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Table1 Composition of radiation resistant glass foundation
w/%
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W is mass fraction.
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Fig 2 Temperature curves of radiation resistant glass material
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Table 2  Volatility of volatile compounds (lead oxide) under different melting temperature conditions

Melting temperature/'C W (lead oxide in the batch)/% W (lead oxide in glass)/% Volatility rate/%
1485 51.00 50.28 1.41
1500 51.00 50.22 1.53
1515 51.00 50.12 1.73
1530 51.00 49.98 2.00

B3 1485 TRl BB RE fh h AME Y S IR
Fig 3 Physical image of unmelted material in glass sample
melted at 1485 C
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Table 3 Elements and content of unmelted material

samples in glass during melting at 1485 'C

Element wW/% Mole fraction/%

(6] 35.44 71.45

Si 14.03 16.11

Ca 3.16 2.54

La 33.08 7.68

Pb 14.30 2.23

X is mole fraction.
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Table 4 Volatility rates of volatile substances(lead oxide)
under different pressure conditions

w (lead oxide in W (lead oxide in ~ Volatility
Pressure/MPa
the batch)/% glass)/% rate/%
0.0 51.00 50.22 1.53
0.2 51.00 50.50 0.98
0.4 51.00 50.59 0.80
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Table S Volatility of volatiles (lead oxide) from different lead oxide introduction methods

Sample No. Introducing W (lead oxide in the batch)/% w (lead oxide in glass)/% Volatility rate/%
1 Yellow lead 51.00 50.59 0.80
2 Red lead 51.00 50.74 0.51
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Table 6 Elements and content in glass volatile samples

Sample 1 Sample 2
Element
W/% X/% W/% X/%

(6} 8.94 48.25 16.45 63.23
Si 0.00 0.00 0.60 1.34
S 6.05 16.31 6.13 11.76
As 0.00 0.00 0.49 0.40
Sr 0.00 0.00 1.52 1.06
Pb 85.01 35.44 74.81 22.21

TN, ONATERFRA R RRES 1 AIEER 2 WS T EAA
XHE &, WLAUEH XPS 5 EDS et dEA—,
FES 1 EERES: 2 IS & Kk,

F7 XPS 2ILFEHERHANETEHENEE

Table 7 Relative content of each element in XPS full
spectrum scanning samples

Sample 1 Sample 2
Element
wW/% X/% w/% X%
Pb 4f 51.10 7.23 39.67 4.62
Cls 8.01 19.55 13.38 26.88
Ols 37.81 69.29 41.90 63.20
Na ls 3.08 3.93 5.05 5.30
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Table 8 Mole fraction of Pb elements in various valence

states in glass volatile samples X/%
Sample  PbO, 4f;, PbO, 4fs, PbCO; 4f5, PbCO; 4fs,  Pb*/Pb*
Sample 1 48.55  34.62 6.90 9.93 479
Sample2 4747 3526 10.47 6.80 4.94
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Analysis and Control of Volatile Matter in Radiation Resistant High Lead Glass Melting
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JIA Jinsheng'?
(1. China National Building Material Photonics Technology Co., Ltd., Zaozhuang 277000, Shandong, China;
2. China Building Materials Academy Co., Ltd., Beijing 100000, China)

Extended Abstract

Introduction Radiation resistant optical fiber panel is a kind of optical fiber material device with special functions. As a core
component of X-ray radiology, this fiber material is widely used in digital X-ray imaging, pet medical treatment, security inspection,
industrial nondestructive testing and food safety testing. The industry entry threshold for radiation resistant fiber optic panels is
relatively high. The existing market of high lead glass materials for radiation-resistant optical fiber panel is basically monopolized. To
ensure high visible light transmittance, good thermal stability, and chemical stability of glass materials used in radiation resistant fiber
optic panels, a higher content of PbO is introduced into the glass composition to further improve its refractive index and X-ray
absorption performance In this paper, the main factors (i.e., temperature, atmospheric pressure and raw material) affecting the
volatilization of PbO in the melt of high-lead glass for radiation-resistant optical fiber panels were analyzed.

Materials and method A yellow lead was selected as a raw material to introduce lead into the glass, and the experiments were
carried out at different melting temperatures. The melting temperature was optimized based on the experimental results. The
atmosphere pressure of crucible kiln changed to further control the volatilization of radiation-resistant glass in the melting process.
Under the optimal process conditions, a more effective way to control volatiles was explored via changing the lead oxide introduction
method. Also, the volatiles of the glass melt with different raw material introduction methods were determined by energy dispersive
spectroscopy (EDS) and X-ray photoelectron spectroscopy (XPS), and the main components and contents of the volatiles were

analyzed.

Results and discussion In the mixed materials with the same lead oxide content, the glass in the melting process of volatile amount
decreases, and the volatility rate decreases from 2.00% at 1530 ‘C to 1.53% at 1500 C as the melting temperature decreases. In
addition, when the melting temperature decreases < 1500 ‘C, hard-melt substances in the glass sample appear possibly due to the
enrichment of CaO, LaO and PbO. At 1500 C, the volatilizing amount of glass decreases with the increase of atmospheric pressure
in crucible, and the volatilizing rate decreases from 1.53% at 0 MPa to 0.80% at 0.4 MPa. When the pressure of the gas further
increases, it leads to massive stripes on the surface of the glass liquid, affecting the quality of the product. At the same lead oxide
content in the mixing material, melting temperature and ventilation pressure, lead oxide is introduced into the glass by two approaches,
i.e., lead is introduced into the glass with yellow lead as a raw material, and lead is introduced into the glass with red lead as a raw
material. Based on the results of composition test and analysis of the glass material obtained by melting, the glass in the melting
process of volatile amount decreases, and the volatility rate decreases from 0.80% to 0.51% when red lead is used to introduce lead
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into the glass. From the EDS spectra of volatile sample, lead oxide volatilizes in glass material during melting process. As yellow lead
is used as a raw material to the glass introduction, the percentage of lead atoms in the volatiles is 35.44%. As red lead is used as a raw
material, the percentage of lead atoms in the volatiles is 22.21%. The XPS spectra of volatile samples with two different lead
introduction methods show that element lead is the main valence state, the valence state is auxiliary.

Conclusions The influences of melting temperature, ventilation pressure and raw material introduction mode on the volatiles in the
glass melting process were investigated. At the melting temperature of 1500 “C, the ventilation pressure of 0.4 MPa, and red lead as a
raw material to introduce lead into the glass, the volatile amount of volatiles in the glass melting process was effectively controlled,
and the volatility of lead oxide was reduced from 2.00% to 0.51%. At the melting temperature of 1500 ‘C and ventilation pressure of
0.4 MPa, red lead or yellow lead as a raw material to introduce lead, the valence state of Pb element in the glass melting volatiles was
mainly tetravalent, and the divalent was auxiliary. The content ratio of tetravalent lead and divalent lead was 4.79 and 4.94,
respectively.

Keywords radiation resistant fiber optic panel; glass; melting; volatile matter



