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Abstract 

 

In order to quantify effect of temperature on diffusivity of deuterated water (HDO) in compacted 

sodium-bentonite, through-diffusion experiments were conducted at elevated temperature from 298 

to 333 K. Kunipia F (Na-montmorillonite content > 98 wt. %; Kunimine Industry Co.) was 

compacted to a dry density of 0.9 and 1.35 Mg/m
3
. Since smectite flakes were perpendicularly 

oriented to a direction of compaction, anisotropy of diffusivity was investigated parallel and normal 

to the preferred orientation of smectite. Effective diffusion coefficient De of HDO was larger for a 

diffusional direction parallel to the preferred orientation than normal to that for both dry densities.   

These results well agreed to the previously reported ones for tritiated water. Activation energies of 

De in compacted bentonite increased with increasing dry density in the range of 19 - 25 kJ/mol 

which was slightly larger than that in bulk water (18 kJ/mol). This relationship can be considered to 

be due to both the pore structure development and high activation energy of water (18-23 kJ/mol) in 

the vicinity of smectite surface (within 2 nm) on the basis of molecular dynamics simulations.  

*1 Radiochemistry Group, Waste Isolation Research Division, Waste Management and Fuel 

Cycle Research Center 

*2 Nagoya University 

*3  Tokyo Institute of Technology 
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5-10 Pusch et al., 1990
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Experimental Conditions 

Bentonite Kunipia F (Kunimine Industry) 

Dry density [Mg/m3] 0.9, 1.35 

Diffusant Concentration 

[M] 
HDO: 1.4 - 2.7  

Solution ion-exchanged water 

Temperature [K] 298, 313, 323, 333 

Diffusional direction 
P: Parallel to P.O. 

N: Normal to P.O. 

Size of specimen 

P: cross section: 17.5 x 17.5 mm 

thickness : 5 mm 

N: cross section: 20 mm 

thickness : 5 mm 

Table 1 Experimental conditions. “P. O.” is “preferred orientation of smectite” 



ＪＮＣ ＴＮ８４００ ２００１‐０３１

｜ １９ ｜

 

De 

[ x 10
-10

 m
2
/s] 

Temperature [K] 

dry 

[Mg/m
3
] 

Diffusional 

Direction 

298 313 323 333 

Activation 

Energy 

[kJ/mol] 

P 2.8 ± 0.1 3.3 ± 0.0 4.8 ± 0.0 6.1 ± 0.1 19 ± 4 

0.9  

N 1.6 ± 0.0 1.8 ± 0.0 2.6 ± 0.0 3.7 ± 0.1 21 ± 5 

P 1.7 ± 0.0 2.2 ± 0.0 2.9 ± 0.0 4.6 ± 0.1 23 ± 5 

1.35 

N 0.84 ± 0.03 0.95 ± 0.01 2.0 ± 0.0 2.2 ± 0.1 25 ± 7 

Table 2 Effective diffusion coefficients for HDO with respect to experimental 

temperature, dry density and diffusional direction.  
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Fig. 1 A typical SEM photograph of cross section of compacted bentonite (saturated 

with solution and the freeze-dried). Preferred orientation of smectite flakes was 

observed normal to direction of compaction.  
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Fig, 2 (a) Schematic illustrations of the flow-through diffusion system. A diffusion 

cell is put into incubator to maintain experimental temperature fro 298 to 333 K. (b) 

A cross section of diffusion cell.  

a 

b 
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Fig. 3 Break-through curves for deuterated water at elevated temperature. Inset 

numbers are temperature [K].  
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clay clay 
porewater (ca. 11 nm) 

at 293 K, 0.1 MPa 

Fig. 5 A snapshot of clay-water complex projected to (010). There are 5000 water 

molecules in the interlayer space (ca. 11 nm).  
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Fig. 6 Results of MD simulations. (a) Spatial distribution of self-diffusion 

coefficients of water molecule. “Position” was distance from left edge of the unit 

cell in Fig. 5. (b) Distribution of activation energy (298 – 373 K). Shaded part 

corresponds to average  2  of activation energy in the range of 2-10 nm. 
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compacted bentonite (Kunipia F) at room temperature plotted as a 
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(2001), *4: this study.  
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Fig. 8 Illustrations of microstructure of bentonite and diffusional pathways.  
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reference. (b) A spectrum with H2O water as referenece. (c) NaCl solution (0.5 mol). 
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Fig. 2 A schematic cross-section of ATR cell. Light-path was drawn by a bold line. 
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Da 

[ x 10
-10

 m
2
/s] 

Temperature [K] 

dry 

[Mg/m
3
] 

Diffusional 

Direction 

298 313 323 333 

P 4.5 ± 6.1 - 7.0 ± 2.3 - 

0.9  

N 2.5 ± 2.2 - 5.3 ± 3.0 4.4 ± 3.4 

P 1.4 ± 0.6 6.4 ± 3.7 2.4 ± 0.2 23 ± 54 

1.35 

N 0.49 ± 0.12 2.9 ± 2.0 0.56 ± 0.14 1.6 ± 0.9 

Table A1 Apparent diffusion coefficient of deuterated water determined by 

“time-lag” method.  
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