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Treatment of Tiquid waste from the production of Molybdenum-99 by
235U(n,f)ggMo reaction, II
(Method for treating Medium Level Liquid Waste)

Mishiroku IZUMO, Ryozo MOTOKI Katsuyvuki ONOMA Shoji MOTCISHI
Akira IGUCHI, Yutaka KANAKAMI , Kyohei SUZUKI * and Toshikazu SATO

Department of Radioisotope Production, Radicisotope Center, JAERI

- (Received October 27, 1983)

Production and distribution of ggMo by the reaction of 235U(n,f) had been

carried out during the period from July 1977 to March 1979 in the Depart-
ment of Radioisotope Production, Isotope Center, JAERT.

Liquid wastes arose from this production were divided into three categories
of high level, medium level and high radioactive organic liquid wastes,and
stored separately. In order to treat these Tiquid wastes deQe1opmenté1 work
on treating techniques started in October 1979 and the treatment of actual
1iquid wastes has been carried out. | - '

The results of treatlng work related to the high 1eve1 liquid waste and
organit wastes were already repoted.In this report, the resuits of experim-
ental work and semi-scale treatment as well as the result of actual liquid
wastes(0. 6m ) treatment were described.
As to the method of treatment, U, Pu and
the electrolysis-filtration process and then 905r was removed by using

ortho titanit acid column. futhermore, the residual U and Pu, which were
failed to be removed at initial stage were removed with meta titanic acid
column, Consequently, only 106Ru remained in the liquid waste after these
procedures. It becomes more important subject thesedays to establish the
method of removal of 106Ru in the view point of liquid waste reprocessing
techno]ogy; We applied the column containing the mixture of zinc and charc-
oal, which has been already reported by us for the removal of 106Ru

144 Ce were initially removed with

+ Office of Planning, JAERI

++ Office of Safety and Control, JAERID
* Mitsui Mining and Smelting Co., Ltd, Nihonbashi, Chuoku, Tokyo, Japan

(2)
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Twenty two times of treatment were conducted within three months started in
March 1981 using the treating facility, having a capacity of 30 litters per
batch,constructed based on the results of fundamental experiment.,

As the results, following values of the average Decontamination Factor (DF)

for overall process were obtained.

a-emitting nuclides : 7.0 x 102 B-emitting nuclides : 4.6 X 103
148ce . > 10° 137¢ . 2.8 x 10°
106p,, : 8.4 x 10°

Particularly, the column of Zinc-Charcoal mixture showed considerable effec-

tiveness in comparison with the conventional methods.,

Keywords: Molybdenum-99 Production, Ruthenium-106, Zinc-Charcoal Column,
Treatment of Liquid Waste, Zeolite Column, Ortho-titanic Column,

Meta-titanic Column, Electroliysis Method,
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FHE FELNT OV, T TR SERRERGRRLAAN 7 LT & DIHRMICERET S
o LA B L Z oMmER ARk o, MHBERALE v RF LHEROE TEBOMITAFTEZR
T~ A,

2.1 BEAMEMHEERNE

%IE?@&H%@%%%ﬁ@%%&&(mTDF&mﬁ)?ﬁﬁﬁéo?@bEDFﬁM@m&
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LO,&1m£%x%7vx@ﬁﬂmmﬁﬂb%1BOTTﬁ%%HLtQBUéod%BTD@T
{54 RIS LCERR LREICIZ 2 7 M2 7 0 —EHEERIc & B o« AIE &, GMETEE IR L 3 IRl
ﬁ%ﬁctcﬁ.ﬁifu,a,ﬁm%%“ﬁttorﬁ%%ﬂﬁ@ﬁUI%vyﬁﬁﬂﬁmsmﬂ
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ﬁ%,EE)®@£&W&LT,%%ﬁi&%z#ﬁ%%%ﬁﬁéﬁwﬁ%bfmécc®ﬁEK£
HEELEEA A v OBRERER, ROEBDBTH S, FHbbET LI LEE%EER, SUSERE
W L BB TREASHETL S, BEH»O T I =Y A0ETHL, Bl KB & 155 —
E%m¢®§%ﬁ4i/iﬁﬁwﬁgcdbﬂ,TWﬁUﬁtmo(héﬁﬁﬁ%TOH4ﬁ/&%
& LTESEABIM &7, ChhBfEh AR LIKBRILT & 3 =7 ALERENT, —FE o3k
m%%w;of&fmerH%ﬁTmémm%&Lf%féﬂé%@f@aaC®E&%m%@%
&ﬂ@mﬁﬁbtﬁ%wowfuﬁménfﬁb BRI TH 5T LEBORBNEIC
BLTLS a5, MHERKICEEN TS *Ce, V7 vEPy (aREHRETRT)
105Ry . TCs DRERHH < Pl S BR - FAEERCIBAOFEE SOXREBRETable 21
ﬁTo%%Kﬁﬁbk%ﬁ§§@%%%K3W@TWi;9A%%®%@ﬁ%j1,E%K@@&U
A5y LB AE &, COB@ 3 AMabE THYROS SEEZ 5 T LiT LD IRREER~
BLTOLHEEE L, SMOBERII250me TH S,

¢ DEBOBMAIZERES 1 00 ml, BREE 0.5 mA/mL , EREEH 0 03, BELRE

_3__.
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BOEREOBEE I pH 6~7 XL, TOME, Ru, *'Cs RLTHOFETHRESAL
L, YiCe , UH v, PuDREICIER - FBBEYTH o7, B« FRICLS M Ce DRR
LizonT, BREO pHRUEREHEDFOBEFEAETable 3ITRd, BB pH 5~ 9 THEAFR
M8 0L EThE *Ce Wt iICREEN S,
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TEREIT 7205, BEUNREOHEMIEIZIEE U TH A 7HERK pH 5.2 DA 2&Fig. 2)LRT,
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et L THEMRERE & SCETFEMOERTH 5, INoOERBEELOBREERZY 7V, Py,
14Ce KEDBA A Y B TEORECHALTEY, BHE pHId 5~ 9 O, E#FR]IE 80~
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Cirs54 MAFLICEAYCs DREDRERD TS HER -FRIETCe, 77, *Pu
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DF 1024RT4H, #7 ABREM 8 0 THEHY LITOMENLES D, LIB->TEX 7Mbb AT AE
FAA)HTRWEOFEEL L, ITRETIER - FREDFRO pHH 9~ 1 0 DR L5
WOESDLEFITAMH T LA~DBEEIE pHOBFAES AL BB LRIEALH 5, €2 IFA AT
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BArEDF OBFEERD I, ERAFig 4itmd., DF 347 s BREEAICE U TEREEIICET
+ 5, MBI AEREEDE 10:OBOMBEEIIH 7 L ARBANI00THNLELEEELT
10°ODFAELS EFThiE, F0OBOH T 2EBREAE 4 0 TLBEREIMHER 8 0me,gTH
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WTERAB I T, HST—"Y [F B HURATH A0 0 SIRAEK LA DFDREH TR ™Rud §
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8.0XRIFO.0EL, BEES0.3cm / mink LIBED N 5 LFREEAE DF OB A Table 4iTR
4, R B pH 52, TATHREMNE, pH 8~9DB&RA7TLFREEAMNI20TH
DF10° b b5 #RTE 5, '

LT AN T8 vEEHT &1, EE pHE8~9, HEE 0.3 c/mindRERHETHBET TR
NIREEDAE L TW5 T &R S,

1 g4 ) OMHBERAREEN R 0.3 L2 ETH Y, 0.6 OBRRAIICETR L3R 2 kg oAV b
F&UBTHRS EN S

25 AYFHUEHISLICEDa HEDRE

A FH VST LR aHFERORENRARR TS LT, EF -FH, 47407 4,
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A FEUENT AL D a BEREORERENILER pRAE T A Y WD HBHRAT, pH
8.8MES, h5LERUMS VEET THRRIEIRRCRET ZLEVARTHE. A5 F 5 VBRA
5 AAEB LMD pHI3, EEATD pH 5.3~ 8.8 DB THV TN G pH 4 ~5 &8 D, Fill
pH&smﬁwéxy%ayﬁlg%@®%ﬁ%ﬁmvayﬁﬁaz&m/maw&%l25mLm
b, MABETOY 7 VBRI 0.0 0 3mg,/mé BE ¢ 50 5KBEORMLEIC K1 2 0LE
BEMIL C O ERER LD E NS TENTHREINS,
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fﬁ.ﬁ%%%@ﬁﬁQ%%@%ﬁﬁ(7»$:—WGVA,60~800m%huT)Kﬁ%%
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T@pH3~5®ﬁ@Tﬁ0to%@%%,ﬁ%%;%ﬁﬁﬁéﬁﬁbfﬁﬁ%%®%mwonf
mmuQDFu%mﬁéc@%&LDML@Mﬁﬁ%mﬁtfwmwﬁ,%mﬁotﬁﬁﬁmémx

_6_



JAERI-M 83-197

%Ry R EEBRTODFR L5 BETHLL EDSBAL0 S~ LOBESURNLEZ 5N 5,
3 - EAEETER S 5 L0BE, BAK D ENIHEATSH S, BAL 1.0 EodmnBERM
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CHES — R A S T ADIEE, £ 7 ANIKRAORENS > THRINE E & bIBOEIAD
OTLEELHEEER T AT LPAETH S,
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3.3.2 BiURrEDERE
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A0 THbB, AN —AFFF VRIKA T LICE S B HETEDREIZEIL « BESEORERICEZ
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Table 1 Characteristics of medium level liquid waste by
U (n,f) ®Mo production

Concentration

Total

Nuclide Half — life (uCi/m2) activity - (mCi
O6py | 369 (d)| 6 x10° 36
3705 304 (y) 1 x10 60
ce 284 (d)| 2 x10° 12

a emitter 2 xi07" 0.24

B emitter 4 x10" 240

Concentration of U 30 (mg/¢) 1.8 {g)
Characteristcs  of  waste : 0.14M NaCH
Concentration of sodium nitrate © 0.3 mol
" Concentration of sodium nitrite : 0.027 mol
Stored volume . 6004
As of March, 1981

Table 2 _Cofnpori-son of decontamination factor by neutralization
filtration with electrolysis - filtration |

—_Nuclide : 1440, 106 137
Process a emitter Ce Ru Cs
Neutralization -
filtration 1.4 42 1.0 1.0
Electrolysis -
Fillration 3.1 10? 1.5 10
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Table 3 Effect of electrolysis time and pH of electrolyte on
decontamination factor of **Ce

lectrolysis : -
pH of electrolyte imelmin} 10 20 40 60 100
5.2 — | 20 44 | =>10° | >10°
7.4 6 15 |[>10° |>10° [>10° | >10°
9.0 8 8 39 | >10° | >10°
Electrolysis volume : 200 ml
Current density : 1.5 mA/ml

Filtration

Table 4 Effect of column volume unit and pH on decontamination

+ Sintered - glass filter, G-4 Type (5~10um}

factor of *°Sr with ortho —titanic acid column

o C"%“nm:\;@ 90 | 120 | 160 | 250 | 320 | 470 | 600
feeding soluﬁon\% 18 24 32 50 64 94 120
5.2 >10°| 870 | 550 | — | — | — | —
7.4 >10° | >10° | >10° | 550 | — | — | —
8.0 >10° | >10° | =10° | >10° | >10° | »10° | >10°
9.0 |=>10°] >10°| =10° |>10° | — | — | —

85 ,
Sr concentration
Sr content

We'ight of ortho - titanic acid

Column bed space
Linear velocity

0.2 ~ 0.3 uCi /ml

— not measured

25x10°~ 3.8x10° mg/ml

24

5 cm’
0.3 cm/min
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Table 5 Effect of column volume unit and pH on decontamination-
factor of @ emitter with meta— titanic acid column

N ofc P ‘I':::E’fz 00| 150| 175 | 200| 250| 320 | 385
feeting somioitt | 22| 33| 39| 44| 56| 71| 85
5.3 8| 36| — | 230] — | — | —
7.4 160 |>500 | — |=>500] — | — | —
88  |>500|>500|>500 | >500|>500| 28 | 6

Content of U

Concentration of @ emitter :
Weight of meta- fitanic acid :

Column bed space

Linear velocity

1x10™uCi/ml
29 (10 mesh)

2 4.5 cm’

> 06 cm/min

— not measured
. 0.08~0.23 mg/ml

Table 6 Results of removal of “Ru by

coprecipitation
i:]kso: Coprecipitant -prJ:i[,?mﬁon D}gﬂg{pna”on oFof 1%,
RS 1 33 | 101 | 25
NaOH Fes+ )5 TREEY
| Co®t | 38 | 101 | 22
Fe® | 3.3 6.3 | 23
Na, S Fe3t 55 5 g > o
Co™" 3.8 7.1 43

Experimental condition

1) Liquid waste solution MH-1 was treated by electrolysis-
filtration, and '¥Cs was removed with zeolite column

and then residual of '"°°Ru was used for this experiment.
- 2) No. 5C filter paper was used for filtration after coprecipitation.
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Table 7 Flow of the fundamental experiment of the MHLW treatment

MHLW 2000 ml
———— M HNO; 34 ml
Adjustn;)int of oH 5~
Electrolysis CU"em densify . 05 -mA/mL

Electrolysis time, 1.5 hour

Refention particle, 5~ 10um

Filtration sive

: 1 Column diameter , 33mm?
Zeolite_column | weiont of zeoilte, 26 g
Linear velocity , 0.8 cm/min

Twobed column of | Column diameter, 33 mm¢

ortho and metatitanic | Weight of fitanic , 9 ¢ each

aci
Adjus,menlt 5 Linear velocity , 0.8 cm/min
pH pH ~3
. fenti ticle, 5 ~10 um
Filtration E@igeenhon particle, 5 n
| , %
Zine = chiarcoal | Column diamefer, 43mm
column Weight of zinc , 30g
Weight of charcoal, 309 -
Inspection of Linear velocity , 0.63 cm/min
etfluent
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Table 8 Results of treatment by fundamental experiment

Nuclige @ emitter | Bemitter | **Ce | ®Cs | "Ry
Process_
Flectolysis-fitration | 9 | 3 [=10° | 1 | 2
Zeolite column 1 3 1 = 10°
Two bed col f ‘
ov:?ho L:mcf Oml:eftyt‘:nfiolanic 38 5 1 1 2
teid
Zinc-charcoal column | | 45 1 1190
fTOIOl deconfamination 34“02 2“03 >103 >103 361]02
actor ' '
Concentroti iginal - - - _ .
Cosentration of original |, 16%) 4x16' {2x16° | 1x10' |6 x1&F
fuCi/mi)
Concentrati t - - - - ~
Concentration of treated | 0 167 | 2x10° | 2x10° | 1x16" | 16x10°
(pCi/ml)
Weight of zeolite 26 g
Weight of ortho fitanic acid © 9 g
Weight of meta litanic acid @ 9 g

Table 10 Summarization of decontamination factor in
each treatment process in practical scale

Nuclide | g emitter | gemitter | “*Ce | ™'Cs | "*Ru
| Process
Electrolysis- filtration 45 35 10° 1 40
Zeolite column 28x10° | —
Two bed col f .
ortho and mefa fitanic | 40 42 43
| acid .
Zinc - charcoal
column. 14 40 8r
Total DF of the
whgle process 16% 102 46X‘03 105 28 K]Os 84 X‘OE
Concentration of -4 | -2 .y o
original solufion 2 x107 |4 x10 | 2x10°|1 x10 |6 x10
(uCi/ml}
Concentration of _1 _§ -7 -5 c5 |
freated solution 26x10" [87x107 | 2x107" | 35x10°|7 x10
{uCi/ml )
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Table 9 Flow of MHLW treatment in practical scale

Process Operation Conditions ot e 1| rocess
MHLW Suction 30 30
Adjustment of pH 335M HNOs | pH 125—=pH5~6 | 31 10
1
\ §
Electrolysis Currentdensity: 05A-7| 31 90
' | Electrolysis < 1.5 hour
Elrtes?.urized time
| iitration
Filtration 18 /min) | Refenfion par-: 3um | 31 30
("4 Ce,U removal)| - (it/min) ficle size
Confirmation ,
Measurement of pH oH 9~ 10 31 5
Zeolite column  |Pressurized |Linear _
('7Cs removal) |filtration | velocity:0.17 (em/min) | 31 | 300
l (O1€/min) Veight of - 151q /column
Column bed -
Con b {4
Two bed column of Pressurized |Linear . :
Orthoand Meta ~flow = |uslosity f'(())-r?hztcm/ min) |31
titanic acid (012/min)| Yegdic acid -5kg/column
(B.a emitter remo Weight of meta -y gy folumn
-val) Colamn bad 7
' HIIN HNO (o 4 . H2 32 10
djustment of . ———
Adustment of pri |56 g [P P
inc- charcoal | Pressurized |Linear - : :
gOIITJ(;nnC rc e | velgchy'1'?5.(:;n/?|?) 32 140
(1% Ry removal} |{0.23£ /min) ‘:fe:%';*tg; f'ﬂf; : -/kg Ico umn
charcog! 1 kg column
, Column bed_space - 42
Inspection of BT (1xi0°pCi/mf )
effluent a (520’ pCi/mf) 30
32 | 645
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Irradiated UO2

Trapping of Transportotion &
noble gas Decanning
Dissolution &
Distillation of lodine
I
Trapping of Dilution
iodine |
Extraction
. | |
VHLW - Washing (1)}
|
e Washing {2}
I
ORGLW ] Back extraction

Washing woste of

Washing

Aqueous phase

apporatus |
MHLW - (1) Decomposition of
H,0,
l
Purification by
<~ Al,05 column
I
= Inspection
MHLW— (2] | 9910 products

VHLW : Very Hot Liquid Waste
ORGLW : ORGANIC Liquid Wasfe
MHLW : Medium Hot Liquid Waste

U0, pellet 12.6% 2*°y)
120g or 2409

IOM- HNO; , 1000 mé

H,0 , 80O mé
30% D2EHPA-CCl4 , 9500 m2
5M HNO3 , 500mé

1M HNO3 , 1000md
0.5M HNO3, 500m&

0.5M HNO4 ,475m{
30% Hp02 . 25mi

CClg , 900mé

NaNO, , 30 m{

1M NH,OH , 30mé

Fig. 1 Flow diogram of *Mo production from irradiated U0,
by solvent extraction "

21
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Photo. 1 Electrolysis bath and control equipment
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