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Preparation of '®®Ru Tracer Used for Low Level Liquid Waste Treatment Experiments
Ryouzou MOTOKI

Department of Radioisotopes
(Oarai Site)
Tokai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
(Received February 6, 1998)

A new method is planned to adopt by Power Reactor and Nuclear Fuel Development
Corporation (PNC) to treat low level liquid waste at a new Lowlevel Waste Treatment
Facility (LWTF), instead of reprocessing by bituminization at an old facility which caused a
fire and an explosive accident in 1997. In this new method, removal of radioactive
ruthenium (*®Ru) becomes a key factor in the treatment process.

On the other hand, an effective method for the removal of %Ru by an electric cell material
column has been developed at the Department of Radioisotopes, JAERI, in the course of a
study of (n, f) **Mo production and its waste liquid treatment technique. PNC is scheduled
to apply this method for the removal of %Ru in the liquid waste at the new LWTF. It is
necessary, however, to carry out basic and technological experiments to confirm the
performance of this column for the application in the liquid waste reprocessing.

In this study, ®*Ru which has a handy half life (39.3 d) was prepared as a tracer for %Ru.
Moreover, some inidentified chemical species of °*Ru, which are known as the species
difficult to remove from a liquid waste, were produced by the radiolysis of original *Ru
species by the addition of 3?P to simulate a practical condition of ®Ru in the liquid waste.

The Ru targets prepared in this study can be irradiated safely in a nuclear reactor, and can
be dissolved with little occurrence of volatile RuO« on nitric acid unlike commercially
available ruthenium tri-chloride.

Finally, the '®®Ru tracer was used in the removal experiments with an electric cell
material column and a decontamination factor of more than 1x10% was achieved. Performance

of a tannix column was also examined.
Keywords : '%Ru, '"Ru, 3?P, Tracer, Reprocessing, Liquid Waste.
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4.1.2 7= N5 738 & BOHERIESRE
KB DS RITIE. B —KKDlBER VT (=AU FROFCPM- T EKEE (5
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A VA v $5D-8022) B L UFEHRHEDHIEESR (7> Fo—FPX-8020) TV, 7o, Wt
FEHEMRERI N WA S LAOTHEEICIZL/16in-0. dmmd 77 0 Y EZHW, Nal ¥ o FL—¥
a VRHBICEMT 7, BEHEOBERERIE TR, Y Y IV F v+ Y RIVTF54¥ -3 5L a
— AW EKEORMIREL ERICHT 5L E DT, BEANBITLD v BRI RILF—%2:8
F L. —EOBEIIECHsE LT Lz, CO¥EEBEEL0kel/cn? OFEHE LIBE. RLEOD
fEERE Lo 7 7 0 U EROBREERRERKL 2 TH -1

4.2 HER

4.2.1 {LFHEOBHRRERE

Bk O bS5 TICE AT, BEMED 7 O< b 7T AL L TR PRE
PRREINE, L L. COERTIEENENEOCOT, HEICLFEOLFERZEE TR
W, B BAA VBB EBMA Y /O bS5 TTIR. BAA YL 0 lO(LFERE, 1l
B L AT B, FCCEMORBARIZERICHE L. TO7 07 b7 T LESRREHIE
WIOSRY LD 7 O b S LD OCBRAMRETEIEE Lice TITHWARNIKIT S v
EAI03Ry (0, 49TMeV) & EHE LIS W TR U 5150, £ I TRA 4 icid®?P0,°~ ( 8
g2y L 510r0,27(0. 320MeV) % B4 A AiE 2 4Cs?* ( 0.569MeV, 0. 605MeV, 0. 800MeV) & ©°Co®*
(1. 1TMeV, 1. 33 MeV) ZiBA 7S, 2 T'%%Ru d0. 497TMeVE 134Cs 0. 569MeVidNal & F L —¥
VNI I =itk By BARY MVHEET BH, TOBAIRCs D0. BMeVOFETH A
AUTE UTzo 1o, 2P BABOADKETHEMNS. AIERARY MILOLRETHE L,

4.2.2 EXO5HT

1) BRI E

510 & 1340s DIRATEMO. Inl 2 EEkA s o< b5 7EBOFEHEATICFE L. IMINOs
TS U7z, 249, 50kgf/cn? DA TAORIEMK L. RIEKEEIET /- HES%E100kef/cn’
& U7 B63BRR2IC 2 1Cs ANARE L. 11T BRI A O (Z2MHNO, % 24858 ( 2 EFR#Y140 Befal) 18
Bl I M- TVWALFEEE BIICERES e, P CrOBERERHEE TE A -7 2
T50kef/cn? DEHTrAM L - i&OFEI3#90. 825 ml/h. 100kgf/cn* DFE S THEEEL IUHED
FoElI2#91.64 nl/h TH 720 ZOEERTke/cn? DEHTER. RO FHEL LORM
RIAEEd 2 2 &AM 0 . DISOERRIZI00ke! /cmOFENTITH 2 & & Lz, o, 28OS
WIS EBABEST 22 EMS, "O%Ru-0 . %Ru-1 . "% Ru-3 . '°*Ru-4 . '"*Ru-S-0 . '°°
Ru-S-1. '°*Ru-$-2 ZMTxdg e Lice ZOFHMERTIE, BA A LD 0r0,* I3IERE S 0Ll
-7cDT, PV ridER LIwI & E LT,
2) B D

Sdkighs o< 7S 7EBORBEABICIIEAED0. 50l F72130.4nl & '*1Cs AT
CorAiE D0, Inl DREEAEFIE L 7o

(1) ' *Ru-0E Mt D s B

CORBOEETIE, H1LEREIC PRy DH—DOE— 7 ME S, IRISKL60m! fHEiC
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181Cs A%, #9260ml i ®ConralE L. D bFEREIIRE I NiEh -1,
(2) ' 3Ru- 1K D Bt

COREOERETIE, 2P &1 Ru(3925mIfhE) ke X 125m] fOEICHHED "Ry AR T
. FTD%, '¥0s &8 CobviaRE L oo
(3) 192 Ru-3AK DT

CORMOEEETIE, 2P R ICsHMTEConTEBEL °Ru-1 B ERIBRTH BA, 3%P I
e %Ry DY OT M S LTI, 2 DDA A VEFERICL A -0 BER I,
(4) 'O Ru- 4K DTEBE

COFEMEEEE U EREFiIgD ITRT . JITHP 2 P siENc ConiEBEZ NFE T
DORKEFETH 208, 2P IS 'R 7 o< b 75 73HEIC2 DDE— 7 i,
F72, Vs DRICEBINSHEBED PRy DILFERRIBRHEI NI ST,
(5) 122 Ru-S-0RK DI B

CORBEREE UIAEREFiIL 6 ISRT, TITR ZV—HFLKY 27 LOEKDIP,3
YT AEE Chickd 2 BB A A MbFEEIREIN S E & biT. PC0s DRNICHEE
T 52 MEOBA 4 > O{LFEEMIRIBEI N, 1°°Ru-0 RETIR. STV an3 ERO(L¥E
DRI N, THIIEIRE & AR FEREDOB VLS HDT, 1% Re-5-0 REOFARTIZ. A
BB TN, BRTELIL2TOERNEENTWEEEZ S,
(6) ' °3Ru-S- 15Kt DA

CORBOBE TR, BOICERT BB A o OLFEREIEP0,° - CEELTRIBIN., RD
A A MLFEMEIZ2 DOLFERICELT 2MEERLTWS, £/, Fig.6 {TRL72 DDRGA
A ACERIBRERALTTHO, 2043 % Ru-5-0 KK ERHRTH -7,
() ' 3Ru-S-2:0k D vk

CORKBOEEETIX, SLFREIZ°Ru-S-1 LERICRI I NN *2P 1ok ALFERE I3 BRRE
22 EHICELLTWB, Fiol 2 DOBA 4 VLFEREIIREBALITTH - 1,
(8) ' *3Ru-S-2:A K D F i

LOSRu-S-1 KL 10%Ru-S-2 ABDRRA A MEFERD /7 o< 7T LT3, P CEELTW
BEAND B, €T Ru-5-2 ABEHWT. ZOMBD v ARY bILES SEICTEEL.
2P AEHNWT!IORy DA ELIE—7%Fig. T ISR T, COHER. COEHERMCII2 HHED1L
FENFO. 1P%Ru-S-2 ARHTI3A EROLFEENFEET S I ENG0 -1,

4.3 HTEROEE

"99Ru-0 FHEAS R4 B ETORN S, PP & INICKRWTEBEY AR A LFER
D7a< b7 T L%EHELTRig. 8 ISR, &P ORARIZ'**Ru-1 FKA0. 2856Bq/
ml, '°?Ru-3 BA¥4A32.605 GBa/ml, '°°Ru-4 FHHKH4. 832 GBa/mITH Y, Fig.8 mo. **P DR
SEICIG CT] MEO(LFMA. B02 MEOLFERICELLTWS &0 h 5,

RIS, [EBIS T Ru-5-0 HARD 5 Ru-8-2 K E TOAHKEREFIL. 9 ITRT, &EH~D
2P DRARIZPRu-S-1 FKHA23. 36Ba/ml. ' *Ru-S-2 BKIA34. 1GBe/mITH D Fig. 7T &
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Fig.9 /5. P DIRSERICIE U T2 HEO(LFEENIHOL FROFRICE(LLTVWE I EN
BB,

DIEDEERMN S, %Ry DA A ALFEOREHIZ P ORARBICHG L TEATWSI LI
10, 2P DBEUCLAMBENHONTH B, Fh. HALFEEEMOEHDLFMICEZ I
WHEILI2P D34, 83GBa/mIA L& T8 B,

5. L FER

— IR A A L OLFERESEARRE TRA ISV, COBEKERA L. SELRIGI
KO ZOLFEOEE EKRDT

103Ry-0 BN S 0 Ru-4 S E TORRE. dnl 1 M gkiEue( Fe(NOs)s, Fe®*1llmg/ml 1O
.15m! & 14M NaOH 0.25ml ZfnA Tepfil., ##E L CIBAERZHE LK, 0.2 un DT 1)L
5 —THB L1, BREOFELLEETable 5 1TRTo TITP ZEELWV' V*Ru-0 HAH DS
B1321% TH A, 2P A0 d LIt BIEIEMU, 2% Ru-4 FRTIE. B% &85, % Ru-
4 REDILF = LEBEZ0. 94ng/nl THBEH 5. 0.89mg/ml ML LISWIRA A v OLFE L
135,

103Ry-S-0kIH & 1 °3Ru-5-2 Rkt E TORABHI W TEBRICER LRI H>WTERRIC
Table 5 1279 &2 TRABOIEILLRIZ 2 Ru-S-0 A31%. '°*Ru-S-1 A& '°°Ru-8-2 Akt
DM3Y E56% TdH Do Ru-S-2 HEID LT =y LEEIZ0. 32ng/n] TH BN S, 0.18mg/ml A
b LI Wa A A L O EERIC L L TWB, JORETH P OBEICHHE LIEILILRAIE
LTWADT. 2P O BEIMLEHAZ(LIE2BRIESHTH S, **P OEEL3L. 16Be/nl
Tid. FEHIERIIS6Y Th - T, FICHKEREFED 51T P OBREEZEDLLEND 5o

6.'"°Ru & %P DRREEER

6.1 Bkt 7 L

COH T LIFERLI0MDH T ZABEICKIER100 ~200mesh DEBHSA4. 0g & KR 40~60meshdiE
BB, Ogilfi KR 14~24neshdD g b= v 47 0. 40g ZBE&FE L. KEZE10en& LI2PITH
B, ZAUT'Y? Ru-S-13K0KH2. 5ml % IM NaOH <Hhfn L. SEiZIM HNO; TpH#92.2 RELL, 28
140nl & UZ-tame o], 3nl/nin THEELIze JOERD v BARY bILEHE L TFig 10iT
T, H T LEBHRO'Y RUIKRHIBALI T TH O BRYEHREHRII10® DLETH B, 72, P b
RHBRLTICREINI

6.2 ¥ =w I ANT L

oyl ZEE. MiEZEDY o OMET, BUEEEZEDD v LY = 0EFHELT
SEETREKKABIR LARERITH D . FIIVIKOFROENTIRENT WS, ¥ =y 7 AN

— 09 —



JAERI-Tech 98-012

T LAk D D 5 v OERFIRED PR BAERRPO TSIV =D LT A ) V7 LOR
HoBEO 10D WCEERKRDPON NI L, KEFESBOBREPLIEAA & LTDE i
70 LORFIENIMHEER LTV, ol HERZOSIUETIR. BREKNEVDOTEH
HITdh %, BIE. BRPC BAFF ORI TR BRERROUMEICY v = v 7 ADFIHI B
HENhTWb, FITIDHEICES RUDBEEREIT -1,

COERITIZIOR-S-2 ABAFR UL T = LOBES3.29 ug/nl. NaN0s DEEE#0.05
MELTHW:.,, 7=y 7 ZX(1180 ~500 u#m)id&2. 04 L/KERER, ARA P THE
10mmD A 5 LT UFRESem & Lico SDA T LICF 2 — 7R TpH3. b4~pHl1.32 & L1
50l DORiIAEKR EBREKEL. BEREDHOBEFRE RO ISR % Table 6 1RT, Fio. &
dDTable (Ti3pH10.00 LpH11.32 & LTHEE L cfmih 5 La@AuE 14201 %2pHI2. 15 &L, 7=
w 7 AT 5e5FMLIA T LCER LR LAEDETRT,

CDH 5 LOBRFERIIPHIOLI ETH0~65% ThH . 2 BLEKE LIEAITIE80% BEORERE
T3N3, COERTIR, V7T LOBENE . 808 BEOBRERNRKTH 505, B
BEDE LV XVEEIRD V7 =77 LOEBEER0. 05 1 g/nIfEETH D . ERERDORE TREVEREHR
NEDHB, U=y I AN T LETEIBY T VAERIREINSDT, BT "Ry bEIRMIC
BETZLROISICENICHEENL S, HECERIECICHREFEOBFRLED., S&FMIC
EERTHMLEND B, BHEFEOHKERTIZ. BMEORE N 7 LOBREHEHN9. 9% LILET
HBDT, COHENEBENTVWEN, BT Vv aEROBREICHOVWTRER L TESTHELSY
I OBEHOBELH 52D T, SREENSFELEDIHERAPLETDH 5,

6.3 2P DE

VO8Ru%Z b L—H & LTERZESFTHEATSEA. PP FRICEEN TV A LHEEORREL
185, £ TP % '"RuFKEREHE. 3 FRPOMWABEEREIE, SRICL ARG H
TS THMT S ENEE LV, JOED P DAL **Ru Mo X v &3t
IS DEFRITERB LISWAEREAWIITF U S50,

COEBRTHEAHLTWAP BF+ VT 7Y —Th5b, TD*?P 3E&BPELEZLR—RiZ
RETAMHEEHE->TWADT, ThoMid ol e ERT I HEIEERRTEZ %, &
B3I L > TERLUETSGERI L. FANENLBLILEBANS S, £ TRYIE(L
EZ MR ER W SBEEREIT- 10

FI1R22~25meshd K 1) AL B = )L KD, 0% A1E8mm D#H 7 LIICFEL, "**Ru-S-1 &EHnt
MU, pH4. 40 & pHT7. 56 & U7 /AmE50ml 2 &L 3l /nin & U TEK Lic, TOFER. %P ©
BRERIEpHA. 40TIE, 26% o pHT.56Tid, T0¥ TH O . AR THVBRERENE SN, EBE
D' Ry OFIHBHFRICIGHETE A RELEE

T.5&9
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Le =4 v FELTHWAARERFE LI 2D 7 —4 v MZJRR-IMOHRIRESFL TR A 248515
B L CbREXMFEIZN L., BRgtEED ! Ry ZAKBICELET 2B ADOERMBIRBYHC LR
AJRETH 5o COWKE Y =4y MIFEIBEEINO ICIERETE ., BREDOR0,DFEEIDIINV
EORBRENF S, RIT, PP HRHT AW RILF —D BBREFIH LT O Ru DILFEREEZ
 BESHESIEA A VHEERART A HEERRE LI, TITy %R OfLFEREIRP P OFNE
WSS LRI LER I Z L Lo, Bk 7 o< b 75 7EBICK 33T TRIBA A » Db
MEE L. BAA L O(LEENFDREA A VHICET B L 2R LI, CORENS., B
HERMEOEEERZICHAET A% bV —YOFBUIRIFEL EZ B,

B A T LK B DREER T, BREFEHENI0® LIETHE I L %2MHEERLI, £
fef vy 7 AN 5 LIREEOHRE LIER LT,

EBED Ry ALEEORAICHS 2> T, 2P 2RELTHETZE0EE LV, ZD®
BYIEILEZIVRERERW A S LB TH B E 2R L,

AElDOERIE P RuFIHEFEREFFROVISERE TH D 5&IZRA 4 VHEOLFEEOHE P
LABDILFEED T SIHLEETEDRR A A L MO XKEFHEEE T EERNEBREERIERINT
W5,

HEE

AFERICHICD . BRIV B R R HEMBRIE RN R R E RS
MK, BLUOKASHETEERER, ZEFRFRBKKOREGRE. 2074/ F—THAX
FRERK. MEFLER, SEEFRICEHT 5, ‘

ZE PN

DEV R B R BRI EREARE /MK Bl KUBREMNEN, S DRLME

DERRE: “NT=ULOHHE - BE Rk T, (LIEIRERVo]. 41, 19855E11A

NEWKT: “=rohF=o L= bodEEoftE ", JAERI-M 9159 , 1980411 A

DARBE : “BHVMEOREES T LI X288V T =0 LOBREREORSRE ™ , JAERI-M
84-153, 19844 9H

5)R.Motoki, T. Sato, et al: “Removal of Ru-106 with Zinc-Charcoal column” ,Waste
Management Research Abstract No.13, IAEA, VIENNA, (1982)

6)iciE B, AARBEM : “UMBLEITESI FLANIER, BLUNIVERBDIVT =T LOEFE
IREE, BXURERNIBIC K BIEFIREEDZEAL” ,  JAERI-M 86-077, 1986 & 5H
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Table 1 =3 b7 =7 LDOMBERE & FEFRER

kY3 Pag L7 =7 LDHER
(O HERRIRRE

25~100 &L
100 ~150 e L
150 ~196 mL

214 bk

234 bR

248 HER
248 ~376 ZRICRE

Table 2 ARFEEEKE

HepgtiE
A R (MBa/g. Ru) DR
(MBq/g.CD) (MBg)
*"Ru 2.9d 1.9x10? 1. 1X10!
103Ry 39. 3d 1.1x10° 6.6x10!
105RY 4. 4h 8.4x10* 5.0x103
3801 0. 6h 7.8x101 7.8x10*

FRGTFL: JRR-3M. 7K F7HBETL

FRETERE : 24 B

bk FE: 5Xx10'"%n/cn? s
g—ry b ZELTr=T A
¥ =y bR $90.03g
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Table 3 '°*Ru-0 AKIDOEDEE’P DREE
H o | 1ORu-0 BESE | PP DIRESE | PP ORE | 2KE SIp DB
No. (ml) (GBq) (ml) (ml) (GBq/m!)
PO3Ry - 1 5 1. 44 0.05 5. 05 0. 285
103Ry - 2 5 2. 88 0.1 5.1 0. 565
1SRy - 3 5] 14. 3 0.49 5. 49 2. 605
P03y - 4 5 28.9 0.98 5. 98 4. 832
BEEZ : 1997 2/4 16:45
RGO "3 Ru-0 OEE : 0.482 MBq/ml
IREBED P OB : 29.5 GBq/ml
Table 4 '"*Ru-S-0 AMDESTEE P DREE
+ 7 L03Ry-S-0 D | 2P L DIRAE | 'P DRE | RKE P DEE
No. & ( ml ) ( GBg) ( ml) (mD ( GBg/ml )
T03Ru-5-1 185 2.92 7.92 23. 3
103Ry-S-2 370 5.84 10. 84 34.1

REEA - 1997 3/21 15:00
RABED93Ru-S-0 OEE - 1.53 MBq/ml
: 63.3 GBq/ml

REED

SZP @ﬁg




JAERI-Tech 98-012

Table 5 °*P DR & IEHLR & DRAfR

# TN P DMK FESIE R Ru DEE

No. (GBq/ml) % (mg/ml)
LO3Ru-0 0 21 1.12
103Ru-1 0.28 34 1.11
TOSRU-2 0. 56 43 1.09
LOSRu-3 2.60 84 1. 02
L99Ru-4 4. 83 95 0.94
1O3Ry-S-0 0 1 0.69
103Ru-S-1 23.30 43 0.43
108Ru-5-2 34. 10 53 0. 32

Table 6 7 = 7 XA 5 LA K ABRER L pHORBIFR

pH prER
€3
pH 3.54 17
pH 5. 40 38
pH10. 00 53
pH11. 32 46
pH12. 15 65
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RuCl; 3H.0 1.0557g

GE3)

HE

22°C~260 "CThn#hd 5,
HZEET6cmigh 568 cmig (Z{ETF 9 5,
FHELEIOKBREL, BORERELS,
FE LHOKBHERAZWS

31°C~260 ‘CTHIEAT 5,
BHZEET6cmiHgA 574 colg 1B T4 5,
LELHOKBHMEREL. BORERENL S,

B
HE LMOKBERER 5,

PekizEE 0.8422g

BekRiTxDOERL : 1. 0557g/ 0.8422g = 1.253

Fig. 3 EFEBEHANF=7 L7 =4y bOTERITIE
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