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Effects of salinity on diffusivities for strontium ion, iodite and deuterated water in 

compacted sodium bentonite 

 

S. Suzuki, H. Sato 

 

Abstract 

 

For a better understanding of the relationship between groundwater salinity and diffusivity of 

radionuclides in compacted bentonite, salinity dependences of effective diffusion coefficients De for 

I-, Sr
2+

 and HDO were investigated using a through-diffusion method. A sodium-bentonite was 

purified from Kunipia F (Na-montmorillonite content > 99 wt. %), in order to eliminate unknown 

influences of impurities (e.g. quartz and organic substances), MX80 bentonite also used included  

25% of impurities. The powdered sample was compacted to a dry bulk density ( dry) of 0.9 Mg/m
3
 or 

1.6 Mg/m
3
 for the purified bentonite and 1.8 Mg/m

3
 for MX80 bentonite. These samples were then 

soaked in NaCl solutions of 0.01 to 0.5 M. Effective diffusion coefficients for I
-
 and Sr

2+
 increased 

with increasing salinity as represented by the power law, while De for HDO was almost constant. A 

salinity dependence of De in compacted sodium-bentonite was well expressed by the power n that 

was practically independent of impurities or dry densities. The power n was evaluated to be 0.5 to 

0.7 for anions (I
-
 and Cl

-
), about 1.5 for Sr and 0.0 to 0.1 for HDO. Deuterated water may migrate 

through both interstitial pore water and interlamellar water, whereas iodine (I
-
) may prefer interstitial 

pore water as major diffusion pathways as interpreted by the anion exclusion effect. On the other 

hand, a positive salinity dependence of De for Sr
2+

 conflicts with the previously reported tendency 

explained by the surface diffusion theory. Discrepancies can be considered to be due to the diffusion 

cell design on the basis of rock capacity factor and boundary conditions for Sr
2+

.

Radiochemistry Group, Waste Isolation Research Division, Waste Management and Fuel Cycle 

Research Center 
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Muurinen et al. (1987)
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MX-80 (American Colloid Co.)

98-99 Na

1 Table 1 110.2 

meq/100g8) MX-80 Na
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Kahr, 1983)  
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1 M
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Al(OH)3 pH 3-4

1 M NaCl 
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80

150 m  
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De 

[ x 10
-12

 m
2
/s] 

purified bentonite (0.9 Mg/m
3
) 

Salinity [M] 0.01 0.05 0.1 0.3 0.5 

Sr2+ - 0.77 ± 0.01 2.4 ± 0.1 15.0 ± 0.1 23.0 ± 0.1 

I
-
 6.4 ± 0.1 16.0 ± 0.1 27.0 ± 0.5 34.0 ± 1.0 50.0 ± 2.2 

HDO 79.0 ± 1.2 146.0 ± 9.0 119.0 ± 5.0 143.0 ± 8.0 120.0 ± 3.0 

De 

[ x 10
-12

 m
2
/s] 

purified bentonite 

(1.6 Mg/m
3
) 

MX80 bentonite 

(1.8 Mg/m
3
) 

Salinity [M] 0.1 0.5 0.1 0.5 

Sr2+ 1.8 ± 0.1 19.0 ± 0.8 2.9 ± 0.1 17.8 ± 0.3 

I
-
 2.5 ± 0.2 5.6 ± 0.2 2.2 ± 0.1 6.7 ± 0.1 

HDO 90.0 ± 2.3 65.0 ± 0.9 75.0 ± 1.0 65.0 ± 1.4 

Table 1 Effective diffusion coefficients for Sr, I and deuterated water (HDO). Errors were 

1   
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Da 

[ x 10
-10

 m
2
/s] 

purified bentonite (0.9 Mg/m
3
) 

Salinity [M] 0.01 0.05 0.1 0.3 0.5 

Sr2+ - 0.50 ± 0.1 0.60 ± 0.1 1.1 ± 0.1 1.8 ± 0.1 

I
-
 - - - - - 

HDO 22.0 ± 4.4 15.0 ± 0.7 17.0 ± 0.4 19.0 ± 0.9 17.0 ± 2.0 

Da 

[ x 10
-10

 m
2
/s] 

purified bentonite 

(1.6 Mg/m
3
) 

MX80 bentonite 

(1.8 Mg/m
3
) 

Salinity [M] 0.1 0.5 0.1 0.5 

Sr2+ 1.3 ± 0.1 2.9 ± 0.9 1.4 ± 0.1 2.2 ± 0.2 

I
-
 - - - - 

HDO 13.0 ± 2.5 16.0 ± 3.2 17.0 ± 3.5 19.0 ± 3.1 

Table 2 Apparent diffusion coefficients for Sr, I and deuterated water (HDO). Errors were 

1  
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Fig. 1 (a) Dry densities of smectite aggregate in compacted bentonite were 
calculated for the Kunipia F, Kunigel V1, MX-80 and the mixture of 
bentonite and sand proposed as a buffer material. (b) A typical SEM 

photograph of cross section of compacted bentonite (purified bentonite, dry = 0.9 

Mg/m
3
). The sample was compacted from vertical direction, saturated with 0.1 M 

NaCl solution and then freeze-dried. 
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Fig. 2 (a) A cross-sectional view of diffusion cell. (b) Schematic illustrations of 

concentration profile in the pore-water of the filter folder, ceramic filter and 

bentonite sample. Abbreviations: J: diffusive flux in the positive x-direction, Lb: a 

thickness of the bentonite sample, Lf: a thickness of the filter, Cp
1
: concentration of 

the diffusant in pore-water at the surface of bentonite, high-concentration side, Cp
2
: 

concentration of the diffusant in pore-water at the surface of bentonite, 

low-concentration side, CH: concentration of the diffusant in the high-concentration 

cell, CL: concentration of the diffusant in the low-concentration cell. 

b 

a 
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Fig. 3 Effective diffusion coefficients for Sr in the filter depends on diffusion 
cell design. Empty squares ( ) for the type A cell and solid circles ( ) for the 
type B. 
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Fig. 4 Break-through curves for saline conditions of 0.01 to 0.5 M. (a) The whole curves 

for Sr and (b) detailed plots for Sr experiments at 0.01 and 0.05 M NaCl solutions. (c) 

&(d) Curves for I and HDO, respectively. 
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Fig. 5 Effective diffusion coefficients De
b
 plotted with respect to salinity on a log-log plot. 
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Fig. 6 Schematic illustrations of diffusion pathways in compacted bentonite. 
Pathways were indicated by the broken lines, A: through interlamellar 
spaces of smectite stacks, B: on the smectite surfaces and C: pathways in 
pore water. The A or B are predominant at high dry density (a), while the 
whole pathways can be postulated at low dry density (b). 
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Fig. 7 Effective diffusion coefficients De plotted as a function of salinity. (a) For anions of 

I and Cl and (b) for Sr. The salinity for 
*2

 Eriksen and Jansson (1996) was recalculated as 

a ionic equivalent concentration of base solution. 
*1

 this study, 
*2

 Eriksen and Jansson 

(1996), 
*3

 Muurinen et al. (1989), 
*4

 Muurinen et al. (1987). 
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I.  

 

0.01-0.5 M

Fig. I-1 Na Fig. I-2

III
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solution cells (the purified bentonite compacted to 0.9 Mg/m
3
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Fig. I-2 Sodium quantity in a unit volume of compacted bentonite plotted 

as a function of NaCl concentration in solution cells. Error bars were 
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II. Def  

 

Table 

II-1 Fig. II-1 Fig. II-2

Type A: 1.5 mm Type A: 3.0 mm

 

 

[x10
-10

 m
2
/s] 0.01 0.05 0.1 0.3 0.5 Av. De

f
 

Sr2+       

2.3 2.2 - 2.1 2.3 
Type A 

2.9 - 3.0 1.9 2.6 
2.4 0.4 

Type B 5.4 5.0 - 5.0 4.7 5.0 0.3 

I
-
       

2.0 2.4 - 2.0 2.5 
Type A 

3.2 - 3.3 2.2 3.9 
2.7 0.6 

Type B 8.6 7.4 - 5.6 9.4 7.7 1.4 

HDO       

Type A 6.7 5.3 7.8 4.9 5.7 6.2 1.2 

Type B 17* 17 

Table II-1 Effective diffusion coefficients for Sr, I and HDO in the filter at elevated salinity. 

Av. De
f
 were used for the diffusion analysis. *One experiment was conducted with 

ion-exchanged water. Type A and B were names of diffusion cell design. 
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Fig. II-1 Typical break-through curves for Sr (Type A cell). A 
experiment under a salinity condition 0.05 M was failure because 
any diffusants was not added. 

Fig. II-2 Effective diffusion coefficients for the filter plotted as a function 

of salinity. 
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III. 

 

 

III

 

 

1.  

 

Sr2+, I- Na

0.5 mm

10ml 0.1N 5 ml 1

Sr2+ 3000rpm, 

30 1ml

1mN 1ml Sr2+ Na 20 l

1mN 2ml

mol/dm3 x = 0 m

Na

I

 

Sr2+ I-

Oscarson, 1994  

 

 
p

b

C

C
  (A4) 

 

Fig. 2b

Cp1
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Cb x=0

 

 

 

 
x

C
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a (A6) 

 

Cb/ x Da

 

 

2.  

2.1.  

 

Fig. III Sr2+ I-

 Table III-1 0.9 Mg/m3 Sr2+

I-

Kd  

 

dK  (A7) 

 

[-] 0.71 [g/cm3]

0.9 g/cm3 Kd[ml/g] Kd 

Eriksen and Jansson, 1996

Sr2+
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I- 0 ml/g

 

 

 (A8) 

 

0.9 Mg/m3 0.71

0.71 0.5M

0.7

I-

I-

I- time-lag

 

 

2.2.  

 

Table III-2 Sr2+ I-

0.1 M

time-lag

0.05 M 0.3 M time-lag

0.5 M

I-
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Salinity 

[M] 

CP  

[M] 

Cb  

[M] 
Cb / CP  

[-] 

Kd  

[ml/g] 
De/Da  

[-] 

Sr
2+

      

0.05 2.8 x 10
-3

 3.2 x 10
-2

 11.0 11.0 0.015 

0.1 2.8 x 10
-3

 2.4 x 10
-2

 8.6 8.8 0.040 

0.3 2.2 x 10
-3

 1.1 x 10
-2

 5.0 4.8 0.14 

0.5 1.9 x 10
-3

 4.0 x 10
-3

 2.1 1.6 0.13 

I
-
      

0.01 4.3 x 10
-3

 3.9 x 10
-4

 0.091 - - 

0.05 4.0 x 10
-3

 6.1 x 10
-4

 0.15 - - 

0.1 3.5 x 10
-3

 1.4 x 10
-3

 0.40 - - 

0.3 3.8 x 10
-3

 1.6 x 10
-3

 0.34 - - 

0.5 3.2 x 10
-3

 2.2 x 10
-3

 0.69 - - 

Table III-1 Rock capacity factors  for Sr and I in the purified bentonite compacted 
to 0 9 Mg/m3
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Salinity  

[M] 

C/ x 

 [x10
3
 mol/m

4
] 

J  

[x10
-9

 

mol/m
2
s] 

Da  

[x10-12 m2
/s] 

Sr2+    

0.05 -0.27 0.06 0.43 0.00 1.6 0.1 

0.1 0.16 0.33 0.12 0.04 - 

0.3 -0.21 0.11 0.65 0.01 31 6 

0.5 -0.070 0.035 0.86 0.01 123 27 

I
-
    

0.01 -0.015 0.005 5.1 0.1 350 30 

0.05 -0.058 0.008 11 0.0 190 5 

0.1 -0.17 0.08 15 0.0 85 18 

0.3 -0.17 0.03 19 0.0 110 2 

0.5 -0.28 0.02 20 0.0 71 17 

Table III-2 Da for Sr and I in the purified bentonite compacted to 0.9 Mg/m3.  
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Fig. III-1 Spatial distribution of Sr and I in the purified bentonite compacted to 0.9 
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