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Conservation and restoration of ceramic colored drawing is a hot topic in the
field of heritage conservation. The difference in nature between colored drawing
layer and silicate ceramics makes the damage of the colored drawing easy. A
considerable part of the painted layers borders on self-destruction. There are
many diseases occurred to the colored drawing layers such as chapping, warping,
shedding, crisp powder, being weathering and fading, and the causes of these
diseases were complicated. It is an important factor to cause these diseases
that underground colored potteries located in the humid hypoxic environment
for thousands of years suddenly expose to air. Some soluble salts existed in
painted layer and pottery body repeatedly dissolve and precipitate, which results
in powderization of painted layer after the pottery being excavated. There are
many colored potteries damaged by storage in poor preservation environment for
a long time. Usually, the diseases mentioned above simultaneously happened.
Conservation and restoration are complicated due to involving many factors such
as composition of the pigments and binder, the micro-structure of painted layer
and surface of pottery body, and action mechanism of salts and painted layer,
etc. Thus the rescue and restoration of colored pottery is a tough problem. Due
to lack of reliable method, much important cultural information on painted layer
disappeared forever, it is exceedingly painful.

In recent years, a number of groundbreaking achievements in heritage
conservation field for rescue and restoration of colored pottery relics are
made in China. The project, “Rescue and Restoration of Weathered, Faded,
and Cracking Terra-Cotta Warriors and Horses of the Western Han Dynasty”

accomplished by the Engineering Research Center of Cultural Heritage
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Conservation of Ministry of Education of Shaanxi Normal University, is a
typical example.

The Color-Painted Terra-Cotta Warriors and Horses of the Western Han
Dynasty exhibited in Xianyang Museum were the first large-scale pottery military
array found in 1960s. At that time, the unearthed colored drawings were bright and
complete. The costumes of infantry figurines with distinctive armor were colorful;
the Terra-Cotta Horses were vivid. These colored potteries are valuable resource
to investigate the military, economy, ethnicity, clothing and hair accessories of
the Western Han Dynasty. However, these unearthed terracotta warriors and
horses have been displayed in a common indoor environment for more than 50
years, resulting in serious diseases. This issue excited great attention in heritage
conservation fields home and abroad.

From 2008, | have inspected the project for three times. Mr. Li Yuhu
reported the project to me for many times. This year, | was invited by the State
Administration of Cultural Heritage and the Cultural Relics Bureau of Shaanxi
Province to evaluate and accept the project. This project included faded painting
visualization, reinforcement of weathered potteries, restoration of painting layers
with shedding and crack, restoration and reinforcement of the powdered painting
layers, and cementation of broken potteries. In my opinion, achievement of this
project is outstanding with three features as below.

(1) Systematical and scientific investigations in mechanism on formation of
the diseases and coping strategy

To deal with the cultural relic diseases, one must firstly study its causes.
From the dramatic difference in environment conditions between before and after
unearthing cultural relics, some mechanisms on the disease formation such as
shedding, weathering and fading were revealed. Taking weathered and faded
relics as an example, the research group studied the relation between the surface

microstructure of faded potteries and optical properties, and proposed that there



are lots of micron sized interfaces composed of air, gap, particle and interval in
the surface of faded potteries, and micron sized interfaces cause light scattering
to result in original color blurring.

Unearthed colored potteries located in higher humid and hypoxia
environment for more than two thousand years. After being excavated, the
potteries are exposed to lower humid environment, and thus they experienced
a dramatic change in temperature and humidity. As a result, glue in painting
layer has to shrink in a short time, and then cracks, and water in painting layer
is replaced by air. Finally, optical characteristics of visible light absorption and
reflection changes obviously to result in serious fading. The mechanism in
terms of optics, environmentology and weathering is satisfactorily revealed the
faded cause.

In order to enhance durability of the restored faded potteries, the research
group added appropriate amount of non-volatile liquid stabilizer to the polymer
reinforcement materials, which not only promote the stability of the polymer
reinforcement materials but also eliminate the scattering interfaces. It is innovative
to develop blurred color potteries by physical method.

(2) Accuracy and creditableness in analysis

To ensure creditableness of aging test, the proximity in components of
painting layer between simulated sample and restored sample should be
considered. However, the painting layer on the potteries made in the Western
Han Dynasty have been degraded and exhausted after two thousand years,
thus identification of glue used in the potteries is difficult. Based on the main
component in animal glue being protein but that in vegetable glue being
carbohydrate, the research group easily identified the glue used in the potteries
by determining nitrogen element using XPS. Employing this method, the binder
used in the terra-cotta warriors and horses is animal glue. According to this

result, the simulated samples were prepared, and aging test of the corresponding




samples was carried out. Additionally, the tests of flexibility and adhesive force
were conducted in the light of the industrial standard, and the basic evaluation
system of painting layer on potteries was established. This investigated protocol
also contains innovativeness. In this project, it is a key problem whether the
color developed by the proposed method is similar to the original painted pottery.
Spectroscopy determinations by Xi'an Institute of Optics and Precision Mechanics
of CAS indicated that the spectral characteristics of the restored potteries are not
only stable in five years but also similar to that of original potteries. The method
used in this project contains innovativeness

(3) The reliability supported on the following observation in natural
environment for 15 years

In light of the principles of conservation and restoration of cultural relics, and
based on the simulated and accelerated aging test, as well as following observation
to the preliminary local experiment for several years, the overall proposal was
proposed, and the project was carried out. Two cases about the restoration and
reinforcement of faded painted potteries made in 1996 have been observed for
15 years, indicating that the restored potteries unchanged. The excellent results
were mutually corroborated by the aging test in the extreme conditions and the
performance in natural environment. The methodology and attitude in this project,
being responsible for cultural heritage, is worthy to be praised.

It is worthy of note that tackling serious powdering disease of painted potteries
is a challenge subject. The research group found that the salt corrosion is the key
factor in formation of the powdering disease due to the salt corrosion occurred both
in painting layer and pottery body. It is difficult to remove salts and reinforce without
obvious damage to the original potteries in tackling serious powdering disease. It is
still needed to pay attention to this issue.

| have got acquainted with Mr. Li Yuhu for more than 20 years. | am touched by

his perseverance, pioneering and innovative spirits. Under his guidance and supports



by administrative departments, the professional and vigorous team has been found,
and the professional laboratories, instruments and test fields have been constructed.
The investigation fields have been expanded from the archives protection to the
conservation of cultural heritage relics, as well as photographic film. Although he has
received many honors and awards, he is still modest, and can listen to different views
so that he improves and perfects his results. | wish him and his team every success

in the future.

Huang Kezhong
December, 2011
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