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Abstract : This study was to evaluate the influential parameters such as intial Cs concentration, reaction temperature, contact time
and pH variation of solution on Cs adsorption. Using the experimental data, adsorption kinetics, isotherms and thermodynamic
properties were analyzed. The Cs ion adsorption of the zeolite X was effective in the range from pH 5 to 10 and reached equilibrium
after 60 minutes. The adsorption kinetics and isotherms of Cs ion with the zeolite X was described well by the pseudo-second-order
kinetic and Langmuir isotherm model. The maximum adsorption capacities of Cs ion calculated from Langmuir isotherm model at
293~333 K were from 303.03 mg/g to 333.33 mg/g. It was found that thermodynamic property of Cs ion absorption on the zeolite
X was spontaneous and endothermic reaction. The experimental data were fitted a second-order polynomial equation by the multiple
regression analysis. The values of the dependent variable calculated by this best fitted model equation were in very good agreement
with the experimentally obtained values.

Key Words : Adsorption, Zeolite, Cesium, DOE

o ! ¥ Ape|HL AgatolE XB 2755, 2% 9 pH WIteh 22 A4S

2 o]-& 2 FAA FERAE F

AAohe) of A Co S0 AN, 5LEAE D AT B AR, Aelolt X0l Bt Co o6
o] BEL pH 51004 BIFHo|G o0, BAERAZL OF 0Ro|drh. BALES SLEAFE oA 27 45 welA )
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Table 1. Chemical composition of zeolite obtained by XRF

Compound wi%
SiO; 60.60
AlOs 26.83
Na,O 12.45
Ca0 012
Total 100

SiO/A03 3.83
Si/Al 1.92
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Fig. 1. XRD patterns of (a) zeolite X and (b) JCPDS card.
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Fig. 2. Effect of initial pH for the removal of Cs ion by Zeolite

X (Zeolite=0.1 g/0.2 L, Concentration =100 mg/L, tem-

perature = 20C).
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Fig. 3. Effect of contact time on the adsorption capacities of
Cs ion by Zeolite X (Zeolite=0.1 g/02 L, pH=6, tem-
perature = 20C),
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Fig. 4. Plots of (a) pseudo first-order reaction and (b) pseudo second-order reaction for the adsorption of Cs ion by Zeolite X,

Table 2. Kinetic data calculated for absorption of Cs ion by

Zeolite X
Pseudo first-order Pseudo second-order
CO, Qe,exp,
mg/L mg/g QS,caI, k1,. Qe,ca\, k2, ) I’2
mg/g  1/min mg/g g/mg.min
100 15586 3266 0.1034 08992 15625 00158 09999
200 23596 2021 00578 05285 238,10 00147 09999
300 25636 3051 0.0700 06981 25641 00101 09999
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400 Table 3. Comparison of adsorption isotherm constants of Cs
=] ion by Zeolite X
P - Temperature
300 T T === Model Parameter
- = 20C 40°C 60C
> = -::2.. Gm, MY/g 30303 32258 33333
€ wo| gz Langmuir ki, L/mg 00365 00374 00381
o - S 0.9980 0.9990 0.9957
L 293 K
O 33K kr, L/mg 5212 4813 4816
100 i v 333K .
—— Langmuir Freundlich 1/n 0.3238 03572 0.3675
——=—Freundlich
- DR r 0.931 09254 09632
o® " " . . Bo, mol/kd®  35.496 28.819 19.909
(1] 50 100 150 200 250
c,, mgiL Dubinin- Op, Mg/g 235,99 245 67 24772
Fig. 5. Adsorption isotherm for the adsorption of Cs ion on Redushkevich g, kJ/mol 0.1187 01317 0.1585
Zeolite X and fits of Langmuir, Freundlich and D-R r 0.9189 0.9350 0.8706

models (Zeolite=0.1 g/0.2 L, pH=6).

Ing,=Ingqy,— B,f* (11)

o

| o gp= S2HA| EHo] o3t A F& Frol o
T(mg/g)OlU% BD &2t XHOHLMQ} o

(12)

E3 ES HF SAoIU A KImo) 2 ket o] A4t

S
I
—
=
w
<

Fig. 5= €99 2=E5 293 K, 313 K ¥ 333 Ko 2 i
A7 Aol B2 FE AP pstel dold A
A7), ©), 2e)3 (13)0] #Este] ek Aolm, o]z
o % 5 5 sy %IEQ Table 30| 2|54

= S FEHS] el A
© A&l Eof 45 Cs %4 A A+= Langmuir 22|
(r =0.9957~0.9990)2 & ¢ —i—é‘]—@‘ﬁl- Langmuir 5249
2RE 23 Cs o] 29 Hoff A2 227} 293 KA
333 K& AMs3k2=2 303.03 mg/goﬂ/ﬂ 33333 mg/gl 2 =
7Vehe Ao 2 yepyth ol &7 %7}%‘#% a4 ©]
250] Ut FH o A Lepo|Ete] FEIILTL St
SHA| E]aL o] 2 a4 o]z gto] Eilks] Yojub FAHE0]
7Vt AoR AtmHr)

Table 394 D-R 524 3t % Bogto] £E7F 293 Ko
A 333 K& Z7}8HRE 35.496 mol’/kI*of|A] 19.909 mol’/kJ*
2 sk, E(ﬁ% F2bol| Y 2))7F =71 293 Kol A] 333
K2 Ar&d<=2 0.1187 ki/molo]A] 0.1585 kl/mol& Z7}

Table 4. Comparison of uptakes of Cs ions by various adsorbent

Adsorbent M References
Cs
66.07 Chmielewska-Horvathova®™
Clinoptilolite » 19
4512 Smiciklas et al,
Montmorillonite 13,26 Maetal,"”
Mordenite 5564 Chmielewska-Horvathova®
Zeolite ZSM-5 130,00  Sinhaetal ®
20750  El-kamash™
Zeolite A 21250  El-Rahman et al
23030  Leeetal
Zeolite NaA-X mixture 27140  Abdel Rahman et al *”
Zeolite X (cosmo) 303.038 This study

= El-Kamash'®7} A &alo]E AZ o]
5 s o] S & Nilchi 5*Y¢] copper hexacyanoferrate
£ o83 Cs o & FHo| A HojHl Aol Aot AL
A ghEe A7) Aol Hdth

ed4= oy 711 A ALeto|EL) THA A&EtolE
2 FAAZ 8T Ao Cs o Lo] FHEL ]l
Aoltt. A zeolite2] F2HF2 13.26-66.07 mg/go]
1, §H4 zeolite®] FEFE 207.5~271.4 mg/gO 2 HA A
ZetolEof| Hgf T Al&Tho| B F2ffol ¢ wokon,

1191‘

EFE E AolA ARRRE Al&EtlE XE SAAIR AR
g A$= Cs o] 9] FafsFo] Af&ol4 303.03 mg/gﬂi
e SRS Sl Bls % SR TS Hole
g 2 = At

Aejo mhejojelel AEl(AM)) dER
1) (AS)+= Vant Hoff 2], Gibbs-Helmholtz 4]-& o]-&3}o] It
1

Vant Hoff 41 t}-g3} 2.
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Fig. 6. Application of Van' t Hoff plot.

Table 5. Thermodynamic parameters for the removal of Cs ion

AH AS AG (kd/mol)
(kd/mol) (J/mol) 293 K 313K 333 K
08774 16.1200 -3.8482 -4.1706 -4.4930
AS AH
InK; = ————-— 14
YT TR T RT 19

7|4 T Ao 2%(K), K& Langmuir 4, RS o4
714 Zd4=(kJ/mol-K)o] t}.

3 Gibbs-Helmholtz 4]-& t}23+ Zc}
AG=AH-TAS 15)
Fig. 6> 4] (14)°] &lAstY InK 3} 1/TE Z=AIRE a2
Ul 21013, Table 5 £ Aelsty miabule

o

I8, AG7} Sol2® 52t whg-o] AphA|Ql Hhg-9

Qi ESE L% 7} 293 KA 333 K& 27}
AGH -3.8482 kJ/molof| A -4.4930k]/mol ©. & A3}
t}. |23t A3l El-Kamash'Wo] #|&elo]E AS o] &3t
Sr 4 Cs o]& ZaFo|A] Sr 0] 9] AGFFo] %7} 298 K
o A 333 K& Z7}etE -4.992 kI/molof| 4] -7.177 kJ/mol
B A4St Cs o] 9] AGHLe] X7 298 Kof|A] 333 K
2 Z7}g=2 11.256 kI/molo]|A] -2.054 kl/mol&E 7FAdl=
2ol fAFsE Tk

ot

22 4> o =

i 62 op do o
4

Box-Behnken 7= RWhg-R0f 27] o]4e] acls 7F
o IAE wpofsh=tl AHgEh & Aol 2 34
24 271& st] ¢l 93 HEA H(response surface
methodology, RSM)& ©]-83}¢ o, oujAdd o] Zu}= u}
go g 2254 A ) H(central composite design, CCD)<
AL

Table 6. Experimental results of Box-Behnken design

Coded variables Responses (q)

Expt. no. Experimental data Predicted data

! © (Gor) (o)
1 1200 -1(100) 155.86 173.16
2 1(60) -1(100) 158.87 171.65
3 A20)  1(300) 256.36 057 36
4 160)  1(300) 284.96 08144
5 040)  0(200) 239.49 239 49
6 040)  0(200) 239.49 239 49
7 040)  0(200) 239.49 239 49
8 1(20)  0(200) 235.96 005 87
9 1(60) 0(200) 24153 24183
10 0140)  -1(100) 157.80 139,37
11 0(40) 1(800) 27191 276.54

Table 62 Minitab 162 AF&3te] RSMo| 9]3] 279 =

45 T C7F SR N GFS AR vekd
ofc. A% ARZ o|§dte] AL Yol thak chabae o
3 e,

=2
H
7

o
=]

q= 239.49+ 5.643 T+ 48.496 C'
—2.8197%—15.764C*+ 6.397 TC

(16)

=

o]7|A Tt C& 7t &9} Cs 0|29 & Yehyd,
= SIS YEeRdh

melo] g S AR e AARE = 0.9720) W 2
A4(ADJ ¥ = 0.9299)2 & 0] Ho|o] 972%S AT
7Fedt g 2 7ol g3 AATAE A= AR At
=2Ech

Fig. 72 Al&eto|E X5 0|83k Cs ©
32 BREEW s F8f Cs o]

Fig. 7. Response surface for the effects of Cs ion concen-
tration and temperature on the adsorption of Cs ion
(Zeolite=01 g/02 L, pH=6).
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Fig. 8. Comparison between the experimental values and the
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