31, 11 Vol 31,Na 11,pp3134-3139
2011 11 Spectroscopy and Spectral Analysis November, 2011
N
1 1% 1,2
s ’
1. . 201800
2. s 200433
X (portable energy-dispersive X-ray fluorescence, PXRF) .
X (external beam proton induced X-ray emission, PIXE), X (X-ray diffraction, XRD)
(laser Raman spectroscopy, LRS) 12 o s
PXRF PIXE , s o 1
, R Raman 201, 372, 698, 985, 1 037 cm ',
680 1017ecm ', Raman . 3 .1
. Raman 2846 2880 cm ', 2924  3065cm ‘',
; X ; X ; ;
: P578. 9 : A DOI: 10. 3964/} issn 1000-0593(2011)11-3134-06
1
’ o . L1
s , o o 1,
1846 1863 (Damour) , 09FCG-3 s s s 10 mm,
s (jade) 6 mm, s s 10FG-2
Nephrite  Jadeite s s s s s s ;
. 10FC-4 , s
, N N s 7 mm X5 mm,
. X . X mm X4 mm, s ; 10FG-5
. (Omphacite) . (Albite) 10FC-6 , s ; 10FCG-7
b, . , , ; 10FC-8
s s , ; 10FC-9 ,
o s s s ; 10FC-10
o ) 10FC-11 , s ,
13 ; ; 10FCG-
: 2011-01-10, : 2011-05-26
(51072208)
. 1987 . e-mail: sunfangce@163. com
* e-mail: tulipzhao@163, com



11 3135

Bowel@c

09FC-3 10FC-2 10FC-4 10FC-5 10FC-6

10FC-8 10FC-9 10FC-10 10FC-11 10FC-13 10FC-14

Fig 1 Photographs of the samples
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Table 1 Chemical composition of different samples determined by XRF technique(Wt% )

Total Na, O MgO Al O; SiO, K;O CaO Cr;05  Fey Oy ZnO BaO Na/(Na+Ca)

09FC-3 100 4. 51 6. 14 16. 61 56, 45 0 12. 52 0. 52 3. 08 0 0. 17 0. 39
10FCG-2 99. 99 13 49 1. 33 25. 13 57. 18 0 1 68 0. 10 0. 98 0 0. 10 0. 94
10FC-2 100 13 32 1. 10 24. 86 57. 87 0 1 64 0. 07 0. 95 0 0. 19 0. 94
10FC4 100 6. 52 8 88 11 18 56. 53 0 14. 55 0. 07 217 0 0. 10 0. 45
10FCG4 100 10. 28 6. 28 16. 14 56. 16 0 9. 07 0. 38 L 53 0 0. 16 0. 67
10FCG4 100 16. 48 0. 88 25. 44 56. 46 0 0. 18 0. 07 0. 42 0 0. 07 0. 99
10FCG-5 100. 01 13 93 1. 37 24. 94 57. 62 0 0. 75 0. 01 L 13 0 0. 26 0. 97
10FCG-5 99. 98 13 94 L 17 24, 94 57. 54 0 0. 91 0. 06 L 18 0. 04 0. 20 0. 96
10FG-5 99. 99 16. 02 0. 99 24, 57 56, 35 0. 16 0. 56 0. 06 L 11 0 0. 17 0. 98
10FCG-6 100. 01  16. 69 072 25. 68 56. 31 0. 14 0 0. 06 0. 36 0. 05 0 1

10FCG-7 100 15. 25 L 40 24. 11 56. 45 0. 04 L 57 0. 03 0. 90 0 0. 25 0. 95
10FCG-7 100. 01 15 54 0. 90 25. 25 57. 20 0 0. 29 0. 10 0. 70 0. 03 0 0. 99
10FG-8 99. 98 15. 44 0. 90 25. 12 56. 96 0 0. 51 0. 05 0. 86 0 0. 14 0. 98
10FC-9 100 15. 85 1. 00 24. 79 56. 40 0 0. 98 0 0. 66 0. 07 0. 25 0. 97
10FC-9 99. 99 15, 52 0. 55 25. 10 56. 95 0. 59 0. 83 0 0. 45 0 0 0. 97
10FC-10 99. 98 15, 95 0. 96 25. 16 56, 28 0 0. 49 0. 00 30. 89 0 0. 25 0. 98
10FCG-10 99. 99 16. 43 0. 90 25. 18 56, 34 0. 28 0. 50 0. 04 0. 24 0 0. 08 0. 98
10FC-11 100 16. 33 0. 66 25. 46 56. 43 0 0 0 0. 94 0. 06 0. 12 1

10FC-13 99. 99 15, 41 0. 88 25. 24 57. 22 0 0. 54 0. 06 0. 59 0. 03 0. 02 0. 98
10FCG-14 100 1573 1 32 24, 57 56, 34 0 L 26 0. 01 0. 61 0. 02 0. 14 0. 96
10FC-14 100. 01 16, 17 0. 73 25. 40 56. 80 0. 05 013 0. 06 0. 38 0 0. 29 0. 99

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3136

31
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Table 2 Major composition of different samples determined by PIXE technique( Wt %)
Na;O  MgO  ALO; S0, P,0; K,O CaO Cr;05 Fe, O35  CuO  ZnO BaO
10FCG-7 14. 92 0. 88 24. 10 57. 59 0. 34 0 1L 22 0. 01 0. 72 0 0 0
10FCG-8 16. 46 2. 39 23. 84 55. 40 0. 27 0. 02 1. 05 0. 01 0. 49 0. 02 0 0
10FC-9 15. 21 2. 67 25. 07 54. 92 0. 46 0. 06 0. 92 0 0. 34 0 0 0
10FC-10 16. 22 2. 03 24. 95 55. 49 0. 14 0. 05 0. 82 0. 01 0. 24 0 0 0
22 XRD 20=30. 97°, 31. 20°, 35. 40°, 35. 70° 36, 40°),
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Fig 2 XRD patterns of different samples
(a): Green region of sample 10FC-2; (b): Green tail region of sample 10FC-4
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Fig 3 Raman spectra of different samples
(a): Yellow region of sample 10FC-9; (b): Green tail region of sample 10FC-4
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Fig 4 Raman spectra of organic compounds in different samples
(a): Green region of sample 10FC-2; (b): Green center region of sample 10FC-5
Fig S Photographs of Raman testing spots of different samples
(a): Green region of sample 10FC-2; (b): Green center region of sample 10FC-5
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Nondestructive Analysis of Chemical Composition, Structure and Mineral
Constitution of Jadeite Jade

SUN Fang-ce' , ZHAO Hong-xia'* , GAN Fu-xi'" *
1. Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China
2. Fudan University, Shanghai 200433, China

Abstract The techniques of portable energy-dispersive X-ray fluorescence analysis (PXRF), proton induced X-ray emission

(PIXE), X-ray diffraction (XRD) and laser Raman spectroscopy (LRS) were employed to analyze the chemical composition,
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structure and mineral constitution of 12 samples. The results indicated that the chemical compositions determined by PXRF and
PIXE are well comparable and most samples are constituted by almost pure jadeite with low concentration of secondary elements.
One sample contains a little omphacite and one sample is composed only by omphacite. Raman characteristic peaks of jadeite oc-
curred at 201, 372, 698, 985 and 1 037 cm ', while those of omphacite located at 680 and 1 017 cm™'. By using laser Raman
spectroscopy for testing the fissures of the samples, wax in 3 samples and epoxy resin in one sample were found. Raman charac-
teristic peaks of wax located at 2 846 and 2 880 cm™ ! and those of epoxy resin occurred at 2 924 and 3 065 cm™'. The application
of nondestructive techniques in jadeite jade broadens the range of samples for future study and provides technical support for

jadeite jade’s further study, identification and classification.

Keywords Jadeite jade; Portable X-ray fluorescence analysis; External beam proton induced X-ray emission; Laser Raman spec-

trum; Nondestructive analysis
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