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Dynamic properties of lon Exchange of Cesium into Zeolites. By Hitoshi MIMURA,
Mitsuru FukuMmori, Tozo Otani and Takuji KaxNo

The distribution of cesium ion and the properties of ion exchange was studied in various kinds of
zeolites, i.e. synthetic mordenite, natural mordenites and clinoptilolites.

The distribution coefficients of cesium (Kg¢) exceeded 10® even in acidic region (pH~1), though
the K¢ values somewhat decreased with increasing acidity.

The dynamic properties of ion exchange were examined by zeolite-column process and the break-
through curves were obtained at different low conditions. The break-through capacity, the total
capacity and the column utilization increased with the increase in column temperature and with the
decrease in the flow rate. Heat treatment resulted in an increase in the strength of zeolites, which was
desirable for handling them. The zeolites heated at 300°C and 500°C increased in their total capacity of
ion exchange of Cs and the granulated zeolites heated at 500°C improved in its exchange rate and column

utilization.
(Received June 6, 1979)
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Table 1 Structure and ion exchange capamty of Cs

Zeolite ’ Structure?) l Associated mlneralb) r Eg®
SM ‘ Synthetlc ‘mordenite — i 192
NM-1 i Natural mordenite Q, A | 166
NM-2 ” Q | 131
CP-1 ' Natural clinoptilolite Q | 146
cp2 , Q | 118
CP-3 i " Q. ¢ | 91.9
CP-4 ‘ » Q : 57.9
CP-5 ! " Q 103
CP-6 " Q

154

a) Mordenlte Nas[(AIO) (8102)40]-24H20
Clinoptilolite: Nag[(AlO,), +(Si0,) 4] - 24H,0

b) Q: @-Quartz, A: Albite, C: Cristobalite

¢) Ecs: Ton exchange capacity of Cs (meq./100 g-zeolite)
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Fig. 1 Experimental apparatus for zeolite-column process
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Fig. 2 Variation of distribution coefficient of Cs (Kgs) for
Na-type zeolites with equilibrium pH (carrier Cs+:
10 ppm)
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Table 2 Break-through data of various kinds of Na-type zeolites
(column temperature: 20°C, S.V.: 9.0

Zeolite | BT. Vol. B.T. Cap. ‘ T. Cap. ‘ U

“ (ml) © (meq./100 g-zeolite) | (meq./100 g-zeolite) | (%)
SM | 55 | 92 | 192 a9
NM-1 49 82 ; 166 ‘ 49.4
M2 | 50 | 83 “ 131 634
CP-1 | 43 72 1 146 9.3
CP2 | 30 50 | 118 | 42.3
CP-3 16 27 | 91.9 29.4

CP-4 10 17 57.9 ! 29.4

12) L.V.C. Rees & A. Rao: Trans. Farad. Soc., 62 (1966), 2103.
13) W.H. Meiser: 7. Krist., 115 (1961), 439.
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Table 3 Break-through data of zeolite NM-1 at various column
temperatures (S.V.:11.8)
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20
40
60

55

86
100

B.T. Cap.

1.0
08
o 06F
2
O
0a4r
02r
0 d 1 1 1
0 50 100 150 200
Etfluent volume(ml)
L 1 | 1
0 10 20 30
Bed volume
Fig. 4 Effect of column temperature on break-through

property of zeolite NM~1 (S.V.: 11.8)

‘ T. Cap.
| 157
| 181
i 187
80
I NM-2
Seor — °
R NM-1
: el
£ SM
—'03 40+ /O o/'O
o /
Y
20 I 1 1 1 J
0 20 40 60 80 100
Temp.(°C)
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Fig. 6 Lffect of flow rate on break-through property

of zeolite NM-2 (column temperature: 20°C)
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Table 4 Break-through data of zeolite NM-2 at various flow rates
(column temperature: 20°C)

Flow rate. (S.V.) ! B.T. Cap. T. Cap.
11.8 i 55 - 129
9.0 ‘ 91 ; 131
6.0 | 100 ‘ 140
80 x10°
5 -
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Seor G
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N NM-1___ o3l
5 T z
€ s
£ S oL
32 0 <
G 40 SM —o——0 )
S \ ‘\
Q 1
N\
Il 1 1 1
20 | 1 1 1 L 0 2 4 6 8 10
2 4 6 8 10 12 Distance from the top of the column
S.V. (cm)
Fig. 7 Effect of flow rate on degree of Fig. 8 Effect of low rate on adsorption band
column utilization (column tempera- of zeolite NM-2 (zeolite: NM-2 (20~
ture: 20°C) 32 mesh), soln.: 13Cs (10-2uCi/ml) in

IM NaOH, efflueut volume: 1-339 ml,
2 and 3-300 ml)

BRERL, EOFRRAENTREE B2 bR,

Fig. 8121k, NM-2 &\~ T, 1M NaOH ¥ b7 5 S 15 37Cs (10~2UCi/ml) 4 45 Hablh 545,
HITEAERAY v FER{FEHAL T, VY FlL = av A R-TAF vy = T AL LIT LY,
H%EWQ“Wk@%&%ﬁ%ﬁ%bt%%m<WVCﬁLt.Sv3ﬁ%l§18fuﬁ&ﬁ¢
Kme®ﬁ&@%&%hf,SVJLSK%M(%%QXM‘MH@E@ﬁ&ﬁh&Eiqt.i
TR Cs DRIFIBIKILTRD b AT, X5 @S ImMEA I S 2.

3.4 InEUFLA 51+ ORHEENE

%%Eﬁf%{b&wsAKﬂM?%%,%@%é@tb%%@%mﬁﬂ@%nkm%%%@é.
:@&%%@~0&Lf,ﬁ#a%r@%ﬁ&@ﬁ@%kmﬁﬁﬁﬁ?ﬁﬂ%%ﬁﬂ@b.%@ﬁ
m%ﬁKObf%ﬁLt.%%@@%»%%4}%iﬁaU/7%mﬁfrm,%Wcutf%%
B D 125, 300, 500, 700 *s X 08 900°C T 3 HERSIANAMLEEL U 7= & o> 4 di i L 7
Fig. 9 % L0 Fig. 1013, 2@ ~f& LT NM-1 OWHlERS 078 & - RIS — 2 o oL
WMECLL2HEBYRLIADTHS. FRFICH S, MALEIC Y b€+ 5 1 ¢ IOREEA L, B
Dmbﬁ%ﬁﬂﬁ%ﬁkot.ﬁf%fb%ﬁﬁ%th(*Vﬁ%%@%%ﬂﬂ@ﬂﬁ@%@i
T,ﬁ&ﬁ%i@ﬁﬁiﬁ%%u&ﬁdﬁbfb%tb,:h%m%®E%5fFKWﬁ®ﬁ&%
ibhé.%WCTﬂﬁLtQGm,%XX%M%K&OM%%%Eﬁ@%M&LT%D,i@
PO T2 RS fu 7. 300°C 45 L0 500°C CTMAMLEEL 2 & D13, #iks 200ml (bed volume—

82) BETH - Th C/Co=1 1Tix 5w, AR N T R MmA RO MR RS iz, &b



HRATI54 426 H YA T A MTHT 5%y 7 o OB B 25

C/Co

@
B
N 200
1.0 @
g
os L/ 800 H e
- . 150 c
g 3
5] 3
0.6 = <
v =
g o 2
04 § El
© s
= 50 ~
0.2 ©
1 1 I 0 :
0 50 100 150 200 o] 200 400 600 800 1000
Effluent volume(mil) Temp(°C)

Fig. 9 Break-through curves of zeolite NM—1 heat- Fig. 10 Effect of heat treatment temperature
treated at various temperatures (column on break-through data of zeolite
temperature: 20°C, S.V.: 9.0) NM-1 (column temperature: 20°C,

S.V.: 9.0
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14) D.W. Breck: Zeolite Molecular Sieves, (1974), John Wiley & Sons, Inc.
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Table 5 Break-through data of granulated zeolite NM-1
(column temperature: 20°C, S.V.: 9.0)
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| ' . I ’ N
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