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Fig.2 Microscopic images of the cross — sections of the lead — barium glass samples

3 XF -1
Fig.3 Elemental mappings of XF -1

( 4



50

35

4 MB -10
Fig.4 Elemental mappings of MB — 10
10% Si0, 80% o
o MB -10 9%  CaO 16. 4%
XF -1 P, 0
( 5a EDX4).
o SEM - EDX MB -10
N o PbO 80% ( 5b
2.3 SEM -EDX EDX2 EDX3) .
( 1) XF-1 PbO 25% BaO SO,
PbO 36. 1% BaO 8.7% .Si0, 45.3%( S5a  EDXI) 50% 10%
MB - 10 PbO 63.7% BaO 13.9% . ( 5b EDX4 EDXS5),
Si0, 15.0%( 5b  EDXI1) . XF -1 Ba
MB -10 XF -1, ( o) Ba
S5a  XF-1 o XF -1
6)
S Ba BaO
o : PbO 45% S0, 33. 2% o
40% ; PbO o
1
Table 1 Compositions of the lead — barium glass samples (%)
Na,O Mg0 ALO, S0, P,0; K,0 a0 BaO Fe,0; CuO  PhO SO,
EDX1 5.2 0.7 1.6 45.3 — 0.3 1.2 8.7 — 0.9 36.1 n.d. PbO - BaO - SiO,
EDX2 — — 2.9 54.1 — — 1.3 — — — 41.7 n.d.
XF -1 EDX3 — 1.0 3.4 82.8 — — 1.0 — 0.8 — 11.0 n.d.
EDX4 — 1.1 — 8.3 16.4 — 9.0 — — — 65.2 n.d.  Cay(PO,)¢(OH),
EDXS — — — 2.8 — — 1.8 2.5 — — 92.9  n.d.
EDXI1 3.2 0.5 1.3 15.0  n.d. 0.2 0.7 13.9 0.9 0.6 63.7 — PbO - BaO - Si0,
EDX2 2.3 1.2 3.0 5.5 n. d. 0.4 0.8 1.1 0.8 0.4 83.8 0.7
MB -10 EDX3 — — 0.3 3.7 n. d. — 0.8 — 1.3 1.1 92.6 0.2
EDX4 1.0 0.2 1.0 4.5 n. d. 0.4 0.6 58.7 — — 19.2 14.4
EDXS 1.1 0.1 1.0 5.0 n.d 0.5 0.6 52.9 0.2 0.6 25.2 12.8
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Fig.5 SEM images of the lead — barium glass samples
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Fig.6 Elemental mappings of the corrosion layers of XF -1
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Fig.7 Scatter diagram of the SiO, PbO and BaO contents
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of the lead — barium glass samples



52 35
8
Fig.8 Raman spectra of the corrosion layers of the lead — barium glass samples
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Fig.10 Micrographs of the corrosion layers of XF -1
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Scientific research on the corrosion of two Qin Dynasty lead — barium glass samples

WANG Yingzhu' WANG Jie> MA Qinglin® SUN Weigang®
(1. Capital Museum Beijing 100045 China; 2. The Palace Museum Beijing 100009 China;
3. Institute of Cultural Heritage Shandong University Qingdao 266237 China; 4. Shaanxi Academy of Archaeology Xi’ an 710043  China)

Abstract: Lead — barium glass is a unique kind of glass from ancient China dating from the Warring States Period
to the Han Dynasties. As more and more intact lead — barium glass objects have been found study of glass
corrosion and conservation issues has been carried out. Chemical compositions and microstructures of two Qin
Dynasty lead — barium glass samples excavated from Shaanxi and Henan Provinces were determined using scanning
electron microscopy — energy dispersive X — ray spectrometry ( SEM — EDX)  optical microscopy ( OM) and laser
Raman spectrometry ( LRS) . Based on the results the main corrosion product of lead — barium glass is PbCO; and
most of barium salts have been lost to the environment or the surface of the corrosion layer. Formation of the
corrosion layer structure is related to periodic changes of environmental water levels and pH values. This study
could provide some valuable information both for lead — barium glass conservation and its preventive conservation
work.

Key words: Shaanxi; Henan; Qin Dynasty cemetery; Lead —barium glass; Corrosion layer
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