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Soil properties M\(/eglslﬁjersed

specific gravity, Gs 2.67
Cationic exchange capacity(CEC), Cmol kg 105
Specific surface area (SSA), m?/g 25

Liquid limit (LL), % 38.2
plasticity index (PI), % 19

Soil classification CL
Maximum dray Density, gr/m? 1.56
Optimum moisture content, % 28.5

Table 1. The physico-chemical properties of the Kaolinite clay
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Compounds Measured values

SiO2 58.26
Al20O3 29.43
Fe203 1.14
CaO 0.89
MgO 0.16

K20 0.51
Na20 <0.1
Loss of ignition 9.24

Table 2. Results of Main chemical compositions of the
Kaolinite clay
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Fig. 2. The adsorption rate of Pb?* and Zn?* in the pH
ranged from 2 to 12 for concentration 20 Cmol kgt in
the binary-component system.
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Fig. 1. The adsorption rate of Pb?* and Zn?*in pH range of 2 to
12 for concentration of 20 Cmol kg in a single-component
system.
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Table 3. The adsorption isotherm equations.

Zn?* ,Pb? Qo y Fogil cdalé Wb Y-
33 Gl bl jasiie () IS5 51 &S & Sles
Olges ¢ SAS 2 Jse il 80 6 i wasios 53 (531
il bl S8 S by Zn?y PO
SLt 55 S35 3k w53 PO S5 01 Gl s
e 531 B Olse oS 3 I G gt (oSS
A0 Ul ek VT 2SS e Ble o sl LB
5l e ) &S Jlss g Sb Sy e Sl
e (8) I3 Gb K05 (gam 5 A and 2OV ()
s b s s S5 e 53 (Sl SR s
o Ol ¢ 5SS dpe Bl 0 6 e (So gl il
Oliee oS Codls il o S S by o O
2SS o Jse Bl glp gl e (a4 Gl
SosbOles Ao nd Sbt oSS Jse Sle S Ol
St 2 2o Sl gad Sl asiie S5 55 Sl aS
53 403 o On G o S (Sl ] il
Oy kil 5o s ol S5 S by e
oS S e 53 S S8 S I ZN 0y Bl S
(bl (Kt S e i b S s s
e Ol oSS Jpe Sl b Bl s Sk
2 Jprsle 10 3sde e & Uss oSS

ey (‘ijics

5 Sadlclle s b Zn? 5 PO Cder Oy ol il ¥ IS
38 s

W Pb contaminated soil B Zn contaminated soil

Kaolinite

10

20 40

Total HMs Retained (Cmol/kg.soil)

Initial Concentration of HMs (Cmol/kg.soil)

Fig. 3. Changes in Pb?* and Zn?* absorption rates in the single-
component systems with various concentrations.



Oy y w5 (S hdarr sl

e 3y 203 @t 53 S35 5 D 2 e 2

Sk r)f)l:Sﬂdy‘j:jL»V cble s el s L;\ﬂL;U}>}>jLAW):L§\ﬂZnZ+J Pb?* Ll Pl polie el t Jod>

Metal Adsorption Liner constants Langmuir constants freundlich constants
ions systems Q%%im/ G im R? %m /7 q™im R? %m 7 q™im R?
Pb%* Pb?* 1 0.9994 1 1 1 0.9328
Pb%*- Zn?* 1 1 1 0.9670 1 0.9649
72+ Zn?* 7.985 0.9474 7.985 0.9983 7.985 0.9879
Zn?*- P 1 0.9986 1 0.9911 1 0.6726

Table 4. Comparative constants of isothermal adsorption for Pb?* and Zn?* in single-component and binary component systems for
contaminated Kaolinite clay with 20 Cmol kg concentration.
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Fig. 5. Isothermal adsorption of Zn?* in single and binary-
component systems.
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Fig. 6. Isothermal adsorption of Pb?* in single and binary-
component systems.
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Metal ions Adsorption Langmuir constants Competitive constants
systems Q%im/ qmixim d R? qmixim / QPim die aio AY(%)
Ph2+ Pb2* 1 0.0005 1 1 1 1 0
Pb%*- Zn?* 1 0.0005 0.9670 0.9985 0.964 0.771 0.15
72+ Zn?* 7.985 0.0035 0.9983 1 1 1 0
Zn?*- P 1 0.0001 0.9911 0.1252 0.036 0.229 87.48

Table 5. Constants of isothermal adsorption for Pb?* and Zn?* in single-component and binary-component systems for contaminated
Kaolinite clay with 20 Cmol kg™ concentration
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Fig. 7. Adsorption of Pb?* in single and binary-component
systems with 20 Cmol kg concentration.
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Table 6. Constants kinetic equation for Pb?* and Zn?* in single-component and binary-component systems contaminated Kaolinite

Metal ions Adsorption Pseudo-first-order equation Pseudo-second-order equation
systems ge (Mg/g) Ki R ge (Mg/g) Kz R2

Pp2* Pb?* 409.65 0.0015 0.9811 2000 0.00008 0.7985
Pb?*- Zn?* 771.70 0.0014 0.9704 1666.7 0.00007 0.7753

72+ Zn?* 218.15 0.0021 0.8870 1111.11 0.00001 0.9140
Zn?*- P 180.73 0.0021 0.8085 2000 0.0000004 0.8810

clay with 20 Cmol kg concentration.
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Abstract

Nowadays, the environmental pollutions caused by the increase in population and the development of industries
threaten the health of the inhabitants of the planet. The most important pollutants of water and soil resources are heavy
metals that lead and zinc are the most abundant elements among them. The presence of large amounts of heavy metals
in the soil causes groundwater pollution and eventually the occurrence of many dangerous diseases including cancer,
digestive disorders, kidney diseases, mental retardation and blood and brain diseases. The movement of water in the
surface and underground streams is one of the main causes of the release of heavy metals in the soil which causes
transfer of pollutions from the contaminated soil to the surroundings and entrance of these harmful metals into the
human diet. The main purpose of this study was to evaluate the selective absorption of lead and zinc by Kaolinite clay
in single and binary-component systems. For this purpose, the Kaolinite clay was firstly mixed with the lead and zinc in
distilled water at ratio of 1:20 to prepare model contaminated suspensions. Three specimens were prepared for each
sample according to the EPA (1983) and EPA (2010) methods. The effect of different pH (i.e. 2 to 12) and pollutants
concentrations (i.e. at concentration of 20 Cmol kg™?) on the adsorption capacity of Kaolinite was measured using
spectrophotometer. It was found that by decreasing in pH to 2 in both single and binary component pollutant systems (at
concentration of 20 Cmol kg), the adsorption percent decreased significantly. However, the adsorption of lead in pore
fluid was higher than zinc in alkaline and acidic conditions for both binary and single-component systems. The
adsorption percent of Pb?* was not changed in both systems, however, adsorption of Zn?* was significantly reduced in
the binary system-component compared to the single system-component. In addition, the adsorption percent of Zn%* in
alkaline (pH=12) and acidic (pH=2) conditions decreased by about 50 and 20% in the binary system-component
compared to the single system-component, respectively. Furthermore, the findings indicated that Langmuir isotherm
had the highest consistency in the single and binary-component systems for lead and zinc contaminations at the studied
concentration. The results of absorption kinetics in both systems illustrated that the lead absorption rate was decreased
0.15% in binary-component system compared to the single-component system at concentration of 20 Cmol kg?. In
contrary, the zinc absorption rate in the combination system was reduced 87.5% at this concentration. On the other
hand, the adsorption kinetics of lead metal at the test concentration for kaolinite clay in both systems had the same
constant as the pseudo-first and second order equations because in both systems the amount of lead adsorption did not
change. Instead, the rate of adsorption on zinc had a significant change in the binary system compared to the single
state. the resulting values were more consistent with the pseudo- second order equation. In general, the ion adsorption of
Pb2*under all environmental conditions in the pore fluid was more than Zn?* in both systems due to the lower value of
the first hydrolysis constant (pki) of lead compared to zinc (i.e. Pb(7.8) > Zn(9.0)). By comparing the values of k; and
k» in the concentration of pollution in the experiment, it was found that k; of lead and zinc metals for a concentration of
20 Cmol kg was higher than k. and this represented the higher reaction rate to the Kaolinite clay for lead compared to
zinc.

Keywords: Kaolinite clay; Adsorption Isotherm; Heavy metals; Absorption Kinetics; Lead , Zinc.



