
Figs. 1,2. Examplcs of wooden lacquerware excavated in China and 
treatcd with the higher alcohol method ai ihc Yoshida Biological 
Institute Inc.. Kyoto 

Fig. I. Wooden doli decorated with black lacquer, Han dynasty 

Fig. 2. Lacquered tiger 
pcdestal (detail). Warring 
States period 
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Fumio O k a d a 

Consolidating Layers of East Asian Lacquer on Ceramics 
and Waterlogged Wood 

This papcr deals with thc consolidalion of excavatcd lacquer-
ware f i lms on ceramics and waterlogged wood. First, the differ-
ences of lacquer coats in Japan and China are discussed. Second, 
scveral conservation methods for the treatment of excavated 
lacquerware, lacquercd pottery and wooden Substrates are 
presented. 

1. Introduction 

Over the past 20 years, I have been engaged in thc conservation 
of lacquerware excavatcd at historical sites in Japan. Düring the 
last 5 years, I have also been involved in a conservation projeet 
dealing with Chinese lacquerware from the Warring States peri-
od through thc Han dynasty. These objects had been removed 
from China and stored in a waterlogged State. 

In addition, I have studied the relationship betwecn the nature 
of the lacquerware coatings on objects belonging to a wider 
ränge of periods in Japan and China and the results of several 
methods used to conservc these objects. I have found, that therc 
is a closc relationship between the nature of the coating on thc 
lacquerware and the results of the conservation techniques. I 
have concluded that, in order to conservc excavated lacquerware 
in good condition, it is cssential to obtain a solid background of 
thc history of the coating techniques used in various areas and at 
various times. 

In this paper, I would like to present thc results of my analy-
ses of thc strueture of lacquer layers through optical microscopy 
and some cxamples of conservational treatment I used on exca
vated picecs of lacquerware. In addition, I would like to draw at
tention to some points, that should bc kept in mind in order to 
preserve lacquerware in good condition. as well as during thc 
procedurc of conservation and thc development of new conser
vation techniques. 

2. Lacquer coat ing techniques for pottery 
and wooden objects 

2. 1 The strueture of laequer layers applied to pottery 

From about 5500 to 2000 years ago, most part of thc Japanese 
pottery excavated until today has obviously been separately 
coated with cither black or red lacquer.' During this period, the 
coating technique remained essentially thc same. Thc surface of 
the respective piecc of pottery was usually carcfully polished 
and then coated with lacquer (colour plate XIV1). In most cas-
cs the black-Iooking single layer turned out to be a transparent 
lacquer when observed in the cross-section (colour plate XIV.6). 
When a red lacquercd picce was made, first a transparent lac
quer layer was applied (which looks black on thc surface) and 
only then a red lacquer layer was applied on top. Red lacquer 
was usually applied in a single thin layer (colour plate XI V.2.7). 
In the coursc of my research I found, that most of thc pottery ex
cavated in China was coated in this manner. 

2. 2 The strueture of the lacquer coat on wooden objects 

2.2.1 Variation of thc wooden Substrate 

Lacquerware with a wooden Substrate date back as far as about 
5500 years ago in Japan. : Most such objects are made from a 
single picce of wood, Thc sources of wood used include broad-
leavcd, diffusely porous trecs, such as horse chestnut. zelkova 
and cherry tree. Although lacquerware from thc Warring States 
period in China was also mostly made from a single picce of 
wood such as cinnamon Ircc etc.. those from thc Man dynasty 
scem to have been mass-produced by laminating thin shects of 
wood veneer.1 After thc Han dynasty, lacquerware with a cloth 
substrate appears first. 

2.2.2 Changcs in lacquer coating techniques 

Generally speaking, lacquerware coats are made from founda-
tion layers and lacquer layers. The technique used to makc foun-
dation layers in East Asia varied with thc period. This under-
standing was gained by analyses of lacquerware excavated in 
Japan and China. J 

I) Foundation layer 
Two types of wooden lacquerware have been excavatcd in Japan 
and China. There are objects with a wooden substrate directly 
coated with lacquer, and there are others with a foundation lay
er applied to the wooden substrate, that is then coated with lac
quer. Six types of foundation layers have been found on ancient 
lacquerware from Japan and China: 

a) A mixturc of lacquer and clay: 
This type of foundation layer is found on Japanese lacquerware 
from about 5500 years ago.' In China, similar cxamples are 
found on lacquerware from thc Han dynasty.6 

b) A mixturc of lacquer and powdered charcoal (colour plate 
XIV.3,4): 
In Japan this type of foundation layer is found on lacquer Con
tainers from about 5500 years ago. In China, similar cxamples 
are seen on lacquerware from the Eastem Han dynasty." 

c) A mixturc of lacquer and sawdust (colour plate XV. 1, 5): 
In Japan, this type of foundation layer was used to make combs 
about 4000 years ago. " In China, many cxamples with a similar 
foundation layer are found among objects from thc Kastern Han 
dynasty.10 

d) A mixturc of lacquer. clay and bonc ash (colour plate XV.2.6): 
In China, this type of foundation layer is found on lacquerware 
from the Han dynasty onwards ." In Japan, a similar foundation 
layer is found on lacquerware from thc 7th Century.12 

e) A foundation layer using other matcrials than lacquer (colour 
plate XV.3. 7): 
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Farbtafel XIV / Colour Plate XIV 
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Farbtafel XV / Colour Phile XV 
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In China, some lacquer-coated wooden objects from the Eastern 
Han dynasty have a foundation layer of black clay." However, 
the bonding agent is not yet known. 

f) A pers immon tannin foundation layer (colour plate XV.4, 8): 
The foundation of a populär type of lacquerware from Japan's 
Medieval period shows pers immon tannin as a bonding agent in-
stead of lacquer.14 

The types of lacquerware numbered a) c) and d) have often 
maintained their original shape after being exposed to the air 
thanks to a stabilizing foundation layer. On the other hand. the 
types of lacquerware numbered b) e) and f) require special at
tention when they are treated for conservation. 

2) Lacquer coat 

There are two types of lacquer coats: 

a) Objects with a very thin coat: 

In both, Japan and China, this type of lacquer coat is widely 
found in all periods. In Japan, this type was often placed on lac
querware f rom the Medieval period and after. '5 In China, lac
querware with this type of coat is found since the Warring States 
period. Frequently these objects are found includcd among the 
possessions buried with a corpse.16 

b) Objects with a very thick coat due to repeated applications of 
lacquer 
In Japan, this type of lacquer coat is of ten found on lacquerware 
made 5500 to 2500 years ago.17 

3. T r e a t m e n t s for conse rv ing excavated l a c q u e r w a r e 

3.1 Lacquer coat on a pottery surface 

When a very thin lacquer coat on the surface of an excavated 
pottery piece is air dried, it is liable to flakc off. Therefore, the 

lacquer coat on the surface of a piece of d a m p excavated pottery 
needs to be reinforced. At the same time, drying out of the ob-
ject must be prevented to the extent possible. Here are some ac-
tual procedures for reinforcing lacquer coats. 

1) Using water-soluble emulsion resin 
Water-soluble acrylic emulsion resin is diluted to a 5 % Solution. 
This Solution is brushed on, so that it will penetrate into the gap 
berween the pottery and the lacquer coat. If pieecs of the coating 
flake off during the application of the resin, they should be 
pressed down against the object until they stick. The Solution is 
applied until it is clear that all of the coating is well attached to 
the pottery base. 

2) Using non-water-soluble resin 

a) Using butyral resin: 
The water is drawn from the damp pottery with ethyl alcohol and 
butyral resin, which can be diluted in alcohol. Butyral resin is di
luted with ethyl alcohol to a 3 % Solution and this Solution is ap
plied to the surface to reinforce the lacquer coat (colour plate 
XIV.5). If pieces flake off , the resin Solution should be applied 
so that it penetrates to the base, and the chips should be pressed 
down against the object. The process is repeated until the whole 
lacquer coat is well attached.'" Butyral resin does not become so 
glossy. 

b) Using acrylic resin: 
Paraloid B72 is used as non-water-soluble acrylic resin. Howev
er, Paraloid B72 is liable to t um glossy and a solvent is required 
to deal with this. 

3.2 Wooden-substrate lacquerware 

The wooden Substrates of lacquerware excavated in Japan are 
often severely deteriorated and may have moisture Contents 400 
% to 800 % higher than usual. They are in a waterlogged State. 

« Farbtafel XIV / Colour Plate XIV 
1 5500 years old pottery, decorated with red and black lacquer, excavated at Torihama Kaiduka, Fukui prefecture 
2 3000 years old pottery with a red lacquered surface (fixed with butyral resin), excavated at Tobiragawa, Akita prefecture 
3 Lacquered piilow (dried naturally), Eastern Han dynasty, excavated from the tomb of Wang-Hsu in Ro-Rang: its foundation consisting of a mix-

ture of lacquer and powdered charcoal 
4 Cross-section of lacquer layers (cf. 3): underneath carbonized segments which seem to be of herbal origin 
5 Lacquered pottery, fixed with butyral resin, Han dynasty, excavated from China 
6 3000 years old pottery with a black lacquered surface (fixed with butyral resin), excavated at Tobiragawa, Akita prefecture. Microphotograph of 

a cross-section: the uppermost layer looks black when viewed from above, but looks transparent under the microscope 
7 Cross-section of the lacquer layers (cf. 2): a transparent lacquer layer on the pottery Substrate is followed by a red layer above 

< Farbtafel XV / Colour Plate XV 
1 Lacquered cylindrical vessel (dried naturally), Eastern Han dynasty, excavated from the tomb of Wang-Hsu in Ro-Rang: its foundation consist

ing of a mixture of lacquer and sawdust mixed with minerals 
2 Lacquered box (dried naturally). Han dynasty. excavated in China: its foundation consisting of a mixture of lacquer and bone ash mixed with clay 
3 Lacquered plate (dried naturally), Eastern Han dynasty, excavated from the tomb of Wang-Hsu in Ro-Rang: the foundation consists of a mixture 

of clay and other matcrials than lacquer 
4 Lacquered plate (PEG) treatment), Japan, 12th Century, excavated at Kyoto: its foundation consits of a mixture of persimmon tannin and powdered 

charcoal 
5 Cross-section of lacquer layers (cf. I): under the microscope some wooden tissuc becomes visible in the bottom layer 
6 Cross-section of lacquer layers (cf. 2): the small semi-opaque mass in the centcr is bone ash (its color ranging from semi-opaque to blackish 

brown), with remains of bone tissue and colorless minerals 
7 Cross-section of lacquer layers (cf. 3): the black layer at the bottom seems to be a mixture of clay and an agglutinative agent and is characterized 

by rough upper and lower edges 
8 Cross-section of lacquer layers (cf. 4): a mixture of powdered charcoal and persimmon tannin is found in die bottom layer 
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The conservation of the wooden Substrates of lacquerware with 
extremely high moisture content must bc prioritized. On the oth-
cr band, somc wooden lacquerware excavated from tombs in 
China (they were buried deep under the ground and protected by 
several layers of shielding material) are not so badly detcriorat-
e d . " Af te r air drying, they may remain in rclatively good condi-
tion (see colour plate XIV3, XV. 1, 2). Therefore, the condition 
that wooden lacquerware was in when it was just excavated 
needs to bc taken into aecount, so that the appropriate conserva
tion method is used to conserve it. I will explain the advantages 
and disadvantages of some of the conservation methods we are 
now using for wooden lacquerware with severe deterioration of 
the wooden Substrate. 

1) Conservation method using water-soluble resin 

a) PEG method 

The PEG method has been widely used in Japan since the 1970s 
as a conservation method for deteriorated waterlogged wood. :" 
The damp lacquerware is submerged in a Solution of Polyethyl
ene glycol (average molccular weight: 4000, melting point: 
55 °C). At the beginning of the process, the concentration of the 
PEG Solution is about 10 % and the temperature is about 60 °C. 
The concentration of the Solution is gradually increased while 
the temperature is maintained at the same point. The moisture in 
the object is completely rcplaccd by the synthetic resin over a 
period of 6 months to a ycar, depending on the size of the object. 

Since lacquerware pieces can absorb the PEG Solution rcadi-
ly, this method produces good results in many cases (colour 
plate XV.2). Another advantage of this method is that many lac
querware objects can be treated at one timc. Nevertheless, there 
are still somc other problcms. If the object is cntirely coated with 
lacquer, for cxample if it is in almost perfect and unblemished 
condition, it is difficult for the resin to penetrate through the 
coating and contact the Substrate. Also, if the concentration of 
the Solution is increased notwithstanding the degree of penetra-
tion into the lower layers, rapid dehydration may occur. The 
wooden Substrate and the lacquer layers may shrink at different 
rates, leading to cracks or delamination. 

In addition. in the PEG method the temperature of the Solution 
must bc maintained at 60 °C for a long period. When the object 
is taken out of the impregnating tank, if its temperature drops 
rapidly to room temperature the expanded lacquer coat may 
shrink due to the temperature change. The lacquer coat may 
flakc off the Substrate of some lacquerware pieces with a per-
simmon tannin foundation layer, made from the Medicval peri
od onward, if they are immersed in water after excavation. If 
they are treated using the PEG method and subjected to the 
changes in temperature it requircs, their surfaecs may get wavy 
(figs. 3 .4 ) . 

b) Glyoxal method 
This method was dcvclopcd in China as a new room temperature 
impregnation method." ' In this method, the object is impregnat-
ed in glyoxal for a long period. To inercase the concentration of 
glyoxal, phosphorus pentoxide is sometimes used as a catalyst. 1 
have used this method for a few years, to conserve wooden 
lacquerware from China's Warring States period and from 
Japan's Medieval period. I have obtained relatively good results 
when the wall thickness of the object is around 3 mm, even if 
the Substrate is wood. This method scems to be morc effective 
than the other methods for preserving colors, such as yellow. 
ercated by other substances. I have the fceling that this method 
is also effective for preserving the special gloss of lacquer ob
jects from the Warring States period. However, when the wall 
thickness of an object was greatcr than 1 cm, a great degree 
of deformation resultcd. An additional problcm was that the 
black looking lacquer turned gray after treatment. which is 
undcsirable. 

c) Other room temperature method (Polyglyccrin method) 
I have tried to develop a new room temperature impregnation 
method using polyglyccrin as the principal component . " Using 
this method, the object is impregnated in the agent at room tem
perature. The liquid is changed thrce times, at about 10 day in-
tcrvals. Thus the moisture content in the wooden Substrate is re-
placed by the agent. Thcn the object is taken out of the bath and 
air dried at room temperature. This method is still being carried 

Fig. 3. An cxample of a surfacc lacquer layer that became wavy: wood
en substratc, foundation consisting of persimmon lannin and powdered 
charcoal, excavated from Kyoto City, 12th Century 

wm^fk 

Fig. 4. Cross-section of the lacquer layers (cf. fig. 3): the lacquer layers 
appear very thin under the microscope 
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out on a trial basis, but one result up to now is that the gloss of 
the lacqucr is not reduced. 

2) Conscrvation using non-water-solublc resin 
It is gencrally possible to shorten the treatment period by using 
non-watcr-soluble resin. 

Higher alcohol method 
This new conscrvation treatment method for excavated wooden 
artefacts was dcveloped in Japan in the early 1990s. : i To con-
serve lacquerware, cetyl alcohol (molecular weight: 242, melt-
ing point: 50 °C) is used. The impregnation takes about onc 
week for lacquer bowls. The process is as follows: 

1) A water-logged lacquerware object is put in a plastic Con
tainer and bathed in methyl alcohol until the water is replaced. 

2) The object is heated to about 50 °C and the methyl alcohol 
in the object is gradually replaced with cetyl alcohol. 

3) After all the methyl alcohol has been replaced by cetyl al
cohol. the object is taken out of the Container and dried at room 
temperature. 

4) The surface of the object is washed with methyl alcohol. 
Though some critieize the use of solvents for lacquerware con
scrvation. I think the rcsults of this method are good (f igs. 1,2). 

4. Conclusion 

To solidify lacquer that is coated on the surface of pottery or 
wooden objects, and render it stablc. the following points must 
be observed: 

1. Onc should know the different struetures of lacquer coats 
on lacquerware from area to area. and period to period. 

2. To solidify a lacquer coat on a pottery object, it is essential 
to prevent the object from being air dried after excavation. The 
degree of attachment of the lacquer to the base must be taken in-
to aecount. 

3. Whcn reattaching the lacquer coat to a wooden object. the 
reinforcement of any fragile wooden Substrate must be prior-
itized. 

4. To avoid the destabilization of a lacquer coat on a wooden 
surface, stresses such as temperature change and the use of or-
ganic solvents should be avoided whenever possible. 
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