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Fig 1 Colored relics of Tang dynasty
(a): Sample 1* ; (b): Sample 2* ; (¢): Sample 3*
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Fig 2 Three kinds of reflectance spectrum
curves for pigments
N : BelRshaped; O : Sshaped; O : Nearly linear
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Table 1 Reflectance spectrum characteristic of pigments commonly used in ancient China

BUEL Bt A A R S W — Wi 3 Bk ROK J S it 26 B4R
FeE S g CuCO; # Cu(OH), 53@535 BlE
A 4 Cuz(OH);Cl 560" BE
et FE ot CuCO; # Cu(OH )2, CaSO4# 2H,0 535 Bog
i % 2CuCO; # Cu(OH), 460" BhE
T i Alumin osilicate 450* , > 760 BhE
1w % Plant pigment 460" , > 760 B
Bt N Pb30,4 5802585" S
YR 4 HgS 6002610* STE
Foer 4 Fe, 03 600" , 67700 S
iy 4 PbO 630" S
P A 4 Pb3;04, CaSO; # 2H,0 585" S ¥
KA Y 4 HgS, Pb;O, 605" STE
b g 4 Pb304, Fe,0;3 570" , 600", 67@700 S &




1724 ik 2 5 6k 4 by o5 28
SR 1
SV A 41 HgS, Fe, 0 585, 600* , 67700 S &
KW o HgS, Pb304, Fe, 05 575, 600* , 67700 S &
T v He AsS 535, 555, 565° STE
Fiit i As;03 500" S &
T HE Plant pigment 535* SJE
A a0 Fe; 03 590* STE
P A % Pb3; 04, 2CuCO; # Cu(OH), 565* SJE
AR i % Pb304, Aluminosilicate 720* SJE
A = PbCO; x 7 RHELTE
A1E| =] 2PbCO; # Pb(OH )2 ¥ o R TE
HE 5] CaSO4 # 2H, O x 7 RHELTE
S| 5] BaSO, PR R R TE
21212 SR O A Q) N 2R B AEG LU AR PR, IS LR} b A S 2 A LR

1% FF R SRR 2T (4 Bk R~ KOOGS 2k 1K
R S0, De~ KGHEMLE LI 3 Fis. I 3 g, sk
[ 064 600 nm, 7E 670~ 730 nm 30 Bl AT AN 00 1K) 95 %
SRV, IR 2T ORI R AT SO e o 5 Al 2T BORHEY — B 3
HURGIG AT LL, Wik LT 58V &, ) W B0} A 4l B
T Lr . 2 AP A iR T 1 (R A BRI S S O i i £
AT 4. ATLAEH, R~ KIGithZe IR g T 88 ity 4ho
B, FEERAIEA 530 nm, 5 A SRIRHE I ST IEARY) &, &%
TR 1 9 A1 4k Z IR AT R o) i m, HX

0.5
0.4

- 03
Q
0.2

0.1

520 560 600 640 680 720
Wavelength/nm
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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. SiO, Al, O3 HgO SO3 Ca0O Fe,03 K, O MgO ZnO PbO Na,O Cl CuO P20s NiO
1# 2416 900 0l 62 46l 8 1517 0L 85 o6l - 002 oL 16 - 0L 02 o 12 0l 01
i 4919 145 oL 72 2147 437 149 097 147 - - - 100 1 0l 36 0l 46
Dat 2119 3192 oL 84 436 475 oL 87 190 339 239 - - - 0l 66 o 97
2b* 1ms 3128 939 21 89 3118 831 0l 68 110 431 6l 92 - - 0l 40 0l 56 o 77




ER Jeik A G i 1725

[ 11 EdreiraM C, Feliu M J, Fern@nde2Lorenzo C. Talanta, 2003, 59: 1117.

[ 2] WangL Q, ZhengL P, Dang G C. Anal. Letters, 2000, 33(8): 1655.

[ 3] WANG L2qin, ZHENG L2ping, DANG Ga®chao( £ W35, #F]F, 55 wl). Spectroscopy and Spectral Analysis( It 56k 70 #7),
2000, 20(3): 406.

[ 4] KatjaH hnerfuB Alex von Bohlen, Dieter Kurth. Spectrochimica Acta, Part B, 2006, 61: 1224.

[ 5] Hochleitner B, Desnica V, Mantler M. Spectrochimica Acta Part B, 2003, 58: 641.

[ 6] Anna Candida Felici, Gabriele Fronterotta, Mario Piacentini. Journal of Cultural Heritage 2004, 5(1): 17.

[ 71 WANG LRqin, LIANG Gu®zheng, DANG Ga@ chao, et al( TN %E, F2[EIE, 5% ®i#l, 55). Spectroscopy and Spectral Analysis( )ik 2%
L5615y HT), 2005, 25(8): 1293.

[ 8] Bacci M, Casini A, Cucci C. Journal of Cultural Heritage, 2003, 4(4): 329.

[ 91 Bullock L. Natl. Gallery Tech. Bull., 1978, (2): 49.

[10] Saunders D. Eur. Spectrosc. News, 1986, 67: 10.

[11] Bacci M, Fabbri M, Picollo M. Analytica Chimica Acta, 2001, 446: 15.

[12] Bacci M, Picollo M. Studies in Conservation, 1996, 41: 136.

[13] Dupuis G, Elias M, Simonot L. Appl. Spectro., 2002, 56(10): 1329.

[14] Leona M, Winter J. Studies in Conservation, 2001, 46: 153.

[ 15] WANG L2qin, DANG Ga®chao, ZHENG L2 ping( EWi %%, 3=, #7]°F). Chinese J. Anal. Chem. (43#T1L%), 2000, 28(4): 513.

[16] WangL Q, Dang G C, Wang X Q. Chinese J. Chem., 2004, 22(2): 172.

Nondestructive Analysis and Identification of Pigments on Colored
Relics by Fiber Optic Reflectance Spectroscopy

WANG L2qin" 2, DANG Gadchao®, ZH AO 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 spectrophot ometer with low price and good function to identify pigments without any damage. It consists of a tung?
sten lamp, a monochromator, an optical fiber, ashielding 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, bellshaped, £shaped and oblique lin@shaped. The blue or green pigments with bellshaped spectra can be 2
dentified by the characteristic reflectance peak. The pigments with 2shaped spectra are usually red, yellow or brown. Although
there are no characteristic reflectance peaks on the plots of the reflectanc wavelength, thereis 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 lin@shaped spectra, their reflectance and first derivative spectra are nearly linear and there are no peaks. T he related pig2
ments are usually white, black or gray. With our sel2made fiber optics reflectance spectrophot ometer, we analyzed the compos2
tion of pigments on colored pottery figurines and frescoes of Tang dynasty tombs in Xi an by comparing their reflectance spect ra2
scopic curves and characteristic reflectance peaks or first derivative peaks with those of standard pigments. The deep red pigment
in sample 1* , the green pigment in sample 2* , 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 indica2
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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