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Static leach tests were conducted for simulated high-level waste (HLW) glass in CaCl,/Ca(OH), solutions to investigate the
corrosion behavior of HLW glass under calcium-rich environments induced by cement based materials in geological repositories.
Another series of leach tests were conducted in deionized water in the presence of iron to investigate the effects of iron over-pack on
the glass corrosion.

In CaCl,/Ca(OH), solutions, corrosion of the glass was inhibited during the test period compared to that in deionized water at the

pH range of 6 - 11, while higher corrosion rate was observed in the initial stage of the test in Ca(OH), solution at the initial pH of 12.

However, the corrosion rate dropped due to a formation of calcium silicates that covered the surface of the glass.

Under the condition that iron exists in the vicinity of the glass, glass corrosion was enhanced compared to that without iron
throughout the testing period. In addition, an alteration layer including iron and silicon was observed at the interface between the
glass surface and the iron after the leach tests, and thermodynamic calculation showed that formation of an iron silicate was favored
under the chemical compositions of the leachate during the period. The enhancement of the glass corrosion was assumed to be

accompanied with transformation of silica, a glass network former, into iron silicates.
Keywords: geological disposal, HLW glass, corrosion, leach test, calcium ion, C-S-H, iron, iron silicate
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Fig.2  Schematic drawing of the enhancement of glass
corrosion induced by the consumption of dissolved

Si as a result of formation of magnesium silicates.
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Fig.3  Normalized elemental mass losses of boron (NLg)

and Mg ion concentrations in the leachates versus
corrosion time in MgCl, solutions at 90 °C. The
initial Mg ion concentrations (Mg;,;) in solutions at
(@ and (b) is 0.04 mol/l and 0.004 mol/l,
respectively. (a) and (b) show that the
concentrations of Mg ion decreased with the
progress of glass corrosion represented by NLg,
and that the stage 11 is observed after depletion of
the Mg ion in the leachate.
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Table1 Chemical compositions of P0798 type simulated
high-level waste glass (weight %)

Oxide wit%
Al,O; 5.00
B,03 14.2
CaO 3.00
CeO, 3.34
Fe,03 2.04
Li,O 3.00
MoO; 1.45
Na,O 10.0
Nd,O; 1.38
Sio, 46.6
Zn0O 3.00
ZrO, 1.46
Other 553
Total 100

o

\ Plastic bag (Ar atmosphere)
Carbon dioxide absorbent

I Teflon vessel |

CaCl,/Ca(OH),
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Powdered glass

Fig.4  Schematic drawing of the static leach tests using
simulated HLW glass in pH adjusted CaCl, /
Ca(OH), solutions under carbon dioxide free

atmosphere.
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Fig.5 A SEM image of simulated HLW glass leached in
Ca-12 solution at 60 °C for 81 days. The “+” marks
show the detecting points of surface elemental

analysis using EDS.
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Fig.6  SEM images of simulated HLW glass leached in (a)
deionized water, (b) Ca-N solution and (c) Ca-11
solution at 60 °C for 64 days. The “+” marks in
Fig.6(c) show the detecting points of surface

elemental analysis using EDS
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Table 2 Chemical compositions of the glass surface leached
in deionized water, Ca-N solution, Ca-11 solution
and Ca-12 solution measured by EDS analysis. For
C-11 and Ca-12 solutions, average values for the

oxides are shown at “+” points in Fig.6(c) and

Fig.5(a),(b).
Oxide  DIW Ca-N Ca-11 Ca-12 Ca-12
(Wt%)  (Wt%) (wt%)  (d) (b)
Sio, 61.9 67.3 67.7 214 66.2
Na,O 6.63 9.66 10.4 <0.1 5.21
AlLO;  8.72 8.57 8.96 354 8.07
CaO 6.46 5.26 4.68 57.7 8.40
FeO 5.75 3.13 2.58 5.85 354
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(a) Normalized elemental mass losses of boron
(NLg) versus corrosion time in deionized water
(DIW) and in solutions with a calcium
concentration of 0.1 mol/l at 60 °C. (b) pH’s of the
leachates versus corrosion time in DIW, Ca-N,
Ca-11 and Ca-12 solutions at 60 °C.
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Fig.8 Normalized elemental mass losses of boron (NLg)
and silicon (NLg;) and calcium concentrations in
the leachate versus corrosion time in Ca-12 solution

at 60°C.
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Fig.9  Calculated molar ratio of calcium and silicon

(Ca/Si) and pH’s in the leachate versus corrosion
time in Ca-12 solution at 60 °C.
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Fig. 10 Silicon concentrations versus corrosion time in
deionized water (DIW), Ca-N, Ca-11 and Ca-12
solutions at 60 °C.
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Fig. 11 Schematic drawing of the static leach tests using
simulated HLW glass in deionized water in the
presence of iron powder or magnetite powder

under deoxidized condition.
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Fig. 12 Schematic drawing of the preparation of the

samples for electron microscope observation after
static leach test using simulated HLW glass in
deionized water in the presence of iron powder
under deoxidized condition.
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Fig. 13 (a) Normalized elemental mass losses of boron (NLB) versus corrosion time at 90 °C. (b) pH’s of the leachates

versus corrosion time at 90 °C.
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Fig. 14 Normalized elemental mass losses of boron (NLg)
and silicon (NLg) versus corrosion time at 90 °C
with the presence of (a) iron and (b) magnetite, and
(c) in deionized water [11].
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Fig. 15 Distribution of silicon after the test periods of 144
and 169 days with the presence of (a) magnetite
powder and (b) iron powder at 90 °C; in
leachate as dissolved species, @on magnetite or
iron powder as adsorbate dissolved by nitric acids
and @residual.
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Fig. 16 A SEM image and EDS mapping images for iron
and silicon at the interface between the glass
surface and the iron after 169-day leach test under
reducing condition at 90 °C.
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Table 3 Thermodynamic data of iron minerals used in this

study.

Minerals Reaction logk®  Ref.

Fe(OH)yy Fe* +2H,0=Fe(OH),+  -12.90 [18]
2H*

magnetite  Fe?* + 2Fe® + 4H,0 = -10.3  [19,20]
FesO, + 8H*

goethite Fe’* + 2H,0 =FeOOH +  -0.4999 [21]
3H*

greenalite  3Fe*" + 2Si0,(aq) + 5H,0  -22.575 [21]
= Fe,Si,05(0H), + 6H*
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pH/Eh diagrams of Fe-Si-O-H systems at 90 °C and at total iron concentration of 1.0 mol/l calculated by use of

thermodynamic data shown in Table 3. The total (dissolved and precipitated) concentration of silicon is 10 mol/I

(), 10° mol/I (b) and 10 mol/l (c).
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