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Studies on the Adsorption Modeling of Cationic Heavy
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Surface complexation models(SCMs) have been performed to predict metal ion adsorption behavior onto the
mineral surface. Application of SCMs, however, requires a self-consistent approach to determine model parameter
values.

In this paper, in order to determine the metal ion adsorption parameters for the triple layer model(TLM) version
of the SCM, we used the zeta potential data for Zeolite and Kaolinite, and the metal ion adsorption data for Pb(I)
and Cd(II).

Fitting parameters determined for the modeling were as follows ; total site concentration, site density, specific
surface area, surface acidity constants, etc. Zeta potential as a new approach other than the acidic-alkalimetric
titration method was adopted for simulation of adsorption phenomena. Some fitting parameters were determined by
the trial and error method. Modeling approach was successful in quantitatively simulating adsorption behavior
under various geochemical conditions.
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Fig. 1. Diagram of EDL model used in TLM, showing
Surface (o), B, and Diffuse Layers, and
Electrical Potentials(¥i), Charge Densities(a3) ;
Capacitances(Ci), Dielectric Constants( &), and
Distances( 8, 7, d) associated with these layers.
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Table 1. TLM reactions and equilibrium expressions

® Surface protolysis reactions
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int _ H' _F¥,
a2 = [SOH] e""( RT )
Kinl
SOH + H' <% SOH;
: [SOH; ] (Fllfo
|n!=
K= Tsomu'1 "\ RT )

e Electrolyte surface reactions

SOH + Na' KM g5 Nat o+ HY
m_ [SO” —Na*l[H*1 F(¥,-v,)
Kra [SOH][Na*] exp( RT )
Kinl

SOH + H' + C1- —% = SOH, - CI°

{SOH; —-Cl7]
[SOHI[H"][C1"]

® Inner-sphere surface reactions

F(¥,—¥,)
RT

int
KC\ -

)

exp (

int
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SOH + M?* soM' + H*'
nt — S()M+ H+ FWO
K sow' = ~{soHTTM? "] exn (g1
int
SOH + M®* + HO Ksowor ., gomon + 2H'
Kin\ = ‘S()MOH“H‘ I2
SOMOH [SOH][MZ' ]

int

o Bsova, gomer + b

o
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[SOM*—CI IH']
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RT
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Table 2. The experimental conditions used for the SCM
modeling
Classification Experimental conditions

Zeolite 1, Zeolite I,

Kind of adsorbents Kaolinite 1, Kaolinite II

Amount of adsorbents 1glL
Ionic strength 0.01M
Concentrations ~ PotIl) 4 % 10°M
of adsorbate cd(m) 3 x 10™M
Computer code HydraQL

Determination of surface parameters
(site density, specific surface area, Ka

Determination of fitting parameters(trial and error)
(Cy, Cay, Kna™, K™, Ksom™, Ksomor™, Ksomc™)

Simulation of adsorption reaction

Prediction of adsorption reaction

int)

|
-

Fig. 2. SCM modeling strategy.
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Table 3. Surface parameters and constants for adsorbents

Parameters Adsorbents
and constants Zeolite I Zeolite T Kaolinite 1 Kaolinite I
Total site concenfaon 715 93113010 453X 10° BEBX10°
(mol/ ¢)
Site density
ot 2T 2313 12 677
Specific surface area 9 0 5 79
(m'/g) |
Capacitance Cy
o 12 12 12 12
Capacitance C»
o 02 02 02 02
Lo RO 209 482 15
0; a
BB cam % 209 48 15
e D9 90 -90 -90
OBBN om0 70 90 -48
e P2 -10 12 02
BRA am 52 55 02 -82
g P 58 5 45
OBRsM  cym -85 135 135 155
oo P 95 1 5
OBRRSOMON ) -8 138 130 155
o P18 2% 22 10
CRBSOMC camy 15 -15 -06 -28
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Kal - [SOH] - NS — (7)
B
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of Zeolite 1.
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Fig. 5. TLM simulation of Cd(II) and Pb(II) adsorption
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by Zeolite 1 at different amounts of the adsorbent.

Fig. 9. Model prediction of Cd(Il} and Pb(II) adsorption
by Zeolite O at different amounts of the adsorbent.
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