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Study on distribution coefficlent for cesium between

granite and water (Note)

*
Shigeru YAMAGATA , Kenji SHIMOOKXA, Muneaki SENOO
Kunio ARAKI and Hitoshi AMANO

Division of Environmental Safety Research, Tokal Research

Establishment, JAERI

(Received March 3, 1981)

As a part of safety evaluation of geological disposal, dist-
ribution coefficient, Kd has been measured in the laboratory.
The Kd for Cs between solution and granite which is one of the
candidates of igneous rocks for repository, has been measured
by typical batch method.

The weight of Cs adsorbed on the unit weight of granite 1is
constant in the case that the concentration of Cs in solution
is constant. There is no dependancy of the weight of Cs adsorbed
on the unit weight of granite on thesurface gross area of gra-
nite at equilibrium condition. Consequently it appears that the
Kd, which 1s calculated from the weight of Cs adsorbed on gran-
ite, is constant in the case that the concentration of Cs in
solution is constant.

The value of K& at equilibrium condition varies from 20(ml/g)
to 1(ml/g) in the range of high Cs concentration solution. Cn
the other hand in the range of low Cs concentration, it seems
that the value of Kd is almost constant, independently of the

(s concentrations.

Keywords; Distribution Coefficient, Cesium, Granite, Ceological
Disposal, Repository, Batch Method, Adsorption,

Radiocactive Wastes Disposal, Concentration
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D;ziiEZulion coefficient for cesium between granuiated Granite
and water
Series |Sample | Temp. | Co Va Ce Kde |Equation for the adsorption
No. size | () | (ppm)|(ug/g) | (ppm) | (misg) |rate of Cs
1 {025~05| 40 1 643] 0357 1801 |V, =6.43(1-0.533¢7%"°7)
—2W, 025~05 40 | 10 | 538 | 462 | 1165 vy =53 8(1-0.449¢ ™)
3 190 ~40lRoomt| 10 | 540 | 46 [117 .v, =54.0(1-0.396e7%62 ")
----- 4 |{1.19~20/Roomt] 10 | 64 7] 3671787
5 5 |a25~0.5{Room 1. 1;--58.3 417 | 1398V, =58 2{1-0.400e™'°")
_é 6?5«05 Room: "20 8?; 11.3 E 7.775 7\;:87. Ut -(3.72%08'0'069” )
i 7 o.;~05 Room 1! 50 [154 (346 4-45. Vi =154 (1-0539¢™°'17 1)
8 |025~05{Room t| 100 |256 ?4.44 3.44 'v, =256 {1 -0,427:'_"-:':“;)_
Table 2

Distribution coefficient for cesium between powdered Granite
and water

sample | Temp. | Co ' Vi Cy Kdy

I {mm) (°C) {ppm) {hr) {:0/9) (ppm)} | (mi/g)
0 ~ Ot 40 1 768 8 02 40.0
0~ O 40 1 __1560 B8 0.2 40.0
o~ 01 40 10 768 58 g2 ISéw
0 ~ 01 40 1; 1560 61 3.9 15;:“
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Table 3 Concentration of various cations leached from Granite

Na 1,2 ppm

A1  less than detectable value
Si 1,1 ppm

Ca 4,7 pprm

Fe 0,1 ppm

Cs 0,35 ppm

Mg .not measured

K not measured

measured by the atomic adsorption/flamespectrophotometer AA-620

of Shimazu seisakusho Co. Ltd.

Weight of Granite sample 20 g

Sample size of Granite 0,5 - 0,25 mm
Volume of solution ' - 200 m

Initial concentratfon of cesium 1 ppm
Contact time 529 hr.
Temperature ' Room t.

(Experimental condition)

Erlenmeyer flask with a stopper 300 ml
Sample weight of granulated Granite 20 g
Sample size of granulated Granite 4.0-2.0 mm

2.0-1.19 mm

0.5-0.25 mm
Temperature ' ' " Room t.

40 °¢
Concentration of cesium 1 - 1000ug/m]
Yolume of solution 200 ml

~ WATER BATH INCUBATOR

Fig. 1 Experimental apparatus
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T ~ Granite + CsNOs (Solution)
=T samplesize = 0.5~025 mm |
Co’l {(ug/m1)(Cs)
o T =40°C i

Weight of cesium adsorbed on Granite sample

4 -
V, = 6.43 (1-0.533e %1% )
3 .
2r -
| + .
L1 [ 1 1 1 1 1
5 10 50 100 500 1000 5000
Adsorption time t (hr)
Fig. 2

Weight of cesium adsorbed on Granite at various adsorption time

= Granite + CsNQO3z (Sotution)

£7r Samplesize = 0.5"*30.25 mm 1
@ Co = | (uo/m1)(Cs) |

Z6F T=40° | 1
T 1 {643/643-V1)}=0190{t +0629 - 1
< al B
o3 1
2 1
21t 1

: : L : : !
. ‘Adsorption time. Nt (hr)
Fig. 3
Relation between logarithm of {Ve/(Ve-Vt)} and square root of t(hr )
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Granite + CgNOx {Solution)

Sample size = 0.5~ 025mm

Co =10 (ug/ml)(Cs)

T =40°C ' 1

V=538 ( [-0449e 017041 )

v o

a — 10}
>

ar
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= 601
s}
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G

o

Q
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Q
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p .

Q

vy

- 30t
[1s}

5
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(%]

3]

L&)

- 1 Of
Q

-

£

(3]

i

=
Fig. 4
Weight of

\J

- N (N B a o)

Logarithm of the ratio,{Ve/(Ve-vt)}

C

Fig. 5

Relation between logarithm of {Ve/{Ve-Vt)} and square root of t(hr

5 10 50 100 500 {000 5000
adscrption time t (hr)

cesium adsorbed on Granite at various adsorption time

T

Granite + CsNQO3 (Solution)

- Sampliesize = 0.5~ 025mm .
Co=10(ug/m1)(Cs)
- T =40°C

2. {53.8/(53.8-V,)} =0{70{t +0801 )

1 . ]
5 10] 5 20
Adsorption time Jt ( hr )

3
/
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~J
O

V, (pg/q)
(o)’
O

&
O

T

40

30

20

10

I

Weight of cesium adsorbed on Granite sample

Fig. 6

Granite + CgNOsx (Sclution)
Samplesize =4.0~ 20mm
Co = 10 (ug/m1)(Cs)

T = Room temp.

©

V, =54.0 (1- 03960086241 )

500 1000

Adsorption time

5 10 50 100

5000
t (hr)

Weight of cesium adsorbed on Granite at various adscrption time

Vy (rg/g)
~
o

60

50

40

30

20

o

Weight of cesium adsorbed on Granite sample

Fig. 7

-

T T T T ¥ i

Granite + CgNOs (Solution)
Sample size = 20~119mm

Co =10 (ng/m1)(Cs) e
T = Room temp.

—0458J7")///

V, = 64.0 (1-Q72e

L i L

1 1
500 1000

Adsorption time

5 10 50 100

5000
t (hr)

Weight of cesium adsorbed on Granite at various adsarption time
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g’é\ T T T 1 I T I
=9 Granite + CsNOs (Solution)

o~ 70Ff Sample size = 0.5~0.25mm N
o Co = 10 (ug/m1)(Cs)

= 60r T = Room temp. 4
©  s0f ]
T 40 i
T 30f V, = 583 (1-0400e” %to0"T / )
é o0k i}
-~ 10} |
E i ] 1 | 1 i I
= 5 10 50 100 500 1000 5000
=1 : Adsorption time t {hr)
Fig. 8

Weight of cesium adsorbed on Granite at various adsorption time

i ' T T T T T
Granite + CsNOs5 (Solution)
Sample size = 05~ 025mm 2
Cg =20 (ug/ml)(Cs)
90F T = Room temp. . ]

Vi (ﬁg/g)
Q
S:

Weight of cesium adsorbed on Granite sample

N
6ol |

o V, =870 (1- 0250 %0%VT )
50k i
a0} |
5 10 50 100 500 1000 5000
adsorption time t (hr)

Fig. 9

Weight of cesium adsorbed on Granite at various adsorption time



JAERI-M 9432

T T T - ¥ T

— T ¥

<180F  Granite + CsNO; (Solution) 1
2170 Sample size = 0.5~025mm
Co= 50 (ug/m1}{Cs) 7
T = Room temp.

T

T

Vi
@
O

150
140}
130
120
110
100
90
80F s V, =154 (1-0539e 27T )
70 .
60 ]

T

1

L

e Y

1 | 1 |

5 10 50 100 500 1000 5000
Adsorption time t {(hr)

Weight of cesium adsorbed on Granite sample

Fig. 10
Weight of cesium adsorbed on Granite at various adsorption time

260} Granite + CsNO5 {(Solution) .

~ 250 samplesize = 0.5~ 025mm

> 240 Co =100 (pg/m1)(Cs)
230 T = Room temp.
220
210
200
190
180t
170
160

©a/g)

T

1

T

=256 (- 04270112V

150t Vi
140} :
130} -
T J. 1 1 1 L . 1 1
5 10 50 100 500 1000 5000

Weight of cesium adsorbed on Granite sample

Adsorption time t (hr)

Fig. 11
Weight of cesium adsorbed on Granite at various adsorption time
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= Fig. 12 Relation between weight of cesium adsorbed on

Granite sample and concentration of cesium. in solution at

equilibrium condition
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Fig. 13 Relation between distribution coefficient for

cesium and concentration of cesium in solution at

equilibrium condition
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0 0.5mm 1.0mm
Photo. -1 Photographs .of thin sections of Granite

(1) (3)s clossed poTarizér
(2) (4); parallel polarizer -. o
Qz;Quartz Pl;Plagioclase Bi;Biotite,
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