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Abstract

A large number of studies on aqueous corrosion of HLW glass have shown that the glass
reacts with water to form more stable solid phases (alteration-phases or secondary phases). The
process of alteration-phase formation is expected to play an important role in the radionuclide
release from the glass, because it can affect both the glass dissolution rate and the retention of
radionuclides in the phases. In addition, the corrosion for long-term cannot proceed controlled by a
first-order dissolution rate law but controlled by a diffusion process concerning the alteration-phase
formation. However, these processes of alteration and diffusion have not been evaluated in details.
Therefore, a sound understanding of the glass corrosion mechanism under disposal conditions for
long-term is expected to be essential for validation of the long-term performance.

The purpose of this study(fiscal year 2001-2004) is to understand, qualitatively and
quantitatively, the glass corrosion and associated elemetal release under assumed disposal
conditions for long-term referring to geochemical mechanism in order to establish the validation for
long-term corrosion/leaching model. This report(fiscal year 2004) discusses glass size dependence
of the glass corrosion rate and leaching of Se from the glass on the basis of the results of corrosion
tests performed with P0798 simulated HLW glass with four different sizes.  The conclusions are;
1) the glass corrosion rate for the glass with four different sizes can be analyzed by use of hydration
model(water diffusion model), and value of the diffusion coefficient is evaluated to be 102 m?/s at
120°C, 2) Se leaches from the glass congruently with Si, and the leached Se cannot precipitate
under the present conditions, 3) the experimental results on glass corrosion rate including previous
results of the temperature dependence and the rate in the presence of bentonite can be explained
by use of the water diffusion model, which indicates that application of this model is available for
confirming validity of the long-term corrosion/leaching model.



This work was performed by Kyushu University under contract with Japan Nuclear Cycle
Development Agency.
JNC Liaison: Waste Isolation Research Division, Waste Management and Fuel Cycle Research
Center, Tokai Works
Kyushu University
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2001 2001 2003
PO798
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pH pH11
pH11 Na*
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3
3.1
P0798 Table 1 4
(2) 32-75um (b) 75-150pm
(0) 150-300pm (d) 300-710pm
5
D B.ET
Table 2
p=2.74g/cm3 a
a Table 2
Tablel PO798 wt%
S102 46.60 Rb20 0.11 SeOq 0.02
B20s3 14.20 Cs20 0.75 TeO2 0.19
AlOs 5.00 SrO 0.30 Y203 0.18
Li20 3.00 BaO 0.49 La20s 0.42
CaO 3.00 ZrOq 1.46 CeO2 3.34
Zn0O 3.00 MoOs 1.45 PrsOn 0.42
MnOq 0.37 Ndz203 1.38
Na20 10.00 RuO2 0.74 Sm20s 0.29
P20s 0.29 RhaOs 0.14 Euw0s 0.05
PdO 0.35 Gd20s 0.02
Fe203 2.04 Ag0 0.02
NiO 0.23 CdO 0.02 Total 100
Cr203 0.10 SnO2 0.02
Table 2
Kr gas BE.T.
a
m
L] [mée] [am] [mg] [am]
32-75 0.0466 23.5 0.112 9.78
75-150 0.0223 49.1 0.053 20.7
150-300 0.0102 107 0.027 40.6
300-710 0.00453 241 0.014 78.2
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Kr BET
2 3 2a
2a Kr B.ET
2a
3.2
120
Fig.1 pH 0.0003M NaOH
NaC(Cl Na* 0.08M pH 10.5
Fig.1
120
0.3g 20ml S
\Y% 210m? 1700 m* Kr
B.ET 120
Table 3
Table 3
P0798
(@) 32-75pm, () 75-150pm
(¢) 150-300um, (d) 300-710pm
0.0003M NaOH + 0.03M NaCl
pH 105
120
0.3g 20ml
(@) 1700 m?,  (b) 800 m?,
S/V (0410 m1, (d) 210m?
(Kr gas BET. )
120days

pH
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NMWL10,000 B, Si, Na, Cs, Li, Al, Se, Fe ICP-MS
Agilent 7500C Al, Se, Fe
Hagas Na AA: Shimadzu
AA-6300 50 24
0.1g 0.12ml
5
XRD 24
X XRD Rigaku Multiflex
X CuKq 1.0
degree/min
4.
4.1
4.1.1 pH
pH Fig.2
pH 10.5 5 95 10
pH pH
2)
Si10:2 + 2H20 = H4510;4 (1
HiS10. = H + H35101 2
Hs35104 = H* + Ha5107 (6))
pH
4.1.2
B, Si, Cs, Se Fig.3
NG
NC [gmd] = C/f @)
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M_ _ t © ) 2 _2

2 2 - 2
Mi Jtotal 7T hain a

®
M; ain(®): amount of element 7 dissolved by diffusion at time ¢

Mot amount of element 1 dissolved by diffusion at #= oo, which equals to

amount of element 7in glass at £=0

t
i Miak?) i Mot Miakd) ¢
B 1
M Mmam'x Mdsz
M = Mmam'x + Mdf (9)
Mmatn’x
Si Fig3 Fig4 Si
NG
B Mmatn'x t>0
Si
Mmam;\' Sl
B M;
NC; 9
NC: = NCmanix + NC;aw (10
10 1 NCiair
NCar = NG - NCmatix (11
Namamx Si NCSI
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NCar = NG - NCs 12

NC;- NCs; NC,air 8

M. . (t) NC. .. (t i N2 72
|,d|ff( ) _ I'dlﬁ()zl—%z%exp{— D,n 7['[}

Mi Jtotal NCi Jtotal T n=1 n a
61 D n? 7%t
NCl,diff (t) = Nq - NCSi = NCl,totaI (1_ _22_2 exp{_ 2 }) (13)
7Toh= N a
NCtotal 1 M total
15,000g/m3 NCps- NCs; Fig.3
B NCpB- NCs; 13
a, D a Table 2
Kr B.E.T.
D
B NCp- NCsi Fig.7
a Table 2 Kr B.ET
Fig.6
D
3>102'm?/s
32-75pm 75-150pm
3><102'm?/s
102°m?/s at 120 1
102'm?/s
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102°m?/s at 120
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Kr B.ET
B.ET
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Table 4 Kr
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NG
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S102

(-II) ’ (+IV) ’ (+VI)

Se
Fig.7
1
Kr
Table 2 Kr
2 3
38um
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Table 4
Kr gas BE.T.
a a
L] [im] [un] [im] [un]
<38 0.15 7.3 0.49 2.23
Kr B.ET. a=
2.23pm B
a
Fig.8
D; 2><10%'m?s at 120
D; 3><10%'m?s at 120
120 D Fig.8
Fig.9
53ke/mol Grambow 9
pH pH=9 50 10%2m?/s
60 pH=9.5 D 1><10%2m?¥s
Grambow
4.3.2
80 B
139 Kr
B.ET. a=2.23pm
Fig.10 Fig.10
Fig.8 B
120 Fig.10 B
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Fig.7
Fig.8
Di 3.5><10%'m?%s
Fig.7 3><102m?%s
Fig.8 2>10%'m?/s
4.3.3
Dr
a
pH 11 120
Dr
Dr 1022 102'm%s 60 120
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1 Before test grain size 32-75um
500 3
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100
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1200
® grain size 32-75um (a=9.78um)
A grain size 75-150um (a=20.7um)
1000 [ m grain size 150-300pum (a=40.6um)
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800
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0
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5000
— Boron
(@) a=73um D= 4.3 x 1020 ms
4000 [ 4////’//,,,;b,,,,/,
D;= 1.6 x 1020 m?/s
3000 [
NCB , /
g/m3 D;=7.6 x 10-21 m?/s
2000 [ A
D; = 2.3 x 102 m2/s *1207°C
1000 m 100°C
A go°C
® 50°C
O. [l 1 1 1
0 50 100 150 200 250
5000
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a=223um D;=2.0 x 10-21 m?/s
4000 +
3000
NCg , =
g/m3
2000
+ 120 °C
1000 W 100 °C
A go°C
® 60°C
O . 1 1 1 I
0 50 100 150 200 250
time, d
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