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Temperature effects of thermal conductivity of salted bentonite
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Abstract: The temperature effects of thermal conductivity of salted bentonite are crucial for the design of deep-earth
repositories for nuclear waste. MX80 bentonite powder is salinized and humidified by salt solution, the thermal conductivity of
salted bentonite is measured at different temperatures based on the thermal probe method, and its relative humidity is also
analyzed later. The results show that the temperature effects of thermal conductivity of salted bentonite are similar to those of
pure bentonite, and the thermal conductivity increases with temperature, but the increase in the thermal conductivity of salted
bentonite is weaker than that of pure bentonite. With the increase in the salt concentration with the same type, the temperature
effects of thermal conductivity of salted bentonite are gradually weakened. Under the same salt concentration with different salt
types, the temperature effects of thermal conductivity of salted bentonite are different from each other, showing CaCl, < NaCl <
KCIl. The evolution mechanism of the temperature effects is attributed to that salt reduces the relative humidity in pore gas,

partially offsetting the contribution of temperature to thermal conductivity through latent heat transfer.

Key words: salted bentonite; thermal conductivity; latent heat transfer; temperature effect; relative humidity

][l

El

M - A L LA B B AR el I ORI AR S

Bt RA R E P, —HLSREZE S AR E)

P e

KB, H S A0 T-40 B FE IR S s e BEAT TURAN T2 T AT, a2 R E T M AR A

athy athy

EEUWHE: ZHEARFEETIH (2108085QD168, 2208085MD98); %A AT HETH (2023AH051086); ZRUE K+ /1% 5 TR T
FFBR S (AHPZY2023KF03) This work was supported by the Natural Science Foundation of Anhui Province (2108085QD168, 2208085MD98), the Research
Fund of Anhui Provincial Department of Education (2023AH051086), and the Open Subject of Anhui Institute of Expanded Soil Mechanics and Engineering

(AHPZY2023KF03).

s B HA(Received): 2024-03-05 181 HHA(Revised): 2024-10-13  3#% HHA(Accepted): 2024-10-16 W&k HEA(Online): 2024-10-17

*W(E/E#H (E-mail: Yanchh@nju.edu.cn)

©Editorial Office of Chinese Journal of Geotechnical Engineering. This is an open access article under the CC BY-NC-ND license.



1768 HoE L OB ¥ M

2025 4F

BN ) A R Rz 1 = R R ) SE R B4 Fh =
R A B KRN T BN EESH1ARP, 4K
W EEHE R, A8 AT 8255 e AR AME T,

MEEER, ST 1 AR PE T T2 th AL S
JRSR A 3R 16 25 S8 Ak BRI AT IR (A B RN,
BRI 5T . AL B EEIBAT I, A kA
HHE PP BOBVRE T 38 A8 Fv e BRI i - B B TR P

[, A AE B SR AR A I = BEE B — R
RAE LN, JHEm IR XA, Wl 1 PR,

SRR RINT

B

15 JHCA B I 742 Bt B

1 NBEKELIMI SRR SRS
Fig. 1 Salt accumulation due to evaporation and migration of
infiltrated salted water
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Table 1 Basic physical properties of MX80 bentonite

AR SRR/ TR/ MYEtE g/
i % % # %
2.76 30 310 280 380
1.2 RHEH&F
TS BRI L S I RE IR B RN, R R

IR, W RATER 20 WS KEMTH
FE o BB A 10%, 15%, 20%, 25%H1 1.2, 1.3, 1.4,
1.5, 1.6 glem®s SRR W B IR EEHE 5~95C, A
&N 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95C.
R FFEE IR EEFN R 7 11, 7% A LB
i S K R B 727, SR NaCl. KC1 #ll CaCl, =
Fh gAY SRR . AL IR IX 32 1 & AR, NaCl ¥
B R W E A S mol/L, HIE 0, 1, 3 mol/L HIK
FE R B AR 7= Ehik FE [ 200 ;. KC1 Al CaCl, X BN 3
mol/L, J#id5 3 mol/L NaCl ¥V b s e 5 27U 5
ml o (AR, it — ARG S S A AR IR R AL
REPEAHLER,  FFIAA RS T & #h i LA
FE, BEE 20, 40, 60, 8O°CPUNEEAKT, UL
5 FHM 2
=2 SRR A R
Table 2 Measurement schemes for thermal conduction

4 If'ﬁg/ KA/ ??&?}T}*\/
(mol-L'") % (grem)
0 10/15/20/25 1.2/1.3/1.4/1.5/1.6
NaCl 1 10/15/20/25 1.2/1.3/1.4/1.5/1.6
3 10/15/20/25 1.2/1.3/1.4/1.5/1.6
5 10/15/20/25 1.2/1.3/1.4/1.5/1.6
KCl 3 25 1.2
CaClx 3 25 1.2

FIRERT, 260 XTI 7E 105°C F4ET 24 hs,
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Fig. 2 Typical intermediate steps during sample preparation and
pre-treatment tests
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Fig. 3 Constant temperature and humidity box within samples
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Fig. 4 KD2-Pro thermal characterization analyzer and HMP 110

relative humidity tester
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Fig. 5 Thermal conductivities of salted and pure bentonite at

different temperatures (w=20%)

0.80
—O0-Fthpy=1.2 glem’
_E_ﬁfn'ipd=1.2 g/(:m3
—O—Ti#hpy=1.4 g/cm3
—o—Fihp=1.4 glem®
0.46 - —A—Fthpy=1.6 glem’
—A—Frhp,=1.6 g/em®

0.63 +

SHABOER/(W-m™ K1)
8

=4
—
[

1
g
&

20 40 60 80 100

6 TEIRESHSTRFHLSHREIZE (w=20%)
Fig. 6 Increase in thermal conductivity of salted and pure
bentonite at different temperatures (w=20%)
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Fig. 7 Thermal conductivities of salted and pure bentonite at

different temperatures (pa =1.2 g/cm?)
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Fig. 8 Increase in thermal conductivity of salted and pure

bentonite at different temperatures (pa=1.2 g/cm®)
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Fig. 9 Thermal conductivity versus temperature for bentonite with

different salt concentrations
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Fig. 10 Increase in thermal conductivity versus temperature

for bentonite with different salt concentrations
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Fig. 11 Thermal conductivity versus temperature for bentonite
with different salt types
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Fig. 12 Increase in thermal conductivity versus temperature
for bentonite with different salt types
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Fig. 13 Relative humidity versus temperature for bentonite with
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Fig. 14 Relative humidity versus temperature for bentonite with

different salt types
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Fig. 15 Increase in thermal conductivity versus relative humidity

for salted bentonite at different temperatures

R AR Tk 0 = P AR PR i DA R R 7 R AR
AR AIRALRER, i — DRI LS 5 W s +
SPIAMEREMRE S E AL R BTN T A
E KT R, T ELIE I S kR e A A B
KIRZ Hl R, g sm Bk S AERE: SR,
R AFAE N /N AR, S8 5EVE
B AIRAN R, HETAE] T KRS R Tk, 3
BUBRKSBERE R, Fenlig 60°C UL LR IX JUNEA
o i FEAN I R KV B ons 2 S R R
RS AL 16 PR .

T T5T, 7,
16 ERICRER MBS LI+ SRR U
SEUHHIREE

Fig. 16 Schematic of evolution mechanism of temperature effects
of thermal conductivity of bentonite considering salt

induced degradation in latent heat transfer of vapor
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