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Corrosion Behavior of Simulated HLW Glass in Multimedia Environment

HUA Xiao-hui, YOU Xin-feng, LI Teng, ZHANG Zhen-tao
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Abstract: The release of key elements and corrosion behavior of simulated HLW glass were
investigated in multimedia environment. Beishan monzonitic granite, Gaomiaozi bentonite
and simulated Beishan underground water were added to the micro-reactor at a certain mass
ratio, while the glass piece was placed in bentonite at 90 “C. The reaction lasted from 7 days
to 720 days. The leaching concentration of the elements in solution was analyzed using ICP-
MS/AES. Scanning electron microscopy and energy dispersive spectrometer were utilized to
determine the cross-section morphology of the glass and the elemental distribution of the
corrosion interface. The results show that the leaching concentrations of the elements
approach saturation after 180 days’ experiment. The initial corrosion of glass is not obvious,
while there exists a clear corrosion layer after 90 days. After 360 days’ experiment, hetero-
geneous corrosion occurrs on the glass surface and wedge-shaped corrosion area forms on the
corrosion interface. The average corrosion rate of the glass is 0.4 pm/d in multimedia envi-
ronment.
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Table 1 Composition and formula

of simulated HLW glass

5y w/ % A5 w/ %
SiO; 44. 89 Cs: 0 0.01
B, O, 12. 26 SrO 0.01
Na, O 11.58 Fe, Os 3.40
Li,O 2.18 V,0;5 1. 50
Al O4 5.09 Sb, Os 0. 50
CaO 6.72 CeO: 1. 96
MgO 4.37 Re; O 0. 04
BaO 3.51 HoAh 2.50
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Table 2 Melting procedure of glass

it g/ C By [H] / min B/ C i ] /min
% i ~200 30 690~800 110
200~550 30 800~1150 60
550~690 30 1150 >120
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Table 3 Composition of GMZ Na-bentonite

i w/ % M5y w/ %
SiO, 70.17 MgO 2.49
AL O 13.51 K, O 1.37
Fe, 05 1.69 Na, O 2.03
FeO 0.31 MnO 0.020
Ca0 1. 90 P, 0 0. 054
TiO, 0.16 L.O.1 6.23
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Table 4 Physical properties of GMZ Na-bentonite

10 2B Fa0 i 4 i /(mmol » g~ 1)

1 pH
E(K™)  E(Na®™) E(5-Ca®") R T
0.62 30. 84 13.58 54. 24 10. 1
5 UL F K B 2 4
Table 5 Composition of simulated Beishan
underground water
44y o/(mg+ L™ Eiiy p/(mg+ L™1)
Na™ 1110 HCO; 142
K* 7.89 CO3~ ND
Ca?t 33.9 NO3 30. 2
Mg?* 12.2 SOf~ 0. 32
Fe( ) 0.25 SiO; (& 646
F 0.02 Cl™ 1134
TE:pH Jy 7. 80~7. 85;ND /R Ik T4 i FR
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Fig. 1 Schematic diagram of static leaching

test device in multimedia environment
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Fig. 2 Concentration of key elements

in leachant versus leach time at 90 C

Si. B F 0 2 23 5 A AL R K A2
A TR IR U R Rl A A SR TR 3.
Bl 3 Al S1B £ Z T A iR A3 R e T

1 000F

100

p/(mg+L")

0 l(I)O 2(‘)0 3(I)0 460 5(I)O 6(I)0 7(I)0 8(I)0
t/d
OB AE N K b iy St O-—— 8Lk i R 7K iy B,
B — ZHENTTHNSL.@—ZENTEH M B
B3 90 CHLAPL 1L R 7K Al &2 3 A i
Si B IR H ik BE Rl IR HH I ] £ 2 A i 2R
Fig. 3 Concentration of Si and B in simulated
Beishan underground water and multimedia

versus leach time at 90 °C
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Fig. 4 Released rate of elements B 5 BhE ALK 28 d S W T g
from glass versus leach time at 90 C Fig. 5 SEM image of corrosion glass for 28 days
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Table 6 Elemental distribution on corrosion interface of glass for 28 days at 90 C in multimedia
0,
bk ‘ /% '
Na Mg Al Si Ca Cs Ti Ce Fe
1 4. 45 2.70 6.28 58.08 10. 99 0. 76 3.51 4. 95 8. 30
2 7.84 3.85 7.01 61.56 8. 68 0.42 2.35 3.39 4. 89
3 13.95 5. 60 6.99 57.32 8. 81 0. 14 1. 67 2.34 3.16
4 14.70 5. 96 6.98 56. 95 8.42 0. 20 1.61 2.21 2.99
5 15.74 6.15 7.14 56. 48 8. 05 0.19 1.51 2.05 2.68

TE T REIE BT TR B Na BLESTR BB R 2050 O B AR 23 88 514 19 &5 fat R A 23t CF TRD
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Fig. 6 SEM image of corrosion glass

for 90 days at 90 C in multimedia
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Table 7 Elemental distribution on corrosion interface of glass for 90 days at 90 °C in multimedia

/%
X 35
Na Mg Al Si Ca Ce Fe
6 9.79 3.13 10. 00 55.21 6. 25 4.17 5.63
7 10. 79 2.92 37.32 33. 24 5.83 2.04 3.21
8 4.01 ND 24. 05 51.48 5.06 4. 64 6. 54

790 C LA BT BB [ b i
JEE b 360 d )i W T TR 5

Fig. 7 SEM image of corrosion glass

for 360 days at 90 °C in multimedia
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Table 8 Elemental distribution on corrosion interface of glass for 360 days at 90 °C in multimedia

z/%
X 45k
Si Na Ca Ba Al Fe Mg \ K
9 46. 24 15. 59 11. 11 8.42 6.09 5.73 4. 84 1. 43 0. 54
10 54.47 5.95 5. 60 ND 9.11 10. 68 1. 23 3.15 0. 88
11 59. 23 10. 74 5.54 ND 10. 07 10. 74 1.51 ND ND
C
100 pm
i )
| 7
10 pm
(a) BB B A 5 (b) I3 2 L B 4 B (o P XA YR B
(© 43 Ca) X3 B R B s (D 53 B Ca) BT Ji 4 IX 3 C ) i R &
B8 90 CEZEAE T MM 720 d 3 BEE R 1t 23 7 17 09 4 X 4R
Fig.8 Cross section SEM image of corrosion glass for 720 days at 90 °C in multimedia
#0990 CHZEA P BHE M 720 d J57 i K9 o0 R I A
Table 9 Elemental distribution on corrosion interface of glass for 720 days at 90 °C in multimedia
/%
X 45k
Na Mg Al Si Ca Ba Ce A% Fe
12 2.23 3.76 8. 48 65. 27 5. 64 1. 19 2.20 3. 30 7.94
13 10. 66 5.57 8. 15 55. 60 9.28 2.19 1. 97 1.97 5. 27
14 7.98 5.64 9.38 61.90 7.01 1. 14 1. 31 1. 95 3.70
15 3.01 0.73 8. 60 73.10 4. 47 0. 94 1. 28 2.57 5. 30
16 5.22 1.95 12.27 66. 77 4. 09 0. 45 1.73 2.06 5. 47
17 4.50 3.09 9.45 69. 29 4.42 0. 85 1.72 1.73 4. 94
18 6.42 6.77 8. 82 62.56 7.52 1. 30 0.95 1.78 3. 87
19 10. 62 5.59 10. 03 56. 62 8. 12 2.17 1.21 1. 85 3.79
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Fig. 9 Depth of corrosion layer versus leach time

for glass at 90 “C in multimedia
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