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ABSTRACT : To investigate the sorption characteristics of Cs, which is one of the major isotopes of
nuclear waste, on natural zeolite chabazite, XRD, EPMA, EC, pH, and ICP analysis were performed to
obtain the informations on chemical composition, cation exchange capacity, sorption kinetics and
isotherm of chabazite as well as competitive adsorption with other cations (Li*, Na*, K, Rb*, Sr*). The
chabazite used in this experiment has chemical composition of Ca;15Nagg9K;20Mgo01Bag 16Al479S1721024
and its Si/Al ratio and cation exchange capacity (CEC) were 1.50 and 238.1 meq/100 g, respectively.
Using the adsorption data at different times and concentrations, pseudo-second order and Freundlich
isotherm equation were the most adequate ones for kinetic and isotherm models, indicating that there
are multi sorption layers with more than two layers, and the sorption capacity was estimated by the
derived constant from those equations. We also observed that equivalent molar fractions of Cs
exchanged in chabazite were different depending on the ionic species from competitive ion exchange
experiment. The selectivity sequence of Cs in chabazite with other cations in solution was in the order
of Na*, Li", Sr*", K" and Rb" which seems to be related to the hydrated diameters of those caions.
When the exchange equilibrium relationship of Cs with other cations were plotted by Kielland plot,
Sr** showed the highest selectivity followed by Na’, Li*, K", Rb" and Cs showed positive values with
all cations. Equilibrium constants from Kielland plot, which can explain thermodynamics and reaction
kinetics for ionic exchange condition, suggest that chabazite has a higher preference for Cs in pores
when it exists with Sr*" in solution, which is supposed to be due to the different hydration diameters
of cations. Our rsults show that the high selectivity of Cs on chabazite can be used for the selective
exchange of Cs in the water contaminated by radioactive nuclei.
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(Glover et al., 2010). °]&€% ZATH Fz2&=
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Fig. 1. X-ray diffraction pattern of chabazite used in
this study.
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Fig. 2. Sorption kinetics of Cs reacted with chabazite.
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Table 1. Statistical coefficients of sorption kinetic
model

Residual

model Sum Pearson’s r Adj.
R-Square
of Squares
Pseudo 6.63E-08  -0.26845  0.00579
first order
Second order  3.51E-06 -0.26797  0.00551
*
Pseudo ) | k06 1 1
second order
Elovich
(no boundary) 1.27E-08 0.50001 0.19232
x .
Elovich =5 oo 08 067595 041811
(boundary)

Table 2. Statistical coefficients of sorption diffusion
model

Residual .
, Adj.
model Sum Pearson’s r
R-Square
of Squares
Liquid Film
Diffusion 37.90056 -0.45152 0.1508
Weber-Morris ~ 1.20E-04  0.29959  0.02907
Dumwald-— 3052005 030633 0.03343
Wagner
Double 4336445 029849  0.02837
exponential
Qv & ARE olE

Sunh e gh 73 9ol
R T DE L)
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THShaobin 2010).

AlZtol e
(Sorption Kinetics)

Cs 52 &% HIS4E N

EEolA ARt WE Cs 52 F3 W
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Table 3. Sorption kinetic model constants from linear regression equation

. V() k 2 a e
model Equation Intercept Slope . Pe
a P P¢  (mg/g - min) (gmg-min) (mgg-h) (mgfp)
11,
Pseudo 0 W T Q7 8707161 8445237 0011458 8172420
second order - 9
I/0 - kpz Qc
Elovich .
Q= aln(aa) + aln 0.01169 1.91E-05 3.35E+270 1.91E-05
(boundary)
1400000 0.0120
1200000
0.0119 R’ =0.41811

1000000

800000

600000 ~

¥Qt (min-L/mg)

400000 ~

200000

0 40‘00 80‘00 1 2(‘)00 16000
t (min)

Fig. 3. Pseudo-second kinetic model of Cs reacted

with chabazite.
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== & H9FtHo and McKay, 2000). =
d2HE 3| AA ukA 2l y AR kg 71L7]
£ olg3ty T8 Wk 27| £ Vst ISR
& k= Table 391 YEFITHFig. 3). Q= ARt
o g 2, Q& ¥ § 1A el F&Esh=
Cs &5, t= Aike Uehdth Fig. 3& F3o] &
a5 Tl ghEFOorE xS Hﬂ%i EN%}%

o A 23 WS oo E AARATE Qe
Elovich 42 ‘7%" 3 Ag %k% UFERASL

b o] A7l W F= Wsle] gho] 2 HHT
o|CKFig. 4, Table 1). L& Foj& e k9
HAE 7T EE ARt W& F2A Tt

B AFS FHF F Aok 2D A P

0.0118 4

0.0117 4

Qt (mg/L)

0.0116

0.0115 T T T T T

In(t) (min)
Fig. 4. Elovich kinetic model of Cs reacted with
chabazite in this study.
Ae Ba) 2] ws &
Table 3¢ WERTE o] &

ol ZH ol B =
7] fEd Aoz E*—i%u‘r.

AR 3A, HA Gl Aol F22 He(liquid
flim) &4k YA+ W(intraparticle) &4t A7 2H§
of gk #Ase Fall vhgo] doju=r] o5 2

9} Sof| o]EFAzizian, 2004). ©|E2] A

< Awshs oy Zds A8t Ole < o9
J,].ZJO] 6’11—0]] 7].2]— o 02161:0 F= 9 ]—O]X]E
318k 4= It Meng, 2005). 479 %i S =
ol M= wke ARE Ao thste] AEAA T o
THTable 2). 1311/} Z7] WRESAIZFEE] 1057}A
o] dlolHE A gHiKLiquid film diffusion) =
ol 283 A3} w2 HY WAE VERAItKFig. 5
El-Nagger et al., 2012). ©] 22 g U
YRSl A FHS AL Qe &9 g A
ol Al FHEZo] wEHtE Zlow R AR
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Table 4. Sorption diffusion model constants from linear regression equation for specific time

model Equation Adj. R-Square Intercept Slope R (min™)
Liquid film diffusion ln(l— g) = —Rt 0.88442 87.27161 84.45237 0.60151
&2 Table 5. Statistical coefficients of sorption isotherm
model
. Residual , Ad.
4 model Sum  Pearson’s r
R-Square
= of Squares
[0
% R® = 0.88442 *Langmuir 0.00499 099964  0.99923
£ *Freundlich 743E-04 099997  0.99994
6
Dubinin-
. Radushkevich 4245655 -0.64773  0.37118
Temkin 2231799  0.74912  0.52461
8
0 10

sqrt(t) (min)
Fig. 5. Liquid Flim Diffusion model of Cs for 10
minutes.

of tste] =1 3FA4e wETHMeng, 2005; Pan
et al., 2009) dH Ake] AU ASTelE &
Ol%ﬂﬁl TEHL gle A
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EvC omr gt
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rE
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7HllE 789 W Cso B5F S7/HIATH
Al FY ARE B9 & FES A3 3L Fig. 6

‘Jrﬁ}ﬁﬂfq tlolg 7] Al

YEFITtHFoo and Hameed,
2010; Dada ef dl., 2012). A AT o] B
Folxl = Hq-?’] WellAl F2RHAIE HolA] et
on 7hlE T AEFE BT 2 thFig. 6).

T T
4 6 8

Ce (mM)

o
N 4

Fig. 6. Sorption Isotherm of Cs reacted with chabazite.

ol FHRFS A AFYA Bad Mge ©| &
ato] 73 ol wesH o RRE K59 gk 238.1
meq/100 g Bt} O 2 o= F2HA| 4‘:'401] =
St °]~9—-4 Tl et Yol udeY Fhol o
27] Yid Aoz AZHATH Ames, 1961) o|E
Fall Apukato] Ex Badt Mgoll HIs Csoll gk %
s AR =t Ae 39 5 ATk

&2 5 Ao A= Langmuir, Freundlich &
2nd F o A¥BA7F =24 Langmuir S22
ol A= A gro] 5o FEE 71XITHFigs. 7, 8,
Table 5). Langmuir S22 = 2puirlo] EQ
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Table 6. Sorption Isotherm model constants from linear regression equation

. K Go Kr
model Equation Intercept  Slope R n
1 T wmg gy Y (mgly)
o1, 1
. G K GC,
Langmuir 1 -0.0913  1.05905 -10.95291 -0.08621 0.51434
b= 1R
. logC,
Freundlich log @, = log K.+ = 0.00726  1.00229 1.01686 0.99772
° n

*Constants of chabazite from Langmuir is invalid for the reason of minus intercept.

3.0

2.5+ R® = 0.99923

204

1/Qe (L/mg)
P

0.0 05 1.0 1!5 20 25
1/Ce (L/mg)
Fig. 7. Langmuir Isotherm model of Cs in this
experiment.

Langmuir &< K % Al §2 &% C7F 5l
g o] R g= iAol ES] 3 AFS AHs)
= 7/4\3_ FA -3}t Table 6; Alsenani, 2013). ©]uj,
C.e 7FiFE Cs9 5(99 : mM)E YeRdTh
Freundlich & S22 F3A9} S2E4 1F
9] Aol 7t Aolm 1A FHA F2 2
o] 27§ ol tE FEF TS olF wellx: A&
7hsdt BdE FARAEAN FEA e #AVE E
TYY o] F2 AFE 34T 4 At Adamson
and Gast, 1997). X‘H«] y A¥ s o] g3t
3} E2A)7] n# Freundlich A5 Kr ZH Table 6
] UePAT Kee F2A1Y] 883 dad of
ARl AAAE FRA Y & AFF FFREE
o] dvh} FHEEAE AR YERA glolth
(Fytianos et al., 2002). A8 2A9] 71715 o]
&8t FREAS F3A e FRAVIE ot

R’ = 0.99994

log(Qe) (mg/L)

-0.5 T 1] T T T T T
05 0.0 05 1.0 15 20 25 3.0 35

log(Ce) (mg/L)

Fig. 8. Freundlich Isotherm model of Cs in this
experiment.
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E4o] M2 ¥FFH oz FZ3TH(Haghseresht and
Lu 1998). A3 AHE AL A Aol E

£ Kr %] 1.017 mg/g AE9] Cso] F2HH 712
717} 134 10 Ate]o] ghe 7HA17] w2l Csoll et
Ase7t #ohe As ¢ F AUthGoldberg, 2005).
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A elgi}

g ol BE XE U Zel
(Roque-Malherbe, 2009).
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Table 7. Ionic and hydration diameter of alkali metal and Sr**

ionic diameter (A) reference

hydration diameter (A) reference

Li* 0.9
Na* 1.16
K* 1.52
Rb 1.66
Cs* 1.81
Sr* 1.32

(Shannon, 1976)

7.64
7.16
6.62 (Volkov et al., 1997)
6.58
6.58
8.24 (Nightingale, 1959)

Li
Na

Rb
Sr
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epDednm
A

Fig. 9. lon equivalent molar fraction of Cs in liquid
(Xc¢s) and solid (Xcs) after reaction with chabazite.

Zostm

C C

XCs = T i T i - N XCS = — -
Zeos M g Z; m;

714 me, mes, my;, mi= 247 9HS- & 8ol
IHm) A Woll EA5H=(m) Cs'F g o]l
i(Li*, Na', K', Rb", Sr*")9] B0y =
27} Cs3} Bl oFol29] H3lrolt)y, 24 H AR
S & =gl o] Cs ol E&(Xc)ol o
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AATHFig. 9). LA ZA HEo] tiAAl 92 &
o] A4E 1A Yol 9FolLo] Cso2 wIko] ¢4
sith= A& AABTE Li, Na, Sro 4% y=d
HZEHo] n|ef3t xpo]S Holx|uk thAZ Na, Li,
Sr, K, Rb 0.8 =2 Cs 14 £8S 71t} o]
© T8k ol FF9 7)ol mE Mego]
Ao Aog F=Hr) &9 AoMes A=

A BHES 71 e ' BAF A21E Q1Y
o oJste] o]g A 3l HEHE EAg
(Ohtaki and Radnai, 1993). <=3} 279 A==
Astelle vlEetr A7 AFel e 5
o] glo} gl M U] o] A £A
7} B E = o]&9] FEFoE wistnA} sh=
£} o] 29 7)ol mt F5 WE S0k o]
9] Aulido] gepd Zlojth o]} tjEo] ol
o] iAol E o <olo] FaAE] Ade 77]
5ol ¥FE e e ZoE A o] F
Adel 2717 F23 249 Aow AEY 2}
HAo|E 2ide] H7](3.7 x 42 A)E 39 7
Folo] A7|HT 2w At} wekA F3kE A7
7 45 Ads B ddHcR JE A
o7 o= o] ofg Heldo] FaFs wh
o= Azttt JgfzolA Cs# 3} AR}
H w2 & golE A2 ARG Cso digh A
gXo] 20 o] =M 8 A &9t
E A Table 7). HHAZ Rb7}F 91 o Csoll of
& Adedo] 718 WA Ukt ol Csol E9
7he Aget ARG ZeE = 4 itk 1
o F3lE ol Ao MYAE FHeate
[Rlolgtes As & 4 Uth(Valisko er al., 2007).
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(Gaines and Thomas, 1953; Barrer and Klinowski,
1974). Gaines®} Thomas®] 7124 AHBE Efi=
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(Townsend, 1984).
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