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Study of selective-permeability of cesium ion through cation exchange membrane

Azuki Suzuki, Ayako Mort and Hiroyoshi INOUE

Summary—— The safety treatment of large amount of radioactive-cesium containing
water generated by Fukushima Daiichi nuclear power plant accident on March of 2011
has become a major issue in the accident processing. This study relates to selective
permeation of cesium ion through a cation exchange membrane. The membrane
permeation of cesium ions through the cation exchange membrane was found to
vary depending on the concentration difference between phases separated by the
membrane. Moreover, it was also revealed that it is hardly influenced by the charge
of the metal ions coexisted. It was suggested that the cation exchange membrane are
available to remove the two or more valences ions from radioactive waste water which
was occurred by reactor accident and was mixed with sea water and soil.
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1. MELLIFHEAA VR

No. T VAR AR

1 1.0 x 10~° mol/L NaCl 1.0 x 107 NaCl + 1.0 X 107* — 1.0 x 10" mol/L CsCl
2 1.0 X 107 mol/L CaCl, 1.0 X 107 CaCl, 4+ 1.0 X 107° — 1.0 X 10~" mol/L CsCl
3 1.0 x 107 mol/L MgSO, 1.0 x 107° MgSO, + 1.0 x 107° — 1.0 x 10~" mol/L CsCl
4 1.0 X 107 mol/L CsCl 1.0 X 107* CsCI + 1.0 x 10~ — 1.0 x 10~" mol/L CsClI
5 1.0 X 10~* mol/L KCl 1.0 X 107° KCl + 1.0 X 107* — 1.0 x 10~" mol/L CsCl

3. REER - EER

B AL E OFE R (M 3) 1, THERD CsCLIFRICAR LT 7ry b Lk, KBEEAMLX
CsCIiFROBME L B ITHARLTEY, A 4 v ZatEricor Ik, £, KA+
VAR R T E AN E L o TV B 2 D5, EEEHITE VA 4 IR 2 R
T EDHS I > 7, WHETIE, KRBT R A A4 VBRI 2R B % 23,
WEBAA A AR HBE ZF NS E B o R AR L, JHUR, S AU B KRR
3L TWw5,

O, DX RBGA A MR TI, 2 OBEREEEICHERSEEE LS, Uk
HEMIIC X > TOHES 2 4 4V SEBE DL AT, A 4V ERPIRECED S BV T LA
VEBE X7 LAY HHEEEA A VIcB T li& 2liTldZ ORMEMEELS 2MliIcE B
WIZHENTH 270 TH S, L2LEDPLK3TREINS LIHIZ, CaAfFvrdH b wik Mg A
F Y OHFFITE TS U iif 4 v OMFEOEE L3 LA EBEEMIZZML Ty, Lichs

3



BEMER AR H AL - AREIE No. 59 (2016)

NaCl — CsCl system CaCl, — CsCl system
S 120 s 120
~_E- 100 » £ 100 »
[ =
E 80 //A % 80 //‘
O
§ 60 - % 60 /
@ a0 */‘/ S w0
c
J e = J
5 £ i
é’ 0 qE, 0
0.0001 0.001 0.01 0.1 1 2 o0.0001 0.001 0.01 0.1 1
Activity (mol/L) Activity (mol/L)
MgSO, — CsCl system KC1 — CsCl system
< 120 S 120
:E— 100 /,A §- 100 »
© ©
£ 30 / £ 80 //A
[7] (]
§ 60 A § 60 /
@ 4 il @ 4 e M
c / c
© < © RS
S 20 4 s 20
£ £ X
§ 0 % 0
0.0001 0.001 0.01 01 1 0.0001 0.001 0.01 01 1
Activity (mol/L) Activity (mol/L)

B3, F SR
AZETZTOMERER 2R L, Fftd CsCl - CsCl Rl BT 2 EBEMZ2 R LT 25,

T, RBEA A v a8fafily, X7 A Xoay ba—nic kb 2{fiA 4 v o@EE»IE S Tw
52 EDBbr5,

4 SHOREZ

KHETIE, A A v iz e Z5Ric kD, RSt 7 =2 oELTH 56
7 NEOCEPTA CMX &, 2ffif A4 v 2Hkxd % Z & T 1Ulif 4 > O@E#E2HERTE 2 2 &
WS Lo T, T LA THS A K )1, 1lif A rohTesr L4 A iE, Na
AFVBLIOKA A XD HBENEEE 2R L 7208, ZORERZNZERES Aol
MREH I OFEEIERIC X D B EF NI > T L2 AR P O DR Y LREE
EABLEE, TROKEZRGA A v TP 2 EV53ORIND 2 fliA A > OFEBIZHNH & 4,
Bt > L2 &0 L liOBEA A v DHARNICEATL, S o ICOSIOMABEI§ 5 2
EVHIRFCE S, TORE, BITROEIUKICIEIBEEE LS 7 L0280 Uit Ay i L),
SR ABESAIRE & 75 %, BUE, AFBROIRELEES L OA A4 viikzllEhcdh, 2
Noz2E&0T, JIHHEBNHIIHED CREBRBOEAZIKY, X 0L 2177459 TE
ThH3s,

4



WA A v sl flv 7ok o A o PUE @I IS BT 2 198 (B - BEHL - JF 1)

b. #

KGR DB, R 26 ~ 29 FEEE 70— N )L 4 TV A ¥ ¥ VoS RAEE (M TBOE AR
2RI BRERS) 70 & ONICPRR 25 ~ 27 4£FF JSPS RHf i igmise (C) (No. 25350264) D)
WAEZTE L, JIWCHEHBL ETET,

6. SEHR

1) JE R3S - R EREE OB, HAYUINRE S 2MEE 7 (5), 671-675, 2011.

2) Inoue H : Influence of glucose and urea on 125 I transport across an anion exchange
paper membrane. Appl Radiat Isotopes 54 ; 595-602 (2001).

3) Inoue H : Effects of co-ions on transport of iodine ions through a non-conventional
anion exchange paper membrane. J Membane Sci 228 ; 209-215 (2004).

4) Inoue H, Kagoshima M, Yamasaki M, Honda Y : Radioactive iodine waste treatment
using electrodialysis with an anion exchange paper membrane. Appl Radiat Isotopes
61 ; 1189-1193 (2004).

5) Inoue H : Radioactive iodine and chloride transport across a paper membrane
bearing trimethylhydroxypropylammonium anion exchange groups. J Membrane Sci
222 ; 53-57 (2003).

6) Kaibara K, Inoue H, Aritomi T : Multi-ionic potential and membrane permeability
matrix. III. Diffusion and concentration of ions within membrane phase as a
zontrolling factor to ion permselectivity. Bull Chem Soc Jpn 62 ; 2362-2368 (1989).

7) Inoue H, Kagoshima M : Removal of *’I from radioactive experimental waste with
anion exchange paper membrane. Appl Radiat Isotopes 52, 1407-1412 (2000).

8) Inoue H, Lakshmi DS, Yamasaki M, Yamagishi S : Removal of pertechnetate ion
(99 mTcO, ") from radioactive waste using anion-exchange paper membrane. Environ
Protect Engin. 31 (3-4) 119-126 (2005).

9) Kimizuka H, Nagata Y, Kaibara K : Nonequilibrium thermodynamics of the ion and
solvent transports through ion-exchange membrane. Bull Chem Soc Jpn 56, 2371-
2379 (1983).



