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The Geyoungju Ca-bentonite with dry density of 1.6 g/cm3 has been considered as a standard buffer
material for the disposal of high level waste in KAERI disposal system design. But it had relatively lower
thermal conductivity compared with other surrounding materials, that was one of key parameters to limit
the increase of the disposal density in the disposal system. In this study, various additives were selected and
mixed with the Ca-bentonite in different mixing methods in order to increase the thermal conductivity from
0.8 W/mK to 1.0 W/mK. As an additive, CNT (Cabon Nano Tube), graphite, alumina, CuO, and Fe,O4
were selected, which are chemically stable and have good thermal conductivity. As mixing methods, dry
hand-mixer mixing, wet milling and dry ball mill mixing were applied for the mixing. Above all, the ball mill
mixing was proved to be most effective since the produced mixture was most homogeneous and showed
higher increase in the thermal conductivity. From this study, it was confirmed that the thermal conductivity
for the Geyoungju Ca-bentonite could be improved by adding small amount of highly thermal conductive
material to 1.0 W/mk. In conclusion, it was believed that the experimental results will be valuable in the
disposal system design if the additive effects on the swelling and permeability on the compact bentonite are
also approved in further studies.
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Fig. 1. Compression mold for the compaction of bentonite powder.
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Table 1. Chemical composition of Gyeongju Ca-Bentonite

Oxides wt%
SiO; 56.8
AlLO3 19.96
Fe O3 6.03
FeO 0.15
CaO 2.59
MgO 0.77
K>0 0.93
NaxO 2.95
MnO 0.04
TiO; 0.83
P05 0.11

Table 2. Additive materials for the improvement of thermal conductivity of
Ca-bentonite

Thermal Conductivity

Additives (W/mK) Company  Purity (%)
CNT 3500 (gxis, SWNT) 99

(WMNT) 1.52 (side, SWNT)

Graphite 120~140 KOMEX 99.0

Alumina 30 SHOWA 99.5
Fe 03 7.74 SHOWA 98.0
CuO 37.6 SHOWA 98.5
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Fig. 2. Water content control of compact bentonite blocks in a water bath.
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Fig. 3. View of dispersed CNT powders by a homogenizer; (a) untreated CNT
powders (b) CNT powders dispersed in water (c) CNT powders dispersed in
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Fig. 6. Mill treated bentonite block (a and Dry grinded bentonite Block.

Fig. 4. Aqueous mixture of bentonite and 1.14wt% CNT producted by a Mill
Mixing method.

(b)

Flg 5. Mill Mixed bentonite and CNT block (a), and Dry grmded bentonite Flg 7. CNT and bentonite mixed block by hand mixing in a bowl.
and CNT Block.
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Fig. 8. Bentonite and grinded CNT mixed block.
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Fig. 9. Figures of Ball Mill mixing using a PET pack.
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Fig. 10. Effect of dry density on the thermal conductivity of Ca-Bentonite
with different water content.
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Fig. 12. Thermal conductivity of Ca bentonite with different CNT Contents.

Table 3. Thermal conductivity of Ca-Bentonite with different mixing method
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Fig. 13. Thermal conductivity of Ca bentonite with different graphite Contents.

Table 4. Thermal conductivity of the mixtures of Ca-bentonite and graphite
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Fig. 14. Thermal conductivity of Ca bentonite with different Alumina, CuO,
and Fe,05 Contents respectively.

Mixing Method Additive Contents D::)nrsyity C\Z/r?::rrlt e e
(wt%) (g/em3) (Wt%) Mixture Pure Gap
1 1.52 10.95 0.73 0.64 0.09
Mixer stirring 5 1.48 10.96 0.92 0.59 0.33
Mixing 7 1.45 11.53 1.00 0.57 0.43
8.5 1.45 10.98 1.07 0.55 0.52
1.61 12.81 0.9 0.82 0.08
: 1.62 12.98 0.92 0.83 0.09
Roller stirring 1.59 13.72 1.02 0.80 0.22
Mixing ? 1.58 13.70 0.97 0.79 0.18
1.58 12.98 1.07 0.79 0.28
’ 1.58 13.59 1.07 0.79 0.28

dJ. Korean Radioact. Waste Soc. Vol.11 No.1 p.11-21, March2013

19



Jong-pyo Lee. et al : Increasing of Thermal Conductivity from Mixing of Additive on a Domestic Compacted Bentonite Buffer

Table 5. Thermal conductivity of Ca-Bentonite with the addition of alumina, CuO and Fe,0O5 additives

Th 1 Conductivity (W/mK
s Additive Contents Dry Water ermal Conductivity (W/mK)
Mixing Method o Density Content
(Wt%) (g/cmd) (Wt%) Mixture Pure Gap
1 1.52 12.26 0.73 0.65 0.08
5 1.48 12.55 0.76 0.67 0.09
Alumina 10 1.42 12.45 0.79 0.54 0.25
15 1.33 12.36 0.82 0.43 0.39
Mixer stirring
20 1.26 12.40 0.82 0.35 0.47
Mixing
1 1.51 12.39 0.76 0.64 0.08
CuO
10 1.42 12.65 0.67 0.60 0.07
1 1.53 12.53 0.73 0.73 0.00
Fe,05
10 1.40 12.54 0.69 0.57 0.12

AreoA B WlELU o) Ee] 3HEH|E 12 9wt A Eo]
], o] AL A&7 AXUE 1.6 g/emd &) L Wl EY 0]
ES JALEL oF0.77 W/mK Axo|eh, whebA 1w/
mKS THE7] $J8| A= 0.23 W/mK H %, oF 30% A =S
o] 717} B aslgith. CNTY] A$-2 B, Ball MillE o]
f3to] £88S vl oF 55wt Fieh He es

Ebstt}. Graphite®] 74-9-, A& &3¢ Stiring £ oF
3.55wt%, Ball Mill=- %3} Stirring &3-S F 2 43wt% 37}
s H Ao 2 vYepdoh cuoe] B9 Al w47t
A Aoz A= wito ZA3}H7] o] HiL, Alumina}
Fe,059] 73-¢-olli= ZHz} oF 10, 1wt%, 18.9wt% H713HH =]
AR Yehyith, dA8e g dATE A5 a3 b

Z AL GraphiteZ &g 74-F-0]2m, I 50 CNTE
=33 39Sk

AT7HA T A FollA a7k Fr1E H7tE &394
o At g HEyolEe] dHeEE Ao F
7SS AdH R sl § 3, AU &
ol w2 HlEUo|Ee] 7|2 JH] BEUT FedEE
o A= FFE FrHehdE Ul aE9] 97 E AR
7Ng Al 88 282 F S AR 7

REFERENCES

[1] Lee, J.W., Jo, W.J., “Thermal-hydro-mechanical
Properties of Reference Bentonite Buffer for a Korean
HLW Repository”, KAERI/TR-3729/2009, KAERI
(2009).

[2] Jun, G.S, Lee, W, Jo, Wd., Kang, M.J., Kim, S.S.,

“High-level waste disposal technology development
/Engineered barrier development”, KAERI/RR-1897
/98, KAERI (1999).

[3] Bel, J., Bernier, E, “Temperature criterion related to
clay based backfill materials in the framework of a
geological repository of heat producing radioactive
waste”, proc. I[CEM’01, The 8th International Con-
ference on Environmental management (2001).

[4] Lee, J.H., Lee, M.S., Choi, H.J., Choi, J. W,
“Temperature effect on the swelling pressure of a
domestic compacted bentonite buffer”, J. of the
Korean Radioactive Waste Society, 8(3), pp.207-213
(2010).

[5] YM. Tien., CA. Chu., WS. Chuang., “The prediction
model of thermal conductivity of sand-bentonite
based buffer material”, France Clays in Natural &
Engineered Barriers for Radioactive Waste Confinement,
p.657 (2005).

[6] Beziat, A. Dardaine, M. Mouch, E., “Measurements of
the thermal conductivity of clay-sand and clay-graph-
ite mixtures used as engineered barriers for high-level
radioactive waste disposal”, Applied Clay science, 6,
pp.245-263 (1992).

[7] Michael, J., Gunter, B., “Influence of graphite and
quartz addition on the thermo-physical proper-
ties of bentonite for sealing heat-generating radioac-
tive waste”, Applied Clay Science, 44, pp. 206-210
(2009).

[8] Pacovsky, J., Svoboda, J., Zapletal, L., “Saturation

20 J. Korean Radioact. Waste Soc. Vol.11 No.1 p.11-21, March 2013



Jong-pyo Lee. et al : Increasing of Thermal Conductivity from Mixing of Additive on a Domestic Compacted Bentonite Buffer

Development in the Bentonite Barrrier of the Mock-up-
CZ Geotechnical Experiment: Physics and Chemistry
of the Earth, 32. Elsevier, pp.767-779 (2007).

[9] Vasieek, R., “Mock-up-CZ Experiment, CTU prague,
Faculty of Civil Enginering Centre of Experimental
Geotechnics”. http://ceg.fsv.cvut.cz/EN/ceg-down-
loads (2007).

[10] Japan Nuclear Cycle Development Institute, H12
Supporting Report2, Repository Design and Engi-
neering Technology, p.431 (2000).

[11] Lee, . W., Jo, W.J., Jun, G.S., Kang, C.H., “A study
on the swelling characteristics of a potential buffer
material : effect of ionic strength and temperature on
the swelling pressure”, KAERI/TR-1318/99, KAERI
(1999).

[12] QTM-500, User Guide, Ver. 08, Japan, KYOTO
ELECTRONICS,

[13] Coquard, R., Baillis, D., Quenard, D., “Experimen-
tal and theoretical study of the hot-wire method ap-
plied to low-density thermal insulators”, International
journal of Heat and Mass Transfer, 49, pp. 4511-4524
(2006).

[14] Yoo, G.M,, Lee, S.G., Kim, S.R., “Effect of Multi-wall
Carbon nanotube Surface Treatment on the Interface
and Termal Conductivity of Carbon Nanotube-based
Composites”, Journal of Adhesion and Interface,
11(4), pp.174-180 (2010).

dJ. Korean Radioact. Waste Soc. Vol.11 No.1 p.11-21, March 2013

21





