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Microcalorimetry of hydration and ion adsorption of kaolinite

Bai Yingsheng, LLu Xiancai', i Qin,Zhang Lihu
(Key Lab of Surficial Geochemistry of MOE, School of Earth Sciences and Engineering,
Nanjing University, Nanjing, 210023, China)

Abstract: Clay minerals are the most common minerals in nature, and its hydration and adsorption play critical roles in
engineering geologies and environmental applications. In order to study the effect of different metal cation solutions on the
hydration of kaolinite at different temperature, we use microcalorimeter to measure the heat generated by the mixing of
kaolinite and water as well as different salt solutions at different temperature. The results show that the heat release derived
from the mixing of kaolinite with salt solution increases with the ion concentration as well as adsorption amount. The intensity
of interactions between alkali metal cations and kaolinite is closely related to the ionic radius, and present the order of Cs™ >
K*">Na" in strength. Temperature plays an important role to determine the interaction strength. The heat release at relative
high temperature obviously increases, which may be attributed to the enhanced reactivity of kaolinite hydroxyl surface and the
exchange reaction between alkali metal ions and hydroxyl hydrogen. Therefore, the clay mineral - fluid interactions are
positively correlated with temperature, ionic radius and ionic concentration.
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Fig. 1 XRD pattern (a),SEM image (b) and crystal sturcture of kaolinite
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Fig. 2 Structure of the C80 microcalorimete (a) and the memberane reaction device (b)
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Table 1 Released heat from the hydration and interaction with salt solution of kaolinite

BT Rk WA E (mmol-L 1) -5 e BE (mmol-L 1) e E 728 4k (mmol-L 1) SV (Tg™ )
12.282 (40 °C)
EHTK .
12.054 (70 °C)
.17 8.94 (40 °C) 1.23 12.309 (40 °C)
) 8.97 (70 °C) 1.20 12.735 (70 °C)
NaCl
07 03 83.61 (40 °C) 13.42 12.984 (40 °C)
o 91.65 (70 °C) 5.38 14.513 (70 °C)
8.83 (40 °C) 1.89 12.513 (40 °C)
10.72
9.17 (70°C) 1.55 13.941 (70 °C)
KCl
91.54 (40 °C) 8.89 15. 282 (40 °C)
100. 43
94.29 (70 °C) 6.14 15.910 (70 °C)
13.414 (40 °C)
10
14.309 (70 °C)
CsCl
17.016 (40 °C)
100

17.424 (70 °C)

(12.984 Jog ). F¢ BIME AR 1 & 42, 76 70 °C, 10
mmol-L & T, B ) 48 G it 2 1 22 it — A
ANEY IR G0, AT RRAR R — AR A R (3R 1, & 3a
F & 3b). (A KCLE W b, WA B 454 T 1EH
R 2L A B ] 4% K TR AR B2 . 10 mmol-L™ ' i
Hh R 2N, AN L T BE T 8 K Ak B i, 70 CH
() 22 {86 0 1. 887 J-g ', {HFE 100 mmol-L "% &
fh 2 07 A I 3 T K AR R, 70 CC R Y R B A I
40 CHI 4> BT 3. 000 J-g ' H13. 856 Jog '(£ 1,
3c 2K 3d). A A CsCLE IR A 1Y SN #1
T NaCl A KCUE W, 70 “CH ) 7 7 B2 B
PF 40 CH A . B Ia]-HA30 1 26 1 06 i 1 e F B
i K Al A A B . 04 7 £E 100 mmol L
CsClLE W P Ay B & 8 3% 5 T 10 mmol-L ' %
W, WG RR R RE R 1Y 22l 4 0 D 3.602 Teg N
3.115 Jog ' HIR B 09 5w AR /I, 7E 10 mmol-L !
H1 100 mmol-L ™ 7 rh P I 32 10 A 1 25 {ELAY
90.895 Jog ' F10.408 Jog~'. 10 mmol-L ' &4 F
() G-I [R] i R IE S8 B % AT RE S T 2
TR EAE TR AEAE (R 1, K] 3e 24 30).

3 4F it
1 9 W 47 5 7K mith R B it B e R T
ZRY IR B (1)K S ER A

FM A AR, 5 0 AR R M i R
JCE B O T v U A R TR UK S TR
ET(2) BB Tt N R EK T2 e A
AR AAE 5 (3) fei U Ay A 560 L T A s 1T 5 7K
PR 7 A AR M AR, Rl AR T 5K &8 T
JAN R 4w S BB TR RN BR ST
(4) K5 B 15 i U A 2 B BT 2 A 52 46 BV, P
BT AR AR R T R T R e A
14 30 2 TR B AT B0 B A P, ST TSl I R
SR HL I G R R U A Ll 3R T B Y ST R
BN, i LA 645z T 5 1 08 W B4 T AT LAAS T 5
JE TR s e B T kAN R EOR TR R Y
B P, — oA AR R AR A A X BN IR A
T R U A A A R R < i 5 Y AR o
R T W A7 R THI B 22 R OB B L AN TR R T2
BYAE AN TR BE 2% 1 N A 3 AN TR 9 R B (AT 4) L 3
KA TR Al o B AR SO 20 A A [ BH S 1
22 53 .

3.1 BFRBEMEZMW b TARETHRKARE
JI VB T AR AR 22 5, T o W A1 2 T8I 14 W A AT
A AE D) T A3 TR Y R T K
W WARAT T KA Na ' 81— IR 5T Tm 25 67 1)
R R R A R A SER KB
ek S DU T AR 4 1 D A6 T B A S TR ER T



- 698 - M A RFEF M (A SRR 556 &
1.6 1.6
ik —s
o —— 100mmol-L" — —— 100mmol-L"
% 0.5 % 0.8
04 # 04
0.0+ 0.0+
T T T T T T T T T T
05 00 05 10 15 20 25 05 00 05 10 15 20 25
INTA] (h) I 17 (h)
1.6 1.6
c d .
= =3,
— —— 100mmol-L" — —— 100mmol-L"
% 0.8 % 0.8
2 0.4 & 0.4
0.0 4 0.0
T T T T T T T T T T
-0.5 0.0 0.5 1.0 1.5 2.0 25 -0.5 0.0 0.5 1.0 15 20 25
fif[a] (h) I 18] (h)
16 1.8
e B f .
124 -k 124 —
5 —— 100mmal-L" e —— 100mmal-L"
% 0.8 % 0.8
F pa4d # 04
0.0 0.0
T T T T T T T T T T
05 00 05 10 15 20 25 05 00 05 10 15 20 25
][] (h) I 1E] (h)

NaCl (a),KCl (c) and CsCl (e) at 40 °C. NaCl (b),KCl (d) and CsCl (f) at 70 °C
B3 40CH70 CEEBTRICASRERRRE KM -BE fh 2k
Fig. 3 Heat flow curves of the mixing between kaolinite and fluids at 40 C and 70 'C
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Fig. 4 Heat flow derived from the kaolinite-fluid mixing
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