cure kijomi and kijiro urushi, the RH didn’t have any little impact. A further test, 

as shown in Figure 62, was done to see how these results would vary if the urushi types 

(kijiro and kijomi) were blended together. These samples were cured at 70% RH. 

 

       

a)                                            b) 

Figure 61: Urushi samples a) different urushi samples dried at 60% RH and b) samples dried 

at 70% RH. Urushi used: kijome urushi (first row), kijiro urushi (second row) nashiji urushi 
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(third row). Solvents used: dried gum turpentine (first column), distilled turpentine (second 

column), Shellsol A (third column) and diethyl benzene (fourth column). (Photo courtesy of 

Carola Schueller/V&A Museum). 

 

   

a)                     b)                 c) 

Figure 62: The effect of different solvents on blends of kijomi (ki) and kijiro (suki) urushi a) 

1:1 blend, b) 1:4 blend and c) 1:8 blend. Solvents used: Shellsol A (left column), Han 8070 

(middle column) and diethyl benzene (right column). (Photos courtesy of Carola 

Schueller/V&A Museum). 

 

These results shows that the Shellsol A would give the most consistent results as the 

samples were cured when they came out of the humidifier and the urushi did not separate on 

the slides. Again the diethyl benzene has black debris appearing in the solution. The Han 

8070 was difficult to assess as the urushi slipped to the top of the slide and didn’t cure in 

time. The ratio of blends appears to make little difference to the consistency when dried 

although the 1 part kijiro to 4 parts kijomi and 1 part kijiro to 8 parts kijomi blends do appear 

more even than the 1:1 blend. The texture and consistency of the blends in Figure 62 appear 

smoother then the pure urushis in Figure 61, probably due to the combination of fast curing 

from the kijomi and the transparency from the kijiro. 

 

Although these solvents were tested, they only show the short term effects. Also the 

samples shown solo are uncured and unaged urushi rather than cured and aged urushi 

samples. The properties of urushi change as it cures and ages, as discussed in the Chapter 

on light degradation, and this will affect its reaction to solvents. The purpose of the following 

experiment was to test what would happen to aged (aged using a range of different 

methods) urushi when a small amount of solvent was swabbed across the samples, and 

what would happen after these samples were further aged both artificially and naturally. 
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8.2 Method 

Four different types of aged samples were used. The first was unaged urushi. The second 

had been naturally aged, and was part of a 19th century screen of which the composition of 

the sample is unknown. The final two had been artificially aged; one had been aged using a 

xenon arc lamp (Q-labs, Xe-1S) at 50°C black panel temperature and ambient humidity for 4 

weeks, and the second had been aged using a mercury tungsten lamp (Sylvania HSB BW 

500W 240V) for 12 weeks, at 39-45°C and around 8-18 %RH. Each sample measured 

approximately 2 mm x 2 mm and had a variety of layer structures. The unaged, mercury 

tungsten, and the xenon arc aged samples had the layer structure outlined in Appendix 1. 

The final layers of urushi used on these boards were Chinese roiro (usually kijiro mixed with 

a black pigment). The 19th century screen layer structure and urushi type was unknown. The 

wooden substrate was removed from all the samples to reduce the height and increase the 

stability whilst in the SEM. 

 

The samples were observed using an Hitachi S3400N SEM (Hitachi, Maidenhead) before 

the surface was swabbed using 0.2 ml of solvent three times. The samples were kept in a 

fume cupboard for two weeks before being observed again using the SEM. These stages 

were done in collaboration with Carolyn McSharry who describes them in her thesis from a 

chemical viewpoint [McSharry, 2009].  

 

To assess the effects of ageing after cleaning (swabbing) all the samples were subsequently 

aged using a mercury tungsten lamp at the V&A for 4 weeks, before being imaged using the 

SEM again. They were then left in a south facing window for a year and a half (516 days). 

This is termed ‘indoor sunlight exposure’ in the following sections. During this time they 

would have been exposed to indoor fluorescent strip lighting as well as natural sunlight at 

ambient humidity. They were then imaged once more.  

 

The full list of solvents used in this experiment are shown in Table 6. These solvents were 

chosen based on past and current conservation practises. Water cleaning of urushi objects 

was and still is common practice (as was cleaning with ethanol) but there has been limited 

research done into the effects of pH on the urushi [McSharry, 2009]. It has been reported 

that urushi becomes more acidic as it ages [Schellmann, 2003], hence an effect of the pH of 

the solvents may be apparent. It has also been reported that urushi is more susceptible to 

more polar solvents [McSharry, 2009]. Han 8070 was used during the Mazarin Chest project 

as a way of diluting the urushi during the gatame process. The other solvents were chosen 
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because they are readily available, are similar to solvents in use (such as xylene and Han 

8070), or have been used for conservation in the past for urushi and other varnishes. 

 

Table 6: List of solvents used in this experiment with classifications, evaporation rates, Kauri 

Butanol value and occupational exposure limit. 

Solvent Class 
nBuAc 

(=1) 

K-B 

value 

OEL ppm (8 

hours) 

Acetone Polar/Ketone 5.6 N/A 1000 

Exxsol DSP80-110 Dearomatised Aliphatic 3 36 299 

Ethanol Alcohol 1.4 325 1000 

Ethyl acetate Organic 6 30 200 

Han 8070 Alkene <1 N/A 17 

Hexane Alkane 8.3 30 20 

Water - pH 3 Aqueous 0.3 N/A N/A 

Water - pH 5.5 Aqueous 0.3 N/A N/A 

Water - pH 8 Aqueous 0.3 N/A N/A 

Xylene Aromatic 76 90 100 
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8.3 Results 

8.3.1 Introduction 

There are a number of images shown for each combination of solvent and aged surface 

condition. Each group of images shows the four different ageing regimes for each solvent at 

the different stages of the experiments. For each solvent discussed, the images will show 

the unaged first, the naturally aged, then the mercury tungsten aged, followed by the xenon 

arc aged samples. For the surface of each sample, the images are of the same region but 

not necessarily in the same orientation. 

 

A total of ten solvents (see Table 6) were used in this work. Each was used to swab the four 

types of surface and images were obtained at each of the four stages of the treatment. For 

brevity, a number of images that were taken for this experiment have been omitted where 

the findings are similar to those from other combinations of solvents and surfaces so as to 

not warrant their inclusion. However, examples will be given to illustrate and summarise all 

of the main findings.   

 

The results are divided into three sections. Firstly, the solvents which made little impact on 

the samples, secondly water, and finally the solvents that had notable effects on the 

surfaces. It is expected that the action of swabbing will remove loose debris from the 

surface, in addition to any interaction between the solvent and the surface. The last section 

of the results discusses the solvents which made some impact on the aged urushi, and 

hence are the least suitable for the use with urushi. These solvents were acetone and 

ethanol. In both cases, it was the sample that had been aged using the mercury tungsten 

lamp that showed the most damage compared to the other ageing regimes.  

 

8.3.2 Exxsol DSP 80-110, Hexane, Han 8070, Xylene and Ethyl Acetate 

The first set of solvents had no discernable effect on the sample after swabbing and did not 

affect the apparence of the samples after further ageing. For illustrative purposes the Exxsol 

DSP 80-110 is shown with all ageing types.  

 

Figure 63a shows the unaged sample. Before swabbing, as shown in Figure 63a), the 

surface shows a faint bobbling texture and loose debris scattered across the surface. The 

bobbling is similar to the texture produced by Kumanotani [Kumanotani, 1995] (see the 

literature review chapter) and is likely to be related to the chemical structure of urushi. After 



swabbing shown in b), much of the loose debris had been removed. After artificial ageing for 

4 weeks under the mercury tungsten lamp in c), nothi

which has become more apparent. After sunlight ageing shown in d), a few thin cracks have 

appeared but there are too few to form a network or pattern, and the bobbling texture is very 

clear and gives a very rough text

 

a)              

c)                     

Figure 63: Unaged urushi swabbed with 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

The naturally aged sample is shown in 

the surface of the urushi has large cracks similar to mud cracks. There a few pinholes and 

some debris across the surface. There is little difference between before swabbing shown in 

a) and after swabbing, shown in b

artificial ageing in c), no new cracks have appeared but the old cracks have widened. There 

appears to be no other degradation effect. After sunlight ageing shown in d) some of the 

cracks have widened, new hairline cracks have appeared on the surface and the texture 

appears smoother. 
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swabbing shown in b), much of the loose debris had been removed. After artificial ageing for 

4 weeks under the mercury tungsten lamp in c), nothing has changed except for the bobbling 

which has become more apparent. After sunlight ageing shown in d), a few thin cracks have 

appeared but there are too few to form a network or pattern, and the bobbling texture is very 

clear and gives a very rough texture to the surface of the sample. 

 

    b) 

 

               d) 

: Unaged urushi swabbed with Exxsol DSP 80-110 a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

The naturally aged sample is shown in Figure 64. Before swabbing shown in 

the surface of the urushi has large cracks similar to mud cracks. There a few pinholes and 

some debris across the surface. There is little difference between before swabbing shown in 

a) and after swabbing, shown in b), other than the removal of some loose debris. After 

artificial ageing in c), no new cracks have appeared but the old cracks have widened. There 

appears to be no other degradation effect. After sunlight ageing shown in d) some of the 

new hairline cracks have appeared on the surface and the texture 

swabbing shown in b), much of the loose debris had been removed. After artificial ageing for 

ng has changed except for the bobbling 

which has become more apparent. After sunlight ageing shown in d), a few thin cracks have 

appeared but there are too few to form a network or pattern, and the bobbling texture is very 

 

 

a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

. Before swabbing shown in Figure 64a), 

the surface of the urushi has large cracks similar to mud cracks. There a few pinholes and 

some debris across the surface. There is little difference between before swabbing shown in 

), other than the removal of some loose debris. After 

artificial ageing in c), no new cracks have appeared but the old cracks have widened. There 

appears to be no other degradation effect. After sunlight ageing shown in d) some of the 

new hairline cracks have appeared on the surface and the texture 



a)                       

c)                        

Figure 64: Naturally aged urushi swabbed with 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

sunlight exposure. 

 

The mercury tungsten aged sample is shown in 

Figure 65a), there are cracks on the surface which appear quite deep. The islands have a 

rectangular shape and there are some marks (like the white streak) and debris. On the 

surface there appears to be no change before 

than the removal of loose debris. After artificially ageing using the mercury tungsten lamp, 

the hairline cracks have widened. There are no further effects until after sunlight ageing, 

shown in d), where some of the cracks have widened further.
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                b) 

 

                d) 

aged urushi swabbed with Exxsol DSP 80-110 a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

The mercury tungsten aged sample is shown in Figure 65. Before swabbing, shown in 

a), there are cracks on the surface which appear quite deep. The islands have a 

rectangular shape and there are some marks (like the white streak) and debris. On the 

surface there appears to be no change before and after swabbing, shown in a) and b) other 

than the removal of loose debris. After artificially ageing using the mercury tungsten lamp, 

the hairline cracks have widened. There are no further effects until after sunlight ageing, 

the cracks have widened further. 

 

 

a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

. Before swabbing, shown in 

a), there are cracks on the surface which appear quite deep. The islands have a 

rectangular shape and there are some marks (like the white streak) and debris. On the 

and after swabbing, shown in a) and b) other 

than the removal of loose debris. After artificially ageing using the mercury tungsten lamp, 

the hairline cracks have widened. There are no further effects until after sunlight ageing, 



a)                        

c)               

Figure 65: Mercury tungsten aged urushi swabbed with Exxsol DSP 80

swabbing b) after swabbing c) after 4 w

months of indoor sunlight exposure.

  

The xenon arc sample is shown in 

with lots of bobbles, some pinholes and some d

difference before and after swabbing shown in a) and b). Both surfaces show a rough 

bobbled texture on the surface with some pinholes. However after artificial ageing shown in 

c), there are fine cracks over the su

there is a fine mosaic crack pattern over the surface of the sample and the old cracks seen 

in c) appear to have healed over and the new cracks have formed over these.

 

 

153 

 

                b) 

 

                          d) 

: Mercury tungsten aged urushi swabbed with Exxsol DSP 80

swabbing b) after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 

months of indoor sunlight exposure. 

The xenon arc sample is shown in Figure 66. Before swabbing, the surface is very coarse 

with lots of bobbles, some pinholes and some debris but there are no cracks. There is no 

difference before and after swabbing shown in a) and b). Both surfaces show a rough 

bobbled texture on the surface with some pinholes. However after artificial ageing shown in 

c), there are fine cracks over the surface of the sample. After sunlight ageing shown in d), 

there is a fine mosaic crack pattern over the surface of the sample and the old cracks seen 

in c) appear to have healed over and the new cracks have formed over these.

 

 

: Mercury tungsten aged urushi swabbed with Exxsol DSP 80-110 a) before 

eeks in the mercury tungsten lamp d) after 18 

. Before swabbing, the surface is very coarse 

ebris but there are no cracks. There is no 

difference before and after swabbing shown in a) and b). Both surfaces show a rough 

bobbled texture on the surface with some pinholes. However after artificial ageing shown in 

rface of the sample. After sunlight ageing shown in d), 

there is a fine mosaic crack pattern over the surface of the sample and the old cracks seen 

in c) appear to have healed over and the new cracks have formed over these. 



a)                      

c)                     

Figure 66: Xenon arc aged urushi swabbed with 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

sunlight exposure. 

 

There are no visible effects using the Exxsol solvent on the surface on the unaged or on the 

materials aged under different

ethyl acetate, hexane and xylene samples. No change is observed until the samples have 

been aged artificially where the hairline cracks all widened. After sunlight ageing

have widened, and increased in density but none of these effects can be attributed directly to 

the solvent. 

 

8.3.3 Water pH 3 

The unaged sample shown in 

swabbing, as shown in Figure 

bobbling and some debris scattered across the surface, but no hairline cracks. After 

swabbing shown in b) there are no changes other than the appearance of pinho

the main crack has grown wider. No debris had been removed. After sunlight ageing shown 
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               b) 

 

               d) 

aged urushi swabbed with Exxsol DSP 80-110 a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

There are no visible effects using the Exxsol solvent on the surface on the unaged or on the 

materials aged under different conditions. The same is true for the other solvents, Han 8070, 

ethyl acetate, hexane and xylene samples. No change is observed until the samples have 

been aged artificially where the hairline cracks all widened. After sunlight ageing

ned, and increased in density but none of these effects can be attributed directly to 

The unaged sample shown in Figure 67  was swabbed using water at pH 3. Before 

Figure 67a), the surface is featureless with some indication of 

bobbling and some debris scattered across the surface, but no hairline cracks. After 

swabbing shown in b) there are no changes other than the appearance of pinho

the main crack has grown wider. No debris had been removed. After sunlight ageing shown 

 

 

a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

There are no visible effects using the Exxsol solvent on the surface on the unaged or on the 

conditions. The same is true for the other solvents, Han 8070, 

ethyl acetate, hexane and xylene samples. No change is observed until the samples have 

been aged artificially where the hairline cracks all widened. After sunlight ageing, the cracks 

ned, and increased in density but none of these effects can be attributed directly to 

was swabbed using water at pH 3. Before 

a), the surface is featureless with some indication of 

bobbling and some debris scattered across the surface, but no hairline cracks. After 

swabbing shown in b) there are no changes other than the appearance of pinholes although 

the main crack has grown wider. No debris had been removed. After sunlight ageing shown 



in c), thin cracks had appeared and the bobbling texture of the surface had become slightly 

rougher. The pinholes all have a white ring around them and are

 

a)                       

c)              

Figure 67: Unaged urushi swabbed with water 

c) after 4 weeks of mercury tungsten lamp exposure and 18 months 

exposure. 

 

The naturally aged samples are shown in 

there are large cracks forming polygonal islands and some 

There are few differences between before and after swabbing, images a) and b) with pH 3 

water for the naturally aged sample other than a couple of pinholes and some of the cracks 

appear wider. After artificially ageing using th

many of the fine cracks seen in b) have widened. The main differences to occur is after 

being sunlight aged, shown in d), is that the deep cracks that appear from the start, have 

grown even wider. The surface of 
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in c), thin cracks had appeared and the bobbling texture of the surface had become slightly 

rougher. The pinholes all have a white ring around them and are larger than in b).

 

               b) 

  

 

: Unaged urushi swabbed with water - pH 3 a) before swabbing b) after swabbing 

c) after 4 weeks of mercury tungsten lamp exposure and 18 months 

The naturally aged samples are shown in Figure 68. Before swabbing shown in 

there are large cracks forming polygonal islands and some pinholes across the surface. 

There are few differences between before and after swabbing, images a) and b) with pH 3 

water for the naturally aged sample other than a couple of pinholes and some of the cracks 

appear wider. After artificially ageing using the mercury tungsten lamp, shown in image c), 

many of the fine cracks seen in b) have widened. The main differences to occur is after 

being sunlight aged, shown in d), is that the deep cracks that appear from the start, have 

grown even wider. The surface of the islands also appeared smoother with fewer craters.

in c), thin cracks had appeared and the bobbling texture of the surface had become slightly 

larger than in b). 

 

pH 3 a) before swabbing b) after swabbing 

c) after 4 weeks of mercury tungsten lamp exposure and 18 months of indoor sunlight 

. Before swabbing shown in Figure 68a), 

pinholes across the surface. 

There are few differences between before and after swabbing, images a) and b) with pH 3 

water for the naturally aged sample other than a couple of pinholes and some of the cracks 

e mercury tungsten lamp, shown in image c), 

many of the fine cracks seen in b) have widened. The main differences to occur is after 

being sunlight aged, shown in d), is that the deep cracks that appear from the start, have 

the islands also appeared smoother with fewer craters. 



a)                                            

c)                    

Figure 68: Naturally aged urushi swabbed with water 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

The mercury tungsten aged sample before swabbing, shown in 

cracks and rectangular island with debris across the surfaces. 

surface after being swabbed in with lots of new holes and craters and many of the hairline 

cracks have widened. Some of the wider cracks ap

cracks forming on top of them. However, after artificial ageing in c), many of the craters 

disappear leaving only the largest holes. The formation of new cracks can be seen around 

some of these holes. The cracks have wi

cracks in the centre of the islands. After further ageing in d), some of the old cracks appear 

to be shallower but wider implying that they are not actually deeper but deeper parts of the 

cracks are now visible. New cracks are evident and the surface still has a rough surface from 

the holes scattered across the surface.
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                b) 

 

                d) 

aged urushi swabbed with water - pH 3 a) before s

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

The mercury tungsten aged sample before swabbing, shown in Figure 

tangular island with debris across the surfaces. Figure 69b), shows a cratered 

surface after being swabbed in with lots of new holes and craters and many of the hairline 

cracks have widened. Some of the wider cracks appear to have been filled in with new 

cracks forming on top of them. However, after artificial ageing in c), many of the craters 

disappear leaving only the largest holes. The formation of new cracks can be seen around 

some of these holes. The cracks have widened further and many of these form discrete 

cracks in the centre of the islands. After further ageing in d), some of the old cracks appear 

to be shallower but wider implying that they are not actually deeper but deeper parts of the 

. New cracks are evident and the surface still has a rough surface from 

the holes scattered across the surface. 

 

 

pH 3 a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

Figure 69a), shows wide 

b), shows a cratered 

surface after being swabbed in with lots of new holes and craters and many of the hairline 

pear to have been filled in with new 

cracks forming on top of them. However, after artificial ageing in c), many of the craters 

disappear leaving only the largest holes. The formation of new cracks can be seen around 

dened further and many of these form discrete 

cracks in the centre of the islands. After further ageing in d), some of the old cracks appear 

to be shallower but wider implying that they are not actually deeper but deeper parts of the 

. New cracks are evident and the surface still has a rough surface from 



a)                

c)                   

Figure 69: Mercury tungsten 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

sunlight exposure. 

 

The xenon arc samples in Figure 

tungsten. Before swabbing show in 

swabbing in b), pinholes have appeared all over the sample and the surface appears 

smoother with some of the debris removed. After artificial ageing in c) the mercury tungsten, 

small fine cracks appear all over the surface. After sunlight ageing in d) many of these 

cracks filled in with new cracks forming all over the surface and these cracks ar

wider than before. Large holes are also visible.
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                          b) 

 

               d) 

 aged urushi swabbed with water - pH 3 a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

Figure 70 do not have as dramatic differences as the mercury 

tungsten. Before swabbing show in Figure 70a), they have a rough bobbled texture. After 

swabbing in b), pinholes have appeared all over the sample and the surface appears 

with some of the debris removed. After artificial ageing in c) the mercury tungsten, 

small fine cracks appear all over the surface. After sunlight ageing in d) many of these 

cracks filled in with new cracks forming all over the surface and these cracks ar

wider than before. Large holes are also visible. 

 

 

pH 3 a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

as dramatic differences as the mercury 

a), they have a rough bobbled texture. After 

swabbing in b), pinholes have appeared all over the sample and the surface appears 

with some of the debris removed. After artificial ageing in c) the mercury tungsten, 

small fine cracks appear all over the surface. After sunlight ageing in d) many of these 

cracks filled in with new cracks forming all over the surface and these cracks are longer and 



a)                       

c)               

Figure 70: Xenon arc aged urushi swabbed with water 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

8.3.4 Water pH 8 

Figure 71 shows the unaged sample 

as shown in Figure 71a), the surface is featureless apart from some debris. After swabbing 

with water pH 8 in b), pinholes have appeared on the sample and the bobb

increased. Little changes after artificial ageing shown in c) although there does appear to be 

some very faint and fine cracks appearing randomly across the surface. After sunlight ageing 

in d), fine cracks have appeared and the surface has a roug

pronounced, but less pinholes are visible than after the sample was swabbed.
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                   b) 

 

                          d) 

aged urushi swabbed with water - pH 3 a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

shows the unaged sample that were treated using water at pH 8. Before swabbing 

a), the surface is featureless apart from some debris. After swabbing 

with water pH 8 in b), pinholes have appeared on the sample and the bobb

increased. Little changes after artificial ageing shown in c) although there does appear to be 

some very faint and fine cracks appearing randomly across the surface. After sunlight ageing 

in d), fine cracks have appeared and the surface has a rougher texture with bobbling more 

pronounced, but less pinholes are visible than after the sample was swabbed.

 

 

pH 3 a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

that were treated using water at pH 8. Before swabbing 

a), the surface is featureless apart from some debris. After swabbing 

with water pH 8 in b), pinholes have appeared on the sample and the bobbling has 

increased. Little changes after artificial ageing shown in c) although there does appear to be 

some very faint and fine cracks appearing randomly across the surface. After sunlight ageing 

her texture with bobbling more 

pronounced, but less pinholes are visible than after the sample was swabbed. 



a)                                             

c)                      

Figure 71: Unaged urushi swabbed with water 

c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

Damage is not as extensive on the naturally aged samples shown in 

scratches evident before swabbing, shown in image a), had nearly disappeared as had 

some of the pinholes by swabbing with water pH 8, shown in b). The surface also appears 

less rough. This implies that the surface has been ero

after artificial ageing as shown in c) but the surface texture is the same. After sunlight ageing 

shown in d) the cracks widened further compared to c) and a few hairline cracks have 

appeared. The surface appears to be s

been eroded further. 
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                    b) 

 

                 d) 

d urushi swabbed with water - pH 8 a) before swabbing b) after swabbing 

c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

Damage is not as extensive on the naturally aged samples shown in 

scratches evident before swabbing, shown in image a), had nearly disappeared as had 

some of the pinholes by swabbing with water pH 8, shown in b). The surface also appears 

less rough. This implies that the surface has been eroded. The cracks appear to get wider 

after artificial ageing as shown in c) but the surface texture is the same. After sunlight ageing 

shown in d) the cracks widened further compared to c) and a few hairline cracks have 

appeared. The surface appears to be slightly smoother than c) implying that the surface has 

 

 

pH 8 a) before swabbing b) after swabbing 

c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

Damage is not as extensive on the naturally aged samples shown in Figure 72. The 

scratches evident before swabbing, shown in image a), had nearly disappeared as had 

some of the pinholes by swabbing with water pH 8, shown in b). The surface also appears 

ded. The cracks appear to get wider 

after artificial ageing as shown in c) but the surface texture is the same. After sunlight ageing 

shown in d) the cracks widened further compared to c) and a few hairline cracks have 

lightly smoother than c) implying that the surface has 



a)                                       

c)                      

Figure 72: Naturally aged urushi swabbed with water 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

Figure 73 shows the mercury tungsten aged sample swabbed using the highest pH wat

this experiment, which is pH 8. Before swabbing, shown in a), there are wide cracks with 

some hairline cracks appearing on the surfaces of the islands. The higher pH water, has 

caused extensive cratering to appear on the surface on the urushi after s

b) which remains even after the sample has been sunlight aged. The treatment also causes 

some of the fine cracks to widen. After ageing in c) and d), the cracks have widened again 

but no more new cracks have appeared. 
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                          b) 

 

                  d) 

aged urushi swabbed with water - pH 8 a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

shows the mercury tungsten aged sample swabbed using the highest pH wat

this experiment, which is pH 8. Before swabbing, shown in a), there are wide cracks with 

some hairline cracks appearing on the surfaces of the islands. The higher pH water, has 

caused extensive cratering to appear on the surface on the urushi after s

b) which remains even after the sample has been sunlight aged. The treatment also causes 

some of the fine cracks to widen. After ageing in c) and d), the cracks have widened again 

but no more new cracks have appeared.  

 

 

pH 8 a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

shows the mercury tungsten aged sample swabbed using the highest pH water in 

this experiment, which is pH 8. Before swabbing, shown in a), there are wide cracks with 

some hairline cracks appearing on the surfaces of the islands. The higher pH water, has 

caused extensive cratering to appear on the surface on the urushi after swabbing, shown in 

b) which remains even after the sample has been sunlight aged. The treatment also causes 

some of the fine cracks to widen. After ageing in c) and d), the cracks have widened again 



a)                

c)                       

Figure 73: Mercury tungsten 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 mont

sunlight exposure. 

 

The xenon arc aged sample swabbed by water pH 8 is shown in 

shown in image b), pinholes have appeared all over the sample. After artificially ageing in c), 

fine cracks started to appear over the surface of the sample. After sunlight ageing in d) these 

cracks look wider and new hairline cracks have 

still present but fewer in number although larger than after being swabbed.
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                b) 

 

               d) 

 aged urushi swabbed with water - pH 8 a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 mont

The xenon arc aged sample swabbed by water pH 8 is shown in Figure 

shown in image b), pinholes have appeared all over the sample. After artificially ageing in c), 

fine cracks started to appear over the surface of the sample. After sunlight ageing in d) these 

cracks look wider and new hairline cracks have appeared over the sample. The pinholes are 

still present but fewer in number although larger than after being swabbed.

 

 

pH 8 a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

Figure 74. After swabbing 

shown in image b), pinholes have appeared all over the sample. After artificially ageing in c), 

fine cracks started to appear over the surface of the sample. After sunlight ageing in d) these 

appeared over the sample. The pinholes are 

still present but fewer in number although larger than after being swabbed. 



a)                     

c)                      

Figure 74: Xenon arc aged urushi

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

8.3.5 Water pH 5.5 

For the midrange water, water at pH 5.5, only the mercury tungsten aged sample is sh

for as the results were the similar to that of water pH 8. Before swabbing, as shown in image 

Figure 75a), the deep cracks look like they have been filled in and new cracks are forming 

across the sample similar to the acetone sample. The effects after swabbing were the same 

as the pH 8 for all samples although the crater effect was not as severe as seen by the 

mercury tungsten lamp aged sample after swabbing shown in b). After artificial ageing 

shown in c), some of the finer cracks have enlarged. After sunlight ageing, the surface 

texture appears to be smoother and new cracks have appeared.
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                 b) 

 

                d) 

aged urushi swabbed with water - pH 8 a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

For the midrange water, water at pH 5.5, only the mercury tungsten aged sample is sh

for as the results were the similar to that of water pH 8. Before swabbing, as shown in image 

a), the deep cracks look like they have been filled in and new cracks are forming 

the acetone sample. The effects after swabbing were the same 

as the pH 8 for all samples although the crater effect was not as severe as seen by the 

mercury tungsten lamp aged sample after swabbing shown in b). After artificial ageing 

the finer cracks have enlarged. After sunlight ageing, the surface 

texture appears to be smoother and new cracks have appeared. 

 

 

pH 8 a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

For the midrange water, water at pH 5.5, only the mercury tungsten aged sample is shown 

for as the results were the similar to that of water pH 8. Before swabbing, as shown in image 

a), the deep cracks look like they have been filled in and new cracks are forming 

the acetone sample. The effects after swabbing were the same 

as the pH 8 for all samples although the crater effect was not as severe as seen by the 

mercury tungsten lamp aged sample after swabbing shown in b). After artificial ageing 

the finer cracks have enlarged. After sunlight ageing, the surface 



a)                       

c)                       

Figure 75: Mercury tungsten aged urushi swabbed with water 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

sunlight exposure. 

 

8.3.6 Acetone 

Figure 76 shows the unaged sa

Figure 76a), the surface was smooth with faint bobbling. After the sample was swabbed, 

shown in b, the bobbling increased. After artificial ageing, shown in c), th

rougher but no cracks appeared after swabbing but without an image at higher 

magnification, it is impossible to see what is causing this, i.e. whether it was pinholes, 

etching or another process. After sunlight ageing, shown in d), the sur

was rougher in appearance with a sharp contrast on the bobbles. The crack pattern appears 

to have a brick-like pattern but this is irregular. The cracks produced and shown in d) are 

very fine in comparison to the naturally aged cracks 
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               b) 

 

                 d) 

aged urushi swabbed with water - pH 5.5 a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

shows the unaged sample at the different stages. Before swabbing shown in 

a), the surface was smooth with faint bobbling. After the sample was swabbed, 

shown in b, the bobbling increased. After artificial ageing, shown in c), th

rougher but no cracks appeared after swabbing but without an image at higher 

magnification, it is impossible to see what is causing this, i.e. whether it was pinholes, 

etching or another process. After sunlight ageing, shown in d), the surface was cracked and 

was rougher in appearance with a sharp contrast on the bobbles. The crack pattern appears 

like pattern but this is irregular. The cracks produced and shown in d) are 

very fine in comparison to the naturally aged cracks such as on the 19th century screen.

 

 

pH 5.5 a) before swabbing b) 

after swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor 

mple at the different stages. Before swabbing shown in 

a), the surface was smooth with faint bobbling. After the sample was swabbed, 

shown in b, the bobbling increased. After artificial ageing, shown in c), the surface became 

rougher but no cracks appeared after swabbing but without an image at higher 

magnification, it is impossible to see what is causing this, i.e. whether it was pinholes, 

face was cracked and 

was rougher in appearance with a sharp contrast on the bobbles. The crack pattern appears 

like pattern but this is irregular. The cracks produced and shown in d) are 

century screen. 



a)                                              

c)               

Figure 76: Unaged urushi swabbed with acetone a) before swabbing b) after swabbing c) 

after 4 weeks exposed to the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

Figure 77 shows the naturally aged samples at the different stages. Before ageing as shown 

in Figure 77a), the polygonal cracks and pinholes are visible. After swabbing, shown in b), 

the surface does not appear to be as smooth as before swabbing and some of the hairline 

cracks are more defined. After artificial a

compared with before ageing. The naturally aged sample does not show any new cracks 

until it has been sunlight aged, shown in d). The old cracks have widened further and new 

hairline cracks have appeared. The s

aged.  
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               b) 

 

                          d) 

: Unaged urushi swabbed with acetone a) before swabbing b) after swabbing c) 

after 4 weeks exposed to the mercury tungsten lamp d) after 18 months of indoor sunlight 

shows the naturally aged samples at the different stages. Before ageing as shown 

a), the polygonal cracks and pinholes are visible. After swabbing, shown in b), 

the surface does not appear to be as smooth as before swabbing and some of the hairline 

cracks are more defined. After artificial ageing, shown in c), the cracks are wider then 

compared with before ageing. The naturally aged sample does not show any new cracks 

until it has been sunlight aged, shown in d). The old cracks have widened further and new 

hairline cracks have appeared. The surface appears smoother compared to before it was 

  

 

: Unaged urushi swabbed with acetone a) before swabbing b) after swabbing c) 

after 4 weeks exposed to the mercury tungsten lamp d) after 18 months of indoor sunlight 

shows the naturally aged samples at the different stages. Before ageing as shown 

a), the polygonal cracks and pinholes are visible. After swabbing, shown in b), 

the surface does not appear to be as smooth as before swabbing and some of the hairline 

geing, shown in c), the cracks are wider then 

compared with before ageing. The naturally aged sample does not show any new cracks 

until it has been sunlight aged, shown in d). The old cracks have widened further and new 

urface appears smoother compared to before it was 



a)                                       

c)                                             

Figure 77: Naturally aged urushi swabbed wi

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

Figure 78 shows the mercury tungsten aged sample that was swabbed using ace

Before swabbing shown in Figure 

clearly visible. There are a few hairline cracks on the surface. After swabbing and drying 

shown in image b), new cracks f

large holes appearing on the surface. The differences between the old cracks and the new 

ones were more pronounced. The old cracks looked like they had been filled in or the 

surface had been eroded away although as some of the debris could still be seen on the 

surface after swabbing, it is likely that eroded material had filled the old cracks. After artificial 

aging shown in c), these large holes were no longer visible and the surface texture was 

similar to that of the unaged and naturally aged after swabbing. The cracks that had formed 

in b), had grown wider in c). After sunlight ageing shown in d), the surface texture had 

become smoother again and the new cracks had increased in width with few new cr

forming. 
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                                      b) 

 

                d) 

: Naturally aged urushi swabbed with acetone a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

shows the mercury tungsten aged sample that was swabbed using ace

Figure 78a), the surface has an irregular crack pattern which is 

clearly visible. There are a few hairline cracks on the surface. After swabbing and drying 

shown in image b), new cracks formed and the surface took on a cratered appearance with 

large holes appearing on the surface. The differences between the old cracks and the new 

ones were more pronounced. The old cracks looked like they had been filled in or the 

way although as some of the debris could still be seen on the 

surface after swabbing, it is likely that eroded material had filled the old cracks. After artificial 

aging shown in c), these large holes were no longer visible and the surface texture was 

lar to that of the unaged and naturally aged after swabbing. The cracks that had formed 

in b), had grown wider in c). After sunlight ageing shown in d), the surface texture had 

become smoother again and the new cracks had increased in width with few new cr

  

 

th acetone a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

shows the mercury tungsten aged sample that was swabbed using acetone. 

a), the surface has an irregular crack pattern which is 

clearly visible. There are a few hairline cracks on the surface. After swabbing and drying 

ormed and the surface took on a cratered appearance with 

large holes appearing on the surface. The differences between the old cracks and the new 

ones were more pronounced. The old cracks looked like they had been filled in or the 

way although as some of the debris could still be seen on the 

surface after swabbing, it is likely that eroded material had filled the old cracks. After artificial 

aging shown in c), these large holes were no longer visible and the surface texture was 

lar to that of the unaged and naturally aged after swabbing. The cracks that had formed 

in b), had grown wider in c). After sunlight ageing shown in d), the surface texture had 

become smoother again and the new cracks had increased in width with few new cracks 



a)                      

c)                     

Figure 78: Mercury tungsten aged urushi swabbed with acetone a) before swabbing b) after 

swabbing c) after 4 weeks under the mercury 

sunlight exposure. 

 

The xenon arc aged samples shown in 

a), the surface is very bobbled and rough but there is only the one 

After swabbing, in image b), there are areas of the surface that have a different texture to the 

rest of the surface, taking on a thick powdery appearance rather than a bobbled appearance. 

These areas have a smoother texture but it a

areas. After being artificially aged as seen in c), these areas show some cracking. After 

sunlight ageing the whole surface has cracks in an irregular pattern.
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               b) 

 

                d) 

: Mercury tungsten aged urushi swabbed with acetone a) before swabbing b) after 

swabbing c) after 4 weeks under the mercury tungsten lamp d) after 18 months of indoor 

The xenon arc aged samples shown in Figure 79 show that the surface before swabbing in 

a), the surface is very bobbled and rough but there is only the one area that has cracked. 

After swabbing, in image b), there are areas of the surface that have a different texture to the 

rest of the surface, taking on a thick powdery appearance rather than a bobbled appearance. 

These areas have a smoother texture but it appears that debris has been deposited in these 

areas. After being artificially aged as seen in c), these areas show some cracking. After 

sunlight ageing the whole surface has cracks in an irregular pattern. 

  

 

: Mercury tungsten aged urushi swabbed with acetone a) before swabbing b) after 

tungsten lamp d) after 18 months of indoor 

show that the surface before swabbing in 

area that has cracked. 

After swabbing, in image b), there are areas of the surface that have a different texture to the 

rest of the surface, taking on a thick powdery appearance rather than a bobbled appearance. 

ppears that debris has been deposited in these 

areas. After being artificially aged as seen in c), these areas show some cracking. After 



a)                    

c)                         

Figure 79: Xenon arc aged urushi swabbed with acetone a) before swabbing b)after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

The surface that was most affected by the solvent was the mercury tungsten where the 

cracks appeared to be reduced, either because the top surface has been etched making the 

cracks appear shallower or the surface has been dissolved and redeposited. The unaged 

and the naturally aged were the least affected by the solvent.

 

8.3.7 Ethanol 

For the unaged samples shown in 

similar to those caused by acetone until after the artificial ageing s

swabbing shown in a) the surface is featureless with faint bobbling. When the sample has 

been swabbed shown in b), the two halves of the surface have slightly different textures. The 

surface on the top half appears to be slightly smoothe

ageing, shown in c), using the mercury tungsten lamp has not changed the surface although 

this may be due to the low resolution of the image. After sunlight ageing shown in d), the 

image shows a rougher texture with
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                b) 

 

                d) 

: Xenon arc aged urushi swabbed with acetone a) before swabbing b)after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

t was most affected by the solvent was the mercury tungsten where the 

cracks appeared to be reduced, either because the top surface has been etched making the 

cracks appear shallower or the surface has been dissolved and redeposited. The unaged 

urally aged were the least affected by the solvent. 

For the unaged samples shown in Figure 80, the changes due to the ethanol swabbing are 

similar to those caused by acetone until after the artificial ageing shown in d). Before 

swabbing shown in a) the surface is featureless with faint bobbling. When the sample has 

been swabbed shown in b), the two halves of the surface have slightly different textures. The 

surface on the top half appears to be slightly smoother then the bottom half. After artificial 

ageing, shown in c), using the mercury tungsten lamp has not changed the surface although 

this may be due to the low resolution of the image. After sunlight ageing shown in d), the 

image shows a rougher texture with new cracks and some pinholes appearing. Also on the 

  

 

: Xenon arc aged urushi swabbed with acetone a) before swabbing b)after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

t was most affected by the solvent was the mercury tungsten where the 

cracks appeared to be reduced, either because the top surface has been etched making the 

cracks appear shallower or the surface has been dissolved and redeposited. The unaged 

, the changes due to the ethanol swabbing are 

hown in d). Before 

swabbing shown in a) the surface is featureless with faint bobbling. When the sample has 

been swabbed shown in b), the two halves of the surface have slightly different textures. The 

r then the bottom half. After artificial 

ageing, shown in c), using the mercury tungsten lamp has not changed the surface although 

this may be due to the low resolution of the image. After sunlight ageing shown in d), the 

new cracks and some pinholes appearing. Also on the 



surface appear to be numerous round particles which appear in the unswabbed image as 

well but are less noticeable. 

 

a)                     

c)                     

Figure 80: Unaged urushi swabbed with ethanol a) before swabbing b) after swabbing c) 

after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight exposure.

 

There are also differences between the naturally aged sample b

shown in Figure 81. Before swabbing shown in a), the surface has deep cracks and 

polygonal islands with some scratches and fine cracks. After swabbing, the ethanol appears 

to have removed some of the surface as many of the fine hairline cracks and pinholes seen 

in image a) have gone in image b) and no new cracks have formed. The surface also 

appears smoother and the cracks are wider. After 4 weeks of artificial ageing, shown in c), 

the existing cracks have widened and the surface has become rougher. After sunlight ageing 

shown in d), new hairline cracks have appeared. It is difficult to say if these new cracks have 

appeared where the old hairline cracks were in image a). If the hairline cracks

then the surface was etched but if they have reappeared, it would suggest that the surface is 

being dissolved and redeposited, possibly going into some of the larger cracks. The existing 

cracks have widened further and the surface appears smooth
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surface appear to be numerous round particles which appear in the unswabbed image as 

 

                b) 

 

               d) 

: Unaged urushi swabbed with ethanol a) before swabbing b) after swabbing c) 

after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight exposure.

There are also differences between the naturally aged sample before and after swabbing as 

. Before swabbing shown in a), the surface has deep cracks and 

polygonal islands with some scratches and fine cracks. After swabbing, the ethanol appears 

me of the surface as many of the fine hairline cracks and pinholes seen 

in image a) have gone in image b) and no new cracks have formed. The surface also 

appears smoother and the cracks are wider. After 4 weeks of artificial ageing, shown in c), 

ng cracks have widened and the surface has become rougher. After sunlight ageing 

shown in d), new hairline cracks have appeared. It is difficult to say if these new cracks have 

appeared where the old hairline cracks were in image a). If the hairline cracks

then the surface was etched but if they have reappeared, it would suggest that the surface is 

being dissolved and redeposited, possibly going into some of the larger cracks. The existing 

cracks have widened further and the surface appears smooth again. 

surface appear to be numerous round particles which appear in the unswabbed image as 

 

 

: Unaged urushi swabbed with ethanol a) before swabbing b) after swabbing c) 

after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight exposure. 

efore and after swabbing as 

. Before swabbing shown in a), the surface has deep cracks and 

polygonal islands with some scratches and fine cracks. After swabbing, the ethanol appears 

me of the surface as many of the fine hairline cracks and pinholes seen 

in image a) have gone in image b) and no new cracks have formed. The surface also 

appears smoother and the cracks are wider. After 4 weeks of artificial ageing, shown in c), 

ng cracks have widened and the surface has become rougher. After sunlight ageing 

shown in d), new hairline cracks have appeared. It is difficult to say if these new cracks have 

appeared where the old hairline cracks were in image a). If the hairline cracks have gone 

then the surface was etched but if they have reappeared, it would suggest that the surface is 

being dissolved and redeposited, possibly going into some of the larger cracks. The existing 



a)                      

c)                        

Figure 81: Naturally aged urushi swabbed with ethanol a) before swabbing b) after swabbing 

c) after 4 weeks in the mercury tungsten lamp d) after

exposure. 

 

A similar result to the acetone samples was obtained using ethanol with the mercury 

tungsten aged samples, shown in 

and rectangular islands. After swabbing shown in b) these cracks appear to have filled in 

with new cracks forming in different places to the old cracks. There are also large droplet

darks areas after the sample has been swabbed which did not occur with the 

samples. These dark drops can be seen in a band at lower magnification, by looking at the 

larger area of the sample shown in 

under the mercury tungsten l

circle) has decreased in size and density, it would suggest that those cracks created by the 

mercury tungsten lamp were not very deep and surface has been etched. The cracks also 

widened after artificial ageing. There appears to be little further damage after the periods of 

sunlight ageing, shown in e) other than the cracks widening but the positions of old cracks 

seen in a) are still visible although these are fainter than before. The surface of 

also appears to be smoother. 
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               b) 

 

                 d) 

urushi swabbed with ethanol a) before swabbing b) after swabbing 

c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

A similar result to the acetone samples was obtained using ethanol with the mercury 

tungsten aged samples, shown in Figure 82. Before swabbing the surface has wide cracks 

ctangular islands. After swabbing shown in b) these cracks appear to have filled in 

with new cracks forming in different places to the old cracks. There are also large droplet

darks areas after the sample has been swabbed which did not occur with the 

samples. These dark drops can be seen in a band at lower magnification, by looking at the 

larger area of the sample shown in Figure 82c). These dark areas disappear after the ageing 

under the mercury tungsten lamp for 4 weeks as shown in d). As the particle of dirt (red 

circle) has decreased in size and density, it would suggest that those cracks created by the 

mercury tungsten lamp were not very deep and surface has been etched. The cracks also 

tificial ageing. There appears to be little further damage after the periods of 

sunlight ageing, shown in e) other than the cracks widening but the positions of old cracks 

seen in a) are still visible although these are fainter than before. The surface of 

 

 

 

urushi swabbed with ethanol a) before swabbing b) after swabbing 

18 months of indoor sunlight 

A similar result to the acetone samples was obtained using ethanol with the mercury 

. Before swabbing the surface has wide cracks 

ctangular islands. After swabbing shown in b) these cracks appear to have filled in 

with new cracks forming in different places to the old cracks. There are also large droplet-like 

darks areas after the sample has been swabbed which did not occur with the acetone 

samples. These dark drops can be seen in a band at lower magnification, by looking at the 

c). These dark areas disappear after the ageing 

amp for 4 weeks as shown in d). As the particle of dirt (red 

circle) has decreased in size and density, it would suggest that those cracks created by the 

mercury tungsten lamp were not very deep and surface has been etched. The cracks also 

tificial ageing. There appears to be little further damage after the periods of 

sunlight ageing, shown in e) other than the cracks widening but the positions of old cracks 

seen in a) are still visible although these are fainter than before. The surface of the islands 



a)               

c)               

e) 

Figure 82: Mercury tungsten 

swabbing c) after swabbing at low magnification d) after 4 weeks in the mercury tungsten 

lamp e) after 18 months of indoor sunlight exposure. 

 

There are some subtle differences with the Xenon a

before and after swabbing and ageing. After swabbing shown in image b), the debris band 

visible before swabbing, as an arrow shape has narrowed. The rest of the surface has a 

bobbled appearance. After artificial ageing, shown in c), there are some very small hairline 

cracks. After sunlight ageing in d) the surface appears to have a cratered look rather then 

the uniform rough bobbled surface that appeared before the sample is sunlight a
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                          b) 

 

                          d) 

 

 aged urushi swabbed with ethanol a) before swabbing b) after 

swabbing c) after swabbing at low magnification d) after 4 weeks in the mercury tungsten 

lamp e) after 18 months of indoor sunlight exposure.  

There are some subtle differences with the Xenon arc aged samples shown in 

before and after swabbing and ageing. After swabbing shown in image b), the debris band 

visible before swabbing, as an arrow shape has narrowed. The rest of the surface has a 

appearance. After artificial ageing, shown in c), there are some very small hairline 

cracks. After sunlight ageing in d) the surface appears to have a cratered look rather then 

the uniform rough bobbled surface that appeared before the sample is sunlight a

 

 

aged urushi swabbed with ethanol a) before swabbing b) after 

swabbing c) after swabbing at low magnification d) after 4 weeks in the mercury tungsten 

rc aged samples shown in Figure 83 

before and after swabbing and ageing. After swabbing shown in image b), the debris band 

visible before swabbing, as an arrow shape has narrowed. The rest of the surface has a 

appearance. After artificial ageing, shown in c), there are some very small hairline 

cracks. After sunlight ageing in d) the surface appears to have a cratered look rather then 

the uniform rough bobbled surface that appeared before the sample is sunlight aged. An 



irregular brickwork pattern of narrow cracks has formed on the surface especially around the 

pinholes.  

 

a)                     

c)               

Figure 83: Xenon arc aged urushi swabbed with ethanol a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

exposure. 

 

8.4 Discussion 

The results show two significant findings. Firstly, samples artificially aged u

tungsten lamps are more vulnerable to chemical attack than naturally or xenon arc aged 

samples. As discussed in the previous chapters, mercury tungsten is not a suitable ageing 

method as it will radiate wavelengths below 250 nm (which is usual

atmosphere) and its spectrum differs greatly from that of natural sunlight 

However, it might be used to see how extreme the effects of a solvent are or show how 

potentially sensitive the age of the urushi is to the solvent. Furthermore the humidity and 

temperature were not controlled during ageing, mak

was produced difficult. The samples kept in the xenon arc had not had as much exposure (4 

weeks), compared to the mercury tungsten samples (12 weeks) and had not cracked. It is 
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               b) 

 

                           d) 

aged urushi swabbed with ethanol a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

The results show two significant findings. Firstly, samples artificially aged u

tungsten lamps are more vulnerable to chemical attack than naturally or xenon arc aged 

samples. As discussed in the previous chapters, mercury tungsten is not a suitable ageing 

method as it will radiate wavelengths below 250 nm (which is usually filtered out by the 

atmosphere) and its spectrum differs greatly from that of natural sunlight 

However, it might be used to see how extreme the effects of a solvent are or show how 

potentially sensitive the age of the urushi is to the solvent. Furthermore the humidity and 

temperature were not controlled during ageing, making the assessment of what degradation 

was produced difficult. The samples kept in the xenon arc had not had as much exposure (4 

weeks), compared to the mercury tungsten samples (12 weeks) and had not cracked. It is 

irregular brickwork pattern of narrow cracks has formed on the surface especially around the 

 

 

aged urushi swabbed with ethanol a) before swabbing b) after 

swabbing c) after 4 weeks in the mercury tungsten lamp d) after 18 months of indoor sunlight 

The results show two significant findings. Firstly, samples artificially aged using mercury 

tungsten lamps are more vulnerable to chemical attack than naturally or xenon arc aged 

samples. As discussed in the previous chapters, mercury tungsten is not a suitable ageing 

ly filtered out by the 

atmosphere) and its spectrum differs greatly from that of natural sunlight [Feller, 1994, p92]. 

However, it might be used to see how extreme the effects of a solvent are or show how 

potentially sensitive the age of the urushi is to the solvent. Furthermore the humidity and 

ing the assessment of what degradation 

was produced difficult. The samples kept in the xenon arc had not had as much exposure (4 

weeks), compared to the mercury tungsten samples (12 weeks) and had not cracked. It is 
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likely that these surfaces needed more time under the xenon arc to be affected by the 

solvents. 

 

The second finding confirms the findings of McSharry [McSharry, 2009] and Schellmann 

[Schellmann, 2003] that the surface of urushi becomes more acidic as it ages (hence 

swabbing with the low pH water had less of an effect than the higher pH waters). Although 

damage done by the solvents will depend on their type, urushi is more susceptible to more 

polar solvents such as acetone [McSharry, 2009, Schellmann, 2003]. The solvents can be 

divided into different chemical groups as shown in Table 6. This is also related to the 

increase of acidity of the urushi when it degrades [Schellmann, 2003].  

 

McSharry also confirms that acetone, ethanol, ethyl acetate and xylene, all caused mercury 

tungsten samples aged for 2000 hours to swell, but only the acetone leached [McSharry, 

2009, p189]. Out of those solvents that were tested, water and hexane did not swell and 

leach. When the sorption tests were done using the above solvents, ethyl acetate had the 

highest sorption, followed by acetone, ethanol, water then hexane (xylene was not tested) 

[McSharry, 2009, p193]. This would imply that the most amount of damage would be from 

the ethanol, acetone and ethyl acetate. However, the ethyl acetate did not show any 

significant damage whereas the other two solvents did.  

 

Only the water (all pHs but more severely using pH 5.5 and pH 8) swabbed mercury 

tungsten aged sample showed the crater type effect. Using water of pH 5 and 8, the 

scratches vanished as did a number of pinholes as well as a widening of the cracks, this 

effect was more noticeable using the higher pH. These effects were not as severe using 

water at pH 3, although pH 3 still produced some cratering. It is likely that in all three cases 

where there was a difference to the naturally aged sample, the topmost layer was removed 

(or leached) by the solvent. It also confirms that less damage is done to an aged urushi 

surface if the pH is lower. The work done by McSharry on free films of urushi [McSharry, 

2009] shows that water at lower pH gives less mass uptake, which consequently reduces 

any swelling effect of the surface which may cause cracking. 

 

This is in marked contrast to the ethanol and acetone samples which showed a ‘healing’ or 

filling effect on the surface after swabbing. These severe effects only occurred on the 

sample which had been aged using the mercury tungsten lamp. There are two possibilities 

for this. The cracks created by exposure to the mercury tungsten lamp were not very deep 

and the solvent etched the surface. Alternatively the solvent could have dissolved the 

topmost surface. In both cases, the removed or eroded material may have been redeposited, 
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filling the smaller cracks and covering the surface, and it was this layer that cracked. As 

urushi is not resoluble when it has cured and the healing effect only appears on the mercury 

tungsten aged samples, it is likely that the first theory is more accurate. On the naturally 

aged samples, the notable effects of using ethanol are the enlarging of the hairline cracks 

and removing some of the pinholes from the surface.  

 

With the exception of the mercury tungsten surface, which has been discussed previously, 

there was little difference between the response of the other aged conditions to the solvents. 

The naturally aged surfaces were already cracked at the start of each experiment, before 

being swabbed with solvents. The most significant change was the removal of fine hairline 

cracks or loose debris on the surface, as for example after swabbing with ethanol. Some of 

the solvents such as ethanol widened cracks. Some of the solvents produced a smoothing 

effect on the surface texture of the naturally aged sample implying further that these samples 

had been etched by the solvents. The unaged surface had little response to any of the 

solvents other than pinholes appearing after swabbing with water, and cracks only appeared 

after natural ageing. The xenon arc samples, like the unaged samples, showed debris being 

removed after swabbing and cracking forming after natural ageing. In the case of the water 

swabbed samples, the xenon arc aged samples showed pinholes forming on the surface. 

For diluting urushi for use in urushi gatame and suri, and for removing loose debris, the 

solvents that had no effect (e.g. Han 8070) would be best to use. Ethanol should be avoided 

as it has the greatest adverse effect. 

 

Other factor such as gloss were not considered in this experiment due to the small size of 

the samples, whereas in a conservation application it would be an important consideration 

as a change in gloss is a change in appearance which is generally not a desirable effect. 

The surfaces that appeared smoother (and therefore glossier) are more likely to have higher 

gloss. The smoothening of the surface is likely to be caused by etching the surface thus 

removing scratches and holes as well as the loose debris.  Damage from solvents is 

attributed to the swelling and leaching effects of both the surface of the material and of the 

debris that needs to be removed. The ideal would be to have a solvent that would remove 

the unwanted material but not affect the original surface. In practise it is very hard to achieve 

this as both materials may be affected by the same solvents and the unwanted material may 

be too entrenched into the original to be able to successfully remove it.   

 

This experiment was done using very small samples (less than 5 mm square) with urushi of 

different compositions under different ageing conditions. It may also affect cracking during 

artificially ageing. If cracking relies on stress concentrations in the material, the small the 
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material, the higher the stress need to be to cause cracking. In an ideal case, a larger board 

would be used that is cut up into three sections, one of which is left to naturally degraded 

(which would take years), one is artificially aged using the xenon arc lamp (as mercury 

tungsten is not comparable with natural light as discussed in previous chapter) for a fixed 

time, for example 2 months, and the final board left unaged. The issue with using small 

samples is that it becomes more difficult to ensure an even distribution of solvent across the 

surface and the removal of unwanted material from the original surface.  

 

8.5 Conclusion 

Different light sources, for example a mercury tungsten lamp, will make aged urushi surfaces 

more susceptible to damage than other sources of light.  

 

The more polar the solvent, the more likely it is to react with aged urushi samples, wiping 

away the topmost surface. Ethanol which is a polar solvent was one of the most disruptive 

solvents on the surface of aged urushi.  

 

Of the waters used, low pH water (~pH 3) had the least change in appearance on aged 

urushi surfaces. As the pH of the water increased, the damage done also increased giving 

craters and a rough appearance to the aged urushi surface. 

 

Poor solvents to use in conservation are acetone and ethanol as they showed damage to 

aged urushi surfaces. The best solvent to use for cleaning debris and diluted urushi for 

conservation would be a solvent like Exxsol DSP 80-110 as it will not react to the aged 

urushi. 
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Chapter 9 The Comparison of 

Different Conservation Materials and 

Techniques on Naturally Aged Urushi 

Samples 

9.1 Introduction 

There are a number of different conservation treatments that could be used to conserve 

urushi objects. To assess which treatments will be the most effective, a set of identically 

aged urushi surfaces are needed. In an ideal situation the composition and the layer 

structure of the sample would be known and so artificial ageing of new samples would be the 

preferred technique. 

 

Using the data collected in the previous Chapters, it was decided that the best ageing 

regime to artificially age samples would be to use the QSun Xe-3H tester. The irradiation 

level was set to 0.55 W/m2 at a chamber temperature of 50°C and fluctuating relative 

humidity of 10% RH for 96 hours and 75% RH for 72 hours running over 8 weeks.  

 

A problem arose during the artificial ageing of the samples. Unexpectedly the equipment 

leaked, rendering the samples useless for this set of experiments. The cracks observed 

were firstly not as deep as the naturally aged cracks, and the surface had large amounts of 

water damage that would have affected the results. 

 

The original plan using these artificially aged samples can be found in Appendix 3. This 

included a peel test to measure how well the top layers of urushi adhered to the underlayers 

and to investigate where through the structure the sample would fail. These peel tests would 

have needed to be done using adhesive tape rather than a resin. A resin would have seeped 

into the cracks, which consequently would have acted as a consolidant and stuck any loose 

flakes down, thereby affecting the results. However, during the trial run, a range of adhesive 

tapes (including Scotch tape and Duck/cloth tape) were tested and none of them lifted 

significant amounts of urushi away from the sample regardless of whether the samples had 
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been aged or not. Some very small flakes (<1mm) were lifted but these were few in number 

and no damage could be observed on the samples in the SEM.  

 

As a result of the damage caused by the water leak, an alternative sample material had to 

be sought. Permission was given to use a naturally aged sample from an object that was too 

badly damaged to ever be put on display and was not cost effective to repair. Thus a further 

section from the 19th century screen frame (which had been used for previous tests) was 

selected similar to the section shown in Figure 84. The section of frame with the least 

amount of flaws (other then light degradation) was chosen. The side of the frame section 

with the greatest amount of light degradation was the top surface of the screen. This was the 

side chosen as samples for testing.  

 

 

Figure 84: Top from the 19th century screen frame section [McSharry, 2009]. 

 

The frame was gently brushed using a soft brush to remove any loose dust and cut into 

pieces measuring approximately 1 cm x 1 cm. As supply of this material was very limited, the 

number of different treatments used had to be reduced. The proposed treatments were 

discussed with conservators at the V&A, and ranked for their practicality and significance to 

current conservation practises. It was expected that the results of these tests would also 

highlight areas which need further research.  

 

There has been very little work done to date to assess which treatment is the most effective. 

Initial work by Brenda Keneghan at the V&A Museum indicated that suri is more effective 

than gatame, but only one of each sample had been tested and there was no variation 

between the different types of gatame and suri (e.g. single versus multiple applications) used 

[Keneghan, 2011].  

 

The first treatment tested was gatame, which uses diluted urushi to fill in the micro cracks. In 

gatame the urushi is wiped from the surface before it has polymerised so as not to change 

the appearance of the object. The second treatment tested using urushi is suri. Suri is the 

more traditional method of conservation in Japan. It uses urushi to cover the cracks and the 

surface, and it is not completely removed from the surface. Once applied, urushi cannot be 

removed and so the treatment is irreversible. The third treatment uses Paraloid B72, which is 
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a photo-chemically stable acrylic co-polymer resin used extensively in Western museums for 

its long term stability. 

 

As previously discussed in Chapter one, there are different attitudes to conservation in 

Japan and the UK. One of the aims of the Mazarin chest project was to try and overcome 

these differences and find a solution that would suit both cultures [Rivers, 2003]. Urushi 

objects in Europe did not always stay in their original form. Some objects were cut up to form 

panels and inserted into new objects such as cabinets, or they were modified to suit the 

owner’s tastes which would vary between country and time periods [Bincsik, 2008, 

Nagashima, 2008]. These modifications would include added material to fill in ‘blank’ areas 

with additional decoration, which would require the use of European methods and materials, 

as urushi and its application techniques were not historically available in Europe. European 

materials were also used to ‘restore’ these objects by the application of varnish or wax. 

These varnishes could include shellac and sandarac. Often in museums, decisions need to 

be taken on whether these varnished layers should be removed from an urushi object. The 

decision will rely on how practical it is to remove the varnished layers, and how integral the 

varnished layer is to the object’s history. 

 

The purpose of the final set of experiments in this thesis was to test the current conservation 

materials and treatments on urushi objects to see how they would react in the short and the 

long term. One set of samples was treated using gatame urushi and 4 further sets were 

treated using a range of different suri treatments including neat (undiluted) suri and suri of 

varying dilution. It was also decided to have one set of samples coated with an orange 

shellac to test the effectiveness of urushi treatments when applied on top of an old varnish 

layer. 

 

 

9.2 Method – Urushi Samples 

9.2.1 Overview 

Each test was carried out on three samples of the 19th century screen. This was done to try 

and ensure consistent results and help eliminate any odd results that may affect the analysis 

and consequently skew the results. For the urushi treatments (kijiro urushi was used unless 

otherwise stated), there were five different treatments tested. All the samples were gently 

wiped using a dry brush to remove any debris before treatment. 



178 

 

 

Before the samples were treated, they were placed into the SEM (S3400N, Hitachi, 

Maidenhead), and imaged. The co-ordinates of the image locations were taken. This was to 

ensure that the same area on each sample would be re-visited at each stage of the 

treatment and ageing process. Even though the co-ordinates were saved, a visible marker 

on the aged surface, for example a particular island shape of feature was need as a 

reference to ensure that the before and after images were precisely matched. The SEM was 

used in variable pressure mode to eliminate the need to gold coat the samples, which would 

have interfered with the treatments. The vacuum was set at 60-70 Pa and an accelerating 

voltage of 10 kV was used.  

 

The samples were also put into a vertical scanning interferometry profilometer, VSI (Wyko 

NT 9100, Veeco) to measure the depth of the cracks and the surface roughness of the 

samples. The VSI works by splitting a white light beam onto a reference surface and onto 

the sample. The degree of fringe modulation from the recombined reflected beams is 

measured to produce surface roughness data.  As it was not possible to re-visit the same 

area each time, as was done on the SEM, a random point in the centre of each sample was 

used. The data produced from the VSI give the average area surface roughness Ra (per 

ANSI B46.1 standard shown in) Equation 3, and the root mean square of the average 

roughness given by Rq shown in Equation 4. 
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Where Zi is the distance from the measured point to the mean plane and n is number of data 

points. From the equations, Rq will be greater then Ra, and because Rq is the root mean 

square, is less affected by unusual results. 

 

In the following experiment, three different consolidants were tested on naturally aged 

samples. The first was the Paraloid B72, a Western re-treatable conservation treatment. The 

next 2 consolidants were Japanese treatments using urushi. The first is gatame which 



 

deposits dilute urushi into the cracks only, and the second treatment is suri which is applied 

across the whole surface. 

 

A gatame style treatment refers to application of consolidant (urushi or B72) that is wiped 

after application to remove any excess consolidant from the surface of the sample. A suri 

style refers to the application of consolidant that is intentionally left on the surface. These are 

summarised in Figure 85.  

 

 

 

Figure 85: Diagram showing the difference between gatame (left) and suri (right) treatments.

 

The different treatments and their application procedures are summarised in 
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deposits dilute urushi into the cracks only, and the second treatment is suri which is applied 

A gatame style treatment refers to application of consolidant (urushi or B72) that is wiped 

fter application to remove any excess consolidant from the surface of the sample. A suri 

style refers to the application of consolidant that is intentionally left on the surface. These are 

 

: Diagram showing the difference between gatame (left) and suri (right) treatments.

The different treatments and their application procedures are summarised in 

deposits dilute urushi into the cracks only, and the second treatment is suri which is applied 

A gatame style treatment refers to application of consolidant (urushi or B72) that is wiped 

fter application to remove any excess consolidant from the surface of the sample. A suri 

style refers to the application of consolidant that is intentionally left on the surface. These are 

 

: Diagram showing the difference between gatame (left) and suri (right) treatments. 

The different treatments and their application procedures are summarised in Table 7. 
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Table 7: Summary of the B72 and urushi treatments, and treatment conditions. (The urushi used was kijiro unless otherwise stated) 

 

E Denotes that the sample was wiped using Exxsol DSP ND 80-110. 

T Denotes that the sample was wiped using Toluene. 

R Denotes that the sample was rubbed without solvent. 

KJ Denotes that kijomi urushi was used.  

 

Treatment 
1

st
 Application 

ratio 
Solvent Wiped 

Humidified 

or left 

2
nd

 

Application 
Solvent Wiped 

Humidified 

or left 

3
rd

 

Application 
Solvent Wiped Humidified 

B72 Gatame style 1% Xylene Y
T
 2 weeks 1% Xylene Y 4 weeks N/A N/A N/A N/A 

B72 Suri style 1% Xylene N 2 weeks 1% Xylene N 4 weeks N/A N/A N/A N/A 

B72 Suri style 2.5% Xylene N 6 weeks N/A N/A N/A N/A N/A N/A N/A N/A 

Gatame 1:6 
Solvesso 

A 150ND 
Y

E
 2 weeks 1:4 

Solvesso 

A 150ND 
Y

E
 4 weeks N/A N/A N/A N/A 

Suri - 2 Applications 1:4 
Solvesso 

A 150ND 
N 2 weeks 1:4 

Solvesso 

A 150ND 
Y

R
 4 weeks N/A N/A N/A N/A 

Suri  - 3 Applications 1:4 
Solvesso 

A 150ND 
N 2 weeks 1:4 

Solvesso 

A 150ND 
N 2 weeks 1:2 

Solvesso 

A 150ND 
N 4 weeks 

Suri – no dilution Neat N/A Y
R
 2 weeks Neat N/A Y

R
 4 weeks N/A N/A N/A N/A 

Suri
KJ

 – no dilution Neat N/A Y
R
 2 weeks Neat N/A Y

R
 4 weeks N/A N/A N/A N/A 
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9.2.2 B72 - Overview 

A set of treatments used a Western consolidation material, Paraloid B72. This is to see how 

a synthetic resin that is widely used in conservation, and is known for its photochemical 

stability (which makes it re-soluble), compares to traditional Japanese conservation methods 

using urushi, which is irreversible. 

 

9.2.3 B72 - 1% Gatame Style Treatment 

A gatame style B72 treatment using two applications of B72 was tested. The B72 was 

applied to the surface at a 1% concentration in xylene using a brush the same width as the 

sample. It was left for 30 minutes to allow the xylene to evaporate and for the B72 to reach 

its gel point. It was then swiftly wiped using a lint free tissue (Kimwipe) dampened with 

toluene to remove any excess from the surface, although no B72 was seen on the Kimwipe. 

The sample was left in a dark compartment at room temperature and ambient humidity (to 

avoid light degradation of the samples and damage caused by high humidity) for 2 weeks. A 

second application was then applied using the same method as the first application. The 

sample was left in a dark compartment at room temperature and ambient humidity for 4 

weeks to allow comparison with the urushi based treatments.  

 

9.2.4 B72 - 1% Suri Style Treatment 

The second set was a suri style treatment using 2 applications of B72. It was applied in the 

same way as the gatame method but the surface was not wiped.  

 

9.2.5 B72 - 2.5% Suri Style Treatment 

The final set was another suri style treatment but only using one application of B72. One 

application of 2.5% B72 in xylene was applied to the surface using a brush. It was left for 6 

weeks in a dark compartment at room temperature and humidity. A concentration of 2.5% 

B72 has been successfully used at this concentration in the past for conservation of urushi 

objects. 
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9.2.6 Urushi Gatame  

The first urushi treatment used the gatame method, reflecting current conservation practise 

where gatame is used to fill or partially fill the micro cracks to stabilise the surface. This is to 

minimise the amount of intervention done on an object to protect the original surface. The 

urushi type used for this treatment was kijiro. The first application was applied using a brush 

of a similar width to the samples. The brush was dipped into mixture of 1 part urushi to 6 

parts solvent (Solvesso A 150ND) and brushed across the surface. The surface was left for 

30 minutes and then wiped using a few drops of Exxsol DSP ND 80-110 on a lint free tissue 

(Kimwipe) to remove any excess urushi from the surface. The samples were left in a 

humidifier at 68-70% RH and at room temperature for 2 weeks. A second application was 

applied using 1 part urushi to 4 parts solvent, left for 30 minutes and wiped as above. The 

samples were then left in the humidifier for 4 weeks to allow the urushi to polymerise.  

 

9.2.7 Suri – Overview 

The second set of treatments used the suri technique. Suri involves using urushi over the 

whole surface rather than only filling cracks.  

 

The following two suri tests were based on work previously undertaken by Catherine 

Coueignoux with a nashiji object where the surface was very fragile. Conservation of nashiji 

objects is usually done using a blend which includes nashiji urushi, which is not as dark as ki 

or kijiro urushi. Nashiji urushi has a yellow appearance from the dyes, such as gamboge or 

gardenia, used in its preparation [Yamashita and Rivers, 2011b]. However, nashiji urushi 

needs higher relative humidity to polymerise and takes longer to polymerise than other 

urushi [Yamashita and Rivers, 2011a]. It was decided not to use nashiji urushi as it is less 

light stable than kijiro or kijomi urushi and would not be used on a plain surface like the 

screen. For the following two treatments, kijiro urushi was used. 

 

9.2.8 Diluted Suri – 2 Applications 

The urushi used for this treatment was kijiro. The first application using a 1:4 dilution of 

urushi to solvent (Solvesso A 150ND) was applied using a brush and not wiped. The 

samples were left in the humidifier for 2 weeks. A second application was applied at 1:4 

dilution and this was gently wiped using a Kimwipe with no solvent and a rolling motion to 

push any ‘loose’ or exposed areas of the surface (to simulate a real life case of lifting nashiji 

flakes) down into place. This is to test the protocol for situations where the urushi surface is 
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so fragile that contact needs to be minimised. As the suri is dilute, it is thought that some of 

the urushi will get into the cracks, thus acting as a combined suri and gatame treatment. The 

samples were left in the humidifier for 4 weeks to allow the urushi to polymerise 

 

9.2.9 Diluted Suri – 3 Applications 

A similar suri treatment was also (also using kijiro urushi) to that described above, but the 

second application was not wiped. The samples were left in the humidifier for 4 weeks after 

the second application, and then a third application was applied at a 1:2 dilution and left for 4 

weeks in the humidifier. This was to test the protocol further and assess the benefits of 

adding another application to ensure the exposed flakes are kept in place and to test the 

long term stability of the treatment.  

 

9.2.10 Neat Suri – Kijomi and Kijiro Urushi 

A further two suri methodologies were tested using non diluted urushi but two different types 

of urushi. The first type tested was kijomi (raw or ki urushi) urushi and the second used kijiro 

(processed) urushi. They were both applied in identical fashion. The first application was 

applied with no dilution using a brush with a head that was a similar width to the samples. 

The excess was gently removed by rubbing the surface using a Kimwipe, leaving only a thin 

layer behind. The samples were left in the humidifier for 2 weeks. The second application, 

also with no dilution, was applied like the first and gently rubbed to remove the excess using 

a Kimwipe with no solvent. They were left in the humidifier for 4 weeks to allow the urushi to 

polymerise. 

 

9.2.11 Ageing  

All the different treatments and their applications are summarised in Table 7. These samples 

were observed using the SEM and profilometer, comparing the crack width, depth (to see 

how far down the treatments penetrate the cracks and the presence of cavities) and island 

size before and after treatment. They underwent ageing using the QSun Xe-3H (QLabs, 

Bolton) for three weeks using a RH of 12%, chamber temperature of 50°C and an irradiance 

level of 0.5 W/m2. The samples were then observed in the same places as before using the 

SEM. They were aged for a further 3 weeks with the same parameters, before being placed 

in the SEM and profilometer. The images allow the before and after treatment, and after 

ageing to be compared to predict the long term effects of the different treatments. 
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9.3 Method – Shellac Samples 

Some urushi objects in Western museum have has shellac or other varnishes applied to 

them. The following tests were to obtain information about how an aged shellac coating 

would affect an urushi conservation treatment. Before the samples were coated with shellac, 

they were placed into the SEM (S-3400N Hitachi, Maidenhead) and their co-ordinates saved. 

This was to ensure that the same area on each sample would be re-visited at each stage. 

The samples were also put into a white light profilometer (Wyko NT 9100, Veeco) to 

measure how deep the cracks went and the surface roughness of the samples. As it was not 

possible to re-visit the same area as done using the SEM, a random point in the centre of 

each sample was used. A summary of the different treatments used is shown in Table 8. 

 

Three samples of naturally aged urushi were used in this experiment. Each sample was 

coated using 25% orange shellac (supplier unknown) dissolved and mixed in Industrial 

Methylated Spirit (IMS). The shellac was applied in a similar way to how a restorer may have 

applied shellac to an urushi object, using a brush and applying enough shellac until the 

surface was glossy. Four coats of shellac were applied. The first coat was applied using a 

sable brush with a head the same width as the samples. A second coating using the same 

brush was applied 24 hours later. The sample was then left for 4 days. A third coating was 

applied, with a fourth coating 24 hours later both applied using the sable brush. The samples 

were left for 2 weeks at room temperature (~20°C) and ambient humidity conditions (40-50% 

RH ) in a dark container prior to artificial ageing. The shellac coatings left a raised ridge 

around the edges of the samples so all images and measurements were taken in the centre 

of the sample to avoid inconsistent results. 

 

The samples were then aged with the other urushi samples for 3 weeks in the QSun using 

xenon arc lamps, as described in Section 9.2.11, using an RH of 12%, a chamber 

temperature of 50°C and an irradiance level of 0.5 W/m2. They were examined using the 

SEM and profilometer, and then placed into the QSun at the same parameters for a further 3 

weeks. 

 

Removing the shellac was done by the same method that a conservator would use on a real 

object. The varnish was initially removed by Catherine Coueignoux, using IMS on a cotton 

swab and gently rolling the swab across the surface before gently wiping the surface with a 

lint free tissue (Kimwipe) until no shellac came away on the swab. The samples were 

examined using the profilometer and the SEM, and it was found that there was a significant 
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amount of varnish left on the surface. The original urushi surface could not be seen. The 

samples were put under UV light, and they fluoresced bright orange confirming the presence 

of shellac on the surface. One of the samples was left as it was, and the other two were 

wiped again. These samples were first wiped using IMS before checking under the UV 

where they continued to fluoresce. They were then wiped using acetone by Shayne Rivers to 

try and remove more shellac from the surface. The samples were placed under the UV light 

and all three still glowed (although the two that had been wiped with acetone were not as 

bright as the sample that had been left) indicating that shellac was still present on the 

samples. It was decided to continue with the experiment and see what would happen if 

urushi is applied on top of a shellac layer. 

 

One of the samples that had been treated with acetone had suri layers applied with dilution. 

The first suri layer was put on top of the shellac layer. The first layer was applied at a 1:4 

dilution using Solvesso A 150ND. The sample was not wiped and was left in the humidifier 

for 2 weeks. A second urushi suri layer was applied using a 1:4 dilution and left in the 

humidifier for a further 2 weeks to allow the urushi time to polymerise. 

 

The second acetone wiped sample and the non acetone wiped sample, had a undiluted suri 

treatment applied. The first layer was applied with no dilution as a thick layer. The excess 

urushi was gently removed by rubbing the surface leaving only a thin layer behind. The 

sample was left in the humidifier for 2 weeks, and then the second layer, also with no 

dilution, was applied. They were left in the humidifier for 4 weeks. 

 

All three samples were examined using the SEM and profilometer. The treatments are 

summarised in Table 8. 
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Table 8: Summary of shellac samples and treatments. Urushi type that was used was kijiro. 

 

 

 

 

 

 

 

Treatment 
Removal 

solvent 

Removal 

solvent 

Removal 

solvent 

Suri Application 1 

urushi : solvent ratio 

Rubbed 

(No solvent) 

Suri Application 2 

urushi : solvent ratio 

Rubbed 

(No solvent) 

Shellac IMS N/A N/A Neat urushi Y Neat urushi Y 

Shellac IMS IMS Acetone 
1:4 (solvent 

Solvesso A 150ND) 
N 

1:4 (solvent 

Solvesso A 150ND) 
N 

Shellac IMS IMS Acetone Neat urushi Y Neat urushi Y 
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Results - Control Sample (No Treatments) 

9.3.1 Overview 

The results for each treatment will be discussed in turn. All the samples were assessed 

before they were treated. The first sets of images presented in each case are the SEM 

images. These images show the surface of the urushi at high magnification and resolution. 

The second set of images and data come from the VSI profilometer. These images focus on 

the surface roughness, which is related to gloss. The rougher a surface is the less glossy it 

is. It is also the best method evaluate how deep the cracks on the surface are. The 

alternative method would be to cut up the sample (to avoid an area where there is material 

build up on the edges that may have occurred during treatment) and observe them in the 

SEM. However, the samples available were too small to do this at every stage of the 

experiments. Attempts to observe the side of the samples using the SEM without cutting the 

sample proved inconclusive. 

 

The first set of SEM images shows the samples under x1000 magnification. At this 

magnification only a small area is shown and throughout the experiment, the same area in 

the same orientation was used.  The images at x500 and x100 have been included, showing 

only the images at the start and end of the test, to show the overall changes to the sample 

which may not be obvious from the high magnification images. 

 

9.3.2 Control Sample 

To assess how the samples were affected when aged, it had to be known how an untreated 

sample would behave during the ageing process. One sample from the screen frame section 

was set aside and left untreated. This sample was aged in the QSun with the other treated 

samples for comparison. Figure 86 shows the sample before and after ageing. Image a) 

shows the sample before ageing and shows the deep cracks and island appearance that is 

typical for a naturally aged urushi surface. Debris can be seen across the surface of the 

islands giving them a rough appearance.  

 

After 3 weeks of artificial ageing, shown in image b), the valley cracks (deep and wide cracks 

between the islands) have already begun to get wider and deeper. On the floor of the 

valleys, thin cracks are beginning to form although these appear to be shallow. Other cracks 

on the islands have lengthened, for example the crack in the left hand corner (red circle) 

started as a hairline crack before ageing and has how widened to split the island in two. New 



cracks have also begun to form on the edges of the i

middle island (green circle). The textures of the surface of the islands have not changed. 

 

After 6 weeks of ageing shown in c), the valley cracks have widened even more and the 

cracks that formed on the bottom of the va

sample. Other cracks, like the middle island crack, do not appear to have propagated or 

widened. The texture of the surface of the islands has not changed much, although it does 

look a little rougher than before ageing.

 

a)     

c) 

Figure 86: Control sample at x1000 a) before ageing b) after 3 weeks of artificial ageing c) 

after 6 weeks of artificial ageing.

 

The widening cracks trend is consistent throughout the sample, as shown in 

showing before and after ageing. The extent that the new cracks have formed is visible over 

a larger area. The valley cracks appear w
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cracks have also begun to form on the edges of the islands, like the crack seen on the 

middle island (green circle). The textures of the surface of the islands have not changed. 

After 6 weeks of ageing shown in c), the valley cracks have widened even more and the 

cracks that formed on the bottom of the valley cracks appear to penetrate deeper into the 

sample. Other cracks, like the middle island crack, do not appear to have propagated or 

widened. The texture of the surface of the islands has not changed much, although it does 

ore ageing. 

 

                    b) 

 

: Control sample at x1000 a) before ageing b) after 3 weeks of artificial ageing c) 

after 6 weeks of artificial ageing. 

The widening cracks trend is consistent throughout the sample, as shown in 

showing before and after ageing. The extent that the new cracks have formed is visible over 

a larger area. The valley cracks appear wider after ageing than before. 

slands, like the crack seen on the 

middle island (green circle). The textures of the surface of the islands have not changed.  

After 6 weeks of ageing shown in c), the valley cracks have widened even more and the 

lley cracks appear to penetrate deeper into the 

sample. Other cracks, like the middle island crack, do not appear to have propagated or 

widened. The texture of the surface of the islands has not changed much, although it does 

 

: Control sample at x1000 a) before ageing b) after 3 weeks of artificial ageing c) 

The widening cracks trend is consistent throughout the sample, as shown in Figure 87 

showing before and after ageing. The extent that the new cracks have formed is visible over 



a)     

Figure 87: Control sample at x500 a) before ageing b) after treatment and 6 weeks of 

artificial ageing. 

 

At x100 magnification in Figure 

widened, there are other valley cracks that have not. The overall surface texture of the 

material has not changed after ageing compared to before.

 

a)     

Figure 88: Control sample at x100 a) before ageing b) after 6 weeks of artificial ageing.

 

By overlaying the pre treated image a) and 6 weeks of ageing image d) from 

three different points, an example is shown in 

processes are taking place. Firstly, the islands are smaller as discussed. Secondly the valley 

cracks are wider. However, the loss of material doesn’t correspond to the increase of the 

valley crack width. By examining the

have shifted in all directions by different amounts and the direction change depends on 

which points are matched. If there is a central point which the islands are moving away from, 

it cannot be determined from these images alone. The island movement would suggest that 
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                    b) 

: Control sample at x500 a) before ageing b) after treatment and 6 weeks of 

ure 88, it is clear to see that although some valley cracks have 

widened, there are other valley cracks that have not. The overall surface texture of the 

material has not changed after ageing compared to before. 

 

                    b) 

: Control sample at x100 a) before ageing b) after 6 weeks of artificial ageing.

By overlaying the pre treated image a) and 6 weeks of ageing image d) from 

nt points, an example is shown in Figure 89, it is clear that a few different 

processes are taking place. Firstly, the islands are smaller as discussed. Secondly the valley 

cracks are wider. However, the loss of material doesn’t correspond to the increase of the 

valley crack width. By examining the overlay at different points, it is clear that the islands 

have shifted in all directions by different amounts and the direction change depends on 

which points are matched. If there is a central point which the islands are moving away from, 

termined from these images alone. The island movement would suggest that 

 

: Control sample at x500 a) before ageing b) after treatment and 6 weeks of 

, it is clear to see that although some valley cracks have 

widened, there are other valley cracks that have not. The overall surface texture of the 

 

: Control sample at x100 a) before ageing b) after 6 weeks of artificial ageing. 

By overlaying the pre treated image a) and 6 weeks of ageing image d) from Figure 86 at the 

, it is clear that a few different 

processes are taking place. Firstly, the islands are smaller as discussed. Secondly the valley 

cracks are wider. However, the loss of material doesn’t correspond to the increase of the 

overlay at different points, it is clear that the islands 

have shifted in all directions by different amounts and the direction change depends on 

which points are matched. If there is a central point which the islands are moving away from, 

termined from these images alone. The island movement would suggest that 
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the whole surface is distorting either because sample is curving causing the top surface with 

the urushi to move or because the urushi is slipping over the foundation layers due to 

different rates of contraction. 

 

 

Figure 89: Overlay of the control sample images. The pre-treated images is on top of the 

image showing 6 weeks of ageing. The red circle shows the point at which the two images 

were matched. 

 

The surface profiles of the sample, shown in Figure 90, confirm that the cracks do get wider 

and deeper as the sample is aged. The cracks reach a depth of 15 µm before ageing, which 

increases to 20 µm after ageing.  

 

The image on the left of the graphs is the 2D representation of the surface, similar to the 

SEM images shown above. The colours go from red which represents the highest areas (+5 

µm above the zero line), to dark blue which represents the lowest areas (-10 µm below the 

zero line). The 2D rendering scale only goes as far as -10 µm, to give a clearer distinction 

between the variations of heights on the surfaces of the islands. This does not affect the 

depth of the graphical readings. Black areas are places where the profilometer was unable 

to process the data. There is no difference between the x (red line) and y (blue line) 

directions, but both are shown for completeness. 
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a) 

 

b) 

Figure 90: Profile of the control sample a) before ageing and b) after 6 weeks of ageing. 

  

The roughness data for the control sample, shown in Table 9, confirm that the surface does 

get rougher after ageing. This implies a loss of gloss to the surface of the object. It would 

also imply that the object is degrading, losing more material and becoming more fragile. 
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Table 9: Roughness data for the control sample. 

 Before ageing 3 weeks ageing 6 weeks ageing 

Sample 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 1.61 2.86 3.58 5.5 4.01 6.21 

 

   

9.4 Results - B72 Treatments   

9.4.1 Overview 

Paraloid B72 is a conservation resin that is used extensively for its long term photochemical 

stability and retreatability. It was used in two different concentrations on naturally aged 

samples for three different treatments. The Paraloid B72 was diluted using xylene, which has 

been shown in the solvent chapter to have little effect on an aged urushi surface.  

 

Errors are shown for the B72 treatments only for illustrative purposes.  The errors have been 

obtained using tan approximation shown in Equation 5. 

N

ss
sx

minmax
−

=    Equation 5 

 

Where N is the number of variables and s are the values. These will be describe in more 

detail at the end of this section. 

 

9.4.2 B72 - 1% Gatame Style Treatment 

A solution of 1% Paraloid B72 in xylene was prepared and applied on the sample using a 

brush then left for 30 minutes. This allowed the B72 to form into a gel before the sample was 

wiped using a Kimwipe dampened with toluene to remove any excess B72, although none 

was seen on the Kimwipe. This was to simulate the gatame treatment done using urushi. As 

the toluene was used at a very low concentration, has a high evaporation rate and was 

applied by a dampened Kimwipe to avoid re-dissolution of B72 deposited into the cracks. 

 

The images in Figure 91 show the different stages of the experiment from before the 

treatment was applied, to after the treatment was applied and after 3 and 6 weeks of artificial 
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ageing. There are few differences between the untreated surface seen in a) and the treated 

shown in b). Image a) shows a typical naturally aged urushi surface. There are deep valley 

cracks and islands which have a rough texture. After treatment, a new hairline crack appears 

in the central left island and in the top left island (red and green circles). Otherwise the 

surface of the islands looks similar and there is no additional debris in the cracks themselves 

nor is there any indication of B72 being present.  

 

However, once the sample has been aged for 3 weeks shown in c), new cracks appear and 

the existing cracks have widened. The two hairline cracks that appeared after the application 

of B72 have both grown in width and length. New cracks (yellow circle) have appeared in the 

bottom right which have a similar width to the widened cracks. The islands have also 

reduced in size. The middle island (blue arrow) has changed shape during 3 weeks of 

ageing. As the bottom edges of this island have come further into the island, some of the 

debris from the old edge can be seen falling into the cracks. At the floor of the valley crack 

appears to be a narrow crack that runs further down into the sample. After 6 weeks of 

ageing, these cracks on the valley floor have cracked wide enough to reveal a lower layer 

underneath in the top left corner of the image. This underlayer also has a crack running 

through it which appears to continue under the island. The islands themselves show further 

erosion has occurred, as can be seen in the mid right small island (next to the blue arrow) in 

which the top corner has fallen away after 6 weeks of ageing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

a)    

c)    

Figure 91: Images at x1000 a) before 1% B72 gatame

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

ageing d) after 6 weeks of artificial ageing.

 

Figure 92 shows the same area but at a lower magnification before treatment, and after 

treatment plus 6 weeks of ageing. Even at x500 the development of new cracks, the 

widening and lengthening of existing cracks and the reduction of island size is apparent. This 

is consistent throughout the sample area.
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                    b) 

 

                    d) 

: Images at x1000 a) before 1% B72 gatame-style is applied b) after 1% B72 is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

ageing d) after 6 weeks of artificial ageing. 

shows the same area but at a lower magnification before treatment, and after 

treatment plus 6 weeks of ageing. Even at x500 the development of new cracks, the 

widening and lengthening of existing cracks and the reduction of island size is apparent. This 

s consistent throughout the sample area. 

 

 

b) after 1% B72 is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

shows the same area but at a lower magnification before treatment, and after 

treatment plus 6 weeks of ageing. Even at x500 the development of new cracks, the 

widening and lengthening of existing cracks and the reduction of island size is apparent. This 



a)    

Figure 92: Images at x500 a) before 1% B72 gatame is applied b) after treatment and 6 

weeks of artificial ageing. 

 

At x100 magnification in Figure 

the increased width of the pre existing cracks and reduction of island size is still readily 

visible. Island that have degraded to leave gaps are also apparent as shown in the bottom 

left of the aged sample (red circle).

 

a)    

Figure 93: Images at x100 a) before 1% B72 gatame is applied b) after tre

weeks of artificial ageing. 

 

Figure 94 shows the profile of the aged sample after treatment, plus after 6 weeks of ageing. 

There is little difference between the control sample and this sample after ageing. From the 

top of the lacquer islands (assumed to be at the 0 line) to the bottom of the 

approximately 5-15 µm. After 6 weeks of ageing it is clear that the cracks have widened and 
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                    b) 

: Images at x500 a) before 1% B72 gatame is applied b) after treatment and 6 

Figure 93, the appearance of the extra cracks is harder to see, but 

the increased width of the pre existing cracks and reduction of island size is still readily 

e. Island that have degraded to leave gaps are also apparent as shown in the bottom 

left of the aged sample (red circle). 

 

                    b) 

: Images at x100 a) before 1% B72 gatame is applied b) after tre

shows the profile of the aged sample after treatment, plus after 6 weeks of ageing. 

There is little difference between the control sample and this sample after ageing. From the 

top of the lacquer islands (assumed to be at the 0 line) to the bottom of the 

m. After 6 weeks of ageing it is clear that the cracks have widened and 

 

: Images at x500 a) before 1% B72 gatame is applied b) after treatment and 6 

, the appearance of the extra cracks is harder to see, but 

the increased width of the pre existing cracks and reduction of island size is still readily 

e. Island that have degraded to leave gaps are also apparent as shown in the bottom 

 

: Images at x100 a) before 1% B72 gatame is applied b) after treatment and 6 

shows the profile of the aged sample after treatment, plus after 6 weeks of ageing. 

There is little difference between the control sample and this sample after ageing. From the 

top of the lacquer islands (assumed to be at the 0 line) to the bottom of the cracks is 

m. After 6 weeks of ageing it is clear that the cracks have widened and 
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the crack density has increased. The depths of the cracks have also increased to 5-20 µm 

from the graphical profiles. 

  

a) 

 

b) 

Figure 94:   Profile of the urushi surface after a) B72 1% gatame treatment and b) 6 weeks of 

ageing.    

 

From the results, there appears to be little change to the sample after treatment with the 

B72. There is no obvious indication of any B72 being present in the cracks or on the surface 

of the islands. Once the samples have been aged, they appear to degrade in the same way 

as the control samples with the cracks becoming wider and deeper. This implies that too little 

B72 was used to make a visible difference to these experiments. The full roughness data for 

this set are shown in Table 10.  Each sample shows an increase in roughness as the 
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experiment progresses which agrees with the SEM images. The surface roughening would 

also imply a loss of gloss to the sample.  However these results are similar to the control 

sample. 

 

Table 10: Roughness data set for the B72 1% gatame style treatment. 

 After Treatment 3 weeks ageing 6 weeks ageing 

Sample 
Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 
1.61 2.86 3.58 5.50 4.01 6.21 

B1a 1.51 2.96 4.26 5.76 5.57 6.97 

B1b 1.15 2.24 3.09 5.07 5.03 6.77 

B1c 1.79 2.76 3.24 4.64 4.10 5.96 

Mean 

(B1 set) 
1.48 2.65 3.53 5.16 4.9 6.57 

Error  

(B1 set) 
0.21 0.24 0.39 0.37 0.49 0.34 

 

Overall a single application of B72 applied on the surface in a gatame style treatment has 

little effect. However, the amount of B72 is only 1% compared to the urushi treatment which 

is applied in a 14% then a 20% concentration implying that more B72 was needed in these 

experiments. 

 

9.4.3 B72 - 1% Suri Style Treatment 

Figure 95 shows the high magnification images of the Paraloid B72 treatment at a 1% 

concentration in xylene. The treatment was not wiped, unlike the first treatment. This was to 

be the B72 equivalent of the suri treatment.  

 

After treatment, shown in image b), some hairline cracks have appeared after treatment but 

before ageing, for example, on the central island there is a new crack going from the middle 

to the bottom of the island (red circle). There is no change on the surface of the islands even 

though the B72 was not wiped away implying that either the B72 has evaporated with the 

solvent, or that not enough was used to produce visible results. Although B72 is soluble in 

the xylene, it is solid at room temperature and so is unlikely to evaporate with the solvent.  
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The depths of the valley cracks going between the islands have not changed considerably in 

depth. This is similar to the B72 gatame treatment. 

 

However after 3 weeks of ageing shown in c), the appearance of the valley cracks has 

changed. The cracks have widened and the islands reduced in size, like the gatame 

treatment. However, the bottom of the sample can be seen and it hasn’t cracked in the way 

as the gatame treatment. On the bottom middle valley crack (blue arrow), the crack appears 

to be sealed up. Although the top valley crack (yellow arrow) has a crack going along the 

bottom, it doesn’t look as deep as for the gatame treatment.  

 

After 6 weeks of ageing, shown in d), the deep valleys have cracks running along the bottom 

although no new cracks have appeared on the islands themselves. The surfaces of the 

islands have changed very little throughout the whole experiment. This implies that either the 

B72 cannot be seen on the surface or that it migrated to the cracks and did not stay on the 

surface of the islands. Alternatively, too little B72 was used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



a)    

c)    

Figure 95: Images at x1000 a) before 1% suri

left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial ageing d) after 6 

weeks of artificial ageing. 

 

The x500 magnification showing the pre treated sample a) and the sample after treatment 

and 6 weeks of ageing b) shown in 

the width of the crack valleys are clearly visible. It is a consistent result over the area.
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                    b) 

 

                    d) 

: Images at x1000 a) before 1% suri-style B72 is applied b) after B72 is applied and 

left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial ageing d) after 6 

The x500 magnification showing the pre treated sample a) and the sample after treatment 

nd 6 weeks of ageing b) shown in Figure 96, the reduction of island size and increase of 

the width of the crack valleys are clearly visible. It is a consistent result over the area.

 

 

is applied b) after B72 is applied and 

left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial ageing d) after 6 

The x500 magnification showing the pre treated sample a) and the sample after treatment 

, the reduction of island size and increase of 

the width of the crack valleys are clearly visible. It is a consistent result over the area. 



a)    

Figure 96: Images at x500 a) before 1% B72 suri style treatment is applied b) after treatment 

and 6 weeks of artificial ageing.

 

At x100 magnification shown in 

not visible at the higher magnification. In the top right corner, is an example of a hole, where 

the urushi is missing and emphasising the cracks in the deeper valleys. This may have been 

an indication that the surface was 

present earlier) causing it to flake. Centre left of the image in the red circle shows an area in 

which the surface of the urushi has changed considerably after treatment and ageing. There 

appears to be a change in texture on these islands. It is likely that these islands have more 

of the B72 resin present, rather than debris removed from the surface, as the surface has a 

streaky appearance and concentrates toward the outside edges of the island rather

centre. 

 

a)    

Figure 97: Images at x100 a) before 1% suri style treatment of  B72 is applied b) after 

treatment and 6 weeks of artificial ageing.
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                     b) 

: Images at x500 a) before 1% B72 suri style treatment is applied b) after treatment 

and 6 weeks of artificial ageing. 

At x100 magnification shown in Figure 97, there are some changes to the surface which are 

not visible at the higher magnification. In the top right corner, is an example of a hole, where 

the urushi is missing and emphasising the cracks in the deeper valleys. This may have been 

an indication that the surface was weakened during the 6 weeks of ageing (the hole was not 

present earlier) causing it to flake. Centre left of the image in the red circle shows an area in 

which the surface of the urushi has changed considerably after treatment and ageing. There 

be a change in texture on these islands. It is likely that these islands have more 

of the B72 resin present, rather than debris removed from the surface, as the surface has a 

streaky appearance and concentrates toward the outside edges of the island rather

 

                    b) 

: Images at x100 a) before 1% suri style treatment of  B72 is applied b) after 

treatment and 6 weeks of artificial ageing. 

 

: Images at x500 a) before 1% B72 suri style treatment is applied b) after treatment 

changes to the surface which are 

not visible at the higher magnification. In the top right corner, is an example of a hole, where 

the urushi is missing and emphasising the cracks in the deeper valleys. This may have been 

weakened during the 6 weeks of ageing (the hole was not 

present earlier) causing it to flake. Centre left of the image in the red circle shows an area in 

which the surface of the urushi has changed considerably after treatment and ageing. There 

be a change in texture on these islands. It is likely that these islands have more 

of the B72 resin present, rather than debris removed from the surface, as the surface has a 

streaky appearance and concentrates toward the outside edges of the island rather than 

  

: Images at x100 a) before 1% suri style treatment of  B72 is applied b) after 
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Figure 98 shows that the roughness increases with ageing. The cracks go to a depth of 8 µm 

after treatment but before ageing which increases to a depth of 12.5 µm after ageing for 6 

weeks (despite appearing closer to the surface in the SEM images). It is also noticeable that 

the crack valleys are getting wider. 

 

         

a) 

    

b) 

Figure 98: Profile of the urushi surface after a) B72 1% suri treatment and b) 6 weeks of 

ageing.   

 

The roughness data across all three samples and how they compare to the control sample 

are shown in Table 11. These are still comparable to the untreated control sample and the 
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B72 1% gatame treatment after 6 weeks of ageing implying that the 1% B72 suri treatment 

has had little effect, like the 1% B72 gatame treatment. 

 

Table 11: Roughness data set for the 1% B72 suri style treatment. 

 After Treatment 3 weeks ageing 6 weeks ageing 

Sample 
Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 
1.61 2.86 3.58 5.50 4.01 6.21 

B2a 1.23 2.12 2.64 4.38 3.20 5.17 

B2b 1.61 3.03 3.76 5.67 4.34 6.39 

B2c 1.75 2.93 3.92 5.92 5.51 7.33 

Mean 

(B2 set) 
1.53 2.63 3.44 5.32 4.35 6.30 

Error  

(B2 set) 
0.17 0.3 0.43 0.51 0.77 0.72 

 

The value for the roughness show some variation but this could be to the specific area 

looked at and variations between samples. 

9.4.4 B72 - 2.5% Single Layer Suri Style Treatment 

The final of the three B72 treatments is the single layer 2.5% B72 treatment shown in Figure 

99.  B72 at 2.5% has been used for urushi objects before, but as yet it is not sure why 2.5% 

is chosen or if indeed this concentration is the best. However, it has been used in past 

conservation treatments successfully [Yamashita and Rivers, 2011a]. Like the previous two 

experiments, image a) shows the surface before the B72 is applied. After the B72 is applied 

shown in b), there appears to be no change to the surface of the islands or the debris in the 

valleys but unlike Figure 91 and Figure 95, there are no additional hairline cracks.  

 

After 3 weeks of ageing shown in c), the valleys are wider. However, the valleys also appear 

shallower with thin cracks running along the bottom of the valleys. After 6 weeks shown in d) 

the cracks at the bottom of the valleys are marginally wider and the floors of the valleys 

appear to have risen further.  

 



a)    

c)    

Figure 99: Images at x1000 a) before 2.5% B72 suri style treatment is applied b) after B72 is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

ageing d) after 6 weeks of artificial ageing.

 

At lower magnification, Figure 

cracks widened repeats over a larger area and there is no change in texture on the island 

surfaces. 
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                    b) 

 

                    d) 

: Images at x1000 a) before 2.5% B72 suri style treatment is applied b) after B72 is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

ks of artificial ageing. 

Figure 100 shows that the pattern of the valley floor rising and the 

cracks widened repeats over a larger area and there is no change in texture on the island 

 

 

: Images at x1000 a) before 2.5% B72 suri style treatment is applied b) after B72 is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

shows that the pattern of the valley floor rising and the 

cracks widened repeats over a larger area and there is no change in texture on the island 



a)    

Figure 100: Images at x500 a) before 2.5% B72 suri style treatment is applied b) after 

treatment and 6 weeks of artificial ageing.

 

Figure 101 overall shows that the cracks are wider and the islands are smaller, although 

there are more holes appearing and widening. New cracks can be seen just below the centre 

where a sunburst pattern can be observed (red circle). The surface of the islands has not 

changed between the start of the process compared with after treatment and ageing.

 

a)    

Figure 101: Images at x100 a) before 2.5% B72 suri style treatment is applied b) after 

treatment and 6 weeks of artificial

 

Figure 102 shows the surface profiles before and after ageing. The roughness increases 

with ageing. The data indicates that the cracks go to a depth of 10 

increases to a depth of 20 µm 

after ageing for 6 weeks shown in b). It is also noticeable that the crack valleys are getting 

wider and there is a visible hole on the surface.
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                    b) 

: Images at x500 a) before 2.5% B72 suri style treatment is applied b) after 

treatment and 6 weeks of artificial ageing. 

s that the cracks are wider and the islands are smaller, although 

there are more holes appearing and widening. New cracks can be seen just below the centre 

where a sunburst pattern can be observed (red circle). The surface of the islands has not 

tween the start of the process compared with after treatment and ageing.

 

                    b) 

: Images at x100 a) before 2.5% B72 suri style treatment is applied b) after 

treatment and 6 weeks of artificial ageing. 

shows the surface profiles before and after ageing. The roughness increases 

with ageing. The data indicates that the cracks go to a depth of 10 µm before ageing which 

µm (despite appearing closer to the surface in the SEM images) 

after ageing for 6 weeks shown in b). It is also noticeable that the crack valleys are getting 

wider and there is a visible hole on the surface. 

 

: Images at x500 a) before 2.5% B72 suri style treatment is applied b) after 

s that the cracks are wider and the islands are smaller, although 

there are more holes appearing and widening. New cracks can be seen just below the centre 

where a sunburst pattern can be observed (red circle). The surface of the islands has not 

tween the start of the process compared with after treatment and ageing. 

 

: Images at x100 a) before 2.5% B72 suri style treatment is applied b) after 

shows the surface profiles before and after ageing. The roughness increases 

m before ageing which 

(despite appearing closer to the surface in the SEM images) 

after ageing for 6 weeks shown in b). It is also noticeable that the crack valleys are getting 
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a) 

 

b) 

Figure 102: Profile of the urushi surface after a) 2.5 % B72 suri style treatment and b) 6 

weeks of ageing.   

 

Table 12 shows the data set for the 2.5% B72 suri style roughness measurements. With the 

exception of the first sample (a), the other two samples appear to have a lower roughness in 

comparison to the control sample after 6 weeks of ageing. This first sample showed an area 

that has large holes where the urushi was missing, and this may account for the higher 

roughness value even though the appearance at high magnification showed little difference. 
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The lower roughness might be accounted for by the higher concentration of B72, in contrast 

with the 1% shown by the other two sets. 

 

Table 12: Roughness data set for the 2.5 % B72 suri style treatment. 

 After Treatment 3 weeks ageing 6 weeks ageing 

Sample 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 1.61 2.86 3.58 5.50 4.01 6.21 

B3a 1.60 3.02 3.13 5.31 7.05 8.57 

B3b 1.57 3.06 3.06 5.08 3.62 5.79 

B3c 1.76 2.99 2.84 4.51 3.12 5.14 

Mean  

(B3 set) 1.64 3.02 3.01 4.97 4.60 6.50 

Error 

(B3 set) 0.63 0.2 0.10 0.27 1.31 1.14 

 

 

It is implied that the B72 at a higher concentration has some effect although this is limited 

and the B72 cannot be seen on the surface of the islands under the SEM. In comparison to 

the other two B72 treatments, the measured roughness after 6 weeks was slightly lower, 

even though no difference could be seen visually. 

 

9.4.5 Error Calculations 

There is a large variation between the calculated errors, from 0.02 to 1.31 µm. The lowest 

errors appeared using the Rq values before any treatment was applied, and the higher 

errors appeared after 6 weeks of ageing. This indicates that there is a large amount of 

variability between the samples. It was not possible to re-visit the same area on the sample 

for the roughness readings, and so further variability was added to the system. As the 

starting material was similar (although would still be affected by the presence of holes or 

debris), it was assumed that the treatment would also be similar. Three samples of each 

treatment type were tested, and each sample was only tested once. It is unlikely that each 

sample was identical after treatment and consequently would be affected differently by 

ageing. This would account for the large errors, especially after ageing. As errors are more 
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likely to occur from the experimental set up than from the equipment, error calculations have 

only been shown for this set of experiments using Paraloid B72.  

 

9.5 Results - Gatame and Suri Urushi Treatments  

9.5.1 Overview 

Gatame and suri treatments both refer to conservation methods used by Japanese 

conservators using urushi, the same material which the surface of the object was made 

from. Gatame uses urushi which is diluted with a solvent, so it will reach the bottom of the 

cracks to seal them. Additional layers of gatame with increased concentrations of urushi are 

applied as required. Furthermore, any excess urushi is wiped away from the surface of the 

objects to reduce any changes in appearance, such as an increase in gloss, ensuring the 

urushi remains only in the cracks. Suri involves urushi which is put on the whole surface of 

an object, often at higher concentrations compared to gatame. Traditionally suri was put on 

neat and unlike the gatame treatment, it is not wiped thus leaving a layer of new urushi on 

the surface. 

 

Five sets of samples were prepared to reflect the different variations of the treatments 

including testing the effect of using a different type of urushi. Each sample set had three 

samples, and each sample was revisited at each stage of the process using the SEM and 

profilometer. 

 

9.5.2 Gatame Treatment 

The gatame treatment was applied in two coats, the first coat at a 1:6 concentration of urushi 

to solvent and the second was at a 1:4 concentration, Solvesso A 150ND  was used as the 

solvent. 

 

Figure 103 shows the sample at difference stages of the treatment. Before treatment shown 

in a), the appearance of the sample was as described for the control sample. The gatame 

treatment shown in b) had a visible effect (unlike the B72 treatment). The very bottom of the 

valley cracks appear to be shallower and narrower after treatment over the whole sample. 

Some of the hairline cracks that were present before treatment appear to close up, for 

example the 2 cracks on the middle right island (yellow circle) have nearly vanished after 

treatment, possibly because they have been filled in by the gatame. Also the chipped section 

in the middle of the image (red circle) has changed in appearance, the texture is smoother 
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and less jagged than before the gatame was applied. Although this chip has changed in 

texture, the other islands have had no visible change on the surface. An obvious crack has 

appeared after treatment, starting on the top middle left island and has propagated down the 

sample through the centre. This crack has considerably widened after 3 weeks of ageing, 

shown in c), making a new island from the original middle island and surrounding area.  

 

After 3 weeks of ageing shown in c) other cracks such as the one in the bottom left corner 

(blue circle) have also widened in size and depth. There is also a reappearance of the 

hairline cracks that had disappeared after the sample was treated, but which were seen on 

the untreated sample in image a), for example the one seen on the bottom of the middle 

island. The chip on the middle island (red circle) has a rougher texture, but is still smoother 

than before treatment.  

 

After 6 weeks of ageing shown in d), some of the cracks at the bottom of the valleys have 

begun to widen, such as the crack on the top of the image. The cracks widen by different 

amounts. This top crack has widened by 10 µm whilst other cracks, such as the crack in the 

bottom right cluster of islands, haven’t widened. New hairline cracks have also appeared, for 

example in the top right corner on the valley floor (green circle).  

 

 

 

 

 

 

 

 

 

 

 

 

 



a)     

c)     

Figure 103: Images at x1000 a) before urushi gatame is applied b) after gatame is applied 

and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial ageing d) 

after 6 weeks of artificial ageing.

 

Figure 104 shows a larger area at lower magnification. The images confirm that the cracks 

get wider as the sample is aged, but many of the cracks appear shallower in appearance 

than before treatment, for example the bottom left cracks all appear to be shallower even 

though they are wider. The debris inside the cracks has also changed in appearance after 

treatment and ageing, there are no large particles but smaller particles are present. It is likely 

that some debris was removed during treatment. The surfaces of the islands do not appear 

to have changed in appearance.
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                    b) 

 

                    d) 

: Images at x1000 a) before urushi gatame is applied b) after gatame is applied 

conditions c) after treatment and 3 weeks of artificial ageing d) 

after 6 weeks of artificial ageing. 

shows a larger area at lower magnification. The images confirm that the cracks 

s aged, but many of the cracks appear shallower in appearance 

than before treatment, for example the bottom left cracks all appear to be shallower even 

though they are wider. The debris inside the cracks has also changed in appearance after 

geing, there are no large particles but smaller particles are present. It is likely 

that some debris was removed during treatment. The surfaces of the islands do not appear 

to have changed in appearance. 

 

 

: Images at x1000 a) before urushi gatame is applied b) after gatame is applied 

conditions c) after treatment and 3 weeks of artificial ageing d) 

shows a larger area at lower magnification. The images confirm that the cracks 

s aged, but many of the cracks appear shallower in appearance 

than before treatment, for example the bottom left cracks all appear to be shallower even 

though they are wider. The debris inside the cracks has also changed in appearance after 

geing, there are no large particles but smaller particles are present. It is likely 

that some debris was removed during treatment. The surfaces of the islands do not appear 



a)     

Figure 104: Images at x500 a) before urushi gatame is applied b) after treatment and 6 

weeks of artificial ageing. 

 

At the lower magnification shown in 

cracks do widen forming large clusters of islands. The overall surface hasn’t changed 

significantly although the texture does appear smoother after treatment and ageing.

 

a)     

Figure 105: Images at x100 a) before gatame is applied b) after treatment and 6 weeks of 

artificial ageing. 

 

For untreated control sample some of the cracks had more material in them than for the 

gatame sample. The profile of the gatame surface after ageing has changed as shown in

Figure 106. The cracks do indeed get wider and deeper. The cracks go from being 12 

deep before ageing to over 15 µ
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                     b) 

: Images at x500 a) before urushi gatame is applied b) after treatment and 6 

At the lower magnification shown in Figure 105, the overall view shows that many of the 

cracks do widen forming large clusters of islands. The overall surface hasn’t changed 

significantly although the texture does appear smoother after treatment and ageing.

 

                     b) 

0 a) before gatame is applied b) after treatment and 6 weeks of 

For untreated control sample some of the cracks had more material in them than for the 

gatame sample. The profile of the gatame surface after ageing has changed as shown in

. The cracks do indeed get wider and deeper. The cracks go from being 12 

deep before ageing to over 15 µm deep after ageing. 

 

: Images at x500 a) before urushi gatame is applied b) after treatment and 6 

, the overall view shows that many of the 

cracks do widen forming large clusters of islands. The overall surface hasn’t changed 

significantly although the texture does appear smoother after treatment and ageing. 

 

0 a) before gatame is applied b) after treatment and 6 weeks of 

For untreated control sample some of the cracks had more material in them than for the 

gatame sample. The profile of the gatame surface after ageing has changed as shown in 

. The cracks do indeed get wider and deeper. The cracks go from being 12 µm 
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a) 

  

b) 

Figure 106: Profile of the urushi surface after a) urushi gatame treatment and b) 6 weeks of 

ageing. 

 

Table 13 shows the roughness data for the whole gatame set in comparison to the untreated 

control sample. From the data, the gatame didn’t affect the roughness in either a positive or 

negative way compared to the control sample. The roughness values for the first of the 

samples appear to be high after 6 weeks of ageing. Analysis of the 2D images for this 

sample shows how it has less material in the crack valleys than the other two samples which 

may affect the results. 
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Table 13: Roughness data set for the urushi gatame treatment. 

 After Treatment 3 weeks ageing 6 weeks ageing 

Sample 
Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 
1.61 2.86 3.58 5.50 4.01 6.21 

G1a 1.88 3.20 3.26 5.13 6.99 8.22 

G1b 1.73 2.96 3.37 5.13 3.14 5.40 

G1c 1.81 3.00 4.09 6.09 4.40 6.62 

Mean 

(G1 set) 
1.81 3.05 3.57 5.45 4.84 6.75 

 

9.5.3 Diluted Suri – 2 Applications 

The first of the suri treatments was based on actual conservation work that had been done to 

stabilise a fragile nashiji box. In the original treatment, the surface was too fragile to wipe off 

any urushi so a diluted suri treatment was used to make it possible to handle the object 

without causing damage. The conservators at the V&A wanted to know if there were any 

benefits from continuing the suri treatment a stage further, by adding a further suri layer.  

 

Figure 107 shows the sample treated with using 2 layers of a 1:4 solution of urushi and 

solvent. After treatment shown in b), there are areas where some cracks have been filled in 

by the urushi, for example the cracks on the bottom left island (yellow circle), and other 

cracks that have either not been filled or have re-formed. However, some of those cracks 

that appear to be filled in have a fibrous tear texture to them (red circle) implying that after 

ageing, they would re-crack. Overall, the valley cracks appear to be shallower after suri is 

applied. Some of the islands have dark patches on the surface like the one bottom centre 

(blue arrow) but otherwise the surfaces of most of the islands remain as they were. In the 

bottom middle islands (blue arrow), a piece of debris has become trapped in the urushi after 

treatment and now forms part of the island.  

 

After 3 weeks of ageing, shown in c), the valley cracks have begun to widen, although not as 

dramatically as for the previous treatments. The smaller cracks before ageing have not 

propagated all the way through the islands after 3 weeks. The cracks at the bottom of the 

valley cracks have also reappeared with a jagged torn appearance in the bottom of the 



image rather than the smooth clean cracks. The dark patches on the 

and their appearance has reverted to how they looked before the treatment was applied. 

 

After 6 weeks of ageing, little has changed. More hairline cracks have appeared, but the 

valley cracks do not appear to have grown or the island

 

a)     

c)    

Figure 107: Images at x1000 a) before 2 layers of diluted urushi suri is applied b) after suri is 

applied and left for 6 weeks in dark 

ageing d) after 6 weeks of artificial ageing.

 

Looking at larger areas in Figure 

ageing. The valley floors look higher, with fewer new cracks appearing than with previous 

treatments, although some of the cracks do look wider than before.
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image rather than the smooth clean cracks. The dark patches on the islands have also gone 

and their appearance has reverted to how they looked before the treatment was applied. 

After 6 weeks of ageing, little has changed. More hairline cracks have appeared, but the 

valley cracks do not appear to have grown or the island size reduced.  

 

                    b) 

 

                    d) 

: Images at x1000 a) before 2 layers of diluted urushi suri is applied b) after suri is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

ageing d) after 6 weeks of artificial ageing. 

Figure 108, shows that the island size is being preserved after 

s look higher, with fewer new cracks appearing than with previous 

treatments, although some of the cracks do look wider than before. 

islands have also gone 

and their appearance has reverted to how they looked before the treatment was applied.  

After 6 weeks of ageing, little has changed. More hairline cracks have appeared, but the 

 

 

: Images at x1000 a) before 2 layers of diluted urushi suri is applied b) after suri is 

conditions c) after treatment and 3 weeks of artificial 

, shows that the island size is being preserved after 

s look higher, with fewer new cracks appearing than with previous 



a)     

Figure 108: Images at x500 a) before 2 layers of diluted uru

treatment and 6 weeks of artificial ageing. 

 

Looking at an even larger area in 

gatame treatment, and it is not as obvious that

holes and less change in the surface appearance than before ageing compared to the urushi 

gatame treatment. 

 

a)     

Figure 109: Images at x100 a) before 2 layers

treatment and 6 weeks of artificial ageing.

 

The surface profile in Figure 

deeper in places, from 12 µm to 16 

the same as the gatame cracks although there are more deep cracks using gatame 

compared to the suri. The textures of the islands appear to be smoother than before but the 

cracks are not the same width after
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                    b) 

: Images at x500 a) before 2 layers of diluted urushi suri is applied b) after suri 

treatment and 6 weeks of artificial ageing.  

Looking at an even larger area in Figure 109, there are no clusters as there were with the 

gatame treatment, and it is not as obvious that the cracks have widened. There are fewer 

holes and less change in the surface appearance than before ageing compared to the urushi 

 

                     b) 

: Images at x100 a) before 2 layers of diluted urushi suri is applied b) after 

treatment and 6 weeks of artificial ageing. 

Figure 110 of the suri surface shows the cracks continuing to grow 

µm to 16 µm, while other cracks remain the same depth. This is 

the same as the gatame cracks although there are more deep cracks using gatame 

compared to the suri. The textures of the islands appear to be smoother than before but the 

cracks are not the same width after ageing as they were before. 

 

shi suri is applied b) after suri 

, there are no clusters as there were with the 

the cracks have widened. There are fewer 

holes and less change in the surface appearance than before ageing compared to the urushi 

 

of diluted urushi suri is applied b) after 

of the suri surface shows the cracks continuing to grow 

while other cracks remain the same depth. This is 

the same as the gatame cracks although there are more deep cracks using gatame 

compared to the suri. The textures of the islands appear to be smoother than before but the 
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 a) 

  

b) 

Figure 110: Profile of the urushi surface after a) 2 layers of diluted urushi suri treatment and 

b) 6 weeks of ageing. 

 

Looking at the whole roughness data set in Table 13, it would appear that the surface is 

consistently rougher than an untreated sample but that is not what is appearing on the SEM 

images. It may be that with the islands and cracks remaining a similar size, the overall 

surface would appear to have more dips and troughs than before making it seem rougher. 

As urushi is visible on the surface of the islands after treatment, it could also be that discrete 

high spots of urushi on the surface of the islands would also increase the roughness 
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measurements. If more urushi was applied, it would form a smoother layer rather than 

discrete spots, and so the measured roughness would decrease. 

 

Table 14: Roughness data set for the 2 layers of diluted urushi suri treatment. 

 After Treatment 3 weeks ageing 6 weeks ageing 

Sample 
Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 
1.61 2.86 3.58 5.50 4.01 6.21 

S1a 2.37 4.25 4.66 6.09 5.41 7.15 

S1b 1.80 3.13 3.26 5.27 5.31 7.35 

S1c 2.08 3.69 4.70 6.66 5.13 7.55 

Mean 

(S1 set) 
2.08 3.69 4.21 6.01 5.28 7.35 

 

9.5.4 Diluted Suri – 3 Applications 

The results of the second of the variable dilution urushi suri treatments are radically different, 

just by adding the final layer of urushi at a 1:2 concentration. From the untreated to the 

treated condition shown in Figure 111, the change in appearance is distinctly different 

between a) and b). The most significant differences are that all the valleys appear to have 

been filled, although not level with the top of the islands. The crack on the bottom middle 

(red circle) shows a slanted appearance with a hole in the urushi in a valley between the 

islands, this is also true of the top right corner cracks. These areas have not been filled with 

urushi as well as the other valleys. There is variation of the urushi filling the surface of the 

sample. The island surfaces appear blotchy and have a very different texture to their 

untreated state as urushi is deposited on the surface of the islands. However, even though 

the valley cracks are filled in, thin cracks appear between the island and new urushi on both 

sides of the filling material.  

 

After ageing for 3 weeks, shown in c), the surfaces of the islands begin to revert to their 

appearance before the treatment was applied implying that the newer urushi on top of the 

islands has eroded. The newer urushi filling material is beginning to take on a small island 

look as the thin cracks between the filling material and the islands begin to widen (green 

circle), suggesting that there is poor adhesion between the newer urushi filler material and 

the old urushi surface. However, holes have appeared in the top right and bottom middle 



crack valley (red circle) where the filling material did not go as high as the rest. These crack 

valleys are also wider then before the sample was treated. Th

middle has a hole in the middle of the filling material, after 6 weeks this propagates to 

combine with the rest of the crack. The hole was in the centre of the filling material and the 

new filling material has split either side

valley floor.  

 

After 6 weeks the cracks that were visible are fractionally wider making the islands within the 

filling material more predominant. None of the smaller cracks have propagated as much as 

the valley cracks on the top and bottom (red circle) of the image.

 

a)     

c)     

Figure 111: Images at x1000 a) before 3 applications of diluted urushi suri is applied b) 

suri is applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of 

artificial ageing d) after 6 weeks of artificial ageing.

 

Overlaying image a) and d) in 

not moved away from each other as much as the control sample overlay did. Both samples 
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crack valley (red circle) where the filling material did not go as high as the rest. These crack 

valleys are also wider then before the sample was treated. The crack valley on the bottom 

middle has a hole in the middle of the filling material, after 6 weeks this propagates to 

combine with the rest of the crack. The hole was in the centre of the filling material and the 

new filling material has split either side of the island and thin cracks can be seen on the 

After 6 weeks the cracks that were visible are fractionally wider making the islands within the 

filling material more predominant. None of the smaller cracks have propagated as much as 

alley cracks on the top and bottom (red circle) of the image. 

 

                    b) 

 

                    d) 

: Images at x1000 a) before 3 applications of diluted urushi suri is applied b) 

suri is applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of 

artificial ageing d) after 6 weeks of artificial ageing. 

Overlaying image a) and d) in Figure 111 to produce Figure 112 shows that the islands have 

not moved away from each other as much as the control sample overlay did. Both samples 

crack valley (red circle) where the filling material did not go as high as the rest. These crack 

e crack valley on the bottom 

middle has a hole in the middle of the filling material, after 6 weeks this propagates to 

combine with the rest of the crack. The hole was in the centre of the filling material and the 

of the island and thin cracks can be seen on the 

After 6 weeks the cracks that were visible are fractionally wider making the islands within the 

filling material more predominant. None of the smaller cracks have propagated as much as 

 

 

: Images at x1000 a) before 3 applications of diluted urushi suri is applied b) after 

suri is applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of 

shows that the islands have 

not moved away from each other as much as the control sample overlay did. Both samples 



shifted by 5 µm but the control sample has more islands that shifted whereas this sample 

shows that only one island has moved. This implies that the suri keeps the islands in place.

 

Figure 112: Overlay of the sample treated with 3 applications of diluted urushi suri and 6 

week artificially aged images. The red circle denotes the 

 

By looking at a lower magnification and larger area, as shown in 

valleys re-appear across the sample. Faint cracks can be seen on the floor of the valleys.

 

a)     

Figure 113: Images at x500 a) before 3 applications of diluted urushi suri is applied b) after 

suri treatment and 6 weeks of artificial ageing.

 

Looking at a larger area, shown in 

on the sample. The individual islands not affected by the large crack valleys, are roughly the 

same size as before and after treatment and ageing.
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m but the control sample has more islands that shifted whereas this sample 

one island has moved. This implies that the suri keeps the islands in place.

 

: Overlay of the sample treated with 3 applications of diluted urushi suri and 6 

week artificially aged images. The red circle denotes the match point. 

By looking at a lower magnification and larger area, as shown in Figure 113

appear across the sample. Faint cracks can be seen on the floor of the valleys.

 

                     b) 

: Images at x500 a) before 3 applications of diluted urushi suri is applied b) after 

suri treatment and 6 weeks of artificial ageing. 

Looking at a larger area, shown in Figure 114, the large crack valleys cause a cluster effect 

on the sample. The individual islands not affected by the large crack valleys, are roughly the 

same size as before and after treatment and ageing. 

m but the control sample has more islands that shifted whereas this sample 

one island has moved. This implies that the suri keeps the islands in place. 

: Overlay of the sample treated with 3 applications of diluted urushi suri and 6 

113, the large crack 

appear across the sample. Faint cracks can be seen on the floor of the valleys. 

 

: Images at x500 a) before 3 applications of diluted urushi suri is applied b) after 

, the large crack valleys cause a cluster effect 

on the sample. The individual islands not affected by the large crack valleys, are roughly the 



a)     

Figure 114: Images at x100 a) before suri is applied b) after suri treatment and 6 weeks of 

artificial ageing. 

 

The roughness profiles shown in 

much shallower compared to the control sample. Even before the ageing, there is a lot of 

variation between the crack valley depths which is emphasised after ageing. After ageing, as 

shown in Figure 115b, the cluster of islands, similar to what was seen in the SEM, are clearly 

visible. This confirms that the application of urushi suri is not even over the surface of the 

sample. The cracks propagate going from 6 
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                    b) 

: Images at x100 a) before suri is applied b) after suri treatment and 6 weeks of 

The roughness profiles shown in Figure 115 show that on the whole, the crack vall

much shallower compared to the control sample. Even before the ageing, there is a lot of 

variation between the crack valley depths which is emphasised after ageing. After ageing, as 

uster of islands, similar to what was seen in the SEM, are clearly 

visible. This confirms that the application of urushi suri is not even over the surface of the 

sample. The cracks propagate going from 6 µm to 20 µm in depth.  

 

: Images at x100 a) before suri is applied b) after suri treatment and 6 weeks of 

show that on the whole, the crack valleys are 

much shallower compared to the control sample. Even before the ageing, there is a lot of 

variation between the crack valley depths which is emphasised after ageing. After ageing, as 

uster of islands, similar to what was seen in the SEM, are clearly 

visible. This confirms that the application of urushi suri is not even over the surface of the 
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a) 

 

b) 

Figure 115: Profile of the urushi surface after a) 3 applications of diluted urushi suri 

treatment and b) 6 week of ageing. 

 

Table 15 shows the roughness data set for all the 3 applications of diluted urushi suri 

samples. The roughness is less than the control sample after ageing although there is 

variation between the suri samples. The mean roughness of the samples is lower for these 

samples compared to the samples that only had 2 applications of urushi suri confirming that 

3 applications of suri gives a smoother surface overall. Also, the roughness increase occurs 
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at a slower rate on these samples compared to the samples that have been treated with only 

2 applications suri and the control sample. 

 

Table 15: Roughness data set for the 3 applications of diluted urushi suri treatment. 

 After Treatment 3 weeks ageing 6 weeks ageing 

Sample 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 1.61 2.86 3.58 5.50 4.01 6.21 

S2a 1.57 2.33 2.02 3.15 2.42 4.35 

S2b 1.62 2.58 2.75 4.30 3.02 5.14 

S2c 1.36 2.12 2.23 3.58 2.29 3.89 

Mean  

(S2 set) 1.52 2.34 2.33 3.68 2.58 4.46 

 

9.5.5 Neat Suri - Kijiro 

Different urushi types are chosen during conservation depending on their colour and 

properties, e.g. photostability and curing humidity. The first urushi type to be tested neat, 

rather than diluted with solvent as previously in this chapter was the neat kijiro urushi, shown 

in Figure 116. These samples were also rubbed to get rid of the excess urushi, unlike the 

previous suri treatment in this Chapter. After treatment shown in b), the urushi has not filled 

the valleys to the top of the islands, probably because only 2 layers were applied and these 

were both rubbed to remove the excess. Many of the hairline cracks have been filled with the 

urushi (yellow circle). The surface of the islands has been affected by the treatment (blue 

arrow). The debris seen on the surface before treatment appears bright white after treatment 

and there is a blotchy texture to the surface where urushi has been deposited on the 

surface.  

 

After 3 weeks of ageing shown in c), the texture of the islands has mostly reverted back to 

their appearance before treatment because the thin layer of urushi has been eroded by the 

light ageing (blue arrow). The area indicated by the blue arrow, still shows some urushi left 

on the surface that has not fully eroded after 3 weeks. This area completely reverts back to 

its pre-treated conditions after 6 weeks of ageing. Faint lines can be seen in the centre of the 



filling material after the treatment implying that the origin of cracks, although even after 6 

weeks of ageing no deep re

ageing, the hairline cracks (red circle) seen before treatment have returned and after 6 

weeks of ageing shown in d), they have propagated. A new crack (green circle) has 

appeared on the middle right island after 6 weeks that was not present after 

ageing. 

 

Even though in Figure 116 the valley cracks were filled in and did not reform, 

shows that they are still present on this sample (blue arrow) indicati

Figure 116, were taken within a cluster. Cracks have appeared on the valley floor. Similarly 

to previous samples, the clusters of islands are not affected by the wide cracks, remaining 

the same size after ageing as before treatment and ageing.

 

a)     

c)     

Figure 116: Images at x1000 a) before suri is applied b) after neat kijiro urushi suri is applied 

and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial ageing d) 

after 6 weeks of artificial ageing.
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filling material after the treatment implying that the origin of cracks, although even after 6 

weeks of ageing no deep re-cracking of the crack valleys is apparent. After 3 w

ageing, the hairline cracks (red circle) seen before treatment have returned and after 6 

weeks of ageing shown in d), they have propagated. A new crack (green circle) has 

appeared on the middle right island after 6 weeks that was not present after 

the valley cracks were filled in and did not reform, 

shows that they are still present on this sample (blue arrow) indicating that the images in 

, were taken within a cluster. Cracks have appeared on the valley floor. Similarly 

to previous samples, the clusters of islands are not affected by the wide cracks, remaining 

ze after ageing as before treatment and ageing. 

 

                    b) 

 

                    d) 

: Images at x1000 a) before suri is applied b) after neat kijiro urushi suri is applied 

left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial ageing d) 

after 6 weeks of artificial ageing. 

filling material after the treatment implying that the origin of cracks, although even after 6 

cracking of the crack valleys is apparent. After 3 weeks of 

ageing, the hairline cracks (red circle) seen before treatment have returned and after 6 

weeks of ageing shown in d), they have propagated. A new crack (green circle) has 

appeared on the middle right island after 6 weeks that was not present after 3 weeks of 

the valley cracks were filled in and did not reform, Figure 117 

ng that the images in 

, were taken within a cluster. Cracks have appeared on the valley floor. Similarly 

to previous samples, the clusters of islands are not affected by the wide cracks, remaining 

 

 

: Images at x1000 a) before suri is applied b) after neat kijiro urushi suri is applied 

left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial ageing d) 



a)     

Figure 117: Images at x500 a) before neat kijiro urushi suri is 

6 weeks of artificial ageing. 

 

At lower magnification, shown in 

texture of the surface of the urushi doesn’t appear to have chang

comparing these two images (although from 

reverted). 

 

a)     

Figure 118: Images at x100 a) before nea

6 weeks of artificial ageing. 

 

Figure 119 shows the cracks propagating from 5 

widening of the valleys. This is less compared

As before, it shows high contrast between the areas where the valley cracks are present and 

the cracks which are still filled with urushi.
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                     b) 

: Images at x500 a) before neat kijiro urushi suri is applied b) after treatment and 

At lower magnification, shown in Figure 118, the clusters and cracks pattern is clear. The 

texture of the surface of the urushi doesn’t appear to have changed significantly just by 

comparing these two images (although from Figure 116 the surface changed and then 

 

                    b) 

: Images at x100 a) before neat kijiro urushi suri is applied b) after treatment and 

shows the cracks propagating from 5 µm to 8 µm after ageing and the slight 

widening of the valleys. This is less compared to the 3 applications of diluted suri treatment. 

As before, it shows high contrast between the areas where the valley cracks are present and 

the cracks which are still filled with urushi. 

 

applied b) after treatment and 

, the clusters and cracks pattern is clear. The 

ed significantly just by 

the surface changed and then 

 

t kijiro urushi suri is applied b) after treatment and 

m after ageing and the slight 

to the 3 applications of diluted suri treatment. 

As before, it shows high contrast between the areas where the valley cracks are present and 
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a) 

 

b) 

Figure 119: Profile of the urushi surface after a) neat kijiro urushi suri treatment and b) 6 

week of ageing. 

 

Table 16 shows that the kijiro urushi has a lower roughness than the control sample. The 

roughness results from 3 weeks of ageing to 6 weeks of ageing are fairly stabile and have 

not changed as much as the control sample. The mean roughness data for the neat kijiro 

also imply that a smoother surface is obtained using 2 applications of neat urushi (even 

though it is rubbed) than 3 layers of diluted urushi. 
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Table 16: Roughness data set for the different type of neat kijiro urushi suri treatment. 

 After Treatment 3 weeks ageing 6 weeks ageing 

Sample 
Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 
1.61 2.86 3.58 5.50 4.01 6.21 

S4a 1.10 1.66 2.04 2.90 2.61 4.58 

S4b 1.15 1.77 1.90 2.74 1.87 3.20 

S4c 1.14 1.71 1.71 2.59 1.89 2.91 

Mean 

(S4 set) 
1.13 1.71 1.88 2.74 2.12 3.56 

 

9.5.6 Neat Suri - Kijomi 

The final of the suri treatments is shown in Figure 120. It uses neat kijomi urushi, and the 

results are very similar to those of the kijiro urushi. Between the untreated a) and treated b) 

state in Figure 120 the suri does not appear to fill the cracks as high as the 3 applications of 

diluted urushi suri, either because some of the urushi was rubbed away or 3 applications of 

urushi was needed to fill the cracks higher. The urushi is also beginning to crack in the 

centre of the filling material as seen in the bottom left crack valley (green circle) and the top 

right crack valley (red circle). The small hairline cracks (yellow circle) in the untreated state 

have widened in the treated state and the island on the top left appears to be smaller after 

being treated. The island surfaces are blotchy in appearance after treatment where the 

urushi has been left on the surface of the islands. The top middle island has been chipped 

during the treatment, probably caused by the rubbing process.  

 

After 3 weeks of the ageing shown in c), the two cracks in the top right and bottom left have 

opened. The top right cracks (red circle) are seen as a series of holes connected by hairline 

cracks, and the bottom left crack (green circle) becomes the familiar valley type cracks with 

some of the material still sealing the cracks with a fibular appearance. This fibular 

appearance suggests that the newer urushi isn’t as brittle as the old urushi (which cracks 

with a clean break). As discussed in previous Chapters, the newer urushi is also still curing 

so its properties would not be consistent throughout the material. 

 

After 6 weeks of ageing shown in d), the aforementioned cracks have both opened 

completely and cracks can be seen on the valley floor. Other than a couple of cracks, for 



example the one on the centre island, opening up slightly, there are few differences between 

3 and 6 weeks of ageing. 

 

At a lower magnification, shown in 

is more obvious over the sample, as is the widening of the small hairline cracks. Some of the 

islands appear to have shrunk in size, probably due to erosion during ageing, although the 

surface texture has remained fairly consistent. 

 

a)     

c)     

Figure 120: Images at x1000 a) before suri is applied b) after neat kijomi urushi suri is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

ageing d) after 6 weeks of artificial ageing.
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the centre island, opening up slightly, there are few differences between 

At a lower magnification, shown in Figure 121, the re-appearance of the deep valley cracks 

mple, as is the widening of the small hairline cracks. Some of the 

islands appear to have shrunk in size, probably due to erosion during ageing, although the 

surface texture has remained fairly consistent.  

 

                    b) 

 

                     d) 

: Images at x1000 a) before suri is applied b) after neat kijomi urushi suri is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 

6 weeks of artificial ageing. 

the centre island, opening up slightly, there are few differences between 

appearance of the deep valley cracks 

mple, as is the widening of the small hairline cracks. Some of the 

islands appear to have shrunk in size, probably due to erosion during ageing, although the 

 

 

: Images at x1000 a) before suri is applied b) after neat kijomi urushi suri is 

applied and left for 6 weeks in dark conditions c) after treatment and 3 weeks of artificial 



a)     

Figure 121: Images at x500 a) before neat kijomi urushi suri is applied b) after suri treatment 

and 6 weeks of artificial ageing.

 

The large crack valley network and cluster of islands are very clear in 

ageing shown in a), the cracks are generally shallow but the island texture is quite rough as 

shown in the y (blue graph) direc

shown in b), there appear to be new filled in holes for example in the bottom centre of the 

image (red circle) after treatment and ageing. Otherwise it is similar t

of diluted urushi suri. 

 

a)     

Figure 122: Images at x100 a) before neat kijomi urushi suri is applied b) after treatment and 

6 weeks of artificial ageing. 

 

Figure 123 shows the profiles of the treated surfaces before and after ageing. Before ageing, 

the surface shown in a) is much smoother than the control sample and similar to that after 

the 3 applications of diluted suri.
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                    b) 

: Images at x500 a) before neat kijomi urushi suri is applied b) after suri treatment 

and 6 weeks of artificial ageing. 

The large crack valley network and cluster of islands are very clear in Figure 

ageing shown in a), the cracks are generally shallow but the island texture is quite rough as 

shown in the y (blue graph) direction shown in Figure 123. After treatment and ageing, 

shown in b), there appear to be new filled in holes for example in the bottom centre of the 

image (red circle) after treatment and ageing. Otherwise it is similar to the three applications 

 

                     b) 

: Images at x100 a) before neat kijomi urushi suri is applied b) after treatment and 

shows the profiles of the treated surfaces before and after ageing. Before ageing, 

the surface shown in a) is much smoother than the control sample and similar to that after 

the 3 applications of diluted suri. The roughness profiles show that the cracks have still 

 

: Images at x500 a) before neat kijomi urushi suri is applied b) after suri treatment 

Figure 122. Before 

ageing shown in a), the cracks are generally shallow but the island texture is quite rough as 

. After treatment and ageing, 

shown in b), there appear to be new filled in holes for example in the bottom centre of the 

o the three applications 

 

: Images at x100 a) before neat kijomi urushi suri is applied b) after treatment and 

shows the profiles of the treated surfaces before and after ageing. Before ageing, 

the surface shown in a) is much smoother than the control sample and similar to that after 

The roughness profiles show that the cracks have still 
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increased in depth from 10 µm before ageing to 21 µm after ageing, which is the same as for 

the control sample. This is higher than the kijiro samples. 

  

a) 

 

b)     

Figure 123: Profile of the urushi surface after a) neat kijomi urushi suri is applied and b) after 

6 weeks of ageing. 

 

The data for the set in  

Table 17 confirms that after treatment compared to the control sample, the surface is less 

rough and consequently less dull in appearance however, the roughness values are higher 

then the kijiro samples. The neat kijomi treatment is comparable to the 3 applications of the 
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diluted suri treatment. This data confirms that kijiro is more photo-chemically stable than 

kijomi. 

 

Table 17: Roughness data set for the neat kijomi urushi suri treatment. 

 After Treatment 3 weeks ageing 6 weeks ageing 

Sample 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control 

(Untreated) 
1.61 2.86 3.58 5.50 4.01 6.21 

S3a 1.38 1.96 1.86 2.86 2.79 4.69 

S3b 1.92 2.61 2.84 3.63 3.43 5.19 

S3c 1.49 2.14 2.33 3.20 2.78 4.50 

Mean 

(S3 set) 
1.60 2.24 2.34 3.23 3.00 4.79 

 

9.5.7 Summary 

From this experiment, it is clear that the suri treatments fill the deep valley cracks, unlike the 

gatame treatment which could not be seen on the SEM images. The suri treatments had the 

greatest impact when conserving the object long term as they changed their appearance of 

the sample by filling in the crack valleys, and lowered roughness compared to gatame or the 

untreated samples. The more layers used in the suri and the closer to the top of the island 

the new urushi came, the less it degraded. The two different types of urushi did not appear 

to make a large difference to the ageing effects although the kijiro is better then kijomi. Kijiro 

used neat for suri application produced lower roughness values compared to the 3 layers of 

diluted urushi suri treatment after ageing. 

 

9.6 Results – Shellac Coated Samples 

9.6.1 Overview 

A small set of samples were used as a trial to see the effect of shellac on an aged urushi 

object when it undergoes further conservation treatment using suri urushi. Three samples 

had layers of shellac applied which were aged for 6 weeks. The shellac layer was then 

reduced using solvents and a layer of urushi was applied.  
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9.6.2 Applying and Removing Shellac 

Figure 124 shows the how each of the stages affects the appearance of the object. 

Untreated, as shown in a), the naturally aged sample has islands and deep valley cracks. 

When the shellac has been applied, the appearance of the surface became smooth and 

featureless, apart from a few dust particles that had been caught in the shellac during 

application, as shown in b). There was no sign of the deep cracks and islands from the 

original surface.  

 

After 3 weeks of ageing as shown in c), small holes appeared on the surface but otherwise it 

still appears flat and smooth. After 6 weeks of ageing as shown in d), the surface was still 

smooth, but the holes which had become larger became the centre for cracks. Very few new 

holes had appeared after 6 weeks of ageing. These cracks were not as deep or as wide as 

the valley cracks seen before the shellac was applied and have not propagated far enough 

that they have formed islands.  

 

After the samples was wiped using industrial methylated spirit (IMS) to try and remove the 

shellac, as shown in e), the surface of the sample changed dramatically. The surface now 

has a cratered uneven texture with larger holes appearing across the surface. When the 

sample was put under UV light, it still fluoresced orange indicating there was still shellac on 

the surface. It was wiped a second time using acetone and was cleaned more vigorously 

than before. However, shellac remains on the sample and although the appearance is 

smoother than before, it still has a rough appearance to it as shown in f). The original aged 

urushi surface cannot be seen even after the second clean. 

 

Looking at a wider area at x100 magnification shown in Figure 125, the surface of the 

sample after shellac is applied shown in image b) is consistently flat and smooth. After 6 

weeks of ageing shown in image c), a crack network is starting to form across the sample 

although the islands beginning to form are larger than those on the original surface. After the 

shellac was wiped in d), cracks are still visible, for example the one at the top left-middle of 

the image, although at higher magnification, these cracks are similar but not identical. This 

would indicate that the cracks have been covered and formed where the material is weakest, 

either where the original cracks (old position) was or the new material as it is polymerising 

(new position). It is difficult to judge whether these cracks are appearing over the old aged 

urushi valley cracks. After the shellac was wiped, there appears to be some shadowing on 

the image where the old valley cracks may have previously been, although it was not 

possible to confirm this even at higher magnification and compared to the image in Figure 



124a), it is unlikely to be the original crack valleys as the islands

the original surface. 

 

a)       

c)                   

e)     

Figure 124: Shellac sample at x1000 magnification a) before treatment b) after shellac is 

applied c) after 3 weeks of artificial ageing d) after  6 weeks of artificial ageing e) after 

shellac is wiped using IMS, f) after shellac is wiped using acetone. 
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a), it is unlikely to be the original crack valleys as the islands are too large compared to 

 

                    b) 

 

                               d) 

 

                    f) 

: Shellac sample at x1000 magnification a) before treatment b) after shellac is 

applied c) after 3 weeks of artificial ageing d) after  6 weeks of artificial ageing e) after 

shellac is wiped using IMS, f) after shellac is wiped using acetone.  

are too large compared to 

 

  

 

: Shellac sample at x1000 magnification a) before treatment b) after shellac is 

applied c) after 3 weeks of artificial ageing d) after  6 weeks of artificial ageing e) after 



a)     

c)                    

Figure 125: Shellac sample at x100 magnification a) before testing b) after shellac is applied 

c) after 6 weeks of artificial ageing d) after shellac is wiped us

 

The roughness profiles of the samples in 

each stage. Before ageing, the surface of the shellac is fairly smooth, as there are not cracks 

or holes, with a peak to trough depth of around 0.8 

with a depth of 1 µm. The holes are thought to go down to a depth of 7 

becomes much rougher when the shellac is wiped the first time with a depth of 14 

between the high peaks and troughs. The surface begins to smooth out again after the 

shellac had been wiped a second time with a depth between the peaks and troughs around 

8 µm. 
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                    b)  

 

                                d) 

: Shellac sample at x100 magnification a) before testing b) after shellac is applied 

c) after 6 weeks of artificial ageing d) after shellac is wiped using IMS and acetone. 

The roughness profiles of the samples in Figure 126 show how much the surface changes at 

each stage. Before ageing, the surface of the shellac is fairly smooth, as there are not cracks 

with a peak to trough depth of around 0.8 µm. After ageing it shows more troughs 

m. The holes are thought to go down to a depth of 7 

becomes much rougher when the shellac is wiped the first time with a depth of 14 

een the high peaks and troughs. The surface begins to smooth out again after the 

shellac had been wiped a second time with a depth between the peaks and troughs around 

 

 

: Shellac sample at x100 magnification a) before testing b) after shellac is applied 

ing IMS and acetone.  

show how much the surface changes at 

each stage. Before ageing, the surface of the shellac is fairly smooth, as there are not cracks 

m. After ageing it shows more troughs 

m. The holes are thought to go down to a depth of 7 µm. However, it 

becomes much rougher when the shellac is wiped the first time with a depth of 14 µm 

een the high peaks and troughs. The surface begins to smooth out again after the 

shellac had been wiped a second time with a depth between the peaks and troughs around 
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a) 

 

b)       



234 

 

c) 

 

d) 

Figure 126: Profile of shellac sample a) before ageing b) after 6 weeks of ageing c) after 

shellac is wiped with IMS d) after shellac is wiped using acetone. 

 

Table 18 shows the roughness data for all the shellac samples. The samples are smoothest 

after the shellac had been applied and before ageing. This data confirm the graphical data, 

showing that the roughness of these sample is higher after the shellac is wiped compared to 

just after ageing. It also confirms that the more shellac is reduced, the less rough is 

becomes. 
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Table 18: Roughness data set for the shellac samples. 

 After Treatment 3 weeks ageing 6 weeks ageing Varnish wiped using IMS Varnish wiped using acetone 

Sample 
Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control (no shellac) 1.61 2.86 3.58 5.50 4.01 6.21 N/A N/A N/A N/A 

V1a 0.27 0.40 0.71 1.00 0.56 0.78 1.13 1.63 0.61 0.86 

V1b 0.26 0.33 0.44 0.58 0.57 0.88 1.69 2.12 0.99 1.28 

V1c 0.30 0.36 0.41 0.55 0.47 0.68 0.73 0.96 N/A N/A 

Mean 

(V set) 
0.28 0.36 0.52 0.71 0.53 0.78 1.18 1.57 0.80 1.07 

 



9.6.3 Applying 1:4 Urushi to Solvent Ratio of Suri to an Acetone Cleaned 

Shellac Sample 

The first sample shown in Figure 

urushi to solvent treatment suri applied. Before suri was applied, it had the roughest surface 

of the three samples as shown in a). After the suri was applied 

have been filled in. However, the surface still has a cratered appearance although the 

craters are not as deep as before the suri was applied.

 

a)     

Figure 127: x1000 magnification of the sample after a) some of the shellac had been wiped 

using IMS and acetone and b) 1:4 suri concentration applied.

 

Even at a lower magnification in 

suri applied still appears to have has the roughest surface compared to the other shellac and 

suri samples. The debris (red circle) at the top of the image has very small dark patches that 

imply the urushi is too thin to cover it completely.

 

 

 

 

236 

Applying 1:4 Urushi to Solvent Ratio of Suri to an Acetone Cleaned 

Figure 127, was cleaned using acetone but had a 1:4 dilution 

urushi to solvent treatment suri applied. Before suri was applied, it had the roughest surface 

of the three samples as shown in a). After the suri was applied as shown in b), the holes 

have been filled in. However, the surface still has a cratered appearance although the 

craters are not as deep as before the suri was applied. 

 

                    b) 

tion of the sample after a) some of the shellac had been wiped 

using IMS and acetone and b) 1:4 suri concentration applied. 

Even at a lower magnification in Figure 128, the acetone cleaned sample with the diluted 

applied still appears to have has the roughest surface compared to the other shellac and 

suri samples. The debris (red circle) at the top of the image has very small dark patches that 

imply the urushi is too thin to cover it completely. 

Applying 1:4 Urushi to Solvent Ratio of Suri to an Acetone Cleaned 

, was cleaned using acetone but had a 1:4 dilution 

urushi to solvent treatment suri applied. Before suri was applied, it had the roughest surface 

as shown in b), the holes 

have been filled in. However, the surface still has a cratered appearance although the 

 

tion of the sample after a) some of the shellac had been wiped 

, the acetone cleaned sample with the diluted 

applied still appears to have has the roughest surface compared to the other shellac and 

suri samples. The debris (red circle) at the top of the image has very small dark patches that 



a)                                                

Figure 128: x500 magnification of the sample a) some of the shellac had been wiped using 

IMS and acetone and b) 1:4 suri concentration applied.

 

Figure 129 shows that apart from a reduction in debris, the surface texture looks very similar 

as both surfaces appear very smooth. The sample has wider and deeper cracks than before 

the suri was applied. The new crack paths are clearer from t

the red circles. This would indicate that the cracks have been covered and formed where the 

material is weakest, either where the original cracks (old position) were or in the new 

material as it is polymerising (new positio

cluster seen on the urushi treatments but these cracks prefer to form across the image, 

which is perpendicular to the wood grain but parallel to the direction in which the shellac and 

suri was applied and cleaned. 

 

a)     

Figure 129: x100 magnification of the sample a) some of the shellac had been wiped using 

IMS and acetone and b) 1:4 suri concentration applied.
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                               b) 

: x500 magnification of the sample a) some of the shellac had been wiped using 

IMS and acetone and b) 1:4 suri concentration applied. 

shows that apart from a reduction in debris, the surface texture looks very similar 

as both surfaces appear very smooth. The sample has wider and deeper cracks than before 

the suri was applied. The new crack paths are clearer from this image and are highlighted by 

the red circles. This would indicate that the cracks have been covered and formed where the 

material is weakest, either where the original cracks (old position) were or in the new 

material as it is polymerising (new position). The crack spacings are similar to the crack and 

cluster seen on the urushi treatments but these cracks prefer to form across the image, 

which is perpendicular to the wood grain but parallel to the direction in which the shellac and 

cleaned.  

 

                    b) 

: x100 magnification of the sample a) some of the shellac had been wiped using 

IMS and acetone and b) 1:4 suri concentration applied. 

 

: x500 magnification of the sample a) some of the shellac had been wiped using 

shows that apart from a reduction in debris, the surface texture looks very similar 

as both surfaces appear very smooth. The sample has wider and deeper cracks than before 

his image and are highlighted by 

the red circles. This would indicate that the cracks have been covered and formed where the 

material is weakest, either where the original cracks (old position) were or in the new 

n). The crack spacings are similar to the crack and 

cluster seen on the urushi treatments but these cracks prefer to form across the image, 

which is perpendicular to the wood grain but parallel to the direction in which the shellac and 

 

: x100 magnification of the sample a) some of the shellac had been wiped using 
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The roughness of the surface after suri is applied is shown in Figure 130. Compared to the 

roughness profiles shown in Figure 126, the troughs are not as deep going from 4 µm to 2 

µm in depth, compared to 8 µm in depth after the shellac was reduced using acetone. 

However, the profile itself is still as jagged as before the suri was applied indicating that the 

layer of suri was too thin to reduce the roughness. 

 

Figure 130: Profile of shellac sample after shellac is wiped using acetone and a 1:4 urushi to 

solvent suri treatment is applied. 

 

Table 19 shows the roughness values for all three samples. The sample (V1b) after diluted 

suri was applied, has the highest roughness out of the three samples and the roughness is 

above the mean for the three samples. This is urushi was in a lower concentration, there 

was less coverage of the surface. However, the roughness is less after the dilute suri has 

been applied compared to 6 weeks of ageing and the shellac being wiped. 

 

9.6.4 Applying Neat Urushi Suri to a Shellac Sample After IMS Cleaning 

The surface texture of the sample that had been cleaned only using IMS and then had neat 

suri applied changed notably as shown in Figure 131b). The appearance of the sample is 

smoother, although not as smooth as a new urushi object or after applying the shellac on the 

aged urushi surface. There was a less cratered appearance but the surface still has the 

same texture pattern after the application of suri as before (after cleaning). The crack on the 

right of the image is partially filled by the suri. 

 



a)     

Figure 131: x1000 magnificati

using IMS and b) neat suri applied.

 

At a lower magnification in Figure 

hasn’t been covered by the suri 

the crack on the right of the image has widened either because of the presence of the crack 

under the suri or because of a weakness in the suri layer during polymerising.

 

a)     

Figure 132: x500 magnification of the sample a) after some of the shellac has been wiped 

using IMS and b) neat suri applied.

 

A lower magnification and larger area is shown in 

reduced using IMS, as shown in a) no cracks are visible. After suri is applied as shown in 

image b), cracks can be seen on the sample. The craters are less prominent than in a) after 

the suri is applied, and it has a less 
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                    b) 

: x1000 magnification of the sample a) after some of the shellac has been wiped 

using IMS and b) neat suri applied. 

Figure 132, the surface of the sample shows that the debris 

hasn’t been covered by the suri as shown in b). Most of the cracks have been filled although 

the crack on the right of the image has widened either because of the presence of the crack 

under the suri or because of a weakness in the suri layer during polymerising.

 

                    b) 

: x500 magnification of the sample a) after some of the shellac has been wiped 

using IMS and b) neat suri applied. 

A lower magnification and larger area is shown in Figure 133. After the shellac has been 

reduced using IMS, as shown in a) no cracks are visible. After suri is applied as shown in 

image b), cracks can be seen on the sample. The craters are less prominent than in a) after 

the suri is applied, and it has a less streaky appearance. The debris in the bottom left corner 

  

on of the sample a) after some of the shellac has been wiped 

, the surface of the sample shows that the debris 

as shown in b). Most of the cracks have been filled although 

the crack on the right of the image has widened either because of the presence of the crack 

under the suri or because of a weakness in the suri layer during polymerising. 

  

: x500 magnification of the sample a) after some of the shellac has been wiped 

. After the shellac has been 

reduced using IMS, as shown in a) no cracks are visible. After suri is applied as shown in 

image b), cracks can be seen on the sample. The craters are less prominent than in a) after 

streaky appearance. The debris in the bottom left corner 



(red circle) is still clearly visible after the suri is applied although there are some dark 

patches on it indicating that the urushi is present but did not cover it completely.

 

a)     

Figure 133: x100 magnification of the sample a) after some of the shellac has been wiped 

using IMS and b) neat suri applied.

 

Figure 134 shows the roughness profiles after suri 

trough distance is about 3 µm which is lower than before suri is applied, which was 14 

Figure 134: Profile of shellac sample after shellac is reduced using only IMS and neat suri 

treatment is applied. 

 

Table 19 shows that the roughness for this sample is midway between the other two 

samples but it is still below the mean of the three.

 

240 

(red circle) is still clearly visible after the suri is applied although there are some dark 

patches on it indicating that the urushi is present but did not cover it completely.

 

                    b) 

: x100 magnification of the sample a) after some of the shellac has been wiped 

using IMS and b) neat suri applied. 

shows the roughness profiles after suri is applied to the sample. The peak to 

µm which is lower than before suri is applied, which was 14 

 

: Profile of shellac sample after shellac is reduced using only IMS and neat suri 

shows that the roughness for this sample is midway between the other two 

samples but it is still below the mean of the three. 

(red circle) is still clearly visible after the suri is applied although there are some dark 

patches on it indicating that the urushi is present but did not cover it completely. 

 

: x100 magnification of the sample a) after some of the shellac has been wiped 

is applied to the sample. The peak to 

m which is lower than before suri is applied, which was 14 µm. 

: Profile of shellac sample after shellac is reduced using only IMS and neat suri 

shows that the roughness for this sample is midway between the other two 



9.6.5 Applying Neat Urushi Suri to a Shellac Sample After

Cleaning 

The sample that had been more vigorously cleaned using acetone and had a neat solution 

of suri applied, is shown in Figure 

the sample that had been cleaned using IMS only. It has the smoothest surface of the three 

samples both before and after applying urushi. The two hairline cracks have been filled in by 

the urushi as shown in b). The overall texture is slightly smoother than the previous sampl

although not as smooth as a new urushi sample. The surface is very bobbled and the debris 

is faintly visible (red circle) implying thatthis has been more covered by the urushi. The 

craters that were visible before suri was applied, have been covered but 

faintly seen after suri is applied.  There is no indication of re

 

a)     

Figure 135: x1000 magnification of the sample a) some of the shellac had been wipe

IMS and acetone and b) neat suri applied. 

 

In Figure 136b), at a lower magnification, the crack at the top of the image is wider but has a 

fibrous appearance suggesting that it has been partially filled and th

path has also changed as highlighted by the red circle. The crack before the suri was applied 

has two peaks (at the left of the circle) before it dipped whereas after suri it is a smooth 

plateau that goes into a sharp dip. This wou

the suri and reformed whilst the samples were in the humidifier. The two cracks (green 

circles) that were present before in a), are not visible after suri has been applied suggesting 

that these have been covered over completely. Overall the surface is still smooth, and more 

even than before the suri was applied.
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Applying Neat Urushi Suri to a Shellac Sample After

The sample that had been more vigorously cleaned using acetone and had a neat solution 

Figure 135. The surface of this samples is smoother compared to 

been cleaned using IMS only. It has the smoothest surface of the three 

samples both before and after applying urushi. The two hairline cracks have been filled in by 

the urushi as shown in b). The overall texture is slightly smoother than the previous sampl

although not as smooth as a new urushi sample. The surface is very bobbled and the debris 

is faintly visible (red circle) implying thatthis has been more covered by the urushi. The 

craters that were visible before suri was applied, have been covered but their outlines can be 

faintly seen after suri is applied.  There is no indication of re-cracking (red circle).

 

                    b) 

: x1000 magnification of the sample a) some of the shellac had been wipe

IMS and acetone and b) neat suri applied.  

b), at a lower magnification, the crack at the top of the image is wider but has a 

fibrous appearance suggesting that it has been partially filled and then re-

path has also changed as highlighted by the red circle. The crack before the suri was applied 

has two peaks (at the left of the circle) before it dipped whereas after suri it is a smooth 

plateau that goes into a sharp dip. This would imply that the cracks have been covered up by 

the suri and reformed whilst the samples were in the humidifier. The two cracks (green 

circles) that were present before in a), are not visible after suri has been applied suggesting 

ered over completely. Overall the surface is still smooth, and more 

even than before the suri was applied. 

Applying Neat Urushi Suri to a Shellac Sample After Acetone 

The sample that had been more vigorously cleaned using acetone and had a neat solution 

. The surface of this samples is smoother compared to 

been cleaned using IMS only. It has the smoothest surface of the three 

samples both before and after applying urushi. The two hairline cracks have been filled in by 

the urushi as shown in b). The overall texture is slightly smoother than the previous sample 

although not as smooth as a new urushi sample. The surface is very bobbled and the debris 

is faintly visible (red circle) implying thatthis has been more covered by the urushi. The 

their outlines can be 

cracking (red circle). 

  

: x1000 magnification of the sample a) some of the shellac had been wiped using 

b), at a lower magnification, the crack at the top of the image is wider but has a 

cracked. The crack 

path has also changed as highlighted by the red circle. The crack before the suri was applied 

has two peaks (at the left of the circle) before it dipped whereas after suri it is a smooth 

ld imply that the cracks have been covered up by 

the suri and reformed whilst the samples were in the humidifier. The two cracks (green 

circles) that were present before in a), are not visible after suri has been applied suggesting 

ered over completely. Overall the surface is still smooth, and more 



 

a)     

Figure 136: x500 magnification of the sample a) some of the shellac had been wip

IMS and acetone and b) neat suri applied

 

Even using neat suri on a vigorously cleaned sample, there are still cracks that appear 

although there are less of them than before the suri was applied and in different positions 

than before, as shown in Figure 

parallel to the direction of treatments. There also appear to be dark shadows across image 

b), which may be the outline of islands that were present before 

applied. However, at this magnification, these outlines are too big to be the individual island 

and too small to be clusters or islands implying that this might be differing concentration of 

urushi or shellac across the surface.

 

a)     

Figure 137: x100 magnification of the sample a) some of the shellac had been wiped using 

IMS and acetone and b) neat suri applied.

 

242 

 

                    b) 

: x500 magnification of the sample a) some of the shellac had been wip

IMS and acetone and b) neat suri applied 

Even using neat suri on a vigorously cleaned sample, there are still cracks that appear 

although there are less of them than before the suri was applied and in different positions 

Figure 137. These cracks are perpendicular to the grain and 

parallel to the direction of treatments. There also appear to be dark shadows across image 

b), which may be the outline of islands that were present before the shellac and suri were 

applied. However, at this magnification, these outlines are too big to be the individual island 

and too small to be clusters or islands implying that this might be differing concentration of 

urushi or shellac across the surface. 

 

                    b) 

: x100 magnification of the sample a) some of the shellac had been wiped using 

IMS and acetone and b) neat suri applied. 

  

: x500 magnification of the sample a) some of the shellac had been wiped using 

Even using neat suri on a vigorously cleaned sample, there are still cracks that appear 

although there are less of them than before the suri was applied and in different positions 

. These cracks are perpendicular to the grain and 

parallel to the direction of treatments. There also appear to be dark shadows across image 

the shellac and suri were 

applied. However, at this magnification, these outlines are too big to be the individual island 

and too small to be clusters or islands implying that this might be differing concentration of 

  

: x100 magnification of the sample a) some of the shellac had been wiped using 



243 

Figure 138 shows the profile for the acetone wiped sample after neat suri is applied. Overall, 

the profile of the surface is smoother compared to the sample that was only cleaned using 

IMS shown in Figure 134 with less peaks and troughs. However, the depths of the troughs 

are the same for both samples. 

  

 

Figure 138: Profile of sample after shellac is wiped using acetone and neat suri treatment is 

applied.  

 

Table 19 shows that this sample has the lowest roughness out of the three samples after 

suri has been applied, implying that the higher the concentration of the urushi and the more 

the surface has been cleaned, the smoother the finish will be. 

 

9.6.6 Summary 

When shellac is applied to an urushi surface, it will fill the cracks and completely cover the 

surface of the original urushi. Shellac will crack when it ages in a similar way to urushi. The 

images show that it is impossible to completely wipe old shellac from an original urushi 

surface. Using UV light is an easy method to confirm the presence of shellac on surfaces. 

More aggressive solvents are needed to remove shellac. The IMS which the shellac was 

originally dissolved in is not enough to remove cured and aged shellac. However, as 

demonstrated in previous Chapters, acetone can damage aged urushi surfaces and so it 

needs to be decided if removing the shellac is more ideal compared to potentially damaging 

the original urushi surface. It is possible to apply urushi on the surface which does reduce 
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the number of cracks, but the cracks will reform although not necessarily in the same 

positions as before suri is applied. Table 19 summarises the roughness measurements for 

all the shellac samples. From Table 19 it can be seen that the more shellac that is removed, 

the smoother the surface will become. Also the higher the concentration of urushi in the suri 

treatment, the smoother the surface will be. Neat suri will give a smooth finish compared to 

diluted suri.  
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 Table 19: Summary of roughness measurements for the shellac samples after suri treatment. 

 

 After shellac is applied 6 weeks ageing 
Shellac wiped 

(IMS) 

Shellac removed 

(acetone) 
Suri applied 

Sample 
Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Ra 

(µm) 

Rq 

(µm) 

Control (no shellac) 1.61 2.86 4.01 6.21 N/A N/A N/A N/A N/A N/A 

V1a (cleaned using acetone and neat suri applied) 0.27 0.40 0.56 0.78 1.13 1.63 0.61 0.86 0.48 0.72 

V1b (cleaned using aectone and 1:4 suri applied) 0.26 0.33 0.57 0.88 1.69 2.12 0.99 1.28 0.65 0.92 

V1c (cleaned using IMS only and neat suri applied) 0.30 0.36 0.47 0.68 0.73 0.96 N/A N/A 0.52 0.68 

Mean (of the V1 sets) 0.28 0.36 0.53 0.78 1.18 1.57 0.80 1.07 0.55 0.77 
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9.7 Discussion 

9.7.1 Overview 

Most Western conservators would prefer not to interfere with an object so as to conserve as 

much as the original material as possible and to preserve the object’s current appearance. 

Materials, for example Paraloid B72, were adopted for use in conservation for their long term 

stability and retreatability when used in conservation. However, the traditional approach to 

conserving urushi objects in Japan was to apply suri layers to the object, which if overdone 

would give the object a glossier appearance. In the past, adding new urushi layers was 

acceptable as it would continue the tradition of the urushi artists, bringing the older 

generation in contact with newer generations. Gatame was developed as a minimally 

intrusive alternative to suri. These three different methods, the retreatable material B72, the 

traditional suri and the newer gatame treatment, have not been directly compared in detail 

with long term assessments in any previous research. 

 

There were a number of limitations to this experiment. Firstly, the inability to observe and 

obtain useful information from the side view images. The aged urushi is fragile and difficult to 

cut, and the small size of the samples further complicated this. Even polishing may cause 

chipping thereby losing the material to be studied. Furthermore, the mapping of the samples 

in the SEM to observe the same area required the full amount of material to get the correct 

position. Obtaining a side view of the sample was complicated by the size of the sample and 

to reduce the chance of the destroying the area of interest led to the decision to use the 

white light VSI profilometer.  

 

Secondly, the profilometer measurements were taken after the samples had been treated. 

An assumption used was that the control sample would be the baseline for the untreated 

samples as all the samples came from the same source and had the same appearance 

before treatment under the SEM.  

 

Thirdly, the profilometer works by the interaction of white light creating fringes and 

interference from backscattered light deep within cracks in to be expected. The angle of the 

crack to the top surface of the islands will make a difference to how much information can be 

obtained, the steeper the angle, the more interference there is. The gaps seen on the 

graphical outputs imply that the crack angles affected the accuracy of readings. The 

profilometer has a high degree of repeatability, a test sample was placed under the 

profilometer and measurements were taken 3 times and produced identical Ra and Rq 
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results. Both the SEM and profilometer can only measure the surface and not any voids that 

may be underneath.  

 

Previous work by others found the SEM, even using variable pressure condition can cause 

additional cracking [Keneghan, 2009]. However, loading a test sample 5 times successively 

in to the SEM  used in this thesis (Hitachi S-3400, Maidenhead), did not produce any 

additional cracks. It was also shown that by overlaying a pre-treated or pre-aged SEM image 

and a SEM image showing the same sample after 6 weeks of ageing that the islands have 

shifted position by up to 5 µm. 

 

As no peel tests were performed due to the small size of the samples and unsuccessful 

attempts to find a suitable adhesive tape, it was not possible to confirm the strength of the 

surface after each treatment. 

 

Unfortunately due to time and resource limitations, the shellac samples could not be re-aged 

after the suri layer was applied. 

 

9.7.2 Paraloid B72 

Paraloid B72 is a transparent photostable acrylic co-polymer.  Previous work on artificial 

ageing after using a 5% B72 concentration in acetone on dolomite stone using xenon arc 

irradiation (at 700 W/m2) showed that even after 4000 hours, B72 is still soluble in the 

solvent after irradiation indicating that the B72 does not age significantly using xenon arc 

irradiation [Bracci and Melo, 2003]. During light ageing, B72 will undergo chain scission 

reaction rather than cross linking, causing a more varied distribution of molecular weight. 

However, water capillary action and molecular weight distribution could not be correlated at 

the same value between natural and xenon irradiation [Bracci and Melo, 2003]. However, 

this solubility enables the B72 to be dissolved and therefore removed. This is ideal for 

conservation where re-treatability is required. 

 

In this experiment Paraloid B72 application of 1%, 2% and 2.5%, showed little benefit as the 

same results were seen after the control (untreated) sample after ageing. The valley cracks 

still widened and new cracks appeared during the ageing process as shown in Figure 139.  



a)    

Figure 139: comparison of the valley crack after 6 weeks of ageing of the a) control sample 

b) 2.5% B72 suri treatment sample.

 

Within the streaky area seen in the lower magnification image in 

difference to the crack depth and it was only the surface of the island that was affected. 

 

Figure 140: Streaky appearance of the 2.5% B72 after suri style treatment and before 

ageing. 

 

The use of a 1% gatame or suri style treatment made no difference. Even at 2.5% there was 

little change to the samples treated with Paraloid B72 and little evidence of B72 on the SEM 

images, even on the surface of the islands. It is possible that, as the c

was so much smaller in comparison to the urushi treatments, (1% or 2.5% as opposed to a 

minimum of 14% for the urushi) any B72 residues would be too thin to observed. However, 

these percentages were chosen during a discussion with Shayn

Coueignoux at the V&A based on their past conservation experience using B72 on urushi 
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                    b) 

: comparison of the valley crack after 6 weeks of ageing of the a) control sample 

b) 2.5% B72 suri treatment sample. 

Within the streaky area seen in the lower magnification image in Figure 

difference to the crack depth and it was only the surface of the island that was affected. 

 

: Streaky appearance of the 2.5% B72 after suri style treatment and before 

The use of a 1% gatame or suri style treatment made no difference. Even at 2.5% there was 

little change to the samples treated with Paraloid B72 and little evidence of B72 on the SEM 

images, even on the surface of the islands. It is possible that, as the concentration of B72 

was so much smaller in comparison to the urushi treatments, (1% or 2.5% as opposed to a 

minimum of 14% for the urushi) any B72 residues would be too thin to observed. However, 

these percentages were chosen during a discussion with Shayne Rivers and Catherine 

Coueignoux at the V&A based on their past conservation experience using B72 on urushi 

 

: comparison of the valley crack after 6 weeks of ageing of the a) control sample 

Figure 140, there was no 

difference to the crack depth and it was only the surface of the island that was affected.  

: Streaky appearance of the 2.5% B72 after suri style treatment and before 

The use of a 1% gatame or suri style treatment made no difference. Even at 2.5% there was 

little change to the samples treated with Paraloid B72 and little evidence of B72 on the SEM 

oncentration of B72 

was so much smaller in comparison to the urushi treatments, (1% or 2.5% as opposed to a 

minimum of 14% for the urushi) any B72 residues would be too thin to observed. However, 

e Rivers and Catherine 

Coueignoux at the V&A based on their past conservation experience using B72 on urushi 
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objects. It is also possible that as the amount of B72 was in much smaller quantity that it was 

absorbed into the crack tips and possibly into the foundation layers, which would consolidate 

these lower layers but not the top urushi layer. At 1% or 2.5 % the B72 would have been too 

dilute to fill the cracks, assuming that the evaporating solvent left all the B72 behind as 

shown in Figure 141a). Only two layers of 1% B72 were applied to the samples, it is possible 

that further layers or a higher concentration of B72 was needed to be able to observe the 

effects. Some conservators have reported using higher concentrations of B72 in xylene, from 

10 to 20% [Webb, 2000, p82]. Each case needs to be tried experimentally to ensure the 

dilutions are high enough to ensure maximum penetration into the cracks but not so dilute as 

to have no effect. At higher concentrations, above 25%, B72 is thought to be too thick to use, 

it forms a gel which does not penetrate into the cracks [Webb, 2000, p83]. 

 

  

a)                                  b) 

Figure 141: 1% of B72 in a crack a) with solvent, b) after the solvent has evaporated. 

 

9.7.3 Gatame 

The gatame method, applying urushi and wiping the surface using a solvent to ensure that 

the excess is removed from the surface, is a recent devolvement (past 30-04 years) using a 

minimum intervention philosophy, to stabilise the object without affecting its appearance. 

Before ageing the gatame treatments were not as visible as the suri treatment. Only very 

fine cracks showed any indication that they had been filled, and very little urushi was seen 

on the surface of the islands or in the deep valley cracks. The gatame treatment tested also 

had little impact on the conservation of urushi surfaces when artificially aged, the deep valley 

cracks remained and got wider after ageing compared to the control sample, as shown in 

Figure 142.  



a)    

Figure 142: Comparison of the cracks after 6 weeks of ageing for the a) control sample b) 

gatame sample 

 

However, Shayne Rivers reported that the ‘feel’ of the sample after the first ga

treatment was different, indicating that some of the gatame had penetrated and sealed the 

cracks. Very little urushi was wiped away from the surface during the treatment implying that 

the urushi had gone into the cracks during treatment 

some urushi remained on the surface. For example, the middle island seen on the SEM 

image in Figure 143 changed appearance after treatment, and some of the smaller cracks 

were filled with new material which did not fail during ageing. 

 

a)    

Figure 143: Surface of the island a) before treatment and b) after gatame treatment.

 

The change in surface appearance might have been affected by the concentration 1:6 or 

14% (which is still higher than the B72 concentration), or penetrated so far down the cracks 

that it consolidated the foundation layers and required further applications of gatame to fill 

the cracks. Unlike the Paraloid B72, two layers applied sequentially can not be combined to 
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                    b) 

: Comparison of the cracks after 6 weeks of ageing for the a) control sample b) 

However, Shayne Rivers reported that the ‘feel’ of the sample after the first ga

treatment was different, indicating that some of the gatame had penetrated and sealed the 

cracks. Very little urushi was wiped away from the surface during the treatment implying that 

the urushi had gone into the cracks during treatment [Rivers, 2011]. There is evidence that 

some urushi remained on the surface. For example, the middle island seen on the SEM 

changed appearance after treatment, and some of the smaller cracks 

were filled with new material which did not fail during ageing.  

 

                    b) 

Surface of the island a) before treatment and b) after gatame treatment.

The change in surface appearance might have been affected by the concentration 1:6 or 

14% (which is still higher than the B72 concentration), or penetrated so far down the cracks 

t it consolidated the foundation layers and required further applications of gatame to fill 

the cracks. Unlike the Paraloid B72, two layers applied sequentially can not be combined to 

 

: Comparison of the cracks after 6 weeks of ageing for the a) control sample b) 

However, Shayne Rivers reported that the ‘feel’ of the sample after the first gatame 

treatment was different, indicating that some of the gatame had penetrated and sealed the 

cracks. Very little urushi was wiped away from the surface during the treatment implying that 

. There is evidence that 

some urushi remained on the surface. For example, the middle island seen on the SEM 

changed appearance after treatment, and some of the smaller cracks 

 

Surface of the island a) before treatment and b) after gatame treatment. 

The change in surface appearance might have been affected by the concentration 1:6 or 

14% (which is still higher than the B72 concentration), or penetrated so far down the cracks 

t it consolidated the foundation layers and required further applications of gatame to fill 

the cracks. Unlike the Paraloid B72, two layers applied sequentially can not be combined to 



be considered the same as one layer with a higher concentration as the u

resoluble.  

 

The gatame treatment could be combined with the suri treatment (assuming the suri has a 

high urushi concentration and doesn’t fill deep into the cracks) to ensure that the cracks are 

fully filled before a coating layer is applied.

 

9.7.4 Suri 

Suri is the oldest (and consequently the more traditional) conservation treatment for urushi 

objects, but it is also the most intrusive of all the treatments. There was a variety of results 

from the different suri treatments. The most dilute of the suri tr

the 1:4 dilution, showed more observable results compared to the gatame treatment as new 

urushi was visible on the surface, as shown in 

valley cracks that have widened but they have material in them.  The main difference 

between the gatame and the suri at this concentration is that during gatame the surface is 

wiped after the urushi is applied where as the surface is not wiped for suri. This resu

implies that the urushi in its diluted state is pulled into the cracks by capillary action rather 

then pooling on the surface on the islands, and that this urushi is drawn into the deep cracks 

and possibly into the foundation (which would need to be sea

filled). However the urushi is not evenly distributed around the material, some areas and 

cracks are more easily filled then others and there is unevenness about what crack are filled 

in. After ageing, the new material still 

cracks continue down the deep valley. Any new cracks that form occur on pre

such as hairline cracks and holes.

a)    

Figure 144: Comparison of the samples after 6 weeks of ageing for the a) control sample, b) 

2 applications of dilute suri. 
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be considered the same as one layer with a higher concentration as the u

The gatame treatment could be combined with the suri treatment (assuming the suri has a 

high urushi concentration and doesn’t fill deep into the cracks) to ensure that the cracks are 

fully filled before a coating layer is applied. 

Suri is the oldest (and consequently the more traditional) conservation treatment for urushi 

objects, but it is also the most intrusive of all the treatments. There was a variety of results 

from the different suri treatments. The most dilute of the suri treatments, the 2 applications of 

the 1:4 dilution, showed more observable results compared to the gatame treatment as new 

urushi was visible on the surface, as shown in Figure 144b). The suri treated surface has 

cracks that have widened but they have material in them.  The main difference 

between the gatame and the suri at this concentration is that during gatame the surface is 

wiped after the urushi is applied where as the surface is not wiped for suri. This resu

implies that the urushi in its diluted state is pulled into the cracks by capillary action rather 

then pooling on the surface on the islands, and that this urushi is drawn into the deep cracks 

and possibly into the foundation (which would need to be sealed before the cracks could be 

filled). However the urushi is not evenly distributed around the material, some areas and 

cracks are more easily filled then others and there is unevenness about what crack are filled 

in. After ageing, the new material still fails with a fibrous appearance implying tearing as the 

cracks continue down the deep valley. Any new cracks that form occur on pre

such as hairline cracks and holes. 

 

                    b) 

parison of the samples after 6 weeks of ageing for the a) control sample, b) 

be considered the same as one layer with a higher concentration as the urushi is not 

The gatame treatment could be combined with the suri treatment (assuming the suri has a 

high urushi concentration and doesn’t fill deep into the cracks) to ensure that the cracks are 

Suri is the oldest (and consequently the more traditional) conservation treatment for urushi 

objects, but it is also the most intrusive of all the treatments. There was a variety of results 

eatments, the 2 applications of 

the 1:4 dilution, showed more observable results compared to the gatame treatment as new 

b). The suri treated surface has 

cracks that have widened but they have material in them.  The main difference 

between the gatame and the suri at this concentration is that during gatame the surface is 

wiped after the urushi is applied where as the surface is not wiped for suri. This result 

implies that the urushi in its diluted state is pulled into the cracks by capillary action rather 

then pooling on the surface on the islands, and that this urushi is drawn into the deep cracks 

led before the cracks could be 

filled). However the urushi is not evenly distributed around the material, some areas and 

cracks are more easily filled then others and there is unevenness about what crack are filled 

fails with a fibrous appearance implying tearing as the 

cracks continue down the deep valley. Any new cracks that form occur on pre-existing faults 

 

parison of the samples after 6 weeks of ageing for the a) control sample, b) 



 

When a third layer of suri is applied at a higher concentration of urushi, the urushi can be 

seen to be closer to the top of the islands. When this

some hairline cracks where the deep valleys were next to the islands. This would imply that 

there is weak adhesion of the new urushi to the aged urushi. 

 

Although the amount of the urushi in the valleys increases compare

there is still variation and generally the areas that have not been filled as much are the first 

to fail after ageing. The formations of the island clusters are clearly seen on the 3 

applications of suri samples unlike the contro

show that not all the valley have re cracked or widened. Likewise, those areas where the 

cracks around the newer material were wider after treatment, were also more likely 

failing. As seen in the previous samples, the material failed with a fibrous tearing like 

appearance.  

 

a)    

c) 

Figure 145: Comparison of the samples after 6 weeks of ageing for the a) prior t

treatment  b) control sample after ageing, c) 3 applications of diluted suri after treatment and 

ageing.  
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When a third layer of suri is applied at a higher concentration of urushi, the urushi can be 

seen to be closer to the top of the islands. When this new material has cured, there are 

some hairline cracks where the deep valleys were next to the islands. This would imply that 

there is weak adhesion of the new urushi to the aged urushi.  

Although the amount of the urushi in the valleys increases compared with fewer applications, 

there is still variation and generally the areas that have not been filled as much are the first 

to fail after ageing. The formations of the island clusters are clearly seen on the 3 

applications of suri samples unlike the control sample, shown in Figure 145

show that not all the valley have re cracked or widened. Likewise, those areas where the 

cracks around the newer material were wider after treatment, were also more likely 

failing. As seen in the previous samples, the material failed with a fibrous tearing like 

 

                    b) 

 

: Comparison of the samples after 6 weeks of ageing for the a) prior t

treatment  b) control sample after ageing, c) 3 applications of diluted suri after treatment and 

When a third layer of suri is applied at a higher concentration of urushi, the urushi can be 

new material has cured, there are 

some hairline cracks where the deep valleys were next to the islands. This would imply that 

d with fewer applications, 

there is still variation and generally the areas that have not been filled as much are the first 

to fail after ageing. The formations of the island clusters are clearly seen on the 3 

145. These clusters 

show that not all the valley have re cracked or widened. Likewise, those areas where the 

cracks around the newer material were wider after treatment, were also more likely to start 

failing. As seen in the previous samples, the material failed with a fibrous tearing like 

 

: Comparison of the samples after 6 weeks of ageing for the a) prior to ageing and 

treatment  b) control sample after ageing, c) 3 applications of diluted suri after treatment and 
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The surface of the islands in this case changed after treatment, there were more dark areas 

where new urushi had been placed, shown in Figure 146, but after 3 weeks of ageing most 

of this material was lost and the appearance of the islands reverted back to how they looked 

before they were treated. The profile of these samples after treatment was smoother than 

the control sample, which got rougher after ageing. Although the roughness value for the suri 

treatments were still lower than those that were treated with gatame or the control sample. It 

is possible that as this material on the islands was much thinner than that in the cracks, it 

was more vulnerable to light irradiation so eroded. A consequence of filling the cracks was to 

give a lower roughness value compared to the previous two sample sets and the control 

sample. 

 

 

a)            b) 

Figure 146: the cracks filled with urushi suri a) with solvent, b) after solvent has evaporated. 

 

Unlike the 2 applications of suri sample, the 3 applications of suri sample was not wiped. By 

comparing the SEM images of these two samples after treatment and before ageing, it is 

possible to see that a segment (red circle) of the surface was broken away from the rest of 

the island, shown in Figure 147. The crack is too clean for this to have been caused by 

ageing and suggests a brittle fracture. This clean crack appears on one another of the 2 

application samples and 2 (of 3) of the gatame samples. No such crack exists on the 3 

applications of suri sample or the neat urushi samples. This would imply that if the surface is 

wiped and the cracks are not filled, chipping and breaks are more likely to occur. 

 



Figure 147: Sample after 2 applications of urushi suri is applied and before ageing.

 

Comparing the two different types of uru

had a lower roughness using the profilometer, although under the SEM the width and depth 

of the cracks were indistinguishable. These two treatments were applied with no dilution, but 

produced results similar to that of the variable dilution that had the third layer of urushi. One 

difference between the two different urushis is the appearance of the urushi when it filled the 

deep valley cracks. The kijomi urushi appeared to have a more textured finish, r

appearance then its kijiro counterpart, which is also shown by the roughness data after all 

conditions, although this didn’t appear to exacerbate crack propagation. Both urushi types 

failed in the same manner as before. The neat kijiro treatment 

roughness than the variable dilution solution (which was also kijiro). Even neat, the suri did 

not form a layer on top of the surface of the samples. Nearly all of the urushi went into the 

cracks and did not reach the top of the isl

148, for both urushi shows the island cluster effect that was also seen for the 3 applications 

of dilute suri. 

 

For all the suri treatments, cracks started to reform at 

old urushi. These cracks got deeper as the ageing progressed. This demonstrates that there 

is weak adhesion between new and old urushi as if there adhesion strength was higher, the 

cracks would have reformed in the cen

urushi. 

 

It can also be shown that the higher the concentration of urushi and the more applications of 

suri used, the more likely the clusters of islands will appear after ageing but the less original 

surface is lost. 
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: Sample after 2 applications of urushi suri is applied and before ageing.

Comparing the two different types of urushi, the kijomi and the kijiro, showed that the kijiro 

had a lower roughness using the profilometer, although under the SEM the width and depth 

of the cracks were indistinguishable. These two treatments were applied with no dilution, but 

imilar to that of the variable dilution that had the third layer of urushi. One 

difference between the two different urushis is the appearance of the urushi when it filled the 

deep valley cracks. The kijomi urushi appeared to have a more textured finish, r

appearance then its kijiro counterpart, which is also shown by the roughness data after all 

conditions, although this didn’t appear to exacerbate crack propagation. Both urushi types 

failed in the same manner as before. The neat kijiro treatment appears to have a lower 

roughness than the variable dilution solution (which was also kijiro). Even neat, the suri did 

not form a layer on top of the surface of the samples. Nearly all of the urushi went into the 

cracks and did not reach the top of the islands. The low magnification, as shown in 

, for both urushi shows the island cluster effect that was also seen for the 3 applications 

For all the suri treatments, cracks started to reform at the interface between the new and the 

old urushi. These cracks got deeper as the ageing progressed. This demonstrates that there 

is weak adhesion between new and old urushi as if there adhesion strength was higher, the 

cracks would have reformed in the centre (where the highest stresses would be) of the new 

It can also be shown that the higher the concentration of urushi and the more applications of 

suri used, the more likely the clusters of islands will appear after ageing but the less original 

: Sample after 2 applications of urushi suri is applied and before ageing. 

shi, the kijomi and the kijiro, showed that the kijiro 

had a lower roughness using the profilometer, although under the SEM the width and depth 

of the cracks were indistinguishable. These two treatments were applied with no dilution, but 

imilar to that of the variable dilution that had the third layer of urushi. One 

difference between the two different urushis is the appearance of the urushi when it filled the 

deep valley cracks. The kijomi urushi appeared to have a more textured finish, rougher in 

appearance then its kijiro counterpart, which is also shown by the roughness data after all 

conditions, although this didn’t appear to exacerbate crack propagation. Both urushi types 

appears to have a lower 

roughness than the variable dilution solution (which was also kijiro). Even neat, the suri did 

not form a layer on top of the surface of the samples. Nearly all of the urushi went into the 

ands. The low magnification, as shown in Figure 

, for both urushi shows the island cluster effect that was also seen for the 3 applications 

the interface between the new and the 

old urushi. These cracks got deeper as the ageing progressed. This demonstrates that there 

is weak adhesion between new and old urushi as if there adhesion strength was higher, the 

tre (where the highest stresses would be) of the new 

It can also be shown that the higher the concentration of urushi and the more applications of 

suri used, the more likely the clusters of islands will appear after ageing but the less original 



 

 

a)    

c) 

Figure 148: Comparison of the samples after 6 weeks of ageing for the a) control sample, b) 

neat kijiro urushi, c) neat kijomi.

 

9.7.5 Shellac Samples 

Once the naturally aged urush

smoother surface which gradually got rougher as the samples were light aged. When the 

layer of shellac had been applied, the surface became smooth and comparable to new 

urushi. There was no indication of the deep valleys and islands that had previously been 

seen on the naturally aged sample. 

 

The shellac aged in a similar process to urushi, pinholes started to appear and cracks 

formed from these pinholes which propagated as the ageing progressed. 

changed so dramatically, and relocating the exact same area in the SEM required a 

reference marker on the sample, it became impossible to verify if these cracks were forming 

at the same positions as the valley cracks of aged urushi under
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                    b) 

 

: Comparison of the samples after 6 weeks of ageing for the a) control sample, b) 

neat kijiro urushi, c) neat kijomi. 

 

Once the naturally aged urushi samples had the shellac layer applied, they showed a much 

smoother surface which gradually got rougher as the samples were light aged. When the 

layer of shellac had been applied, the surface became smooth and comparable to new 

tion of the deep valleys and islands that had previously been 

seen on the naturally aged sample.  

The shellac aged in a similar process to urushi, pinholes started to appear and cracks 

formed from these pinholes which propagated as the ageing progressed. 

changed so dramatically, and relocating the exact same area in the SEM required a 

reference marker on the sample, it became impossible to verify if these cracks were forming 

at the same positions as the valley cracks of aged urushi underneath the shellac layer. 

 

: Comparison of the samples after 6 weeks of ageing for the a) control sample, b) 

i samples had the shellac layer applied, they showed a much 

smoother surface which gradually got rougher as the samples were light aged. When the 

layer of shellac had been applied, the surface became smooth and comparable to new 

tion of the deep valleys and islands that had previously been 

The shellac aged in a similar process to urushi, pinholes started to appear and cracks 

formed from these pinholes which propagated as the ageing progressed. As the surface had 

changed so dramatically, and relocating the exact same area in the SEM required a 

reference marker on the sample, it became impossible to verify if these cracks were forming 

neath the shellac layer.  
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In conservation practise, a shellac layer would be treated until the conservator thought that it 

had all been removed unless doing so would damage the object. To verify that the shellac 

had been removed, either optical microscopy is used or the swab would be inspected to see 

if any material had come off the object. As the shellac was applied using IMS to dilute it, IMS 

was used again to resolubilise the shellac and remove it. The removal of the shellac on the 

samples in this study had to be done in two stages. The shellac was wiped by gently rolling 

and wiping as would be done when conserving an object. After being placed in the SEM and 

under UV light, it was clear that there was a significant amount of shellac left on the surface. 

The first removal of the shellac layer only removed bits of shellac leaving a cratered surface. 

It is possible that the shellac did not age evenly across the surface due to variations in layer 

thickness, which is readily observed from the profilometer graphs and from the high ridge on 

the edge of the samples, which would have an effect on the solubility of the shellac. Two out 

of three of the samples were wiped again using IMS but it made little different to the 

sample’s fluorescence under the UV light.  

 

A second cleaning treatment, which was more vigorous, and not often performed in 

conservation practise, was employed. It involved wiping the surface more vigorously (which 

would not be done in practise on a fragile surface as it could potentially cause more 

damage) using acetone as a cleaning solvent (which is a more polar solvent and likely to 

damage the surface as demonstrated in earlier Chapters). However the samples still 

fluoresced, although not as strongly as before. The ridge around the edge of the sample had 

decreased and was almost level with the rest of the sample. The resulting SEM image 

showed a much smoother and more even surface then before but the shellac was still 

present. In this case, it was not possible to remove all the shellac which implies that for 

object, even for those that do not fluoresce under UV light, shellac residue will remain on the 

surface. Hence any treatment on a previously shellaced object will be applied onto an aged 

shellac rather than an urushi surface.  

 

An urushi suri layer was applied to the top of the shellac layer and left in the humidifier for 

two weeks to see what effect this would have both on how the urushi would adhere to the 

shellac, and the effect of high humidity on the remaining shellac. It was decided that suri 

would be the most appropriate treatment as the gatame could not be seen under the SEM in 

the previous experiment, and there were too few and too shallow cracks for the urushi to 

penetrate. Two different suri treatments were tested, as outlined in the method section. 
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From the images from the SEM, it could be seen that the surface after the neat suri 

treatment had a smoother finish than the diluted suri. The sample was also smoother if the 

sample had been more vigorously cleaned. The cracks seen before suri was applied had not 

been filled even with a diluted suri treatment, implying that the urushi was not being drawn 

into the sample or that the cracks were too narrow for the urushi to penetrate. Although 

some of the cracks were covered by the neat suri, other cracks remained. Not all of these 

cracks were in the same positions as before the suri was applied, implying either that the 

cracks had found a new path because the urushi layer was weaker in those areas than 

where the crack had been previously, or that the cracks had been filled in and were no 

longer a weak point for the cracks to propagate. Although the appearance of the surface 

after suri was smoother and glossier than before the suri had been applied, the samples did 

not have the same appearance as new urushi object. The higher roughness of the third 

sample that had been cleaned using acetone before a dilute suri was applied could be the 

incompatibility of mixing of the shellac and urushi.  

 

It is not possible to draw any formal conclusions about how effective suri on a shellac 

surface without having seen the samples aged. The effect of ageing these samples and 

investigating other historical varnishes is a topic in which further research needs to be done. 

 

9.7.6 Cross Cultural Implications  

During the Mazarin chest project, a number of questions were raised by the conservation 

team about how the chest (and other urushi objects) should be treated and the short and 

long term implications for these treatments. To gain a better understanding of the implication 

of scientific work within the conservation field, two other cross-cultural objects were studied: 

human remains and listed buildings. In the case of indigenous remains in museums, it was 

important to understand the history and the cultural background of the remains and the 

implications it has for the owners of the remains and for conservation or research on the 

remains. For the listed buildings, the key issue was creating a balance between the long 

term survival of the building and retaining its ‘authenticity’. These two case studies offered 

new perspectives on issues that were raised during the conservation of the Mazarin chest 

particularly in relation to the long term implications of the different treatment options. In the 

past the debate has often been polarised between treatments based on natural materials in 

Japan and treatments often based on synthetic materials in the West, with anecdotal 

evidence as to which might be the most effective treatment for the long term survival of the 

object. This research would provide experimental evidence when debating suitable 

treatments to protect urushi objects for future generations. 
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This work tested a synthetic photochemically stable (and so theoretically re-treatable) resin 

(Paraloid B72) with urushi (a thermoset cross linked polymer which is insoluble once cured 

and cannot be removed). The SEM images and profilometer graphical readings strongly 

imply that, in comparison to no treatment applied, the least amount of re-cracking and 

damage occurred when the sample had been treated using suri urushi. It was clear from the 

SEM that in untreated samples with continuing photo-degradation the crack valleys will 

widen. However, even when suri is applied, the valley cracks that have reformed will still 

widen to a degree. The principal difference between untreated and suri treated surfaces is 

that all of the valley cracks will widen in the untreated states. After suri treatment, the 

numbers of valley cracks that reform and therefore widen are far fewer in number, which 

created an island cluster effect that did not appear before the treatment or after further 

ageing. Suri urushi, seen on the surface of the islands after treatment, deteriorated after light 

ageing. This suggests that suri urushi can act as a sacrificial layer to protect the original 

material underneath. 

 

The treatment options (urushi vs synthetic resin) raised questions about the most 

appropriate conservation treatment for the object - the choice was between applying a non-

original sacrificial layer of the same material (urushi-gatame or suri urushi), to preserve the 

object’s integrity and cultural continuity, or applying a synthetic resoluble material (such as 

Paraloid B72). It could be argued that either would stabilise the object in the short term (100 

or so years) with minimal change of appearance. From the results, a new suri urushi layer 

will deteriorate before the original surface degrades further. However, this does not 

guarantee that that the original surface will be completely protected from damage or that the 

new suri urushi layer would degrade completely, however, it would be impossible to 

completely distinguish between the old and new the material which could build up with each 

treatment. In cases where the object has a decorated surface such as maki-e, much of the 

value is contained in the quality and artistry of the decoration rather than the background 

urushi surface. The condition and readability of this decoration allows assessment of the 

retention of original surface as well as the potential build-up of partially degraded sacrificial 

urushi layers. This is different from the ‘Ship of Thebes’ situation, discussed in relation to the 

conservation of listed buildings because the original material is not replaced but new 

material is added on top.  
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The use of urushi-based or synthetic materials such as Paraloid B72 are both considered to 

be conservation interventions because the intention is to add material to stabilise and protect 

the old, i.e. the debate should be seen as a choice between conservation treatment options, 

rather than between conservation and restoration (where the damaged or missing material is 

replaced). The results of this research and Keneghan suggest that, for a photodegraded 

lacquer object subject to ongoing photodegradation, an urushi-gatame treatment is better 

than no treatment and suri urushi is better than gatame for the long term survival of the 

original surface [Keneghan, 2011]. However, a balance needs to struck between the 

potential change in appearance of the object and the efficacy of the treatment. Suri urushi is 

more likely to increase the gloss of a photo-degraded surface. As discussed in relation to the 

cleaning of paintings in Chapter 2, this may or may not be desirable.  

 

The concept of value will be affected by the cultural background of those who treat the object 

in a similar manner to that seen in relation to human remains, as discussed in Chapter 2. A 

Japanese urushi artist will usually prefer to retain authenticity and cultural continuity through 

treating a lacquer object using materials similar to those used in its original manufacture. A 

conservator from a Western tradition usually prefers to retain authenticity by minimising 

intervention and using photo-chemically stable and resoluble synthetic materials. The 

evidence that suri urushi may be a more effective long term conservation treatment will give 

more weight (and consequently more power) to traditional Japanese methods of treating 

urushi objects. Whilst these experiments reflect a single object and may not therefore be a 

true representation of a range of urushi objects, they are a good starting point for further 

research by scientists and conservators, both Japanese and non-Japanese, into the most 

effective methods for the conservation of photo-degraded urushi objects. 

 

The main focus of this work was to assess the treatment of lacquer surfaces uncomplicated 

by western restoration coatings. However, many lacquer objects, especially lacquer 

associated with furniture, have undergone restoration treatments in the past involving the 

application of re-saturating coatings to compensate for loss of gloss or to match in repairs. 

Shellac was chosen for a preliminary examination of the impact such aged coatings might 

have when combined with an urushi-based treatment.  

 

Attitudes to the aesthetic impact and historical significance of Western coatings on lacquer 

vary within art historical disciplines. Broadly speaking, specialist furniture curators view such 

coatings, particularly if added when the lacquer was originally incorporated into an object, as 
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a significant part of that object’s history and worthy of conservation.  Curators of Asian art in 

general, and lacquer in particular, view such coatings as entirely inappropriate and of little 

historical significance. Whether or not a Western varnish will be retained will depend on the 

weight given to different aspects of an object’s history and its perceived authenticity.  

 

SEM images showed that aged shellac applied onto a photodegraded urushi surface could 

not be completely removed using alcohol (industrial methylated spirits) or acetone.  It may 

have been possible to use a more aggressive treatment to remove the aged shellac but this 

is very likely to cause significant damage to the original urushi surface underneath. In such 

cases the perceived benefits of removing an unwanted coating would need to be balanced 

with the potential risk of loss of original surface and decoration [McSharry, 2009].  

 

Preliminary results suggest that treatment with either gatame or suri urushi of photo-

degraded lacquer coated with aged and partially removed shellac, might be problematic. The 

SEM images of such a surface after urushi-gatame and suri urushi showed that the surface 

became smoother but cracks were still present. Further artificial ageing would need to be 

undertaken to see how the two different layers would degrade, the impact of possible 

synergies in the degradation, and to assess the long term implications. Even though the 

earlier experiments suggested that suri was the best treatment option for an undecorated 

photodegraded lacquer surface in terms of retention of original material, it is not applicable 

or appropriate in all circumstances. Further work needs to be done to investigate treatments 

for various urushi surfaces including those with decoration or Western restoration coatings .  

 

9.8 Conclusion 

In none of the tests was there a layer of new urushi on the surface of the sample. No cracks 

were completely filled to the top of the island level in any of the treatments, implying that 

several coats are needed to completely fill the cracks and cover the islands. 

 

The cracks re-formed or continued to propagate along the deep valleys more easily then the 

newer cracks. This implies that the valley cracks remain the region with the highest stress 

concentration.  
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After a sample had been treated using suri, the surface of the islands did not change. The 

cracks were most likely to form where the new urushi had not filled the old cracks 

sufficiently. 

 

The type of urushi used does not make a significant difference to the long term ageing 

effects. In this experiment, both types of urushi produce similar results, although the profile 

data implied that kijiro urushi had a smoother profile in comparison to the kijomi. 

 

The most effective conservation treatment is suri. It reduced both the number of large cracks 

that appear and the loss of the original material. However, it is not re-treatable and has 

conservation implications for the originality and authenticity of the object. 

 

It is not possible to remove aged shellac from the surface of an aged urushi object even 

using a more vigorous cleaning treatment and a relatively aggressive solvent. 

 

Applying suri to a shellaced layer did not fill or cover existing flaws on the sample and did not 

have a smooth finish. 

 

The results of these sets of experiment need to be used with the wider implication of cross 

cultural objects as discussed in Chapter 1. 
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Chapter 10 Conclusions 

All objects in museums have a value. These values are not necessarily monetary but can be 

cultural, historical or functional values. The overall value of an object will affect how it is 

treated and conserved. However, in the case of cross cultural objects, such as urushi, the 

two cultures may have different values for the same object which must be resolved to find 

the best conservation treatment for the object. Urushi objects are made in Japan and have 

been around for thousands of years. In Japan, these objects are treated using traditional 

methods, using new urushi. This is an irreversible treatment. In a Western museum these 

are conserved using re-treatable resins such as Paraloid B72. However, urushi objects in 

Western museums may have been restored or conserved in the past using Western 

methods, which would affect the object’s value and its conservation. This aim of this work 

was to compare a Western resin and urushi, using gatame (filling in the micro cracks) and 

suri (a layer on the surface) methods to see what the long term effects of using each 

material would be.  

 

The original plan of the project was to use newly prepared urushi boards, artificially age 

them and apply the different treatments on these. To obtain the fastest and most effective 

methods of artificially ageing required an understanding of how urushi degrades. When 

aged, urushi cracks in a similar way to mud by desiccation cracking which forms islands 

surrounded by deep valley-like cracks. This will result in a weaker surface and loss of gloss. 

 

It is not possible to get cracking in urushi using only temperature or humidity, other factors 

need to be considered. Changes in temperature did produce pinholes and higher 

temperatures produced oxidation. Temperature cycling made little difference to already aged 

samples other than an increased number of pinholes appearing. The longer the samples 

were held in each cycle, and the bigger the difference between the two different 

temperatures (but not enough to induce thermal shock), the more holes that appeared.  

 

Photodegradation will produce cracking on urushi objects. Using natural sunlight takes years 

to produce cracking. Artificial light sources can be used to speed up this process and 

produce cracks in months or weeks. By comparing different light sources, the xenon arc 

lamp produced cracks faster than the other sources. The mercury tungsten lamp also 

produced cracking but other conditions such as temperature were not controlled. Light and 

cycling relative humidity (RH) are needed to crack the samples. The longer the samples are 

kept in the light, the more cracks that will appear in a shorter time period. 
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Aggressive methods to artificially age samples, such as using liquid nitrogen, were 

inappropriate because the cracks caused by thermal shock were too deep and too wide. Too 

high temperatures caused charring and high levels of oxidation. Both of these mechanisms 

are not seen on naturally aged objects. 

 

The best method of artificial ageing, used in this work, was to use a xenon arc lamp at an 

irradiance level of 0.5 W/m2  @340nm, and RH of 10% and chamber temperature of 50°C. 

Further work needs to be done to refine this further. 

 

When applying conservation treatments, such as urushi or B72, they are not applied to the 

surface of an object in their pure form. They need to be diluted by a solvent. The solvent 

chosen needs to be chosen from a practice perspective (e.g. safe working limits and 

evaporation rate) and from how the solvent affects the aged urushi surface. The more polar 

the solvent, the more likely it is to react with aged urushi samples, wiping away the topmost 

surface. Ethanol, which is a polar solvent, was one of the most disruptive solvents on the 

surface of age urushi. Poor solvents to use in conservation are acetone and ethanol as they 

showed damage to aged urushi surfaces. The best solvent to use for cleaning debris and 

diluting urushi for conservation would be a solvent like Exxsol DSP 80-110 as it will not react 

with the aged urushi. 

 

Water has been used in the past to clean urushi objects. Low pH water (~pH 3) changed the 

appearance of aged urushi surfaces the least. As the pH of the water increases, the damage 

also increases giving a cratered and rough appearance to the aged urushi surface. 

 

During the artificial ageing of the prepared sample boards, a problem was encountered and 

the boards were rendered unusable due to water damage. Hence an alternative was found. 

Samples from a 19th century screen frame were used. Shellac, a western varnish often used 

in the past for restoration of urushi objects, was applied to a set of samples to test the effect 

of applying shellac to aged urushi and then new urushi to aged shellac. 

 

None of the treatments used on the non-shellac samples filled the valley cracks to the top of 

the island level, implying that several coats are needed to completely fill the cracks and 

cover the islands. The cracks re-formed or continued to propagate along the deep valleys 

more easily than the newer cracks. This implies that the valley cracks remain the region with 
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the highest stress concentration. The new urushi had poor adhesion to the old urushi as 

cracks appeared at the interface of the new and aged urushi surfaces. 

 

The most effective conservation treatment is suri. It reduced both the number of large cracks 

that appear and the loss of the original material. However, it is not re-treatable and has 

conservation implications for the originality and authenticity of the object. After a sample had 

been treated using suri, the surface of the islands changed in appearance and patches of 

urushi were visible but the surface reverted back to its pre-suri state after ageing. The cracks 

were most likely to form where the new urushi had not filled in the old cracks sufficiently. 

 

It was not possible to remove aged shellac from the surface of an aged urushi object even 

using a more vigorous cleaning treatment and a relatively aggressive solvent such as 

acetone. Applying suri to an aged shellac layer did not fill or cover existing flaws on the 

sample and did not have a smooth finish. However, neat urushi suri treatment applied to a 

wiped aged shellac surface gave a smoother surface compared to using a diluted urushi suri 

treatment. 
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Chapter 11 Further Work 

11.1 Limitations of this Work 

The results obtained from these experiments need to be interpreted within their context. 

There is a lot of variation between urushi objects in their construction, their history and their 

function, each of which might affect the results.  

 

The object used in the final set of experiments was from the frame of a 19th Century screen. 

It had no textile layer and it is unlikely that the highest quality material would have been used 

as the frame of a screen is not as important as the rest of the object. The Mazarin chest was 

made in the 16th century, had a textile layer and is adorned with a variety of decoration 

techniques including maki-e. Although the two objects are both urushi objects, they are not 

necessarily directly comparable as it is unlikely that any two urushi objects will be the same. 

The way urushi ages as part of a layered structure is unknown. Although some research has 

been done, these projects have mostly been done using films rather then looking at the layer 

structure as a whole. Often, good quality urushi objects can have over 50 different layers 

(including wood and foundation layers). This is further complicated by the layer structure 

containing unrelated materials including wood, textile, clay and urushi all of which have 

different properties and ageing behaviour. For example, the different swelling rates can 

cause relative movement in the structure. It is unknown which of these materials has the 

most effect on urushi objects and how the layer composition affects the damage on objects. 

Further work needs to be done to understand how these layers interact with each other, and 

how these interactions affect the object as a whole. 

 

A problem encountered during the B72 experiment was that the resin was not seen using the 

SEM during the experiment. It may have been that the cracks went deeper than those 

encountered by the conservators in the past and too thin a dilution was chosen as a result. 

Further investigation using different dilutions including higher concentrations are needed to 

assess the long term implications of using Paraloid B72. Destructive testing by breaking the 

specimen open to see how far the B72 had penetrated would also be possible if suitable 

samples were readily available. 

 

Similarly, as the suri treatment did not cover the surface of the sample, an investigation 

should be carried out to see what happens when a new layer covering the whole area is 
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applied and to evaluate the long term effects of such a treatment. Even in their aged state, it 

would be worth trying to cut up the samples used to see if it is possible to assess how far the 

variable dilution suri penetrated into the cracks compared to the neat suri treatment, and to 

see if there is any indication of the gatame and B72 treatments in the lower layers of the 

samples. 

 

The shellac set still need to be aged to find the long term implications of mixing urushi with a 

Western resin. In this set of samples, only one varnish type was used. There have been a 

range of varnishes and waxes used in conservation in the past including other types of 

shellacs, so a range of tests should be done to test a variety of these different varnishes and 

waxes to see what the long term effects would be, especially if later conserved using urushi. 

 

Although an artificial ageing regime can be recommended, there is still further work that 

needs to be done to improve this. There has been little work done to assess the different 

effects of luminosity and irradiance. Further work needs to be done on both of these 

variables to confirm which has the greater affect in the conservation of urushi objects. 

Practically, this may not be possible as light sources that can control both their luminance 

and irradiance output are not available and so range of different bulbs would be needed. 

Naturally aged samples and those aged using artificial light sources could be compared 

physically using SEM or by chemical analysis using techniques such as Fourier Transform 

Infrared Spectroscopy (FTIR) and gas chromatography and mass spectrometry (GC-MS). 

For the physical ageing comparisons between crack size, island size and crack density could 

be performed between the artificially aged and the naturally aged. Comparisons of the 

stresses at the surface could also be performed by techniques such as phase shifting 

interferometry (PSI) as used by Elmahdy at Loughborough University. FTIR and GC-MS 

would identify the compounds present in the sample and how these would vary between an 

unaged, naturally aged and artificially aged sample. However these techniques would be 

affected by the type of urushi used, and the urushi samples would have to be naturally aged 

to give a fair comparison that is not contaminated by previous treatments or pollutants. It 

would also have to be repeated in conjunction with other factors, such as relative humidity 

and temperature and this would help identify the key stage in the ageing process. 

 

11.2 Image analysis of the SEM photographs. 

Owing to time restrictions, image processing was not done on the SEM images. It would be 

possible to extract further information about the crack sizes and density using an image 
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processing software such as ImageJ. This was attempted during the course of the study but 

became too time consuming and did not yield enough useful information to continue. It is an 

area that requires further work. To get the SEM image to a usable state which a software 

program, such as ImageJ, can analyse is extremely difficult. Firstly the software is used to 

analysing discrete areas. Although to the human eye, the islands and cracks seem obvious, 

when put into a computer program, dust particles and the difference in contrast as seen on 

the surface of the islands can greatly affect the results. It is possible to remove some of the 

noise but this will also affect the results as it may include cracks seen on the surface of the 

islands and small parts of the islands that have broken away or reducing the size of the 

islands, as shown by Figure 149.  

 

The original image, shown in Figure 149a, needs to be converted to produce a pure black 

and white image so that the software can analyse the image. This is done by a series of 

steps, Figure 149b shows the image after the image contrast is adjusted to try and 

differentiate between the cracks and the islands. There is still a lot of noise (from dust 

particles and contrast on the surface of the islands seen in Figure 149a) which needs to be 

removed in successive stages or too much information will be confused together. Small 

particles (<5 pixels) are filtered and removed for both dark regions and light regions (islands 

and cracks) as shown in Figure 149c. The contrast is adjusted further, shown in Figure 149d 

before larger particles are removed (<10 pixels) shown in Figure 149e. This will produce a 

black and white image, shown in Figure 149e, which is then processed using a threshold 

command to convert any remaining greyscale to black and white, or in the case of Figure 

149f, red and black. This threshold image is processed by the software to calculate the 

island size and the percentage of red to black to give the crack density and island sizes and 

produce a map of where the islands are shown (each island is numbered) in Figure 149g.  

 

  

a)                                                                        b) 



c)                                                                        d)

e)                                                                        

g) 

Figure 149: a) The original image at x100, b) after adjusting the contrast, c) after reducing 

noise (all blobs smaller than 5 pixels), d) adjusting the contrast further, e) after further no

reduction (<10pixels), f) applying the threshold, g) outline of the islands from the analysis. 

 

A SEM image of the same cracks at x500 was also tried but as the magnification was higher, 

there were fewer islands to analyse and to get same threshold li

the information obtained would not be as useful. Ideally this would be done on a midway 

magnification of around x250.
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c)                                                                        d) 

 

                                  f) 

 

: a) The original image at x100, b) after adjusting the contrast, c) after reducing 

noise (all blobs smaller than 5 pixels), d) adjusting the contrast further, e) after further no

reduction (<10pixels), f) applying the threshold, g) outline of the islands from the analysis. 

A SEM image of the same cracks at x500 was also tried but as the magnification was higher, 

there were fewer islands to analyse and to get same threshold limit was more difficult and so 

the information obtained would not be as useful. Ideally this would be done on a midway 

magnification of around x250. 

 

 

: a) The original image at x100, b) after adjusting the contrast, c) after reducing 

noise (all blobs smaller than 5 pixels), d) adjusting the contrast further, e) after further noise 

reduction (<10pixels), f) applying the threshold, g) outline of the islands from the analysis.  

A SEM image of the same cracks at x500 was also tried but as the magnification was higher, 

mit was more difficult and so 

the information obtained would not be as useful. Ideally this would be done on a midway 
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Further analysis that could be done includes removing the edge islands where the full 

information is not available. However, in doing this, some of the large clusters of islands that 

are grouped together by the program will be removed, reducing the amount of information 

available.  

 

Figure 150 shows the same image but without the noise reduction stages and the program 

told to ignore particles less than 10 pixels at the analysing stage. It used the same image as 

Figure 149a as a starting point. Figure 150a is produced by adjusting the contrast only and 

then applying the threshold. Although Figure 150b, showing the mapping of the islands, is 

much closer in shape and size to the original image, it picked up many of the dust particles 

and analysed them as islands. The clusters of islands are also much larger and not as well 

defined compared to Figure 149g.  

 

  

a)                                                                       b) 

Figure 150: a) same steps as Figure 149 but without the noise reduction, b) after threshold 

and outline of the islands analysed.  

 

To produce a more accurate analysis and yield more relevant information would take more 

time than was available, but this information could be used to compare the effects of 

different layer structures and the effectiveness of artificial ageing methods. 
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Appendix 1 

These samples were produced for Dr Kenegan at the V&A by Yoshiko Yamashita 

workshop in Tokyo using Chinese urushi and had the following layer structure. 

 

1. Kigi gatame: Chinese seshime urushi 

2. Nuno kise: ramie, jo shin ko rice powder and seshime urushi 

3. mesuri: seshime urushi 1:1 nori (jo shin ko rice powder) then 1:1 wajima jinoko 

number 3  

4. 1st foundation: seshime urushi 1:1 nori (jo shin ko rice powder) then 1:2-1:3 

wajima jinoko number 3 

5. 2nd foundation: seshime urushi 1:1 nori (jo shin ko rice powder) then 1:2-1:3 

wajima jinoko number 3 

6. 3rd foundation: kiriko (wajima jinoko 1:1 sabi [tonoko , water mixed 1:0.7 

seshime urushi]) 

7. 4th ground: sabi (tonoko , water mixed 1:0.7 seshime urushi) 

8. Sabi togi : light abrasion with kuronagura toishi (natural water stone) 

9. Shitanuri: Chinese roiro urushi 

10. Togi: hozumi charcoal 

11. Naka nuri: Chinese roiro 
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Appendix 2 

These are the samples that were prepared for artificial ageing in February 2009 by My 

Aoki at Yoshihiko Yamashita’s workshop in Tokyo. 

 

The grain of the wood, which will be 8-9mm hinoki, was in the direction of the 108mm 

dimension. 

 

The boards were lacquered on both sides, but not around the edges, which were 

ground down / sand-papered after lacquering to reveal the wood below. 

 

All the boards are to be made with a honkataji layer structure using Chinese urushi for 

the shitaji layers and Japanese urushi for the nakanuri and upper layers. 

 

The black colour of the boards was achieved by mixing yuen with the nakanuri layer. 

 

The black boards hsd a suki-urushi nuritate finish. 

 

The nashiji boards are identical to the black boards up to the suki-urushi nuritate finish, 

with the nashiji layers applied on top. 

 

The nashiji was made with a combination of 8-go (rough) and 4-go (fine) silver nashiji 

flakes. The 8-go flakes were applied evenly across the boards so that 50% of the black 

surface is covered. The 4-go flakes should then be applied so that they cover a further 

30% of the black surface, i.e. so that only 20% of the black surface is left visible. 

 

The nashiji boards had a migaki finish. 
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Appendix 3 

Original experiments for testing the conservation of degraded East Asian lacquer 

surfaces using newly prepared urushi boards. 

 

Aim 

The propose experiments will be conducted to find out the best method to treat micro 

cracking on urushi and nashiji objects using traditional methods and comparing 

traditional Japanese materials with Western alternatives  

 

We are testing the effects and results of the following 

1. Different types of urushi treatment 

2. Initial dilution of the urushi treatments 

3. Wiping all the urushi off the surface 

4. Filling the cracks Vs over coating (Suri Vs Gatame) 

5. Use of solvent when wiping 

6. Dilution of suri surface coating 

7. To fill or not to fill the cracks first 

8. Urushi Vs Western treatment 

9. Validity of artificial ageing for urushi 

10. The fragility of the surface before and after treatment 

Or 

10. Different solvents for the gatame and treatment 

11. Previous conservation-restoration work e.g. wax coatings 

12. Length of artificial ageing time 

 

Materials 

There will be two different types of boards 

• Black board (not made from Roiro) 

• Nashiji board 

 

The layer structure is going to be that of domestic lacquer object (textile, foundation 

layers and urushi layers). The nashiji board is the same as the black board but with the 

nashiji urushi and decoration on top. The samples were produced from a larger sample 

board measuring approximately 120x108mm which was cut down into its smaller 

components measuring approximately 35mmx60mm each.  
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The boards were made by Mr Aoki in Tokyo with the following specifications 

 

1. The grain of the wood, on 8-9mm hinoki, was in the direction of the length 

dimension of the samples. 

2. The boards were lacquered on both sides, but not around the edges. This 

underside was removed to reveal the wood beneath. 

3. All the boards were made with a honkataji layer structure using Chinese urushi 

for the shitaji layers and Japanese urushi for the nakanuri and upper layers. 

4. The black colour of the boards was achieved by mixing yuen with the nakanuri 

layer. 

5. The black boards have a suki-urushi nuritate finish. 

6. The nashiji boards are identical to the black boards up to the suki-urushi 

nuritate finish, with the nashiji layers applied on top. 

7. The nashiji were made with a combination of 8-go (rough) and 4-go (fine) silver 

nashiji flakes. The 8-go flakes should be applied evenly across the boards so 

that 50% of the black surface is covered. The 4-go flakes should then be 

applied so that they cover a further 30% of the black surface, i.e. so that only 

20% of the black surface is left visible. 

8. The nashiji boards have a migaki finish. 

 

For each board type at least 3 consolidation mixtures will be used  

• 9 parts Kijiro: 1 part kijomi urushi mix 

• 100% kijomi urushi 

• Paraloid B-72 

If enough material is avalible and time permits, more mixtures can be tested. 

 

The most common types of urushi used for conservation are kijiro and kijomi. Kijiro is 

slower drying but the more light stable whereas kijomi is less light stable but is faster 

drying. A small amount of kijomi is added kijiro to speed up the drying process. 

Paraloid B-72 is a widely used reversible western conservation material. For the B-72 

treatment some pre-tests still need to be done to test the amount of solvent required. 

The pre-tests will use a 1%, 2.5%, 5% and 10% resin to solvent ratio to find what 

solution will penetrate the cracks. The paraloid B-72 needs a fast evaporating solvent 

which may not be the same as the solvent used with the urushi experiments but if 

possible they will be kept as the same. 
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The consolidation mixture will be applied using two different methods, gatame and suri 

both of which are traditional Japanese conservation techniques. For gatame 

treatments, only the cracks are filled. No urushi is left on the surface and it is wiped 

away using a solvent. For suri treatment the surface of the object is covered with a thin 

layer of urushi to protect it, only the excess urushi is wiped away without the use of a 

solvent. 

 

Method    

To test the different types of treatment requires aged samples. It is not visible to use an 

already aged object since it is unlikely that there will be sufficient quantity or all 

previous conservation treatments are known or what environmental conditions the 

objects has been exposed to. Artificially aged samples are required.  

 

With each set of experiments there are 6 samples. The 6 samples are assigned a code 

which refers to what test conditions they will be subjects to. These are 

• SEM 

• Peel test 1 

• Peel test 2 

• Peel test 3 

• Peel test 4 

• Spare 

However, previous experiments with the peel test have not been successful so a 

substitute plan is needed if, when the samples are aged, the peel tested does not work 

(plan B) 

 

Plan A 

The samples will be peel tested at the beginning of the test. These will not pick up any 

of the surface. Next the sample boards will be aged for 2 months in a QSun Xe-3H 

weatherometer. The conditions the samples will be exposed to are 3 days 75%RH and 

then 10%RH for 4 days under continuous light at 0.55Wm-2 at a chamber temperature 

of 50°C and black panel temperature of 70°C. The samples will be observed using the 

SEM. A second set of peel tests will be conducted to test how easily the urushi flakes 

off and assess how much material has come away from the surface and how deep the 

flakes are. The samples will undergo conservation treatment. The different treatments 

regimes are listed below. 
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For the black board… 

For the 9:1 treatment type, there will be 8 variables. 

• Gatame: 1 part urushi to 6 parts solvent, 1 layer (Lg) 

• Gatame: 1 part urushi to 3 parts solvent, 1 layers (Mg) 

• Gatame: Urushi and no dilution,  layers (Hg) 

• Gatame and Suri: Lg and 1 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 1 layer (Ls) 

• Suri: 1 part urushi to 3 parts solvent, 1 layer (Ms) 

• Suri: Urushi and no dilution, 1 layer (Hs) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the kijomi treatment there will be 4 variables 

• Gatame: 1 part urushi to 6 parts solvent, 2 layers (Lg) 

• Gatame and Suri: Lg and 1 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 1 layer (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the B-72 treatment there will be 3 variables 

• Gatame: B-72 1 layers (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: B-72,  1 layer (Ls) 

 

For the nashiji board… 

For the 9:1 treatment type, there will be 4 variables. 

• Gatame: 1 part urushi to 6 parts solvent, 2 layers (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the kijomi treatment there will be 4 variables 

• Gatame: 1 part urushi to 6 parts solvent, 2 layers (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the B-72 treatment there will be 3 variables 
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• Gatame: B-72 1 layers (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: B-72,  1 layer (Ls) 

 

The samples will be peel tested again as one method of testing the strength of the 

surface as well as being observed under the SEM. The samples will be aged one, peel 

tested and observed under the SEM one further time to predict the long term stability of 

the conservation treatments. 

 

Plan B 

If peel test 2 does not yield useful information than the following experiment will be 

performed. 

 

The remaining samples that have been designated for peel 2 will remain in the QSun 

for further ageing. This is to test the effects of artificial ageing over different time spans.  

Sample from each will be taken out towards the very end of the whole experiment and 

treated using the following treatment 

 

Further Aged samples (peel test 2) 

For the 9:1 treatment type, there will be 4 variables. 

• Gatame: 1 part urushi to 6 parts solvent, 1 layer (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the kijomi treatment there will be 4 variables 

• Gatame: 1 part urushi to 6 parts solvent, 1 layer (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the B-72 treatment there will be 3 variables 

• Gatame: B-72 1 layers (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: B-72,  1 layer (Ls) 
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This will be observed under the SEM and compared to those samples that underwent 

shorter conservation treatment. 

 

Western Treated samples (peel test 3) 

The group that would have been used for peel test 3 will be treatment with Western 

natural resin, a wax and a shellec, aged for 1 month in the Weatherometer and treated 

as follows 

 

For the 9:1 treatment type, there will be 4 variables. 

• Gatame: 1 part urushi to 6 parts solvent, 1 layer (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the kijomi treatment there will be 4 variables 

• Gatame: 1 part urushi to 6 parts solvent, 1 layer (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the B-72 treatment there will be 3 variables 

• Gatame: B-72 1 layers (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: B-72,  1 layer (Ls) 

 

There will also be 2 reference samples which will have the westenr resin applied but no 

further treatment and aged further to see if the damage is reduced if the western resin 

is left on without further conservation treatment.  

 

Different solvents and/or urushi samples (peel test 4) 

The group that would have been used for peel test 4 will be treatment using 2 different 

solvents and/or 2 different urushi blends (e.g.50/50) and treated as follows 

 

For the 9:1 with a different solvent from before, there will be 4 variables. 

• Gatame: 1 part urushi to 6 parts solvent, 1 layer (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 
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• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the 50/50 treatment there will be 4 variables 

• Gatame: 1 part urushi to 6 parts solvent, 1 layer (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the B-72 with a different solvent from before there will be 3 variables 

• Gatame: B-72 1 layers (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: B-72,  1 layer (Ls) 

 

Both Plans 

It was found that a cycling RH and exposure to Xenon arc light would produce the most 

reliable method of artificial ageing. However a 2 month cycle does not produce cracks 

that are as deep as naturally age samples. To test the validity of artificial ageing, a 

selection of treatments will be performed on a naturally aged object and compared to 

the artificially aged. The size of the sample will be 1cmx1cm or similarly convenient 

size. 

 

Natural aged Samples 

For the 9:1 treatment type, there will be 4 variables. 

• Gatame: 1 part urushi to 6 parts solvent, 1 layer (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: 1 part urushi to 6 parts solvent, 2 layers (Ls) 

• Suri: As Ls but the surface is not wiped afterwards (L nw). 

 

For the B-72 treatment there will be 3 variables 

• Gatame: B-72 1 layers (Lg) 

• Gatame and Suri: Lg and 2 layers  of suri Hs (GS) 

• Suri: B-72,  1 layer (Ls) 

 

These treatments will undergo artificial ageing and will be compared using the SEM 

only. 
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Analysis 

What is being compared to what? For each aim, different types of samples will be 

compared. 

Plan A 

1. Different urushi: 9:1 nashiji (all). By comparing the same type of treatment with 

the two different types of urushi we can see which is better is use in 

consolidation of degraded surfaces in terms of aesthetics and strength. 

2. Initial dilution: Lg Mg  Hg   . The amount of dilution will affect how far down the 

cracks the treatment can penetrate which will affect how effective the treatment 

is. 

3. Wiping: Lg, Ls, GS, Lnw. It is unknown what affect wiping the surface has on the 

treatment. In some cases it is not possible to wipe excess urushi off the surface 

of the lacquer as it is too fragile. 

4. Suri Vs Gatame: all g subscript and s subscript. It is unknown which is better 

suri or gatame. Gatame is less intrusive but suri is potentially longer lasting. 

5. solvent when wiping: Lg Ls Lnm  

6. Dilution of suri: all s subscripts. The amount of dilution will affect how far down 

the cracks the treatment can penetrate which will affect how effective the 

treatment is. 

7. To fill or not: GS, Hs.  Suri treatment is aimed at the surface but there is no data 

to suggest if the cracks need to be filled for the suri to be effective. 

8. Urushi Vs Western: B72 and urushi (all). Urushi objects are traditional repaired 

using urushi. However this process is irreversible. Is it better to use a reversible 

modern treatment for the conservation of urushi objects in both the short term 

and the long term? 

Plan B 

1. 1-8 as above 

2. How does longer artificial ageing compare with naturally aged samples and is it 

likely to give better results than shorter ageing regimes? 

3. It is unknown what effect previous conservation treatment will have on current 

methods of treatment. Concerns have been raised that urushi will not dry or 

would reacted badly to the resin on objects. 

4. Solvents are chosen on their evaporation rtes and how well the urushi mixes 

with it but it is still unknown how well they perform when used on objects or in 

the long term. 
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5. Urushi blends are chosen for their drying abilities and for their colour (or lack of) 

but long term affects are unknown. 

 

How is it being measured? Different procedures and test will measure different 

properties of urushi and how it is treated. 

• SEM crack measurements (all) 

• SEM crack density (1,2,4,6,7,8) 

• Gloss (1,3,4,8) 

• Other SEM observations e.g. surface appearance (all) 

• Peel test (all) 

• SEM residue (from peel test as above) 

• Composition, separation and drying of the samples (without peel test). 

 

 


