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Evaluation of Ion Exchange Behavior for Sr and Cs Ion Solution

with Inorganic Ion Exchangers
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Abstract

The various synthetic and natural inorganic ion exchangers such as zeolites, potassium
titanate and ammonium molybdophosphate(AMP) were tested on their ion exchanger
behavior for Cs and Sr ion solution. The distribution coefficients and seperation factors
for the single component and the multicomponent solution were measured with the pH
variatioin of 2 to 6. The zeolite 4A and the AMP showed the highest distribution
coefficient for the Sr and Cs, respectively. However, for the separation faoctors for
mixed solution, K2Ti409 and AMP showed the highest values for Sr and Cs ions,

respectively.

A it 2 et vheet YA Ag s Eeetal 9]
ol 27 Ase skl wRy B pEANIE A7 AP v 58, 1F 9
A71Ed EAst= Sr-90 R Cs-137 5& A2 AFolr] YAMIH eirt 27] giio]



A o sAAA Exm A7k gt o] F AFE A A HE HFEHR &
FEol ol dezel FE7t FaskH AR bAAES adste] FE 7] o] 2udAE
o] g% AT AIrt o] RxH I Y 53, ALTgolEE AT AV|E e 3249
T2 AAAN dFu=aatd AxFxe B4 2 K, Na, Ca 59 gl Z+7 Hi
Hol v v FFRE 2 57 FAARA BAME A dudd EAlete dolFe A
2 2 93 ArgHAA gt

AgolLo Az oL WA ZE ammonium molybdophosphate(AMP), potassium

cobalt hexacyanoferrate, Chabazite, Clinoptilolite,’ "So] W ¥ ¥, ~EZE o)L A
B2l o] 20 3A 2+ Titanate A€l &2 5 ZAA silicotitanate, EJ€H4F & 2 A3
A*V50] muHm k. 53], Mimura et al.'= ol 7}x] o]0 EAjsE £ ol
4] Potassium nickel hexacyanoferrated ©]-&3lo] Al o9 st &2 54L&
ov, Elizabeth et al’= 2EEF A# o250l L3d AN 2ESFY
7ol 3k sodium nonatitanate® pharmacosiderite®] ©]-2& =l
g &HAA EA o] HdEA 7 H AAE AT A7 A& Ha AAN o 7HA|
WA A Fo] xFE EFHAA FEC TS WA= AAE A Hrbe v F

o] t}.

whEfA], B AT A= oy 7FA] F7]o]R wWEHAE o] &dte] Sr F Cs o] gk AH
e Hrketal HAME AFEC] FESE EFEHNA o] 2udhAe] FAe] w A= T

A4E BrsnA sk
2. A7

B A= A AlSgto)lEQl 4A, 13X, AW3009 F7]1& & A2l potassium titanate,
ammonium molybdophosphate @ 2M NaOH ¢ 4M NaOHZ =g ¥ clinoptilolite® A}-& 3}
2t £3], Clinoptilolitex 2M¥} 4M NaOH £ 500 mLel 50 g Z7 ¥& & 80T,
300rpmoll A 4A17F Fet wEEAI A o STHSFE AHIL F 0TCE 25 F AFHAY Sr
# Csolzo digk EulAs 4382 0.0IN Sr(NO3)2¥ 0.0IN CsNONz& < 10mLel F7] &
ZA 05 g& FH7bshal Hge % 25T, WEE % 185rpm, WHEAIZE 2hroll A 32 W o

W
=]
2 F8gErth o)lw Sry Cs&N9 pHE 2.00~6.007F4 WA A pHEZEA HNO; &

S A3 g0l By & Sryf Cs& NS 0.2mm syringe filter2 o 343l Aol o
A &S FH3Fo] A.A(Perkin-Elmer, model 1100B)3#4 425 Alg3}e] Sr3} Csol 9 7
FEE S48 Sr# Csol=d tigt Ful Al (Ka) & v 7ol geje
_ G- GCG v
Kd = Cf X m [mL/g] (1)

714, Gt Cimeg/mL)&= 7t7} §Heo 27| xet HEFEolal V(imL)e m(g) ZHzt
Hu

g9 B39 FHAY F2 o

£ Lo



3-1. Gl A o FuljA T ?ﬁ
WA AE AAdAM = Frlol 2k A o] o] 23t A Bt AR EujAIFTE A A
SHTh ASolE B F7] o] EP& o] Sr B Cs ol g J8A H7HE Fig. 1%
Fig. 291 YelUideh. Sr o]0 g HdE =i zeolite 4A > zeolite 13X > K2Tid09 >
4M NaOH CG > 2M NaOH CG > AMP > zeolite AW300 2.2 el or A8 Aol
o zeolite 4A2] 745~ pH6oI A ol AlG #h(Kas) o] 29x10" o4 oz =& 718 nr)
H29| 3k GGl ME zeolite 4A9] Sr oo i EujAISE Fto] 65x10°0]F0 2
%%% B3t pH3 ~ pH6 WA= Al&dtolE B Frlo]2udkA| o] Srol2o ojgh
A grel Wstzk Aol fiAAT pH2ol A4 Fole= EulAT el Aols B
ol &l A= H o9 b d/del od A&EolE 2 Fr]o] 2 shA
Sr o] & Fzo] Y& wErha AR EY. Cs oo digt d¥lx= AMP > 2M NaOH
CG > 4M NaOH CG > zeolite AW300 > zeolite 13X > zeolite 4A 2.2 YEGoH A
gl4do] FL& AMPe] 4, pH6AIA EujAS gh(Kacd)ol 7.0x10" o] oz o F7lo

%o

rlo <3 r1

==

£ HUE: HE b o

WEA Hup 2o e wYgown pH2o Ak JdoAm RujAS gho]l 66x10'0 4o
EUTH 53], pH ¥Wstd & FujAls gkl o)zt Ao glomg At °ﬂ°ﬂ°ﬂ*191 H' ©]
o gk A A S WA S IS ASHoE H tE FUlol
WA= Sroo]29 A$-9F vl AR pH2el AAF G H o9 °§é§:—% s o
T AT

EdgA e BulAS AA
RololemdAel olend 4% Brb A4 BuAF BW ol R g
=Kaa/Kap)7b AHE 5, Al&eto]E 2 7] o] 2w kAol Sr B Cs o] gk deA 3
7V Fig. 3 ~ 69 YEHAT. Sr-Cs &3t &Rl 2] Sr o] 2ol izt dewe=
4A > zeolite 13X > 4M NaOH CG > K2Ti409 > 2M NaOH CG > AMP > zeolite
%!
i

AW300 =02 Uelron Melio] £ zeolite 4A8] 4, G R v =3 FFS U
EFRATE pH2 ~ pH6 WA T gitolAe] EulA4 gk} vlus] & o, 2] Hxo
2FolE HPom, ] Csol9] d&go =z zeolite ¥ F7]o]2nghAd 23 Sr o] F=
o] 9L W Aoz Amdr. £3 AHEAME Y ARAAMS mpHIIAZ pH3 ~

pH6 WA= Sr O]%Oﬂ gk EulAle ghe] Wshrh A1) fIAAI N pH2e| A4t Al
A oAl #el AolE Btk Cs o] tig dExE AMP > 2M NaOH CG =
zeolite AW300 > 4M NaOH CG > zeolite 13X = zeolite 4A TS 2 L E o AMP94
B, @l AEAA A7 ASdgolE @ vE FUlo]ugAHY dedo] gkt =
g pH ®Wgte] mE EujAlo Aol @ A vl A3dS Btk pH2 ~ pH6
Wl Gd e EujAls gt vlws] = w28 Y=o xolE HomW, o=
3 AEoNAL Sr ool HdEA Ertel sdd AdE e EE 1A HUl A=
Sr o9 A9, K2Tid09 > zeolite 4A > zeolite 13X > 4M NaOH CG o2 YElyto
H, ol Sr-Cs &F & oA Sr o] &S FEsted oA K2Tid09 F7]o] 2w kA A}
fo] §94AS HogFa 9t} Cs O]iol 49, AMP > zeolite AW300 > 2M NaOH CG
o7 b}E}‘;}{EH%, o]+ Sr-Cs &£3%+& ]7\1 Cs o]& Egsl=tsE AMP $7)0] w3k
Abgo] &3 9de vEdY waA, e A Sr 2 Cs ol2S ERHoR st
7] 9l F710) weA9l K2Tid09 2 AMP2| Ab-go] npedz st

al



4. 4 £

3 A& 2ol E(4A,13X, AW300), F7]0]-2 kA (K2Tid09, AMP) ¥ $4t3} JEFO=Z
2] ¥ clinoptiloliteE ©]-&3}o] @Y AH Sr & Cs o3 Sr-Cs =3 g0 gt A
A o] sS pHHst] whe} AR @Y R 278t A Sr B Cs o] sk
Bl A4E ZH2E zeolite 4ASF AMP7F 7b4 =gkow, o1 e pHolM 27k 2.9x10°
mL/g# 7.0x10" mL/g o]/l itk pH2ol 4t el EujA49 pH3 ~ pH6 W9
ool RujAIF7E 2ol E HALh ol iAo H o9 7&*4 dgell o Al
glolE gl Frjo] 2w gkAlel Sr @ Cs o] digt HEH o

A2 " Sr-Cs &3 &9 273 oAM= d A

r =

T kel dolA 28 HEe] AolE HYEH o= EFF AwolA Sr E Cs o|2E°] AR
AHARE Yot Aow AmaAth Ed, A Bl E Sre] 4, Frlol e
ARl K2Tid09¢] 7H¢ -4 aFaL Csel 45, AMP7F &34 de4 #elsS B
7ake] 2
2 ATE BeEre A48AT AR dBoR FRHAFUT
Foawd
1. Enarsson, A., Landgren, a., Liljenzin, J. O., Skalberg, M., Spjuth, L., Gudowski,

W. and Wallenius, J. : "Partitioning and Transmutation(P&T) 1997”, SKB annual
Report, TR-98-14(1998).

2. OECD/NEA : "Actinide Separation Chemistry in Nuclear Waste Streams and
Materials”, NEA/NSC/DOC(97)19 (1997).

3. Amphlett, C.B.: "Inorganic Ion Exchanger”, Russ. trans., Mir, Moscow, Chapt.4. (1966)

4. Mimura, H., Lehto, J. and Harjula, R. : J. of Nucl. Sci. and Tech, 34, 484(1997).

Mardan, A., Ajaz, R., Mehmood, A., Raza, S.M., and Ghaffar, A.: Separation and

Purification Technology, 16, 147(1999).

Robinson, S. M., Arnold, W. D. and Byers, C. H. : AIChE., 40, 2045(1994).

Mimura, H., Kobayashi, T. and Akiba, K. : J. of Nucl. Sci. and Tech, 32(1), 60(1995).

Sevesta, F. and Stefula, V. : J. Radioanal. Nucl. Chem., 140, 15(1990).

. Anthony, R. G., Philip, C. V. and Dosch, R. G. :Waste Management, 13, 503 (1993).

10. Letho, J., Brodkin, L., Harjula, R. and Tusa, E. : Nuclear Technology, 127, 81(1999).

11. DeFilippi, I., Yates, S., Sedath, R., Straszewski, M., Andren, R. and Gaita, R. :
Separation Science and Technology, 32(1-4), 93(1997).

12. Elizabeth, A., Behrens, Paul, S. and Abraham, C. : Environ. Sci. Technol, 32, 101
(1998).

13. Rolly, J.W. : "Utilization of zeolites for the removal of radioactive from liquid-waste
streams”, ORNL TM-7782 (1981).

o

© 0 N o>



14. Ruthven, D.M. : ’"Principle of adsorption and adsorption processes”, A
Wiley-Interscience publication (1984).



B Zeolite 4A
® Zeolite 13X
106 - Zeolite AW300
E T T T T T ]
; v K2T|409
r AMP
10° L 4 2MNaOHCG
g 4M NaOH CG
—_ . T
r [ ] n
-‘2 10" - H ° °
3 v v v v
3 v
10°F
Y E
o] 2 I
E 10 E_ 1 4 P
g 10 — <
(& [
100 1 " 1 " 1 " 1 "
2 3 4 5 6
pH

Fig. 1. Effect of pH on distribution coefficient of Sr*' ion  with inorganic adsorbents.
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Fig. 2. Effect of pH on distribution coefficient of Cs  ion with inorganic adsorbents.
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Fig. 3. Effect of pH on distribution coefficient of Sr”' ion

with inorganic adsorbents in Sr-Cs system.

B zeolite 4A
® zeolite 13X
zeolite AW300
10° . ; . ; . ; v K2Ti409
: AMP
r 4 2MNaOHCG
oL 4M NaOH CG
10' F
g F
g 16 . 4 4
8 10t
! F
(0]
c
810"k M v v v
bel
X
100 " 1 " 1 " 1 " 1 "
1 2 3 4 5 6

pH

Fig. 4. Effect of pH on distribution coefficient of Cs ion

with inorganic adsorbents in Sr-Cs system.
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Fig. 5. Effect of pH on acs in Sr-Cs system.
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Fig. 6. Effect of pH on acs in Sr-Cs system.
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