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Fig. 1 Temporal variation of accumulative adsorption (N; ) of Li*, Na* and Cs" relative to electrolyte
concentrations

HEMAE 1 Hrzh 7588 a8, A INitne)-Niltn)]/(tna-to) 5 Niltns2) 1E B 452151
TH 20 R — OB TN E X, FTHE 2 B sh 12 8 R85 12 8 E R, 5
TR 1. B2 5K 1aTUEH: ()RR LIt Na Rl Cs 0k b s iy 2 00 —Z0E
RUGFAE, BIHZAME T LIt Na' il Cs™/E BB 2 i A 351 A R OB . Du 25P*2R 3,
A TR 4 o 5 -1 5 T A R THT VR B 3 0 2 s h, Al —IREE R Na™ 5 Cs™ 4 Iagf) “ &
7 WP IERE,  B v SRR S TH X < R 2 PRI B R 0/ T 5 Bt A R TR < i Y
WP, 32 R T 5 AT (1 R T PR R I e T B RORLR T, [RIET HX s 8 1 1R
APERE M RIER . (QF B n’Dy (417S)™ {HBE B IR IR, XA A
FARLINF ] Y HEN G BOSCRZ 1 1B RO, BUE R — S TR A NS R R TS
BrA R AR D4R, S5 7°Dyi (A7) AF K. [A—IRE T Cs™HI n°Dy; (417°S)y I AR T Li*
A1 Na®, T LiHI Na'f) n°Dy; (412S) ME I, X ATRERE A Cs™ b aik, Hii 7 iR,
WA 35, 3 Dy Yol o (3) [R]85 7~ RS PR 0 B, P47 Wi o o B g 4 K
TIHER, BT R RERE 2 TR B RO N, iy, SRS KT Z AR5
RFEWN, BLNE T SRR AE TR . (4)4HREFRKE N 10 mol L, “FHim
BRI R RN Cs™>Na™>LI": 4 HRFIKE A 15407 mol L7 1 1>10° mol L™ i,
ST B RO PR R U 2 R: Cs™> Na'=Li*, fEREiRE N B BR8N m] B Xt I b
BAFTES o

2000 - 200 - 20

m Li*H* n LitH* m Li*H*
Q
s o Na*/H* HIH* o Na'/H*
= 1500 p 150 £ o NaH gl
g E \\\ + Cs'H" ) + Cs'/H* . + Cs*/H*
2 A 3 +i -4 1
g c 2 mol. Lt 3ol LT + 110" mol-L
g £ 1000} 140 mol L 10l W 1X40° mol-L ™ o i +
% B % %
v \\
2 & s00f sol 8w 5_?%
= e}
N ‘ \
0 1 1 N 1 J 0 1 1 1 1 h IO 4 Iy 1 1 1 1 1
0 50 100 150 200 O 10 20 30 40 50 60 0 5 10 15 20 25 30

I fff&: Adsorption quantities/(mmol kg

Bl 2 ANFIREE LIt Na' A Cs™ 7 SRR 2 1 (KW BN 3 0 2 0% 2R i 26

http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica

Fig. 2 Adsorption kinetics relationship curves of Li*, Na*and Cs* on the surface of yellow earth particles relative

to electrolyte concentrations

*® 1 BTRMERGRETHEXSH

Table 1 Relevant parameters in the ion adsorption rate equation

FL A 2 A c ki Nieq)
7Dy (41%5)*

Electrolyte type / (mol L) /(mmol min™® m?) /(mmol g%)
Li* 1107 11.36 1.532x10° 0.1348
1x10° 8.670 1.444x10° 0.01666

1x10™* 5.425 1.400%10* 0.002578
Na* 1x107 11.54 1.495%10° 0.1295
1x10° 8.365 1.085x10° 0.01297

1x10* 2.058 1.153x10* 0.005602
Cs' 1x107 9.032 1.730%10° 0.1915
1x10° 2.7678 1.459x10° 0.05271
1x10™* 0.5747 1.846x10* 0.03212

FE: ¢ FORBMRBUIKEE: kR | B a1 MHE R Nieq RN &8 5 11 PR & 7Dy (4179)" 3%
NIEFETTREM AL Note: ¢ stands for electrolyte concentration; k; for kinetic adsorption rate; Njeq for the
quilibrium adsorption quantities; and n°D,; (4/*S)™ for slop of the rate equation
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metal ion with volume effect ®Alkali metal ion with the volume effect and the non-classical polarization

P 3 <) 1 BOURE 2R T R P s

Fig. 3 Schematic representation of adsorptions of metal ion on the surface of yellow earth particles
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PR SO VA VR P S A AR AR R AE B IR B AR b Rl B o R, AT 323K dyva KT die (3)
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Fig.4 Thickness of the Stern layer in Li*,Na"and Cs"electrolyte solutions relative to concentration

KI5 R, BEA wd A BB IN-F B Nieq /D, [R]— VR BEAH ] red (BB NigeqyHI R
/INF A s Neseq)<Nnagegy<Niieqye H1T CS™HIMAGAE FH fcit, X R T FELT (14 7 i 16 FH B¢ 5
MITTFECA BN, L, B EF—07E T Negeql /Do (HRAFE R, BT
FACA BRI N 22 57, BB BUERSASE, Bk, LIty Na™F Cs"f)-F i b & s bx
AT Rk B EE SR A FE R ALE (W] 5 S2bR sFTR). Cs™H T Hsm B AL A F RE R 1A
FIRMELRINE, T AR50 T FWBE A Na™f0 Lite BT Na Rl Litfa e /e A
§5F Cs", 7E 15107 mol L™l 1>10° mol L™Kk R, ARSI IR & i 5 3 5, Lt
T HPERE N, B ARI R LA B, BTN SRR T Na*e BB E I FEE,
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0.25,
1x102mol.L: 1103 mol.L%: 1104 mol.L2:
—Li*H* - -Li¥H* - LitH*
0.20 —--Na*/H*  -..Na*/H* ----Nat/H*
Cs*/H* - - Cs*/H*  -..Cs*/H*

S48 B Equilibrium adsorption quantities

0.00 1 ey = S
000 002 004 006 008 010 012
TCE4AEE S Dimensionless distance kd

e omy o+ HIFRIRANRIREE T Lity Na™ il Cs™SERRIk BIFE SR ML & ; xd T EIEE Note: my o
and + stands for actual location of Li*, Na" and Cs* from the surface, respectively, relative to concentration; and xd
for dimensionless distance
5 ARIVREE Lits Na'fll Cs* HUMBFUARH wd 5 Nieq B 7 TR 1 2%

Fig.5 Equation curves of Njeq Vs. xd in Li*, Na" and Cs" electrolyte solutions relative to electrolyte concentration

M 2 AR, AR, g (HEXMED BEFE 1A R UM TR L A BRI sy,
B AL FL AR i A R0 2 T P L R B VR 98 [R)— IR EEAN [ AR B R B Ak o, SR HRLAE R/
R4 @oLiy>Pomay™Pocs)> Wt WKL R THT F A 22532 B T AR M ARA RS, B AR RN
AECREAER] . SR, Stern [T A FEARF 25 5 R AL 37 0 P B FEUE DOIR S O T T 4G K. BRORAS
[F] AR N B pH AR (pH4A) , HI T E AR SRR ], & XU 2 B9 HE B A
M (B4, PO E KB % LI s AR 2 5 . R i & AR AE — E 2 5t
1E % PRI P 24 AT ik 10°V 7t (RO HACRE S, D00 A L T S e 2 P A /UL 26 T 5
b, BTN BN ) 2 BRI R T R SR AU . s CHEXED BEAR LRI
Li*>Na*>Cs", {H2&7F 110 mol L™ (ERIKE R - Ps(Nay>Ps(Liy>Ps(cs)r H T B TARFA RN
i Stern 2 EFEAF TS BAR Na LIt AR Sl ks, (H2 duy KT dveg (B4, M
MBI 18 7 AR Stk Al 5 8 5 AR RN 3R (R % ) 3 & —R A LA

R 2 WX PRZBERNREBUFSY
Table 2 Surface electrochemical parameters in the adsorption experiment relative to exchange system

R A7 T R Y c 0o 0s os Es
Electrolyte type  /(mol L% Imv /mv /(Cm?) /(108 V m™)
Li* 1102 -239.9 -215.9 0.4620 6.520
1x10° -299.4 -170.5 0.1771 2.500
1x10™ -373.9 -149.7 0.07906 1.116
Na* 1x107 -218.1 -194.4 0.3945 5.567
1x10° 2722 -144.2 0.09392 1.325
1x10* -337.6 -169.8 0.08243 1.163
Cs' 1102 -111.0 -108.8 0.5649 7971
1x10° -135.8 -105.1 0.2002 2.825
1x10™ -164.7 -122.7 0.1418 2.000

VE: oo NRTEHLAL; o N Stern HIAL; og 4 Stern TH [ T2 5, Eg oA Stern T [ #3755 5 Note: ¢, stands for
surface potential; ¢s, os and Eg for potential, charge density and electric field intensity in the Stern layer,

respectively
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VP BB IEAFIAE T AT 04518, B BUR P B P AR R AR 5.9,

Tk 4 JBR 85 - 98 AT 2 T — A W BRI I, A 94 B T ] W T S e e L,
BRI, B FLTH S SR 2 s 33 b R AR R 2 1 R, I R AR e v . IR
EHEK A NS TR AR Rk, R RS 5 BT ST S () Ao AT LS 5 IR 2 - 35
o1 % il B R R AE VB R T B . 5 B Bk HREBTTE IR R LA
HUG I, B 2R, HALE a4 . A WU S e e T R
SRR S, KBS BN R 5 £ L ORI WU TELE k. 3T R
KRR KA, (ERTRE ARG, XHRGYIF I E S AL EwF5 T 185
TR S R AR, oF 4 R B 1 SO IURL 2 TH A7 7 B85 T4 S 07 1 437 A 4 o 1 7 3
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Fig. 6 Selectivity coefficients K%M, in the diffusion layer of Li*, Na*and Cs" electrolyte solutions relative to

concentration
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Abstract  [Objective] A number of studies have reported that specific ion effects possibly exist
universally in cation adsorption processes. In this study, based on the ion adsorption kinetics model that
takes into account non-classical polarization of ions, adsorption kinetics of alkali metal ions on the
surface of yellow earth particles (a surface with variable charges) was characterized. In addition,
origins of the Hofmeister effects in the ion adsorption kinetics on surface of yellow earth particles were
investigated. [Method] Kinetics of Li*, Na" and Cs" adsorptions in the K*-saturated yellow soil was
studied with the miscible displacement technique under a steady flow condition. In the flowing liquid
Li*, Na" and Cs" was spiked at 110 mol L%, 110 mol L™ and 1x10™* mol L.* respectively and pH
adjusted to 4. [Result] (1) Li*. Na" and Cs* varied sharply in adsorption rate and equilibrium
adsorption capacity, when they were the same in concentration, which shows apparent ion specificity in
the ions exchange process. The three metals exhibited an order of Cs*> Na*> Li*, in adsorption rate
and equilibrium adsorption capacity, when in solutions low in electrolyte concentration (1x10™
mol L. %), and an order of Cs*> Na* & Li"when in solutions high in electrolyte concentration (1x10
mol L™ and 1x10° mol L), which suggests that volume is a major factor affecting equilibrium
adsorption capacity in solutions high in electrolyte concentration. (2) It was also found that d (thickness
of the Stern layer) decreased with increasing electrolyte concentration in the same electrolyte system,
exhibiting an order of dy,> dy;> dc, in solutions high in electrolyte concentration (110 mol L. and
1x10° mol L‘l), and a different order of d; > dy, > dcs in solutions low in electrolyte concentration
(110" mol L ). The Stern layer of Cs* was the lowest in d, regardless of electrolyte concentration,
and too thin for the more softer electric cloud of Cs*, thus possessing relatively stronger non-classical
polarization than Na* and Li*, but for Na* and Li*, volume might play a dominant role affecting ion
adsorption processes in solutions high in electrolyte concentration, and consequently dy, was found
higher than dy;; otherwise the non-classical polarization would play a dominant role in solutions low in
electrolyte concentration, weakening the volume effect, and reversing the order as di; > dy.. Therefore
diffusion distance and then equilibrium adsorption capacity is determined by volume effect and
non-classical polarization. (3) The order of K% > K 1> K 1y =1 means that the sequence
of Li*, Na"and Cs" in electric adsorption in the K*-saturated yellow soil is Cs*> Na* > Li*~H", and
also demonstrates that volume does not have much effect on ion adsorption in the double diffusion
layer. And in terms of surface potential (absolute value), the three metals follows an order Li* > Na*>
Cs" in solutions the same in concentration, indicating that the surface potential is only affected by
non-classical polarization. [ Conclusion] The interaction of ion-surface is determined by ion
non-classical polarization and ion volume effect.

Key words lon adsorption; Polarization; Surface potential; lon specific effects; Electric field
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