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Abstract: To trace the technological origin, development and chemical composition system, in the present research, a
total of 26 glass artifacts and 1 glazed pottery of the Han Dynasty were analyzed non-destructively by means of external
beam proton induced X-ray emission ( PIXE) and portable energy dispersive X-ray fluorescence ( pXRF) spectroscopy.
These ancient glass artifacts dated from the Eastern Zhou to the Song Dynasty were unearthed from Xinzheng, Nanyang,
Xingyang, Luoyang and other cities in Henan province. It is found that the chemical composition systems of these glass ar-
tifacts showed some different characteristics in different historic periods. During the Eastern Zhou, there were Na, 0-CaO-
Si0, and PbO-Ba0-Si0, glasses. Pb0O-Ba0-Si0,, PbO-Si0, and K,0-Ca0-SiO, glasses were found in the Han Dynasty.
While in the Tang and Song Dynasties, both Na, 0-Ca0-SiO, and PbO-K, 0-Si0, glasses were identified. Among them, the
Na, 0-Ca0-Si0, glasses were imported from the West and the others were native products of China. The main fluxes used
in these ancient glasses were lost with different amount
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depending on the level of the surface weather. The versatile
colors of these glasses were related to different transition metal

E£WE: HERYRMBmEE LI E (b E &SRB elements. The results obtained provided some new clues to
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Fig. 1  Photos of the glass samples unearthed from the Henan province
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Tablel Brief information of the glass samples unearthed from the Henan province
Sample No. Site Name Date Location
HNWKIV-06(A) M38: 3 Eye-bead Eastern Zhou Xi-ya-si at Xinzheng
NYWK I -3(B) M21. 4 Nose plug (bi sat) Western Han Dynasty Wan-jia-yuan at Nanyang
NYWK ] -5-1 ~2(C) M24 Eye-beads Late Western Han Dynasty Wan-jia-yuan at Nanyang
HNWKII-83(D) M4 . 0220 Eye-bead Late of Spring and Autumn period Jiuxian village at Ye county
HNWKII-84 (E) Mb-0515-36 Cicada Han Dynasty Xue village site at Xing county
HNWKII-85(F) oMmi1. 5 Cicada Han Dynasty Xue village site at Xing county
HNWKII-86 (G) IVM52. 3 Ear or nose plug (erbisai) Han Dynasty Xue village site at Xing county
HNWKIT-87 (H) 1IM243; 66 Cicada Han Dynasty Xue village site at Xing county
HNWKIT-88 (1) OT1110M217: 7 Zoomorphic ornament Han Dynasty Xue village site at Xing county
HNZZ-58 (1)) 2006 XXIIT1110M217 Eye-bead Han Dynasty Xue village site at Xing county
HNZZ-59 (K) 2006 XXIT1210M221 ; 3 White bead Han Dynasty Xue village site at Xing county
HNZZ-65, 66(L) 2006XXIIM243; 22 -1 ~2 Eye-beads Han Dynasty Xue village site at Xing county
HNLY-03 (M) M1026. 26 Cicada Early Eastern Han Dynasty Shao-gou at Luoyang city
HNLY-05(N) M18 Liao zhu Middle of Western Han Dynasty Shaogou at Luoyang city
HNLY-08(0) M8371 Eye-bead Warring States Period International Trade Building at Luoyang city
HNLY-09(P) M3943 Eye-bead Warring States Period Zhen-zhi-chang at Luoyang city
HNLY-10( Q) M405. 2 Liao er bei Tang Dynasty eExcavating area at Luoyang city
HNLY-11(R) M15: 8(9: 1962) Bead ( Liao zhu) Tang Dynasty Aqueduct at Mangshan Mountain, Luoyang city
HNLY-12(S) M23. 1(9: 962) Liaohuan Tang Dynasty Excavating area at Luoyang city
HNLY-14(T) M54. 6(9. 1951) Bead ( Liao zhu) Song Dynasty Aqueduct at Mangshan Mountain, Luoyang city
HNLY-15(U) M433. 3(9. 1149 Liaozhu Song Dynasty Aqueduct at Mangshan Mountain, Luoyang city
HNLY-16(V) M71. 1(9. 983) Hair clasp(Zan) Song Dynasty Aqueduct at Mangshan Mountain, Luoyang city
HNLY-17(W) M2. 15(9. 1817) Eye-bead Han Dynasty Ren-wei-lou at Luoyang city
HNLY-18 (X) M21: 6(9. 857) Eye-bead Western Han Dynasty Control-flood aqueduct at Luoyang city
HNLY-20(Y) -129. 24 Liao zhu Han Dynasty No. 401 excavating area of at Luoyang city
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Table 2 Chemical composition of the glass samples unearthed from the Henan province (w/% )
Sample No. Measured point  Na,0 MgO ALO, Si0, P,05 SO, Cl K,0  Ca0O TiO, Cr,0, MnO Fe,0, CoO CuO PbO BaO Sh,0;
NWK I 83a blue body ~ 1.89 0.92 3.52 77.01 1.06 0.67 0.00 0.86 9.58 0.03 0.03 0.07 0.8 0.00 2.80 0.59 0.00 0.00
HNWKI-83b  yellow eyeball  0.00 1.59 3.75 79.32 1.01 1.29 0.00 0.44 9.89 0.25 0.11 0.00 0.95 0.00 0.92 0.48 0.00 0.00
HNWK [[ -83c%  fresh blue body 14.99 1.31 3.82 67.76 0.31 N.D N.D 0.40 7.2 N.D 0.04 ND 0.27 N.D 200 N.D. 0.19 0.72
HANWK I -83d%  white eye part  2.82 1.26 2.87 55.43 0.15 N.D N.D 0.29 559 N.D 0.03 ND ND ND 003 ND 006 468
HNLY-08a blue body ~ 7.78 1.01 7.57 71.30 0.56 0.91 0.55 0.51 7.91 0.10 0.00 0.00 0.69 0.00 1.06 0.00 0.00 0.00
HNLY-08b white eye part  0.00 1.97 9.19 54.40 2.41 1.97 0.53 0.32 22.10 1.32 1.54 0.34 2.44 0.67 0.49 0.00 0.00 0.00
HNLY-08¢ blue eyeball ~ 9.75 0.72 4.65 69.50 0.33 0.72 0.58 1.40 8.21 0.12 0.00 0.00 3.31 0.28 0.36 0.00 0.00 0.00
HNLY-09a black eyeball ~ 2.35 2.30 11.96 67.94 0.64 2.17 0.00 3.62 4.81 0.39 0.04 0.00 3.39 0.00 0.33 0.00 0.00 0.00
HNLY-09b vellow body ~ 0.97 0.86 8.49 77.75 0.59 1.03 0.00 0.96 4.60 0.34 0.04 0.00 2.98 0.03 1.00 0.00 0.00 0.00
HNLY-09¢ green body ~ 0.70 1.17 7.38 78.50 0.68 0.05 0.00 1.84 4.04 0.15 0.00 0.00 3.04 0.00 2.45 0.00 0.00 0.00
HNLY-09d vitreous body ~ 0.76  0.94 5.76 85.60 0.26 0.00 0.06 0.68 2.53 0.09 0.00 0.00 1.69 0.07 1.55 0.00 0.00 0.00
HNLY-09e 3% vitreous body ~ 8.27 2.28 3.72 73.35 0.00 0.01 0.00 3.58 5.67 0.00 0.00 0.02 1.14 0.00 1.70 0.00 0.00 0.00
HNWKIV-06ax  black body ~ 3.06 1.21 1.90 40.77 N.D. N.D N.D 0.16 N.D. N.D 0.01 N.D 0.18 ND 1.8 33.92 0.55 0.00
HNWKIV-06h * pa“;’fe‘l})‘;fhf"d 1.39 1.08 4.67 33.11 N.D. N.D N.D ND 006 ND 002 ND 036 ND 164 3834 0.69 0.00
NYWK [ -3 white surface .00 0.00 2.89 5.00 0.49 0.00 0.00 0.17 0.09 0.00 0.00 0.00 0.49 0.10 0.00 89.65 0.00 0.00
HNLY-05 vellow body ~ 0.00 1.37 4.18 41.00 8.08 0.00 0.16 0.10 1.72 0.96 0.00 0.00 0.23 0.00 0.62 41.60 0.00 0.00
NYWK -5-la  green eyeball ~ 4.87 1.34 5.38 57.05 1.27 0.00 0.00 0.42 1.07 0.00 0.00 0.00 0.38 0.00 1.49 17.73 7.08 0.00
NYWK [ -5-1h black hody ~ 1.78 0.68 2.25 26.73 7.05 0.00 0.00 0.36 1.27 0.00 0.02 0.13 15.31 0.00 0.15 36.36 6.66 0.00
NYWK [ -5-lc  white eye part  1.00 1.23 2.49 51.56 2.75 0.00 0.00 0.08 0.51 0.00 0.08 0.00 4.66 0.00 0.21 32.19 2.75 0.00
NYWK [ 52a  greeneyeball  2.46 1.10 5.91 57.99 1.41 0.00 0.00 0.33 1.17 0.00 0.00 0.00 0.46 0.00 1.51 19.36 6.93 0.00
NYWK[-52b  white sutface  0.03 1.38 7.02 53.48 0.98 0.00 0.00 0.26 1.57 0.03 0.06 0.00 1.22 0.00 0.61 28.74 2.57 0.00
HNLY-18 black body ~ 0.26 1.18 13.50 66.60 2.88 1.94 0.10 0.43 5.42 0.00 0.00 0.00 0.78 0.00 0.40 5.67 0.83 0.00
HNLY-03a  weathered surface 0.00 0.00 4.86 23.80 26.40 0.00 0.53 0.43 12.6 0.30 0.00 0.00 0.63 0.00 0.22 30.20 0.00 0.00
HNLY-03b green point  1.08  0.76 3.30 54.00 12.60 0.00 0.59 0.97 2.93 0.00 0.00 0.05 0.30 0.00 0.13 19.70 3.55 0.00
HNWK [ -84a front side  0.23 0.40 1.34 30.08 15.58 0.00 0.00 0.44 14.44 0.00 0.00 0.00 0.17 0.00 0.00 28.75 6.82 0.00
HNWK I -84} d“""k'cgi‘i‘)f‘he 0.00 1.05 1.70 12.10 15.45 1.27 0.00 0.14 15.32 0.13 0.23 0.00 0.22 0.00 0.05 44.08 6.83 0.00
HNWK I 84c section side  1.52 0.06 0.88 39.77 1.23 0.00 0.00 0.07 0.18 0.00 0.08 0.00 0.05 0.00 0.00 38.64 17.46 0.00
HNWK [ -84d  fresh front pat  0.56 0.20 0.78 37.15 4.13 0.00 0.00 0.14 3.27 0.00 0.04 0.00 0.04 0.00 0.00 40.73 12.04 0.00
HNWK 1852 fresh front part  0.00 0.37 1.01 42.11 6.24 0.00 0.00 0.22 3.50 0.00 0.07 0.00 0.06 0.00 0.06 40.60 3.54 0.00
HNWK 1 -85h section side ~ 0.00 0.59 1.58 23.54 4.35 0.11 0.00 0.16 3.58 0.00 0.06 0.00 0.13 0.00 0.06 49.15 15.13 0.00
HNWK 11 -86a surface 0.00 0.75 1.55 22.48 4.87 0.00 0.00 0.00 4.39 0.00 0.05 0.00 0.27 0.00 0.00 59.47 4.54 0.00
HNWK I -86b flash point ~ 0.00 0.68 1.76 25.33 4.26 0.00 0.00 0.00 2.91 0.00 0.00 0.00 0.21 0.00 0.00 57.85 4.03 0.00
HNWKI-87a  Sectionside  0.00 0.62 3.05 38.52 1.00 0.00 0.00 0.30 2.44 0.00 0.09 0.00 0.62 0.00 0.00 36.24 14.24 0.00
HNWK [ -87b  fresh surface  0.00 0.26 0.68 15.59 4.80 6.41 0.00 0.16 2.72 0.09 0.23 0.00 0.07 0.00 0.00 42.15 23.63 0.00
HNWK I -87c  weathered surface 0.00 0.00 1.62 13.84 15.08 3.18 0.00 0.19 16.21 0.00 0.19 0.00 0.27 0.00 0.00 32.42 14.71 0.00
HNWK 1T -88 vitreous body  2.11 1.43 4.43 51.80 1.44 0.00 0.00 0.09 3.21 0.00 0.07 0.00 0.47 0.00 0.35 24.90 7.69 0.00
HNZZ-58 vitreous body 000 1.21 3.01 57.00 7.30 0.00 0.51 0.35 2.74 0.12 0.00 0.00 0.4 0.00 0.36 26.70 0.24 0.00
HNZZ-59 vitreous body ~ 0.82 0.51 7.32 74.80 1.79 0.00 0.52 6.05 7.46 0.04 0.00 0.00 0.46 0.03 0.03 0.00 0.00 0.00
HNZZ-65 vitreous body 000 0.49 1.19 62.50 2.03 0.00 0.33 0.09 0.41 0.00 0.00 0.00 0.21 0.00 0.23 32.40 0.00 0.00
HNZZ-66 vitreous body ~ 0.77 0.57 1.82 58.70 3.73 0.00 0.44 0.17 1.16 0.04 0.00 0.03 0.98 0.03 0.09 31.40 0.00 0.00
HNLY-17a vitreous body ~ 0.22 1.09 6.68 31.70 17.00 0.75 0.24 0.46 4.69 0.00 0.00 0.04 16.99 0.14 0.75 18.60 0.58 0.00
HNLY-17b blue eyeball ~ 0.00 0.58 5.17 23.80 18.00 2.45 0.77 0.68 6.82 0.00 0.00 0.23 2.25 0.00 2.24 33.30 3.72 0.00
HNLY-17¢ white point 163 1.85 12.60 54.50 7.01 2.05 0.27 1.39 3.41 0.00 0.00 0.05 1.39 0.02 0.12 9.46 4.29 0.00
HNLY-20 vitreous body ~ 0.00 0.75 2.93 51.50 11.2 0.00 0.22 0.11 131 0.00 0.00 0.10 0.16 0.00 0.86 24.60 6.19 0.00
HNLY-11 vitreous body ~ 2.81 0.70 6.11 66.00 1.19 1.30 0.63 1.26 11.2 0.52 0.00 1.21 4.47 0.00 0.78 1.80 0.00 0.00
HNLY-12 vitreous body ~ 0.00 1.17 7.81 38.00 13.30 0.00 1.17 3.60 2.85 0.03 0.00 0.03 0.47 0.00 4.50 26.90 0.00 0.00
HNLY-10 vitreous body ~ 2.18  2.59 10.50 47.00 7.85 3.39 0.52 3.89 2.26 0.00 0.00 0.08 0.65 0.00 1.45 17.70 0.00 0.00
HNLY-14a red point 0.20 0.60 3.78 47.00 8.01 0.79 0.76 8.73 3.27 0.04 0.00 0.03 2.47 0.03 1.95 22.30 0.00 0.00
HNLY-14b white point ~ 1.56 1.76 8.09 51.30 4.67 1.10 0.24 3.24 10.40 0.06 0.00 0.00 0.92 0.04 0.08 16.50 0.00 0.00
HNLY-15 vitreous body 102 1.47 6.14 43.40 11.00 0.00 0.22 4.60 1.54 0.04 0.00 0.00 1.33 0.03 6.91 22.40 0.00 0.00
HNLY-16 vitreous body 000 1.00 3.41 27.00 5.32 0.00 0.65 1.61 1.44 0.00 0.00 0.00 0.12 0.00 0.00 59.40 0.00 0.00

* Determined by pXRF; 3 Determined by SEM-EDS; the others measured by PIXE
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HNLY-18, HNLY-03, HNWKII-84, HNWKII-85, HNWKII-86.
HNWKIT-87, HNWKII1-88, HNZZ-58 fil HNLY-20, #5 6 i
WERR B B ek, P 3 P (NYWK [-5-1, NYWK [ 52,
HNLY-17) - fE A 528, H PbO 1 BaO & &) 4 Jl5 il
W43 17.73% ~ 36.36% F1 2.57% ~7.08% , {HkE
g HNLY-17 (4 3 L IR BR R A7 PhO & A X 481, (X
9.46% . A3 35 W A1 H- 5 ZESE PbO Al BaO 1) & 4t 4
XS R, 4 W Ch 24.90% ~ 59.47% 1 3.54% ~
17.46% , F4h, #EfH NYWK T -5-1 Fi1 HNLY-17 %3t 4
AL E A B 1 Fe, O3 (4351124 15.31% F116.99% )

AT, S3 4 3 AT REJE T AT 0 B 5 04 B
HNWKIV-06, HNLY-18 il HNZZ-58 ki it R 1% 8 ke
AR 1 7™ E, IR ZR I W H . FE S HNWK IV -06a,
HNWKIV-06b F1 HNZZ-58 [fj PbO &5 43 K 33.92%
38.34% H126.70% , {HH BaO & EIEHE, HWALE 1%
(0.24% ~0.69% ) ; TfiFkESy HNLY-18 [y PbO Fil BaO 4
WA E AL, 43BN 5.67% F10.83% , X 5K LT
2 BaO KA K,

J& T PbO-Si0, ZGikf 4 HNZZ-65 Fl HNZZ-66 i
TF, ¥l HF = A= 4 Si0, F1 PbO, Hirp
Si0, Eri 4y 9k 62.50% F1 58.70% , Bk PhO & &
4351k 32. 40% F131. 40%

3.1.3 K,0-Ca0-Si0, % %3k 3%

R ZEAL 1 1, BIRESYA HNZZ-59, DU, fheid
43 Si0, Frk 74.80% , CaO 48k 7.50% , K,0 &
R 6.10%, ALO, & & K 7.30%, P,0, & & H
1.80% , HABEAL# i CuO, Na,0, MgO, Fe,O, &4
<1% ,

3.1.4 K,0-Pb0-Si0, % %3k 3%

FEAC R HNLY-12 DL B2 R AR i A i HNLY-10, HN-
LY-14 . HNLY-15 1 HNLY-16, it 5 . HF s k2
B4y R Si0, . PbO Fl K,0, ¥ K& BaO, H Si0,. PbO
K, 0 /9 & & 43 A 5 4 ) & 27.00% ~ 51.30% |
17.70% ~59.40% F11.61% ~8.73% .,

3.2 it i
3.2.1  BiER fesk 3K A E T A RR

PIAEBFFEIN v B A i oy A B 38 1) £ 2 1 43 1Y)
HARRLA R . [ ARSI SR E T (800 ~ 400 B. C. )
K,0-Ca0-Si0, %5, H K& E 2 4 (400 B. C ~200 A. D)
4 Pb0-Ba0-Si0, R4 1 K,0-Si10, &%, A AR ZEH
(200 A. D ~700 A. D) & PhO-Si0, &%, [ FEMLZE LN
(600 A. D ~ 1200 A. D) ¥ K,0-Ph0-Si0, 4", 7§ ¥
Na,0-Ca0-Si0, F 4t 7 8 75 H [ 2 0l 248 A& =,
IR T R it 5 LA AT A9 v S oy AR 3 o - v

AR FRAAH — 2,

o e R B AR R AR RO I S E e, £
Shy W WE R B B ER , 022 0 N R BR 5 1 400 24 38 B K 5
HRER | T P [ v RO 1 5 S IR 2R ( 52 1
KT REFETZE, AIURHT 504 48) T FIW I K
FElZTUEMERR BR ' | I0-IC I A S L b L 2, 3
DA KR53 2 45 25 A 1% 055 I HR Bk (8 JT T 400 4F A2
), B0 I B K R R R T Na,0-Ca0-Si0, £
G, RVETARE, IR ST I R Rk R ] 2 AR B 4 1
it 0 IR 3% 38 ¥k HNWKTI-83 . HNLY-08 1 HNLY-09 & 5
FROBLERFE S HNLY-11 358 T 0L 28 . 3k 2B k¢ 5 K, 0 Fl
MgO ()& B IEATRAE 1.5% LR, {4 BIRE S 1) K,0 &
HAE 2% FE A7, SRS K SR8 ( Natron ) /5 8 B 51
T Ja e T S e B 3R T GG O R 2R, A
K,0-Ca0-Si0, fil Ph0-Ba0-Si0, & %, A it % H A
(Saltpeter, KNO,) A B J57 4% ( Galena, PbS) FlE 4
(Barite, BaSO,) ZF1ENBhKE, nAILTT R JUIK 55
IR R S X A A R SRE Y, REA
T 0 B 30 s 54 T 7 PG 7 W MR R B AL, 3 0 7 AR E A
UL SN s T A B e @ AW A L
RERRER DY B 7 = A R KM AE My e, MR
ATV PUREEILL S P =E . BN
RIUELT, NEE",

VR 3T 1 7 ] 0 W R R A 5 HNWKCIV 06 LA
) Ik W2 R Bk NYWK I-5-1. NYWK I-5-2, HNLY-17,
HNLY-18 #1 HNZZ-58, DL F 3UAC 0k Bk HNLY-20, I
HNLY-03, HNWKIT-84, HNWKII-85, HNWKII-87.
HNWKIT-88 F1 H- £ %€ HNWKII-86 34 J& T & [® H il i
PbO-BaO-Si0, ZGuHEIE, 1Mo RS H A DU B 5%
BRAE HNZZ-59 W J& + 0 [ A # 1Y K,0-Ca0-Si0, R4t
Y, M, ZRJARES AINWKIV-06 f4EA b BRI % 2
PR 0] K2 A 25 DU ) v O U e s A B 8
R PbO-Si0, & &5, LRk 4 # i9 IAR AL 3R A i HNZZ-65
H HNZZ-66 ¥ )@ 1025 o 1h T /85 40 3 389 6 45 ok FH 7 i 2k
R AE MR, AU, MRECH LR A
S5 AR 3 43 48 AL #Y T JE B K,0-PbO-Si0, R 4B,
WG 3 BT 5 A 5 ) 0 E B R B RN BE S HNLY-12
HNLY-10, HNLY-14 . HNLY-15 fil HNLY-16 & Tt 2%,
YR 3 AT 9 b e SR BH R B P 5 A Rk 0
I 30 08 I W R 5 e R R B B B, S FRAT TR T DUAR,
Z R AR LA Z i b A B R EH ARG .

(SR A, R B IH B 4 A0 7 Bk g 30 ity e R
BEEETR HNWKIT-83 (1) 11 0 iR [ v 4G 0 1 45 755 4 Sb, O
(4.68% ), XAEHTHEFEIR . B A vE AR LR b



14 Hh R R 2

831 %

B S S0 2 S p il L B RS S Bk A R B,
Sh, 05 Fy 51 A =22 B ZL R 1EH
3.2.2 FEAmHy

AT R LUE Iz s A f e i 5 A
A LLF LR

Co" &M CoOHZREAE01% L L, ZARBIA,

AARERN IR . Co™ " AR YW (A (B F. U HNLY-

08 (fik Mg MERR Bk ) , H 5 (AR Bk CoO R 0.28%
AR BEES h A CoO M A (F i =0.1%), K
FONARBUIF UG, 10 08 I3ty A BT 3 38 (38 R AN IR K )
Ity ¥ (i 6 5 29 76 A JGRIT 1 000 40 FFIL, Co Bt
) D 1 2 2 0 IR B8 8 BV A% A ) — A T AR o

Cu’ " &® (&) @EMHILL CuO Fl Fe,0, 0 £,
Hoh CuO F8EE 2% UL L, RANHBIA, ANREIE,
Fe,0, W AT, % <4% . QA& HNWKIT-83 ( F5Fk
Wi wE IR 2R ), W@ JE R CuO & R (2.00% ~
2.80% ) ; HNLY-09 (% [ 15 e I 2k ), H ¢ 5L ik 1
CuO & 5 H 2.45% , Fe,0, 7 Ky 3.04% ; HNLY-12
(RS EORIR ), H CuO il 4.50% , Fe,0, % 4
0. 47% LI K HNLY-15 (RIS S ookl Bk ), H CuO &
HH6.91% , Fe,0, 8K 1.33%

Fe’ 8 Fe'* H® B ML (a5 a5 L Fe,0, N
F, kRS NYWK T -5-1 (PG00 s e iR gk ) , HIB @
FHAR Fe, 0, % &R 15.31% ; #ffh HNLY-17 (3R 50 AR
B, HA @R Fe,0, & ik 16.99%

Mn' " & MnO FHEIE 1%L, ZRARNEN, W@
ARAHEN AL . Mo FH 2 ta, 5HAE 70 ke
o Fe' " 41 & A2, f HNLY-11 ( 1% 28 @ B Bk ) 1
MnO &4 1.21% , Fe,0, it 4.47%
3.2.3  RACJE 4kt & 3h 35 64 % vh

R T AT BRI s2 e, X 3 (A 461 1 e M R
BB IRAE S RN 3 A3 T WHURE 5 100 2R T R 1A R AT 1%
HeA T o BT B T AR T AR X U SEEG A M R B, Xt B
TERE b v TG VR R R Ak Rk Y A S T Uk 1R R S T
FEEBIEFI TR IS, FE S LR B8 ™ &, Na,O,
PhO il BaO & b/, LGB, I3 -4
0 11 55 1L HE B 3% Bk ( HNWKII-83 . HNLY-08 1 HNLY-
09), FARIALIEHr & Na,O 19 & & &K T 2. 50%
(0% ~ 2.35% ), i ff 1 09 & & W~ 7.78% ~
14.99% ; HRERFBAOL Na,O FRMAFERKLER, H51H
0, 9.75% M12.35% , XANTUAC TG 5 0 AL 5 HNWKIT-84
1E T B 6 5 PbO B BaO B9 & 4 Wik 40.73% FiI
12.04% , i =% 18 7 & W 40 8 28.75% F1 6. 82% ; T4
WFE f HNWKTI-85 ) Wi i PbO H1 BaO & & 43 il A

49.15% 1 15. 13% , i 2 1 5 42 W 43 51 Ay 40. 60% F0
3.54% ; PANFE & HNWKIT-87 3 6 W7 1 #9 PbO i1 BaO
BRIy 42.15% ) 23.63% , T 1 & 8 0 53 53 g
32.42% 1 14.71% . ik, REFCRE S HNLY-11 (5 Na,O
FERRAN(2.81% ), WZ KA K FTE

NP BB T ol A M R S A, R R R
HAHLRICHLA R L, A ALY F 2 H R,
BLES o NI A1 o RN E WL 2905 273,
Hh95% JE IR Ca F1 P, EATLA—Bhas i B2 AR 22 () e
AW RAEAE o SR B LR, B R T
W ERBEIKA R, SBOEETEARZH, XS
R R i R I A, (AT RS i 32 BN R R B A h o X
U DR i AL o) P S — i A P, 05 AT CaO),
AR KE S HNLY-03a, HNWKIT-84a, HNWKII-84b,
HNWKIT-87¢, HNLY-17a il HNLY-17b f P,0; il CaO
B A AR T B Y B R 15.45% ~ 26.40% F1 4.69% ~
15.32% , FAURESL HNLY-12 i P,05 il CaO 5 43 5
o 13.30% F1 3.60% , KA &L HNLY-10, HNLY-14
HNLY-15 #1 HNLY-16 [ P,0, F1 CaO #5431 i FEl 43 51l
H4.67% ~11. 00% F1.61% ~8.73% , JEXALJEIE A
AT B Dt IR P 8

4 £ #

IR 8 &R AR B 5 B AL & Na, 0-Ca0-Si0, , PbO-
Ba0-Si0, . PbO-Si0, . K,0-Ca0-Si0, # K,0-Pb0-Si0, 5
Rz, Hodr, H R 2 5% FE A 5 Na, 0-Ca0-Sio,
PCIERE SR TV ARCR A, SR AR S B4 ) o G ot
RS 51 2 sl 190 v /0 3 3 B LR AR A i LA o B Rl 2
o 3B A RE AR ZRAE SR TP 5 i A Na, O-
Ca0-Si0, BEIEIR Z, W T WAL T B Na,O (1 K E K.
HARFERE T E A&l 8 E 2= K PbO-Ba0-Sio,
BEEERE SR O Y0 R A R B R 5 B R Y I
7R 5 i i AR 3 38 2K JE F PbO-BaO-Si0, # 4t 3% 3,
TR 3 BaO Ky ke, JLARAR BB S ik [ 5400
SR BHEEAT 5L Bk 4 A TUF PhO-Si0, 3 35 R 5 1) i 1F 4F
AR, BIEFIA 0 . AR K,0-PbO-SiO,
PERERE SRR RS A O R B R

B R e R s, TR 2, ®
SORE i A A AS TR R B 0 AR i, 3 B B ) Na, O
K,0. PbO il BaO RN[EFERE R R, HBEE R ALsk B
FEINGE, WA, AN RE S E Y R RS Y KAk
Y. XEEPEESCR T AAFE M AT E 6, HAo
EFEA Co, Cu, Fe il Mn, MEARIMER, IREIRE
HO, BOUEMSERNE, HAO., BHEA,
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B S e S Z0 o T S e S S B L T O O S S S S S B L 2 & Y U N S S L S & S 2

W FHBE AR A 5 BT L3R B W0 928007 dah 1A 45 A R 5 T3 1l R A i 22 0 i

FEFP BB . BHGE . FRARPARERMN RN ST, ERE B2 0T A HLI A e 5 A7 52 56 % A
KWFTEN RTE R PERE R S WL S AR 52 07 T S B R Ji , AR DG 25 2R Kk R A 1 391 1) [ B i ek 2 A5 C Adv Mater)
(2012, 24 4618 -4 622) [,

AHER AR TIHAEMR A | SRR AR, LSRR AR AL A 55 5 T 04 T B T A2 BT 2 6
o IR EGYCH TR A PDC R TR B2 Gy, JEHOR AR AT I T8 A ALY i 12 i 4% 5 Th
AEVLRAICE . Ik, R sk RE A AT VRN TR A ML SRR, R AR | A 1A HIL R B 1Y

A HLIE A L SR Z ARG SN BURGE T — 28 A LI TR S PERERY p-BL SRS W) SRR PDVT, AW
PINTHO ARG RS, DA R WA RAWHER I RIFi % s G ERe, HIERRIEF2.0 em™/V - s,
HUTHF G RZAE 105 ~ 107, Forfr, S REEMIIEAYER G PDVT-10 (9IRS % e il LAIA%] 8.2 em™/V - s, X —45 20U H
I I HGE BV W N 2R 5 WIS O, A e B i (B BT BRI AR X — A5 (GIXRD) BF 5 T R S0 4
HERRGSH, BT TR %) PDVT-8 F1 PDVT-10 B9 AL 25 0 AR & W Be S 55 (8] BE d-d 735000 1. 944 nm Al
2. 111 nm, FEEMIAY 7-7 BEESS3 510 0. 372 nm F10. 366 nm, X—HIXH /NG d-d Fl - SR ) BE R+ 204 F T
BT L

IR 5 1 AR LR SRS S BARES , SRWIZZEAORAEAR A . RN TR A HLR 7% A 6 2
AT AR P B o MR A4 5 e AR [ PR 5 (Adv Mater) (2012, 24 4 618 -4 622) F, Ff97k 51 Ef 1

35N, WRFEN GGG T S RER & ATE IR O IR S W SRR, ERERAT R 0 RS PR fiE S
AT CIRVERE, WFFEEE R LUK B T 0k R AR 1 A9C) Mater Chem) , (2012, 22: 3 696) I,
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