Case study: Terracotta Warriors and Horses of the Qin Dynasty

Renishaw’s inVia™ Raman microscope
used to study the Terracotta Warriors
and Horses of the Qin Dynasty
Known as the ‘Eighth Wonder of the World’, the Terracotta Warriors and Horses site was discovered
in 1974. It consists of three figure pits covering an area over 20,000 square metres and forms part of
Emperor Qin Shihuang’s Mausoleum Site Museum, the largest imperial tomb in China.

The Emperor Qin Shihuang’s Mausoleum

The pits contain approximately 8,000 terracotta
warriors and horses, as well as over 100 chariots.
In 1987 they were included in the ‘World Heritage
List’ by UNESCO.
The sculptures are located in Lintong District,
Xi’an, Shaanxi Province, China, which sits 1 km to
the east of Emperor Qin Shihuang’s mausoleum.
Each life-sized figure is unique, with intricate
details, including individual facial expressions and
costumes. Originally the terracotta warriors were
painted in bright pigments but, over 2000 years,
the colours have faded and only small traces
of pigment can be found on their faces, hands,
costumes and shoes.
The conservation, study and analysis of these
precious ancient cultural relics is incredibly
complex. Dr. Yin Xia, the Deputy Director of the
Relics Conservation and Restoration Department
at the Emperor Qin Shihuang’s Mausoleum
Site Museum, has used Raman microscopy to
study historical relics since 2006. In 2008, the
museum purchased a Renishaw inVia confocal
Raman microscope to help identify pigments on
the terracotta figures, as well as determining key
information required for their conservation and
restoration.

The Terracotta Warriors and Horses of the First Qin Emperor

In addition to his work with Emperor Qin
Shihuang’s Mausoleum Site Museum, Dr. Xia is
the Deputy Director of the Key Ceramic Painted
Cultural Relics Research Site, under the State
Administration of Cultural Heritage, as well as a
part-time tutor of North-West University, China. At
the university, his research mainly focuses on the
analysis and identification of painted relics.
Dr. Xia started his analysis of the ancient
pigments of cultural relics in 2003 and has made
a number of landmark discoveries. For example,
under the polarizing microscope, Chinese Blue
(BaCuSi4O10), Chinese Purple (BaCuSi2O6) and
dark blue particles of a new pigment (BaCu2Si2O7)
often co-exist in a sample. As they appear in
minute amounts—sometimes there are only
one or two particles—it is hard to separate them
individually with regular analytical means. Dr. Xia
first discovered the new dark blue pigment with
the inVia Raman microscope1.
Dr. Xia has participated in a number of
conservation programmes on the historical
relics of Emperor Qin Shihuang’s mausoleum
and Qin terracotta figures. Since 2004, he has
been focusing his research on painted terracotta
figures and pigments on historical relics. He has
completed the analysis of murals and painted
relics at nearly one thousand sites distributed in
14 provinces and autonomous regions in China.

Dr. Yin Xia, Deputy Director of the Cultural Relics Conservation
and Restoration Department of Qin Terracotta Warriors and
Horses Museum / Emperor Qin Shihuang’s Mausoleum Site

Non-destructive testing is important in the
study of historical relics
Dr. Xia and his team have also analysed the
composition of coloured pigments on ceramics
unearthed from West Han Dynasty tombs in
Weishan, Shandong province, and discovered
Chinese Purple on these cultural relics for the
first time. The pigment of Chinese Purple was
rarely used on ancient coloured painted artefacts.
In the past, it has been found in only a few
provinces such as Gansu, Shaanxi, Henan and
Jiangsu. The discovery of this pigment in relics
within Shandong province has expanded the
geographical area in which it was used, which has
important archaeological significance2.
Many different scientific techniques can be used
to study historical relics, including: elemental
analysis, using X-ray fluorescence spectroscopy
(XRF); laser induced breakdown spectroscopy
(LIBS); chemical and structural analysis methods,
such as laser Raman spectrometry; X-ray
diffraction (XRD); and morphological analysis,
with powder polarizing microscopes (PLM) and
scanning electron microscopes (SEM).
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Each method has its pros and cons. For example, XRF is a mature elemental analytical technology
but cannot be used for chemical structure analysis; XRD is widely used for the qualitative analysis of
cultural relic materials but requires large amounts of sample; PLM can analyse samples by crystal
morphology, colours and impurities of particles, but cannot identify the structure of samples. All these
analytical methods are essential but, given the precious and delicate nature of historical relics, nondestructive testing and analysis has become increasingly important in recent years.
Raman spectroscopy is non-contacting and non-destructive, making it perfect for the analysis of
historical relics. It provides information about origin, age and authenticity, while preserving the
entire sample. It also has the flexibility to take measurements in situ, so there is no need to remove
fragments for analysis.
According to Dr. Xia, tiny particles left on the gloves of the museum staff after they have moved the
terracotta figures are collected for Raman analysis. These samples can be analysed repeatedly using
Raman spectroscopy, without damage, enabling subsequent analysis with other techniques, such as
electron microscope analysis.
Before using a Raman Microscope, a polarizing microscope was a major tool in Dr. Xia’s laboratory.
When being asked why he chose a Raman Microscope Dr. Xia said, “We are unable to determine the
molecular structure of a sample with the polarizing microscope. For example, if we observe atacamite
under a polarizing microscope, we cannot distinguish it from its isomers such as botallackite and
paratacamite, but with a Raman microscope, we can get the results immediately.”
inVia confocal Raman Microscope: highly flexible and easy to use
The inVia Raman microscope was chosen by Emperor Qin Shihuang’s Mausoleum Site Museum
for its extreme flexibility. “The Renishaw inVia Raman microscope and spectrometer are discrete,
so I can configure what I want on the microscope without affecting the whole system.” Dr. Xia said,
“Products from other vendors adopt embedded or integral microscope designs, which do not meet our
requirements.”
Understanding coloured pigments is important for scientific archaeology and cultural relic conservation.
It can provide valuable information for exploring the evolution of ancient pigment technology, which
helps with the development of relevant conservation programs. Furthermore, research on the structure
and composition of ancient coloured pigments has become an important basis for determining the
age and the origin of raw materials, as well as conservation and restoration programs for cultural
relics. “We are using Raman microscopy for coloured painting analysis in this intense area of detailed
research” Dr. Xia commented.
For more information about Renishaw’s inVia confocal Raman microscope, visit:		
www.renishaw.com/invia
This case study is edited based on the article “Exploring the potential of Raman spectroscopy for
historical relic studies - Interview with Dr. Yin Xia, the Deputy Director of Emperor Qin Shihuang’s
Mausoleum Museum” released 2 May, 2015 on www.instrument.com.cn, Author: Ye Jian.
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About Renishaw
Renishaw is an established world leader in engineering technologies, with a strong history of innovation in product development
and manufacturing. Since its formation in 1973, the company has supplied leading-edge products that increase process
productivity, improve product quality and deliver cost-effective automation solutions.
A worldwide network of subsidiary companies and distributors provides exceptional service and support for its customers.
Products include:
• Additive manufacturing and vacuum casting technologies for design, prototyping, and production applications
• Dental CAD/CAM scanning systems and supply of dental structures
• Encoder systems for high-accuracy linear, angle and rotary position feedback
• Fixturing for CMMs (co-ordinate measuring machines) and gauging systems
• Gauging systems for comparative measurement of machined parts
• High-speed laser measurement and surveying systems for use in extreme environments
• Laser and ballbar systems for performance measurement and calibration of machines
• Medical devices for neurosurgical applications
• Probe systems and software for job set-up, tool setting and inspection on CNC machine tools
• Raman spectroscopy systems for non-destructive material analysis
• Sensor systems and software for measurement on CMMs
• Styli for CMM and machine tool probe applications

For worldwide contact details, visit www.renishaw.com/contact

RENISHAW HAS MADE CONSIDERABLE EFFORTS TO ENSURE THE CONTENT OF THIS DOCUMENT IS CORRECT AT THE DATE OF
PUBLICATION BUT MAKES NO WARRANTIES OR REPRESENTATIONS REGARDING THE CONTENT. RENISHAW EXCLUDES LIABILITY,
HOWSOEVER ARISING, FOR ANY INACCURACIES IN THIS DOCUMENT.
© 2016 Renishaw plc. All rights reserved.
Renishaw reserves the right to change specifications without notice.
RENISHAW and the probe symbol used in the RENISHAW logo are registered trade marks of Renishaw plc in the United Kingdom and other countries.
apply innovation and names and designations of other Renishaw products and technologies are trade marks of Renishaw plc or its subsidiaries.
All other brand names and product names used in this document are trade names, trade marks or registered trade marks of their respective owners.

Part no.: NF110(EN)-01-A
Issued: 03:2016

