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Competitive Adsorption in Binary Solution with Different Mole Ratio
of Sr and Cs by Zeolite A : Adsorption Isotherm and Kinetics
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Abstract

The adsorption characteristics of Sr ions and Cs ions in single and binary solution by zeolite A were investigated in batch
experiment. The adsorption rate of Sr ions and Cs ions by zeolite A obeyed pseudo-second-order kinetic model in single and
binary solution. The initial adsorption rates (h) and adsorption capacities of both ions obtained from pseudo-second-order
kinetic model, and the values were decreased with increasing concentration of the competitive ions (0~1.5 mM). Also,
adsorption isotherm data in binary solution were well fitted to the extended Langmuir model, the maximum adsorption
capacities of Sr and Cs calculated from the model were 1.78 mmol/g and 1.64 mmol/g, respectively. The adsorption of Sr and
Cs ions by zeolite A was carried out in the presence of other cations such as Na", K, Mg®", and Ca®". The results showed that
the zeolite A can maintain a relatively high adsorption capacity for Sr and Cs ions and exhibits a high selectivity in the
presence of competitive cations. The effect of competition had an order of Ca’*>K'>Mg”>Na’ for Sr ions and
K'>Ca*">Na">Mg”" for Cs ions at the same cation concentration.
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Table 1. Chemical composition of zeolite obtained by XRF

Compound wt%
SiO;, 41.80
AlLOs 28.87
Na,O 21.02
KO 0.71
CaO 0.12
Fe,03 0.03
LOI 7.45
Total 100
SiO2/ALO; 1.45
Na,O/SiO; 0.50
Si/Al 1.28
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Fig. 1. XRD patterns of (a) zeolite and (b) JCPDS card.
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Fig. 2. Adsorption capacity profiles for the adsorption of (a) Sr and (b) Cs ions by zeolite A
(Zeolite = 0.1 g/0.2 L, pH = 6.5, Temperature = 20 C).
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Fig. 3. Plot of pseudo-first-order kinetic model for the adsorption of (a) Sr and (b) Cs ions by zeolite A.
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Fig. 4. Plot of pseudo-second-order kinetic model for the adsorption of (a) Sr and (b) Cs ions by zeolite A.

Table 2. Kinetic data calculated for the adsorption of Sr and Cs ions by zeolite A

140

Concentration of

Pseudo-first-order

Pseudo-second-order

fons competing ion ki e 2 ke h e 2
(1/min)  (mmol/g) (g/mmol « min) (mmol/g * min) (mmol/g)

0 0.0892 0.74 0.8413 0.1323 0.9852 1.79 0.9995
Sr 0.5 mM 0.0474 0.91 0.9187 0.0387 0.1901 1.32 0.9997
(1 mM) 1.0 mM 0.0370 0.78 0.9338 0.0508 0.1527 112 0.9975
1.5 mM 0.0445 0.81 0.9935 0.0671 0.0817 1.00 0.9960
0 0.0523 0.14 0.5557 1.9497 3.1787 123 1.0000
Cs 0.5 mM 0.0364 0.20 0.4260 15133 2.8744 1.06 0.9997
(1 mM) 1.0 mM 0.0623 0.11 0.3807 0.7394 1.2585 0.99 0.9999
1.5 mM 0.0515 0.24 0.6897 0.6694 09171 0.91 0.9999
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Table 3. Kinetic data calculated for the adsorption of Sr and Cs ions by zeolite A

Intraparticle External
Tons Concentration of G P
competitive ion ki ) Dx ; 0 2 k<10 P
(1/min) (m’/s) (m/s)
0 0.0603 2.5000 0.4339 13.5970 0.7315
Sr 0.5 mM 0.0344 1.0714 0.9450 4.1837 0.9090
(1 mM) 1.0 mM 0.0432 1.0000 0.9769 2.6959 0.7233
1.5 mM 0.0449 0.4999 0.8893 2.1802 0.9209
0 0.0090 13.6363 0.6962 10.3168 0.5030
Cs 0.5 mM 0.0097 10.4167 0.9088 8.2493 0.0090
(1 mM) 1.0 mM 0.0083 10.0000 0.3898 7.3422 0.0549

1.5 mM 0.0158 9.0361 0.7176 6.4144 0.1188
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Fig. 7. Adsorption isotherm for the adsorption of (a) Sr and (b) Cs ions by zeolite A
(Zeolite = 0.1 g/0.2 L, pH = 6.5, Temperature = 20C).
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Table 4. Binary component isotherm models parameters for the adsorption of Sr and Cs ions by zeolite A

Nonmodified Langmuir Modified Langmuir Extended Langmuir
For Srion
MSE 4.28 0.34 0.33
qu=1.78
P v - ,,=0.9986, 1,,=1.0003
arameters s e ks=32.8233, kci=2.9680
For Cs ion
MSE 1.82 0.66 0.65
qm=1.64
P t - =1.0010, 7,,=1.0032
e s e ks=3.6595, ke=5.8018
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Fig. 8. Three-dimensional isotherm surfaces simulated with extended Langmuir isotherm model for the adsorption of
(a) Sr and (b) Cs ions by zeolite A.



160 ot - gl -

Ho} Cs o]2o] Sr 0] 29| F3ks ¢ ol 1k X
of 9lck

Fig. 9= Sr o231} Cs o} 29] &3t =405 Jefet 4
ol Dol BE 2 2 A (12)0]] A-85to] -
3t impact factor gF2 UERHA Zlojct. g oA Bzo]
Sr 0|23} Cs ©]29] impact factor 7k 22} 0.67~
0.93 @ 0.52~0.79 Sr 0] &3} Cs 0] 0] E3tel Lo
ol Sr o] 23} Cs o] K F2to]| WelE WA|WE Cs
o]20] 77} Sr o}gol la) Ao ke o B
o] W= Ao el

rr
pay
o

1.0 &

08 o

0.6

0.4

Impact factor

024 —e— Sr
O Cs

0.0

Ratio (Sr, Cs)

Fig. 9. Impactor factor of Sr and Cs ion at different mixing
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Fig. 10. Effect of competitive cation for the adsorption of Sr
and Cs ions by zeolite A (Zeolite = 0.1 g/0.2 L, pH
= 6.5, Temperature = 20 C).
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