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Development of Removal Methods of Radicactive
Ruthenium by Using the Column Packed with
Cell Materials

Ryouzo MOTOKI

Department of Radioisotope production
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( Received July 31, 1984 )

Ruthenium is an element of various valencies and present in many
chemical species of mitro-nitrosyl complexes in nitric acid or in solutions

1%5pu) of those

containing nitrates. Since radicactive ruthenium (1°3Ru,
chamical species is contained in the wastes occurred on the fuel reprocess—
ing by Purex method and others, it is one of the nuclides which are most
difficult to be removed by the conventional methods of the radioactive
waste treatments. It was found that this nuclide was effectively

removed by passing the waste solution through a column packed with the
mixture of powder of anode and cathode materials and depolarizers used in
the electric cells. The typical mixtures were zinc-charcoal, zinc®
palladium-charcoal, zinc-manganese dioxide-charcoal and zinc-carbon
fluoride*charcoal. These column methods showed a surpassing removel

1%8Ru complexes and fisson products. The decontamination

efficiency for
factors of radiocactive ruthenium were 10" for all kinds of ruthenium
complexes and 10% for the species not easily removed by the conventional
methods. It was alsc found that the concentrations of 239Pu, u, l””ce,
15%Fy, and '%°Sh in the waste could be decreased to that below the limits
of detectioh by the cell material colums.

Because >°°Ru of chemical species which was difficult to be removed
by conventional methods could be efficiently separated from the waste
solutions, it was concluded that the columns packed with cell materials

are valuable tools in the radicactive waste treatments.

Keywords: Radiocactive Waste Treatment, Reprocessing, Liquid Waste,

Radioactive Ruthenium, Removal Methods, Columm, Cell Materials,

Depclarizers, Zinc, Charcoal
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Table 1 Radioactivity concentration of MILW
(Assayed in March 1981)
Radioactivity
Nuclide concentration
(pCi mL)
18 Ru §x10°°7
T Cs 1xX10°¢
t44Ce 2x10°°%
o 2x10 ¢
B 4x107°
pH of MHLW pH~13
Concentration of NaNO, 0.3M
Concentration of NaNO. 0.027TM
Total volume 600L
Concentration of U 3.0mg. mé

Table 2 Radioactivity concentration of VHLW
(Assayed in July 1981)
VHLW—1I VHLW-TI
Nuclide Radicactivity Radicactivity
concentration concentration
(pCismé) (pCi/m4L)
L6 Rn 2.5 5
B7Cs 11 14
M4Ce 22 55
'8 8 b 0.22 0.3 4
TR 0.21 0.28
®Sr 11 14
T Pm ~3 ~3
4 0.03 0.05
B 48 89
Concentration of U 23mg /mk

VHLW-1 3.8M, VHLW-II 45M
VHLW—1 734, VHLW-II 512

Normality of HNO,
Volume of VHLW
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Table 3 Combinations of cell materials

No. Anodes Depolarizer Cathode
1 Charcoal — Zn
2 Charcoal PbO, Zn
3 Charcoal MnQ, Zn
Zn
4 Charcoal —
Pd
5 Charcoal p
s -_— 1
(CF) I1>'<
Natural
6 — Zn
, graphite

#% (CF)n : Carbon fluoride

Table 4 Characteristics of cell materials

Cell materials| Particle size (mesh) | Purity (%) Note
Charcoal 6§0~300 — Tsurumicoal CO, LTD,
GVA—-100
g?;glﬂ?ge < 200 —_— Tokai carbon CO, LTD
(CF)n >200 _ Nippon carbon CQ,LTD,
CFT75
MnQ, < 50 & Type
PbO, < 200 ——
AL <100 999
Sn <100 9990
Cu <100 99.9
Fe <100 990.9
Zn 60~80 or <1060 999
Pd <100 94.9
+ — unknown
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Table 5 DF of radioactive nuclides on the treatment of

waste with metal powder —charcoal column and

pH of passed solution

adioactive Decontamination facter

No. nuclide . » _ N e N

| Adsorbent o Fu Ce Sb | Ru Cs pH
1 {Al—charcoal 2 1 1 1 g3x10°? 1 4.5
2 | Sn—charcoal | > 53 29x10° 16 14x10° ! 83x10°? 1 P63
3 | Cu—charcoal 1 1 1 2 | 32 3 3.1
4 | Fe—charcoal 2 28x10% | 1.0x10°% | 13x10° | 83x10° 1 6.0
5 |{Zn—charcoal | > 340 49%x10°% | 19x10° | 22x10° | 16x10" 1 8.4

Metal powder

Charcoal

Purity of metals
Volume of feed solution
Concentration of NaNO,
Flow rate

pH of feed solution
Waste

Table § Df of '"*Ru on tihe

<100mesh, 3g

3g (GVA—100)

99.9%

100m4

1.6M~2.5M

0.2 4~0.den, min

Noi~4 —-pHZ2.7, No5—pHIL.5
VHLW-1I

treatment of waste with column

of charcoal electrodeposited with zinc and palladium

Adsorbent| Electrodeposition ratio f pH of {feed T; 106
No. Zn (%) Pd &) solution [ DF of Ru
1 25.2 0 3.1 84
2 311 0 3.1 92
2 " ¢ 7.0 73
2 # 0 g2 16
3 154 0 3.1 117
4 35.1 0 3.1 124
5 25.2 1.7 3.0 215
5 # " 4.6 185
5 y ” 6.1 101
5 o " 7.0 S 180
5 # 4 8.2 297

6 31.1 _ 2.1 3.0 _ 190
6 u # 8.2 158
Waste . MHLW
Adsorbent Do 1lg
Feed volume : 30m.i
Charcoal : GVA-100
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Table7 DF of radiocactive nuclides on the treatment of
waste with zinc—charcoal column and zinc—graphite
column, and pH of passed solution
Radicactive Decontamination factor
nuclide pH of passed
- . Las 128 o )
Adsorbent “ Eu Ce b Ru |"*Cs| solution
Zn—
>340 | 49%10° | 1.9x10° 22%x10% | 16x10*| 1 84
Charcoal
Zn—
_ >340 | 49x10% | 10x10° 2.2x10° 6 1 97
graphite .
Zinc <100mesh, 3¢
Charcoal 3g (GVA-100)
Natural graphite < 200mesh, 3¢g
Volume of feed solution 100m&
Concentration of NaNO; 1.0M
Flow rate 0.2 den/min
pH of feed solution pH 1.5
Waste VHLW-I
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lO T T T T T

10°

DF of l06Ru
'_l

:0 1 | 1 |

10 '
0 100 200 300 400 500
Volume of feed solution (mi)
8 Zn-Charcoal celumn A Charcoal column
O Fe-Charcoal column B First Zn column, then charccal column

I Zn column

Metal grain size : <100 mesh, Charcoal : 3 g (GVA-100)

Metal weight i 5g ) Concentration of NaNOs : 0.4 M
pH of '%5Ru solution: pH3 Waste . MHLW
Flow rate : 0,66 cm/min,

Fig. 3 Relation between DF of °®Ru and volume of solution treated

with columns of metal-charcoal, zinc and charcoal
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Volume of feed solution (mf)

® Zincepalladium-charcoal column

C Zinc-charcoal column

Zinc : 60 ~ 80 mesh, 1 g

Palladium : < 100 mesh, 0.01 ¢
Charcoal ¢ 1 g (GVA-10(0)
Feed solution : Partitioning process solution

pH of feed solution: ©pH 2.2
Concentration of NaNOz: 0.4 M
Bed volume : ~3 mi

Flow rate : 2.8 cm/min

Fig. 4 Removal of 106pu from the partitioning process solution with

zinc-charcoal column and zincepalladium-charceal column
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Zinc : 60 ~ 80 mesh, 1 g
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Charcoal : 1 g (GVA-100)

Feed sclution : Partitioning process solution

pH of feed solution: pH 9.8
Concentration of NaNO,: 0.4 M
Bed volume o ~3 b

Flow rate : 2.8 cm/min

Fig. 5 Removal of *°°Ru from the partitioning process solution with
zinc-charceal column and zincepalladium-charceal column



Count (c¢/10%+sec) Cuont (c/10%-sec)

Count (c/lOB'sec)

JAERI-M 84-153
E
101‘ E L T
N o Partitioning process solution |
& 3 before treatment L
pug |
- =T
E mm rxo
107 3 e 5 B Z
] B
] o = ] o [
4 t | > o L
- s} © o !
10? L &
) e =
) i Rl =] J
i | -
h S =
B |
101 4 W'ﬁﬁpn ]r ] ’ _ f
3 ”;Taq i q”lﬁm‘}lwiu --.
) an l-‘| ﬂ ll
. \ ' [i h‘
10°% 5 ” —
3 = After treatment with
] o Zn-pd-charcoal cclumn
102 3
] 5 o
] = L
1] A |‘..‘_. X © e
10 § S -ﬂm”mqw?l
] Lpll Al
I
.I
10° ﬁf'“ﬂ‘ :
Er
10° 4 S
3 - After treatment with
p - zinc—charcoal column
10° 4 o o
3 © g
| |
1 N O ¥ N d , T
107 eI e
] i AL
: lr; ..'
100 |f]"|'|i| l|'?-‘.||l Ih-.-,.lil H ) J..|l .. I
Er
Zinc lg pH of feed solution pH 2.2
Paladium : 0.01 g Volume of feed solution: 100 mi

Charcoal

Fig. 6

1 g (GVA-100)

Gamma ray spectrum of partiticoning process solution before

Flow rate

2.8 cm/min

and after treatment with zinc-charcoal column and zinc-

palladium+charcoal column



JAERTI—M 84-153

10%; o
i g
: 'L S Partitioning process solution
] g: 3 before treatment
2 |
10%; 2O
9 ] -]
0 =7
m 4
- ;
=102 w m
S 3 E
[ 4 -
- h s
4 L
o F
5101 dd il
Q
10° i
3
10 7 s
] O i
~ ] S B After treatment with !
5 4 g Zn+*Pd-charcoal column 1
W
o 10% é.
S g
T
g |
- 1
5107 :
3 :
Q ] F
ST -
10° I
£
3 o
= I, g"f After treatment with
9 ] g: 3 Zn-charcoal column
2 3
2 o
510 - =
— 4 - 3
S 7 Q
- 1 (@] Q
o D:g ] é.)
i &
§10§ g |
S 3
5] b F
10° I {1
Er
Zinc leg pH of feed solution : pH 9.8
Paladium : 0.0l g Volume of feed sclution: 190 m&
Carcoal 1 g (GVA-100) Flow rata : 3 cm/min
Fig. 7 Gamma ray spectrum of partitioning process solution before and

after treatment with zinc-charcoal column and zincrpalladium—

charcgal column



5x10°%
£ 10°
i
g
@]
o
=
102

JAERI-M 84—-153

5%10°
+ Run 1 Run 2 .
L o A
O
- —J10°®
i 1 1 [ | | 10‘2
0 50 100 150 200 250 300

Volume of feed solution (mi)

process solution  HNOj

Zine : 1 g <100 mesh Bed volume :
MO 0.5 g <50 mesh Flow rate
Charcoal 1 g (GvA-100)

Concentration of NaNO3 : 0.3 M

Fig. 8

Removal of *°°Ru by repeated use of

| | | |
pHZ.1 partitioning‘pﬂ2.4|pH4.0 partitioning|pH2.4|

process solution  HNOj

4 m@

1.6 cm/min

Zinc-manganese dioxide * charcoal colvmn

Concentration ratio (Co/C) of %fRry
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Volume of feed solution (mi)

IpHZ 2 partltlonlnglpHZ 4ipH4 2 partltlonlng‘pH2 4\
process solution  HNOz process solution  HNOj

Zinc ¢+ 1 g<100 mesh Bed volume : 4 mf

PbO2z : 0.5 g<200 mesh Flow rate : 1.8 cm/mm
Charcoal : 1 g (GVA-100)

Concentration of NaNOz : 0.5 M

Fig. 9 Removal of 19¢py by repeated use of

Zinc—-read dioxide * charcoal column

Concentration ratie {(Co/C) of '°®Ru
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PbO, : 0.5 g <200 mesh Concentration
Charcoal : 1 g(GVA-100) of NalNOs P05
pH of feed solution : 8.5 ~ 8.6
Feed solution : Partitioning process solution

Fig. 10 Removal of *°®Ru in the pH8.5 ~ 8.6 Solution
with zinc-manganese dioxide.charcoal column

and zinc-lead dioxide-charcoal column
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Fig. 11 Removal of *"fRu by repeated use of Zinc-manganese

dioxide * charcoal column

Concentration ratio (Co/C) of *%fRy
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Fig. 13 Results of 108py removal with columns of

various cell materials



