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PLUTONIUM DIFFUSIVITY IN COMPACTED BENTONITE
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Yasuhisa Yusa, Noriaki Sasaki and
Naomi Tsunoda

Waste Management Technclogy
Development Division, Tokai Works,
Power Reactor and Nuclear Fuel
Development Corporation,

Tokai-mura, Naka-gun, Ibaraki-ken
31911 Japan

ABSTRACT

Measurement on plutonium diffusivity in water-saturated compacted
bentonite was carried out. Representative specimens of sodium bentonite
were taken from Tsukinuno and Kuroishi mines situated in northeast Japan.
Tsukinuno bentonite was divided into three types; raw type, purified Na-
type, and H-type which was prepared by treating Na-type bentonite with
hydrochloric acid. EKuroishi bentonite contained chlorite as impurirty.
H-type bentonite was used as reference for the convenience of ?rofile
measurement in bentomnite, since plutonium diffusivity in H-type benton-
ite was considered to be larger than that in Na~type bentonite because
of low pH and low swelling pressure of H-type bentonite.

Sampled bentonite was compacted into pellet of 20 mm in diameter
and 20 mm in height. Bulk densities of these specimens were 1200 to
1800 kg/m3 for purified Na~type and H-type bentonite and 1600 kg/m3 for
raw type bentonite.

Plutonium profiles obtained in H-type bentonite can be explained
by diffusion equation with constant concentration scurce. Diffusivity
ranges from 10713 to 10712 m2/s for H-type and Kuroishi impure sodium
bentonite. Diffusivity in both raw type and purified Tsukinuno bentonite
was estimated to be less than 10~1% m2/s, Diffusivity in H-type bentonite

showed a tendency to decrease with increasing density. Influence of

To be published in : the workshop on Artificial Clay Barriers for High
Level Radicactive Waste Repositories

{Lund, Sweden, October 5-7, 1988).
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quartz and hematite contents in bentonite was also studied. Quartz con-
tent up to 50% or hematite content up to 1% did not influence diffusivity
significantly in H-type bentonite. -

The chemical species of plutonium in pore water of Na-type and H-type

were estimated Pu(OH)g+ and Pu02+ respectively,.
INTRODUCTICN

Compacted bentonite has been proposed as a suitable backfill material
for vitrified high-level waste disposal (KBS, 1978). Diffusion is usually
the predominant mass transport mechanism in materials that contains swell—
ing clays or minerals because of their low water conductivity. Diffusion
is expected to be slow, since the porosity of the clay is low and many
radionuclides are strongly sorbed on the clay. Diffusion of plutonium
has been studied in four kinds of bentonite with diffusion cell (Tresten-
felt et al., 1982), in which diffusion take place axially from the surface

where two compacted bentonite cylinders were connected.

EXPERIMENTAL

Specimens of sodium bentonite were selected for representative from
Tsukinuno and Kuroishi mines situated in northeast Japan. Thrée types
of Tsukinuno bentonite were prepared: raw type, purified Na-type, and
H-type which was produced by treating Na-type bentonite with hydrochloric
acid. Kuroishi bentonite was raw type and contained chlorite as impurity.
Composition of bentonites used in these experiments are shown in Table 1.
A remarkable feature of H-type bentonite is its lower sodium content than
others. It means that sodium ions were substituted by H ions. Kuroishi
raw bentonite had higher potassium, magnesium and iron content than others.
Magnesium and iron might be contained as chlorite. High potassium content
means that Kuroishi raw bentonite might be metamcrphosed.

Since diffusivity in Na-type might be too slow to obtain distinct
profile, H-type bentonite was used as reference for convenience of profile
measurement.

Plutonium tracer used in this experiment was aqueous solution of
Pu{IV}) in 0.1 to 1.0 M HCl. Concentration of plutonium was 3.3 x 10 Ci/mS
(2 gPu/m?). ‘ |

Cylinders of bentonite were prepared in cylindrical diffusion cells

which were composed of coupled stainless steel columns shown in Figure 1.
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This design is similar to the one reported Torestenfelt et al. (1982),

but cells used in these experiments include no polymeric seal material.
Bentonite was isostatically pressed into the diffusion cell. Densities

of these specimens were 1200 to 1800 kg/m® for purified Na-type and H-type,
and 1600 kg/m3 for raw type bentonite. Water content of these bentonites
was almost 10%. Two cylinders of bentonite, each 20 mm in diameter and

20 mm in height, were used for each cell. Porous discs were placed and
fixed on open ends of column. Each closed cell was immersed in distilled
water. Approximately two weeks were allowed for the bentonite to be satu-
rated by water. The degree of saturation was checked by weight gain |
measurement.

Plutonium tracer was added into columns by disassembling the cell
and placing 30 x 10~ m3 of PuCly solution between the bentonite cylinders.
Each cell was reassembled after the plutonium tracer was introduced. After
time intervals in the range of 28 to 36 days at ambient temperature, all
of the cylinders within the cells were sectioned. The final profiles of
plutonium concentration were determined by alpha-ray counting. Sectioning
was accomplished by pushing a bentonite cylinder out of its diffusion cell
in approximately 1 mm increments and cutting off each exposed section with
a blade. Alpha~ray from plutonium on the exposed surface was counted with
ZnS(Ag) scintillation counter. The final plutonium profiles were used to
calculate apparent diffusivities.

Experimental conditions are shown in the first four columns of Table
2.

Since the concentration of plutonium introduced into bentonite was
much higher than solubility of plutonium in water (Allard, 1982), the
resulting concentration profiles were fitted to curves derived from a
theoretical relationship (Crank, 1956) that describes cone-dimensional

diffusion from a constant concentration source.
C/Cqy = erfe(x/2V/Dat)

where:
C = concentration of plutonium at distance x, mole/ma,
Cp = constant concentration of the source, mole/ma,
Da = apparent diffusivity, m?%/s,
x = distance from constant concentration source, m,

and t = time after inroduction of the source, s.
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The value of Da that yielded the best fit was chosen to characterize

the concentration profile for each experimental column.
RESULTS

Alpha-activities (cpm) that represent plutonium concentrations are
plotted in Figure 2 versus longitudinal distance from the center of the
column. Plutonium diffusion was not observed in each column of Na-type
and raw type bentonite from Tsukinuno mine. Apparent diffusivity of
plutonium was estimated to be less than 10~ 14 m2/s in these cases, on the
assumption that plutonium was diffused within 1 mm of cylinder slice
thickness. This value is similar to that reported by Trestenfelt et al.
(1983) and Eriksen et al. (1984). 1In H-type bentonite, plutonium diffu-
sion was cbserved, and apparent diffusivity Da = 3 x 10-13 w?/s was chosen
as the best fit. In raw type bentonite from Kuroishi mine, apparent
diffusivity Da = 6 % 10-13 m2/s was chosen as the best fit. Results for
these diffusion experiments are given in fifth column of Table 2. The
calculated values of apparent diffusivity were in the range 10-13 to
10712 n2/s in H-type bentonite. Diffusivity in H-type bentonite showed
a tendency to decrease with increasing demsity. Influence of quartz and
hematite content in bentonite was also studied. Quartz content up to
50% or hematite up to 1% did not influence plutonium diffusivity signifi-
cantly in H-type bentonite. _

Water chemistry in the bentonite was also studied. Oxidation poten-
tial, Eh, and pH in suspensions were measured in several ratio of dis-
tilled water and buffer materials such as purified Na-type, H-type
bentonite and quartz with or without 30 X 10~2 m3 of 0.5 M hydrochloric
acid, These data were used to estimate pH and Eh in pore water of com-
pacted bentonite. The estimated values of pH and Eh are shown in Table
3. The pH and Eh in quartz suspension were significantly influenced by
adding of hydrochloric acid. The pH and Eh in purified Na-type bentonite
were 8.2 and 0.31 to 0.32 V respectively and were not influenced by adding
of hydrochloric acid because of chemical buffering activity of sodium
bentonite. The pH and Eh in H-type bentonite were 3.2 to 3.5 and 0.66 V
respectively. '

We tried to estimate speciatioﬁ of plutenium in compacted bentonite.
The pH-Eh diagrams of plutonium (Jensen, 1982) are shown in Figure 3.

Solid phase of plutonium is estimated plutonium dioxide in both purified
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Na-type and H-type bentonite. Aqueous phase of bentonite in purified

Na-type and H-type are estimated Pu(OH)3" and Pu0O,t respectively.
CONCLUSION

Apparent diffusivity of plutonium in purified and Tsukinuno raw
bentonite was estimated to be lower than 10~ 1% m?/s. This value was
similar to that reported by Torestenfelt et al. Plutonium diffusivity
in the range of 10713 to 10712 n?/s was obtained for H-type bentonite.
Distinct profiles were obtained in H-type bentonite, and were explained
by diffusion equation with constant concentration source. In spite of
high pH, diffusivity in raw bentonite from Kuroishi mine was similar to
that in H-type bentonite. This result may be led by impurities such as
chlorite. .

Further work is needed to examine the influence of chemical environ-

ment such as pH, Eh and chemical species in ground water.
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Table 1 Chemical compositions of bentonites
used in Pu diffusion test

Purified H-type Raw type Raw type
Na-type treated from Tsuki- from Kuro-
with HC1 nuno mine ishi mine
(wt?) (wt?%) (wt?) (wt%)

510, 55.68 58.29 53.02 . 53.62
Ti0, 0.23 0.12 0.09 0.53
Al,03 19.96 .20.45 19.23 17.75
Fe;03 1.95 3.71 2.90 5.68
MnO 0.01 0.003 0.02 0.02
MgO 3.64 3.14 2.51 7.43
Ca0 0.41 0.08 0,74 0.89
Nas0 3.22 0.26 2,40 1.65
K>0 0.07 0.035 0.09 0.57
H,0 14,23 12,27 ' 18,67 11.54
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Table 2 Experimental conditions and measured diffusivities

HCL comnc. in Packing Apparent

No. Material Pu solution density diffusivity
(M) (Kg/m3) (m?/s)
1 Na-type 0.1 1600 - k%
2 Na-type 0.5 1400 -
3 Na-type 0.5 1600 -
4 Na-type 0.5 1800 -
5 Na-type 1.0 1600 -
6 H -type 0.5 1200 7 x 10-13
7 H -type 0.5 1400 3 x 1p~12
8 H -type 0.5 1600 3 x 10-13
9 H -type 0.5 1800 1 x 10-13
10 Raw type from Kuroishi 0.5 1600 6 x 10-13
11 Na-type/Quartz(85/15)* A 0.5 1600 -
12  Na-type/Quartz(70/30)- 0.5 1600 -
13  Na-type/Quartz(50/50) 0.5 1600 -
14 Na-type/Quartz(30/70) 0.5 1600 -
15 H -type/Quartz(85/15) 0.5 1600 5 x 10713
16 H ~type/Quartz(70/30) 0.5 1600 3 x 10-13
17  H <type/Quartz(50/50) 0.5 1600 3 x 10713
18 Raw type from Tsukinuno 0.5 1600 -
19 H-type/Hematite(99.5/0.05) 0.5 1600 3 x 10713
20 H-type/Hematite(99/1) 0.5 1600 3 x 10713

*  Numbers in parentheses show weight percent.

ke The'mark, -, means less than 10~!* m/s.
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Table 3 Estimated values of the pH and Eh in suspension
of buffer materials

Buffer materials pH Eh(V)
not added 8.2 % 0.32 %
Na--type bentonite
HC1 added 8.2 * 0.31 #*
not added 3.2 % 0.66 *

H-type bentonite
HC1 added 3.5 #=% 0.66 **

not added 8.6 #* 0.36 #*

Quartz
HC1 added 2.6 %* 0,74 %%

* Water/clay weight ratio is 1.

¥% Water/clay weight ratio is 10.
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Left: Agqueous phase.
Na-type and H-type in the diagram mean the conditions in purified

Right: Solid phase.

Na-type and H-type bentonites respectively.
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