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Abstract

The removal of Sr ion and Cs ion was investigated to evaluate adsorption properties by using SAN-Zeolite beads
immobilized with styrene acrylonitrile (SAN). The adsorption capacities increased with the decrease of SAN/zeolite ratio
(SAR) from 2.5 to 0.83. The relationship of adsorption capacity (q.) and SAR was described by experimental equation such as
q, =20.88+137.81e” 196541 (2=().9980). The adsorption kinetics of Sr ion and Cs ion with SAN-Zeolite beads were fitted

well by the pseudo-second-order model. The maximum adsorption capacities of Sr ion and Cs ion calculated from Langmuir
isotherm model were 66.97 mg/g and 81.97 mg/g, respectively.
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2 YA Ae) 3 ATAlMo] ZTbEA B Sk wiEy 58 doZ 4 QlckGurboga and Tel,
o] HpAMY w71Eo] whelA] Egick olefat WA 2005). whebd] o) whaRs Be) mukAl AjAst
718 F A 71 Bol ofe] 7o) 83l okl Wasirh VCsH e e SR 831 71 Wk
wghElo] st o5 WA oI HMAMY o2 2 skl B4 wie) o7 £Re] g4 ol % 7}
T B A 0]L0] sEe] AR o)H 4} A Z93%F & 711 iR AAJEo|ti(Smiciklas et al.,
g 8 dazoane Az} W] Z3E BRET 2007).

YRR o] FA) gAdEe] ARk AloltiKam B H7 )= Foll 2= = ol=iRt B3l WA
et al., 2003). EA AYAEC] HAPAY]| mZE]H ¢lo]] 4 ol2& APshe WHoRE o2 wEh(Roy et al,
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2002), 32 (Moller and Harjula, 2002), S2F
(Harjula and Lehto, 1994) 5©| )t} o]2n i
web aEAoar o] -2 AeA o = welkdt 4= Q=
7 iizoll 7Fd de] ol 8EAL =AM o A7
H(Akgerman and Zardkoohi, 1996; Banerjee et al.,
1995; Querol et al., 1997) 0.2 44 o} AR a-8
o] Hol H|-go| o] Ei= o] Qlrt F3e 3fsks
qere]7h g asto] F7go] Extsto] njgke] o2& A|A
3= glol= AeshR] Qi Pietsch et al., 2001). S+
W2 A AR H|ef A& oy x|7}F atE, $H
Zgpao|al HedAgr da gl7] dhzol B, =
20l WRo A 2] AN ol 22 AlASH=H 2
oA 71 AR Hgle e AEL Stk
(Richardson et al., 2007).

Zloll= oA HiEE = H71Eol Z3HE o]
U= A oS FRAE ARESIe] AlASHE A7t
o] ZePEar Qlrk. S22 Ak ol 2umglrAl,
SHd YL, A, AleEfo|E S0l ARSEAL 9l
™, o] F Aol Ex AHet 7HAat Aelg, 2k %18t
7, Gt AR P, =& nRhEERS 7HAIAL Qo]
W Aol E B A Aleie|EE ARSI WA
o2 AAG= TRt A7 XI8Y=|AL Qlet. Smiciklas
et al.(2006)2 A Al2efo|EQ] clinoptiloliteE o8-
3o 4559] Sr 0] 237} Cs 0] 22 717+ 9.80 mg/g, 49.02
mg/g A|AE 4= QISITkL 319101, Faghihihan et al.
(2013)2- A& RtO| E ALt 4T = §1/d3k magnetic
zeolite nanocomposite(MZNC)E o|-83}0] =59 Sr
o2 Cs o2& 77} 89.19} 229.3 mg/g A|AS 4~
Qlgick sk

St e efolEL Bate] ez Hlojglo] st
Bolal] eren] 372 Eol AHgsi t 2lof 1
74okE 210717] wl2ol(Yang et al, 2014) el
Agelo|Eg 1EA Bm 148} AA BAS st
= 97} A1 Ik Kaygun and Akyil(2007)2
HAAEZOIEE PANO] AL Sr 0|23} Cs ol
2 717} 3.80 mg/g 9 17.52 mg/e A7 5= 3ch
7 ek

2 Atollxt= TRt A = FollA Sl 7
slal =0] IRl =2 Zo® UTA Gl styrene
acrylonitrile copolymer(SAN)E o]8s}o] S2kA|2l

rE

o (m AL

3

§

il

of

E3F SAN-Zeolite B[ =0 2J3} Sr 0] &3} Cs 0] 2-2] &
HE4 Abm] Sfsjo] pHe) o FAE, L)

ol
filo
oy, M
i
ol
38
iu)

2.1. SAN-Zeolite H|E H|Z=

& Aol Al AR8RH SAN-Zeolite H|=a= H5at} o)
A8kt 100 mL H]Fof] N-Methyl-2-pyrrolidone
(NMP, Samchun, EP) 10 mLE-¥37 Styrene Acrylonitrile
(SAN, Sun Young ST) 1.25 g& 8371 Zof| A=t
©]E(Molecula Seives 4A, Sigma Aldrich) 1.5 g& 4
I A | AR o] 85te] wtdsH| S s F4E5]
WG oje} o] 23t &ielE FAP (ke A
3 1 mmyE olgsto] Fiapol "Holme| FFshAA
SAN-Zeolite H|=E A3t thaol] S22 521 Al
2310} A1gloll AT Sr o] 23} Cs ol & oL 2t
7} AAAEZE(S1(NO;),, Samchun, EP)1} &3hA|<
(CsCl, Samchun. EP)& 1 L S8F&alAT0| Wil 24
2y Milli-Q Millipore 18.2 Mcm™ conductivity) 2
1000 mg/L 2] stock solution A|Z5}o] AL8-31ATh

22, My

SAN-Zeolite H]=0] 2]} Sr 0] 231} Cs o] 2-2] A|A
A2 sl o R =as9lom, 500 mL RSk
2] 747t St o} ok} Cs o} §9) 200 mLE
SAN-Zeolite HI 2 gi} 3 W& & 3 2gh)
(Johnsaem Co., Js-Fs-2500)2 AR&31o] 170 rpm o2
WHKSEA A A7F 702 1 mLe| A|RE s}
Ack Yz AlEE GREESsd A (Shimadzuy,
AA-7000)F ©]-85}o] Sr 0|23} Cs 0] 220] Fes &
A5t em, ZF o] 20] AAREE the AL ol851e] 7
ETE

0%

-V

K3

4 =—— M
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A71A gz AAHmg/g), C,+= 271 F%(mg/L), C,
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= ARF oA FE(mg/L), V= -819] Faj(L), 18jar
m-E- H|=9] f(g)oltf

o] pH= 1 M g3]=4(HCl, Samchun, EP)2} 1
M $AERIEF(NaOH, Samchun, EP)S ARE5o] &
Ao, pH meter(Istek, AJ-7724)E o835l =
Atk &%= Shaking Incuvater (Hanbaek, HB-
201SF)E AlE510] gollo] 25 293 K, 308 K, 323
Ko 280 A8 o1tk

2.3, EAdiy

AlZEte]EQF SAN-Zeolite H|=0] A5 B
517] ¢J5te] XA 34 BAAEX|(X-ray diffractometer,
XRD, Rigaku, D/MAX2100H)E ARE5te] 493190
t}l XRDE] B4z Cu Karay JAA=1.54 A)&
ol-gsto] 7REAUI M= 22 40 kVeF 40 mAR
A1 a1, B2i(Zeolite) 2 H|=(SAN-Zeolite) e
o] AR 79J5t0] 202 5204 50°714] 0.02° step
(3 slstep) o2 o] EAEITh Aeo]E9} SAN-
Zeolite W] n|H|TE T51] 98 AP
ZJ(Scanning Electron Microscope, SEM, Hitachi,
$.2700) AHE510] SEM AFLS Bgslaich w3l 4|
2a}0]E, SAN, 183l SAN-Zeolite®] A-87]= FT-
IR(Foureir transform infrared spectroscopy, Bruckr
vertex 70)2- 0|-85}10] A5

3. Zn 9 mE

3.1. SAN—Zeolite EXtH|0| EA

Fig. 12 Al22}o]EL} SAN-Zeolite H=2] XRD £
MEAIE UERH Aotk Fig. l(a)= AlETRIES)
XRD 2% Zzkan 20 o] 7.18, 10.17, 12.46,
16.11, 20.41, 21.67, 23.99, 26.11, 27.11, 29.94,
30.83, 32.54 2 34.180|x] TAE|QIT). o] ZATH= Fig.
1(c)2] JCPDS card®] 20 gk} U=|5lo] Al&efolE A
Q1S Bel3k 4= 9Jodck Fig. 1(b)= SAN-Zeolite H|=
O] XRD 274 A, T9olA] Holzo] A& ES
SANe] 3kt o= Fig. 1(a)9] Al&|ES
XRD ey} fARE 314 035 Hith o|RRE
SAN-Zeolite B|= Wof] EA5h= Al&eto|Ex At

oE0] BAL e I3k G 2 BIE 4 )

¢Jtt. Faghihian et al.(2013)-2 PAN(polyacrylonitrile)
2 o83} A% PAN zeolite nanocompositeof| A=
AE2OLE ] XRD 51217} fA)Ejo] 270l
& 0)3)x) gRecki B sl

(a) zeolite

(b) SAN-Zeolite

Intensity (counts)

e 4 ° (c) JICPDS
°
) e
[
° (X ) o !0 » ®o Qe
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2 theta (degree)

Fig. 1. XRD patterns of (a) zeolite, (b) SAN-Zeolite, and (c)
JCPDS card(#39-222).

Fig. 2= Al&a}o]E, SAN 2 SAN-ZeoliteS 400
~4000 cm™ HJol| 4] FT-IR E438+ Avto|ct. Fig. 2(a)
9] A|2TolE spectraoAl= Si-O-Na, Si-O-Al 2
H-O-H 715717} 22} 557.73 em’, 1006.40 cm’,
1657.45 cm’' oA =] 2 H(Nibou et al., 2010),
Fig. 2(b)2] SAN spectraof|A}= SAN©| Zx5}= C-H
719} C = N7|7} 242} 1453.00 cm’' 7} 2236.67 cm™' o]
A] 2] ck(Suzuki and Wlkle, 1995). Fig. 2(c)o]]
A BIZo] B oIrollA] A &g SAN-Zeolite H]=2] 7
©ofl=1453.17 cm' 2} 2236.60 cm™ o} A] SAN]| Zx)]
3l= C-H7]9} C = N7| 5|32} 552.84 ¢cm™, 1000.55
em’, 1656.33 cm™ oA Al2EjolEo]| EAfsh= 7|=9]
Si-O-Na, Si-O-Al ¥ H-O-H 7577} #2=Qick uh
2}4], SAN-Zeolite H|=7} /354 0 &2 MJ=| 952 <

Q14 Igiek
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Fig. 2. FT-IR spectra of (a) Zeolite, (b) SAN, and (c) SAN
-Zeolite.
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Fig. 3(a)= A|Z3F SAN-Zeolite H|=2] 9]5-2 2]
alo] LePH A 0= SAN-Zeolite H| == 217 °F4 mm
Qo= AlEHATE Fig. 3(b)~Fig. 3(e)= Akt
o|EQ} SANQ] sleke oh]slo] AZ3 SAN-Zeolite
H=0] Hehds 400M) HiE= SEM PRk Zlofth
Fig. 3(b)3} Fig. 3(c)ol|A] HH SANS] k- 1.25 g&
2 A Lk Alete|Eo) oS 1 golli 1.5 ¢
o7 Z7HF1 ol A BlEcl= Al&Eie|E ¢
AEo] B Wol 1Sk HgS Tk = Qlie) 19
3L Fig. 3(b)} Fig. 3(d)olA 2 Al&eto] =9 g
=1 g2 = UHSHA slaLk] SANO| FHs- 1.25 goflA]
1.75 go &2 Z7HR1 Z5-olli= SANS| gHo] 715t
of| wt Bl= W5 7]5-0] 7|7t AofAl= AAE H
Ak

Fig. 4= Al&T0|E oF5 1 g2 T4RT 7 SAN9
= 1.25~1.75 g2 F7HA AT 792 SAN <
2 1.25 g7 1A% F Al2efolE 4 0.5~1.5 g&2
Z7WA AR 9 SAN-Zeolite H|=9] Sr o] & &

VEGAW TESCAN

PENU n‘
(c)

PHNU n’
(d)

Fig. 3. (a) Photo of whole SAN-Zeolite beads and SEM images of the cross section of (b) SAN(1.25)-Zeolite(1), (c) SAN

(1.25)-Zeolite(1.5), and (d) SAN(1.75)-Zeolite(1).
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RS Uehdl Flo]ck 104 R0] SAN/zeolite 1]
(g SAN/g zeolite, SAR)7} 0.830]|4 2.52 Z75
Sr 0]2-9] T2k 44.73 mg/gofA] 19.07 mg/g=
Al sl 739 YERSIEE ol= Fig. 3(b)¢} Fig.
3(d)ollA] Hol= Hie} o] SARZ} S7Fs1A =i Hj=
= 0:11\-10]—_ SANO] _]_X4§]-Q xﬂ.?.ﬂ_o]EE 11—101 /bh:H
207 F2bof| Hofsh= AlZeo|ES] BIEHAE A
A7l A8 stol Sré] SRt k= 2 oR A
=¥tk Fig. 3(b)2} Fig. 3(d)ollA SAN o] Z7t
ufeh AlEEe|ErE Helvks 2 2jld & QASlek
SARO] ThE Sr o] 29| FARFS AlZTlolE Z8(Lee
5, 2015), SAN 1.25 g : Zeolite 0.5~1.5 g 2 SAN 1.0
g : Zeolite 1.25~1.75 g&] AR RE 42|F 072 HAL
3l HOFS ), ¢, = 20.88+137.81¢ “1E(1770.9980)
o] TS Ueholch etk 2% AgolAE SAN
125 g3} ALEOlE 1 g& TH5to] AZT SAN-
Zeolite 2 232 s¥519ic)

200

O  Zeolite only (Lee et al., 2015)

[0 SAN1.25g:Zeolite0.5-15g

A Zeolite 1.0g: SAN 1.25-1.75 g
— Estimated line

0.0 05 1.0 15 2.0 25 3.0
SAN/Zeolite ratio (SAR), g/g

Fig. 4. Effect of SAN/Zeolite ratio on the adsorption capacity
of Sr ion with different SAN and Zeolite contents
(SAN-Zeolite beads: 2.0 g/0.2 L, pH: 6, concent
-ration: 100 mg/L, temperature: 20 C).

3.2, pHO| B&

Qb 0 & Qolo] pH7} HEsl| ‘Iﬁgr B 0) F
QA7) ulAl] Hhel pH Wske Sl 2 o9
t}. Fig. 5= -§94°] pHE 2518 uf Al&efolE9]
ERIAISHE Z510] Lk Aloleh. Alglol=e]
A5} Ghe: pH7 S7Fatel whet k451900, pH 6 o]
dollMe 29 gk 7R e A o = itk

>\

60

40 A

20 A

Zeta potential, mV

220 4

240 4

-60

pH

Fig. 5. Variation of the surface charge on zeolite powder.

UurE o2 AgEjolE Wo] 445 §le] pH
of| wla} Al = 97| 2 AE3H(Krestou 5, 2003).

MOH "+ H"=MOH,', in acid solutions )

MOH "+ OH =MO ™+ H, 0, in base solutions (3)

of i, M- Si”" = AIY& LpERAT). o2jat vhg-e-
8019 pHol| ufek, Al eol=0] 7] e o]
U} g0 sl el 2ok 28 L)

Fig. 6-2 Sr 0] &3} Cs 0] §H2] pHE 2~1002

_ o .
WshA|7] o] 2} ol 2.0] Sk wistel B pHE Ut
30 12
e N

I T AN SRS ]
25 ﬁ/’/£\\8//977.&\&-& F 10
RS)
/1
20 1 U/’ e - L g
2 i z
E 154 /// 6 8
& //// [
/
10 W o oS k4
—~@— d.-Cs
5 —+H8— Final pH - Sr L2
—+#— FinalpH - Cs
0 T 0

0 é 1‘1 6 é 1‘0 12
Initial pH
Fig. 6. Effect of initial pH on final pH and the adsorption
capacities of Sr ion and Cs ion by SAN-Zeolite bead
(SAN-Zeolite beads: 2 g/0.2 L, Concentration : 100
mg/L, temperature: 20 C).
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ERd Zlofok. Z1goflA] Hzo] Sr o] 23} Cs 022 pH
2~4 Afolof|A= FATFR] S7FSIHAINEL pH S o olAi=
FHo] YA AS B 4 Ygich ol WS
pHOlX= B2 2] g0l o] EAsl= =, Sr o2t
Cs o] sl Aol =05 2R8-8 #nt of2i(Hui
et al., 2005), A7} OFe] gES 744 ool kel vt
B Sr o] 23} Cs o} 22) F2o] 2] ek Ao
2 A}RHICL wtk 27] 7l 2-4 o uh= B pHL %
7¥oted 27] pH7E s o)kel vl 8 pH7E 8 A= 21
SAIEk. oliz Ak ol 4] (2)2} o] kol o]
aslol pH7F 27151 S <714 Bololile 4
(3)} o] lstol o] Fassto] pH7F sl ] whie
© 2 Al =t Krestou et al., 2003).

3.3. Azt 2SS WE}
Fig. 7:% Sr o] 891} Cs o] -8H| 2|5
100~400 mg/Lo= gJale] 4%t 9o SAN-
Zeolite H|=of| &It Sr 0] 237} Cs o]29] A7t wh
SRS UeRd Zo|ch Tdof|A] Bz uie} o] Sr
ol 23} Cs o]0] AlA= 7] 12 hr 7] w27 A
=], 16 hr o] 55 x|} A A7} g]A| o] Fof |t} 72
hrofla] 5Bl =dsioint. F&50]2] Z7stwol uket
Sr 0]231} Cs o] 29] galeFo] 17} 31.63~77.69 mg/g
9 28.11~86.07 mg/g 0 & Z71513t). ole|dt AR
b o0& g2 27| ThAol| A= SAN-Zeolite E3HA]|
of| Hlo] ¢li=2Mgdo] wol HA| F2to] YoU|T, A
7o) ZBTHRE AT AP Afole] BRGNS

100

(a) Sr
80
EXR T _
=] - - ——
£ o e e S
& / { A /‘---“__,,-r
404 A~ A P S
Y e
’m Y 100 mg/L
V'3 o 150 mg/L
20 ———%-—— 200 mg/L
——A-—-- 250 mg/L
—_—-— 300 mg/L

— —0—— 400 mg/L
T

T T
0 20 40 60

Time, hr

ot + T - oIl

ol s =aL, gholes0] 715 HWE A it
o] AR AXA 7] whzoll A5 S2F S5 =0
A= AL R oAfEt Lee et al., 2012).

34, E3&EnY

SAN-Zeolite H|=0]| &5} Sr 0]} Cs 0]2-2] A|A
4% S 91810 Fig. 79 Hlofele Brj2 $4) 14
S mElA} 4] 23} S wlalo] Hgsfo] u]ms)
ek, 1k 13} BRAL ket o] AofickHo and
McKay, 1999).

oyt
2.303

log(q, —¢,) =log(q,) — “4)
SI7IA ki ST 124 S]] SmA(1/hr) o] o),
qei= B A (mg/g)= HEhdith
FAF 22} S HEALS TR o] A elEtiHo
and McKay, 1999).

e (5)

71 A] ko FAL 22} £TEA]9] &I/d4x(g/mg-hr)
olt}.

Fig. 79| 32+ A% AE 4] (4%} 4] (5)oll 285t
o] Fig. 89} Fig. 90f| LFehfigl o, o]z 5e 15t ujet
]E] ZH52 Table 19]] %23}3ict Table 104 A7)

100

(b) Cs
80 T - L
- e
- //
I e
60 4 gf
g |
£ /p (g S
& & T
40 4 //,/
l/f o0 e}
il o
Lo 150 mg/L
207 200 mg/L
- 250 mg/L
300 mg/L.
400 mg/L.

T T T
0 20 40 60

Time, hr

Fig. 7. Effect of contact time on the adsorption capacities of (a) Sr ion and (b) Cs ion by SAN-Zeolite beads (SAN-Zeolite

beads: 2 g/0.2 L, pH 6, temperature: 20C).



A Lelo|ES SAN O & 1143}5F SAN-Zeolite H]=0] 2]+ Srik Cs o] 4| A

(a) Sr

In(q,-a)

100 mg/L
150 mg/L
200 mg/L
250 mg/L
300 mg/L
400 mg/L

omb><e40@

T T T T T T
0 10 20 30 40 50 60

Time, hr
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In(q,-a)
.

100 mg/L
150 mg/L
200 mg/L
250 mg/L
300 mg/L
400 mg/L

N
ompbaea0O

T T T T T T
0 10 20 30 40 50 60

Time, hr

Fig. 8. Plots of pseudo-first-order plot for the adsorption of (a) Sr ion and (b) Cs ion by SAN-Zeolite beads.

)2 G HITBIER, A} 1A} SEAl] - Sr o]
23} Cs o2 AAAR7E Z12F 0.925~0.960, 0.617
~0.9460]), A 27 S]] 79 Sr 0]} Cs o}
o] AAAL7T 242 0.991~0.999, 0.998~0.9990 & &
K27} 4540 A Rksaliz 8 o 4 2lick SrhCs
o1 2.0] A} BIFEA L o] estel] ofs) 1Y
7] ] oA 13 d552A) BER= 441 23 Sl
olsfl B & ASH Uk ey s 20 27] &
A&7} 7k A2 zeoliteE SANO]| 11435515
7] wjgol] ek Cs o] 20] 2w vRIRiet T
oflx] EEHG A7fo] WAse] FARE=TL st A
© 2 e c}(Apiratikul and Pavasant, 2008; Lee et
al., 2015).

3.0

(a) Sr
2.5 4
100 mg/L
150 mg/L
200 mg/L
250 mg/L
300 mg/L
400 mg/L

2.0 1

Omp>aq40O

g,
-
&

1.0 1

0.5

0.0

T T T
0 20 40 60

Time, hr

35 &S24
SAN-Zeolite B]E0]| 2]} Sr o} 211} Cs 0]2-2] A7
A8l AIE Langmuir 52217} Freundlich 5-24]0]

4
T
T

114102 Langmuir 52418 A B3 7}
Agato] Lheb L0 cheat o] FERFIck

qum Oe
q = Tk, (6)

714, qu= Z|tH S2FH(mg/g), k= Langmuir 4
AL/mg) 71831 Ce=HE 5= (mg/L)o|c}.
Freundlich ‘5-2412 E2A|e} S2Fd 24} Alo)9

chiA B2Re st ofje} 2k

25

(b) Cs

207 100 mg/L

150 mg/L
200 mg/L.
250 mg/L.
300 mg/L
400 mg/L

1.5 1

omp><4a0O®

g,

1.0 1

0.5 1

0.0 + T T T
0 20 40 60

Time, hr

Fig. 9. Plots of pseudo-second-order plot for the adsorption of (a) Sr ion and (b) Cs ion by SAN-Zeolite beads.
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Table 1. Kinetic parameter for the adsorption of Sr ion and Cs ion onto SAN-Zeolite beads

Pseudo-first-order

Pseudo-second-order

O g e a g : ae & :
(mg/g) (1/hr) (mg/g) (g/mg/hr)

100 31.63 19.48 0.0787 0.9609 32.89 0.0105 0.9998
150 3743 25.43 0.0505 0.9480 39.22 0.0052 0.9967

. 200 49.88 34.99 0.0494 0.9480 52.36 0.0035 0.9942
250 56.04 37.51 0.0474 0.9331 58.48 0.0035 0.9955
300 59.61 43.05 0.0569 0.9587 63.29 0.0029 0.9943
400 77.69 50.64 0.0462 0.9258 80.65 0.0026 0.9915
100 28.11 10.36 0.0693 0.8181 28.49 0.0271 0.9998
150 39.50 20.19 0.0712 0.8951 40.49 0.0109 0.9997
200 52.12 30.58 0.1239 0.9826 53.48 0.0109 0.9999

o 250 67.19 15.65 0.0586 0.6169 67.57 0.0205 0.9998
300 77.44 51.60 0.0895 0.9463 82.64 0.0031 0.9983
400 86.07 54.29 0.0878 0.9515 89.28 0.0041 0.9994

E s Hlas)] H, eof whet oFke] Aol E Hol7l=
g = kpC." 7N

6]7]A, kr= Freundlich A<~(L/mg)e|H, 1/n2
S e Aol
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Fig. 10. Adsorption isotherms for the adsorption of Sr ion and Cs ion by SAN-Zeolite beads at different temperatures
(SAN-Zeolite beads: 2 g/0.2 L, pH: 6, temperature: 20C).
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Table 2. Langmuir and Freundlich constants for the adsorption of Sr ion and Cs ion by SAN-Zeolite beads
Langmuir Freundlich
Ton T (K) Om ke 2 kr N 2
(mg/g) (L/mg) (L/mg)
293 66.82 0.0963 0.9991 19.21 3.98 0.8173
Sr 308 76.17 0.1078 0.9908 23.84 4.30 0.8931
323 79.13 0.1289 0.9956 25.40 4.26 0.8996
293 81.76 0.0746 0.9929 16.70 3.03 0.6625
Cs 308 81.50 0.1400 0.9999 22.35 3.65 0.8038
323 84.65 0.2258 0.9998 28.66 4.20 0.8333
L7} ZoKtol uleh ko] Z7RES BRI 4 9l 5ol uhE Sr o] Cs o)) RS AXkslo] Lkl

Stk ol L7} FtEkE B4 ole5o] Bael
270} B=919] FEF} 218k 11 o] Qs
o} aLEo] k5] ol F2H50] Z7IFhe AR A}
RN

F3E Langmuir 52410 2R E 151 k-2 0]-85}0]
BalQlA} RIS T3 4 9k RS TR8} o] A4k
tH(Park et al., 2010).
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Fig. 11. Dimensionless separation factor for the adsorption of (a) Sr ion and (b) Cs ion by SAN-Zeolite beads.
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Table 3. Thermodynamics parameters for the adsorption of Sr ion and Cs ion by SAN-Zeolite beads

AH AS AG (kJ/mol)
Ion
(kJ/mol) (J/mol - K) 293 K 308 K 323K
Sr 9.527 50.17 -5.424 -6.679 -6.679
Cs 37.48 147.2 -5.637 -7.845 -10.05
AG=ANH—TAS (10) M= Langmuir 52410 2 2859100, Langmuir

2] (9)E ol8sto] 293~313 KO 25(T) HelollAl
Z|2xxpsrgo]l o3t InkLy} 1/T o] 49| 7187
(-AH/R)2} HH(AS/R) O EHE] AHS ASE AXS}
L, o] FEEEHE 4)(10)S o851 Gibbs AFoll
A(AG)Z T3I%TE A (9)2F 4 (10)°l] 2185} Fig.
129] ZAaof|A] =& F5h4] wetulelE Table 39
LERRSIE:. AHZF ol F2FHkgo] FE Hhgo]
m, AS7} ol n® golluh Z2pA| 0] Aol A FE A
Tt Z713ke Bloleh 4= ik Tak AGYE Qo] mE
B2} "k2o| RpakA] 0] HES-0) S oF 4~ It} w3} 157}
EOMEE AGTZF RO ER 2 2ol Aol ¥
Z dojuj, Sr Oliir% Cs o]29] AG7IHH Zk—i
Cs o] 29| F&fo| tf YA dofds & o Ut
(Faghihian et al., 2013).
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