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Abstract

In order to manufacture an attractive waste glass for the permanent and secure disposal of high-level
radioactive waste, the complex composition of the simulated nuclear waste glass PNL-7668 was simplified
to a composition of sodium borosilicate glass. The substitutions of Fe,0; and Al,O; were added to examine
on the leaching characteristics of simulated nuclear waste glass with variable composition. The leach tests
for these glasses were performed according to ‘MCC-1, Static Leach Test Procedure’ in acid and basic solu-
tion.

In this study, for the Al,Os—containing glasses, Na ion release from these glasses was higher in acid so-
lution than in basic solution. As the content of Fe,0; was increased in glasses, Na ion release was increased
in acid solution, in spite of decrease of amount of total mass diminution.
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Table 1. Composition of simulated waste glass

PNL-7668
. Composition ) Composition
Oxide Oxide
(wt%) (wt%)

Si0, 42.3 MoO, 1.85
B0, 8.98 NiO 0.19
Na,0 14.2 Cry0s 0.43
Ca0 2.2 La,0s 4.11

ZnO 3.27 Nd,0, 1.40
Fe,0, 9.16 Cs,0 1.06
ZrQ, 1.76 other 5.9

TiO, 2.96

glass A2 Y38l gch.

o] A4l Fe,0, ALO; & H7tete, 2493}
of }E glasse] &2 mlAle FTFE TARIA
th 1500 CA 2A1ZF B¢ Pt oY oA &
et £FAZ thE, F9Yol ostd FEe]
glass bulk4H(10x 10X 10mm) & <o}

£z Hd¥e  ‘MCC-1 Standard Leach Test™®
o wat teflongr] & AU LA Y F,
90 CNA 3%, 7Y, 14947 LEAZAT. Y
HCl(pH=1.5) &4z} K,COypH=9.8) £#94&
AHg-3iTt.

Na iong] £&%& ICP(Inductively Coupled
argon Plasma)d] oj&] &FAsoH, 4 9
o] #&=L SEM(Scanning Electron Microscope,
Model; Jeol JSM-5400, Japan)®} EDS(Energy
Dispersive Spectroscopy)& ARE-stgth. AjHe
AR A% Za%e S AME, 5 74

AlHE FfFTol 5% opE AMAE o 120TC
o] dAFER ARE AZ7] WAllM 1A Az
st

Na ion €&% NL&,

where, m = & £%FH Na iono] IF
()
=823 bulk A8
9] Ay

A=Age B33 (ci)

49} Na ion

AA AF 2P NE,
_ Mo—M
N=="%

where, Mo=82&7 9] Alg9] B4
M=&% 39 A59 7A
9] Aol ot} ZHEH T}



o714 AgI 2] 24

Wik mE 3540 88 A7 261

3. 4" Zu f 1

Fig. 1-& PNL-7668 glass¢} & ©eegt a-1
1447 &34

ry,
in)
;J_
L
M
s
Imt

glass& 3%, 7¢
g ZHolrt.

17} 2 24z} a-1 glass?} PNL-7668 glass®]
A4 FF gawe Jehilaend, 3% 4=
glass®} PNL-7668 glass®] Na iond] $&F&
Uehd Aotk 3UA 14U AtoldeE £&&
AZre) AaHez vHEE & F U

0.005
- PNL =4~ PNL
-0 a1 |- a-t Na
0.004 §
—
~
B 1
(=]
~ 0.003 |
[7/]
7]
L2
[723
a 0.002 | 2
=
0.001 4

Time (days)

Fig. 1. Mass loss in HCL at 90°C for 14days. (open
point;total mass loss, solid point;Na ion re-
lease)
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Fig. 3. Effect of Fe,O; content on Na ion release
and mass loss in HCI solution(pH=15).
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Fig. 4. Effect of Fe,Oscontent on Na ion release

and mass loss in deionized water{pH=938}.

Table 3. Glass composition for comparison of ef-
fect of ALO;(in wt% ) content

Si0, Na,O B.0Os Fe,04 SiO, Na,0O JSHON Fe 0, | AlLO,
FC—-9 72.8 16.2 11.0 S—11 63.64 16.2 11.0 9.16
S-1 63.64 16.2 11.0 9.16 a—1 | 56.64 16.2 11.0 9.16 7.0
FC—-2 59.1 16.2 11.0 13.7 a—2 | 50.64 16.2 11.0 9.16 13.0
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Fig. 5. Effect of Al,O; content on Na ion release
and mass loss in HCl solution{pH=1.5}.
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Fig. 6. Effect of Al,O; content on Na ion release
and mass loss in dionized water (pH=9.8).
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Fig. 7. Comparison of compositional effect on Na
ion release in dionized water{open bar, pH=
9.8} and HCl solution{hatched bar, pH=1.5).
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Fig. 8. Schematic represention of proposed three~
stage corrosion process for waste-glass
system'®,

{a) unleached saste glass

(b)stage 1, interdiffusional process
(c) stage 2, matrix dislocation

(d) stage 3, surface layer formation
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Fig. 9. Corrosion model of AlLO; containing glass
sample.
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Fig. 10. Corrosion model of Fe,0; contamning glass
sample.
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Fig. 11. SEM and EDS analysis for corroded layer
of a-1 sample leached in HCI solution(pH
=15).
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