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1.

2.

Introduction

In the safety analysis of the geological disposal of radicactive
wastes, the properties of adsorption and desorption are expressed
as distribution coefficient, the concentration ratio of solid phase
and liquid phase. But this parameter has a wide range according to
the environmental conditions, and thecoretical explanation has not
been obtained sufficiently vet. The adsorption phenomina themselves
are composite integration of various phyéical and chemical processes.
To explain them, it is necesary to study the theories of these
processes and to combine them organically.

In this study, to be one step for this aim, the theme of the last
year has been taken over and basic data has been acquired. V¥e could
expect the development of the study from now.

Study items

(1) Prediction of main aqueous species of Sn and aquisition of
the thermochemical data
Undersaturated solubility test
Oversaturated solubility test
Solid phase analysis in oversatulated dissolution
Acquisition of thermochemical data
(2) Estimation of the state of adsorbed Sn
Survey for sequential extraction procedure
Estimation of the state of adsorbed Sn



3. Prediction of main aqueous species of Sn and acquisition of the
thermochemical data

3.1 Solubility test
3.1.1 Test method

The test conditions are shown in Table 3-1. All works were done
within an atmosphere-controlled glove box where the oxygen |
concentration was below 1 ppm. |

(1) Undersaturated solubility test m
The test flow is shown in Fig. 3-1. 50ml of a 0.(0iN-NaClQ.
solution was adjusted to required pH and 500mg of Sn0: was put
into it and dipped in it for | month and for 3 months at room
temperature. After the required period, the solution was
filtered through 10, 000 molecular weight cut-off (MWCQ)
ultrafilter, then the Sn concentration in the filtrate was
measured with ICP-¥S and the residue was analysed with X-ray
diffraction after drying.

(2) Oversaturated solubility test
The test flow is shown in Fig. 3-2. 50z 1 of an Sn stock
solution which contains RI tracer ''°Sn mixed with a 0. 1N-NaCl0,
solution was adjusted to required - pH and was set aside at room i
temperature for 1 week and for 1 month. The concentration of Sn
was 1x 10 *mol/1. - After the required period, the solution was
filtered through 10,000 MWCO ultrafilter and the radioactive
concentration of ''®Sn was measured with a Nal-(T1l) scintillation
counter.

(3) Solid phase analysis in oversaturated solubility test
The test flow was shown in Fig.3-3. An Sn stock solution mixed
with a 0. IN-NaCl0, was adjusted to required pH and was left alone
at room temperature for 1 week and for 1 month. The concentration
of Sn was 1-2x 10" %mol/1. After the required period, the solution
was filtered through 0.45u m micrometer and the residue was k
analysed with thermal gravity analysis and X-ray diffraction i
after drying.

3.1.2 Test results
(1) Solubility test
The pH dependance of the Sn concentration in liquid is shown in
Fig.3-4. The data of 3 months was adopted in undersaturated
solubility test and the data of 1 month was adopted in



oversaturated solubility test. The results of the undersaturated
solubility test didn't depend on pH in the range of pH2-8, and
the concentration of Sn was approximately 9x 10 °mol/1 constantly.
The results of the oversaturated solubility test didn’t depend
on pH in the range of pH2-8, and the concentration of Sn was
approximately 5x 10 ®*mol/l constantly. In the range of pHR-10.
the concentration of Sn increased as pH rised. The concentration
of Sn at pH10 was approximately 5x 10 °mol/l. And in the Alkali
range at pHl11-12 the concentration of Sn was same as initial one,
1.0x 10" “mol/1, that means whole quantity was dissolved.
(2) Sn solid phase analysis

The results of X-ray diffraction analysis are shown in Fig. 3-5.
It was found that the solid phase of Sn after the undersaturated
solubility test (dipped for 3 months) existed in a crystalline
state of Sn0: in the range of pH2-8. The solid phase of Sn after
the oversaturated solubility test (dipped for 1| month) wasn't
found a clear peak of diffraction at pH3, 7,10 and it was
amorphous. The results of thermal gravity analysis showed that
the solid phase of Sn after oversaturated solubility fest was
slightly hydrated.

3.1.3 Discussion
(1) Adsorption on Teflon container

The pE dependance of the concentration of Sn in the condition of
various initial concentration is shown in Fig. 3-6.

It was found that the adsorption of Sn on Teflon container was
little in the case that the initial concentration of Sn was
10°%-10"°mol/1, but in the case that the initial concentration
was 10°"-10"*mol/1 the adsorption on container was remarkable
especially in the range of pH4-8. '

(2) Comparison between under/oversaturated solubility test

Fig. 3-4 shows that the concentration of Sn in the undersaturated
solubility test was lower than that in the oversaturated
solubility test in the range of pH2-8. The results of solid
phase analysis in each test shows that the form of solid phase
was crystal of Sn0: in the undersaturated solubility test and
was amorphous in the oversaturated solubility test. Ve know that
as amorphous solid phase changes to crystalline one the
solubility of it becomes lower. The results of both solubility
tests alsoc shows the difference of the forms of the solid phase.
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3.2 Discussion about the results of solubility tests

3.2.

3. 2.

1 Literature survey about Sn solubility

"Atomic Power Industry”(1993) presents 2.0x 10 *mol/1-2.4x 10" °®
mol/l as the present situation of PNC studies.

Barsukov et. (1972) measured the solubility of Sn(0H), as

2.0x 10" "mol/1-5.6%x 10" "mol/1 by solid-liquid separation with
glass filter. Dadze et.(1982) measured the solubility of SnO: at
101¥Pa, 200-400°C. The extrapolation from this results shows
approximately 1.6x 10-8mol/1 at 101¥Pa, 25°C.

2 Prediction of main aqueous species of Sn

These results were obtained from under/oversaturated solubility
measurement for Sm : '

- There was some difference in solubility between under and
oversaturated experiment. Higher solubility was measured for
oversaturated.

- Higher solubility appeared at high pH (above 8.0) on
oversaturated experiment.

I[n order to understand these'results. geochemical modelling was
carried out using thermodynamic database HATCHES. Predicted and
measured solubility are shown at Fig. 3.2.2-1.

Based on this simulation, these conclusion will be drawn.

- Difference in solubility derives from different solubility-
limiting solid phase, crystalline Sn0: on undersaturated
condition and amorphous Sn0: on oversaturated condition,
respectively.

- Sn(0H)s™ and/or Sn(0H):"® may exist to enhance solubility
at higher pH.

_10...
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4. Estimation of the state of adsorbed Sn

4.1 Survey for sequential extraction procedure
Based on the survey of literatures and the investigation of the
results of the supplemental test (1993), we select the conditions
of the sequential extraction test in this study. The conditions
are shown in Table 4-1.

4.2 Test method
The flow of the adsorbent preparation is shown in Fig.4-1, and the
flow of the test is in Fig.4-2. Solid phase of geosite which
adsorbed Sn in the required conditions was added into the
centrifugal tube. The radioactivity of the solid phase before/
after extraction and the radiocactivity of the liquid phase after
extraction was measured, then the rate of radiocactivity of each

- fraction was calculated.

4.3 Test results
Test results are shown in Fig.4-3. Sn that was relatively weakly-
adsorbed to geosite was approximately 50% Sn that was strongly
adsorbed to geosite was approximately 30% Sn that was ion
exchangeable was approximately 15%.
It is suggested that the sorption of Sn on geosite consists of
plural states.
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Table 4 -1 Conditions of sequential extraction
Fraction Extractant S/L Extract. | Extract. Expected effect
ratio temp. time
Room Extraction of
1 0.1 NaOH 1/20 tempera- 1 hr ion exchangeable Sn and
ture X 3 dissolution of
Sn0: deposit
TAO reagent at pH3 in dark
2 [ 0. 24 (COONH4) M0 ” ” 2 hrs Extraction of Sn adsorbed
0. 24 (CO0H),+2H.0 X 3 on amorphous Fe0(OH)
Coffin reagent Extraction of soluble Sn
3 0. 175N Na-citrate(NasCallsO7+2H20) # # 3 hrs which is adsorbed
{ 0.025M H-citrate X 3 on crystal FeO(O0H)
5% (V/¥) Na:5:04
Residual solid phase Refractory Sn
4 after the above 1-3 extraction - — — which is adsorbed

treatments

on crystal FeO(OH)
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5.

Conclusions

To study the mechanism of Sn adsorption on « -FeG(OH), solubility
tests and sequential extraction tests were conducted using Sn which
was an important nuclide in safety eveluation for geological
disposal. As a result, the following knowledge was obtained.

@ Solubility test

In the undersaturated solubility test the solubility of Sn was
acquired as approximately 9X 10 °mol/l in the range of pH2-8.

On the other hand, in the oversaturated solubility test it was
approximately 5X 10 *mol/1 at pH2-8, approximately 5X 10" %mol/l
at pH10. It is considered that the reason of the difference
between the results of both depends on the difference of the
bonding types of the solid phase. Sn0: used in the former was
cristalline and the precipitation formed in the lafter was
amorphous. -

@ Prediction of main aqueous species of Sn by analysis

The difference between the solubilities in the undersaturated
and the oversaturated solubility tests depends on the difference
of the types of solid phase that are cristalline Sn0: and
amorphous Sn0..

The rise of the solubility in the range of high pH is able to he
explained by -an assumption of the existences of Sn(0H)s",
Sn(0H)s 2.

@ Estimation of the state of adsorbed Sn

Under the control of atmosphere (0:,C0: < lppm), in the
conditions of Sn concentration 1x 10 "mol/l and 1X 10 °mol/l, Sn
was adsorbed on the solid phase of a -FeO(OH), then the
sequential extraction tests were performed. Sn that was
relatively weakly-adsorbed to a -FeO(OH) was approximately 50%,
Sn that was strongly adsorbed to a -FeQ(OH) crystal was
approximately 30% Sn that was ion exchangeable was approximately
15%. It is suggested that the sorption of Sn on a -FeQ(0H)
consists of plural states from this result.
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