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Verification Experiment Research of Glass Formulation
for High Sodium and High Sulfur Bearing HLLW
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Abstract: The verification experiment research was carried out which was aimed at the glass
formulation developed for the high level liquid waste (HLLW) in Sichuan Environment and
Protection Engineering Co. Ltd. , China National Nuclear Corporation (SEPEC). The main
purpose is to verify the sulfur incorporation ability and the performances of the glass form.
In the experiments, the waste oxide loading was changed from 12% to 16%. Two parallel
glass batch samples were converted to glass. One was without any mechanical stirring and
the other one was stirred by a hand tool every 20 min for about 20 s during the melting time.
The results show that for the glass melted without stirring, the sulfur incorporation ability is
low and the total mass loss and normalized elemental mass loss rate in 28 d MCC-1 leaching
test, density, homogeneity and crystallization tendency satisfy the requirements in China
industry standard. For the glass melted with stirring, the sulfur incorporation ability is
much higher than the ones without stirring and other performances also satisfy the require-
ments in China industry standard.
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Table 1  Composition of simulated HLLW

AL (Oxides) o/ (g dm™*) w/ %
CeO, 0. 344 0. 346
Cr; O3 2.010 2.023
Cs2 O 0.091 0.092
K,O 0. 602 0. 606
Lay Oy 11.548 11. 625
Fe, O5 21. 317 21. 460
Al O3 8. 709 8. 767
BaO 0.128 0.129
Na, O 45.103 45.405
MoO; 0.772 0.777
Nd; O 0. 688 0.693
NiO 2.539 2.556
P05 0. 441 0. 444
SO 4.592 4.623
SrO 0. 047 0. 047
TiO, 0.314 0.316
Y204 0. 090 0.091

B (Total) 99. 335 100. 000
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Table 2 Chemical composition

of the recommendatory glass frit

24y (Compositions)  w/% || #H4> (Compositions)  w/%
SiO; 53. 44 CaO 8. 00
B, Oy 14. 60 MgO 5. 20
Naz; O 5.21 BaO 4.16
Li, O 2. 60 V205 1.79
Al O3 4. 40 Sbh, O3 0. 60
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Table 3 Sulfur content in waste glass

L2/ RO

Y3 Wi (SOT)/
(Waste oxide wo (SO )/ % w,aa (SOT) /% waet (/% wae (SOT) /%
(Conditions) wo (SOF)
loading) / %
ik 12 0. 66 0. 66 0.21 0.63 92. 86 %
(Nonagitation) 13 0.72 0.72 0.21 0.63 85.25%
14 0.78 0.78 0.22 0. 66 83.33%
15 0.83 0.83 0.22 0. 66 77.46%
16 0.89 0. 89 0.17 0.51 56.67%
it 12 0.66 0.78 0.26 0.78 117.03%
(Agitation) 13 0.72 0. 84 0.27 0.81 112.18%
14 0.78 0. 90 0.28 0. 84 108.02%
15 0.83 0. 96 0.32 0. 96 115.23%
16 0.89 1. 02 0.32 0.96 108.02%
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Table 4 Viscosity of waste glass
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Table 5 Electrical resistivity of waste glass

at different waste oxide loading dPas
. w=12% w=13% w=14%
e A B A B A B
1200 24.5 21.4 23.6 18. 6 23.0 16.7
1150 36.5 34.5 34.9 31.4 33.5 28.7
1100 59.5 57.0 56. 2 51.9 53.6 47.4
1050 104.8 102.2 98. 8 93. 8 93.1 84.3
1000 196.8 190.8 184.7 176.6 173.4 154.3
950 421.8 406.1 384.9 354.3 360.6 315.4
w=15% w=16%
t/°C
A B A B
1200 20.5 16. 7 19.1 16. 8
1150 30. 3 28.3 28.7 29.2
1100 48.3 46. 3 45. 8 47.1
1050 84. 4 82.5 80. 3 83.6
1000 154.7 152.8 146.9 152.5
950 326.0 317.5 302.3 309.5

at different waste oxide loading 0+ cm
w=12% w=13% w=14%
t/°C
A B A B A B
1200 5.73 6.71 5. 33 6. 30 5.21 5. 86
1150 7.82 8. 33 7.30 7.77 7.09 7.30
1100 9.86 10.54 9.22 9. 86 8.94 9.29
1050 12.77 13.70 11.90 12.64 11.62 12.11
1 000 17.24 18.61 15.95 17.44 15.64 16.49
950 24.47 0 26.24 22.51 24.03 22.13 23.08
w=15% w=16%
t/°C
A B A B
1200 4.76 5.51 4. 80 5.32
1150 6. 48 6. 86 6.11 6. 54
1100 8. 36 8.63 7.97 8. 28
1050 10. 64 11.07 10.15 10.72
1 000 14.29 15.08 13.78 14.42
950 20.09 21.09 19.21 19.87
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Table 6 Normalized total mass loss of waste glass

1 (Note) : A, A i $ (Nonagitation) ; B, $i £ ( Agitation) , F [d]

(The same below)
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Table 7 Normalized elemental leach rate of waste glass (28 d, distilled water, 90 °C)
Vs (RS B/(gem ?-dh)
(Conditions) (Waste oxide loading) / % Si B Na Cs La

A3 FE (Nonagitation) 12 0.427 0. 833 0. 640 0.612 0. 000 4
13 0. 362 0.773 0.582 0.539 0.000 3

14 0.353 0. 749 0. 567 0. 506 0.000 4

15 0.353 0.741 0.565 0. 540 0.000 4

16 0. 329 0. 682 0.767 0. 555 0.000 4

i HE (Agitation) 12 0.291 0.387 0.399 0.370 0.000 3

13 0.272 0. 316 0. 332 0. 330 0. 000 3

14 0.273 0. 309 0. 322 0. 325 0.000 3

15 0.279 0. 314 0. 326 0. 315 0. 000 3

16 0.284 0.337 0. 320 0.262 0. 000 3
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Fig. 1

Waste glass melted without agitation
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Fig. 2 Waste glass melted with agitation
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Table 8 Density of waste glass
V- ER 5| (Waste oxide e - 5 S A4 5 (Waste oxide e 5
(Conditions) loading) / % prog* em (Conditions) loading) / % prig* cm
ATEFE (Nonagitation) 12 2.69 1 ¥ (Agitation) 12 2.64
13 2.69 13 2.64
14 2.71 14 2.65
15 2.71 15 2.65
16 2.73 16 2.66
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