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Abstract

Bentonite-based grouting has been usually used for sealing a borehole installed for a
closed-loop vertical ground heat exchanger in a geothermal heat pump system (GHP) because
of its high swelling potential and low hydraulic conductivity. The bentonite-based grout,
however, has relatively lower thermal conductivity than that of ground formation.
Accordingly, it is common to add some additives such as silica sand into the bentonite— based
grout for enhancing heat transfer. In this study, graphite is adapted to substitute silica sand
as an addictive because graphite has very high thermal conductivity. The effect of graphite
on the thermal conductivity of bentonite-based grouts has been quantitatively evaluated for
seven bentonite grouts from different product sources. In addition, the wviscosity of
graphite-added bentonite grout was measured to evaluate the field pumpability of the grout.
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Fig. 1 Heat transfer mechanism in ground heat
exchanger (cooling mode)
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Table 1. Mineral composition of bentonite sample (XRD
test result)[4]

Mineral
Qtz PL K-fHbl Cal Mnt Il Kin Op Py Syl
Samp)

Bentonite 1 41 580 - - 19306 - - 38 - 17
Bentonite 2 44 188 - - 34629 - - 06 33 68
Bentonite 3 31521 - - 0338 - - 55 - 02
Bentonite 4 54 343 43 - - 435 - - 71 - 54
Bentonite 5 68 292 - 90 20428 - - 33 09 60
Bentonite 6 55 221 - - 42537 - - 102 - 43
Bentonite 7 44.2 53 - - 129377 - - - -

* Qtz(Quartz), Pl(Plagioclase), K-f(K—feldspar),
Hbl(Homblende), Cal(Calcite), Mnt(Montmorillonite), I(Illite),
Kin(Kaolinite), Op(Opal), Py(Pyrite), Syl(Sylvite)
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Fig. 2 Thermal conductivity of neat bentonite[3]
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Fig. 4 Equipment for Thermal conductivity of sample
(QTM-500)
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Fig. 6 Thermal conductivity with change in graphite
content (20% bentonite)
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Fig. 7 Thermal conductivity with change in graphite
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