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Abstract: Borosilicate glass has been widely used as a basal frit for the solidification of high-
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level waste due to its excellent chemical stability, good thermal stability, and high glass tol-
erance for radioactive waste properties. There is inherent dependence relationship between
the structure of waste glass solidified bodies and its composition, which will have impact on
the properties of waste glass. The contents of waste glass composition are considered as vari-
ables that will give rise to the change of certain structural characteristics of waste glass solid-
ified bodies, which is an internal thread to explore the influence on the performance of high-
level waste glass solidified bodies. The aim of this study is to obtain the influence rule of the
content of waste glass composition on its structural feature parameters(such as the fraction
of non-bridging oxygen) and to estimate the properties of waste glass solidified body, and
then to provide a guidance for designing an optimal formula of waste glass for highly efficient
disposal of high-level waste. In this study, a series of waste glass samples were prepared on
the basis of the formula for certain simulated high-level waste glass solidified body, but the
glass composition was changed as a function of SiO, or B,O, content. Furthermore, the
Raman spectroscopy is applied for analysis of the silicate networks structure unit(Q", where
Q and n represents the tetrahedral unit and the number of bridging oxygen per tetrahedron,
respectively) of the waste glasses. And the influence of the content of SiO, and B,O; on the
network structure of the waste glass solidified bodies was discussed. The results show that
an increase of the fraction of bridging oxygen with increase of SiO, content(mass ratio of
Si0, to that of all the other oxides) from 0. 721 to 1. 037 and in the meantime silicate net-
work polymerization degree (N) as indicated by the ratio of non-bridging oxygen/bridging
oxygen decrease. However, the fraction of bridging oxygen first decreases with B, O, content
(mass ratio of B,O; to that of all the other oxides) reaching to 0. 143 from 0. 117 and then
increases with further increase of B,O; content to 0.176. The density determinations have
shown close results and no crystallization are observed on the waste glass solidified bodies
within our scope of the experiments.

Key words: vitrification; Raman spectroscopy; SiO,; B,0;
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Table 1 Compositions of basic formula of simulated high-level waste glass solidified body-"

e _ Y 75 41 A% e A 2 UEN
EXid7) w/ % A w/ %
1 Si0; 14. 89 1 SrO 0. 037
2 B, O 12. 26 2 Y, 04 0.016
3 Al Oy 3.70 3 MoO; 0.194
4 Na, O 4. 38 4 MnO, 0.013
5 Li;O 2.18 5 BaO 0.021
6 CaO 6.72 6 Lay Oy 2.031
7 MgO 4. 37 7 TiO, 0. 150
8 BaO 3.50 8 Cr; Oy 0.298
9 V, 05 1.50 9 Fe, 05 3.238
10 Sh, Oy 0. 50 10 NiO 0.592
BEES L4 AT 84. 00 11 Na, O 7.011
12 Al O3 1. 450
13 K,O 0. 094
14 SO, 0. 816
15 P, O 0.071
16 Cs; O 0.120
AL 5y A v 16. 152
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Table 3 Raman curve fitting data of past studies of silicate glasses nm

75 Ey R Si0; (QY) SiO; (QY) =Si0,(Q%) =SiOQ*) =Si=(Q") CHik
1 650~1 200 900 950~1 000 1 050~1 100 1060 1200 [1]
2 850 900 950~1 000 1 050~1 100 1200 [5]
3 850~1 250 900~920 950~980 1 050~1 100 1120~1 190 [6]
4 860~1 230 925 980 1 050 1150 [7]
5 850~1 250 947~955 1060~1 078 1140~1 142 [8]
6 700~1 300 750~850 950 1 000~1 100 1100 1 150~1 200 [9]
7 850~1 200 850 900 940~1 000 1016~1 076 1148 [10]
8 800~1 200 885 930 975 1075 1075 [11]
9 775~1 150 870 960 990 1 050 [12]

10 750~1 250 861~874 919~932 981~999 1 049~1 070 1107~1 164 AT AR
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with different content of B, O,
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