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Fig. 2 Adsorption kinetics relationship curves of Li’, Na and Cs’ on the surface of yellow earth particles relative to
electrolyte concentrations
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Table 1 Relevant parameters in the ion adsorption rate equation
[Efﬂ‘flﬁﬁ:ﬁgﬁ c 5 2 enel ki Ni(cq)
! n'D, (41" °S) . 5 .
Electrolyte type / (mol-L™) /(mmol-min~ -m™) /(mmol-g™)
Li’ 1x107 11.36 1.532x 10° 0.134 8
1x107° 8.670 1.444 x 10° 0.016 66
1x107* 5.425 1.400 x 10* 0.002 578
Na' 1x107 11.54 1.495 x 10° 0.129 5
1x107° 8.365 1.085 x 10° 0.012 97
1x10™* 2.058 1.153 x 10* 0.005 602
Cs' 1x107 9.032 1.730 x 10° 0.1915
1x107° 2.767 8 1.459 x 10° 0.052 71
1x10™* 0.574 7 1.846 x 10* 0.032 12

T R IL s kAR T 3 1A AR N Ron &R B THP B s 7D, (417 °8) 'R iR

JiREMBFE Note: ¢ stands for electrolyte concentration; &, for kinetic adsorption rate; N,

quantities; and 2D,,,- (41’ °S)™" for slop of the rate equation

i(eq)

for the quilibrium adsorption

1x 107 mol-L™" Cs" Yy~ W Bff it vl 3L 155 B e /E 200 B ApHS. 12 5% 4 1 2 1 ol 4of 200

T e BB T ac et , RWIpHAZAME T Cs R
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Table 2 Surface electrochemical parameters in the adsorption experiment relative to exchange system

HL AR BT Y c o s as Es
Electrolyte type /(mol-L™") /mV /mV /(C-m™) /(10* V-m™)
Li" 1x107° -239.9 -215.9 0.462 0 6.520
1x107° -299.4 -170.5 0.177 1 2.500
1x10™ -373.9 -149.7 0.079 06 1.116
Na® 1x107° -218.1 -194.4 0.394 5 5.567
1x107° -272.2 -144.2 0.093 92 1.325
1x10™ -337.6 -169.8 0.082 43 1.163
Cs’ 1x107 -111.0 -108.8 0.564 9 7.971
1x107° -135.8 -105.1 0.200 2 2.825
1x10™ -164.7 -122.7 0.141 8 2.000

W oo NFRMHEANAL; e N SternfL (i ; o N Stern il L% B ; Eg b Sternlfl 1Y L% 5% E Note: ¢, stands for surface

potential; ¢g, o5 and E for potential, charge density and electric field intensity in the Stern layer, respectively
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Hofmeister Effect in Ion Adsorption Kinetics on Surface of Yellow Earth Particles

WU Yingbo LIU Xinmin" LIRui DU Wei TIAN Rui LI Hang

( College of Resources and Environment, Southwest University, Chongqing Key Laboratory of Soil Multi-scale Interfacial Process,

Chongging 400715, China )

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 1 x 107 mol-L™, 1 x 10 mol-L™" and 1 x 10 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 (1 x 10™* mol-L™"), and an order of Cs"> Na“'~ Li"
when in solutions high in electrolyte concentration (1 x 10~ mol-L™" and 1 x 10~ 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,> d;;> d, in solutions
high in electrolyte concentration (1 x 10~ mol-L™" and 1 x 107 mol-L™"), and a different order of d; > dy,
> d, in solutions low in electrolyte concentration (1 x 10™* 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

http: //pedologica. issas. ac. cn



6 11 RYCTAF . BRI I B R 3 7 2 P B R RO 1459

play a dominant role affecting ion adsorption processes in solutions high in electrolyte concentration, and
consequently dy, was found higher than d;;; 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
dy; > dy,. Therefore diffusion distance and then equilibrium adsorption capacity is determined by volume
effect and non-classical polarization. (3) The order of K™ . ;> K" (..> K", =] 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 Ion adsorption; Polarization; Surface potential; lon specific effects; Electric field
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