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Abstract

The adsorption of lithium ion onto zeolite was investigated depending on contact time, initial concentration, cation forms,
pH, and adsorption isotherms by employing batch adsorption experiment. The zeolite was converted into different forms such
K',Na', Mg2+, Ca”", and AI*". The zeolite had the higher adsorption capacity of lithium ion in K form followed by Na', Ca™,
ng, and AI*" forms, which was in accordance with their elctronegativities. The lithium ion adsorption was explained using
the Langmuir, Freundlich, and Dubinin-Radushkevich adsorption isotherms and kinetic models. Adsorption rate of lithium ion
by zeolite modified in K* form was controlled by pseudo-second-order and particle diffusion kinetic models. The maximum
adsorption capacity obtained from Langmuir isotherm was 17.0 mg/g for zeolite modified in K~ form. The solution pH
influenced significantly the lithium ions adsorption capacity and best results were obtained at pH 5-10.
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Table 1. Characteristics of zeolites used in this study
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Fig. 1. Comparison of the adsorption capacity of lithium by
zeolite 3A and SA (inital concentration = 10 mg/L,
amount of adsorbent = 0.3 g/0.2 L, temperature =
25°C).
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Total pore volume Average pore diameter

Sger (m/g) Vr(m’/g) D, (A)
3A 27 0.141 209
5A 449 0.268 23.8
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Fig. 2. Plot of (a) t versus C/Cy and (b) adsorption capacity for adsorption of lithium ion on the modified zeolites (intial
concentration = 10 mg/L, amount of adsorbent = 0.3 g/0.2 L, temperature = 25°C).
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(b) Pseudo-second-order kinetic model

Fig. 3. Plot of (a) pseudo-first-order kinetic model and (b) pseudo-second-order kinetic model for the adsorption of lithium ion

on zeolites.
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Table 2. Kinetic data calculated for adsorption of lithium ion on zeolites

Pseudo-first-order

Pseudo-second-order

fons ki Qe 2 ko e 2
(1/min) (mg/g) (g/mg min) (mg/g)
K 0.2805 2.43 0.867 0.0827 3.90 0.997
Na' 0.0940 0.33 0.202 0.9132 2.58 0.999
Mg2+ 0.2640 1.54 0.534 0.1713 1.22 0.984
Ca™" 0.1119 0.64 0.825 0.2581 1.19 0.991
AP 0.1013 0.07 0.321 1.1661 0.40 0.994
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Table 3. Comparison of adsorption isotherm constants of lithium ion by modified zeolite 3A

Langmuir Freundlich D-R
1(L qm 2 kF n 13 Qs E rz
(L/mg) (mg/g) (L/mg) (mol*/kJ%) (mol/g) (kJ/mol)
0.098 17.0 0.998 33 2638 0.900 0.005 0.005 9.713 0.937
Tt 59 Bt FAIUA FE2 9.71 kl/molo] = o] wh=A| 2P| R|ut, o] XgYg ol whe} KAt

2 AletolEd] olg 2B S2o] sfakgel 2
o5 QzrElc,

12 4 -
2 [Pt
o
E 10 s
U‘g 4
8 7

®  Experiment
Langmuir
Freundlich
——— DR

T T T T
0 20 40 60 80 100
c,, mg/L

Fig. 4. Adsorption isotherms of lithium ion by modified
zeolite 3A (amount of adsorbent = 0.3 g/0.2 L,
temperature = 25 C).
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(Lee 5, 2012).

O
N
H

OO

20

—e— 10mg/L
O+ 30 mg/L
—-w¥—- 60 mg/L
—2— 100 mg/L
DA A — e — N TN
15 - e
o Cy—————— ————— v
e
2 « > o o
> b4 o
R
3 o
o | o]
go
54
'//.’/.,_A’—"*
f
00 T T T T T
0 10 20 30 40 50 60

t, min
Fig. 5. Effect of initial concentration on the equilibrium

adsorption capacity of lithium ion by modified
zeolite 3A at different concentration (amount of

adsorbent = 0.3 g/0.2 L, temperature = 25°C).
K2 2|3kt Al &ato| =0 ofst 2 F S2to] 49

Fig. 59] 2912 4] )2} 4] @)l A3t} 73t &2
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A1 2R 2] A
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Table 4. Kinetic data calculated for adsorption of lithium ion by modified zeolite 3A
Pseudo-first-order Pseudo-second-order

G ep ki Qeal 2 ka Qeal 2
(mg/L mg/ . e r . - r

g Y min gy (g/mg min) (mge)

10 4.69 0.136 2.92 0.924 0.205 4.88 0.999

30 11.35 0.164 7.85 0.936 0.085 11.76 0.999

60 13.60 0.133 8.65 0.939 0.071 14.08 0.999

100 15.24 0.282 11.88 0.954 0.064 15.63 0.999
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I 5 AR Ao, 7]&7| =R E 13 2EAEA
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A EHo R0 EAMY &wrf w2 AYPEE= A
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Fig. 6. Plot of mass transfer for the adsorption of lithium ion
by modified zeolite 3A at different concentration.
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F<0.85¢ o,

B =6.28318— 3.2809F— 6.28318 (1 — 1.0470F) /> (14)
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71'2D€
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Fig. 7. Plot of (a) film diffusion and (b) particle diffusion for the adsorption of lithium ion on the modified 3A at different

concentration.
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Table 5. Film diffusion and particle diffusion rate constants and surface mass transfer coefficient for the adsorption of lithium

on the modified zeolite 3A

Film diffusion Particle diffusion Surface mass transfer
Co
(mg/L) ku 2 B 2 Bux107 BLSs 2
(cm/min) (min‘l) (cm/min) (1/min)

10 0.1748 0.994 0.1497 0.970 7.87 0.0138 0.968
30 0.1748 0.952 0.1426 0.983 7.07 0.0124 0.994
60 0.1719 0.968 0.1503 0.987 6.98 0.0122 0.954
100 0.2481 0.928 0.2632 0.955 347 0.0061 0.910
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Fig. 8. Effect of initial pH on the adsorption of lithium by
modified zeolite (inital concentration = 10 mg/L,
amount of adsorbent = 0.3 g/0.2 L, temperature =
25°C).
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