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Removal of Cesium and Strontium from High-Activity-Level Water by Zeolites. By
Hitoshi MIMURA, Isao YamacisHl and Kenichi AKIBA.

The selective removal of Cs and Sr from high-activity—-level water (HALW) has been studied by
the use of various zeolites.

The rate of adsorption of Cs and Sr increased with a decrease in size of zeolite particles, and
the adsorption reached almost 100% after 5h and 10h of shaking for Cs and Sr, respectively.

High distribution coefficients of Cs (Kcs=10*~10°) were obtained in the solution/zeolite ratio
(V/m) region of about 300 to 1000. The presence of sodium ion fairly affected the distribution of Cs™
and Sr?*, and Ka values decreased with increasing concentration of Na*. While the presence of boron
almost had no effect on the distribution of Cs; high Kcs values (Kcs = 10°) were obtained below 5000
ppm of boron. Distribution coefficients of Cs and Sr were also independent of the equilibrium pH in
neutral and alkaline regions at the ionic strength of 0. 1.

The removal of Cs and Sr from simulated HALW was effectively achieved by the use of mixed
zeolites, and the Kd value was 7.0x10° m//g at the mixing ratio of 48/52 of X/chabazite.

(Received June 9, 1988)

Keywords: high-activity-level water, cesium, strontium, adsorption rate, distribution coefficient,
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1) Collins, E.D.; Campbell, D.O.; King, L.J.; Knauer, J.B.: IAEA TC-518/4 (1984).
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SREFFA FELT, A X, Y (SK-40, 7 — F v#8) ks X0t erFH+1 b (Zeolon 900
Na, SM &Bs3, 7 — b VHED A, ABIOXEA 51 Mk, Kok (Baylith T-144,
W-894, 34 =B & IOMKR (A4, 13X, FHHER OborfiflLic. RALS
S4 ME, v A+F (IE96, C &Bs3, VvFg), =A5+14 b (EWREEFE NM
EHET) BEO 7Y s FFrIA L (BKHBZ Y HpE, CP M) 2k, 7o, HEOK
BHEAFFA MEIHF (Zeolon 900H, HSMEWs3) H{#f L7z, Table 1 ik, ALK ¥
54 O, {LFER, Si/Al Bk Ivt Cs & Sr o%ERYTT. Wihd Nafic=
VF v a=vrL, BEKEY —ECRBELALL ORERICHA L,

Table 1 Chemical composition of various zeolites and ion exchange capacity for Cs and Sr.

Zeolite Type Typical Unit Cell Content Si/Al Ece® Esc*¥
A Baylith T-144 | Nays [(AlOp):; (SiO)12] 27 HeO 1 223 ‘ 552
X Baylith W-894 Nags [ (A1O02) g (SiO2)106] 264 H,0 1. 23 262 419
Y SK-40 Nass [(AlO») 56 (SiO2)136] 250 Ho0 2.43 185 i 290
Chabazite IE-96 Na, [(AlOy), (Si02)s] 13 HO 2 207 390
SM Zeolon 900 Na Nag.7 [(AlO2)s.7 (SiO2)se.3] 24 H,O | 4.52 196 , 218
NM Kawarago Nag [(A102)s (SiOy) 4] 24 H,O 5 166 65. 6
CP Futatui Nag [(AlO2)s (SiO2)30] 24 H,O 5 133 ‘ 172

*  Ecs; Ion exchange capacity for Cs (meq. /100 g*zeolite)

*%  Esr; Ion exchange capacity for Sr (meq. /100 g+ zeolite)
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Cs & Sr D4ELEEL, v FEC IO UTOFIETI T2, €451 b % 66.7mg HEFFL,
25°C IR FF L7 Cs b L <k Sr ¥R 20 m/ WC¥Rint 5. 24B5RIRE 5%, BT 2O RE
(3000 rpm, 10%3) U, 7 HBESHHER X OVE#s pH #HET 5. 'Cs (HAT7A v b= 7FH{EX b
BEA) B X0 ¥Sr (EILASEHEG LINAC @ L W IBSIELE) »# r Lv—+w— L LCHV, RIH
WD HSHRE IR 107° 1 Ci/ml TH 5. FEHEK (Ko B IOBREER (R) (T ToRc X b
BHL K,

K= {(Ci=Cr)/Ce}V /m (ml/g) (1)
R={(Ci—C)/Ci} 100 (%) (2)

Ci, Ct : AHO WM 3s L OBEHE D 7 HsHE (cpm)
V:wBEE (m)
m:E¥XS14 +EE (g
i, —ERMBCRHEO—ERYYF Y 7V v 7L, BERKOEMZELE JR TR
wRDIC,
2. 3 BMEBEEHRK

TMI BEZARDILFMRY #5E & L CEBIEEBE KL TR L 72, & YR (HBOs) 8 X0 Ay
7 bV a (Na:BiO) BRZEASL, Nak IO BEE% 1350 ppm 35 X 3870 ppm &3
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Fig.1 Effect of shaking time on adsorption of Cs in chabazite.
Chabazite: 66.7 mg; V/m300; Solution: 1ppm Cs 20 m/, pHi
2.97~3.18; 25°C.
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Fig.2 Effect of V/m on Kcs.
Zeolite: 0.02~2g; Solution: 1 ppm Cs 20 m/, pHi 2.97~
3.03; 25°C; 24h.

2) Mimura, H.; Kanno, T.: J. Nucl. Sci. Technol., 22 (1985), 284.
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ZA4 bD Sr OHELTRKTIE, V/m 200~500 DFEIKICHB ANA S, U Ksr i (104~
10 #H TS ENGh ok, Dhoo &nb, DEOSMERICK T, V/im % 300, #F
& SR 24 BERICERE L 7.
3. 3 Cs BIWSr B
V/m300 T, Cs & Sr OBREX T I HE, FOBREFCE Kd 2BEL S5 50,
FEERokF D Cs & Sr OEERE
(107°~1ppm) <» Ka fE%x HET S
7o, Kaitx L3 Cs & SriBEOR
BT DTN, Cs DB 1~
//_o’_\ 10° ppm D& T D Kcs D% {b% Fig. 3
1050 O A SM O, _ . .
‘/—\ RS, 7ok, AEBRTO Cs 0P
l “a?A ik 3% 1({f3~5.e§x1(_>2 ppm ?%ﬁ%*ﬁ‘d’o
Sste, WFho¥4 54 T, Cs D
10* o - B »Y 100 ppm % T Kcs 1 10* LA
EoEwERRTS, FhUETIIAaN
CAET T2 EHENB DRI, Cs DX
BABIIRLE W v+ -S4 A T 207
meq/100g TH 5., KEBROFERM L,
Cs &2 100ppm LR, T 70 bk
\ D Cs DYPRENTBREBEDHK 10% LT
10°] o = o~ THIUTHB Cs BRERIERTE 5.
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Fig.3 Effect of Cs concentration on Kcs. pHi 2, A4 rElo Ka ©%ix Cs O3
2.80~3. 23. HHRTRRNE W EREDLR
7.

6
10 T T T

Kcs(m”Q)
>.o

10%

‘i/

e
b2

8]

3. 4 5B o pHIKF #

Yy 39 A b (C), EALFFA b+ (SM, HSM) B IOXEHF 51 FiZxfd5 Cs & Sr O4HEL
EOFfE pH & OBStR%, Th¥Fh Fig.4 X Fig.5 TR, AEB T+ vilEL2 0.1 &
L, @38 pH ¥ HNO;/NaNO; 35 X 0¥ NaNOs/NaOH i X » 8% U 7=, Fig. 4 2L B X 51K,
EATFAIBIP Y+ 394 bAD Cs OFELITFES pH iz A KA w7, pH2.5~12
DIEWHIRT Kes 1(ZBIF—ETH 7. —F, XEF T4 FTIEFE pHA S5 LTI T Kes 13&
WICETLTRD, pHEKE {KETIHEHARED bk,

Sr DEEVE, pH4 LT TRWTFho¥E4+ 51 P THLI3IEFE U Ksr R L, Ksr 13¢5 pH
O HFIL CTHATSH Z ERBDBRE, LiL, dELL 7 A VEETIE pH QI EA
ERFRET, HEA T4 P TO Ksr fHITZTH TN —EMlZ R LI, o, XEAXSA1 MIho
A T4 MCHRTHWIHEBRKRE 7 Ksr fHZ/RL7z. 7n3, TMI EEWK OpHER (pH=8.2~
8.6) TDOY+ "9 A bEEAFFA MNERITSH Cs & Sr DLHBERK (acs/ar) ¥, acs/se (v +
AHgA P)=11 BI acssr (BEATHFA F)=20ThH 7. ¥, XE¥FS5A BT S Sr &
@s D BEREUIT asrics (X)=2.9 TH - 7=

*Cs & Sr OEERE (acs/sr) XFE—FKBTTOREHIF4 v (Cs*, Sr**) © Ka DHE LTET,
&Cs/Sr =KC5/KSr
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Fig.4 Effect of equilibrium pH on Kcs. Carrier free Cs; ionic strength 0. 1.
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Fig.5 Effect of equilibrium pH on Ksr. 10 ppm Sr; ionic strength 0. 1.
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BHERKFDOERSTHD Na* BIOBIEED Cs & Sr OB RiFTHEL 7. TMI
FHFER D Na 1% 1200~1350 ppm ¥ X 0" B X 2000~3870 ppm DEiFH & e X T
WBY, KEERTIZ IS OWEEREAAD T, Nak X OB 5% 10 ppm > 5 5% 10° ppm
F T CKEXHIEL 7. Fig.6 X, A, XEBIOYXHF 51 rietT s Kse R
Na REOE&E /T, Na' BEOHEIMC L L7y Ksr DEFARDLR, BCYXEAXFT A +T
EEICET LR, CHIZABIOXICHRY AT 1 D Sr BIRMEMEWC LI EDEEL D
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Fig.6 Effect of Na* concentration on Ksr. 50 ppm HERBOERSRE S R, Sr OFERE

St; pHi 2, 85~3. 24, DIETHRRD BRI, P EDZ &nb, Cs &

Sr OFELCIIBIRE X D L Na BE O

MHEKEL, C ODBREZIZELTFTFHA P BIO v v 91 b, Sr OBREBCIZABIOXEA 51
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Fig.7 Effect of B concentration on Kcs. 1ppm Cs; pHi 3.12~5, 39.

3. 6 BEEBELRANLLORAEXS M MT X% Cs & Sr DkgE

KEDOEFHRKFD Cs & Sr #FERFCHRETHADHITE, Cs & Sr Fxixt U CRBIREDE
WA T P ERAL UERAT2O08MERNTH D, KRR TIIEEEBEAK (HALW LB
HHEHL, FHEEYFSA MESHREHT S Cs & Sr OHEFRANR, BHELESRCOWTHE
T5, $7ebb, Cs & Sr NEU Kad 2R TRAGEPRBERESHE AL, Zha Cs & Sr
D 5B R D AE A R,

—fl& LT, Fig.8 Wizl#EBE kb0 X/C, X/SM, X/HSM B&€4+ 5414 +~D Cs
& Sr D4ELERT, Cs TRBIREOF V> v 391 b (C) ®EALFF 1 + (SM, HSM) I,
BIT1Z Kes 28 10 BEOFH WMER R T2, XE4+ 51 Foimc s L 7cu Kes 1IHETFT5
—%, Sr ORI ECmhBIThA D, BEHKB0%S R T2 Ksr DA R ameL
Z @z kix, Collins”, Komarneni® # X OVEEY SABRCHAE L TW5 X 51C, SroBticstL
TREAC X 2HEENLHRBENR b0 EELDOND., FOEHBEOA LT Cs & Sr w3
U Kd fECERELS DB AKTHY, X/C DEEH 48/52 DIRAFRT Ka=7.0x10° (BFEX
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T T T T Table 2 Kd values at optimum mixing ratio in
s various mixed zeolites.
r —
c -
10* ?—\s /§”———— Mixed zeolite | Mixing ratio Ka (ml/g)
3% ~ ‘ | -
~ \::g\\\\ A/C ‘ 59/41 5.4 % 10
N ///// '\\\\, A/SM | 48/52 4.5%10°
E & Y A/HSM 45/56 4.6x10°
107 - 3
2 //// X/¢ o X/C 48/52 7.0x10°
g X/SM a4 P X/SM 46/54 5.5 10
X/HSM VvV X/HSM 35/65 5.1x% 10
2
10 < =
[ , , | 96%) MEBhic, fBOBEERNL L FRE
o 20 40 60 8o 100 I EES % R ® Table 2 /r$, A
X zeolite (%) CHRXEH 5 A F’Xﬁ{?ﬁé’%@jﬁﬁ\“%’
Fig.8 Effect of mixing ratio on Kd in simulated 2 Ka xR L, e X/CRNUER
HALW. Zeolite: 66.7 mg, 32~48 mesh; V/m 300; N = .
$ BGREFE2LBRLD, COXSCRAEA

HALW 20m/, pHi 7.96~7.98; 25°C; 24 h.
SA MR HWD I LD, EFERAN

B Cs & Sr ZFFICRIR L CRET DL LENFRETH 5.

4. ]

€+ 514 b~D Cs & Sr DR FHEL, Cs TS BEfE], Sr T 10T R T EFBfEcE
L7z, Cs DHELCE W TREKE R V/m 300~1000 T Kcs 1XI3Ig—E &L 70 5.

Cs & Sr OAHEUCX LT, BEEIRIZEAEEEL 2, Na BEo KT > oE REE
(K& 315, 72220, Na BIOBEREEVFRE 2000 ppm LN THhiuE Ka fHIZ 10* L)
b (BREEKIOY LAE) masliz. Cs & Sr @ Kafiix, ik L8742 vV S CF# pH @
ZEALEEKFETIRIE—ETDH 5.

BEEEBYR»BREEA T T D Cs & Sr 2R L ERETE, XE¥+51 1 &
T YA P ORER (EEH 48/52) THRILEWVE Ka=7.0x10° (ml/g) »HBbhi. h
LDOFERIY, BEXEATA P AT A I)EBERKUELZITS>BHE, » 7 2RHCkT 538
— 2L LTHEHELEZOLND,

AP RORITICHI= ), HELTHRY 7R L TEC I FER RS 8 PILAFHEKC RS LET, 7o
¥, RKPtRo—Hi BRI e B RiE4 (61780260) &M L,

3) Komarneni, R.; Roy, R.: Scientific Basis for Nuclear Waste Management, 2, edited by
Northrup, C.J. M., (1980), 411, Plenum Rress.
O = 8 R, EE RS RERRS, 16 (1983), 110.



