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Table 1 Conditions of the glass samples of the Warring States
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Table 2 Chemical composition of modern optic glass respectively measured by PIXE and ICP (wi%)
Sample Si0, PbO BaO ZnO K0
BaF - 1" 5810 10. 81 11. 67 4.26 11.13
BaF - 1(P) 60. 72 10. 32 10. 46 4. 60 10.23
Bal - 1(D 59.29 11.27 10. & 4.55 10.01
7F -1" 41.23 51. 18 7.00
ZF - 1(P) 43.71 49.27 6.44
ZF -1(D 40.32 53. 41 6.27
* , P 1 PIXE  ICP-AES
3 18%, Na® Ca . XI-6A XJ-6B
Na)0O - Ca0 - SiO2 ,
3, KO M. XJ —46 PHO - BaO - SiOs
3 , 3 ;1) , Fe205 (12. 03 %) .
PbO - BaO - SiO2 ( )5 2) K20 - 3.2
Si0» ( )3 3)NaO - CaO - SiO» M533 HB -3
( ). K20 -Si0, , K0 10.92%.
3.1 0.98%  PbO.
HB -6 NasQ -Ca) -SiO- . ,
. XJ~5A XJ~-5B K0 - NaO )
Sio2 K0 15.60% 14 PhO.
3
Table 3 Chemical composition of the Warring States glass samples (wt. %)
S0, Nay0 €0 Mg0 KO ALO; PO  BaO CuO FeO; TO, 7Zn0  MnO  SO; PO
XJ -5A 77.92 0.82 1.97 0.36 1560 1.6 0.005 0.03 0.91 0.57 0.12 0.02 0.01 Icp
XJ -5B 78.71 0.81 2.3 0.47 1418 1.6 0.005 0.2 1.19 0.43 0.06 0.06 0.0 zbz(;); cp
XJ -6A 63.09 18.71 4.66 2.74 2.27 4.4 002 0.1 1.33 0.67 0.17 0.05 0.0 0. 41 I.Cil ICP, PIXE
XJ-6B 6266 17.3 6.3 3.76 3.8 4.23 0.10 0.56 0.80 0.16 0.0l 0.06 icp
XJ -46 20.18 220 1.9 0.28 0.36 1.00 47.14 14.62 0.06 1203 0.05 0. 01 0. 11 ?)bz(gj cp
HB -3 71.26 1.81 2.37 1.75 1071 6.8 098 0.14 2.64 1.19 0.16 0.11 0. 51 PIXE *
HB-1C ) 82.21 10. 32 0.73  3.39 2.10 0.8 PIXE
HB-1C ) 79.20 191 8.6 0.75 0.61 5.18 006 1.59 0.42 0.07 0513)7 EDXRF
HB-1C ) 88.73 030 5.0 0.62 0.10 3.77 001 0.01 0.93 0.4 EDXRF
HB -6 SrO
( ) 79.73 7.82 6.07 0.26 0.61 3.0 003 0.20 1.31 0.05 0.03 0.01 0.25 0.04 EDXRF




( 3)
S0, NayO €0 Mg0 KO ALO; PO BaO CuO FeO; TiO, 7Zn0  MnO  SO; P05
HB -6 S10
) ,79-67 7.97 6.03 0.53 0.60 3.07 002 0.20 13 0.05 0.03 0.0 004 DXRF
HB -6 S10
) , 8371 468 6.05 0.38 0.62 315 0.08 0.02 0.33 0.05 0.01 0.01 007 DXRF
CQ-01  48.37 2.35 451 9.6 19.20 6.2 0.11 1.74 0.21 7.35 PIXE
Co0
CQ-09  48.41 3.8 2,05 6.8 25.53 6.87 0.30 4.06 0.05 0.3 087 0.% 0”18 PIXE
CQ-10  64.83 1.6 1.94 5.7 16.77 3.6 0.40 1.35 0.04 290 0.6 PIXE
Co0
cQ-11  68.31 0. 60 0.87 3.73 20.32 472 0.06 0.40 061 0.3 0“01 PIXE
Q-19  34.07 1.67 .37 7.91 11.47 8.78 1.49 2.29 1.78 29.20 PIXE
CoO
CQ -20 56.72 0. 87 0.46 4.16 15.76 11.61 1.51 1.03 7.73 0. 04 PIXE
CoO
SX-12 58.52 0. 63 0.35 2.9 27.79 7.47 1.00 0.30 0.9 o PIXE
SX-13 59.62 0.9 0.35 3.51 27.37 6.5 0.43 0.22 0.9 PIXE
SX - 14 58.53 0.57 0.51 2.65 28.78 6.97 0.64 0.27 1.07 PIXE
Co0
SX -15 59.53 0.58 0.51 2.3 28.50 6.73 0.75 0.26 0. 84 0001 PIXE
E 56.01 699 4.07 2.24 2.60 1.37 280 0.05 0.37 1.02 0. 04 [ 15
C.11:240
70.86 0.89 5.35 0.84 1434 2.0 0.76 2.63 1.26 0.2 0. 11 [ 1]
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A report of the analysis of the chemical composition of some
glass artifacts from the Warring States period

LI Qing - hui" %, HUANG Jiao —Zhen', LI Fei%, GAN Fu - xi*

(1. Jiangxi Science and Technology Nomal University, Nanchang 330013, China;
2. Shanghai Institute of Optics and Fine Mechanics, CAS, Shanghai 201800, China )

Abstract: It is important to confim the chemical composition of ancient Chinese glass. In this study, methods such as
poton — induced X —ray emission (PIXE), inductively coupled plasma atomic emission spectrometry (ICP - AEP ), and
energy dispersive X — ray fluorescence spectrometry (EDXRF ) were used on glass artifacts fiom the Warring States period
which had been unearthed from places such as Xinjiang, Hubei, Henan and Chongqing. These samples include monochro-
matic glass beads compound eye — beads and glass discs (Bi ). The study shows that, three kinds of glass; Na,O — CaO -
Si02, K20 -SiO2 and PhO - BaO -SiO2 coexisted in Xinjiang during the Warring States period . These artifacts were dis-
tributed in an area covering Northwest China, the valleys of the Yellow river and the Yangtze river, and other places such
as Sichuan and Guizhou.The eye —beads unearthed from the Marquise of Sui belong to the NaxO —Ca0 —SiO; system. But
their Na;O content was lower than that of the typical western Na;0 —CaO —Si0;. It also contained some PbO. All the arti-
facts unearthed from the city of Chongqing belong to the PO — Bd) —SiO2 system.For the monochromatic beads and the
compound eye —beads of the Warring States period (475 —221B. C. ), their chemical composition could be traced to two
different silicate glass systems, the K20 - SiO2 and the PbO — B&O —Si0,. Think that the technical development of these
two glass systems is supposed to the related. With the esults gathered, the paper also presents a discussion about the
places whewr the glasses were produced and other related issues.

Key words: PIXE; Warring States; Ancient Chinese glass; Chemical composition



