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Fig. 1 Colored relics of Tang dynasty
(a): Sample 1% ; (b): Sample 2% ; (c¢): Sample 37
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Fig. 2 Three kinds of reflectance spectrum
curves for pigments
I : Bell-shaped; Il : S-shaped; Il : Nearly linear
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Table 1 Reflectance spectrum characteristic of pigments commonly used in ancient China
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Fig. 3 First derivative spectrum of pigments

in fresco sample 1%
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Fig. 4 Reflectance spectrum of pigments in fresco sample 2*
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Fig. 5 First derivative spectrum of pigments in sample 3*

a: Orange pigment; b: Deep red pigment
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Table 2 XRF results of pigments on colored relics/wt%

No. Si0; Al O HgO SO;3 CaO  FexO3  KoO  MgO  ZnO PbO  Na;O Cl CuO P05 NiO
1% 24.6 9.00 - 0.62 46. 8 15.7 0. 85 0.61 - 0.02 0.16 - 0.02 0.12 0.01
2% 49.9 14.5 - 0.72 2.47 4,37 1.49 0.97 14.7 - - - 10. 1 0. 36 0. 46
3-a® 21.9 3.92 - 0. 84 4. 36 4.75 0. 87 1. 90 33.9 25.9 - - - 0. 66 0.97
3-b* 17.5 3.28 9.39 2.89 3.18 8.31 0.68 1.10 45.1 6.92 - - 0. 40 0. 56 0.77
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Nondestructive Analysis and Identification of Pigments on Colored
Relics by Fiber Optic Reflectance Spectroscopy

WANG Li-qin"" *, DANG Gao-chao®, ZHAO Jing'

1. College of Culture and Museology, Northwest University, Xi’an 710069, China

2. State Key Laboratory of Continental Dynamics, Northwest University, Xi’an 710069, China
3. Department of Chemistry, Northwest University, Xi’an 710069, China

Abstract Identifying pigments on colored relics is an important part of relic analysis and protection. In order to meet the special
demands of protecting relics, taking into account the situation in China, we have refitted a domestic instrument to a fiber optics
reflectance spectrophotometer with low price and good function to identify pigments without any damage. It consists of a tung-
sten lamp, a monochromator, an optical {iber, a shielding chamber, a photomultiplier tube, a reading meter, and a high voltage
supply source. Through analysis of a great variety of Chinese ancient pigments, we have deduced three reflectance spectrum
shapes of pigments, bell-shaped, s-shaped and oblique line-shaped. The blue or green pigments with bell-shaped spectra can be i-
dentified by the characteristic reflectance peak. The pigments with s-shaped spectra are usually red, yellow or brown. Although
there are no characteristic reflectance peaks on the plots of the reflectance-wavelength, there is a peak in the first derivative (D)
here. Then, the related pigments of this sort can be analyzed and identified with their derivative peaks. For the pigments with
oblique line-shaped spectra, their reflectance and first derivative spectra are nearly linear and there are no peaks. The related pig-
ments are usually white, black or gray. With our self-made fiber optics reflectance spectrophotometer, we analyzed the composi-
tion of pigments on colored pottery figurines and frescoes of Tang dynasty tombs in Xi’an by comparing their reflectance spectro-
scopic curves and characteristic reflectance peaks or first derivative peaks with those of standard pigments. The deep red pigment
in sample 17, the green pigment in sample 27 , and the orange and deep red pigments in sample 3% have been identified to be
hematite with high purity, malachite and the mixtures of cinnabar/red lead and a little hematite, respectively. It has been indica-
ted that the analytical results of relic pigments from this method are accurate and reliable, and verified by XRF analysis. Fiber

optics reflectance spectroscopy is a new quick analytical technique to identify pigments on colored relics.

Keywords Optical fiber; Reflectance spectrum; Relics; Pigment; Identification
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