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Evaluation for the Manufacturing Characteristics and Thermal Conductivity
of Engineering Scale Bentonite-Sand Buffer Blocks
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Abstract

The required density relationship according to the press pressure of the floating die method and the homogeneity
of the density distribution in the buffer block was evaluated to analyze the manufacturing characteristics of engineering
scale bentonite—sand buffer blocks. In addition, the thermal conductivity was measured and compared with that of the
pure bentonite buffer block to evaluate the level of thermal conductivity performance improvement of the bentonite—sand
buffer material. As a result, it was confirmed that the standard deviation of dry density decreased to 0.011 and showed
a homogeneous density distribution under the condition of press pressure greater than 400 kg/cmz. Furthermore, as a
result of the thermal conductivity test, the thermal conductivity of the buffer with optimum moisture content conditions
was 1.345 and 1.261 W/(m'K) under the press pressure of 400 and 600 kg/cmz, respectively. It increased by 16.1%
and 11.0% compared to the pure bentonite buffer material. Based on the results of this study, it is judged that it can
be used as fundamental data for manufacturing a homogeneous bentonite—sand buffer block on an engineering scale.
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Fig. 2. Particle size distribution curves for the KJ=Il bentonite and
silica sand

Table 1. Physical properties of KJ—Il bentonite and silica sand

KJ-II bentonite Silica sand
Specific gravity 2.7 Specific gravity 2.69
Water content (%) 12+2 Water content (%) 0
Liquid limit (%) 146.7 Liquid limit (%) -
Plastic index (%) 28.4 Plastic index (%) -
USCs CH Uscs SP
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Fig. 3. Mixing machine: (a) agitating apparatus; (b) 3d—mixer
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Fig. 4. Schematic representation of the floating die press (modified from Kim et al., 2018b) (a), 2000 ton floating die press (b)

Table 2, Fabrication conditions of buffer blocks
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Fig. 6. Thermal conductivity analyzer (QTM—700)
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Table 3. Summary of descriptive statistics quantity on dry density
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Fig. 7. Dry density of buffer blocks and its standard deviation
according to the pressure of die—floating press

Press pressure (kg/cm?) 200 300 400 500 600

) Maximum 1.598 1.677 1.729 1.766 1.795

Dry density Minimum 1543 1636 1700 1739 1767

(g/cm”)

Average 1.571 1.663 1.717 1.752 1.780
Standard deviation 0.0170 0.0149 0.0110 0.0106 0.0095
Skewness 1.066 -1.154 -1.123 -0.189 -0.127

Kurtosis —0.281 -0.803 -1.718 -1.303 -1.110
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169
E "
o s
5 1.67 ’
A
]
g 1.65
s i
2‘ 1.63 1 T 1 1 1
(a) 0 100 200 300 400
Sampling location in the block (mm)
(b) 300 kg/cm?
178
§ 4
e
5 1.76 ° ° R
]
é’ 1.74 [ A °
c
<
b 1.72 T T T T 1
(a] 0 100 200 300 400
Sampling location in the block (mm)
(d) 500 kg/cm?
@ Upper
m Middle
A Lower
407 mm
(f) Legend and sampling location diagram
HELIOIE-L22H 25 252 4854 L SNMEE "It 119



Table 5. Summary of descriptive statistics quantity on water content

Press pressure (kg/cm?) 200 300 400 500 600
Water Maximum 10.86 10.85 10.64 10.68 10.60
content Minimum 10.57 10.60 10.23 10.31 10.27
(%) Average 1078 10.68 10.41 10.49 10.41
Standard deviation 0.081 0.076 0.120 0.113 0.089
Skewness —-0.986 0.203 0.565 0.178 0.691
Kurtosis 0.914 0.842 —-0.198 —-0.813 0.286
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Fig. 9. Compaction curves of buffer blocks according to pressure of die—floating press
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Fig. 10. Crack generation on the block samples after 80 hr drying
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Table 6. Results of thermal conductivity measurement at OMC condition

Press pressure Water content Dry density Thermal condulivity (W/(m - |_<))
(kg/cm?) (%) (g/cm®) Measured value Predicted value
(KJ—II - Silica sand) (KJ-II bentonite)
400 15.9 1.746 1.345 1159
600 14.6 1.757 1.261 1137
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