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10.2 STUDY ON DISSOLUTION BEHAVIOR OF MOLTEN SOLIDIFIED WASTE

Tsuyoshi MIZUNO;, Toshikatsu MAEDA7 and Tsunetaka BANBA2

' Japan Atomic Energy Research Institute, Tokai, Ibaraki 319-1195, Japan
2 Japan Nuclear Cycle Development Institute, Tokai, Ibaraki 319-1194, Japan

1. Introduction

Radioactive molten solidified waste (slag) has been generated by melting non-metallic low-level
radioactive wastes (LLW). Slag is expected to immobilize radionuclides in the waste repository. The
chemical durability of slag is an important factor for the safety assessment of the disposal in that the
durability provides the source term in the assessment. Since a chemical characteristic of slag is similar
to that of glass, the general information on the chemical durability of slag might be provided from
previous studies on nuclear waste glass. We have investigated effects of chemical compositions of slag
and alkaline environments of repository on the chemical durability of slag.

2. Effect of Chemical Composition of Slag

2.1 CaO/SiO2 ratio (Basicity)

Chemical durability of slag has been known to be affected by its basicity1*, which is defined by
CaO/SiC>2, and pH of leachant is also major factors affecting the slag dissolution behavior. In this study,
effects of the basicity on slag dissolution under various pH solutions conditions were investigated.

Slag was prepared to have the basicity of 0.14 to 1.0. Commercially available pH buffer
solutions (pH: 1.6, 4.0, 9.0 and 12.4) were used as leachants. Static dissolution tests were performed
for ground slag sample. Resulting leachate were analyzed by inductively coupled plasma with atomic
emission spectroscopy (ICP-AES).

Figure 1 shows initial dissolution rates of slag, defined as leach rate of Si (LRsi), as a function of
the basicity in various pH solutions. LRsi [kg/m2/s] is given by LRsi = msi*f,i'J*SA'1*fJ, where msi is the
mass of Si released in leachates [kg],^, is the mass fraction of Si in slag [-], SA is the surface area of
slag sample [m2] and t is the leaching time [s]. The rates obtained by one-day dissolution are plotted as
the initial rates in order to elimination of transition of pH during leaching. The initial dissolution rates
are not affected by basicity in alkaline solutions (pH 9.0 and 12.4). In general, slag dissolution is
caused by breakdown of slag network2*. It is considered that, in alkaline solutions, reversible
hydrolysis reaction to slag network consisted of silica is dominant for slag dissolution because there
are many hydroxyl ions3). In this dissolution mechanism, the amount of calcium element, which is slag
network modifier, does not affect slag dissolution. Therefore, basicity of slag is not related with slag
dissolution in alkaline solution. The initial dissolution rates in the acid region (pH 1.6 and 4.0) were
enhanced with the increase in basicity. Breakdown of slag network is suppressed in this low [OH"].
The ion exchange reaction is dominant for slag dissolution in acid solutions instead. Calcium is
leached out into solution by ion exchange with IT1" or H3O

+. Slag network becomes unstable and then
breakdown of slag network follows4*. This is a reason for the enhanced dissolution at higher basicity.
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Figure 1 LRsi as a function of the basicity during 1-day dissolution at pH values
between 1.6 and 12.4

2. 2 Al2O3/SiO2 ratio

According to Strachan, the dissolution rate of nuclear waste glass rapidly increases when zeolite
is formed on the glass surface as a secondary phase during leaching5). The formation of zeolite
requires the glass containing alkali elements, silicon and aluminum. The formation of zeolite is very
sensitive to the aluminum content of the glass65, and zeolite is formed at higher Al2O3/SiO2 ratio under
alkaline conditions55. For this reason, effects of the Al2O3/SiO2 ratio on slag dissolution under alkaline
condition were investigated.

Slag samples with the Al2O3/SiO2 ratio of 0.22 to 0.89 were prepared for the leaching tests.
Samples were doped with 5wt% B2O3 as an index element of matrix dissolution. Static dissolution
tests were performed for ground slag sample. NaOH solutions and deionized water (DIW) were used
for leachant. Resulting leachate was analyzed by ICP-AES, and the surface of the leached slag was
analyzed by X-ray diffraction (XRD).

Figure 2 shows the normalized concentrations of leached B, NCB [kg/m3] (NCB= cB*fB'J: where
the cB is the concentration of B in leachate [kg/m3] andfB is the mass fraction of B in slag [-]), as a
function of Al2O3/SiO2 ratio during 60-day dissolution in NaOH solutions. It is found mat slag
dissolution was accelerated with an increase in the Al2O3/SiO2 ratio (>0.6). Figure 3 shows XRD
profiles of slag leached in NaOH solutions
for 60 days. The peaks of zeolites were
found at slag samples with higher
Al2O3/SiO2 ratio (>0.6). Zeolites were
formed as a secondary phase on slag of
higher A12O3 contents under alkaline
condition. When zeolites form, Si element
in the leachate is consumed. To replenish Si
element, slag must continue to dissolve.
Therefore, dissolution of slag was
accordingly accelerated with increase in the
Al2O3/SiO2 ratio (>0.6) due to formation of
zeolite. In DIW, however, there is no
formation of secondary phases on the slag 0 0-2 0.4 0.6 0.8 1
surface for any Al2O3/SiO2 ratio, and slag AI2O3/SiO2 ratio
dissolution was not affected by the
Al2O3/SiO2 ratio Figure 2 NCB as a function of Al2O3/SiO2 ratio

in NaOH solutions for 60 days
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Figure 3 XRD profiles of slag leached in NaOH solutions for 60 days, a : NaAlSiO4 • xH20,
b : NaCaAlSi2O7) c : NaAlSi2O6, d : NaAlSiO4, h : C-S-H.

2.3 Iron Content

Slag could contain significant amount of iron oxide as an impurity. In our previous study, we
found that slag samples containing up to 5 wt% FeO had no segregated phase, and that dissolution of
slag was not affected by iron content^. However, when the iron content in slag is relatively high, iron
forms oxides and might be segregated in the slag. In this study, dissolution of slag samples with higher
iron content (11 to 24wt% FeO) was investigated.

The basicity of slag is 0.33 and 5wt% B2O3 is contained as an index oxide of matrix dissolution.
Static dissolution tests were performed for ground slag sample in DIW. Leachate was analyzed by
ICP-AES. The XRD was used for the crystallographic observation.

Figure 4 shows XRD profiles of the leached slag samples. It is observed that crystalline phases
segregate in the samples with 18 and 24 wt% of FeO (18wt% sample: magnetite (Fe3O4), 24wt%
sample: magnetite and maghemite (y-Fe2O3)).

Figure 5 shows the normalized elemental mass losses of B (NLB) in the 56-days dissolution test
for the three samples with different FeO contents. NLB [kg/m2] is given by NLB = mB*fB~'*SA~', where
mB is the mass of B in leachate [kg],^ is the mass fraction of B in slag [-] and SA is the surface area of
slag sample [m2]. It is found that NLB is independent of the FeO content. This result implies that the
short-term dissolution rate of slag is not affected by FeO and other possible iron oxides.
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Figure 4 XRD profiles of slag samples containing 11 wt%, 18 wt% and 24 wt% of FeO.
A : maghemite, B : magnetite.
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Figure 5 NLB for the three slag with different FeO contents leached in DIW at 90°C for 56 days

3. Disposal conditions; cement environment

Extensive use of cement for encapsulation, backfilling, and grouting purposes is envisaged in
radioactive waste disposal. Slag will be exposed to groundwater contacted with cementitous materials.
We investigated the effect of cement environment on the dissolution behavior of slag.

Slag samples with basicity of 0.33 were employed in the leaching tests. The samples were doped
with 5wt% B2O3 as an index element of matrix dissolution. Static dissolution tests were performed for
ground slag sample. Cement equilibrated solutions (CES), NaOH solutions and DIW were used as
leachants. Initial solution pHs of CES and NaOH solutions were adjusted to the same value at pH 12.5,
and that of DIW was 5.8. Leachate concentrations were determined by ICP-AES. Transmission
electron microscopy (TEM) was used for
the secondary phase analysis. 1 .E-02

Figure 6 shows normalized elemental
mass losses of B (NLB) up to 28 days in
each test solution. The NLB was higher in
CES and NaOH solutions than in DIW due
to high alkalinity. The NLBs are different
between CES and NaOH solutions although
the initial pHs of CES and NaOH solutions
were the same. Figure 7 shows TEM
micrograph and diffraction patterns of the
secondary phases formed on the slag
surface in CES. The diffraction pattern
indicates that calcium silicate hydrate
(C-S-H) was formed as the secondary phase
during slag leaching in CES. If C-S-H is
formed, the solution pH decreased as
shown by Eq. (1).
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Figure 6 NLB during dissolution tests of slag in
CES, NaOH solution and DIW at 90°C

<->C-S-H 0)

where, a, b and c are constants8). It is considered that the solution pH decreased locally near the slag
surface by C-S-H formation, and dissolution of slag under the cement environment decreased
consequently.
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Figure 7 TEM micrograph and diffraction pattern of C-S-H formed on the slag surface in CES
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