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Abstract: [ Objective ] The interactions between ions and charged particles determine microscopic properties of particles,
interface reaction processes and interactions between particles. lon exchange adsorption is an important physicochemical process
of the reactions at solid/liquid interfaces. In this study, based on the newly established ion adsorption kinetics model, adsorption
kinetics of alkali metal ions on the surface of montmorillonite particles (a surface with permanent charges) was characterized, in
an attempt to analyze specificity of the ions in the adsorption process and to provide theoretical support to studies on interactions
between ions and charged particle surface. [ Method ] Kinetics of the adsorption of alkali metal ions, Li*, Na” and K" on the

surface of montmorillonite-Cu** particles was studied with the aid of the constant flow method, relative to ion concentration of
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the soluttion. Relationship between ion equilibrium adsorption capacity and system activation energy in 1 : 1 electrolyte (LiNOs,
NaNO;, KNO;) solution was established. [ Result] (1) Li", Na" and K* varied sharply in adsorption rate and equilibrium
adsorption capacity, in solutions the same in concentration, and in the ions adsorption process, they exhibited apparent ion
specificities. Adsorption selectivities of the ions were subject to concentration of the electrolyte, and in solutions, 1x10™* mol-L™'
and 1x107 mol-L™" in electrolyte concentration, the metal ions exhibited an order of K >> Na* > Li*in equilibrium adsorption
capacity, while in solutions, 1x107 mol-L™" in electrolyte concentration, they did an order of K >> Li* > Na*, which suggests that
volume of the ions is a major factor affecting equilibrium adsorption capacity in solutions high in electrolyte concentration. The
adsorption processes of Li*, Na* and K" appeared to be of first-order kinetics as affeted by weak force. Their desorption processes
did too, but with apparent ion specificities; (2) In the same electrolyte system, d (the distance between alkali metal ions and clay
mineral surface when the adsorption reaches equilibrium) decreased with increasing electrolyte concentration, exhibiting an order
of dna > di; > dy in solutions high in electrolyte concentration (1x102 mol:'L™" ), and an order of d; > d, > dx in solutions low in
electrolyte concentration (1x107* mol-L™" and 1x107> mol-L™") . Obviously 4 of K is always the lowest regardless of electrolyte
concentration because it has a layer of softer outer electron cloud around, and hence is much stronger in non-classical polarization
than Na* and Li*, but for Na* and Li", in solutions high in electrolyte concentration volume might be a main factor affecting ion
adsorption processes, thus resulting in dy, > dy;, while in solutions low in electrolyte concentration, non-classical polarization
would play a leading role, weakening the volume effect, and reversing the order as di; > dn.. Therefore the joint effect of
non-classical polarization and volume effect of the ions determines position of the ions in the double electric layer and then
equilibrium adsorption capacity, thus leading to differences in surface potential (absolute value) , which increases with decreasing
electrolyte concentration, exhibiting an order of Li">Na">K" in solutions the same in concentration, which indicates that surface
potential is mainly influenced by non-classical polarization; and (3) As the newly established model can be used to predict
positions of the ions in the double electric layer, and further to calcuate activation energy of the system. The activation energy
decreases with increasing electrolyte concentration, and in solutions regardless of eletrolyte concentration and type of cation, both
adsorption saturation and activation energy of cations follow a similar law. [ Conclusion] The occurrence of ion specificities is
caused and determined mainly by activation energy. All the findings in this study demonstrate that the newly established model of
cation exchange adsorption is universally applicable to researches on solid/liquid interface reaction.

Key words: Charged surface; lon adsorption; Surface potential; Non-classical polarization; Activation energy; Ion specific effects
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Table 1 Relevant parameters in the ion adsorption rate equation

TR RIRES 7Y FLfiff ST S 1Y fiol D,/ 108/ Nicegr/
Saturated sample Electrolyte type (molL™) 4128 ( mmol-min~"m?) ( mmolkg™)

A -Cu™ Li 1x107? -13.8 2034 147.4
Montmorillonite-Cu®* 1x10°3 65 175 2738
1x10™ -1.3 10 7.8
Na* 1x1072 -11.0 1365 124.1
1x107° 4.1 159 38.8
1x107* -0.8 17 21.3
K* 1x107 7.1 2833 399.0
1x107? -1.7 184 108.1
1x107* 0.5 24 48.0
AT -KT Li* 1x1072 ~ 1421 2722
Montmorillonite-K* ! 1x10° . 102 123.0
1x10°* ~ 12 79.3
Na' 1x107 ~ 1509 373.9
1x107° ~ 132 165.8
1x107* ~ 13 103.9

I foo FRHUBBUKE ; n°Dy (41°8) 7 FoRBRTRIPIR; kLFER i BTSRRI N R8T ERHE. T

[f] Note: fi stands for electrolyte concentration; n’D,; (4 I'’S) ' for slope of the rate equation; k; for kinetic adsorption rate; and N; o)

for equilibrium adsorption quantities. The same below
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B0 2R 1H L 00 B AR ) RS, R (4T
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CH w (d) =pZFpy, Ay, HET i XA
B R, g5A X (3) 153,

ART i
= tanh™ (Ae ™ (10)
Pa 1. ZF ( )

N.F

o, =—— (11)
S
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&

X, o MBS H YR d A AR, Com
E, IR YR d A HEEE, mVom'; e 8
I, 8.9x107° €21 dm ', 24 d=0 B,
R Ry O B 22 TR (g )

_4RT
= 7F

tanh ! (/1) (13)

B A TE) 22 e fAk 2 v i) 2 1T H Ak 2 S RO R 2h R
YT 2, mE 2 &M (1) [F—BEmmZea, W

LR A o (LEXHE ) Rl 1 5 H A TR 1Y
REAT T T v, -t U AR o B e i X 5 Ay SR 3
TE FL 373 ) B AR PR ASE8 o o BB 25 VL iR JB vk 2 722 A
TRERT pq, FOPER MM, AR,
(2) BRRET o EB/NTRIHBAL 0o, 00 1N ¢4
B 1 f5~5 i, FLWTE Y 2 5 Bl 2 P foge I oA AR A1
MR (3) BTV 5 FRE s R m & d
b ) LA 9 oy RIS B, W A PR 0V FE 1Y)
Fhmmide R, R E TR E T S, 7
IR B, B % B R R R, W
Y E, ik 107~10° Veom' 9%, DL E/
T TS AR R (A A AR RORE SR BT SR FL Th, ol
Yy BUs2 e B 1 a5 it A

MR 1 AT LR B, (1) FEAS TR o v S
ZAFF, KL Na' il LiT7e 52 i A7 -Cu® 3% 1 (14 W i i
FEARRE, HARBE 100%; (2) FHE T E
i E R W SRR, B RS A -Cu” R T Y
W, o A7 E B S ) B R S e RN 5 (3) RplifE
FEAER ST, FIEMCP AT ARSI, R R
X B T AR R /N NaFil Li'
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Table 2 Surface electrochemical parameters in the adsorption experiment relative to exchange system

FLA B Y Jio 9o (2] 04 E,
Electrolyte type / (molL™) / mV / mV / (Cm?) /(108 V-m™)
Li* 1x1072 -162.4 -78.21 0.019 62 2.770
1x107 -212.7 —68.41 0.003 69 0.522
1x107* -266.5 —66.91 0.001 03 0.146
Na* 1x1072 —148.9 —67.16 0.016 51 2.331
1x107 —-196.1 -71.34 0.005 17 0.730
1x107* -241.1 -90.82 0.002 83 0.399
K* 1x1072 —96.8 —67.83 0.053 09 7.497
1x107 —125.5 -72.92 0.014 38 2.031
1x107* —154.8 —80.18 0.006 38 0.920

e o WREHAL; . 04y Eqoy 30 W B4 0 85 - 52 Br 30 38 Kb A0 8 B s A . Hi fng 285 B2 ATEL 3758 B © Note: g stands for surface

potential; ¢4, 04, and E, for potential, charge density and electric field intensity, respectively, in the positions the ions actually arrive at when

adsorption reaches equilibrium

R (9) 53X (8) A4 FR TG L AE RIS
TNAE 55000 (E, IF B TR B A 50 TR PR
A, 28R mE 6 . (1) SiGfbiehEnr, 81
W B0 0 B 23 T 100%, Ui BB T 1 L E 52 WA i

KL, BER S Hesg 4, WM N IRBIRK(E
Ni(max)» SEHRAF R ALREAT 5 I BON(E, #E—
RUE T ARSI BIS Y IES R (2) =FhE a1
PCREAFTE W] B A TR S 8O0, KA R hAw
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Fig. 6 Relationship between adsorption saturation and activation
energy relative to system
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