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Abstract:  Objective Metastable equilibrium is an important theoretical paradigm to describe the characteristics and extent of
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the actual reaction equilibrium in ion-exchange adsorption. This study aimed to theoretically derive the metastable equilibrium
model of ion adsorption, establish the mathematical relationship between ion equilibrium adsorption amount and activation energy,
and discuss the specific effect of alkali metal ion metastable equilibrium adsorption. = Method Using miscible displacement
technology combined with the ion adsorption kinetic model and based on surface electrostatic field theory, the metastable
equilibrium adsorption of K*, Na*, and Li+ on the surface of saturated Cs'-montmorillonite was investigated. The theoretical
model was verified by carrying out adsorption kinetics experiments of K*, Na*, and Li" on the Cs'-montmorillonite surface.

Result (1) Significant metastable equilibrium characteristics were observed during K*, Na*, and Li" adsorption onto the surface
of Cs*-montmorillonite saturated samples, and the adsorption activation energy (energy barrier) of exchange ions came from the
desorption process of adsorbed Cs"; (2) Strong ion polarization caused by the surface electrostatic field resulted in specific effect
of metastable equilibrium adsorption of each ion under the same ion concentration condition; (3) The metastable equilibrium of
ion adsorption was affected by both ion concentration and specific ion effects, and the ion equilibrium adsorption capacity was
proportional to the ion adsorption rate.  Conclusion The adsorption equilibrium of alkali metal ion at the montmorillonite
surface is a metastable equilibrium rather than a real equilibrium. The presence of ionic metastable adsorption equilibrium should
be attributed to the restraint of activation energies to ion adsorption kinetics. Also, the different polarization effects of alkali metal
ions lead to different activation energies of each system, which further triggers the specific effect of ion metastable equilibrium
adsorption.

Key words: Ion adsorption kinetics; Metastable state; lon polarization effect; Activation energy; Ion specificity
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Fig. 1 The X-ray diffraction pattern of the montmorillonite sample
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Table 1 The chemical composition and surface properties of the montmorillonite sample
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The montmorillonite oxide mass fraction/ ( g'kg™)

Si0, AlLO; K,O Fe,0; MgO Na,O CaO

570.4 154.8 50.1 49.2 43.6 5.7 2.6

S AT 2 TP T
Surface properties of montmorillonite
HRmBL CRCEVe ol iy 2 HL I
(m>g™) ( mmol'kg™) (C'm?) (Vm™")
725 1150 0.153 1 2.21x10°

(DSpecific surface area, @Charge numbers, @Electric density, @Electric field strength.
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Fig. 3 Adsorption kinetics curves for different concentrations of Li*, Na', and K" at the surface of Cs'- montmorillonite
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Table 2 Ion adsorption rate constant and equilibrium adsorption amounts
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K'/Cs"- 52l A X 0.1 0.1142 80.33
K
K'/Cs*-montmorillonite 10 13.21 309.8
Na'/Cs"-ZE A 0.1 0.083 41 23.74
Na®
Na'/Cs*-montmorillonite 10 15.16 178.9
Li"/Cs™-Z WA 0.1 0.080 35 21.72
Li*
Li*/Cs"-montmorillonite 10 10.52 126.2
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AT RS RIS RE AWK, ZERIFE 3 iR,

%3 Cs-EBAXREL. Na'. KHIRMIELEE

Table 3 The activation energy of Li*, Na'and K" adsorption on
Cs'-montmorillonite surface

BRI AL RE
FHE T
Ion concentration / Activation energy
Cation
(mmol-L™") /RT
0.1 2.661
K+
10 1.312
0.1 3.880
Na*
10 1.861
0.1 3.969
Li
10 2.210

XF X =0 FjAA R, @ (x) =¢; (x),
Bzl (17) Alfs .
Vi ij +w, (19)
v Aw; +w,
MEE TR 3 PN AwWK, I w=0.815
TRTMR A (19), BIWT T3 AL BE 404 T 1
Ve/yNa~ PNalyLi BNyl (B . THERESE R T 3R 4.

x4 WERBFRUBETRLKEL y/yva rnalvi 7yl
MIBititEE

Table 4 Theoretical calculation value of alkali metal ion apparent
charge coefficient ratios yx/ynas  Pno/yLi and yx/yLi

BT

Ton concentration/ ( mmol-L™")

7K/ PNa YN/ VLi yr/yLi

0.1 1.351 1.019 1.376
10 1.258 1.130 1.422
-1 Average 1.305 1.075 1.399

37T, AR EG BB R 0 BH R T A
BRI, B3 yelynas pnalyi BT pidyns BIE SN 5K
1.646, 1.110 Fil 1.69914, G.o% , AHFFE HE 7 Y E T
A B LG BB y/yna s Pnalyni A1 p/yn THS

MITE B EEB WS (K 4), LIREERIESL,
5 S8 BH S 1Al 2 LA A 1) S 1 ST B T B BE A
TEAR A B I M G A RE (58 (17)), [
REAS I 4008 2 15 HL 3 T i AR R MR AL 2 e T
BH - W B A AR 2 (5K (18))e

4 4 K

Wi/mEE T (K. Na', Li") 78 Cs"-Zhifiif
IR 2 THT 4 2 B 2y g 273 R A A 35 B S A T A
M B S PRV o A4 15 5 4 R BTG T RE SR R T 5¢
i T A CsT R R, xR 2 R
PR 2R A s 1 I B A I P B A R R R
IR 28 XU HL 2 BRIE BE A8 i B AR R T AL RE X B T AR,
-5 08 B 4 2 0, T 1 ) I A 2 4 A S
IO AT LA B R R R A B e TR S A L AR T
FEA SRR AR, A A RE T B 1Y B T ) T i e
T AR Y A R S B T B AR Y R T IR
fitr, RBNMEETHELRIET, AR Ry
BT P A B TG B TN A S B SR A ik
S, RG] K B T R A ARV T B T
V. 7 R o DA e P 2 AR AR LA
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