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Measurements of the Thermal Conductivity of Domestic Bentonite for
Improving the Physical Performance of Buffer
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ABSTRACT : The thermal conductivities of bentonite blocks with various dry densities (1.6 and 1.8
g/cm3), water contents (5, 9.4, 15, 20 wt%) and sand contents (0, 10, 20, 30 wt%) were measured in order
to investigate the improvement in physical performance of buffer as an engineered barrier. The raw
material was domestic bentonite from Oksan mine located in Gyeongju city. The increase in water content
was most effective for improving the thermal conductivity. Especiallly, the bentonite blocks with more
than 15 wt% of water content showed more than 1.0 W/mK values of thermal conductivity regardless of
their dry densities and sand contents. Therefore, if the domestic Oksan bentonite is used as a buffer
material, we can suggest that the manufacture of bentonite block having dry density of 1.6 g/cm3, sand
content of 10~30 wt% and water content of 15 wt% will be most effective considering the easiness of a
manufacturing of bentonite block and the efficiency of an increase in the thermal conductivity.
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Fig. 1. XRD patterns of Oksan bentonite powder and sand from the
Geum-river (M: montmorillonite, Q: quartz, F: feldspar, C: cristobalite).
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Table 1. Chemistry and mineral composition of Oksan bentonite

Chemistry Si0, | AlLOs |*Fex03] CaO | MgO | KyO | Na,O | TiO; | MnO | P,Os | L.O.I | Total
(major, %) 64.28 | 17.37 | 2.79 | 2.64 | 297 | 0.83 | 1.97 | 035 | 0.01 | 0.09 | 596 | 99.24
Be Co Ni Cu Ga Rb Y Nb Mo Cd Cs La
Chemistry 3.00 | 223 | 1.68 | 431 |22.99 | 19.74 | 1524 | 7.33 | 0.21 | 0.19 | 3.59 | 28.01
(trace, ppm) Ce Nd Sm Eu Gd Er Yb Hf Pb Bi Th U
57.07 | 32.12 | 4.06 | 1.22 | 423 | 1.88 | 2.11 | 539 |21.56 | 025 | 7.75 | 1.30
. Montmorillonite Quartz Feldspars Cristobalite
**Mineralogy
69.5 1.4 222 6.9
*total Fe as Fe;0s3, **from Koh (2002)
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Fig. 2. Particle size distribution of Oksan bentonite powder.
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Fig. 3. Grain size distribution of sand from the Geum-river.
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Table 2. Thermal conductivities of bentonite blocks

Densitzy Sand contents | Water contents (wi%)
(g/em”) (Wt%) 50 | 94 |15.0 200
0 0.48 | 0.60 | 0.98 | 1.21

1.6 10 049 | 0.62 | 1.09 | 1.32

: 20 050064 |1.14 | 143
30 0.61 | 0.68 | 1.22 | 1.56

0 0.57 1 078 | 1.18 | 1.35

1.8 10 0.58 | 0.82 | 1.34 | 1.41

’ 20 0.59 | 096 | 1.49 | 1.57

30 0.63 | 1.01 | 1.60 | 1.73
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Table 3. Amounts and rates of increase in the thermal conductivity

For increase in the dry density

Water content (%o)

9.4

15.0

20.0

0.18 (29.3%)
0.23 (32.8%)
0.32 (50.0%)
0.33 (48.0%)

0.20 (20.5%)
0.24 (22.3%)
0.34 (29.8%)
0.38 (31.6%)

0.14 (11.4%)
0.09 (6.9%)
0.14 (9.6%)
0.17 (10.6%)

For increase in the sand content

Water co

ntent (%)

9.4

15.0

20.0

0.08 (12.1%)

0.24 (19.8%)

0.35 (22.5%)

0.24 (23.2%)

0.43 (26.6%)

038 (21.9%)

For increase in the water content

Water co

ntent (%)

5.0—-20

9.4—-20

0.74 (154.8%)
0.83 (171.7%)
0.93 (184.0%)
0.96 (157.5%)

0.61 (101.4%)
0.70 (114.0%)
0.79 (123.5%)
0.88 (128.3%)

Dry density Sand content
2
(g/em’) (%) 5.0
0 0.09 (19.0%)
1618 10 0.10 (19.9%)
’ ’ 20 0.08 (16.4%)
30 0.02 (3.4%)
Sand content Dry density
(%) (g/em?”) 50
1.6 0.13 (21.6%)
0—30
1.8 0.06 (9.7%)
Dry density Sand content
(g/em’) (%)
0
10
1.6 20
30
0
10
1.8 20
30

0.78 (138.5%)
0.83 (142.3%)
0.98 (167.3%)
1.10 (175.8%)

0.57 (73.5%)
0.59 (72.4%)
0.61 (63.3%)
0.72 (70.7%)
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Fig. 4. Thermal conductivity plotted versus water content.

2.0
Dry density=1.6 g/cm®

<
S
.g
E
k]
£
r “ —-o -~ Water 8.4%
% —-e-— Water 15%
| —m——Water 20%
0.0 . L — Lo
0 5 10 15 20 25 30 35
Sand Content (wt%)

Fig. 5. Thermal conductivity plotted versus water content.
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