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Preface

The conservation of cultural heritage is a current undertaking that benefits the future generations. There are numerous collections
of precious cultural heritages of various categories and materials with great value in China. They are an important source of cultural
confidence as a physical testimony to the development and evolution of Chinese civilization. However, many of them have been
subjected to deterioration to different degrees and even devastated after years of baptism. It has become a mission and responsibility
of cultural heritage conservation to strengthen the scientific research, conservation and restoration of various collections of cultural
heritages, explore their value and extend their lives to keep their brilliance, carry forward the excellent traditional Chinese culture
carried by them, and provide profound nourishment for the construction of socialist spiritual civilization.

The conservation of cultural heritage is a long-term mission. With the care and support of the Communist Party of China (CPC)
and the government, the conservation of cultural heritage in China has evolved from the traditional scattered model to the science-
based large-scale win-win model after nearly a hundred years of practice and development. “The conservation of cultural heritage
must rely on science and technology,” as requested by General Secretary Xi Jinping during his field visit to the Mogao Grottoes
in Dunhuang. Only when we strengthen the support of modern science and technology, and adhere to inheritance and innovation
as well as tradition and technology, can the conservation and restoration of cultural heritage move from the traditional empirical
model to the science-based targeted model. At present, the conservation of cultural heritage in China has changed from focus on
rescuing conservation to focus on both rescuing conservation and preventive conservation, a preventive conservation system for
the cultural heritages of museum collections has been built based on risk management theory, and the scientific and technological
conservation of the cultural heritage has become more systematic and comprehensive due to multidisciplinary collaboration. As
for the future conservation of cultural heritage oriented to goals, problems and demand in China, we will continue to improve
the theories related to risk management, adhere to opening-up and cooperation, and carry out cultural heritage conservation
and inheritance based on multidisciplinary coordination, in order to contribute to achieving the “14th Five-Year Plan” and the
2035 long-term goal and building a modern socialist country in an all-round way by virtue of scientific research and excellent
conservation and management.

The exhibition, titled Treasuring for All Generations — Conservation of Museum Collections in China, is sponsored by the
National Cultural Heritage Administration and co-organized by the Capital Museum, China National Silk Museum and China
Association for Conservation Technology of Cultural Heritage. As an answer to the staged achievements submitted to the nation
and the people, it is held to examine the existing results, sum up the experience and lessons and plan for innovative development
from the historical perspective of the new era. It is divided into five chapters, i.e., “Development Process of Collection
Conservation in China, Cognition and Discovery, Conservation and Technology, Restoration and Reproduction, and Preventive
Conservation”, based on the exchange of academic achievements in cultural heritage conservation, the disclosure of scientific and
technological means, and the presentation of artistic value of cultural heritage. It comprehensively reviews the conservation of
cultural heritage in China in the past 100 years, details the scientific cognition methods and conservation technologies, and fully
demonstrates the latest achievements in the scientific conservation and restoration of cultural heritage, highlighting the Chinese
concept and level in terms of cultural heritage conservation.

With the exhibition process as the main route, this exhibition catalogue records the precious historical video data in the evolution
of cultural heritage conservation in China, and the most outstanding research results made in recent years by eighteen cultural
entities and museums, related colleges and universities, and scientific research institutes in terms of the scientific value recognition
and conservation of cultural heritage, as well as the pictures and documents on the conservation and restoration of more than 50
selected cultural heritages. It also supplements, illustrates and extends the exhibition correspondingly based on comprehensive
and accurate recording and reflection of the content of the exhibition, conveying and popularizing to the public the knowledge and
concepts related to cultural heritage conservation in China in the form of texts, and encouraging more people to participate in the
conservation of cultural heritage.

National Cultural Heritage Administration
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Development Process of Collection Conservation in China

No matter how tall the trees grow, they must have their roots, and no matter how far the
rivers flow, they must have their sources. For a country or nation, the roots are its history and
civilization, and the cultural heritage are important carriers to maintain them.

China is a country full of creative power. Since ancient times, the Chinese civilization has
stood out with brilliant inventions and creations and has left us valuable cultural heritage in
quantity. These treasures embody the origin of the Chinese civilization and the characteristics of
Chinese culture, highlight the significant contribution of Chinese civilization to world civilization
and reflect the cultural code and source of strength of China’s development and prosperity
today.

Earth does not regret yielding to man her treasures; even the incomplete parts of ancient
treasures are precious. By the end of 2019, national movable cultural heritage excavated or
transferred or handed down from generation to generation totaled 108 million pieces (sets),
some of which were in disrepair by time and badly in need of conservation and restoration, so

that “later generations will eternally use them as treasures for ten thousand years” .
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Earl of Hao Cuo vessel (Gui)

The Western Zhou Dynasty

Height 21 cm, mouth diameter 22 cm,
belly diameter 26 cm

Collection of Capital Museum (5.2925)
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BREE=4ERTGE (—4H)
A group of three-dimentional renderings of Earl of
Hao Cuo Vessel (Gui)
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Earl of Hao Cuo vessel (Gui)

In December 1978, Beijing Municipal Cultural
Relics Administration collected an incomplete bronze
Gui from Tongxian Material Recycling Company. 1/5
of the vessel was missing, so was part of the internal
inscriptions. Assisted by Tongxian Chengguan
Purchasing Station, they managed to find some
fragments to restore the whole vessel.

The restored bronze Gui has no lid, and there is
an inscription of 28 characteristics in 5 lines, reading
“Earl Hao Cuo commissioned this honored Gui
vessel for Duke La, his deceased father, for the use
of presenting offerings and honors for 10,000 years of
feasting. May successive generations forever cherish
and use it”. According to Jiyun (Collected Rimes), the
character hao (“ j£ ) was a kind of tree with the same
pronunciation as hao (“ 5% ), and hao cuo (“ & )
should be the name of the vessel maker. Jun (“ 2 )
had the same pronunciation as jun (* {& ), which
meant the official in charge of farming of slaves in the
Western Zhou Dynasty.

BiREE (18881)
The Earl of Hao Cuo vessel (Gui) (before restoration)

B3R ( (BRESSER (5=01) ) 52262 1X1)
Rubbings of the inscription (Collections of Bronze Inscriptions from Yin and Zhou
Dynasties (Vol. 3), p2262)

FIASAL, s E, P8, 2028, PENE. A8, B, &
NREL . IWEHG R TR , (BRER SR (B R ) 5 R
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In the Shang and Zhou Dynasties, the number of Gui used for sacrifice and banquet
ranged from two to twelve, which might be four, six or eight, all of which were even
numbers. Judging from the image and the copied inscription rubbings, the Earl Hao Cuo
vessel (Gui) and the “Dun vessel of Duke La” recorded in the Xuanhe Illustrated Catalogue
of Antiquities of the Song Dynasty belonged to the same group of vessels, or even might be
the same one. Gui had long been misinterpreted as “Dun” since the Song Dynasty until they

were proved to be different in the Qing Dynasty.
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From Tradition to Science

1954 &, (ZERBRT
Experts were restoring the Houmuwu Ding in 1954

WERRR N BE SR
Xu Wenlin was restoring a clock at the Palace Museum
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China has a long history of restoration of cultural heritage, which can date back
to the Shang and Zhou Dynasties. There are obvious touch-up marks on the bronzes
excavated from the Jin Hou Cemetery. Ever since, China’s restoration of cultural heritage
has experienced such several stages as experience-based conservation stage through
traditional restoration, qualitative conservation stage through traditional restoration with
the intervention of modern science and technology, and semi-quantitative conservation
stage where modern science and technology is integrated with traditional restoration.
From experience and evidence-based approaches to scientific ones, restoration practices

of cultural heritage in China have been more and more precise by combining inheritance
and innovation.
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In recent years, with the increasing support of science and technology, the development
of cultural heritage conservation presents the following characteristics: first, the
systematic conservation based on value cognition and risk assessment has been highly
valued; second, directed basic research on material deterioration mechanism and its
prevention and control, and the evaluation of protective materials has been continuously
deepened, and the safety and reliability of cultural heritage conservation strengthened;
third, the wide application of new materials, biotechnology, information technology
and other high and new technologies has provided a lot of new methods and means for
cultural heritage conservation; fourth, the comprehensive intervention of modern science
and technology has accelerated the inheritance, sublation and innovation of traditional
crafts and technologies of cultural heritage conservation.

Over the past 15 years, the conservation of China has been emphasised on the R&D
and application of key technologies for specific types and scenes, including R&D and
improvement of mainstream protective materials for cultural heritage conservation,
applied research and applicability transformation of various general technologies and
equipment in the field of cultural heritage conservation. With the accumulation of
practical experience and the progress in concepts and technologies, efforts have been
extended to the basic research on the application of cultural heritage conservation and
relevant risk prevention and control technologies, with some breakthroughs being made.

1958 &, HREEMIBEmKBEEBESEIRA
Yang Yongqging was restoring a bird specimen at Gansu
Provincial Museum in 1958

HI TR A, FRESCSUR A REA BRI
G IGVFZ [, BFBO R MAE = T5 T —=
SCRAP A HI RO ZE R FE WSS, B R A AR B
B, SEARZ SO SL Bk =BG S R 22 (R R,
XSSO BRI E A AP AE R G. 23C)
PRAPARAFI R R BOR BRI R, SO PRI ST
) —SUE AR DA % s =2 ASCE B RHIIAE
BIESIFTERER, MEDURESCH Rl — A SO —
IMERERE" HsERssEsR.

BT HIN RSO TAERIETEOR, AR S e
HIRHESEE, C RO s SC SRl BT R e . @ FH3C
PRI AT P RE TSRS

Due to a late start and weak foundation, there are many
problems facing China’s scientific and technology research in
the field of cultural heritage, which are mainly manifested in
the following three aspects: first, weak theoretical foundation
for cultural heritage conservation and cognition and inadequate
accumulation of basic scientific data, which leads to the lack
of theoretical support and security guarantee in conservation
practices and major disputes over the elucidation of relevant
knowledge and interpretation of their value; second, insufficient
supply of common key technologies for cultural heritage
conservation and cognition, and some major problems in the
field of cultural heritage conservation that are difficult to solve;
third, barriers in the cross-over study of humanities and natural
sciences, which makes it difficult to build a complete chain
of “scientific cognition — humanistic interpretation — value
communication” of cultural heritage.

On account of the new requirements on work related
to cultural heritage, it has become an inevitable choice to
continuously strengthen the scientific and technological support
for cultural heritage conservation to promote the high-quality

development of cultural heritage and enhance the ability to
protect, inherit and utilize cultural heritage.

1978 FF, HERRIFESEEEE
Li Yunhe was restoring the mural at Dunhuang Academy China in 1978

1979 &, HHILEBIESIH/RE LIV K FESFRRBRI R
Experts from Hubei Provincial Museum and Harbin Institute of
Technology were studying the Zenghouyi Bells in 1979

20 B2 80 &MY, EEFREHRETED
Experts were restoring the bronze chariots and horses excavated from
the Emperor Qinshihuang’s Mausoleum in the 1980s
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From Scattered to Large Scale
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China has made efforts in protecting cultural heritage for nearly one hundred years. The Palace
Museum was established in 1925, in which there was a specialized department for the restoration
of cultural heritage. In 1944, the National Research Institute on Dunhuang Art was established. In
1949, the Beijing Commission for the Preservation of Cultural Heritage was established, which
was the first professional institution on the conservation of cultural objects ever established and
administered by the Central Government in new China. In 1950, the National Research Institute
on Dunhuang Art was renamed the Research Institute on Cultural Heritage of Dunhuang. In 1956,
the Institute of Science and Technology for the Conservation of Cultural Objects (predecessor
of the Chinese Academy of Cultural Heritage) was established. Since 1960, Shanghai Museum,
the National Museum of Chinese History (predecessor of the National Museum of China) and
Gansu Provincial Museum successively set up laboratories for cultural heritage conservation.
In 1962, the Study on Ten-Year Scientific Planning of Cultural Relic Conservation Technologies
was submitted to the Science and Technology Commission and listed into the National Ten-
Year Scientific Research Planning. Later, local cultural institutions took an active part in cultural
heritage conservation. The China Association for Conservation Technology of Cultural Heritage
was established in 1980, and the academic journal Sciences of Conservation and Archaeology
was established in 1989, a mark that China’s efforts in protecting cultural heritage began to take
shape. Since then, efforts have been strengthened in foreign cooperation, and the Society for
Conservation of Cultural Heritage in East Asia was established in 2007, with China Association
for Conservation Technology of Cultural Heritage as a co-founder.

“He who does not have a long-term plan is not up to short-term jobs. He who does not have the
whole picture in mind cannot design a part.” Cultural heritage conservation is inseparable from
the support of science and technology. In order to better guide the application of science and
technology in the field of cultural heritage and solve major problems in the process of cultural
heritage conservation and utilization, the National Cultural Heritage Administration (NCHA)
has planned to set up key scientific research bases since 2004. So far, it has approved seven
batches of totally 33 key scientific research bases to carry out basic scientific and technological
work and innovative research in key fields and main directions, which has greatly promoted the
development of cultural heritage conservation in China. The Key Scientific Research Base of
Conservation for Ancient Mural (Dunhuang Academy China), which was among the first batch,
has been built into the National Research Center for Conservation of Ancient Wall Paintings, and

it is also the first national engineering technology research center in the field of cultural heritage
conservation in China.
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1949 &, JtRMEBEEZER R 1965 &, HEXMARAERIL. BN, BRISFERTARANDSE

Beijing Commission for the Preservation of Cultural Relics was bEERS
established in 1949 Group photo of Chang Shuhong, Duan Wenjie, Fan Jinshi and other

fellows from Research Institute on Cultural Relics of Dunhuang at its
downtown office in 1965

1980 &, FEXMRIFRANSSE—
RERS

The first congress of China Association
for Conservation Technology of
Cultural Heritage in 1980

1982 &, MAPMEERIPEITES W et
Closing ceremony of the training course on
cultural relic restoration and conservation in
1982
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Key scientific research bases are relatively independent
scientific research entities formed by relying on cultural
institutions, higher education institution, research institutes and
other institutions with original innovation ability. It adopts the
operation mechanism featuring “openness, mobility, cooperation
and competition” to promote the formation of a new mode of
cultural heritage conservation in which national-level efforts
play the main part and the whole society is involved. Planned in
a comprehensive, strategic and forward-looking manner, guided
by national demand, key scientific research bases, focus on the
hotspots, difficulties and bottlenecks in technologies concerning
cultural heritage conservation, aim to provide comprehensive
scientific and technological support for cultural heritage
conservation, and have become the centers for R&D, talent
incubation, achievement sharing and exchanges and cooperation
in the field of cultural heritage conservation and utilization.
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HREERFERN S ERFIE ST HR&ExXIB
1 Key Scientific Research Base of Conservation for Ancient Mural, FUEVIIV ) Gansu Provincial Bureau of Culture 2005
- ) . Dunhuang Academy China .
State Administration of Cultural Heritage Relics
R A AR P EIR XA S E R AL FIAETE IR BREEE S
2 Key Scientific Research Base of Ancient Polychrome Pottery Emperor Qinshihuang’s Mausoleum Site | Shaanxi Provincial Cultural Heritage 2005
Conservation, State Administration of Cultural Heritage Museum Administration
HEARNFRRIPER S E SRR
3 Key Scientific Research Base of Excavated Wood and HtEEmE LA 2005
Lacquerware Conservation, State Administration of Cultural Hubei Provincial Museum Hubei Provincial Bureau of Culture relics
Heritage
EARRIFER B E R HTE BRPOE SCDIRIPIATTSR ERFRE B
4 Key Scientific Research Base of Conservation on Brick and Stone| Shaanxi Institute for the Preservation of | Shaanxi Provincial Cultural Heritage 2006
Materials, State Administration of Cultural Heritage Cultural Heritage Administration
BRI R EINETRARER XS E SRR e LEmNER
5 Key Scientific Research Base of the Museum Environment, State e Shanghai Municipal Administration 2006
- . ) Shanghai Museum o ;
Administration of Cultural Heritage Commission of Cultural Heritage
AEFHRIPIER XA B E R E FERFRITARET ERXEEHAREIENNE
6 Key Scientific Research Base of the Conservation Planning for China Architecture Design & Research Scientific Research Base Management 2006
Cultural Heritage, State Administration of Cultural Heritage Group Office, NCHA
T AEBRAREEFRIP RIS R
ESER&YISE Tyt nE=s:i} S |t vey) S
7 Key Scientific Research Base of Spatial Information Technology 'ﬁf - . ) Beijing Municipal Administration of 2008
o ) ) Tsinghua University )
Application for Cultural Heritage Conservation, State Cultural Heritage
Administration of Cultural Heritage
R NEHRER B E =R A s REHNIDB
8 Key Scientific Research Base of Building Surveying and Mapping Tia;n'in jwiversit Tianjin Municipal Administration of 2008
of Cultural Relics, State Administration of Cultural Heritage ! v Cultural Heritage
HIERFHRER S E R FHTE ERF G EEERRETR AT LEmNER
9 Key Scientific Research Base of Ancient Ceramics, State Shanghai Institute of Ceramics, Chinese | Shanghai Municipal Administration 2008
Administration of Cultural Heritage Academy of Science Commission of Cultural
HIERRPARER B EFE e ot pvey)] S|
10 Key Scientific Research Base of Ancient Ceramics, State = Beijing Municipal Administration of 2008

Administration of Cultural Heritage

The Palace Museum

Cultural Heritage
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1 Key Scientific Research Base of Digital Exhibition, State e ) 2008
. ) ) Hunan Provincial Museum The Cultural Heritage of Hunan
Administration of Cultural Heritage
EEEN AN NETHRER B ESRIAEM JEm=REE KT t=mB

12 Key Scientific Research Base of Archaeometallurgy, State University of Science and Technology Beijing Municipal Administration of 2008
Administration of Cultural Heritage Beijing Cultural Heritage
ERMMRIFERYBEE SRR - - t=mxB

o . hEER S = N
13 Key Scientific Research Base of Conservation on Metal , ) Beijing Municipal Administration of 2010
) . ) ) National Museum of China )
Collection, State Administration of Cultural Heritage Cultural Heritage
2H43 5 RIFEZR SEJ=tS 1 N HIE =
it nu?#@jx})jléﬁﬁ%)%i ﬂﬁﬁ% th . RE L EE,IéBZ#%E )
14 Key Scientific Research Base of Textile Conservation, State . . . Cultural Heritage Bureau of Zhejiang 2010
. ) ) China National Silk Museum )
Administration of Cultural Heritage Province
MEYELERYBERFIAE \ 4 Ay e o t=mB
I~ FEM SRS RE SR . -

15 Key Scientific Research Base of Zooarchaeology and Institute of Archacoloay. CASS Beijing Municipal Administration of 2010
Archaeobotany, State Administration of Cultural Heritage o, Cultural Heritage
EHFRFZERYEESRHAE e t=mE

16 Key Scientific Research Base of Chronological Research, State Pe/ki\n _LYJ_niversit Beijing Municipal Administration of 2010
Administration of Cultural Heritage 9 Y Cultural Heritage
E RIS SR IFER Y B E SR s - BRFRE B

o : ) FRFREZE AT ! - )
17 Key Scientific Research Base of On-site Conservation, State ) Shaanxi Provincial Cultural Heritage 2010
- ) . Shaanxi Academy of Archaeology o .
Administration of Cultural Heritage Administration
FERNARIFER B E SRR e IRaXE

18 Key Scientific Research Base of Paper Conservation, State Na/n\'i: Mjseum Jiangsu Provincial Department of 2014
Administration of Cultural Heritage ing Culture and Tourism
BEEERNENRIPFHRER B E = FHTE .

e ) T t=mB
Key Scientific Research Base of Study and Conservation SIS - A

19 ) . o ) Beijing Municipal Administration of 2014
of Guanshi Architecture in Ming and Qing Dynasty, State The Palace Museum )

. . . Cultural Heritage
Administration of Cultural Heritage
BHAREBENE SR ZARER B E SRR P IaxXE

20 Key Scientific Research Base of Technology of Traditional :S;uthe;}st Universit Jiangsu Provincial Department of 2014
Wooden Architecture, State Administration of Cultural Heritage Y Culture and Tourism
KRAEZ SR FELHFEREERRAEM S— ENENIB

21 Key Scientific Research Base of Physical Anthropology and jin Uniersit Jilin Provincial Cultural Heritage 2014
Molecular Archaeology, State Administration of Cultural Heritage y Administration

RIPUFRIFIFN AR ER SEToUSEiess:i . . .
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Key Scientific Research Base for Evaluation of Science and ) ) . - " )

22 ) ) ) . Beijing University of Chemical Beijing Municipal Administration of 2014

Technology Research in Cultural Relics Protection Field, State )
- . . Technology Cultural Heritage
Administration of Cultural Heritage
2 EFRIPER B E R A LBk LFEEXHB
23 Key Scientific Research Base of Vernacular Cultural Heritage o q_ ) . Shandong Provincial Cultural Heritage 2015
) . ) ) Shandong Jianzhu University o .

Conservation, State Administration of Cultural Heritage Administration
NEEERRNLEHEERENIEHER B E SRR .

- ' . o E=MHB

o4 Key Scientific Research Base of Safety Assessment and Disaster | Jtm= Tl AZ Beiing Municioal Administration of 2016

Mitigation for Traditional Timber Structure, State Administration of | Beijing University of Technology ing ) P
) Cultural Heritage
Cultural Heritage
YA BEIRENSSTARER S E SRR T ESE &)
25 Key Scientific Research Base of Surface Monitoring and Analysis S _7_, ) Tianjin Municipal Administration of 2016
) . . ) Tianjin University
on Cultural Relics, State Administration of Cultural Heritage Cultural
WhE S SHRFERYEERFITE A E LSRR WREEXE
26 Key Scientific Research Base of Urban Archaeology and Heritage | Henan Provincial Institute of Cultural Henan Provincial Administration of 2016

Conservation, State Administration of Cultural Heritage

Heritage and Archaeology

Cultural Heritage
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27 Key Scientific Research Base of Research of Technology in Northwest Research Institute Co., Ltd.of | Gansu Provincial Bureau of Culture 2016
Integration and Application of the Grottos Conservation, State China Railway Engineering Corporation Relics
Administration of Cultural Heritage
AREFYHARIFER Y B E SRR ST NIEXYE
28 Key Scientific Research Base for Digital Conservation of Cave o - N Cultural Heritage Bureau of Zhejiang 2016
. ) . Zhejiang University )
Temples, State Administration of Cultural Heritage Province
IEREEERIPEESRIRFHRER B E SRR .
- T o BRFED S e / P T ALk Chin eyl
Key Scientific Research Base of Museum Mural Painting o . o )
29 . . . ) Shaanxi History Museum/Northwestern Shaanxi Provincial Cultural Heritage 2016
Conservation & Material Research, State Administration of . . . . )
) Polytechnical University Administration
Cultural Heritage
IKFNEFRIP STARER XS E SRR FREZKFKEBRI SRR t=msB
30 Key Scientific Research Base of Water Heritage Protection and China Institute of Water Resources and Beijing Municipal Administration of 2016
Research, State Administration of Cultural Heritage Hydropower Research Cultural Heritage
BRI B EEMIEHIRRER B E SR R _ . BRHXYB
SIS SRR FchE= e s
31 Key Scientific Research Base of Pest and Mold Control of Chonaaing China Three Gorges Museum Chongging Municipal Administration of 2019
Heritage Collection, State Administration of Cultural Heritage 9aing 9 Cultural Heritage
|[BaERNAR B ESREEFR YR E SRR FERFHREEBEMSEAERRE | At=HXB
32 Key Scientific Research Base of Paleolithic Human Evolution and | Institute of Vertebrate Paleontology and | Beijing Municipal Administration of 2019
Genomics, State Administration of Cultural Heritage Paleoanthropology Cultural Heritage
ISR FURIFFIBER S E =R R LB BRI R Ba=n vy S|
33 Key Scientific Research Base of Modern Heritage Building Shanghai Real Estate Science Research | Shanghai Municipal Administration of 2019

Conservation, State Administration of Cultural Heritage

Institute

Cultural Heritage

BEXMRIPERTDRE (1925—2020)
Development history of China’s efforts in cultural heritage conservation (1925-2020)
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On the basis of the establishment of key scientific research bases, the NCHA has organized and carried out the pilot research work of scientific
research alliance (innovation alliance) in the field of cultural heritage conservation with the overall consideration of technology R&D, equipment
upgrading, institutional innovation and institution building, aiming at establishing a collaborative and sharing platform for the R&D of key
technologies in cultural heritage conservation. In 2009, Emperor Qinshihuang’s Mausoleum Site Museum, Shanghai Institute of Ceramics of CAS,
Shanghai Institute of Organic Chemistry of CAS, Shanghai Institute of Optics and Fine Mechanics of CAS, and Xi’an Center for Conservation
and Restoration of Cultural Heritage, jointly established the Technical Innovation Alliance for Ancient Polychrome Pottery Conservation, which
is the first professional technical innovation alliance in the field of cultural heritage preservation composed of cultural institutions and research
institutes. In 2010, the NCHA signed a strategic agreement with the People’s Government of Zhejiang Province on establishing the National
Innovation League (Zhejiang Province) in Cultural Heritage Conservation Science and Technology, which, based on the diversity of cultural
heritage conservation, is aimed to integrate regional scientific research strengths through institutional innovation to enhance conservation. In
2012, the NCHA and the CAS signed a strategic agreement on science and technology cooperation to promote the integration of cultural heritage
conservation and science and technology at a higher level, and set up a technological innovation alliance for the construction of [oT in the field of
cultural heritage conservation jointly by cultural institutions, research institutions, dominant enterprises and higher education institution. In 2017,
under the joint initiative of 22 key scientific research bases, the Alliance on Technological Innovations of Cultural Heritage Along the Silk Road
was established, with the purpose of facilitating the building of the Belt and Road through technological innovation.

Today, a multi-industry, interdisciplinary, innovative and energetic mechanism for the science and technology-based conservation of cultural
heritage has shaped a certain scale from the previous separate and passive individual efforts.
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From Cooperation to
Win-win

2010 &, ZESERT/RERPESIFIE
German Chancellor Angela Merkel was investigating
the China-Germany cooperation project in 2010

2016 &, MAEEXYRESEEE RFEEREE
BIFETR

Shaanxi Provincial Cultural Heritage Administration
and French Foundation for Cultural Heritage
Sciences were signing an MoU on cooperation in
2016
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A Chinese saying goes that “stones of other hills may serve to polish the jade of this
one”. Putting China’s cultural heritage conservation within the international space-
time framework and carrying out extensive and in-depth cooperation with international
institutions will not only help to compare, study, absorb and utilize the concepts,
technologies and experience of other countries in cultural heritage conservation, but
also spread and promote the achievements of China in cultural heritage conservation.
The features and rich resources of China’s cultural heritage provide rich topics for
international cooperation. The establishment of academic research routes of international
comparison and the publication of international academic achievements has changed
the old-fashioned understanding that China’s cultural heritage conservation was simple
and dogmatic, and China’s science and technology-based efforts in cultural heritage
conservation will draw more and more attention from the international community.

Since the 1980s, China began cooperating with international institutions in cultural
heritage conservation. In 1988, the NCHA signed a cooperation agreement with the Getty
Conservation Institute (GCI) with the purpose of strengthening China’s scientific research
on cultural heritage conservation. Later, cooperation between Dunhuang Academy and
the GCI lasted for more than 30 years, and Neville Agnew, GCI specialist, won the
Friendship Award issued by the Chinese government and the the International Scientific
and Technological Cooperation Award of the PRC. In 1990, Dunhuang Academy and the
Tokyo National Research Institute for Cultural Properties signed an accord for the first
phase of the China-Japan Joint Study for Conservation of the Dunhuang Mogao Grottoes
Cave 53 and 194. Later, the two countries signed the accords for the second, third and
fourth phases respectively in 1996, 1999 and 2002. In addition, Dunhuang Academy
China has also maintained long-term stable partnerships with Tokyo University of the
Arts, University of Oxford, Courtauld Institute of Art, Nottingham Trent University.
Through international cooperation, Dunhuang Academy China has gradually explored a
set of concepts, technologies and methods of cultural heritage conservation in line with
China’s national conditions. China’s practices in mural conservation have thrown much
light on mural conservation worldwide.
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In 1990, Shaanxi Provincial Cultural Heritage Administration and Bavarian State Office for Monument Conservation jointly launched
the China-Germany international cooperation project on cultural heritage conservation. The Emperor Qinshihuang’s Mausoleum Site
Museum, Shaanxi Academy of Archaeology and other cultural institutions carried out long-term cooperation in terracotta warriors, textiles,
bronzes and other fields. In October 1992, the first work conference of the steering committee for China-Germany Cooperative Research
and Development of Cultural Heritage Conservation was held in Munich, Germany. Since then, the steering committee held one work
conference every two years in Munich and Xi’an respectively, and totally 13 work conferences had been held by the end of the project.
Mr. Michael Petzet, former director of Bavarian State Office for Monument Conservation and former president of ICOMOS, won the
China International Science and Technology Cooperation Award. What’s more, Xi’an Center for Conservation and Restoration of Cultural
Heritage (predecessor of Shaanxi Institute for the Preservation of Cultural Heritage) cooperated with Italy in 1994, and the Emperor
Qinshihuang’s Mausoleum Site Museum cooperated with Belgium in 2000, with fruitful results being achieved. On September 23 in 2016,
Shaanxi Provincial Cultural Heritage Administration and French Foundation for Cultural Heritage Sciences signed an MoU on cooperation
at the Library of the Louvre in Paris.

Great undertakings begin with great hardships. With the care and support of the Party and the state, generations of workers in cultural
heritage conservation have worked hard to pursue leapfrog development in cultural heritage conservation and great progress has been
made in conservation of mural, bamboo, wood and lacquer ware, textiles, metals and papers. Now, China is transforming from a follower
to a parallel runner, and even a leader. The Guidelines for the Restoration of Paper Cultural Relics (China) cooperatively launched by
China and the UNESCO, World Map of Silk Project and other projects have all achieved marked achievements.
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2005 F, FEMRRSEEFFHRIPAREISFESDIEERIPARENFFF 8L
Opening ceremony of the postgraduate course on mural conservation jointly launched by Dunhuang Academy China and the GCI in 2005
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Cognition and Discovery

The cultural heritage that have gone through the years seal the past with silence just like an
old man sitting upright with countless unsolved mysteries. People have to cross the endless
darkness to approach and unscramble them by means of technology.

It is technology that has enabled people to perceive and unscramble the profound
connotation of cultural heritage and guided them to explore the ancient unknown world. The
original historical appearance of the cultural heritage is restored in terms of shape, structure and
composition through a series of pictures, data and plots. The cultural heritage, just like cultural

symbols, have gradually become vivid after scientific cognition and humanistic verification.
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Micromorphology Observation
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The evolution of paper from writing paper
to processed paper
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HoR RS R (029318, 066660 )

Fragment of Paper from Xuanquan, Dunhuang

The Han Dynasty

Length 6 cm, Width 3.4 cm

Excavated from the site of Xuanquanzhi, Dunhuang, Gansu Province
Map on Paper, Fangmatan, Tianshui

The Western Han Dynasty

Length (remaining) 5.6 cm, Width (remaining) 3 cm

Excavated from Fangmatan, Tianshui, Gansu Province

Collection of Gansu Bamboo Slips Museum (No. 029318 and 066660)
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A carrier is necessary for the recording and dissemination
of information, as well as the development and inheritance
of civilization. People recorded information by engraving
symbols or Chinese characters on stones and bamboo slips
and silk before paper appeared. The papermaking brought
revolutionary changes to the recording and dissemination of

information.

HIZBRIRE

Fragment of paper from Xuangquan, Dunhuang

RIKI SN R A b E]
Map on paper, Fangmatan, Tianshui
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The processed paper was made with the processing
techniques such as powder filling, coating, dyeing

or calendering for the purpose of writing and artistic

e

La Jian
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A large number of bamboo slips, silk manuscripts,
inkstones, writing brushes and other artifacts were excavated
from the Site of Xuanquanzhi, which witnesses the era
when the writing carriers such as silk, bamboo, wood and
paper coexisted. More than 460 pieces of paper were also
unearthed, of which more than 10 were written in ink. As the
earliest writing paper discovered so far at home and abroad,
they were mainly made of hemp, ramie, wheatgrass and
bark mostly in the Jiaozhi method and rarely in the Chaozhi
method, with the former characterized by larger thickness,
rough surface, uneven fiber distribution and lack of curtain
pattern, and the latter characterized by smaller thickness,
curtain pattern, even fiber distribution and sometimes
addition of talcum powder, starch and other fillings for

smoothness and easy writing.

appreciation. The famous varieties of processed paper in the
past dynasties include Yinghuang (hard and yellow) paper in
the Tang Dynasty, Chengxintang paper in the Southern Tang
Dynasty, Jinsushan Scripture paper in the Song Dynasty,
Mingren Palace paper in the Yuan Dynasty and porcelain
blue paper in the Ming Dynasty. The paper processing
technology was peaked in the Qing Dynasty, and various
types of La Jian (powder-wax paper) appeared in the court,
of which those of the Emperor Qianlong’s reign were most

exquisite.

The La Jian (powder-wax paper) had been popular since the
Tang Dynasty, and was manufactured proficiently in the Emperor
Qianlong Period of the Qing Dynasty. It is suitable for writing
and painting with high ornamental value as the imperial paper
commonly used in the Qing Dynasty.

The manufacturing technology of La Jian (powder-wax paper)
is extremely complicated. The original paper is coated with
colorful power and calendered with wax to become stiff and
smooth in texture. It was often designed to write Spring Festival
couplets or poems or repair interior decorative Tie Luo in the
royal court of the Qing Dynasty.
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Powder-Wax paper Decorated with Prunus Blossom

The Qing Dynasty, the Emperor Qianlong Period
Length 49.1 cm, Width 51.3cm
Collection of the Palace Museum (N0.G00224737)
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With bast paper as the raw material, the small square
paper was coated with powder and calendered with wax, and
then painted with powdered gold plum blossom pattern and
marked with the red stamp of “Mei Hua Yu Ban Jian” at the
lower right corner. It is fine, smooth, pliable, and tough in
texture.

There were records of “jade-like Jian (processed bast
paper)” in the notes of the Song Dynasty. The pottery with
ice-cracked plum blossom pattern appeared in the Emperor
Kangxi Period of the Qing Dynasty. It is the royal court of
the Qing Dynasty that first adopted the pattern in the paper.
Therefore, the paper is jade-like and smooth with bright
luster and quiet and noble pattern, which complements each
other with the refined taste of literati pursued by the emperors
of the Qing Dynasty.

The Huojidang notes that the Emperor Qianlong ordered
the Imperial Workshops to manufacture the “jade-like Jian
(processed bast paper)” with the stamp of “Mei Hua Yu
Ban Jian”, so it can be seen that it was the popular paper
dedicated for the royal court then.
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White La Jian (Powder-wax Paper) with Gold
Eight Daoist Emblems Decoration
The Qing Dynasty, the Emperor Qianlong Period

Length 189.5 cm, Width 94.7 cm
Collection of the Palace Museum (No. G00249049)
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Dark Pink La Jian (Powder-wax Paper) with
Gold Eight Daoist Emblems Decoration

The Qing Dynasty, the Emperor Qianlong Period
Length 190.3 cm, Width 95.4 cm

Collection of the Palace Museum (No. G00249050)
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The paper is large in length and width, calendered
with stiff and smooth texture. One side is gold-
painted with patterns of the Eight Daoist Emblems’
decoration. There are also quietly elegant patterns of
ganoderma lucidum, bamboo leaves, flat peach and
other flowers and fruits interspersed properly between
the patterns of the Eight Daoist Emblems’ decoration.
The other side is decorated with gold chips. Both
sides can be written and painted and peeled off and

mounted by several layers.

The paper is thicker and smoother with waxy
luster. One side is gold-painted and silver-painted
delicately with patterns of the Eight Daoist Emblems’
decoration between which interspersed properly are
the quietly elegant patterns of narcissus, Chinese
roses, and other flowers. The other side is decorated

with gold chips.
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Analysis of Au element based on Macro X-ray fluorescence
scanning (MA-XRF)
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The patterns of the Eight Daoist Emblems on the paper can

be clearly seen through Macro X-ray fluorescence scanning
(MA-XRF) fluorescence spectroscopy analysis, which is
one of the traditional Chinese decorative patterns. The Eight
Daoist Emblems refer to the great Taoist gods in the myths
and legends, namely, Li Tieguai, Han Zhongli, Lan Caihe,
Zhang Guolao, He Xiangu, Lv Dongbin, Han Xiangzi and
Cao Guojiu. They each hold a treasure, namely a gourd, a
folding fan, a flower basket, a bamboo drum, a lotus flower,
a sword, a flute and a jade tablet, all of which are said to be

infinitely powerful and often used as decorative patterns.
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The cross-section structure of the paper observed under visible light and ultraviolet light

Z£8 Dyeing
$AH/Z Lead white layer

2 (23K ) Two layers of paper

$RH/Z Lead white layer

& Dyeing

MR EEEREE
Schematic diagram of the cross-section structure of La Jian (powder-wax paper)
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After the cross-section structure of the paper is observed
under visible light and ultraviolet light, it can be seen that
La Jian (powder-wax paper) has a multi-layer structure
integrating several techniques such as powder filling, dyeing,

coating and gold-painted design.
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The discernment of textile fibers from the
Library Cave of Mogao Grottoes in Dunhuang

R HERRASIE

Morphological characteristics of textile fibers
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Different types of natural fibers are characterized
by significant difference and high recognition in
appearance. Therefore, silk, wool, cotton and ramie can
be clearly distinguished under the microscope through
morphological analysis.
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Silk, wool, cotton and ramie are the four most important
natural textile materials. The rich textile culture has been
created in the ancient civilizations all over the world based on
the natural environment and special products, and the textile
culture circles with different characteristics have gradually
formed in the evolution of history. Roughly speaking, there
is exactly an obvious correspondence relationship between
the four ancient civilizations in the Old World and the four
major textile fiber materials, that is, ramie was mainly used
in Egypt, cotton was mainly produced in India, wool mainly
in Babylon, and silk mainly in China.

Dunhuang has been the Metropolis of Trades and
Exchanges since ancient times, which can be reflected in the
coexistence of various textile fibers in the history of textiles.
Silk, ramie, cotton and wool can all be discovered in the

textiles excavated from the Dunhuang Grottoes, which is also

recorded in detail in the related literatures such as the book
of No.Bo 4518 (28).

BE
Eye lens

Schematic diagram of microscopic observation

B, Silk T, wool . ramie B, coton
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i‘l'-ﬁt".rf; {x2000) side views of fiber {x2000)
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Identification of textile fibers excavated from the Library Cave of Mogao Grottoes in Dunhuang
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Cross-section of silk fiber: triangle Cross-section of wool fiber: round shape in Cross-section of cotton fiber Cross-section of ramie fiber
different sizes
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Morphology of cross-section of fibers | 'l |
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When observed under the microscope, the cross-
section of silk fiber is a plump triangle which is smooth
in the longitudinal direction, that of wool fiber is round
with irregular scales in the longitudinal direction, that of
cotton fiber is ovaloid which is twisted longitudinally with
a cavity in the middle, and that of ramie fiber is various
and abundant according to the varieties with radial
cracks and transverse nodes in the longitudinal direction
as its characteristics.

% Cotton
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Longitudinal morphology of fibers
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Science-based paintings of fiber plant
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The investigation of manufacturing

technology of Zi Zhong Jiang Pan (water vessel)
in the Spring and Autumn Period by virtue

of X-ray CT

% i

Internal Structure Perspective
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Zi Zhong Jiang Pan (water vessel)

The Spring and Autumn Period

Collection of Shanghai Museum
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The Zi Zhong Jiang Pan (water vessel) is a bronze ware in
the early Spring and Autumn Period, with a height of 18 cm
and mouth diameter of 45 cm. The most wonderful are 31
aquatic animals cast inside the ware, namely fish, turtles, frogs
and water birds, of which 19 are bas-reliefs and 12 are round
sculptures. Each of these round animal sculptures can rotate
in-situ by 360 degrees, which reflects the extremely excellent

craftsmanship in the early Spring and Autumn Period.
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The animals that can rotate in the Zi Zhong Jiang
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The exploration of manufacture technique
and source of cloisonné enamels by X-ray CT
and Spectral techniques

TR BE G H A

M2 23.7 JEkK, JRA 16,9 JBEK, H 16.4 K
HUE I (G117043 )
Pan (water vessel) are only 6.5 cm long on average.

Cloisonné Incense Burner with Animal-shaped Handles and

X-ray CT shows that there is a rotating shaft inside

the rotating animal and the shaft is cast on the body ERfE X 534k CT MURE Interlocking Lotus Design

of this ware. This ware was first cast separately. In Four-view of round fish sculpture based on X-ray CT Mouth diameter 23.7 cm, Bottom diameter 16.9 cm,
Height 16.4 cm
Collection of the Palace Museum (No. G117043)

order to allow each of these animals to rotate freely
by 360 degrees, a very thin layer of mud is needed
at the contact point of each of these animals and the
shaft, so that there is a gap to enable rotation and the
thin layer of mud will not be washed away when the
bronze liquid is cast at high temperature. Therefore,
a very difficult casting technique is reflected fully
in this ware. It is generally believed that the bronze
casting technology stagnated or regressed in the early
Spring and Autumn Period. However, Zi Zhong Jiang
Pan (water vessel) shows a new level of casting
technology that is rarely known in this era and
incomparable among many existing bronzes of the
Shang and Zhou Dynasties. It is really a rare curiosity

in the world.

ERESEE X 594 CT MUE
Four-view of round frog sculpture based on X-ray CT

Pan is an ancient water container used for hand
washing before and after the banquet in the Shang

and Zhou Dynasties. It was generally used together

SRR, e, RE R with ¥i ( [ ) or He ( &% ). The water in the latter was

i . SRS B L, e S (5 poured to the hands and the former contained the
) EE=S i , IRELZ N4 El

) MEFEAAE, WHE (57 ) skEF L, B

AT, ATRMES, [ABEERETEN, A

discarded water flowing down from the hands. We = YRS R — 4D
can imagine that it is wonderful and pleasant when

the user is washing hands, the water flows down from

BAKIRERENEER

Y 1%tk ff /N Se S . . . s
FLGCT, Sl L, XL his hands and hits the small animals in this ware, and Cloisonné incense burner with animal-shaped handles and interlocking
PUER:, Wi . these animals rotate randomly. lotus design
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The cloisonné enamel
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The cloisonné enamel is commonly known as “Jingtai
Blue”, which is named after the legend that the most
exquisite is the enamel artifact made in the Emperor
Jingtai Period of the Ming Dynasty. The flat copper
wire is patterned and welded on the copper body, and
then the pattern is filled with enamel glaze materials of
various colors as required. The copper wire can block
the flow of glaze materials to prevent color blending. The
semi-manufactured artifact also needs to be fired in the
kiln for many times and polished and gilded repeatedly,
s0 the entire manufacture technology is very complex.
The X-ray CT is used for analyzing the manufacture
technique of cloisonné incense burner with animal-
shaped handles and interlocking lotus design. The
copper body and the cloisonné and glaze parts can
be recognized, which directly reflects the manufacture
technique of the artifact.
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Copper wire
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Glass construction of Lead content of red
white enamel enamel
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In-situ Raman spectra XRF
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The in-situ Raman spectroscopy and X-ray fluorescence spectroscopy (XRF) analyses indicates
that the enamel on the belly is obviously different from the rest.

j Copper body

TR X 9% CT MESHELIKIRFUET S

The X-ray CT technology is used for observing the manufacture technique of the cloisonné
enamel.
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It is doubtful when the existing cloisonné enamel artifact
with the stamp of “made in the Emperor Jingtai Period
of the Ming Dynasty” was made accurately. With the
knowledge of styles and gilt craftsmanship, the experts
have speculated that most of them were remodeled or
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Enamel glaze

replicated during the Emperors Kangxi and Qianlong
Periods in the Qing Dynasty. After in-situ Raman
spectroscopy and X-ray fluorescence spectroscopy
analysis of the cloisonné incense burner with animal-
shaped handles and interlocking lotus design, it is
found that the enamel on the belly is obviously different
from the rest and should be made in a different era. In
combination with the characteristics of enamel glaze
and style, it is speculated that the handles, mouth and
bottom should be added during the Emperor Kangxi
Period and the enamel on the belly should be an earlier
product, which reflects the prevalence of antique style
in the imperial workshops of the Qing Dynasty and the
emperors’ passion for the enamels made in the Emperor
Jingtai Period of the Ming Dynasty.
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It can be observed more directly through X-ray CT
that the cloisonné incense burner with animal-shaped
handles and interlocking lotus design was remodeled
and there are symmetrical traces of circular holes in
the belly of the artifact which were filled in to cover the
defect, which suggests that the belly was originally
remodeled from an artifact with two handles and three
legs.

X §9% CT ZEENE, BrEEANITRE,
The front view based on X-ray CT model shows that
there are processing traces of circular holes.

X B CT 2B R R — 4505
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X 532 CT ZERBINE, BrREFUREDHAE.
The top view based on X-ray CT model shows the
location of traces of circular holes.
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An artifact with two handles and three It is speculated that the parts of handles, legs and
legs for reference mouth were taken away from the original artifact and

some traces were left.
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Parts fired newly
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The schematic diagram of remodeled cloisonné enamel
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The research on pure copper horse head statue
in the Hall of National Peace (Haiyan Tang) in
the European Palaces of the Old Summer Palace
(Yuanmingyuan) by means of X-ray imaging
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Horse Head Statue of Old Summer Palace

The Qing Dynasty
Height 39.3 cm, Length 40.7 cm, Width 28 cm
Collection of the the Administrative Office of the Old Summer Palace,

Haidian District, Beijing
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The copper statue of horse head was originally one of

=

the main components of the twelve Chinese zodiac animal
head fountains outside the Hall of National Peace in the Old
Summer Palace in the Qing Dynasty. There were 12 copper
statues with human body and animal head on the west side
of the Hall of National Peace which represented the 12 two-
hour periods of the day and sprayed water in sequence for
telling the time. The statue of horse head is just one of them.
X-ray photographic results show that the entire horse head
was cast seamlessly in the lost-wax method, and there is no
trace of separate casting or welding at the parts of neck, face,
eyes, ears, mouth and tongue. The mane on the top of the
horse head is even more delicate, with an obviously visible
copper stalk in the lower part supporting part of the mane to
bring about an effect of hanging in the air. The horse face is
a cavity that directly leads to the horse mouth. There is an
irregular triangle at the back of the cavity that can connect
with the neck, and the edge is extremely irregular. According
to the experts’ speculation, the cavity may be temporarily
broken with a tool when the casting is completed, so that

water can flow from the neck into the mouth.
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Horse head (front view) Horse head (left view) Horse head (right view) Horse head (back view)

DE=#EREGE
Three-dimentional renderings of the horse head statue

F RS X LSBT A, S It can be known through the portable X-ray
B A 98% DL LT . DK IGLT b, fluorescence spectrometer that the horse head is made
RS, T AR KR T AR of pure copper with the purity of more than 98%.

With refined pure copper as the material and with a
deep and heavy color, the horse head has not rusted

after hundreds of years of wind and rain.
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X-ray photos of the horse head statue

34

HH 25

Material Analysis
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. , The Majiayuan Tomb in Gansu Province was from the
The SEM-EDS authentication of the owner’s late Warring States Period. Its ethnicity is related to a certain

costume decoration of Ma_llayuan Tomb No.M16 of ethnic minority of Xirong controlled by the Qin people.
the Warring States Period in Zhangjiachuan, Gansu According to the specifications and grades, the tomb should

belong to the leader or a noble of the Xirong ethnic minority.

M16 EXS{AEeiH
The owner’s costume decoration of Tomb No.M16
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Head: hat (gold)

Ears: earrings (gold)

Neck: half rings (gold and silver), necklace
(turquoise, agate and gold )

Right arm: armlet (gold)

Upper part of body: beadwork (Han Blue, Han
Purple)

Waist: belts and hooks (gold)

Legs: tubes and bells (bronze)

Foot soles: shoe soles (silver)
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The manufacturing technology of gold ornaments
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According to the analysis of EDS, the gold ornaments worn by
the owner of Tomb No.M16 have the purity of 64%-94%, most
of which contain gold of less than 90%, an obvious amount of
silver (56%-18%) and a small amount of copper (less than 3%),
none of which shows the sign of alloy making, so they were
made of natural gold that has not been smelted and refined.
Besides forging predominantly, many other techniques are
involved in the production of gold ornaments including beating,
molding, casting, beading, filigree, welding, inlay, gold-cladding,
gold interlacing and gilt, indicating an integration of various
cultural factors in the Eurasian steppes, the West and the
Central Plains.

Gold beads and fine gold composite products such as gold
earrings and gold tube decorations are made with the welding
technology, and the solder is a gold-silver-copper alloy with a
high silver content.

The owner of Majiayuan Tomb No.M16 was initially
identified as a 40-year-old male with a large number of gold
leaf ornaments scattered around his neck that may come
from crown or hair ornaments. He might wear a round gold
hat on his head, gold earrings, and a gold half ring and a
silver half ring and a necklace made of turquoise, agate and
gold ornaments on his neck, as well as a gold armlet on the
right arm, three gold belts and hooks on the waist and a pair
of silver shoe soles. There were a large number of bronze
crossing tubes and bells near the legs, and a large number of
Han Blue and Han Purple beads around and on the upper part
of the body, which are speculated to be decorations on the
tomb owner’s clothes. The phenomenon of focusing on body
and clothing decoration is the common cultural tradition of
the vast cultural zone of the Eurasian Steppes since the tenth
century BC, which fully reflects the uniqueness, diversity and

multidimensionality of the Xirong culture in the late Warring

States Period.
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The study on the beads and ornaments excavated

from Tombs of the Han Dynasty in Hepu, Guangxi
relying on Raman spectroscopy

Hepu Port in Guangxi Province was one of the departure
ports of the early Maritime Silk Road. The excavated
crystal, aquamarine and other gems of the Han Dynasty are
important evidence of exchanges along the Maritime Silk
Road. Considering the phase characteristics, production sites,

technical traditions, resource distribution and other factors
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of the gems and jade and beads and ornaments excavated
in South Asia and Southeast Asia, the scholars explore
the provenances of these artifacts from tombs of the Han
Dynasty in Hepu as provides scientific basis for exchanges
and trade between different areas along the Maritime Silk
Road and the Southwest Silk Road.

With Raman spectroscopy, X-ray fluorescence spectroscopy
and ultra depth-of-field optical microscopy, it is discovered that
the beads and ornaments excavated from Hepu Tomb of the
Han Dynasty were made of beryl (aquamarine, golden beryl,
goshenite), almandine, quartz (crystal, agate, carnelian, etching

chalcedony beads), glass and other materials.
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RiEA Beryl X588 Amandine

FiEfa. SiEEa. aRSEE
Raman spectra of beryl, almandine and quartz

B Goshenite

BG4EA Goshenite

7K & Crystal

y
7K & Crystal
/K& Crystal \‘;9

7K & Crystal o

i Chalcedony 1

7K & Crystal /'é."
b

7K & Crystal /
7K & Crystal /e

7Kg Crystal

B4R Goshenite ’

A% Quartz

544 A Goshenite

*

JEIS= A Aquamarine

£84E A Golden beryl

7K &S Crystal

- BB S RAN AR A R ER
The excavated typical beads made of crystal and beryl

L
L1 i,
" {BIE=EA Aquamarine
W

o
1 EBIEEA Aquamarine

"
JEIS= A Aquamarine
7815=A Aquamarine

-4

JEIS=A Aquamarine
£454EA Golden beryl
BEEHEA Goshenite
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The multi-spectral analysis of pigments for the
Donor Murals in Cave 98 of Mogao Grottoes in
Dunhuang

4 98 T TSR AR X B, T T I T
TREMIR, (HHLTE AR 185 m®, EEEIEFN 693.1 m, J&
KA. 45 98— DRHAR e, fEHFEMmE
ST, S T IR NG, SO B 204 223 &,
HNBSR NMRIHEE 2, MR ARA

W2 GERNE, 456 EHE X FHLIOOEREL
T RAPEREL . (E AR A . X GTEepin gt
B (R SO ERRES, 2 ITe 98 MR ARt
S IR U o

HIEESEESTREE

The complete orthophoto of Mogao Grottoes in Dunhuang
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Cave 98 is located in the middle section of the southern
part of Mogao Grottoes. It was builded during the period
when Cao Yijin served as the military commissioner in the
Five Dynasties. As a large cave, it covers an area of 185 m”,
and the mural area is 693.1 m’. An outstanding feature of
Cave 98 is that there are lots of painted donor figures under
the corridor and the main chamber. The visible remains of
these figures are about 223 in number. The number of donor
figures in this cave is so large that it is unprecedented in
previous generations.

The pignments used for used for painting of the donor
figures in the murals of Cave 98 are analyzed through
multi-spectral investigations combined with portable
X-ray fluorescence spectrometer, micro-fiber reflectance
spectrometer, portable digital microscope, X-ray
diffractometers, portable Raman spectrometer and other

equipments.

TR MEHRCEMERR (T2, B, SR, K, H7)

Polarized microscope images of different mineral pigments (lasurite, lithargite, atacamite, cinnabar and minium)

#RIERE Material color

FEMFHERIE The locution of pigments

{EFERYFTHETE Presumption of the

materials used

412 Red 7 A ERIHE Donor's neck ornaments 4:Fb Cinnabar
415 Red HEANBC. RIGLEMH. &4 Donor's inscription, petals on clothing, and red lines FRERET Hematite
B4 Orange red 7 ARIMBIEE Ground color of the donor's clothing FREEH Hematite

211565 Red brown

HFEAIRE, RIS Donor's shawl, dress sleeves, etc.

e Lithargite

IRE. REE Brown, brownish black | #F ABRIM 26, BRIMAIHSE Clothing decoration, dress sleeves, etc of the donor A3 Minium

4368 Green MAEANKE . PRI L2, 1HES Donor's hairpins, clothing decoration, accessories, etc. S Atacamite

156 Blue 7= AR _-2E0 Donor's clothing decoration E2A Lapis lazuli
SfRA Calcite, S8+ Kaolin,

H& White HFEAEEL. ARIMAJEE Donor's face, clothing and background color 1B Talcum, 4£AE Plaster,
£AE White lead, %

£ Golden HFR AL, BRIF_E2EH Donor's headwear and clothing decoration £ Gold

£ Ink ALK . . BB Donor's hair, accessories, contour lines, etc. A2 Black pigment

_. - “- - ; — —
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Multi-spectral analysis of mural pigments

B A GSE (USRI A E—E s EE R EE
B HHNS P ERREEI IR . IR
B, EAETSREZEGAM0ERGRE. RE
BEEASHELELENENIIEEA. Bl 2
TN SN A TS

An imaging spectrometer is used to record the dense
and evenly distributed multi-band monochromatic
spectrum generated by the reflection, absorption or
excitation fluorescence of the tested object within a
certain spectral radiation range, thus forming a spectral
image set composed of different spectral images.
The stratigraphic structure of Dunhuang frescoes and
lapis Lazuli, Mitotua monks, Mineral pigments such as

cholera-copper ore, cinnabar, red lead, etc. ZIESTRIEE
Schematic diagram of multi-spectral analysis

LY

e B

U5
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B Visible light

M

£I9HiREY Infrared reflection 1: BITIENS Visible light image 2: THNRIIHREER The infrared reflection false 3: ESMNZEIHHEBENR The UV reflection false  4: 365 nm 5MEMASEENR The 365 nm UV
color image color image excitation fluorescence image

{THMN SHR%Z Infrared reflection false color

5 98 EREREE=BUMAARSHEE R

The third female donor from the east of the south wall of Cave 98 and its multi-spectral image

YN ET UV reflection

EHNR 3% UV reflection false color
KRHMHEIREER UV fluorescent cement layer
BRI Pigment UV fluorescence

A WFERLIINEH Infrared fluorescence induced by visible light

SHEDTINEER

Standard color card of multi-spectral analysis
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Dyes are the main source of textile colors and can reflect Azurite blue Pure green Salmon Pale pinkish purple Apricot Caramel

The dye assay of Chinese Imperial Costume in the the popular colors, manufacturing processes and technical
ang Dynasty with LC-MS exchanges in various regions at that time. The accounting
files of the Weaving and Dyeing Bureau of the Imperial
Household Department during the Qianlong period of the
o D tv is th ¢ lete dveine files found a5 KER A BER THE e
ng ynasty 1s the most compiete dyeing Tiles foun Dark purple Aqua green Peach Pale purple Golden yellow Light tan
in China so far, recording the consumption of dyes and 2]
FeBHELT A T EORYE, AR S &4 mordants for each color. From literature research and E
H X it . A T E DRI ARAS T, S BRAE ] analysis, it can be seen that there are more than ten types of [+
P48 LR R RS RN 22, 5 H BT R B [ S e e py e dyes commonly used in the Qing Dynasty, such as safflower, ';;':I . - . Y %
’ . L R A= KL BE B3
Rz dE RN oAy S~ B2 AT | S Ry SRS PIE 2 buds of pagoda tree, sappanwood, amur cork, indigo, and s Dark blue Pine green Bright pink Violet Sunflower yellow Beige
P, 103 T MBI SE BRGNS TR , ) =
i . o e Chinese gall. We can obtain hundreds of colors through over- (=
SEESTIRUTFE AN SIS , AT R FUE HT AR Z1E . . . r- BTy rde
dyeing of these dyes, so as to truly reconstitute the dyeing i
7 o JEE R oy (or 7 At o R £ [4
Bk, TR, BBE, W LA TE AR, LR palette of Chinese Imperial Costume during the Qianlong L
W ERARGIRG L AFEI0, BB FE SR period of the Qing Dynasty and reproduce the imperial :.H' e
A S TR PR A Y . . . ES Wi JRE%5¢ 40 ZES ME
LH&L@E/]*@@JE ’ ﬁfjﬁ{ H f‘ = Lm@ﬁfao dyelng technlques of the ng Dynasty. Sapphire blue Sand green Cucumber green Purplish red Bright yellow Bronze mist
=

BR = 2% K PR fhEE
Bluish white Deep black Pea green Bright red Iron violet Persimmon yellow
EEEIEER
The Color Swatch of the Qianlong Palette
ERAEEIEE st e
High-performance liquid MﬁlE " " g’*m ¢
chromatography column ass spectrometer omputer
— o — 00— — O
‘ PDA #&ilI2E =amamna |
PDA detector F_'
. . o e [SHUIEFN
IBEYIRFRIB IS - BRSS! Sample to be tested AF:
Identification of plant dyes by LC-MS 2
=m
BERERFPNTREEASDE, BIFBTIRER j =
F (PDA) FOIE (MS ) 1 IREsRISE— M EERATEI - - -
T IR S ER R E s :
Separate the different dye components in ancient dyes, a:- ' |.I!-. W
e B, -
g q ;@ ;f;-g i 5 % @ 7 and use Photodiode array (PDA) and mass spectrometry T T
cg 1_:5 é’; ik ? 5 % % T (MS) detectors to obtain the ultraviolet-visible absorption _?.-f"' H"‘-\._m
S E 5 I & Ey § Bt spectrum and mass spectrum of each dye. i 1 e,
T o B S} LB 5 B an i T i T
> = — Q | LY Wi ey gy e s
3 3 5 2 + s Frterd e humes -
= Q o Q@ 5 Bl o | T80 i
Q o [e) 2 o b L]
S § ) A .
3 & i L
© [e} L]
8 [ [ FRRER I ST T 5
RS ERIRIRE DTS 3 e Y T (R T T S
[0}
Dye analysis results of Chinese Imperial Costume during the + - — -
. . o}
Qianlong period % TRIREX A R E

Schematic diagram of LC-MS test
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4T7% Safflower
1. 2195 - 1B

Carthamus tinctorius - plant
2. £1{% Carthamus tinctorius
3. £17% - 28! Safflower - dye

Z|EE  Amur cork
1. EEE - 181

Phellodendron amurense - plant
2. #E% Phellodendron amurense
3. EEE - e

Amur cork - dye

&+  Shell of acom
LR =EY)

Quercus acutissima Carruth - plant
2. ik4k Quercus acutissima Carruth
3. BRBEF - 24k} Shell of acom - dye

FfEF Galinut

1. BEER (REF) -89
Rhus chinensis - plant

2. ERFKIK Rhus chinensis

3. FAfEF - # Galinut - dye

BE L EERE ST ARAREMRERINEE, A
EREMERE oM, DRIRLE. 5. IR &
B BT, RfEF. BEiR. ARk,

By comparing the spectra of imperial dyes of the
Qing dynasty and modern natural dye standards, it is

confirmed that there are 9 commonly used plant
dyes, namely safflower, indigo, sappanwood,
amur cork, shell of acom, gallnut, young fustic,
Gardenia and buds of pagoda tree.

5 Indigo

1. 55 - 18%) Strobilanthes cusia - plant
2. 515 Strobilanthes cusia

3. 585 - ¥ Indigo - dye

83  Buds of pagoda tree

1. 18 - 184 Sophora japonica - plant

2. 18 Sophora japonica

3. #K - 24 Buds of pagoda tree - dye

ZHE Young fustic
1. 517 Cotinus coggygria - plant

2. E#1 Cotinus coggygria
3. EiP - ¥kl Young fustic - dye

77K Sappanwood

1. F57K - 184 Caesalpinia sappan - plant
2. 77K Caesalpinia sappan
3. 757K - Z¥k} Sappanwood - dye

EF Gardenia
1. 16F - 189

Gardenia jasminoides Ellis - plant
2. 16F Gardenia jasminoides
3. #i8F - %} Gardenia - dye

— U HEMRIEERET ( PEEDS )

The science - based paintings of plant mentioned above came from Flora of China
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Canoe and repair traces
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Trace Identification

)i jeg [DRE
—— WS THIEEaL HE AR
(2R

The identification of lacquer for repairing canoe
excavated from the Kuahugiao Site taking
advantage of ELISA

RBIEBPIRHTAEFLIR, e NS R RIR
IR FREF R NFHNLFIARBAGEIL, KR
ABE RO E R DU, FIARERI R AR T
PR, FI IR S BE SR, RTLLRSTRER S R

PR LA, T LA R LIS, 224> 8000
ERGET O S AE AL, HARERE 2 E A G2
PSR S . ESIATRIEE L Y A FRMUR A8 40 1R 3
A AT, FERREA — N EAR 10 JER A,
M= MARIEER:, FEEAEERRPEA R B A &
BEIR S BE SARASNY , 40 RE JERh 77 ) T B R o P AL

8000 R HI IR SE IR CETHAR KB BRI,
XAAE A 1 BRI N SEAE AR A o Sk

Lacquer, an emulsion produced by the phloem of lacquer
tree, is the earliest natural polymer material used by human
being. In order to find the origin of human use of lacquer,
glycoprotein was extracted from lacquer emulsion as an
antigen, which was further employed to produce a specific
antibody capable of detecting lacquer. Enzyme-linked
immunosorbent assay (ELISA) was then utilized to identify
lacquer sensitively and accurately.

The Kuahugiao Site is located on the Xianghu lakeside in
Xiaoshan, Zhejiang Province. It is a Neolithic site dating back
to 8000 years ago. The archeological culture it represents has
been named the Kuahuqiao Culture. The canoe excavated
from the Kuahugqiao Site is the earliest canoe discovered so
far. There is a hole with the diameter of 10 cm at the bottom
of the canoe, the hole was repaired with a cork, remaing
adhesive in the crack. Via the ELISA, it is determined that the
main component of the adhesive is lacquer. It can be seen that
the ancestors of the Kuahugqiao have begun to use lacquer as

an adhesive 8000 years ago. This is the earliest evidence of

human use of lacquer found so far.

KigEgEk AT

Lacquer detection via ELISA

MNERAEZFTRIMEEAFATIR, SISEQNARIS RS
Uk, BEMCRHMASENNRAESRLES, REME
IR .

Glycoprotein is extracted from the natural lacquer as an antigen,
and subsequently a specific antibody that can be utilized

todetect lacquer is prepared. The antibody labeled with enzyme

specifically binds to the known antigen to identify lacquer
sensitively and accurately.

F g iy aniibody 1 Sk
m 188 secondary antibody 1:5k
L
Lacquer
150
LERED ——p 30 -‘. i
i 'TL. ] LM 3
Lacquer glycoprotein l 20 I.'I“:l \.- ‘}' #®  Chromogenic reagent é 103
i 1600
& LRy
. "." H ?"". . _-‘ Enzyme-labeled 055
Animal immunization o secondary antibody 050
o) xa 0.13
i #g¥— Ha 0.14 g1e 008 6l
I " Antilacquer / Samples o1 .
— polyclonal antibody "‘.. am . ] .
I f \ o dne b A [ ] 5] £1 c: PG Blank
Solid carrier Samplis
EEEX R AR KR RIEE AR E

Schematic diagram of lacquer detection via ELISA

2z gk
— AR E A e L A
it 22894

The inquiry into carbonized silk excavated from
the urn coffin at the Wanggou Site in Zhengzhou
on the basis of CGIS

TEB L (R SO — AT 24 A RS A X
PO I, Az bkt A E AR AL TR S
K METERMZ T2 E APURE L BRI,
SHZARHEFAT GG LT BT 4047, AT LA
IWHRMZZ

1983 4£, JWEIZK T QEhk i L&t PR L2
BN, AN B R R 220, 2017 4R, fEEHEhEE

Detection results

MR HRCOR IR F ] 2RI 2223, S5E I L
B HE A IR B B, A DIRIE ] A 5 R RLAE 5000
ZEFIH BRI AT 2H 22, T H S22 0
FHERA—ER 2.

The Wanggou Site was a regional central settlement with
a considerable population during the Yangshao Culture.
Carbonized textiles were found in the urn coffin excavated
from the site. A micro-mark detection technology based on a
customized polyclonal anti-silk fibroin (anti-SF) was used to
analyze the fiber texture of the textile excavated from the urn
coffin of this site. It was confirmed that this fiber texture was
silk fabric.

In 1983, traces of silk were found in the urn coffin excavated
at the Qingtai Site in Xingyang, Henan, which was the earliest
silk that appeared at that time. In 2017, silk fabrics of the same
period and the same type were once again found in the urn
coffin at the Wanggou Site. Combined with the silkworm bone-
carving found at the Shuanghuaishu Site in Gongyi, Henan,
it proves that Chinese ancestors started to breed silkworms
and make silk as early as 5,000 years ago in the Yellow River

Basin, and silk fabrics were widespread at that time.
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BIEREERREE
Diagram of urn coffin and sampling point

LUK R
Magnified photo of fabrics

RixERREmLR
Colloidal gold immunochromatography strips
(CGIS)

RASERMEEM T HRERE, SERRD FRIERS
HEAFEERBIRE |, IR HRENER, BRI
BREMEER, BIIRAENENAEERERER
Rz, AT E A EEEKEY.

Colloidal gold is negatively charged under alkaline
conditions and generates electrostatic attraction with
the positively charged groups of protein molecules.
The nitrocellulose membrane is used as the carrier and
the capillary action of the microporous membrane is
used. The liquid dripped on one end of the membrane
strip slowly permeates to the other end. Through the
combination of antigen and antibody, the colloidal gold
presents a color reaction, which can detect whether
there are silk protein residues in the soil.

50

LEBMERMRA

Photo of fabrics attached to the skull

ZEARRREE
Schematic diagram of silk protein degradation

MR
Sample solution

\'_‘ it (C %) RIKIELR
B R 7 Quality control line Absorbent filter
Sample pad ¥ 'd Colloidal gold pad (Cline) paper

EBfEE

Chromatographic direction

PVC JEiR Wistek (T4) NC & (BEERLAT 4R )
PVC base plate Test line (T line) NC membrane
(nitrocellulose membrane)

BirE Rz Rt aRRIEE

Schematic diagram of colloidal gold immunochromatography strips (CGIS)

Priligilh
— IR (i - ANER )
Frini 7 ik

The recognition of The Analects of Confucius:

Rl s
Results on the test paper

Knowin g the Tao on the bamboo SlipS from the More than 5,200 bamboo and wood slips were excavated

Tomb of the Marquis of Haihun in Nanchang

from the Tomb of the Marquis of Haihun in the Western

depending on infrared imaging

TLPYRE B PEDOE R H - 5200 R FIASE,
AR AL, B SSRE, AIRCTCHERN, FH%
SGIUEAR 2k Uk SUNiDp RS UG PN S s as A
o BLIAMAMGEOR, HETRETREH G )
(GBz) (HLid) (EH) (IEgh) CRTk) ()

(ZIse) /RN, Horfr () i JfE 1800 Ax4F
B (FFIE ) , RS MIEEBIR CIETR) SR,

Han Dynasty in Nanchang, Jiangxi. Due to the long time
of burial, the original ink characters have faded and could
no longer be recognized by the naked eye. It is necessary
to restore the traces of ink by infrared scanning to facilitate
text reading. Through infrared scanning imaging technology,
the contents of eight classics including The Analects of
Confucius, the Book of Changes, the Book of Rites, the Book
of Medicine, Wu Se Shi Sheng, the Rhapsody of Mourning the
Death, Qin Du carved on bamboo slips have been recognized
in the excavated bamboo slips. Among them, The Analects
of Confucius found here is The Analects of Qi, which had
lost for more than 1,800 years and is the earliest copy of The

Analects of Confucius discovered so far.
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Infrared images
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QBT ) FEHRAEEAMRA— )« (Bi)
EGFE) , MASERIH GEE ) ZET (B e )
R, (GFit) FENBIEI &AL, (5Fie) SHAh
PIAIRASR I IXAFE T2 7 (s ) 1 CRER D o
St AR, RS R, A-RRENRES
fEET, ERSAE “ILTREZSGhSSAE =
THIGEZ BB o U M7 5 5 HiE,

EET B CANET , NSRRI, N (I
- Z0GE) Fri (GRittE ) ST TR EE
PRI EEATT ARRA, I EEEH T GRiE ) MRk
1800 7 {FFIETE) -

There are three versions of The Analects of Confucius in
ancient times - The Analects of Gu, The Analects of Lu and
The Analects of Qi. The Analects of Confucius we see today

is a version formed based on The Analects of Lu and The

Analects of Gu. The Analects of Qi was lost in the Han and
Wei Dynasties. The biggest difference between The Analects
of Qi and the other two versions is the addition of Knowing
the Tao and Asking the King. According to the infrared
identification, among the bamboo slips excavated from the
Tomb of the Marquis of Haihun, there is a bamboo slip with
texts “Zhi Dao ( %/iid )” written on the reverse side and “ 7,
TREZ S ndE = H T EE 2 B
written on the front side. In the Han Dynasty, “%1” and “%
are interchangeability characters, so “ % {5 ” means * %15
(knowing the Tao)”. In this case, the title of the bamboo slips
should be the title of the 22nd chapter of The Analects of Qi
contained in Han Shu + Yi Wen Zhi - Knowing the Tao. It can
be basically confirmed that the bamboo book The Analects
of Confucius excavated from the Tomb of the Marquis of
Haihun should be The Analects of Qi that had been lost for
1,800 years.

AR 2927

Infrared imaging

FEEE 700 ~ 1300 4K BEINAINCEE—EFIE
MERREE, ERaimISE PR TTHI RS R b
KBEERE, FMZ 5 RSB TINE, 4R
BE, I AD EIAHFESEAERERITER,
BRITINENR

A

BEXF

Characters

BB

THMERRRIZE

Schematic diagram of the infrared imaging

Visible light
ER GRS
Altered or
contaminated place

Writable material

L F B FIFHmET
FHEBPALEATELBRALT
FRBNEFHZEASET
FHEFRR _BEFLESMARE
SR FHEAHE
FISRtBEREEFTE
FHEDRIERE

TR EEMATHIE 2= HF
FHRABERZ FZIZHERS
FEEZSHSSE=AFRAEZ R 2D
(=)

FIZmBIEE—=24E

According to the principle that the infrared light has
certain penetrability in the range of 700 to 1300 nm, the
photosensitive point of the photosensitive element in
the photographing or scanning equipment is activated
by infrared rays, which causes the electronic transition
of the photosensitive point and the generation of a
potential difference. Then the potential difference is
converted into a digital signal and transmitted to the
display, so that an infrared image is obtained.

oM

Infrared ray

RS ZAL
Altered or

PEXF

Characters

AIBEMR
Writable material

contaminated place

(&R )

Knowing the Tao
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Provenance and Dating

S

— Wi L L Eiliethl i - pxfeRaoR
M LA WSk e hl: o 4 DT 24
The "C dating survey of the carbonized rice
excavated at the Shangshan Site in Pujiang,

Zhejiang and shellfish excavated at the
Jingtoushan Site in Yuyao, Zhejiang

FEA> 11000 £~ 8600 “E[)_EIl3Cll, 154 THHTLE
ST E B pshk o M E R F W s
it B SR R VEIEDS , SRR AZRE HH /T
R AR IR TS0, Btk R A s it
T HATtH AR ERR YR G IEE . BE C RS,
— AR, AKRERSEREF B, EILSE 4R
AR RIS, R AR I —Ik
HEEIT,

Fr3k gt AL THE ARG, AT EVE M X R
KAH—Abight, DO TU5E R 32 I HERR R B R iE =R
A —Ab s gy gk, A=A 3, 3
AR SR AR AR EA, 6 v 6] VR X B
ST B B ARNME. i CIAETTHL, SR
FEAIATERS 8000 FE77 AT, HOKIMIAE] 8300 4,

FkUlsEhit M

Shells excavated at Jingtoushan Site
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EuEik i BRICRERK

Carbonized rice excavated at Shangshan Site

The Shangshan Culture, which is dated back from 11,000
to 8,600 yrs before the present, is named after the Shangshan
Site in Pujiang County, Jinhua, Zhejiang Province. As the
carliest open-air sites group discovered within the watershed
of the Yangtze River, it provides solid evidence for the
exploration of human evolving from cave settlement and
initiating rice cultivating agriculture. The remains of rice
discovered at Shangshan Site gives evidence of so far, the
earliest known domesticated plant in the world. According
to the '*C dating, at earliest 10,000 yrs ago rice began to
be domesticated in China. The origin and development of

Shangshan ten-thousand-year rice revises our understanding

of the origin of agriculture across the world.

The Jingtoushan Site, located in Yuyao, Zhejiang, is the
largest and deepest Neolithic site in coastal region. The
accumulation of seashells and ceramic features indicates
that it is a prehistoric shell mound. The main economic
production is fishing marine products, combined with hunting
and gathering as well as the earliest phase rice cultivating
agriculture. It means great academic importance for the
research of prehistoric culture of coastal area in China.
Known by the *C dating, its cultural layers are dated back to
8,000 yrs before the present, and the oldest layer could reach
8,300 yrs.

x 1 RIEFNFEHIEFIER ( AR=-23142yr)
Table 1 List of corrected dating data ( A R=-23 £42yr)

SRIRTELERS RIEREFEEE (&F)
= KR o < RIEfREFRHE(F) Corrected age range (years)
Fs Sarmol 7l (F) U od mad D — .
No. arhnp ing Material Uncorrected age ncorrected median 1 NREBE 2 NEETHE
phase (years) age (years) Range in the case of | Range in the case of
1 o error 2 o error
RAx
1 12-A Charcoal 7180+/-30BP 7989 7969-8013 7939-8025
2 12-B Cr::r?;)al 7250+/-30BP 8086 8012-8165 7980-8170
3 13 Cf?:r(\:ﬁ:l)al 7170+/-30BP 7984 7965-8012 7937-8022
4 14 WRH%E 7160+/-30BP 7978 7959-8010 7933-8022
Quercus acutissima shell
=R
5 14 S Sﬁsxﬁ 7210+/-30BP 8005 7975-8024 7943-8165
6 14 ) N 7100+/-30BP 7934 7872-7963 7847-8007
Bits of wood
E=LAzS
7 15 S j:j 7190+/-30BP 7993 7973-8016 7939-8031
8 16 Aigs?f:ell 7730+/-30BP 8036 7953-8121 7863-8195
9 16 Ck?:ﬁal 7130+/-30BP 7956 7879-8002 7871-8013
p=xNiveN
10 17 Sj:eﬁ 7130+/-30BP 7956 7879-8002 7871-8013
11 17 ) e 7200+/-30BP 7998 7975-8019 7939-8158
Bits of wood
12 18 ﬁﬂg%ﬁ 7110+/-30BP 7942 7875-7967 7863-8010
Quercus acutissima shell
=05
13 19 Sj:eﬁ 7300+/-30BP 8106 8037-8169 8028-8174
14 20 ﬁf‘ﬂg%ﬁ 7240+/-30BP 8044 7989-8163 7973-8169
Quercus acutissima shell
15 20 ) N 7230+/-30BP 8025 7974-8158 7966-8168
Bits of wood
7%=
16 20 Seashel 7800+/-30BP 8105 8013-8182 7945-8266

1
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- M — E G TSR A BINCA, T T 254
TREE (cm) HETE  EYHE RN 1 NRE 1 0 error ﬁlﬁ%f T h

Deposition Section Ancient Sampling ﬂzﬁfq\;‘ﬁ Age range m j]:':]o 1978 E{%ZA%E@Z‘{IM, l':EIj:T [’\)\—%:ﬁ\ gﬁéquﬂ
thickness (cm)  image culture layer  phase 2 NRZ 2 ¢ error —l]‘l“% [J_l El%ﬁ'%%%{j" Iﬁ{j% RFER T, A E &z it ASGE, SELY
040 3 ' ' : : : ' ' ' ' : SEIR A i TSR T ARG, i
: 3 %3 Vv N T e [ ] b
230 @ 12A —» | A% Charcos 1 BRI SR ot P AF SR BRI T B, TS A T
= [ AR 3
220 ® 3 r B A Kk LT AR e i —
L A< Ch | ] . .o .
210 C} - E A Ghelooa ] The probe into the origins of raw materials Zeng State is not clearly recorded in the handed down
200 13 13 —= [ /% Charcoal ] documents, but is often found in bronze inscripti
E . s ptions. In 1978,
%0 14 —» 3 ﬁ%ﬂ%% Quercus Of brOnZG artlfaCtS Of Zeng State at the with the discovery of the Tomb of Marquis Yi of Zeng State,
180 @ ; aoutissima shell YC_] 1ashan Site on the strength of lead ten thousand artifacts represented by bronze Zun-Pan and
BRI Ossei .
170 @ S = R Ossein - isotope chime-bells were excavated. As a result, Zeng State attracted
160 14 —= E N/ Bits of wood D I:-] [.:l the attention of world. The complicated casting process
150 i 3 B Ossein __| 1 of Marquis Yi of the Zeng’s bronze zun and its matching
140 @ 3 - r tray aroused widespread academic controversy. Through
130 o —+ : A7 Avicshell |—_— 1 {5 £ B many archaeological discoveries over the years, it can be
.:?g 1 —= F K Charcoal D:. ]] ] R confirmed that Zeng State was one of the vassal states of the
0 T ] S Ossein D:- ]:I 20 301 JEK. 1172 25 JEK Zhou Dynasties that existed for more than 700 years from
o0 @ - ] the period of King Cheng and Kang of the Western Zhou
— = By 3 = D% 72 {5
17 - R Bits of wood r H | - ] 3 AR 23.5 JBOR, I 58 JEDR Dynasty to the end of the Warring States Period.
% 18 —» | R Quercus B 1h 1 LR S 2 B
70 C  acutissima shell b N e
&0 19 —= F  BKEOssein _:ﬂ ] WACE YRR
50 M —e SRS Quercus [‘[ ] Marquis Yi of Zeng’s Bronze zun and its matching tray
a0 @ - acutissima shell ]
30 20 —= f RJEBits of wood —-l Warring States
a0 20 1 = Seashel _ E Zun: Height 30.1 cm, Mouth diameter 25 cm;
10 E ] Tray: Height 23.5 cm, Mouth diameter 58 cm
0 bl | | | P | Al sl ST ] o Excavated from the Tomb of Marquis Yi of Zeng State in Leigudun,
B2500 8200 8150 8100 BOSD BDOD M50 7900 TRED Suizhou, Hubei
SEAS RS (4F ) Collection of Hubei Provincial Museum

Dating back to (years)

FrL L AR IE fE H A R L X E)
The corrected calendar age range of the remains excavated from Jingtoushan Site

et 1 MRZETEHEN, Fraked g H RN T 7872- When 1 o error is selected, the calendar age of all samples
8182 = [a], WI[AJEEEFy 310 45, 4¥EHE 2 MR ZEJLEIN, BT ranges from 7,872 to 8,182, and the time span is 310 years.
AGRER I AR T 7847-8286 =2 8], (I 2 439 4F When 2 ¢ error are selected, the calendar age of all samples

i from 7,847 to 8,286, and the time span is 439 years.
S RO E RIS, TR E AT 7934 e ’ ’
L " When the median is selected as the age limit, the calendar
8106 Z[F], HFIRIEEFEON 172 4F, QAR BLL N F ARG
BEA, 57 20 JEANES 12 R Z ISR 2 RS PURAD, AR span is 172 years. From the perspective of the evolution of

BFIZ0o0 200 4F, A— PRl HERRR, the natural environment, the sediment between the samples
of the 20th and 12th layer with a thickness of about 2 meters

age of all samples ranges from 7,934 to 8,106, and the time

has a deposition time of about 200 years, which is formed by

rapid accumulation. # Bronze tray

E  Bronze zun

BRIERE

Marquis Yi of the Zeng’s bronze zun and its matching tray
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B4 Marquis Vi of the Zeng’s bronze zun and its matching tray
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As an important vassal state in the south of the Western
Zhou Dynasty, what are the characteristics of Zeng State in
the utilization of raw materials for bronzes? Does it have any
connection with the utilization of raw materials for bronzes
in other regions of the Western Zhou Dynasty? The Yejiashan
Cemetery in Suizhou, Hubei is a high-level aristocratic
cemetery of Zeng State in the early Western Zhou Dynasty.
It has a unique burial system, clear layout and complete
preservation. There are more than 800 sets of buried bronzes.
Copper ingots, raw materials for casting copper, were
excavated. They are an important standard group of utensils
for studying the transportation and circulation of bronze raw
materials in the area during the Shang and Zhou Dynasties,
especially the Western Zhou Dynasty. A multi-collector
inductively coupled plasma mass spectrometry (MC-ICP-
MS) was used to test the lead isotope ratio of bronzes of
different alloy types at the Yejiashan Cemetery. It was
discovered that the Zhou royal family conducted centralized
control and allocation of bronze material resources. Bronzes
were produced and distributed to the vassal states under the
coordination of the Zhou royal family, which was the main
form of the bronze industrial production system during this

period. This mode that the royal family directly controlled
the transportation and circulation of large amounts of bronze
raw materials was called “Copper-tin Road” in the Zhou
Dynasty.

Lead isotope studies have shown that the mineral materials
used in the production of bronzes of Zeng State at the
Yejiashan Cemetery are partially same with those used in
the production of bronzes excavated from most ruins or
cemeteries in the early Western Zhou Dynasty, including the
bronzes distributed by royal family (casted in a workshop
controlled by the royal family), produced locally (casted in
a workshop not under the control of the royal family) and
obtained through “Fenqi (vessel distribution)” or imported

from other vassal state or ethnic groups.

R ) XB g T . ZE#E oy ATRX
Vassal state ' Fief Noble class Offer resource Resource delivery
as tribute

FARSEIREr=. AR, EENtSEEERNTEE
Schematic diagram of the production, organization, management and social operation
mode of bronze raw materials in the Western Zhou Dynasty

AlEIvES In the production process of ancient bronzes, glass,
Lead isotope pottery glazes, pigments, etc., lead would be one of the
raw materials. Due to the different content of uranium
and thorium in the geological environment of the metal

ERNSER. 538, . BRSHEIRES, e

SULRMARIL—. BT SHEREY LIEMRE T2 mines in the metallogenic process, and the different
TSRS ANt R E AR, IR RIS geological ages of the mineralization, the ratio of the
FRERARE, EFMEkRENEEESETAE., content of radiogenic lead will be different. Four lead
*Pb. *Pb. *”Pb 1 **Pb Fhi5 B =B AT LUE isotopic compositions (i.e., “Pb, **Pb, *’Pb and **Pb)
REHER AR 1880 can be used as the "fingerprints" of lead ore sources in

various places.
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Conservation and Technology

In the development of Chinese civilization, ancient craftsmen made clay, leather, wood,
stone, metal, silk, bamboo and other materials into exquisite objects with unique characteristics
of Eastern civilization, adhering to the harmonious creation thought of “an opportune time,
a favorable local climate, fine materials and ingenuity”. However, the artifacts have suffered
from damage and erosion to varying degrees as time goes by, and are in urgent need of
conservation and restoration. The conservators have developed a technological system for
conservation and restoration of the artifacts that is suitable in China and can contribute to
heritage of cultural heritage, relying on the Chinese cultural connotation, conforming to the
traditional aesthetic concept of “completeness, symmetry and balance”, integrating the cultural
relics restoration techniques passed down from generation to generation, and reasonably and
appropriately drawing lessons from the theory, technology and mechanism of the Western
restoration system.

The great craftsmen created exquisite objects by virtue of originality and workmanship in
ancient times, and today the conservators of cultural relics transform decay into miracles by

means of science and technology, both of whom have exquisite craftsmanship and ingenuity.




Metal

6 SRH: <75 K, 040 JHOK, 1 40 JEDK;

10 5K7: <75 K, 96 35 JHK, 1 30 JE0K;
JERBE A 170 B, 98 32 JEDK, B 1 JEK;
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g K115 JEk, 7S EK

BV VY22 B4 B K0007 Fssibit

Bevi i iigsbes (K007 @ 6, K0007 : 10,

K0007 : 37) .

ZIRETE I (005966 )

Polychrome Bronze Waterfowl

The Qin Dynasty

Polychrome Bronze Swan No.6: Length 75 cm, Width 40
cm, Height 40 cm;

Polychrome Bronze Swan No.10: Length 75 cm, Width 35
cm, Height 30 cm;

Bottom fragment: Length 70 cm, Width 32 c¢cm, Thickness 1
cm;

Polychrome Bronze Goose No. 37: Length 50 cm, Width 25
cm, Height 27 cm;

Bronze Crane: Length 115 cm, Height 75 cm

Excavated from Accessory Pit No. K0007 of Emperor
Qinshihuang’s Mausoleum in Xi’an City, Shaanxi Province
Collection of Shaanxi Academy of Archaeology (No. K0007:
6, K0O007: 10, KO0O07: 37) and Emperor Qinshihuang’s
Mausoleum Site Museum (No. 005966)

2001 ~ 2003 4F, ZEAAELTTE K007 B FE TG HE HY
TR HFHAKE 46 (4, FHRHG 20 £, M5/ 20 £,
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HIXEIMERE RIS, e BT E AR
B2 — AR 25 i A E SR E R,
MR T RIG S G ZETR N, i H gE— A
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IBfE  Polychrome bronze goose FH8  Polychrome bronze swan

{I#8 Bronze crane

BikSHIERIRR

Condition of bronze waterfowl when excavated

Ento A=l RPN ESPUESE S AeL 7)) 5 A AN = iR = 7 By 11
T EAAEER .
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M AR AR THURE . A EF L2 EG B, Sk
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FOREEZe, T5ek 30 RIFELFHKESHRIMEL,

A total of 46 life-size polychrome bronze waterfowl
were excavated from Accessory Pit No. K0007 of the
Emperor Qinshihuang’s Mausoleum from 2001 to 2003,
including those of 20 swans, 20 swan, geese and 6 cranes.
So far, it is the first time to discover bronze waterfowl in
the Mausoleum, which are also the most round-carved and

polychrome bronzes of the earliest era currently discovered

in China. This discovery not only enriches the connotation

of the accessory pit of Emperor Qinshihuang’s Mausoleum,
but also has important significance for further study on
the material culture, bronze metallurgy and manufacturing
technology and decorative techniques of the Qin State in late
Warring States Period and even of the Qin Dynasty.
Accessory Pit No.K0007 is an underground tunnel-like
civil engineering structure. It was destroyed and burned by
people historically. When excavated, most of the bronze
waterfowl were arranged from west to east in the rammed
soil layer on the south and north sides of the bottom. They
headed towards the center of the symbolic river, and a
small number of them were broken, damaged and severely
mineralized and toppled in the symbolic river due to theft.
Appropriate conservation treatment methods have been
explored after condition surveys, disease analysis, and
comparison experiments of conservation materials and
techniques, and more than 30 polychrome bronze waterfowl

have been conserved and restored.

18281 Before restoration

FAEUES  Polychrome bronze crane

18Ef5 After restoration

1&Ea1 Before restoration

FASIAIESEER  Head part of bronze crane

18Ef5 After restoration



6 SHATIRKRIB=4ERELTGE (—4)
A group of three-dimensional rendering orthoimages of polychrome bronze swan No.6
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=R R T 4ERD

ES=HEREE (—H)
A group of three-dimensional renderings of
bronze crane

=R AR T 4563

37 SHLEIILIE
Polychrome bronze goose No.37

10 SELSHRISER
Body of polychrome bronze swan No.10

EEENSRKE

The restored polychrome bronze waterfow!

6 SHARBIRIEBE

Body of polychrome bronze swan No.6

65



HETZ
Manufacturing Technology
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With distinctive features in shape, surface decoration
and expression style, bronze waterfowl are obviously
different from other bronzes of the pre-Qin period
in China. It is found that these polychrome bronze
waterfowl were integrally cast in the lost-wax process
after studies on the manufacturing technology through
X-ray photographs, industrial CT photographs and

microscopic observations.

X 534588/ X-ray photo

36 SKHBIER B

Core framework of polychrome bronze swan No.36 at the neck

42 SUBHESRA MR
Lateral view of body of polychrome bronze goose No.42

Tl CT B&R  Industrial CT photo
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EERH =BT R RRD
Greece bronze horse collected at the Metropolitan Museum of
Art (U.S))

X 534588/ X-ray photo

The bronze waterfowl show the technological measures
or phenomena such as bronze jions, chaplets, core
rods, square holes at bottom, repairing patches,
strips and brush marks, which are similar to or even
consistent with those of the large-scale bronze statues
discovered in Ancient Egypt and Ancient Greece in the
1st millennium BC, but relatively rare on the bronzes of
the pre-Qin period in China.

BEMR
Alloy components

FBIHHEEB T 2R X ikl . BEBaSB AR
EOTER L, RISHKEEUESHEN10% £H
S _tasHameg, SEkENENSTEEELL
I, BEEECHILEINGR AR SHMEGIESE
Bir, BEBNTFATE—TLELRBE=TashE
EMENSEE . SIKESRRE N SIERERE
IHEZEEENEY, TRRETESERILREX.

With SEM-EDS and ICP-MS, it is found that the bronze
waterfowl were made of bronze-tin binary alloy with tin
content of about 10%, which is similar to other bronzes
in the Emperor Qinshihuang’s Mausoleum, and very
similar to the large bronze statues in Greece prior to
the Hellenistic period, but obviously different from the
bronzes mainly made of bronze-tin-lead ternary alloy
in the 1st millennium BC. The bronze waterfowl were
made of copper ores similar to or even the same as
those of bronzes in the early Qin culture, and the source
of copper ores may be related to the Qinling Mountains.

ST IE
Corrosion mechanism

MEARHBFERE. XF&kaas. X FESOHE.
EEMENBSFEESHE, WSKSHEY.
IREBREEM LA RAR R T Bt T o iR, RS, K
ke ARBIARRRIERINE R IZ I Ik REY (1
NEZRE, GLEHUE D NIREm RS,
FIEHRE N LAOIRE .

The bronze waterfowl corrosion, organization structure
of body and burial soil were analyzed and studied by
means of SEM-EDS, XRF, metallographic microscope
and ion chromatography, and it is found that severe
mineralization of these bronze waterfowl sculptures were
mainly attributable to the special burial environments
of high humidity, fire and man-made destruction. The
fragments of severe mineralization are stable powdery
copper corrosion products rather than bronze disease in
the traditional sense.

7 SKESIEBC S
Bronze core rod of polychrome bronze swan No.7 at the neck

#HME Cross section of one repairing patch

2@ Surface of one repairing patch

BKSHIEET IR

Bronze waterfowl heavily corroded
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BRPEA b (99M ¢ 1)

Crown and Clothing Accessories Excavated from the
Tomb of Princess Li Chui

The Tang Dynasty

Crown: Height (after restoration) c. 39 cm;

Waistband accessories: Height 11.6 cm, Width 27.5 cm; Robe
accessories (dressed in the lower part of the body): Height 70
cm, Maximum width 9 cm

Excavated from the Tomb of Princess Li Chui of the Tang
Dynasty in Xi’an, Shaanxi Province

Collection of Shaanxi Academy of Archaeology (No.99M:1)

f2iH  waist ornaments

EERRE N AR
The restored crown and clothing accessories
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o

im  Belt ornaments

P

Crown decorations
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Schematic diagram of clothing effect
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In 2001, a small soil cave tomb of the Tang Dynasty that
had not been robbed was discovered at the new campus of
Xi’an University of Technology in the southern suburbs of
Xi’an. According to the epitaph, the tomb owner is Li Chui,
the fifth-generation granddaughter of Li Yuan of the Emperor
Gaozu of the Tang Dynasty, who died at the age of only 25
in the twenty-fourth year of the Kaiyuan Era of the Tang
Dynasty (736 AD). The excavated artifacts include more than
ten types of jade, silver, bronze and porcelain wares, which
are clearly divided into those used during her lifetime and
those buried in funerals. The former is rich in variety, large in
number and exquisite in craftsmanship, vividly showing the
luxurious life of a princess of the Tang Dynasty and reflecting
the material civilization of Chang’an in the prosperous Tang
Dynasty, as evidenced by the crown and clothing accessories
of Li Chui.

There seemed to be gorgeous crown and clothing
accessories during the archaeological excavation. The crown
and clothing accessories were very poorly preserved in the
complex soil layers since they were made of a large number
of small parts of different materials. Therefore, they were
extracted as a whole to the laboratory for cleanup, and the

complex structure was completely revealed and restored.

BlF3kiR: Source of picture

Sonia Filip - Alexander Hilgner The Lady with the Phoenix Crown—Tang-Period
Grave Goods of the Nobelwoman Li Chui (711-736)

IR
Cleanup in the laboratory
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The cleanup in the laboratory is the same as field
excavation in terms of the basic principle. X-ray
photographs were taken to obtain a perspective view
of the remains in the gypsum package to understand
their location and scope; the gypsum package was
cut; the remains were cleaned up layer by layer in the
order of accumulation from top to bottom; the related
workers took photographs, made autographic records
and drew distribution maps to prepare for restoration
after each layer of remains was exposed; the workers
decided whether to extract the remains of each layer
according to their types; the extracted cultural heritage
were consolidated and conserved; restoration was
completed, including three-dimensional restoration and
restoration of a certain layer.

IREATFHE
Unpacking of gypsum package in the laboratory

BRZEVESCIGE  Extracted as a whole to the laboratory

siaEE X SIECHRER
X-ray photo in the laboratory

BinENREE

Perspective diagram of crown decorations

Legend:

Gikd |
Turgucie H

Saster-odpeard ]
[ 2]
Jada
Cilam

AasgRNEHHREE
Schematic diagram of the distribution of
remains in the gypsum package
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BERRAER

Extraction and restoration layer by layer
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B—FR
The first flat layer

e ._-e

B R DEE TR TR

BT
The fourth flat layer

WEpmEEREOD

£TFR

EATE
The sixth flat layer

F—YEERRE
The first flat layer after restoration

BOFEERE

The fourth flat layer after restoration

BT EERE

The second flat layer after restoration

BRFEERRE

The sixth flat layer after restoration
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Workmanship of crown decorations
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The crown decorations consist of one pair of phoenix
wings, one pair of phoenix tails, one pair of birds, one
pair of flowers and birds, and one garland. There are
one gold hairpin, two iron hairpins, four copper hairpins
and 251 gold flowers (3- 6 petals) inlaid with more than
11 kinds of gems including pearl, turquoise, amber,
carnelian, sapphire, jade, amethyst, ivory, quartz, garnet,
shell, glass and mica. In addition, there are textiles,
feathers, lacquer materials, etc. The entire crown
decorations are made of nearly 20 materials and more
than 500 scattered components with the workmanship
of casting, beating, filigree, welding, inlay and gold
granulation.

aimi (—4E)
A set of crown decorations
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CMK2 TS5 /R ist i Remains of the Left Wheel of Chariot No.5 in Pit

YA No.CMK2

K145 K, 5131 JEK, JE 520 JEK The Eastern Zhou Dynasty

WO AR R R T CMK2 Length 145 cm, Width 131 c¢m, Thickness 5-20 cm
Excavated from Pit No.CMK2 in the Gujun Sites of the

AL SO RS B
Eastern Zhou Dynasty

Collection of Institute of Hebei Cultural Relics and
Archaeology

hSEHITARRR

The status of Chariot No.5 when excavated
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The Gujun Site of the Eastern Zhou Dynasty is located in
the north of Gujun Village, Xingtang County, Shijiazhuang
City, Hebei Province, and in the foreland of eastern Taihang
piedmont, covering an area of about 500,000 m?. After
archaeological investigation, exploration and excavation

from 2015 to 2017, the archeologists discovered the noble

cemeteries and residences and the city sites of the Eastern

$2EYAT  Before extraction

ZE(KIZHY  Integral extraction

ASEERIHRINIE
Extraction processing of left wheel of Chariot No.5

Zhou Dynasty with the characteristics of the northern ethnic
groups from the late Spring and Autumn Period to the
Middle Warring States Period (5th century BC - 3rd century
BC), which can fill the gap in the study on the history of the
Spring and Autumn Period and the Warring States Period,
especially the history of the early Zhongshan States, and
provide material evidences for the research in the integration
of northern ethnic groups such as the Rong and Di into the
Central Plain Culture and the formation of the pluralistic
integration of the Chinese nation.

Pit No.CMK2 is nearly rectangular with five chariots
placed in the east-west tandem order and the shafts faced
castwards. Chariot No.5 is placed at the eastern end without
horse. The removed wheels are placed on both sides of
the chariot, which are important materials for study on the
riding chariots system during the Eastern Zhou Dynasty. The
wheels are made of wood and coated with lacquer, and the
wooden body are rotten and partly filled with soil, but the
surface lacquer layer is well preserved. The left wheel is also
well preserved in the overall shape, but it is very fragile. In
addition, it is close to the left side plate of the chariot and
cannot be extracted from the lower soil, so it can only be

extracted as a whole.
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The extraction technology
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Unearthing the wheel; consolidation of the wheel body
with organosilicone; separation of the wheel from the
carriage; temporary solidification with menthol; add
rigid supports; integral extraction; back cleaning and
consolidation; cleaning and consolidation of the front of
the wheel after menthol sublimation.

Preliminary
preparation

TEHRTE STURN

EERREEESTEE

DIEFIe R EFFELAR

Fine excavation and pre-detection

Wet paper to isolate the gap among spokes
Consolidation of the wheel and its supporting soil

consolidation

2 s
ImASHNE

3 Temporary

B RRERES with menthol

it el

DRFRERTEE

R IINIMESZIE

SIRFRERTES

First application of menthol
Application of gauze

Second application of menthol
Fixture of rigid supports

Thi licati f thol
ird application of menthol %ﬁﬁ%ﬂy

Overall
extraction

3

B EARIRGT

FERBENE

Eil:pgr

Overall bundling with rope

Penetration of three square steel pipes
Lifted simultaneously

w
/] )
ShnE
Bl Back cleaning
PN and

BIEIESE consolidation
ErEERE
ETRMLT
PIESEdE ——
OIS _-'-
Cleaning the gaps among the spokes

Isolation with plastic film
Filling with dry fine soil
Covered with glass fabric

S

Pouring resin . IFE
ERIRIP a
Front cleaning =
and protection EEEEETIES
ES 2R ES-a e
S EEER

ERIRBURARE

Extraction procedure of wheel

Menthol sublimation
Removal of gauze and rigid support
Cleaning the wheels

EETER AT E R AR

Temporary consolidation with menthol

ETEERE SR, SERNERIRINFIFIZY .
IREERTEET B RS o SR BN AT A9 IIm AT B 244
B, S SR EINIESENER .. SXYR e
BRENG, MFETERIERNE, PTABhFEHEE,
THRER, Asln IR RIAT SRS 4R . P
EELAEND, Baiemh—EEEN. &%
2., FIRARRIFELAEES S IGRT EIEUREA TR

Menthol is extracted from peppermint and commonly
used as a food additive and medicine. Recently menthol
is used as a temporary consolidant for extraction of
archaeological artifacts, which can strengthen the newly
excavated fragile artifacts temporarily. After the artifacts
are safely transported indoors, menthol will automatically
sublimate completely without residue, which does not
affect the original appearance and subsequent protection
treatment. In China’s archaeological excavation sites,
menthol has become a new, convenient, effective, green,

safe, and controllable removal temporary consolidant for
extraction of fragile artifacts.

Peppermint

A

Menthol

OH
[ ]
Addition of menthol

EERHE - f=-m—-- $RER. i - - -
Archaeological excavation Extraction and transportation

ks nRd E R R E
Schematic diagram of temporary consolidation with menthol

EhEEEEERA
L-Menthol crystals

5FT: CigHoO
Jas: 41T

3 ° AP Natural product
#e: 212°C i i‘fg atural products
ER%m Medicine

Molecular formula: C,,H,,0
Melting point: 41C
Boiling point: 212°C

fm‘;\h

45 Sublimation

‘ @] ' @
Hed ﬁ
ptCifiEs
Removal of menthol
] T T TP ERRH mrmmmmmm -

Indoor protection

SIAINK Food additives
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FL LRI B 128 JEK

LT 1 180 JHkK, 98 70 JEK
PSR 1. K31 kK, %8 16 JEXk

Pafmpkb 2. K30 JEN, 9516 JHK

PafmpcH 3. K21 Bk, 98 19 ok

FEEEAM (BR) (13 5Am) « 1 96 JEK, % 54 2K,
J5 38 JHK

Befm (2/3 Bf )+ e 132 JER
Bepivg R ip 2w —. 5t

LA 2N EHEPIBER (005504, 007010, G10 : 01,
G10 : 02, GI0 : 03, G8 : 81/88/92, 002820 )

Terracotta Warriors and Horses

The Qin Dynasty

Polychrome Green-faced Kneeling Archer: Height 128 cm
Polychrome Purple-clothed Charioteer: Height 180 cm,
Width 70 cm

Fragment No. 1 of a Pottery Figure: Length 31 cm, Width 16
cm

Fragment No. 2 of a Pottery Figure: Length 30 cm, Width 16
cm

Fragment No. 3 of a Pottery Figure: Length 21 cm, Width 19
cm

Remnants of a Pottery Figure to be Restored (1/3 Remnants
of a Pottery Figure): Height 96 cm, Width 54 cm, Thickness
38 cm

Remnants of a Pottery Figure (2/3 Remnants of a Pottery
Figure): Height 132 cm

Excavated from Qin Terracotta Army Pit No.2 of Emperor
Qinshihuang’s Mausoleum in Xi’an City, Shaanxi Province
Collection of Emperor Qinshihuang’s Mausoleum Site
Museum (No. 005504, 007010, G10:01, G10:02, G10:03,
G8:81/88/92, and 002820)

AR SRR — . B T NS, &
PR Z PRiit A AR FR e R A 20, LA fRA
78, RPN  AMSE S RIATCE (BT 384 48)

“IEMBET , RIEREASOFIEE, 6250 e LR
WE LS i ES
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SOME MR/ A IEREIN, AT PRk e BETANAL,
e ARSI T E AR
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AR =HERTEE (—4)

Three-dimensional renderings of a fragment of a pottery figure

Figures are a category of ancient tomb sculptures. The
sacrifice of burying people alive with the dead was prevalent
in the Shang Dynasty. The social changes in the Spring and
Autumn Period and the Warring States Period led to changes
in funeral customs, and the figures appeared for sacrifice,
that is, the terracotta and wood figures instead of people
alive were buried with the dead. The sacrifice of burying
people alive with the dead was abolished in the first year of
the Monarch Xiangong’s period of the Qin State (384 BC).
The Emperor Qinshihuang’s Mausoleum was most typical in
burying figures instead of people alive.

Most of the terracotta figures have been broken into
fragments after buried for thousands of years. The fragments
were first cleaned up, then assembled from bottom to top
according to the numbers determined when excavated,
and finally glued in turn after confirmation. Generally, no
complementary repair is made in case of a missing fragment,
but if the missing fragment affects the mechanical properties
of the terracotta figures, the “pottery clay powder and glue”

can be used for repair before appropriate antique finishing.

ERRR=HERESGE (—H)

Three-dimensional rendering orthoimages of a fragment of pottery figure

8.8

113 FB=HEREFHEE (—H)

Three-dimensional rendering orthoimages of 1/3 remanents of a pottery figure

fitle

2/3 FRB=HERIESRE (—H)
Three-dimensional rendering orthoimages of 2/3 remanents of a pottery figure
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(ESRRIRALEREFRE

Polychrome purple-clothed charioteer before restoration

HRERHFRrEE
The schematic of polychrome purple-clothed charioteer
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(EEERIF L EAREFE
Polychrome purple-clothed
charioteer after restoration

N =SB RE TR HERD
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TR ERHFE=HERESNTGE (—E)
Three-dimensional rendering orthoimages of the polychrome
purple-clothed charioteer

W =HHE R T 4D

FLRiFmyEaEk

Head of polychrome green-faced

kneeling archer TR M5B
B BEREER Polychrome green-faced
Process of cleaning After cleaning and restoration kneeling archer
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Structure of polychromy

=RV EDBERENE e ZEEN, BSeRENE
RO NFELES, FEERESRERAY B
XF B LR EEN R A R A E b HAR PRI S AR e Y
PEERRARZRE, TR RIPAIFT R IERA
MERERRI, EEERERENIETAIRIZUR KL
ARARIPAIMELUS NAIRIR B, RIS IMRIPH
RAEERAK.

HARREMSH A= HERIESGE (—4E)
A group of three-dimensional rendering orthoimages of
the polychrome green-faced kneeling archer

The polychromy of the terracotta warriors of the Qin
Dynasty is composed of a brown bottom layer and a
colorful pigment layer, the former with raw lacquer as
the main component and the latter mostly from natural
mineral pigments. This kind of polychromy with a raw
lacquer bottom layer was typical in pottery from the
late Warring States Period to the early Western Han
Dynasty. It not only reflects in a concentrated manner
the key technical difficulties in the conservation of
various polychrome pottery, but also includes the
dramatic reaction of the raw lacquer bottom layer to
environmental changes and the difficult penetration of
conservation agents, so it is of most technical difficulty
in the conservation of polychrome pottery.

ARG EE
Schematic diagram of the structure of polychrome pottery

DA 74N k3
FLRRE

Polychromy peeling off

NEEERBERFRE, EEIMREARIEEFRETNY
B, —RHLANREE . BEhTETESHEBIEL
ZRETHNEEETNEX. —HH, EDEERE
H—hRRHEREEMNT PEER, HETFTFIEE.
KAKIENE, ERPEELLINE+TSMESS; 5—HME,
EREENTEESN D80, B AN B TIE
MRSERRETENTFRIOASIHEFR, EFKES
EFKMFERIZIZR,, BRISHEBHMERF SR
According to the archaeological excavations, the pottery
bodies of the Qin terracotta warriors were originally
painted brightly and gorgeously, but the painting peeled
off soon once they were excavated, which is mainly
related to the workmanship and the environmental
humidity change when they were excavated. On one
hand, the polychrome terracotta warriors and horses
were generally made of a raw lacquer bottom layer and
mineral pigments and very fragile when excavated after
thousands of years of burial. On the other hand, the raw
lacquer bottom layer was very sensitive to changes in
humidity, and the terracotta figures was directly exposed
to the relatively dry atmosphere from the underground
saturated state, so the raw lacquer bottom layer might
be severely deformed and then curled up due to water
loss, which finally caused the polychromy peeling off.

s

IREEIIE + RBELES + PRIRE
Grey pottery body + dark brown raw lacquer +
polychrome pigment layer

REEATIEREE
Warping and deformation process of lacquer layer

100% . F.
> At

- 60% r. F.
60%r. F.
T=2 min
60% r. F.
T=2.5 min

60% r. F.
T=4 min

RERE
Lacquer layer peeling off
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FHRIRIF
Conservation of polychromy
BFEEESERETIFRERRESIEEWN, BaEE
WEBRUERLE S . e RZE. KRS Z BRI
DEMRES, 155 REREERXIEEEUR, EIE
SIRPNESTMERETIIELERER. B2, —RY
MERPELVEBEZEEZRRE, BITEREZRERERK
M5 REAIRIZNEARSE, WA= S ERER, A
‘BrARgER (RZ TRz ) MINER (BRabEslii ) B
BE” R ‘PR (RERGREZECER) 55, BF
RIERBINERS” MMSENELEHITRP . GEE
HIRLRIEIE, BRI LA RRERKAI SRS, N EE
KBINERRETERZE) . AR REZ BB}
ERERET, ELRMmetHt, RIFYRRT .
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?
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g

SRS T RAEIIUAERF

On-site conservation of polychrome figures excavated from Pit No.2 of the Emperor Qinshihuang’s Mausoleum Site Museum
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The focus and difficulty of conservation of polychromy
lies in the consolidation of the raw lacquer bottom layer,
given the aging pigment blending agent and raw lacquer
bottom layer of the terracotta warriors of the Qin Dynasty,
and the weak cohesion inside the pigment layer and
adhesion between the polychrome layers and between
the bottom layer and the ceramic body, especially high
sensitivity of the raw lacquer bottom layer to water
loss. However, it is difficult for ordinary consolidating
agents to penetrate into the raw lacquer bottom layer
and effectively resist the dramatic shrinkage of the paint
layer caused by water loss. Therefore, two methods
have been developed to conserve the polychromy, that
is, “co-treatment with anti-shrinking agent (polyethylene
glycol) and consolidating agent (polyurethane emulsion)”
and “monomer (hydroxyethyl methacrylate) penetration
and consolidation with electron beam irradiation induled
polymerization”. The treatment mentioned above can not
only prevent the shrinkage of the raw lacquer bottom
layer due to water loses, but also greatly increase the
adhesion between the raw lacquer bottom layer and the
ceramic body, between the polychrome layers and inside
the pigment layer, contributing to bright polychromy and
effective conservation.

EAREH

Purple clothes and green face

LR BFEAZEMNRERE “FER TR X
£, TEMDPHERIEN (BaCuSi,0s) , FEEAR
FIEARRINTIXEREH Y, AANTER. NI
&, PEENNEEEREEF R, FERIRY, 25
EBEERT . WHXEAE SR ARt X SEH TS,
ROEERNTCSEEREBENAREZEVS,
AT ERN XK RujseERHEAZRN—IN 18
Y . RREBSEIVER. FEEuNgeFt
LR, MEEABEMA, AL AaZMD
SBHEANERY.

The purple color on the polychrome purple-clothed
charioteer comes from Chinese Purple (Han Purple)
with barium copper silicate (BaCuSi,Og) as the main
component. No such purple mineral has been found
in nature yet. Judging from the excavated objects, its
application began in the late Western Zhou Dynasty
and continued to the Eastern Han Dynasty, and then
disappeared. Comparing the areas and times in which
Han Purple was used in ancient times, it was found that
the track of the use of this pigment is consistent with
the development of the Qin State and the Qin Empire.
Therefore, the Han purple synthesized artificially was
probably a core technology mastered by the early Qin
people. The green color on the face and neck of the
polychrome green-faced kneeling archer is not caused
by discoloration, but by the Qin people deliberately. The
pigment used is a blend of powder of malachite and a
small amount of bone white.

RemREEHER

Polarized light microscopic image of purple pigment

-

HARRE SR

Polychrome green-faced kneeling archer

TR AT
Polychrome purple-clothed
charioteer
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FIPg g SB[ iR (HBL6 )
Mural of Xuan Wu

The Tang Dynasty

Width 179 cm, Height 196 cm
Excavated from the Tomb of Han Xiu of the Tang Dynasty
Collection of Shaanxi History Museum (No. HB16)

T ety
Ll s DU The Mural of Xuan Wu

o+

18581 Before restoration
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(LB H TR KRR, RBIN T
FRELEL, WA SRS R BT S
SepinE e SR, KRR AT T,
PR B A ARG X T B TE R, B
A EE I SRR TV AU L RE R B DRI N TR,
(7] I FERE I (S 2 h S T AR, e Se i
R IEES

1885 After restoration

The Mutal of Xuan Wu was drawn on the north wall of
the Tomb of Han Xiu. When discovered, it was severely
damaged by tomb robbers and more than a hundred
fragments were scattered on the ground. During the removal
and relocation and subsequent consolidation and restoration,
the workers gathered information of picture with high-
definition scanning equipment and hyper-spectral equipment
and used the on-site mural fragments for computer-assisted
splicing and manual stitching based on the picture before the
murals were damaged, tried new nano materials in the mural

restoration, and finally completed the restoration.

91
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Han Xiu (673-740), also named Liangshi, was born in
Chang’an (now Xi’an City, Shaanxi Province). He was the
prime minister during the Period of the Emperor Xuanzong
of the Tang Dynasty and was buried in Shaolingyuan (now
Guoxinzhuang Village, Chang’an District, Xi’an City,
Shaanxi Province). In 2014, a rescue excavation was carried

out at the joint tomb of Han Xiu and his wife Liu. Eleven

XA AL FE R I, AT,
I BRI R e A SRR, SR B |
i . AT, PUERNHIREURIT. 2015 47, R
FITE N 2 s R 18 M, BRSO EE ] 3 i, HEASE
W TINEEE

These skillful murals of rare themes have been subjected
to fading, peeling-off, mildew and other diseases due to long-
term underground conditions and dramatic changes in the
environment of the tomb caused by robbers. Therefore, the
archeologists decided to remove and relocate them. In 2015,
18 murals in the corridors and tombs were extracted and 3

large murals were relocated as a whole to the laboratory for

murals were discovered on the four walls of the tomb o )
(including the top of the dome). The four walls were painted consolidation and restoration.
with pictures of Zhu Que (Vermilion Bird), Xuan Wu (Black
Turtle), profound scholars, landscape and dancers (1, 1, 2
and 6 murals respectively on the south, east, north and west

walls). The top of the dome was also painted with a picture

of the sun, the moon and astrology.

REERNRSIRIT

Marks of alteration of music and dance mural

==
Coffin chamber

- - - o R RERLIKE
BREZHREE, SNER—ERKMNKEESXHPREE, EESHAEE Murals of Xuan Wu and landscape on the north wall
The three-dimensional model of the Tomb of Han Xiu, which was a single-brick tomb with long slopes and multiple
patios and murals mostly from the coffin chamber
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Music and dance mural on the east wall
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ALK B2 E N E A2 L
New nano-scale consolidation materials
for murals

Bk, RFEAMSEESEHFERRRNER
ERSEWISRIFEEMER, BFEHERTS.

EREIEEM, IR, BAHEEIESE
T KF SRR RS AL ISINE R, 8
EOERIERRMRE SIS EBWINEEHARD =K
ISR RS ENS  IXTOFPHTEA TR AT &R E R,
BBEEER, £ (XRE) EEiZETESRIFMR.

INEREE
Schematic diagram of consolidation
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Recently, nano-scale calcium hydroxide has gradually
replaced traditional calcium hydroxide as a consolidation
material for murals due to its characteristics such
as good permeability, but there are still problems
such as high preparation cost and slow solidification.
Therefore, Shaanxi History Museum and Northwestern
Polytechnical University jointly developed two new nano-
scale calcium hydroxide consolidation materials, that is,
the graphene-enhanced nano-scale calcium hydroxide
and the non-layered boron carbide nano-scale
calcium hydroxide with dual functions. The two new
materials can be prepared relativelly easily with strong
permeability, and good results have been achieved in
the restoration of the mural of Xuan Wu.

L RPR RS EES
o BIEREL 250 pm

« Infiltration depth of about 250 um

Commercial nano carbon calcium hydroxide

85 | aEE
BFRFERESTR

o BIEREL 350 pm

Calcium hydroxide/graphene

Quantum dot blot nanocomposite
* Infiltration depth of about 350 pm

PREUIS A
© BIEREL 350 pm
o BERRUIPEBERETARFE

Nano boron nitride calcium hydroxide
* Infiltration depth of about 350 pm

of the mural after infiltration

« A protective layer of boron nitride on the surface

JUME 5 1% B2 1y

Jeii—rt

JeiEEE . K110 JER, B 75 JHK

JCAREEE . K 106 JEA, T 76 JEk
HANEECRES A 5 4 O

T KA 1L ER AP A S BT ( WWTTS-0258 [,
WWTTS-0258 )

Multi-layered Mural of the Attendant Bodhisattva

The State of Northern Liang—he Yuan Dynasty

Mural of the State of Northern Liang: Length 110 cm,

Width 75 cm

Mural of the Yuan Dynasty: Length 106 cm, Width 76 cm
Detached from the central pillar of the Cave No.4 of
Tiantishan Grottoes, Wuwei, Gansu

Collection of Conservation and Research Institute of the
Tiantishan Grottoes in Wuwei (No.WWTTS-0258 [ff and
WWTTS-0258)

HR R A, MR, ST
N3, BEAAT 1600 ZAERI L, S4B, duE . B,
. VIR SUHEEIUTEEER, =0, BTN
WIRESFBE, R CEA RS 2K, 20 A
50 ARFUR,  DRPSIEBEEMK P, IR L O BE AN
FHHBTHOE, B 2015 FRATEROHE L0 R TR
RIMEE,

The Tiantishan Grottoes in Wuwei City of Gansu Province,
also known as Liangzhou Grottoes, were built in the Period
of the State of Northern Liang. They have a history of more
than 1,600 years. The grottoes were cut or rebuilt during
the Dynasties of Northern Wei, Northern Zhou, Sui, Tang,
Western Xia Regime and Yuan and became a monastery of
Lamaism in the Ming and Qing Dynasties. It is known as
the originator of Chinese grottoes in academic community.
In the late 1950s, the murals and colored sculptures of the
Tiantishan Grottoes were relocated due to construction of
the Huangyanghe Reservoir. The murals in the Tiantishan

Grottoes have been preserved and restored since 2015.

BEEERS BRI

Separation and conservation of the multi-layered mural

KR EEHE  Mural before separation
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BEERSBRP
Separation and conservation of
the multi-layered mural

IEEFHIEREEEE Surface mural after restoration IEEEHIEZEEE Bottom mural after restoration




EREENSBSEE

Separation and restoration of multi-layered mural

ZBEE (WWTTS-0258 ) REREE, NERLBILRATEAIMS
ZFF, ERSETABSES, BERsSNHENENZEARNE.
NREEEMENESSENTEY, EZIBEREHITERS
BHOERES, XRALFKEREMNIEF. BENERERERA
B (5RER ) —EPFHE—INERNE—RE—FEH
FREETZ, BRARMSAREEEERESBAE, NE
MEXARAEE—DBEREE—Y NEEEHTREL
B, |EMRXHTIE b M a—HIES Bk —hhaEEE
B—ENEE—BRIBR—EHP SRR, SREREENS B
5E.

The multi-layered mural (No.WWTTS-0258) is of high historical
and artistic value, with the lowest layer painted with the picture
of the Attendant Bodhisattva in the Period of the State of
Northern Liang and the upper layers painted with that in the
Yuan Dynasty. In order to ensure the authenticity and integrity
of the mural, the surface separation first and then structural
separation were carried out to the multi-layers. Firstly, the
surface of the mural was restored in the following methods
of dust removal (stain removal), injection of adhesives,
consolidation of pigment layer, rolling and coating. Then the
separation interface of the multi-layered mural was determined
by means of ground penetrating radar, and the structural layer
was treated in the following manners of removal of the plaster
package separation of the multi-layered mural and surface
treatment of the lower layer. Finally, the multi-layered mural was
separated and restored successfully in the following procedures
of thinning the plaster layer, consolidating the plaster layer,
making the support, bonding the mural, filing the mud layer,
removing cotton paper and coating the support.

Rt EIA A TERIZE

Working principle of ground penetrating radar technology
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BEEREEE
Extraction of the multi-layered mural

R EXEEREE D BPAINA
Application of ground penetrating radar in separation of multi-
layered mural

RTFEREESEEEAE, WEENDBISHANME, AIRBRIBE
IASHZEEEFH TN, DEARBZERRERENNEE, HEE
N BRHESE,

RIE XL SN BRI EA RS R R BRSSO PR fL, B
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ARIAR P EBAISFNIR bR TR .

It caused inconvenience to the separation of the multi-layered mural
due to the unknown thickness of each layer. Therefore, the mural was
scanned and detected with the ground penetrating radar to ascertain
the thickness of each layer and provide a reference for the separation of
the mural.

It is a geophysical detection method that the transmitting antenna
of ground penetrating radar transmits high-frequency pulse
electromagnetic waves to the target object and the receiving antenna
receives the electromagnetic waves reflected from the target object
to detect the spatial position and distribution of the target object. The
internal structure and defects of the target object is detected actually
by means of the electromagnetic wave reflection characteristics of the
target object and the surrounding media.

%12 - TiLEHE (3mm-6mm )
Mural of the Yuan Dynasty (3mm-6mm)
9mm-11mm )
+ Mural of the Tang Dynasty (9mm-11mm)

| (16mm-19mm )
+ Mural of the State of Northern Liang (16mm-19mm)

42 - AREFPE (10mm)
The fourth layer - Protective gypsum layer (10mm)

BEEEREE
Schematic diagram of multi-layered mural structure
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EZ YR EITFEH O (201INA < HEE51) 1,
2010NAC : 0345, 2010NANI: 0115, 2010NANVI:
0108, 2010NAC : 0321, 201INANXIV : 0103,
2010NANIV: 0104, 2011NAC : 0107, 2010NAN VI :
0112, 2010NAN I : 0114, 2011NASVI: 0122,
2011NAS : 0100)

Coagulum and Marine Porcelain

The Ming Dynasty
Excavated from the Shipwreck of the Ming Dynasty
Collection of National Center for Archaeology (NACA)

(No.2011NA: #E£547 1, 2010NAC:0345, 2010NANIL:0115,
2010NAN VII :0108, 2010NAC:0321, 201 INAN X IV:0103,
2010NANIV:0104, 2011NAC:0107, 2010NANVII:0112,
2010NAN 1:0114, 2011NASVI:0122, 2011NAS 1:0100)

LG AL S EUINE
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Blue and White Jar with Pattern of Entangled
Floral Branches

Height 8 cm, Mouth diameter 4.3 cm,

Bottom diameter 5.6 cm
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There are four waters of the Bohai Sea, the Yellow
Sea, the East China Sea and the South China Sea around
China with a coastline of 18,000 kilometers and a marine
territory of 3 million square kilometers. The shipwrecks and
cultural heritage thereon in the vast seabed are an important
testimony to the maritime trade network. It has become an
important part of cultural heritage conservation to protect
marine cultural heritage.

The Shipwreck is located in the waters near Nan’ao Island
in Shantou City, Guangdong Province. It was discovered and
investigated archaeologically underwater for the first time
in 2007, and excavated archaeologically three times on a
large scale from 2010 to 2012, and more than 30,000 pieces
of cultural heritage have been excavated from the water. It
is the best-preserved merchant ship of the Ming Dynasty
discovered and excavated archaeologically underwater,
providing detailed and reliable empirical materials for study
on maritime trade and navigation technology in the middle
and late Ming Dynasty. The cultural heritage of coagulum
including porcelain, iron, copper and wood artifacts are
protected and displayed successfully through analysis and
inspection, surface cleaning, overall cycle spray desalination,
microbial control, local consolidation, display and other
treatments, which provides examples for the overall

conservation of marine coagulum.
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B 14.8 EK | (142 5.6 JEK |, 4% 5.5 JEK
Blue and White Jade Bottle with Pattern of
Entangled Floral Branches

Height 14.8 cm, Mouth diameter 5.6 cm,

Foot diameter 5.5 cm

T ACGHRAL S DYTT Y6t A BONBE

i 9.6 JEoK, 142 18.8 JEDK , 1% 7.5 JHDK

Blue and White Bowl with Patterns of Entangled Floral
Branches and Consecration Grapes

Height 9.6 cm, Mouth diameter 18.8 cm,

Foot diameter 7.5 cm

ek
7K, 4R 26 JEK, AL 12.4 JEK

Blue and White Dish with Lady Pattern

Height 7 cm, Mouth diameter 26 cm,
Foot diameter 12.4 cm

T AR Sk
6.1 JEK, 4226 JEOK, SRR 12.2 JEK
Blue and White Dish with Pattern of Kylin

Height 6.1 cm, Mouth diameter 26 cm,

Foot diameter 12.2 cm

T ACTE IR N BRI
9K, 4% 18.6 JEK , BfF 7 HK

Blue and White Bowl with Snail and Winged
Rain-Dragon Pattern

Height 9 cm, Mouth diameter 18.6 cm,

Foot diameter 7 cm
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W59 K, R 122 K, 2f% 4.8 K
Blue and White Bowl with Picture

of Profound Scholar

Height 5.9 cm, Mouth diameter 12.2 cm,

Foot diameter 4.8 cm

H AN SR

7K, 42152 JEK, EAR 6 JEK

Blue and White Bowl with Winged Rain-Dragon
Pattern

Height 7 cm, Mouth diameter 15.2 cm,

Foot diameter 6 cm

AR P R U646 ' T 8
62 Ek, [F 121 B, BfF 4.5 kK
Blue and White Bowl with Patterns of

Entangled Floral Branches of Multicolored
Peony

Height 6.2 cm, Mouth diameter 12.1 cm,

Foot diameter 4.5 cm

HACGIRAL AL “Hd” KR

4.2 JEK, F14% 6.6 JHDK | 4% 2.4 JEK

Blue and White Cup with Patterns of Entangled Floral
Branches of Peony and the Chinese Character “Fu”

Height 4.2 cm, Mouth diameter 6.6 cm,

Foot diameter 2.4 cm

HERLPIEL “Hi” Kiidx
TR 7.8 JHK, (143 10.8 JEK , 245 6.4 JHK

Blue and White Box with Patterns of Peony and
the Chinese Character “Fu”

Height 7.8 cm, Mouth diameter 10.8 cm,

Foot diameter 6.4 cm
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Coagulum

Length 101 cm, Width 83 cm, Height 108 cm

BEEEHIRIRZ Y

Formation of coagulum

Brislt, REEEREIHLESZ I S, BT AR
RRIRZOL, BREREERMERTIZERS (2. R, .
%, 5. HB) , TLUER. ERE5HBAR, £80
BRUZRS. Rz, AFME . BFEREEREN—LL
HRA, M-S, mE—S. mE—S%, &
TRAEH R BERR. RETFIRMUBKTIFARAIERRS, XLk
SLAR ARG RRISKET ES F KR BRIERIA S e
Bk, XSS, XERHEEER. &%, M.
PAREIPIRBZA R B MBI B ERE iR, A/
T—. MEFEE. RFEESRED .

Apart from the wooden hulls, there are many cargoes in

D»D
b

i

the ancient trade shipwrecks surveyed and discovered
in China so far, which are mainly ceramics and metal
artifacts (gold, silver, copper, iron, tin and lead artifacts),
especially a lot of porcelains, copper coins and iron
artifacts. There are also a small number of lacquer
artifacts, nuts and stone artifacts. Some ancient
shipwrecks surveyed and discovered in recent years,
such as Huaguangjiao No. 1, Nanhai No. 1 and Nan’ao
No. 1 Shipwrecks, are generally loaded with iron pots,
nails and other objects similar to iron knives. The iron
artifacts and nails in the shipwrecks were severely
corroded after buried and soaked in the ocean for a long
time, and a lot of rust was produced. The rust wraps the
sea mud, seaweed, coral, mollusk remains and various
ship-borne objects together to form hard and dense
coagulum of different sizes and types.

BRI R

Display of coagulum

KA==MY A TH R F
BRESNOR I TR, (IR SRR SRR EE
The three-dimensional laser scanning technology is used
for accurately scanning the size of the entire coagulum
especially the size of the uneven bottom and then
modeling. The base was made based on the model for
display of coagulum.
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Marine porcelain and coagulum

BEF =R

Display based on three-dimensional laser scanning

EEEEYPRIBR L

Desalination of coagulum

ZFRIEFEDT, AREREYEEMAERIER SSUL
%, XRENREETKZ BB T BRI
H, IR RENRIRBFY BEIREME, BT
FERBHRSTENSMNZ . SURBEINRRIR. B
fBiR. RIEEIRFESRINEDEEIR, LIRERER.
RAEBFISREYPHITEAERE, HRASBF
WENEUREBRFNSBFaE. AT ARY
BB S IEE, BRERTNaB FRERERE
100 ppm LAR, BHEEARR LISERT -

It can be seen through Raman spectroscopy that the

mineral on the surface of and inside of coagulum is o | s

ammonium chloride. The coagulum was buried in the i | i

seabed sediment for a long time before discovered - [

and excavated, and a large number of ammonium o 3

ions in the sediment diffused into the coagulum, so :“ 1

the white mineral formed on the surface is mainly bt |

ammonium chloride. The mineral can accelerate local E " -

corrosion such as pitting corrosion, stress corrosion, 2 "

intergranular corrosion and crevice corrosion, which o A

must be removed. The deionized water is used for cyclic o _" 2

spraying desalination of the coagulum, and the content - LW x

of chloride ions in the desalting solution is detected with Lol ~al . it g " E
a chloride ion meter. The chloride ion concentration in L . u i

the spray solution was kept stably below 100 ppm after il T, I I

the cyclic spraying desalination of ten months, and thus L —- T — —— — I,&_. s o .
the coagulum can be basically preserved stably. e 8 T

EEMERETENAZEREEHS (NH,Cl) BZERIRIEEE
Optical image and Raman spectrum of a large amount of white minerals (NH,Cl) precipitated on
the surface of coagulum
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Cyclic spraying and desalination of coagulum Chloride ion concentration change in the spraying solution of coagulum
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Stone

AR K75 HkK, 9671 JEK, BRI 28 K
FH R 315 B, 315 ER

BEPLPY2e 206 2 04 K9801 S FEli £

FhA 2N EEYIBGER (T2G2) (005963, 005962 )

Stone Armor and Helmet

The Qin Dynasty

Stone Armor: Length 75 cm, Width 71 cm, Length at
shoulder 28 cm;

Stone Helmet: Width at bottom 31.5 cm, Height 31.5 cm
Excavated from Accessory Pit No.K9801 of Emperor
Qinshihuang’s Mausoleum in Xi’an City, Shaanxi Province
Collection of Emperor Qinshihuang’s Mausoleum Site
Museum (No. T2G2) (No. 005963, No. 005962)

BRER . PHR . BRKEE N, R R DR O
Pk, CRIAL - 25 1050 ) iC8a B HHHITE T 2. 1998 4,
FEZR IR S5 B 1K R 200 SRAL A — JBEREZRGTA H ok
BAVARER, RENRESR, (AHABTEAN P ER
H AR S BRI = 25

HEEE I RHR G A T K AAT 5, B D ER B K
BEREAE N A R, A D RAE RN ME
B ERA R ORRLL, X SR RS R AT S TR
R BERREL, ToHl. T2, BRSO T HEYNE,
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H+AF  When excavated

EHZ&  Armor

I2EVE  After extraction

#3Fe  Being spliced

The armors and helmets were mainly made of leather
in the Shang and Western Zhou Dynasty, the Spring
and Autumn Period and the Warring States Period. The
leather armor workmanship is recorded in the Rites of
Zhou - Kaogong Ji. In 1998, a large number of stone armors
were excavated in a accessory pit 200 meters southeast of the
Emperor Qinshihuang’s Mausoleum, which can fill the gap
in the development of ancient Chinese armors and helmets
with authentic artifacts of the Qin Dynasty despite funerary
objects.

Most pieces of this armor are made of blue-gray stones, a
small part of which are turned into white stones after burned
in the fire and another small part of which are repaired. As
the simulation of leather armors, these well-made stone
armors and helmets provide important material evidence for
study on the types, shapes, craftsmanship and specifications

of armors and helmets of the Qin Dynasty.
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On-site extraction

EER, ARKEGR. BRTE, IZFEFRNERLXZS
SRR, RIBREFIRIIEEEEXR, EEHEEIHX
FREBIRI. DEDFRINETERE, ARHITHIT . K.
B, W2 EH. MR, Hir. SEREERKY.

The stone armor was severely damaged and delaminated when
excavated, and most of the metal wires that pierced the pieces
were rusted and damaged. According to the preservation status
and the overlap relationship, the conservators spliced, bonded,
cleaned, completed, reproduced, archaized, coated and
restored the stone armor at the archaeological excavation site in
different methods such as box extraction and layered and sliced
extraction until they were displayed.

SR

Bronze stitches

B A EAFLIREERAT, AR N EHER 8T 0.3—0.5
ERAmIRLRETR, FSEE, T2BE. NAEHMET
SHETNSEEMNE, WasHhRZENSHE-REHITHAR
SERSHRENER 6% LENIBSHE, PR .

According to the diameter of the holes on the armor pieces,
the stone armor of exquisite shape and workmanship should
be braided by flat copper wires with a diameter of no more
than 0.3-0.5 cm. The bronze stitches between the stone armor
pieces were studied with the scanning electron microscope and
the metallurgical microscope, and it is shown that the tin bronze
stitches were formed by hot forging with the tin content of about
6%.
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SiAE4%  Bronze stitches

arEi

Place of origin of stone materials

BEIROIIAE, SIEXHRBNAR AT REARE, &
WERESS), 18 L‘:F' X5&RETEERNAMEERIT.,
RIEEEF AR LTRSS o, REBdbdblLFFRmsk,
IESE (SR ) & “Ritluza” B9sE.

According to the analysis of materials, these armors and
helmets were made of blue-gray limestone with fine and uniform
texture and moderate hardness, which is quite different from the
stones on the south side of Emperor Qinshihuang’s Mausoleum.
According to petrography and comparative analysis of rare earth
elements, the materials of these armors and helmets should
be mined from Beishan Mountain in the Weibei region, which
confirms the statement of “carrying the stones from Beishan
Mountain” in the Historical Records.
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Leather

BUIEZAK

ez

TEHITE 190 JEA, 4K 124 JHK

PSR I R BN /R 220 M3 HE

DS B PR ER i B TR (2014XZYM3(GN)-151 )

Leather Coat with Fur Collar

The Northern Wei Dynasty

Total length of two sleeves 190 cm, Coat length 124 cm
Excavated from Cemetery No.M3 near Yihe Naoer,
Zhengxiangbai Banner, Inner Mongolia

Collection of Xilingol League Museum (No. 2014XZYM3
(GN)-151)

SO T NS B YA DX B PR A TR 2 A
IRFE, HALAEBE NS ALBHIR 2 AL, A i
BRI, A H RTE [ N AR 2 P e fi AL F
JeBEE. IRtk SRR, MR, s
SR N R, IXALILBLIN I H I S T 2
HA YIRS RO 0, (HRR S8 AT Rl
VLA I R 2200 2 i 5P, PEE. RIS
S —EMIR BRIR, B L DORAETR .

The cemetery is located near Yihe Naoer, Zhengxiangbai

ERBGREIXMENTEE

Banner, Xilin Gol League, Inner Mongolia Autonomous
Schematic diagram of the layers of textile artifacts in the coffin

Region, north to Liuzhen (six towns) along the Great Wall of
the Northern Wei Dynasty. Surrounded by a typical grassland
landform environment, it is the cemetery of the Northern Wei
Dynasty of the northernmost latitude discovered currently in
China. The tombs are arranged in an orderly and concentrated
manner with high specifications. According to the structure

of the tombs and the excavated artifacts, this aristocratic

family cemetery of the Northern Wei Dynasty has distinct the ethnic group established certain commercial ties with or
cultural characteristics of Xianbei minority, but some of the migrated from Central Asia, West Asia and Eurasian Steppes
artifacts also have exotic characteristics, which indicates that via the Prairie Silk Road.
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2013 £, X M3 BEFTHERUIEE R, AN A —R
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In 2013, Cemetery No.M3 was cleaned up for salvage.
There was a corpse wrapped in yellow silk in the wooden
coffin, and sachets, leather coat with fur collar, leather
boots, felts, leather pants and other textiles were excavated
as the precious physical materials for study on the Prairie
Silk Road, the frontier history and the ethnic relations of the
Northern Wei Dynasty. This cemetery is one of the major

discoveries in Chinese frontier archaeology in recent years.
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Softening of leather
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Schematic diagram of aging and softening of leather artifacts
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Leather artifacts were affected by many factors in the
burial environment. The elastin fibers and collagen fibers
were severely deformed due to the thermal oxidative
aging and the loss of water and lipid molecules that
play a lubrication role inside the leather, which resulted
in narrower spacing between collagen fibers and larger
friction between collagen fiber bundles. The collagen
fibers became thin, short and entangled with each
other and lack of flexibility, and thus they were hard and
cracked in appearance.

The leather coat with fur collar was softened by the
agent with lanolin, castor oil and derivatives as the
main components. The leather coat is shaped fully with
soft texture after a series of techniques were adopted
including information extraction, material identification,
disease evaluation, sample testing, moisture regain,
cleaning, softening, leveling and restoration.

PRREF4E

Collagen fibers

RIRERASF

Collagen molecule
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L PG BRI AT TG Sk (M1, M8031) i

Lacquer wares in alcoves

The Western Zhou Dynasty
Excavated from Dahekou Cemetery No.M1 and M8031
of the Western Zhou Dynasty in Yicheng County, Shanxi

Province
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Wood

The Dahekou Cemetery is located in Dahekou Village,
Longhua Town, Yicheng County, Linfen City, Shanxi
Province. It is a princedom cemetery of the Western Zhou
Dynasty dating from the early Western Zhou Dynasty to the
early Spring and Autumn Period. According to the inscriptions
on numerous bronzes excavated from this cemetery, the
national name of the owner is “Ba” and the owner’s ethnic
group may be part of the Beidi descents. A total of more than
25,000 artifacts were excavated from more than 2,200 tombs
in an area of more than 40,000 m” from 2009 to 2016. It is
another princedom cemetery of the Western Zhou Dynasty
excavated fully following the cemetery of the Peng State
of the Western Zhou Dynasty in Hengshui Town, Jiang
County, Shanxi Province, which is of great significance to
the promotion of archaeological research of the Western
Zhou Dynasty and study on princedom in southern Shanxi
Province.

A large number of lacquer wares were stored in the alcoves
of Dahekou Cemetery (No.M1 and M8031). The lacquer
artifacts are basically recognizable in shape after excavation
and cleaning, which are beautifully decorated and inlaid with
mother-of-pearls. Most of them are precious ritual lacquer
artifacts, and are important physical materials of lacquer
wares of the Western Zhou Dynasty excavated in the northern
region. Given the fragility of the excavated lacquered wood
artifacts and the limitation on conservation conditions of the
archacological site, the alcoves of cemetery were relocated
indoors as a whole, and the lacquer wares in No.8031
alcove were cleaned up and preserved effectively in the
comprehensive treatment method combined with PEG400-
B60A-MH, which is of great significance in improving the
subsequent stability treatment of the fragile lacquered wood

artifacts excavated in Northern China.
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K5 M8031 4E 2 22 No.2 north alcove of Dahekou Cemetery M8031

45T M8031 FEE¥52  West alcove of Dahekou Cemetery M8031

RIFERIERZ RS

The restored lacquer artifacts in the alcoves

XA M1 B 8 iBIEigiE
Cleaning process of No.8 alcoves of Dahekou Cemetery M1 K00 M8031 FB¥32  South alcoves of Dahekou Cemetery M8031
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Consolidation and conservation of lacquered
wood artifacts in arid areas
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A large number of lacquer artifacts have been excavated
after archaeological excavations nationwide for the
past few years. They can basically be divided into
two types based on the state of preservation: water-
saturated lacquer artifacts excavated in the humid
areas in Southern China and water-unsaturated lacquer
artifacts excavated in the arid areas in Northern China.
It is very difficult to preserve lacquer artifacts in an
arid environment, so the lacquer artifacts are mostly
excavated in Southern China, and rarely excavated and
well-preserved in Northern China.

The lacquered wood artifacts excavated from the
alcoves of cemetery were poorly preserved after buried
for more than three thousand years. The wooden part
has been completely eroded into soil. Only the patent
leather was preserved, tightly attached to and supported
by the surrounding soil mass. However, the soil mass is
relatively loose in structure, and there are also cavities
in some areas, which results in unstable structure of
the patent leather and the surrounding soil mass. In
addition, the lacquer film is very sensitive to changes
in the external environment, and may be warped and
peeled off if he environment is not controlled properly.

DNERIF

Consolidation and conservation
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The consolidation of lacquer film

INEI AR

The consolidation of soil
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P F T Be (M1 2 52 6-2)

i
KTO M1 HEEAZ (BK6-2) REFRE
Jin and its Restoration images (an article for placing wine
containers) (BK6-2) excavated from Dahekou Cemetery M1

Lacquer Jin from the Tomb of Dahekou

The Western Zhou Dynasty

Length 44 cm, Width 17 cm, Height 19 cm
Excavated from Dahekou Cemetery No.M1 of the Western
Zhou Dynasty in Yicheng County, Shanxi Province

Collection of Institute of Archaeology of Shanxi Province
(No. M1: % 6-2)

EME  Front view

FRE  Top view

RE  Side view
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FME  Front view
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Mother-of-pearl lacquer artifacts
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The inlay of mother-of-pearls is decorative workmanship.
The lacquer artifacts inlaid with clam decorations are
generally called mother-of-pearl lacquer wares, which
are formed after inlaid with cut, tailored and polished
clam decorations. They can be traced back to the Xia
Dynasty, with the name of “clam artifacts” in the Shang
and Zhou Dynasties. It is recorded in the Shuo Wen Jie
Zi that clams refer to a category of freshwater mussels.
According to the annotation of Zheng Xuan, clams
refer to those large freshwater mussels. There were
special officials responsible for administration of clams
in the Zhou Dynasty. The inlay workmanship of mother-
of-pearls was on the decline and revived in the Tang

JEERE  Bottom view

Dynasty. The lacquer wares decorated with clams were
called mother-of-pearl lacquer artifacts no later than the
Tang Dynasty.

The mother-of-pearl lacquer artifacts were mostly
made in the late Shang Dynasty and the Western Zhou
Dynasty, and mainly excavated from the large tombs
within the kingdom then, including the emperor’s tomb
of Xibeigang in the ruins of ancient capital of the late
Shang Dynasty in Anyang City, Henan Province, the
cemetery of the Yan State in the Western Zhou Dynasty
in Liulihe Town, Beijing, the horse and chariot pits of the
Western Zhou Dynasty inside the Forestry Vocational
College of Henan University of Science and Technology
in Luoyang City, Henan Province, and the cemetery
of the Wei State in the Western Zhou Dynasty in Xin
Village, Jun County, Henan Province. The excavated
mother-of-pearl lacquer artifacts mainly include food
and wine containers and sacrificial vessels such as dou
(an ancient food container), lei (an ancient urn-shaped
wooden wine-vessel), square yi (a wine container),
tables, zu (an ancient sacrificial utensil or vessel) and jin
(an article for placing wine containers).

The typical artifacts such as dou (an ancient food
container), jin (an article for placing wine containers) and
zu (an ancient sacrificial utensil or vessel) are selected
for study on the restoration of mother-of-pearl lacquer
wares from the Western Zhou Dynasty in Dahekou
Village. It is shown that the lacquered wood artifacts
excavated from the alcoves of Cemetery No.M1 have
the patterns composed of colored paintings and clam
decorations. They were most painted in red after inlaid
with clam decorations.

FARE  Top view

FARE  Top view FRE  Side view

:

:

EWE  Front view HE  Back view

XiaO M1 HEiEAE (BK11-1) RERE
Restoration images of Zu (an ancient sacrificial utensil or vessel) (BK11-1)
excavated from Dahekou Cemetery M1

X0 M1 HEEwAE (BK3-1) REFEE
Restoration images of Dou (an ancient food container) (BK3-1)
excavated from Dahekou Cemetery M1
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Lacquer bed

The Warring States Period

Length c. 3.25 m, Width c. 1.5 m, Height c. 1.8 m

Excavated from the Commercial Street Boat-coffin Cemetery
of the Warring States Period in Chengdu City, Sichuan
Province

Collection of Chengdu Institute of Archaeology

fEtE  Boat coffin

B RRORTES

The status of the lacquer bed when excavated
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The boat coffin was opened

The Commercial Street Boat-coffin Cemetery of the early
Warring States Period (4th century BC) was excavated in
Chengdu City from August 2000 to January 2001, with
hundreds of exquisite lacquer artifacts and the largest boat-
coffin excavated. According to the tomb shape and funerary
objects, it is speculated that the Commercial Street Boat-
coffin Cemetery most likely belong to the imperial family or
even the monarch’s family of the Kaiming Reign of the Shu
State, providing extremely important physical materials for
study on ancient civilization of the Shu State.

The production of lacquer artifacts in Chengdu was
well developed very early. A large number of exquisite
lacquer artifacts from the early Western Han Dynasty were

excavated in Mawangdui Tombs in Changsha in the 1970s,

PAn=7

FGRE (—H)
A group of three-dimensional renderings of the lacquer bed

the imprinted inscriptions on which indicate that they were
produced in Chengdu. The large-scale lacquer artifacts such
as the lacquer bed excavated from the boat-coffin show
that the lacquer ware manufacturing technology of the
Shu State was already well developed in the early Warring
States Period at the latest and could even be comparable to
that of the Chu State in the same period. When excavated,
the lacquer bed had 45 components mainly scattered in the
No.2 coffin with partial components robbed, saturated with
water and rotten with fragile structure. The earliest, best
preserved and most complex lacquer bed discovered so far
has been restored after a series of treatments of cleaning and
disinfection, consolidation and dehydration, and drying and

shaping.
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Structural diagram of the lacquer bed
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Structure of lacquer bed
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The lacquer bed was disassembled and placed in the
coffin during the burial and then damaged by tomb
robbers, and thus registered as unknown artifact
components when excavated. Finally, it was creatively
identified from the scattered components, assembled
and restored successfully in the multi-disciplinary
research method after dehydrated.

The restored lacquer bed consists of 45 components,
with the largest one 3.2 m long and the smallest about
26.5 cm. All components are connected by mortise and
tenon joints to ensure that the lacquer bed is firm. One
end of the bed is slightly upturned. There is a bed tent
frame in the shape of gabled roof on the bed body. The
lacquer bed is coated with a black primer. The two ends
and side panels of the bed are painted with red and
ocher patterns of dragons and panchi (a type of dragon
in ancient Chinese myth) looking back. Judged from the
shape and decoration, the lacquer bed of high grade
was probably an artifact used by the monarch or his
family in the ancient Shu State.

RIREY 45 N EEBMEF
45 components of the lacquer bed
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Exquisite decorations
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Dehydration with composite glyoxal

BIKKRERRZIBA 40% N2 —BEHKERF, T2
B\DFrREsEHANARE, BEFRNSIER, &
TR FRERBREN, RS FREE, mEB
AR, D FHHEERIT A RMNEE, MEEM
fEEE b, HIGKEMTRBUKTIRG, R EMELEHE
EARBERESRT LU ERIFIISHEEARR, #158F
TRAWGE, BNETFZEESSFRIEX, BF5
BMBUKERIARRR ST .

The water-logged lacquered wood artifact is soaked in
the aqueous solution with 40% glyoxal. After the small
glyoxal molecules penetrate into the wooden body, an
initiator is added to facilitate polymerization of the small
glyoxal molecules to form a molecular chain structure.
Then a cross-linking agent is added to transform the
molecular chain structure into the spatial network
structure which is attached to the cell wall. When the
water-logged artifact is completely dehydrated and
dried, the spatial network structure can play a good role
of support and shaping inside the wooden body, so that
the artifact will not deform or shrink. It is also not easy
for glyoxal to be precipitated out of the lacquered wood
artifact due to larger molecular weight.

lerpisid

Shrinkage distortion
i
\
ZHEFARBIR =R
Destruction of three- Maintenance of three-
dimensional structure dimensional shape

%, 2,
YRR RSB AALS S o, "ons, 5
Loose structure of water- 5‘0/(/ f,
logged wood artifacts

REREG
In-situ
polymerization

_--*

T REBIKSIE MIEBERR L HEIREEHE)
Infiltration of glyoxal monome Chain structure formed by

EEZBEEUKRAREE

internal monomers

Schematic diagram of dehydration technique with composite glyoxal

130

EMEER S HFIEE
Spatial network structure and
mechanical enhancement

AN E 1]

e

K2 22-34 JHK, G 0.7-0.8 JHK,
B4 0.1 JHK
BEREE I E M3 i+

BRSO T SEhE . R TR
Medical bamboo slips

The Han Dynasty

Length c. 22-34 cm, Width 0.7-0.8 cm, Thickness c. 0.1 cm
Excavated from Laoguanshan Tomb No.M3 of the Han
Dynasty in Chengdu City, Sichuan Province

Collection of Chengdu Institute of Archaeology and Chengdu

Museum

2012 4% 7 H, (T e XR gL (S HIEFR
“EEWT ) MR 3 SEGE T T H, RN R,
B EZEE R SO SR, B S FEAEAN PEI
5 AN, IR, 2R R B A
B BT BRSSO 600 R, MR,
FE=S 2 T —REHIERE RIVBORZIK AT 970 AL
R

bfan i)
When excavated

Bamboo

In July 2012, four ancient tombs were discovered at
the construction site (locally known as Laoguanshan) of
Metro Line No.3 in Tianhui Town, Jinniu District, Chengdu
City, Sichuan Province. After survey on the shapes and the
excavated artifacts, it is confirmed that they are the tombs
from the Period of the Emperors Jing and Wu in the Western
Han Dynasty. More than 600 artifacts of various materials
were excavated after excavation for salvage, including
lacquered, wooden, ceramic, copper, iron, silver, bamboo
and jade artifacts, especially a well-made lacquered figurine
with meridians and more than 970 medical bamboo slips

excavated from Tomb No.3.

INERREA
The lacquered figurine with meridians excavated from
Han Tomb
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These bamboo slips were layered, damaged and decayed
with indecipherable handwritings when excavated due to
long-term water-logged burial. After extracted as a whole and
removed to the laboratory, they were recorded scientifically
in terms of placement and stacking through the digital
image processing technology. About 20,000 characters are
decipherable after decolorization, reshaping, dehydration and
collating, including content of six types of medical books and
one category of legal instrument. There are several bamboo
slips with the characters of “Bi Xi Yue” (“a person named
Bi Xi said,”), and “Bi Xi” refers to the famous traditional
Chinese medical doctor “Bian Que”. Therefore, some of the
medical bamboo slips are considered to be lost classics of the
Bian Que School of Traditional Chinese Medicine (TCM)

and also a major discovery in the history of the development
of TCM.

EEWXEER

Medical bamboo slips from Laoguanshan Tomb of the
Han Dynasty

ERFE, TEU=SXEFLEMER, palaEh (b -
E2) (bxB - FE) CaRTRIFHE) () (FIR
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s EE ERBRERTF . XHEBTT, BE0I2HN, BiEK2.
BB R AERAMTES, & ‘L. @, (9. 107 [2;
BISREREL, RILEHEWERBT. JemSHPERESaI
REHAYTIIE BICIAENKRY, &+ kS HUBKRYE T RISIE
BREEIN, BBETCHRNESD, FIaT - TMsEER
7 BERLAEFNERES, BHEAR, XEEHES,
FO—ENERLNE, BaEHERS, EEMINGEFRIER
SREAENOE, IABESER. 4 E. L. BB B8
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The Chinese characters of “Bi Xi”

There are six types of medical bamboo slips in the Laoguanshan
Tomb No.3 of the Han Dynasty after the characters are
decipherable, namely Mai Shu - Shang Jing, Mai Shu - Xia
Jing, Treatment of Sixty Diseases and Qi Tang Method, Ci Shu,
Ni Shun Wu Se Mai Zang Yan Jing Shen and Medical Book
on Horse Diseases, all of which may be written by the famous
traditional Chinese medical doctor Bian Que and his disciples in
the Warring States Period. These medical bamboo slips are
focused on the following aspects: 1) diagnosis, including
pulse diagnosis, skin color diagnosis, and diagnosis based on
symptoms and signs, as well as the four diagnostic methods
of TCM (inspection, listening and smelling, inquiry and pulse-
taking); 2) diseases, including confirmation of diseases paying
attention to the cause and pathogenesis and combining
disease differentiation and dialectics; 3) meridians, including
circulation of twelve pulses and identification of pulse and
symptoms; 4) moxibustion and acupuncture, including
acupuncture prescriptions for dozens of symptoms; 5) medical
prescriptions, including nearly 100 prescriptions and a large
number of compound prescriptions to reflect certain prescription
rules. There are many treatment methods including various
external therapies for internal medicine, surgical, gynecological,
paediatric, ENT and orthopedic diseases. There is also a
medical book on horse diseases, which is the first veterinary

~

literature excavated in China.

The theory of meridians and acupoints is an important part of
TCM theory and the core theory of acupuncture and clinical
practice. A lacquered figurine with meridians was also excavated
from the same tomb, which was well-made with the lacquer as
bright as new and the proportions of each part as appropriate
as possible. Dozens of red and white lines on the body surface
pass through the limbs, torso and head as the reflection of the
meridian system on the body surface. There are also more than
a hundred clearly visible acupoints and many inscriptions. The
lacquered figurine with meridians and the medical bamboo slips
have extremely important medical value, providing a strong
basis for understanding the origin and evolution of the human
body meridians and exploring the formation of the early meridian
acupoint theory.

IRKTTERYER

Reshaping of water-logged bamboo slips

B TTETEERE, JURBREEERNFEDREET
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fREafS  After decolorization

fii7KfE  After dehydration

H\l

The excavated water-logged bamboo slips can be swollen
and reshaped with surfactants and alkaloids after dried and
deformed. The alkaloids can recover the dried and shrunk
bamboo slips to a certain extent by swelling the cellulose.
The swollen bamboo slips are basically restored to the overall
dimensions before dried and shrunk, and the microscopic
appearance has not changed significantly. The dried and shrunk
bamboo slips and their fibers are swollen and reshaped with
sophoridine solution, and the dried and shrunk void structure
inside the bamboo slips can be restored, so that the strokes of
written characters on the bamboo slips can be stretched without
damage to the handwriting.

KRB E

Decolorization of water-logged bamboo slips

BT Fe’ ESHITAEREENEERR—, FLER
NWEZIERRSE F™ WRERBIRENFERN .. F3318
NERELERARERE, FITELFPHRAE™, RAEZ
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NEEE T EEAN SR RBESYEENELRNEER
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FHIEE, NMAZERERER .. EXFEdRIREIRIE,
BIIEF IR 1SEEME A .

Fe* is one of the main factors for discoloration of bamboo and
wood slips, so the decolorizing material is mainly designed to
chemically react with the dark deterioration products containing
Fe™. In order to address the black surface color of the water-
logged bamboo slips and the indecipherable handwriting, the
sodium dithionite decolorization technology is adopted. On
one hand, the sodium dithionite can effectively reduce the iron-
containing complex of dark color formed after the bamboo
and wood slips are excavated into the colorless group before
excavated. On the other hand, sodium dithionite can greatly
reduce the content of iron ions in bamboo and wood slips,
thereby achieving decolorization. The handwriting is clearly
decipherable by the naked eyes and clear pictures can also be
obtained by photography.

(127 N WEET:N) IS

Dehydration of water-saturated bamboo slips

IR RN E, BATIRRNEMREIRBMOE, KA
EAZTERIKEAR. JB2 - +7BEFIUKER, HIEK7T
BRIk oW ELR, HMARKEENBR. FRKESEI
HEERINTE 3% LI, NFBEXNEERS, BRKETENF
AN, ERTKIER FEERFIIREE.

Given the water-logged bamboo slips may be damaged after
dried naturally due to severe deterioration, the composite
glyoxal dehydration technology and the ethanol-hexadecanol
filling dehydration technology are used for replacing the water in
the water-logged bamboo slips, thereby achieving dehydration
and shaping. The shrinkage rates in all directions are within 3%
after dehydration, the mechanical strength is greatly improved,
and the handwriting on the dehydrated bamboo slips is clearly
visible with good stability in case of temperature and humidity
fluctuations.
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Folding Fan of Gold-scattered Paper with
Painted Landscape

The Qing Dynasty, the Emperor Qianlong Period

Total length 29.5 mm, Maximum opening width 19 mm,
15 backbones

Collection of Nanjing Museum (No.7:9082)

TRERAT i OARBON :58, LRI REFE N Tk
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SeRElk, (RIT R IEHE R AR S

KEKIEETIR
Cutters for Mounting Restoration
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This folding fan is of gold-scattered paper with painted
landscape, and is assorted to the Second Grade of National
Cultural Heritage, and its landscape was drawn by Yongrong,
the sixth son of Qianlong Emperor (Qing Dynasty).
Before the restoration, the paper of the fan surface is
fragile, paintings are incomplete, some local part is broken
into pieces, and it has some smoky stains. The thin fan
framework is severely damaged. As for the joint part of the
folding fan, the bamboo framework is separated from wood.
Thin frameworks are rotten and incomplete, and they have
irregular horizontal and vertical fractures. This restoration is
done in accordance with the Cultural Heritage Restoration
Rules, at the same time, challenges the past fan-surface
emphasized and fan-framework neglected practice, the fan-
surface and fan-framework are both restored during this
practice. During the folding fan restoration, not only the
traditional restoration techniques are adopted, but also the
craftsmanship of bamboo crafts is used for reference, the

integrity of folding fan is retained to the maximum extent,

thus the concept of restoration for the folding fan is realized.

KHREETR
Tools for Mounting Restoration

$£m  Calligraphy 7K@ Landscape

Before restoration

k

EA=Cl

HiEmE  Calligraphy 7K@ Landscape

{EEJE After restoration
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Restoration of joint fan backbone

TREERXEETETEEES, ITEA ‘6887
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BATE, WETHMRE TINTEIREEE

In this case, the biggest difficulty is the restoration of the
folding fan’s backbone. As a kind of “joint backbone”,
the folding fan’s backbones are manufactured by jointing
the ebony and bamboo. Due to the severely breakage
and deterioration, the techniques of restoration are
based on the specific characteristics of the backbones.
Corresponding to the different damage degree of each
backbone, older bamboos are utilized and some unique
methods such as “surface filling, backbone surface

n oo«

strengthen”,
structure”, “sticking by gelatin paper” are adopted
to recreate the rotten or incomplete upper part and
backbones. Consequently, the folding fan is restored
and the original mounting shape is retained during the

entire restoration process.

reinforcing by the tenon and mortise

1BEfE After restoration
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Before restoration

Fan backbones
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H+AF When excavated

=i Coffin pall (Huang Wei)

77

Silk

Coffin Pall with Jin-silk and Embroidery
(Huang Wei)

The Western Han Dynasty

Huang: Length: c. 243 cm, Width: c. 98 cm;

Wei (part of coffin pall with thirty-nine pieces spliced,:
Length of each piece: ¢. 210 cm, Width of each piece: c. 46-
50 cm;

Yuan (edge): Width: c. 28 cm, Length: c. 1800 cm
Excavated from Xiejiagiao Tomb No.1 of the Han Dynasty

in Jingzhou City, Hubei Province

Collection of at Jingzhou Museum

BEE After peeled and unfolded
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{&8h  Under restoration

1BEfE After restoration
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In 2007, 153 textile artifacts were excavated from
Xiejiagiao Tomb No.1 of the Han Dynasty in Jingzhou City,
Hubei Province after salvage excavations, including a four-
layered exquisite pall, 32 pouches of different sizes and
functions, and other silk artifacts. According to the excavated
list of funerary objects, Xiejiaqiao Tomb No. 1 dated to the
Western Han Dynasty is rare in the tombs of the same period
in terms of good preservation, special shape and exquisite
artifacts. It is another important archaeological discovery
of textile artifacts after Mashan Tomb No. 1 of the Warring
States Period in Jingzhou.

Pall No. 3 is the third layer of the four-layered pall with
the largest area of nearly 45 square meters and the three-
dimensional shape is a rectangular table. The pall was
subjected to serious disease such as decay, incompleteness,
wrinkles and pollution due to the large area, long-term
underground burial, immersion in the groundwater and
environmental erosion, which is extremely unfavorable to
the preservation of the pall. Therefore, it is conserved after
peeled and unfolded, cleaned, microbial reinforcement,

spliced and restored with needle and thread.

Huang Wei (coffin pall)

TR AL X RmEIRIES, ERENHETER
RmfEZY, EFEAAE, BREBDEEE S AEPELT
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EEMME, MEHR. " (Bl XE - 8A) BT “F
FEEUEE , MNFEZ S, BEMMmIUE, R, EENE
FHESMIINFE. ” JHRENRE RIS ERiE =M
E—RRIEAVRD, =SRBNEANENSIUTLEE, .
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A coffin pall was made of silk and other textiles as a common
coffin decoration in the Western and Eastern Zhou Dynasties.
Most of the palls were rarely preserved completely and
discovered during archaeological excavations due to the long-
term burial. The pall excavated from Xiejiagiao Tomb of the Han
Dynasty has filled a gap in the history of Chinese archaeology.
The coffin pall, also called “Qiang Liu”, was often recorded in
the pre-Qin historical books such as the Rites of Zhou, the
Etiquette and Ceremonial, and the Classic of Rites. “A pall is
designed to decorate the coffin...” noted by Zheng Xuan in the

WS HS AR

e

Fona (e ) 33,5 EDK, 98 19 JBDK, 1 18.5 DK,
Zeafi: 9629 0.5 K, K2 246 JEK;

Ly G2 0.6 JHK, 24 124.5 JEK

BT £ 10,9 JEK, B8 4.7 JEK;

FHE: 5.7%1.4 JEK

KRZH . K 20.2 JEkK

HA I I

Hr A IR (02489, 15554, 15555, 11687,
11696, 11698)

Reed Box with Jin-silk and Embroidery

The Han Dynasty

Reed box (with lid): Length 33.5 cm, Width 19 cm, Height
18.5 cm

Silk ribbons: Width ¢. 0.5 cm, Length c. 246 cm;

Silk ribbons: Width c. 0.6 cm, Length c. 124.5 cm;
Winding plate: Length 10.9 cm, Width 4.7 cm;

Cylinder for needle: length 5.7cm, diameter 1.4cm
Wooden spool: Length 20.2 cm

Excavated from Mozuizi Tomb of the Han Dynasty in

Etiquette and Ceremonial -+ Jixi Li. According to his notes in the
Rites of Zhou -« Tian Gong * Feng Ren, a pall is designed to
imitate the curtains in the living room of the deceased before
death. The edge of Pall No. 3 is the brocade with geometric
patterns of a pair of beasts and birds, and the other two parts
(Huang and Wei) are the silk embroidered with clouds which
are called “Wenxiu”. Meanwhile, the pall can also play the role
of decorating the path during funerals. For example, Zheng
Xuan noted in the Funeral Ceremony, “The coffin decoration
can decorate the path to prevent the crowd from abhoring the
deceased.”

ToRE L2 BRI EYIINE TS %

Microbial consolidation for flimsy silk

—MBAAME. BEBRTENETeELANEDNFRE, H
TERIBEF B E D RS EROMBBRIRIINERTIEN
B, PR BERRITRE W AR ST LT 4%
£, NmARIDIETRE4£BNE .

A biochemical method with Lactobacillus and Acetobacter aceti
is adopted for strengthening flimsy silk. Lactobacillus is used
for decomposing keratinized substances of silk into sugars
and organic acids and Acetobacter aceti is used for converting
these metabolites into cellulose to attach to silk fibers, in order to
strengthen fimsy silk.

Wuwei, Gansu Province
Collection of Gansu Provincial Museum (No. 02489, 15554,
15555, 11687, 11696, 11698)
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The reed box with jin-silk and embroiderg was excavated
from Mozuizi Tomb No.22 of A Couple in Wuwei City.
It consists of a box body and a lid. The straw box was
located on the top of the coffin when excavated and filled
with two ribbons, one wooden spool, one winding plate
and one gold foil, which not only truly reflects its function
and purpose, but also shows to a certain extent that Wuwei
was an important town in Hexi plain region and the traffic
channel between China and the West along the Silk Road
and there were diverse textile technologies and cultures. It is
the clear proof that the ribbons characterized by the typical
technology of the Central Plains and the gold foil conforming
to the aesthetic orientation of the Hexi people existed
simultaneously.

The box is a rectangular parallelepiped knitted with reed
and wrapped with silk fabric. The centers of the four sides are
decorated with rectangular silk embroidery. The red silk is
embroidered with chain stitches to form a cloud-like pattern.
The embroidery technique is excellent with blue, green and
white threads, but most of the blue thread has fallen off. The
red silk is surrounded by yellow jin-silk with white hook
pattern. The fading silk fabrics have been damaged, cracked,
decayed, discolored warped and curled to different degrees
due to long-term burial. In order to maximize the beauty of
the jin-silk patterns, the thin and transparent repair material

of crepe silk yarn is selected for surface sealing.

EERREEFEERE (SFK)
The reed box with jin-silk and embroidery after restoration
(lid and box body)
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g (380)

Before restoration (local image)

5% Silk ribbon

gEHR  Winding plate AKREAH  Wooden spool

RS RE BB EIRE
Restoration image of embroidery pattern Restoration image of jin-silk pattern
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Thin and transparent repair material - Crepeline

L2 R—IEBILLY), HiERhREL, Wik
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FEmE LB ERDN, RPALDEERE, B
SEMCREIRT, BHSSESEEmTIE,

Crepeline silk yarn is a kind of thin and transparent silk
fabric with mulberry silk as raw material. The yarn is
1/13/15D in fineness, and the 1/1 plain weave fabric is
292x255 yarns/10 cm in warp and weft density, 0.098
mm in thickness, 82.56% in drape coefficient and 2.455
uN + m in bending stiffness. The crepeline covers the
surface of the fragile and decayed silk fabrics, not only
fully protecting the silk fabrics but also clearly displaying
them without impact on their appearance. The severely
decayed silk on the reed box with jin-silk and embroidery
is coated and restored with crepe silk yarns to increase
the overall strength of the reed box and make the
blanket stitch pattern clearly distinguishable.

WEFR
Double-layer twill knitting
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The floral geometric patterns and the geometric patterns
are well-made in the double-layer diagonal knitting
method, which are elegant in color and delicate in
patterns.

Twill knitting is a very primitive technique that is used
widely. The ribbons excavated from the Qianshanyang
Ruins in Wuxing District, Huzhou City, Zhejiang Province
were made in the plain twill knitting method. The
double-layer twill weaves began to become popular
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Restoration image of woven ribbon pattern
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Double-layer twill knitting technique

in the Chu State during the Warring States Period. A
variety of double-layer twill weaves were excavated
from Mawangdui Tomb No. 1 of the Han Dynasty in
Changsha City, Hunan Province. The most famous is the
“Qianjin Tao” (a kind of gold silk braid). The double-layer
twill weaves began to appear in Xinjiang during the Han
and Jin Dynasties. The largest one discovered so far is
the red and blue silk headscarf with diamond patterns
excavated from Tomb No. 3 of Niya Cemetery No. 1.
The complicated knitting technique was eliminated
gradually since the Han Dynasty, and replaced by a
simple structure of colorful silk threads and gorgeous
effects.

The double-layer twill knitting has unique characteristics
of the Central Plains. As the Silk Road was opened,
the twill knitting technique or twill weaves were spread
to the areas along the way. It can be inferred that with
the further communication and exchange, people of
the Western Regions far away from the Central Plains
gradually understood the principle of double-layer twill
knitting and the ingenuity of knitting techniques. The silk
was changed to wool, and the knitting was changed to
weaving, which enlightened the production of unique
double-layer woolen fabrics such as the red fabric robe
with patterns of humans, beasts and trees excavated
from Yingpan Tomb No. 15.
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Oblique twisting knitting technique
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Unline Brown-purple Luo Gauze Robe with Borders of
Stamped Gold and Painted Motifs

The Southern Song Dynasty

Length of clothing 73 cm, Total length of two sleeves 138
cm, Height of collar 7 cm, Width of lower hem 51 cm
Excavated from the Tomb of Huang Sheng of the Southern
Song Dynasty in Fuzhou City, Fujian Province

Collection of China National Silk Museum (No.0084)
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In 1975, 436 funerary objects were excavated from the
Tomb of Huang Sheng of the Southern Song Dynasty in
Fuzhou City, Fujian Province, of which 354 are clothing
and silk fabrics. The clothing was complete in shape and
rich in fabric variety. The exquisite decorative techniques
such as powdered gold coating, gold printing, gilding,
colored painting and embroidery provide precious physical
materials for study on the history of clothing, silk art, textile
technology and foreign exchanges during the Southern Song
Dynasty.

The unline brown-purple luo gauze robe with borders of
stamped gold and painted motifs with thin and light texture
was buried underground for nearly 800 years. It lost basic
mechanical strength after soaked in the groundwater for
a long time, eroded by corpse decomposition products,
bacteria and other microorganisms and decayed severely.
The grafting consolidation technology based on silk peptide-
amino acid for fragile silk is used for re-linking the silk fiber
peptide chains that have been broken due to aging, in order

to increase the breaking strength and flexibility of fibers.

1&Ea1 Before restoration

& Under restoration
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The grafting consolidation technology based on
silk peptide-amino acid for fragile silk fabrics
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With the new concept of homologous consolidation, the
conservators effectively graft and consolidate the fragile
silk fabrics at the molecular level with the help of silk
peptide (the hydrolyzed product of silk protein), amino
acid (the basic unit of silk structure) and cross-link agent,
which greatly improves the strength of the fragile silk
fabrics without any adverse effect on the performance
of silk fabrics. The consolidation materials (silk protein
and amino acids) and the objects to be consolidated
(fragile silk fabrics) generally have homology and affinity,
which not only conforms to the relevant principles in
the conservation of cultural heritage, but also avoids
the aging of materials in other polymer consolidation
methods and the impact on the safety of cultural
heritage.

After the fragile silk fabric was consolidated, the tensile
breaking strength has increased from 2.0 N to more
than 10 N (the tensile breaking strength of the standard
sample), the elongation at break has increased from
2.5% to more than 6.5% (the elongation at break of
the standard sample), the change in color difference
is below Class 2 of the national standard gray sample
card (no change observed by naked eyes), the change
in moisture regain is within the scope of +0.5%, and the
anti-aging properties have been improved greatly.
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1BEJE After restoration
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Unline brown-purple luo gauze robe with borders of stamped gold and painted motifs
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Schematic diagram of silk protein consolidation

#bE  Leno
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The commodity economy was extremely developed in
the Northern and Southern Song Dynasties. Leno was
the most typical popular variety in the textile industry. It
dominated absolutely in the silk artifacts excavated from
the Tomb of Huang Sheng. It is light and transparent in
texture. As said by Lu You in his poem, “The clothing
made of leno really feels like clouds and mist.” It is
extremely difficult to weave leno as a systematic
project. All processes must be completed extremely
finely including reeling, doubling, twisting, wefting and

EN%& Gold stamphg
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Gold stamphg is a traditional Chinese technique and a
product of the development of fine gold manufacturing
technology. It means to paste and print a unique metallic
luster with gold and silver powder and foils, and includes
powdered gold coating, gold sprinkling, gilding, etc. The
gold-stamped textiles discovered through archeology
mainly came from the northwestern region from the
Eastern Han Dynasty to the Wei and Jin Dynasties.
This may be because the gilded clothing did not
conform to the aesthetic customs of the Central Plains,
which was also recorded in the Records of the Three
Kingdoms - Book of Wei. Bergman discovered three
gilded textiles from Xiaohe Tomb No. 6 of the Eastern
Han Dynasty at the beginning of the last century. Later
the Swedish Sylvan concluded that this technique might
originate in China. The most important discovery is the
gilded placket and gilded silky felt boots excavated from
Tomb No. 15 of Yingpan Cemetery of the Han and Jin
Dynasties in Xinjiang in 1995. The unline brown-purple
luo gauze robe with borders of stamped gold and painted
motifs is decorated with gold stamping manufacturing
technology and dazzling and gorgeous patterns.
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The organizational structure of the unline brown-purple luo gauze robe with borders of
stamped gold and painted motifs

weaving, which reflects to a certain degree that the
entire technological system of sericulture, reeling and
silk weaving had been fully developed then in Fujian.

ENERiniein
Gold-stampted and painted motifs

TM-1000_0058 ¥1.2k 50 um

FEBETUREINE
Gold observed by SEM
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B B ( G00198966 )

Painted Wallpaper (7ie luo) Featuring Landscape by
Jiang Maode

The Qing Dynasty, the Emperor Qianlong Period

Height 446 cm, Width 282 cm

Originally stored at Qianlong Garden in the Palace Museum
Collection of the Palace Museum (No.G00198966)

Before restoration
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Painted Wallpaper (7ie luo) Featuring Landscape by Jiang
Maode was ink and color on silk and collected at the imperial
palace of the Qing Dynasty. This Tie luo was originally
designed for the inner decoration of the Belvedere of Viewing
Achievements (Fuwang ge) in the Forbidden City, and pasted
on the south wall of the west room in the first floor. Fuwang
ge was built in the thirty-seventh year (1772) of the Qianlong
reign (1736—-1795) of the Qing dynasty (1644—1911). The
painter Jiang Maode was active in the Period of the Emperors
Qianlong and Jiaqing with many master pieces and adept at
paintings of landscapes, pavilions and characters. According
to the photo by transmission light, it shows the lining
and backing paper consist of small pieces of paper. This
represents mounting characteristics of such master 7ie luo by
the imperial workshops. Now the Tie /uo has been properly
restored by the Department of Conservation Science of the
Palace Museum to its original gorgeous appearance with

buildings looming between mountains and clouds.

BABRUIKENGE

Tie luo of ink and green color on silk

BRBRUIKENGE

Tie luo of ink and green color on silk

1BEJE After restoration
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Disease identification

ERTBII Z RGN, RIS =4S,
FHERAEMET AR, ESMEENRERTPRE.
The Tie luo was observed and taken photograph under
multi-angle before conservation in order to acquire the
three-dimensional model, the preservation status of
which was also investigated under transmission light.

EZAERS ZHRESREMEEF, BENERE
MSEERIREIRS . TEFERE. AR L. s
The state of the Tie luo before conservation is visually
displayed in the three-dimensional model. The Tie luo
was mainly subjected to diseases such as folds, cracks,
incompleteness and fractures.

BB RIEIZIGE SRR ELTE MBS
=, FEISHEGRMSEHERT, FREREN
RIBFFHES UGB RER . HEEFTSEEERYE
ERPRIRI TR . WESRENBEMESRKRE, LUR
IEEFREMNEM IS . b, IBEEERE
BAREE, ARG E SR TERENER
B, LUCRINEERIE .

Through the transmission light, penetrating diseases in
the folds of the Tie luo and different layers of backing
paper can be found. The sizes and splicing of the
different layers of lining and backing paper were
different. The mounting paper of the Tie luo was studied
under the transmission light during conservation.
Mulberry paper is pasted around the backing paper
to ensure that it is firmly attached to the wallpaper. In
addition, there are three inscriptions on the back of the

backing paper which were pasted when the backing
paper was replaced or thickened in different periods in
order to record the location of the Tie luo.

LLiEab e ¥Rt 7o
Distribution of mineral
pigments in the mountains

YRR
Splicing of backing paper

1EE RIS = R B R — 4D

iR
Splicing point of linking paper ( &p4% )

[HESHESS

Incompleteness of silk

Lack of penetration

EREE LLKENGE =4 (AMRE
Three-dimensional model of the painted wallpaper (Tie luo) featuring landscape by Jiang Maode

BREELLXE SR
Painted wallpaper (Tie luo) featuring landscape by Jiang Maode under transmission light
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Materials and techniques

W REAREILIKE, LFEIE 282 EXNESZ
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The Tie luo is an ink and colored painting, and drawn on
silk with width of 282 cm. Lining paper and two layers of
backing paper are on the back of the silk layer, they are
Xuan paper, bamboo paper and mulberry paper.

SR ARSI RRE
Schematic diagram of the basic structure of the Tie luo

ARURETHER SR
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F—EERMRERAZR
The microscopic morphology of lining paper The microscopic morphology of the
(Xuan paper) first layer of backing paper (Bamboo fiber)

[EIEEI=
Layer of painting silk

k=
Layer of lining paper
(#nk)

B—EER (114)
The first layer of backing
paper (bamboo paper)

ETEER (REE)
The second layer of backing
paper (mulberry paper)

FE_EBRREEHASR
The microscopic morphology of the second layer
of backing paper (Mulberry fiber)

NTHREREBLKENSEFRRIGE, FEREN
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[RENERFBERTHA.

In order to study the materials and techniques of the
painting, the Macro X-ray fluorescence scanning(MA-
XRF) and fiber optics reflectance spectroscopy (FORS)
are used for analyzing the distribution of elements and
the types of pigments. It can be seen that the painter
drew the mountains with copper-containing minerals
(malachite), and outlined the trees and mountains with
iron-containing (ocher) which was also used for blurring
the picture background.

EREELIKESERER
Part of the painted wallpaper (Tie luo) feasuring landscape by Jiang Maode

Cu tx=mE 2%

Distribution of Cu element

Fe sTEER

Distribution of Fe element
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The infrared imaging technology is used for observing
the draft line of the Tie luo in the near-infrared light.
When drawing huge Tie luo, the painter used ink lines to
outline the rocks, pavilions and trees, and blurred them.
The traces of the painter’s local modifications can also
be seen under infrared light.

When observing the details of the Tie luo by multi-spectral
imaging, the difference between 675 nm and 950 nm
images indicates that indigo was used for the light leaves
drawing. As a contrast the dark leaves was mainly
painted by carbon black. The technical interpretation is
that Indigo has weaker adsorption at 950 nm than that
in visual light range such as 675 nm.

RELERNGEES R

Materials for large-scale Tie luo restoration
HRFINER, WERABZORAHAR, EEE
EFFEEE—MEEI R BSEH TIRRTIIE .. AT
THEREINEM IR, SRR, R
BHTIEISEYS . GREEIREREFIRIUSCIOER, A8
HARSEERENEHER S ERRATELRENK,
EPrMEEISIET, BUAREMERSHNK, B
RIFEOER, BUSEBAER.

The silk net of the Tie luo has become brittle and
cracked in the preservation environment. It is necessary
to choose a suitable material to consolidate the silk. In
order to evaluate the effect of different materials, Shuiyou
paper (7K i 4% ), artical fiber paper and cotton paper
were selected for experiments. Based on its physical
properties and experiment results, it was considered
that the combined use of artical fiber paper and a
paste of appropriate concentration was more suitable
for restoration. The artical fiber paper was cut into nine
large squares, which were overlapped and brushed on
the surface of the painting during the restoration.
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950 nm Elf& 950 nm Image

BIEE LLXENGE LI LR E
Infrared imaging map of the painted wallpaper (Tie luo) BIUSEENR  Visible Light Image
featuring landscape by Jiang Maode

(EFRARINEIS A=

Consolidation of the silk net of the Tie luo scroll with artical fiber paper
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Robe with Dragon Pattern and Chinese Character “Fo”

The Qing Dynasty, the Emperor Guangxu Period

Length of robe 132 cm, Total length of two sleeves 193 cm
Excavated from the Mausoleum of Empress Dowager CiXi
Collection of Administration Department of Cultural Relics
in The Eastern Mausolea of Qing Dynasty (No. 75 1377)
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The Eastern Mausolea of the Qing Dynasty is a large-
scale, complete and well-preserved imperial cemetery of the
Qing Dynasty in China. In 1909, the Empress Dowager Cixi
was buried in the Dingdong Mausolea which was robbed by
Sun Dianying in 1928 and cleaned up by the Administration
Department of Cultural Relics in Eastern Mausolea of
the Qing Dynasty in 1979. In 1984, the National Cultural
Herutage Administration assigned experts to sort out the
artifacts in the coffin of the Empress Dowager Cixi.

The robe with dragon pattern and Chinese character “Fo”
is the outermost garment worn by the Empress Dowager Cixi
when buried. This robe is opened in the front with a round
collar and the main sleeves are inlaid with middle sleeves
of azurite color and horseshoe-shaped ends. The body of the
robe of twill silk is decorated with patterns of nine dragons
on several positions and patterns of 31 golden Chinese
characters of “Fo”. The collar and sleeves are also decorated

with patterns of dragons and small Chinese characters of

EIRAFHYhIETFSHRFRE (1E5h)
Robe with dragon pattern and Chinese character “Fo”

“Fo”. The pearls on the patterns of Chinese characters of
“Fo” have been lost. The front and back sides of the robe
are embroidered with the patterns of “Shi Er Zhang” (twelve
patterns with profound connotations) which can only be used

in the emperor’s dragon robe.
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Restoration with support fabric by sewing

ENZIAERRPNRIEEE R, EEEIEFRA
BAINE, BNEASHESE SKNISEERVI LMD IE
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Support fabric was used dunhg restoration given the
preservation status and deterioration characteristics of
the dragon robe, that is, the modern fabrics similar in
style to the textile artifacts to be restored are selected as
the support fabric lined below the damaged parts, and
the textile artifacts were sewn correspondingly with the
support fabric to maximize the restoration of its shape.

yiZid)

Dragon robe
Btk
Support fabric

BWNERSE
Schematic diagram of reinforcement of support fabric

HIREARRETFSHFIRE (1EERF)
Robe with dragon pattern and Chinese character “Fo” (after restoration)
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Pattern of the moon: the white rabbit pounding
medicinal herbs in the circle represents the month;

e, BTEE

Pattern of Fu (a black and blue pattern) means to

uphold justice and reject evil;

B, FRES

Pattern of algae represents cleanliness;
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The stars represent the ligh;

By, BfHR=E5HEH
Pattern of the sun: the three-legged gold crow in the
circle represents the sun;
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Pattern of Fu (an axe-shaped pattern) means to act
decisively.

R, ARCENEENE

Zongyi (a wine vessel for sacrifice in the ancestral

temple) represents loyalty and filial piety or mighty wit;

EIRASAYRIEFSHFIREN+Z

The “shierzhang” (twelve patterns with profound connotations) of the robe with dragon pattern and Chinese character “Fo”
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The three-legged gold crow in the circle represents the sun;

The white rabbit pounding medicinal herbs in the circle represents the month;

The stars represent the light;

The mountains represent calmness and prudence;

Dragon represents changes;

Huachong (the five-colored worm recorded in the ancient literature) represents colorful and gorgeous connotation;
Zongyi (a wine vessel for sacrifice in the ancestral temple) represents loyalty and filial piety or mighty wit;
Algae represent cleanliness;

Fire represents the light;

Fenmi (the pattern of “ 2K ” shape) represents the connotation of nourishing;

Fu (a black and blue pattern) means to uphold justice and reject evil;

Fu (an axe-shaped pattern) means to act decisively.

gy, aEfeE
Pattern of mountains represents caimness and
prudence;

i, HERTW
Pattern of dragon represents changes;

R, KERORLEW

Huachong (the five-colored worm recorded in the
ancient literature) represents colorful and gorgeous
connotation;
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Pattern of fire represents the light; Fenmi (the pattern of “ 2K ” shape) represents the

connotation of nourishing; The Chinese character of “Fo” embroidered with gold thread
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Restoration and Reproduction

China is a country full of creative power. With a long history and full range of categories,
China’s traditional handicrafts embody the spirit and wisdom of ancient craftsmen. They are
an important part of the fine traditional Chinese culture and play a special role in inheriting the
lifeblood of the Chinese culture and maintaining the national spirit. Traditional crafts like chariot
making, polychrome pottery firing and silk weaving and dyeing used to be high-tech in history,
which contributed a lot to the formation and progress of civilization.

Cultural heritage are records of the history of a nation, which are of rich technological,
scientific and artistic connotations. Through interdisciplinary studies of archaeology, material
science, arts and crafts, and history of science and technology, we seek to understand more
about our traditional crafts, and based on that, we aim to recover a relatively complete ancient

technology system and let them shine bright again as before.
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Production Process Research of Chariots Excavated from
No.16 Tomb in Majiayuan Cemetery, Gansu, Late Warring

States Period

TR kS E 5 R SE i M16-2 5 4 (2T )
360 JHDR, 95 296 JHDK, 7 180 JHK
Hl& S LK

Chariot M16-2 of the Warring States Period at the
Majiayuan Cemetery, Gansu (replica)

Length 360 cm, width 296 cm, height 180 cm
Collection of Gansu Provincial Institute of Cultural Relics

and Archaeology
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It was recorded in the Rites of Zhou: Book of Diverse
Crafts that “among all the crafts, chariot making is the most
outstanding”. Since 2006, a large number of chariots have
been excavated at the Majiayuan Cemetery of the Warring
States Period, which are valuable materials for studying
the development and evolution of ancient Chinese chariots,

replicating and reproducing them.
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SFEMREE
Sketch design of the replica

Based on field archaeological excavation, object
dissection, cultural heritage conservation, comprehensive
information extraction, technological detection and analysis,
digital simulation and replication, traditional craft study,
replication and reproduction and the combination of display
and utilization, efforts have been made to fully excavate
the cultural, historical, scientific and technological as well
as artistic value of ancient Chinese chariots and thus build
a complete craft system for ancient chariot replication and

reproduction.

M16-2 SZEHLRIEPIRR

The condition when Chariot M16-2 was excavated

EEe

EMTes Ornament on the right
Ornament on the left axle head axle head
ZFhARERESIR A
Disassembly photo of chariot bottom
M16-2 SZERIZERIRER
Bottom of Chariot M16-2
161



DL GZIF L 1 M16-2 S ZENAFFERT 5, X453
CLH R POR T R GO SR, *H RS EE
AR A S0 e R RS AT AR B 5 Rt e O BRI ]
K B, SLIR SRR AR AT SO R ME S FIA
T2H . il WA =577, XA ki
HIZERIEH] . 4k, 26, R RS, BaTs s
SHF R TIC ARG MR AR RIAY . iR
BRI AGIERIRNSE . g OB T
CEIMTEETS: B SRR ST R B R
BAUE I, T ARE AT AR, &1,
HIESERE T ZREREM L, HETZE, A RsEk
M16-2 SHHIEH,

With Chariot M16-2 excavated from Majiayuan
Cemetery as the research object, efforts have been made
to systematically organize and study the archaeological
materials about the chariots excavated at local places
and untangle the origin and early development of ancient
chariots; conduct site dissection and cast on chariot remains,
laboratory-based fine excavation and cultural heritage
conservation and restoration; record the chariot’s shape,
structure, ornaments, the sizes and connecting way of its
components by artificial drawing, HD photographing,
3D scanning and other methods; conduct comprehensive

study on the types, composition, formation and decoration
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techniques of the wood of the remaining wooden bodies,
surface lacquer materials, metal components and ornaments;
realize digital simulation and replication of chariots by
3D modeling technology and conduct mechanics property
analysis; restore Chariot M16-2 according to the original
process and materials based on survey of traditional crafts

like woodworking, metalworking and chariot making.

BEEREHIEE

lllustration of the structure of the replica of chariot

(ELILERS JITLRERASIILRSIILLRRTTL EROT] 0]
1}

WERE]  Design sketch of final assembly
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Chariot making by ancestors

o, EAmi. BB B RERNEREESEMN.
FF—IRmZE, TS ITMIMETAL, W (EXP « R
T) = —HRMEINEERS . AAEE, BE
RIEMRE, WEBEEIEITHTISETRIT, BEFEK
NEFEWHAIRAR. RONRIMETEITE; EOR, B35
BARENLTZER, 5ITHF, BEANMETHIZERAD
BT TIEFERAY BAT . TEFERIER B
N SEEREREAETIEN . &1 R TR
BB, SIRXEAVAM. EHENL. HimdieT
WERTIEIME, AR, BoSem/E, TS
DNEFRSE, STRZEEREN; &iE, RRITTHRER
BRI, TRENNAKRERIEA.

An ancient chariot was basically composed of the axle,
shaft, carriage, wheel hub, horizontal drawbar and
yoke, which required multiple crafts in cooperation to
make, as said in the Book of the Later Han: Records
on Clothing. Before making it, ancient craftsmen would
first design its structure and ornaments to determine the
shape, size and ornamentation of the body and main
components; then they would specify the technical
standards and requirements, craftsmen specialized in
different components would then select and prepare
the materials, design and process them and ornament
each part of the chariot separately, and they would also
communicate and cooperate with each other during the
processing and ornamentation of relevant components;
after these separate parts were finished, they would be
assembled, consolidated and examined, and the major
structure of chariot was finished; at last, the overall
ornamentation would be done as designed and the
finished chariot would be put into service after quality
inspection.

ZEEUEFD Wheel assembly

164

SRHRE
Sketch design of the replica

ZEERZH
Chariot shapes and structures
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Chariots buried in the Majiayuan Cemetery were all
single-shaft and two-wheeled, the ornamentation
levels of which depended on the grades of tombs. So
far, totally more than 50 have been discovered, which
can be classified into five categories according to their
shapes and structures. The first category includes the

chariots with filleted corners, rectangular carriages,
tall breast boards and no earrings, all of which were
decorated with complicated ornaments and were
mostly discovered in large tombs. The second category
includes the chariots with filleted corners, rectangular
carriages, earrings and no breast boards. The third
category includes the chariots with filleted corners,
rectangular carriages, high crossbars, no breast boards
and no earrings. The fourth category includes the
chariots with oval carriages, no breast boards and no
earrings. The fifth category includes the chariots with
filleted corners, square carriages, low breast boards and
no earrings. The chariots of the first category were all
decorated with complicate ornaments and discovered
in large tombs, those of the second, third and fourth
categories were only coated with lacquer, while those
of the fifth category were rough chariots without any
ornament.
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Restored images of various categories of chariots
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Replicated firing of ornamental beads
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Based on the systematic study on the faience, Han
blue, Han purple, white lead beads and lead-barium
glass materials excavated in Majiayuan Cemetery,
archaeologists revealed for the first time the technical
integration phenomenon of high-potassium and lead-
parium materials, the two kinds of silicate glass materials
in the middle and late Warring States Period. As the
analogues of Egyptian blue, Han blue and Han purple
have long been studied around artificial simulation and
production. However, due to limited archaeological
discoveries, previous simulation experiments by Chinese
and foreign scholars all focused on synthetic pigments
rather than the final objects (vessels or beads), and
were mostly carried out at a high temperature according
to ideal stoichiometric ratio supplemented by a small
amount of borax or lead as the flux. Such results were
far from the actual situation (composition, form, firing
temperature, etc.) of such kind of beads excavated in
Majiayuan, and there was no report on the simulation of
white lead.
By analyzing the chemical composition, microstructure
and the ratio of lead and strontium isotopes of the Han
blue, Han purple and white lead beads excavated in the
Majiayuan Cemetery, and using the results of foreign
scholars’ simulation and preparation of Egyptian blue
vessels and beads, domestic scholars managed to
replicate the feasible firing technology, and replicated
and fired a large number of beads efficiently by using
a secondary firing technique at a low temperature and
with ultra-high flux (lead).
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The replica of ornamental beads (Chariot M14)
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Color Reconstruction of Terracotta Excavated

from Pit of Qinshihuang’s Mausoleum,

Shaanxi, Qin Dynasty
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Reconstructed Polychrome Standing Terracotta
Figure of a General

Height 196 cm
Collection of Emperor Qinshihuang’s Mausoleum Site

Museum
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The terracotta warriors were basically shaped by hand.
First of all, the craftsmen made the clay statue from the
bottom up combining molding and hand-making while the
latter was the main approach. After drying in the shade, they
were fired in a kiln, and then smoothed first after taken out
of the kiln and cooled down, then painted with raw lacquer,
which was not only used as the base layer, but also for color
generation. The raw lacquer layer of the amour, bun, crown

and shoes were not painted with pigments, so as to directly

FARBINE TR
Reconstructed polychrome standing terracotta figure of a general (replica)
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Polychromy

represent the smoothness and luster of the raw lacquer
membrane. For areas needing polychromy, pigments were
well blended and smeared on the raw lacquer layer. Pigments
mainly contain red cinnabar, blue azurite, green malachite,
bone white (hydroxyapatite), and Chinese Purple (barium
copper silicate). Local details were further painted or shaded
to restore the colors.

Techniques used for making terracotta warriors included
molding, layering, pinching, pasting, carving and painting,
so as to show the artistic effect like the torso, mass, shape,
expression, color and quality, indicating that China’s
traditional sculpture techniques were already formed at that
time, which had a far-reaching influence on sculptures of

later ages.

Fg13EE Source of the pottery clay
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BrEEmE
Profile map of the figure’s body

Pottery figures excavated from Emperor Qinshihuang’s
Mausoleum covered a wide variety, including the army,
figures of performing arts, warriors carrying weapons
and grooms, which totaled more than 10,000 pieces. It
required a large amount of clay to make these life-size
pottery figurines, but the source of the clay remained
unknown.

In ancient times, most of the clay used for pottery
making was made from local materials. It is traditionally
believed that the clay for making the terracotta warriors
and horses was taken from nearby areas, but there isn’t
a final conclusion yet since no traces of large-scale earth
excavation have been found near the mausoleum. After
collecting different soil samples around the mausoleum
and replicating the making technique and process,
scholars found that neither the pure loess nor the heilu
soil and brown red soil developed from loess, nor the
backfill of the pits, could be made into torsos of the
figures due to their strength, hardness and adhesion,
and the composition of these soils didn’t fit much with
that of the pottery shards. After repeated experiments,
scholars found that only the heilu soil and brown red
soil collected from the stratum of the Qin Dynasty, after
prefabrication and being mixed with a certain proportion
of sand, could reach the standard of making the torsos,
and the composition of pottery figures made of them
was the closest to that of the original pottery figuries.
The construction of Emperor Qinshihuang’s Mausoleum
was an act of state that was organized and planned very
strictly. To make so many pottery figures, there must be
unified procedures for soil excavation, prefabrication,
storage and production. The research on the source of
clay is a national project and the research scope should
be expanded.
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Molding of the terracotta warriors
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Color reconstruction
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Realism is a unique artistic style of the terracotta
warriors. Study on color reconstruction of the figures
indicates that Qin army had no military uniforms and
soldiers could wear clothes of different colors as they
liked. The colors were bright in strong contrast, mainly
including green, purple, red and blue, where green was
the dominant color, followed by purple, red and then
blue. White was relatively less used, and yellow and
black was rarely seen. The reconstructed polychrome
standing terracotta figure of a general is also bright-
colored. It wears a colorful scale armor, which has a
white background and painted with geometric patterns
in red, green and purple. There is a flower painted with
patterns in scarlet and pink green tied by the armor
strips respectively on its shoulders, chest and back.
Mineral pigments like cinnabar, ochre, azurite, malachite,
Chinese purple and bone white gave different colors to
the terracotta warriors, among which white lead, red
lead and Chinese purple were considered artificial.

According to the observation of the excavated pottery
shards, there were roughly two steps to make a
terracotta warrior. First step was to make the figure’s
torso and second was to embellish details. Artisans
used mud to make a rough cast which was molded
from bottom to top in sections. The feet were on the
foot plate which was molded in a square pattern.
Sometimes the foot plate and the figure were made and
fired separately and then glued together. Sometimes
they were made together, that is, the feet were molded
thereupon while the foot plate was made, followed by
legs and the torso. The torso was hollow inside, and
other parts were attached to it based on the base plate
of the torso. There were two ways for the molding. The
first one was that the body was made by winding strips
of clay upwards. The second one was that the body
was divided into two sections bounded by the waist,
which were made separately and glued together. The
head and hands were made separately and attached to
the torso after it was finished. After all these processes,
a rough cast was shaped, and then the details were
carved to give them different clothing, gestures and
facial expressions and make them seem real.
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Restoration of Pattern Loom of Han Dynasty and Reproduction of
Jin-silk with Characters “Wu Xing Chu Dong Fang Li Zhong Guo

(Ch 2 W2 A R E)”
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Reconstruction of Hook-shaft Pattern Loom with
Sliding Frame Excavated from the Han Dynasty
Tomb in Laoguanshan, Chengdu (Replica)

Length 470 cm, Width 120 cm, Height 280 cm

Jin-silk for an Arm Protector Interspersed with the
Characters “Wu Xing Chu Dong Fang Li Zhong
Guo” (Replica)

Length 18.5 cm, Width 12.5 cm

Jin-silk Interspersed with the Characters “Wu
Xing Chu Dong Fang Li Zhong Guo” (Replica)
Length 200 cm, Width 50 cm

Collection of China National Silk Museum
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Traditional looms and weaving techniques were an

important component of ancient China’s technologies. In
2012, four loom models along with accompanying artifacts
were excavated from he Laoguanshan Han Dynasty Tomb
in Chengdu. To date, these miniature looms are the only
complete pattern loom models from the Western Han
Dynasty. The model of pattern loom excavated from he
Laoguanshan Han Dynasty Tomb filled the void in the
Chinese and even world scientific and technological histories,
having the undoubtedly high academic value.

Silk was the driving force for the opening of the Silk
Road, and a large quantity of silk fabrics from the Han and
Tang Dynasties have been excavated along the Silk Road.
The Niya Ruins is an inland desert-oasis settlement site on
the southern edge of the Tarim Basin during the Han and Jin

Dynasties, the site of Jingjue State recorded in Book of Han:

CRENER
Reconstruction of pattern loom of the Han
Dynasty
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Traditions of the Western Regions. In 1995, jin-silk for an
arm protector interspersed with the charaters “Wu Xing Chu
Dong Fang Li Zhong Guo” was excavated in a tomb (M8:15)
of Niya Ruins in Xinjiang, which, though with a small mass,
was known as one of China’s top textile archaeological
discoveries in the 20th century. It is the Han jin-silk with the
highest warp density and most difficult to weave ever known
today.

In 2018, based on the four loom models excavated at the
Laoguanshan Han Dynasty Tomb in Chengdu, jin-silk for
an arm protector interspersed with the charaters “Wu Xing
Chu Dong Fang Li Zhong Guo” was reproduced using the
weaving technology of such multi-heddle loom, which
completely restored the pattern loom of the Han Dynasty and
its pattern weaving technique system, namely the “Han jin-

silk woven by Han pattern loom”.

-
e | ™

N
"l

MEBENER T EHREIR B AHARNSR, X
ZHITEERFNREINLG, HRANERIXAIREN
AOLEHY, MR T IR —EZARGE, HIF
3D ERES, g1 6 HtLHIERMEEIBA/NER
BRIFRRAIRN .

ERRYANIEE

Reconstruction of one of the Laoguanshan looms by 3D Modeling method
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Loom models (being excavated)

Four loom models were found in the north compartment
of the bottom chamber of Tomb M2 of the Laoguanshan
Han Dynasty tomb in Chengdu, among which the
biggest one is about 50 cm tall, 70 cm long and 20
cm wide, and the smaller three ones were all about
45 cm tall, 60 cm long and 15 cm wide. These loom
models were all made of bamboo with a complicated
and exquisite structure. They were all well-preserved,
with some silk threads and pigments left on some
parts. It is also the first time to date that Western Han
loom models have been discovered in China. There
were also 15 painted wooden figurines either standing
or sitting around these looms. According to their
gestures and inscriptions on them, they were guessed
to be weavers in charge of different procedures of the
weaving process. The north compartment of M2 should
be a scenario simulation of a Sichuan jin-silk weaving
workshop in the Han Dynasty.

With the above mentioned loom models and relevant
artefacts as the research objects, scholars comprehensively
and systematically organized and surveyed them,
studied and replicated the structure of Han Dynasty
pattern looms, solved some relevant academic disputes,
made a 3D display system and replicated two large
operable pattern looms of original size at a ratio of 1:6.
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Loom models (after restoration)
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Power transmission diagram of sliding frames and connecting rods
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Jin-silk for an arm protector interspersed with the
charaters “Wu Xing Chu Dong Fang Li Zhong
Guo”
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The pattern is organized in a network of cloud scrolls
that extend horizontally in the weft direction. Progressing
from right to left are two birds, an animal with a single
horn, and a tiger, interspersed with the characters “Wu
Xing Chu Dong Fang Li Zhong Guo (The Five Planets
will appear in the east)”. Next to the inscription, there are
two circular dots representing two of the Five Planets.
Technical analysis: 1:4 warp-faced compound plain
weave; background in blue, pattern in yellow, white,
green, and red; warp count: 220/cm; weft count: 24/
cm; pattern repeat in the warp direction: 7.4cm i.e. 84
inner wefts.
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Jin-silk interspersed with the charaters “Wu Xing
Chu Dong Fang Li Zhong Guo”

RA1: 4 ABFUER, BEALIEI8ERAE
A, IRHEL—HAE 10470 1R225s, SEENE 84 1RES
%, XMEWRELIRERE CASEXEHN 220 1RE
%, XEEAIANNEEEEREANLRE.

BYERER, JUBRSERBUIRSIEBER, G5
MELHRE . BALRRRES. MASTR, HER
BHEX “hERFRSHPEkRRETNRRETESXT
W o RPLUL. & B, & OOBEXEHE, £F
TEAENEMESRELE AEFARNEEF L
HAE, SXERTREEX. (Lic - XEB) +9t
B ‘BEpXRZ4, RFFEHD, FEF- " ACH.

‘RENFEAAGE" RIFE

Jin-silk for an arm protector interspersed with the charaters “Wu Xing Chu Dong

Fang Li Zhong Guo”
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Image of the Reconstructed
pattern

177



This is a piece of five-colored jin-silk in 1:4 plain weaves.
It is about 48 cm wide, with a total of 10,470 silk
threads and the pattern repeat in the weft direction has
84 wefts, which means that there are 220 warps in each
centimeter within the width of the jin-silk. This is the jin-
silk with the highest warp density ever found.

After pattern reconstruction, we can see that the overall
framework of the pattern is in the shape of a mountain
and spreads out in the weft direction. Starting from
the right side, there are birds, unicorns and tigers
successively, accompanied with inscription “Five Stars
Rise in the East, Benefit Central Kingdom (China), Put
Down South Qiang, Conquer rude tribes, subjugate
Chanyu and Be Eternal with Heaven (A2 H &5 F) 9
EikraTUERREFFESEX LM )". Warps of such five
colors as red, yellow, blue, green and white are used
to weave the pattern, on which there are five dots in
different colors to represent the five stars. The phase
“Five Stars” used in astrology was related to the “Five
Elements” theory in the Han Dynasty. In the Records
of the Grand Historian: Astronomy, there was a similar
phrase that “if the five stars meet in the east side of
the sky, it will be beneficial to the Central Kingdom
(China)”. Such kind of jin-silk first appeared in the late
Western Han Dynasty and became popular from the
middle and late Eastern Han Dynasty until the Wei and
Jin Dynasties. A lot of such jin-silk have been excavated
in Loulan and Niya along the Silk Road, which are
commonly known as Han jin-silk, among which the top-
grade ones that contain five colors are specially called
the “five-colored cloud jin-silk ”.

The most important part in the whole restoration
process is the pattern technology. The so-called pattern
technology is a kind of warp shedding technology.
Though common plain weaves also need shedding,
there are only two kinds of regular sheds in the whole
weaving process, while it will be very complicated and
difficult to operate and remember in case of complicated
and patterned silk fabrics. So such complicate shedding
information must be stored by various pattern devices
installed on the looms, so that they can be reused.
This is similar to computer programs today that all the
operations can be repeated after being programmed.
In the Chinese phase “shen ji miao suan (###1W& ), if
the character “ji (#1)” refers to the loom, then “suan (&)”
should be the pattern program.
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The reconstructed jin-silk interspersed with the charaters “Wu Xing Chu Dong Fang Li Zhong Guo”
and detailed of the pattern
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Preventive Conservation

Environment is one of the major reasons for the damage and deterioration of museum
collections. The main goal of preventive conservation is to reduce the deterioration rate and
carry out comprehensive prevention and control on various risks through environmental control,
that is, to take precautions before it is too late. This is similar to the disease treatment concept
of “preventive treatment of disease” (prevention before disease onset, prevention of disease
from exacerbating and prevention of recurrence) in Huangdi Neijing.

Preventive conservation based on risk management is the trend of development in the
field of international cultural heritage conservation, and museum collection conservation
has been transformed from the traditional “rescue” conservation to modern “preventive”
conservation. At present, breakthroughs have been made in preventive conservation studies
of museum collection in China, the preventive conservation concept of “stable and clean”, has
been formed, and the new-type plant-derived disinfectant that is environment-friendly and
efficient has been developed. In the field of cultural heritage conservation equipment, which
is an important material support for cultural relic work, cultural heritage-related science and
technology has been integrated with dedicated conservation equipment, and the systematic
solution with Chinese characteristics serves as an important guarantee for the sustainability of

cultural heritage.
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Risk management
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The risk management of cultural heritage is mainly
composed of three parts, as risk identification, risk
assessment and heritage prevention and control.

Since cultural heritage face various risks, the task of risk
identification is to identify the primary risks threatening
the safety of cultural heritage from the complicated
environment, and comprehensively recognize the
risk factors influencing the safety of cultural heritage,
such as cultural heritage body risk, man-made risk,
environmental risk, etc.

Risk assessment means to comprehensively evaluate
the possibility of risk and the severity level of damage,
and objectively assess the risk level and the conservation
environment for each cultural relic, so as to provide
evidences for risk decision.

Risk prevention and control means to prevent and
control the risks threatening cultural heritage, and
formulate suitable countermeasures and methods
according to the risk assessment program in order to
eliminate or reduce the possibility of risk and reduce
the damage to cultural heritage under the occurrence
of risk. Risk prevention and control for cultural heritage
includes building the risk early warning mechanism,
forming the risk emergency plans, etc.
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Focusing on public service demand, museums enable a high degree of interaction
between the public and museum collections in the form of multi-dimensional
interaction, where the public can get involved anywhere. At the same time,
museum building is also an important aspect of the preventive conservation,
which mainly involves researches on museum site selection, functional layout,
thermal insulation and energy conservation of building materials, and earthquake
proof. It is also an important technical monitoring method to learn about the real-
time situation of the museum by applying IT means such as monitoring and early
warning, information transmission, monitoring data analysis and trans-department
information communication in museum areas, as well as data fusion platform and
fire risk management and control system, and analyzing visitors’ portraits, real-time
passenger flow and personnel behaviors.

Preventive conservation of cultural heritage based on risk management, in
combination with technological detection, IoT and big data prediction technology,
forms the current “intelligent conservation” which features the deep integration
of “cultural heritage + science and technology”, and aims at building a complete
museum intelligent ecosystem to integrate collections, exhibits, storage rooms,
exhibition halls and visitors as an organic whole. By making full use of intelligent
sensing technology and non-destructive technology (NDT) technology, it conducts
quantitative monitoring and analysis on the collection’s physical condition and
influence factors through the preventive conservation process of “monitoring —
control — early warning — regulation”, so as to understand the characteristics of the

cultural heritage before they are deteriorated and realize preventive conservation.
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pathogenic bacteria and enter the cytoplasm to destroy
their normal metabolism and thus inhibit the growth
and reproduction of bacteria. Results of air suspension
experiments have shown that, at the concentration of 5
ppm, allicin-E can efficiently inhibit bacteria and disinfect
the air without residue. This indicates that low-dose
allicin-E can effectively inhibit bacteria and can serve
as a safe and effective fumigation disinfectant for the
preventive conservation of cultural heritage.
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Environmental monitoring of sub-environments in museums, such as storage
room and exhibition hall, is the basic means of early warning and prediction for
preventive conservation. During the “13th Five-year Plan” period (2016-2020),
China comprehensively expanded the application of “research and demonstration
of cultural heritage risk prevention and control technology system” on the national
level, and proposed the project “qualification of museum collection conservation
conditions and construction of standardized storage rooms”, which marks that
preventive conservation was officially extended from “micro-environment” to
the indoor “sub-environment” control within museums, which promoted the
development of a series of technical standards.

At present, the real-time monitoring system for cultural heritage conservation
environment established in many domestic museums can basically cover the
changes of basic indicators like temperature, humidity, illumination, ultraviolet
radiation intensity, VOC and CO,; in combination with special sampling analysis
and portable detection means, it can also realize periodical monitoring of specific
contaminants to cultural heritage conservation, such as formic acid, acetic acid, for
maldehyde, ozone, sulfide and oxynitride. In addition, the active control system of
museum “sub-environments” such as storage room and exhibition hall is also a basic
facility for preventive conservation. Changes in population flow in the audience
area may cause periodic fluctuation of the humanity and CO, concentration in the
exhibition hall, and a constant temperature and humidity purification and filtration

system can effectively keep the conservation conditions for museum collections.
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heritage. Concepts and demands including restoration,
conservation, comfort and energy saving are proposed.
Restoration means to show the artistic effect on cultural
heritage by restoring the real color using reasonable
ilumination. Conservation means to reduce the
cultural heritage damage originated from illumination
to the greatest extent by regulating illuminance,
accumulated illuminance and the ratio of UV to the total
illumination. Comfort means to let the audience enjoy
cultural heritage comfortably by regulating the integral
illumination of exhibition hall. Energy saving means to
achieve the target of reducing energy consumption
on illumination by improving the energy efficiency of

\olatile matters emitted by various storage or display
materials used in exhibition hall or storage room are the
primary source of contaminants in the sealed museum
environment. Evaluation of environmental safety of
storage or display materials used in museums focuses
on the contaminants harmful to the safety of cultural
heritage, such as various organic acids and sulfides.
Based on the Oddy test used in the British Museum
for evaluating and selecting uncertain materials, the
more rapid and sensitive method was developed, as
the “metallic film method”, by which half of the testing
time can be saved and volatile contaminants emitted
by various storage or display materials can be efficiently

illumination. evaluated.
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In the 13th Five-Year Plan (2016~2020) for the
development of national cultural heritage enterprise
in China, the special project “Qualification of museum
collection conservation conditions and construction
of standardized storage rooms” is clearly proposed.

achieving full qualification of conservation environment
in the first and second class national museums. It
also aims to advance the construction of earthquake-
proof facilities for museum collections in earthquake
prone areas, to achieve the anti-earthquake ability
improvement for precious cultural heritage stored in
the first, second and third class national museums
located in the 7 degree seismic fortification area,
propose systematic design methods and modular
measures for cultural heritage storage rooms, reverse
the symptom-directed passive situation in museum
collection conservation, and improve the museum
collection preventive conservation ability and level in
different classes of museums in a well-directed and
systematic way.
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bar lock. Water-free purification-humidity regulating
integrated device or nitrogen-filling humidifier installed in
the cabinet body can actively regulate the inner humidity.
The environmental data collected by the temperature-
humidity monitors placed in cabinets are transmitted
to the museum monitoring platform, which provides
managers with a simple and real-time way to track and
manage the status of cultural relics stored.
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Acid-free paper packaging box is designed based on
the shape of specific cultural heritage, modeled by
modern computer-assisted drafting and numerical
control machine techniques and traditional processes,
and made of acid-free paper meeting the demands for
museum collection packaging techniques. In a word,
it is produced through a process including measuring
object size, designing box structure, molding, cutting,
folding and adhering. Studies indicate that acid-free
paper features higher mechanical strength and chemical
stability as well as the advantage of preventing acidic
matters from migrating compared with other materials
for making cultural heritage packaging boxes.
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Carbon fiber packaging box is designed by CAD,
produced through the molding process in which the
whole carbon fiber material is set and cut, and formed at
the same time in the mold. Carbon fiber material features
some favorable properties such as the environment-
friendly character, low density, high mechanical strength,
perfect resistance to high temperature and corrosion,
as well as low heat conductivity and low thermal
expansion coefficient. Since the mechanical strength of
carbon fiber material is about 10 times as high as steel
while the density ratio of carbon fiber material to steel
is only about 1/4, carbon fiber is regarded as a novel
and desirable material for making packaging boxes.
Based on this, the solidity of packaging box can be
highly improved without increasing the weight, which
significantly improves the safety of cultural heritage and
favors long-term preservation.
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Practices and Prospects of Cultural Heritage Conservation in Museums Based on Risk
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Management and Multidisciplinary Collaboration in China
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Abstract:

China is one of the most developing countries with the most rapid development in museum affairs in the world. The number
of museums registered in China has kept rising in recent years. These museums have a great number of collection as well
as varieties in types and materials. With years of practice and development, the purpose of conservation in China has been
adjusted from “laying stress on rescue” to “laying equal stress on both rescue and preventive conservation”.

A preventive conservation system for the museum collections has been primarily built up based on risk management theory
in China since the reform and opening-up. Meanwhile, the scientific and technological conservation have developed more
systematically and comprehensively due to the multidisciplinary collaboration. Together with conservators, a large number of
experts in related fields are committed to solving many problems in the conservation field, and the boundaries of disciplines
have been crossed. Related disciplines have been fully involved in exploring the value of cultural heritage of museum

collections, evaluating their preservation status, analyzing the mechanism of deterioration, selecting the techniques and
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materials of conservation, and developing the methodology for risk monitoring and control.

The theory of risk management in museums with China contribution will keep improved during the future practice with
more perfect system. The positive participation of the whole society and the vigorous multidisciplinary collaboration of
humanities and natural sciences will promote the sustainable and high-quality development of museum affairs as well as
conservation. Relying on the conservation concepts of cultural heritage improved continuously and the multidisciplinary
advantages developed rapidly, we will study the collections and assess their preservation status more comprehensively, build
a multidisciplinary and collaborative methodology to solve difficult problems in conservation, and cultivate a large number of

qualified expects with solid theoretical, professional and multi-disciplinary backgrounds as well as collaborative capability.

Keywords:
Conservation of cultural heritage of museum collections; risk management theory; preventive conservation; multidisciplinary

collaboration
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Abstract:

Facing the global challenges, whether natural or man-made, in the cultural heritage conservation, all the museums in the
world should make response in unison. With the coordination and guidance of the State Administration of Cultural Heritage,
the museums in China have worked together to put into practice the top-level designs and plans, arrange the construction of
scientific research bases, tackle common difficulties in conservation, formulate general standards for restoration, and strive to
improve the conservation of collections.

China National Silk Museum is a special museum dedicated to textiles and apparel artifacts and the Key Scientific Research
Base of Textite Conservation State Administration of Cultural Heritage. We, with nearly 30 years of practice, will share a
working model of conservation cycle of textile artifacts to address different challenges. Generally, it includes the following
steps: rescue and conservation at the archaeological site to cope with the increasing construction projects; analysis and testing
in the laboratory to make up for limited cognition; restoration of textiles and apparel as needed to facilitate learning and
understanding of people; preventive conservation facilities for collection and display to respond to environmental changes;
digitization or replication of collection information to avoid catastrophe; restoration, inheritance and utilization of related
traditional crafts to benefit the general public; online management and communication with increasing importance (especially
after the COVID-19 pandemic).

Specifically, China National Silk Museum designed and built a textile artifacts restoration exhibition hall outside of the main
exhibition hall and laboratory in 2012. It includes two floors, with the lower one for conservation and restoration and the upper
for display. The restoration projects have also formed a conservation cycle here from the survey of collections, the preparation
of plans, the analysis, testing and restoration after entry into museum and the selection of some collections for further research
or reproduction to the final exhibition planning and participation in the promotion of traditional clothing. Here I will share
four cases: “Qian Lv Bai Na” - Dunhuang Project for Conservation of Textiles (2012-2014); “Si Fu Song Yun” - Conservation
Project of Silk Clothing excavated from the Tomb of Zhao Boyun of the Southern Song Dynasty (2016-2018); “Mei Li Yun
Shang” - Sino-Korea Cooperation Research of the Ming Dynasty (2019); “Han Ji Zhi Han Jin” - Reproduction of Laoguanshan
Jacquard Loom and “Wu Xing Chu Dong Fang” Brocade of the Han Dynasty (2017-2018).

In June 2017, the Alliance on Technological Innovation of Cultural Heritage along the Silk Road (ATICS) was established
at the China National Silk Museum in Hangzhou. A platform for exchanges and cooperation was built jointly by more than
20 scientific research institutions for cultural heritage conservation along the Silk Road. The relevant institutions from more

countries are also welcome to cooperate with us to address the challenges in the field of global cultural heritage conservation.

Keywords:

Textiles; conservation; full gear
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A Brief Review of Conservation of Museum Collections of Murals in China
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(LSRR s 2. AURE I R R ZSC R B R RS s 3. [ 5t AR I A L st il R 9 TR AR )
( 1. Dunhuang Academy China 2.Key Scientific Research Base of Conservation for Ancient Mural, State Administration of Cultural
Heritage 3. National Engineering Technology Research Center for Conservation of Ancient Murals and Earthen Relics )
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Abstract:
With important historical, artistic and scientific value, murals are artistic creations of paintings attached to the walls of ancient
buildings and made by humans to preach about religious beliefs, reflect folk customs and raise good wishes in the historical
development. According to the different occurrence environments, they can be divided into tomb murals, palace murals and
grotto temple murals, and become museum collections of murals once peeled off and removed to museum for conservation,
restoration and display. The conservation of museum collections of murals began in the 1950s, mainly referring to peeling-
off and removal as well as consolidation and restoration, the techniques and materials for which have also been improved
continuously with the constant development of cultural heritage conservation science and technology. This paper briefly reviews
the development history for conservation of museum collections of murals in China, divides the conservation of museum
collections of murals in five stages along with the changes in the conservation materials such as supports, and summarizes the
characteristics and problems of the different stages, focusing on the application of cross-disciplinary technology of the fifth
stage in the conservation of museum collections of murals, and making recommendations on the conservation technology and

development of museum collections of murals in the future.

Keywords:

Museum collections of murals; tomb murals; peeling-off and removal; consolidation and restoration
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Review and Prospects of Polychrome Pottery Conservation in China
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Abstract:
Pottery has played an extremely important role in the development of Chinese civilization as the historical and cultural heritage
with distinctive characteristics of the Chinese nation. It is of great significance to study the conservation technology, methods
and materials of polychrome pottery. The conservation technology of polychrome pottery should consist of materials and
manufacturing technology among which most important are polychromy consolidation and bonding of pottery fragments.
This paper briefly reviews the development of polychrome pottery conservation on the early year, and takes polychromy
conservation of Emperor Qin Shihuang’s Terracotta Army as the example, then summarizes the development and application
of conservation materials including temporary consolidation, bonding and consolidation of pottery. In addition, it also puts

forward several tasks that need to be fulfilled with great efforts in the future.

Keywords:

Pottery; polychromy of Emperor Qin Shihuang’s terracotta army; bonding and consolidation; restoration
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Decolorization and Dehydration Technology and Application for Conservation

of Excavated Bamboo, Wood and Lacquer Artifacts: Taking Jingzhou Conservation Center as
an Example
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( 1. Jingzhou Conservation Center 2. Key Scientific Research Base of Excavated Wood and Lacquerware Conservation, State Administration
of Cultural Heritage )
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Abstract:
In the historical development of China, the elegant and gorgeous bamboo, wood and lacquer artifacts have become the bright
treasures of Chinese civilization with their exquisite shapes, graceful and mysterious decorations, rich colors and profound
spiritual connotations. The bamboo, wood and lacquer artifacts excavated from in Southern China is basically water-logged
due to the higher groundwater level. If they are allowed to evaporate and dry naturally during the preservation process, severe
deformation or even damage may occur. In addition, the water-logged bamboo and wooden slips are also vulnerable to oxidation
and discoloration after unearthed and exposed to the air.The problems of water-logged bamboo, wood and lacquer artifacts
were began to study since 1960s in China. A complete system of decolorization and dehydration methods for water-logged
bamboo, wood and lacquer artifacts has been formed gradually after decades of development and exploration. This paper will
focus on several common decolorization and dehydration methods, including the basic principles, technical characteristics and
application in China, and elaborate on the development trend of bamboo, wood and lacquer artifacts conservation technologies

in the future.

Keywords:
Bamboo, wood and lacquer artifacts; bamboo and wood slips; water-logged and discoloration; decolorization method;

dehydration method
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Development of Research on Metal Artifacts Conservation in China
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Abstract:
This paper briefly reviews the historical evolution and significant achievements in the conservation of metal artifacts such as
bronze and iron artifacts in China, and outlines the recognition technology and achievements of metal artifacts including the
morphological observation based on microscope, the internal structure research based on X-ray imaging and X-ray CT and the
identification of materials based on spectroscopy, chromatography and mass spectrometry. It also summarizes and comments
on the development of metal artifacts conservation technology in China in terms of rust cleaning and removal, desalination

(dechloridation), transformation of harmful rust, inhibition and coating.

Keywords:

Metal artifacts conservation; bronze artifacts; iron artifacts; corrosion
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Abstract:
Archaeological excavation is an important method to reveal the picture of ancient human society and explore the origin of
history. On-site conservation, as the first and crucial step in the entire cultural heritage conservation project, is the basic
guarantee to reduce the occurrence of hazards and the loss of multi-source information during the excavation process. In
this paper, the nature, objective, role in archaeological research and the present situation of on-site conservation were fully
discussed, illustrating that on-site conservation must be put into practice during archaeological excavation from the perspective

of urgency, necessity, and feasibility. Hence, archaecology and cultural heritage conservation could be positively promoted.
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Archaeological excavation; on-site conservation
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Abstract:

: YRBCCH IR E SRR N H AT L BE TR, — DA 2R . AU R B AR

AR, G
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Q) BREE; RO Bl intss; SR HAR

The conservation and restoration techniques of paper artifacts are accumulated in the profound historical culture. It is a dynamic
evolution process of iterative development that constantly discards the dross and selects the essential. There are inheritance and
development as well as unique features in each era. This paper briefly describes the current conservation status of paper artifacts
in terms of restoration concepts, analytical methods, scientific traditional techniques and conservation technologies, elaborates
on the internal support and development logic that contribute to the current conservation status, summarizes the overall
characteristics of conservation of paper artifacts at present, and predicts the future conservation technology and development of

paper artifacts.
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Current Development and Trend of Cultural Heritage Conservation Equipment
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Abstract:
This paper systematically reviews the new achievements and progress made in terms of cultural heritage conservation in
China over the two years since the Development Outline for Cultural relics Conservation Equipment (2018-2025) was issued,
analyzes the new situation and challenges in the cultural heritage conservation, inheritance and utilization during the “14th
Five-Year Plan” period, and puts forward new ideas and measures for the sound development of cultural heritage conservation

equipment industry..
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PSR

History timeline

|BAZEAHME  The Palaeolithic Age

#B54 1700000 ~ 15000 &&j 1,700,000 - 15,000 years before present

HASEAHME  The Neolithic Age

54 14000 ~A7cEI 21 tH42  1,4000 years - 21st century BC before present

{[I#BST4,  Yangshao Culture

54> 7000 £~ 5000 & 7,000 - 5,000 years before present

SIMEESZAE Hemudu Culture

54 7000 &~ 5300 & 7,000 - 5,300 years before present

EIE{k,  Liangzhu Culture

#54 5300 ~ 4000 & 5,300 - 4,000 years before present

E The Xia Dynasty

ATTHI 21 tHEE ~A7TEl 16 tHEZ  21st century BC to 16th century BC

B The Shang Dynasty AToHI 16 tHEE ~ A 7TE 11 tH42  16th century BC to 11th century BC
[ The Zhou Dynasty A7CAT 11 42 ~ATTHI 256 11th century BC to 256 BC

P&  The Western Zhou Dynasty

NTCED 11 1342 ~/A7TA1 771 11th century BC to 771 BC

7%[& The Eastern Zhou Dynasty

NTCHI 770 ~ATTH) 256

770 BC-256 BC

&R The Spring and Autumn Period

NTTHI 770 ~/A7CH) 476

770BC-476 BC

£%[E The Warring States Period

N

TTAT 475 ~ATTH] 221

475BC-221 BC

Z The Qin Dynasty

JTHI 221 ~ATTHE) 206

B

221 BC-206 BC

i¥X  The Han Dynasty

TR 206 ~ 75 220 206 BC - 220 AD

FBX  The Western Han Dynasty

TTAD 206 ~ 7T 25 206 BC - 25 AD

7R The Eastern Han Dynasty

25 ~ 220 25-220AD

Z=[E Three Kingdoms Period

220 ~ 280 220-280AD

78E The Western Jin Dynasty

265 ~ 316 265-316 AD

RE The Eastern Jin Dynasty

317 ~ 420 317 -420 AD

+75E The Sixteen Kingdoms Period

304 ~ 439 304 -439 AD

X Cheng Han

304 ~ 347 304 - 347 AD

BI#X  Former Zhao

304 ~ 329 304 -329 AD

Ja#X  Later Zhao

319 ~ 351 319-351 AD

BIR Former Liang

320 ~ 376 320-376 AD

B Former Yan

337 ~ 370 337-370AD

HiZ Former Qin

351 ~ 394 351-394 AD

fait  Later Yan

384 ~ 409 384 -409 AD
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3.6.2 REUKASERE =l RSBk et g Cat 3.6.2
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S IR i
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AREAH X
373 LIRS HATINER R EFEYE BHNEREAE Cat3.7.3
3.7.4 BREE LK EEE s S Y et Cat3.7.4
375 ER Gt st s ey 7o) i EFRE SRR wEkits Cat3.7.5
P
=R =212 XAS
4.1 HAERR) I EBRBHKEER M16-2 5% (SR4) HRaXWE SR Cat 4.1
4.2 TAREMBTEE (SRY) ES G b SELy o Cat 4.2
SRMRERE ELINER RN,
4.3 POINYE: ‘REREHAFE" BPE (SR4) REZEEYE Cat4.3
‘RERFAHFE" & (ERHE)

faZ& Later Qin

384 ~ 417 384-417 AD

PiZ& Western Qin

385 ~ 400, 409 ~ 431 385-400, 409 - 431 AD

f&/® Later Liang

386 ~ 403 386403 AD
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®5  Southern Liang

397 ~ 414 397 -414 AD

7t Southern Yan

398 ~ 410 398-410 AD
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PE)Z Western Liang

400 ~ 421 400-421 AD

%= Northern Liang

401 ~ 439 401-439 AD

EEFE Xia State

407 ~ 431 407 -431 AD

4t3%  Northern Yan

409 ~ 436 409 - 436 AD

RdtE The Northern and Southern Dynasties

386 ~ 589 386 - 589 AD

4t%8  The Northern Dynasties

386 ~ 581 386-581 AD

it#%  The Northern Wei Dynasty

386 ~ 534 386 -534 AD

<32 The Eastern Wei Dynasty

534 ~ 550 534 -550 AD

P& The Western Wei Dynasty

535 ~ 556 535 -556 AD

463%  The Northern Qi Dynasty

550 ~ 577 550-577 AD

4t The Northern Zhou Dynasty

557 ~ 581 557 -581 AD

%8 The Southern Dynasties

420 ~ 589 420-589 AD

f& The Sui Dynasty

581 ~ 618 581 -618 AD

& The Tang Dynasty

618 ~ 907 618 -907 AD

A The Five Dynasties

907 ~ 960 907 - 960 AD

iZ The Liao Dynasty

916 ~ 11256 9156-1125 AD

=

&K The Song Dynasty

960 ~ 1279 960 - 1279 AD

PEE  The Western Xia Regime

1038 ~ 1227

1038 - 1227 AD

£ The Jin Dynasty

1115 ~ 1234

1115-1234 AD

The Yuan Dynasty

1271 ~ 1368

1271 -1368 AD

7T
BB The Ming Dynasty

1368 ~ 1644

1368 - 1644 AD

B  The Qing Dynasty

1644 ~ 1911

1644 -1911 AD

FERE  The Republic of China

1912 ~ 1949

1912 -1949 AD
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