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Results of Fundamental Research and Development of
Partitioning and Transmutation Technology of Long-Lived-Nuclides for

Fast Breeder Reactor Cycle (from 2001 to 2004 Japanese Fiscal Years)
Kiyonobu YAMASHITA" Masaki OZAWA"  Tetsuo IKEGAMI™?

Hideo HARADA®  Masahiko OHSAKA™ Shigeo OHKI®
Yoshiaki TACHI®  Kazuyosi FURUTAKA™  Shoji NAKAMURA™
Abstract

Research Evaluation Committee carried out a pre-evaluation of “Research and
Development of Partitioning and Transmutation Technology of Long-Lived-Nuclides”
in Aug. 2000. Following results are obtained from the research and development.
Two extractant systems, capable of recovering all actinides in spent fuel, were newly
nominated. Tertiary pyridine resin process possesses high abilities on Am/Cm as
well as Miner Actinides(MA)/Lanthanides (Ln) separations. Neutron capture cross
sections of 7 nuclides of MA and Fission Products (FP) were determined in nuclear
data measurements. Some of those measurements are for the first time in the world.
An advanced measurement system of a full solid angle Bi;Ge3;01, detector etc., was
developed to measure the energy dependence of the neutron capture cross sections.
Uncertainty in isometric ratio of *' Am neutron capture reactions was reduced
through analyses of MA samples irradiated in the experimental fast reactor “JOYO”.
Main production processes of inert-matrix fuels were developed through
trial-production experiments with mock materials. A complex process fuel cycle
concept was proposed that was able to burn LWR spent fuels up to 400GWd/t only
with heat treatment without reprocessing.

Following results are also obtained from the research and development newly
added after the pre-evaluation of Research Evaluation Committee, to establish
Partitioning and Transmutation Technology of Long-Lived-Nuclides. Catalytic-
electrolytic extraction was successfully developed to recover rare metal fission
products (RMFP) as Ru, Rh, etc. RMFP-deposit electrodes showed high catalytic
ability on the hydrogen production by water electrolysis. Material properties of 6
promising lodine compounds such as Cul. Bal, were selected for '?°I- transmutation
targets. An environmental Impact index was newly introduced instead of
conventional radio-toxicity for quantitative evaluation of geological repository effect.

These achievements in the first phase are summarized in this report to promote
the research and development in the second phase effectively.

*1:Nulides Partitioning and Transmutation Technology Development Group, System Engineering Technology Division, O-arai
Engineering Center, JNC

*2 System Engineering Technology Division, O-arai Engineering Center, JNC

*8 Recycle System Analysis and Design Group, Advanced Fuel Recycle Technology Division, Tokai Works, JNC

*4 Alpha-Gamma Section, Fuel and Materials Division, Irradiation Center, O-arai Engineering Center, JNC

*5 Reactor Physics Research Group, System Engineering Technology Division, O-arai Engineering Center, JNC

*8 Materials Monitoring Section, Fuel and Materials Division, irradiation Center, O-arai Engineering Center, JNC
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*z/\g"_&..ﬁk%@ YEE & FI A . ppd-23~4-24. 4.3 FRRL 4K 5 B Bl pp4 -44 ~
4-47(2004) .
2) M.0zawa, V.Babain, Yu. Fedorov, V.Romanovsky, A.Shadrin, [.Smirnov,
B.Zilberman, “Potential of Bifunctional Neutral Phosphoorganic Compoundsfor
Reprocessing of Spent Fuel” ,Global’ 2001 International Conferenceon Bac
k—-End of the Fuel Cycle: From Research to solutions, Poster session, Part

| Advanced and Present Reprocessing, No.178 (2001).

3) Shadrin A., Strelkov S., KiselevaR., Murzin A., Ozawa M.,” Combined recovery
of f-elements by carbamoylphosphineoxide—based extractant” , Submitting to
Mendeleyev Communication (2004).
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(ZEEEE) Extraction Mixture for Recovery of Actinide Elements from Acidic S
olutions
1) Application date; 13 Aug. 2004
2) Application No. ; 2004124918
Masaki Ozawa. V.Babain, Yu.Fedorov, A.Shadrin, V.Romanovskiy, |.Smirnov, B.Z
i Iberman (EE7D-t" v5Y 9LBRZRT (KRI))
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BA1-2FKk URUEUICKDEIHDER

Feed organic solution

Aqueous initial concentration, g/l

Presence of third

U Eu phase or precipitate

0.2 M O@DI[iIBICMPO 300 third phase*

in 30% TBP + dodecane 5 - no
20 third phase**

50 precipitate

100 precipitate

276 precipitate

50 2 precipitate

0.2 M OZD[IBJCMPO in 50 2 precipitate

fluoropole-1083 276 precipitate
- 300 no

0.2 M O@D[IBICMPO 50 2 precipitate

in 10% TBP in 276 precipitate
fluoropole-1083 - 300 no
30 % (HexO),Et,CMPO 50 no
in fluoropole-1083 100 no
200 no
0.2 M O@D[IBICMPO 50 2 no
in 30% TBP + 276 no
fluoropole-732 ~ 300 no
2 no
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4.2 An/Cm/5 >4 = FOBEDBEE
(1) RE
(79 F= FOHBE]

- FHLOWSEHMEFIOMEIZEVTIE, REREAVNAS A —2FRICEIT:
KBDTIEAELC., HELEEYLSIaL—Ya UElTERBEEASHE THE
RIIZE]ET %,

- GERSBICETAIEBME TR, BHEBEERMCOSREEAIRELT, BEAR
DMHBEFIC & MBI EZESZHE - &8T5,

(DBEICHET HERE]
- ZREEDONEBLAS R UREERBIZOVTERET 5.

TAYSHL (An) BRUFYSLA Cm) IHEETSESV2=F (L) TREEMD
F (FIZIE. Ln/MAKEY) 1298k B1-0IZ, BRRV I FREFTHDIEUY D,
BIP $2WMEIH Y v I RFLUGEEHEMEL LT, HILLW I FEMFZEIET
%, EBICMBRUCn ZHENET IHNERRET 5, ARRET TRITERTFEHE]
DOHHAA TFL . BTAHIHRERTD 2 DDOA%. Bl IH{EV S UBEIZELSH
% (EIKEFFEH RUERBEHSILEBV:AZ (RIKERT £REICAT
LCHERREEDT-, THEEIRIE FY2002-2004 @ 3 £/ T, AD 2 FETI—IL
KFEU FL—b—HBRICK YRMBHIOASBECERSEERR L&, FY2004 FEI
(T RET S+ 22 — BB EERERE AGF 2BV TERSFAMRB ZR W -RIIHEE
EREL -,

(2) HE

FREABREDCEFENIEETGRSUAREEFGHRES S VEREZEIC
BERTIES. FDE—FY b ehBBTIVF-F2ERAERBHEMLILIBT L
ENHD, EFRAFAEREPICEIEMZELEVNEFGONA (An, CnE) &, MA
CIEZHEENAELTIFLIERTR (Ln) AZEIC (Ln/An=10~20wt) EFENTH
Y, MRULn ZBOBE, S5ITA/CnZEESEURKRES (MBS, n®a)
ELTEIRT B LEOKER, BB “FOFZRFIUHA L BIOBERMN I
BICEELGRBELLG-o-TWS,

AHETIENA/Ln BEDEE. An/Cm DHEESBEICR L. DU AEBE=RKEY O U8
IRV ER-A2/ —IVEREBRKRUEE-A 42/ —VERBRICLSB#I/I DT
NS T4 EDPEMEEER L, EAMNICE, FLETHREMH0. Inmol/dn® B R
BB A5/ —LEREERIcnED ) WBERIKEY S URHHEREDSS
L (Olcm, #AES 50cm) [CEAL. REBTOERREEZ P RADANITEE
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THEL., F#TEXTREOHEESBEICHIT5IESE., BEE- A2/ —)LEALOR
FTEHELTFMLIz, BBIZLT. M nBEULn 0oEEEREEL-, LnOTHR
REXGe RHBT. A& Cn(ToRRHBTEHML -, BEE-A 2/ —ILESBERKIC
&5 An/Cn HEERER L ZIXRBRAEEHTEEL -,
1) MA/Ln SBfE
FLETROBEESBEANDTEKRFHEE. JRIE 10cm’/h~100cm’/h DFEE TIXIF L
AMEZEERR LN, ERREBE. A2/ —JLEEX Ln & M ORBEHER U B
HHICKE(EEZRIEFT, £42-1FHIT50em hSLTELON-BIER : A4/ —
=13 DHHMBERETRT . In E MM EENRTHEL-, BEXDOTROE—JLEH,
DOBRBMEEH Lz, COBRBMARICME., A8/ —ILEBEZE 0%EE LiEEEE
BETHLEIBONSOBMEREFEL2-2HICTKT . CCTRLNTHELAEFY
[CEH SN D Ce ZEZEIC L THRERBZETM L 7= . 188 R TE Ce/Am, Cm O B R 2K
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HEDRERBITEL,
2) Am/Cm &> Bft4iE
REBEAFI/—IDREEN 23 DEED, HEE- A4/ —IVESBERTO
An/Cm DHBEI BT RIS LEE L 2-3BICFTT, CORTIEH An & Cm AFEEIZ K<
DELTz, AR/ —ILEBEMN—F (60vol%TEE) T. BMBEEZLTLIEL-ERE
B4 2-4HITTRT, mEBOESLLA 30vol% (10MFEERIZHEH) DL E An RU Cn
[CHBREDE—V /O ENER Iz, ChEIFLTEAFTOIMRABRTOERL
FEHROER TH T FEEEM D An/Cn D BEZREIEH 2-5 LHEH Sz, BEDHR
UELUVSBEICOVWTOBRBEEDOTZEIT/NS L,

(3) #¥E

BEERF MEE) CEEICRS URTEA NOX #3% (143.8GWd/t) AL\, X

HIFEEA—AFICEWTCTLEEDO7IVF = FRBEEAEMEEIL 1=, BAOERTRIZIE S

BEYUSOFLEBE (FLTaANML—a ) (A OXBERBTHY MO

FOREFPTLHI8EHRTERP ("Ru%E) BFIRFIL PTc) OBEEHE-

-0 TOHERUTOHEENELONNT-,

) FOTRFPOTLI4ILML—2 3 0 TIRIFFELIZ “Ru AABRETER (Te d
EEBIIOLWTIEHSEDOEFEETHD)

2) BRETIET, Ln+FP, NA BT Pu(+Np+U) @ 3 BF BBt S iz,

3) VAOHENBHIRET, AnRU CnXFFMEgLTOFs FELTRRTE -,
RESMTILERBEE SN TE= M/n DBERT An/On DEEE Ry FEIEETE

CEIFEHMTHY . SHICHERE—RTL/MA/PUuDDEEE. ESITETERT An/Cn
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OHELBNERTELILE, HRDELEAEARTYTONME—RIZ2 AT
yICHIETES I LERL, BRENCLERICERRVVEREZRHET S (8 4.2-5
) . AOBIREILTER. BERETHY. LALHELOTIF-FORFEESR
ERELELBEVDT, ZRHMRENOREN DG, TRVATLELTHERLA
ERTE D

BEARIHEY S UBIEERAL MA (An/Cn/Cf) FBEEICOVTIXRIKR—JINC O
HEHHFLLTHELTYWS (B, K. D) .

(4) 5HOAEBMEDEDS
SHIEE 4 25 DI LE-EFNBLERF—LOBEL TORELBENE LT,
HIKEDHFRAELZRET D, Thhy FREEBERE L TRKEIEEVZ—AGF &
U (FEETHAE) OSFKRI ZEEL. 3MBORL M ARy b FL—4
SHER. KRI ; SR An. EREEBR. HI KA a—L K. 9SUER) £#4£ALDO.
MEMITED B, ARELEEALEETE T — Y ORBAHDOHRTTL ., PERRE
DHEREMNED 74— ILFELTERT . SEOMEREATZTa—ILZEE
4, 1-3 RIZFRT,

(5) REHE

RERMTILER LA, o1, BB - BE. BELRUVEFEELEE 4D
RN Y FILT, BIEO MA/Ln B An/Cn Sk %E . RREFAREE RV TRER
LE-C EDBERITREL, 523 KEYSUBIBONTFEEBAENLVTLTHD
DT, HFEEOHEBICAD SHKROBRICHT 7 FF—ELHSL 5, BlA
v FREBOBRGTAARFHES 12006 EHOAL] THRL. BHNERZ, £
LAERERET S, 3BEY S oA oKBBIBICKD0BARICDOVTIEEREIRX
—INC DEEREEREOREHAD—IBE LTERL . 2EREEE AGF TORY b
SERICSME 1=, - OEHRIENHK B LK T 3 2 LRGE THRER &z, A4 Ti% NHKTV
MM F—LADLY Fr—3F0, PIFZ RRBOESEOHNRSITOVTEAT S
ZENRTET,

(6) X#UAK

1) T.Suzuki, et al. J. Radioanal. Nucl.Chem. 255(2003)581.

2) T.Suzuki et al. to be published in J.Alloys &Compounds (2005).

3) T. Suzuki, K. Ito, A. lkeda, Y. Fujii, M. Ozawa, M. Hara, T. Mitsugashira,
“Separation of Americium and Curium by Chromatographic Technigue using
Tertiary Pyridine type Resin” , 8" Information Exchange Meeting on Actinide
and Fission Product Partitioning & Transmutation, OECD/NEA, Las Vegas, Nevada,
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USA, 9-11 November (2004).

4) Atsushi |KEDA, Tatsuya SUZUKI|, Masac AIDA, Kouhei OTAKE, Yasuhiko FUJII,
Keisuke [TOH, Toshiaki MITSUGASHIRA, Mitsuo HARA and Masaki 0ZAWA, “Chrom
atographic Separation of Trivalent Actinides by Methanolic Nitric Acid Sol
utions” , Journal of Nuciear Science and Technology, Vol.41, No.9, pp915-9
18 Sep. 20(2004) .

5) Atsushi Ikeda, Tatsuya Suzuki, Masao Aida, Yasuhiko Fujii, Toshiaki
Mitsugashira, Mitsuo Hara, Masaki Ozawa, “Novel Chlomatographic Separation
Technique Using Tertiary Pyridine Resin for the Partitioning of Trivalent
Actinides from Lanthanides” , The 1%* COE-INES International Symposium
INES-1, #10, pp. 23 Tokyo, Japan, Oct.31-Nov.4 (2004).

6) #mAER, BHIEE., MNEEE

[79F)4V TEO N BEA XK
45FE 2004-039808 TRk 16FE2A 1T H
15-BhBA-011RF, EEES D2883
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Granulation

B Uni-axial press
Agate mortay
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Sieving
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<300 MPa

Inert gas, 1 atm, 1500-1700 °C
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OBREFIZONTIE, BKFEAZFREEXRICLEES. BREZSEUEICHLER
BETHDEERKIC, BEE. EREDFAE. BEHEREONRIAFTEDSC L
NERZTELOT., §&E. YANSVAOKRFHRUVEEFOEREABRFIR LT
LESHNEBLEEITTY YA I LT SRR ZHROICCOBZORFMEREZ S
HIZHEDH D,
(5) KRR
BENBEY A -/ LBE TR, BLEAKIBICHBIEINS Z LICKSBFEERL,
ELRLVEEVERRBRICLIBEASFREINE. SRRELIZII2ERFREDFAMR.
MAOFPZ—ETYS A HONT B EICLHBILRIERE. BKFERFARHOER
M RES C DREIRHELH S,
LEREEH. AMRHARICKYFLERBEY A O LBZORENRFTES,
(6) X@k'J A b+
Dt b, HAEXR, WEALH. BURB., “BERFEFHRETIEKFEOES
VAFLOBERESE | BRIREFHES 12003 OX%]
2) hEEH, “SEeRNBRHEYAILVEDL . BRRFHES 2004 IOKXE]
3) T. lkegami, “Core GConcept of Compound Process Fuel Cycle” , The First COE-INES
International Symposium, INES-1, Oct. 1-Nov.4, 2004, Tokyo, Japan (2004)
4) HMETRE, “HELEBRHEYAIILEBE . BRREFHES 12006 FOFER]

"~ 5) T. lkegami, “Compound Process Fuel Cycle concept and Core Characteristics” ,
to be published.
6) % EEFAMEOBINAAERUVERFOFLEE]

FEAE  th LEM. REB  FR16E7A16H. &5 : 155 2004-209621

E54-1K UHAINICKBIELE (BKEYS VERFABH)

LWR-U 1EIVYA | 2EUY | 3EUY | 4EIYY | SEIYY | 6@EIUY

S/F 2% AONE | AONE | 41OLE | AO0LE |19V
PRIERE (MWd/t) 60, 000 23, 300 47,000 59, 600 77,200 73, 500 87,700
B HE B ® E | 60,000 83, 300 130,00 | 190,000 | 267,000 | 341,000 | 428,000
(MWd/t)
Pu E1LE (%) .11 5.88 10.2 13.4 15.9 17.8 19.4
VA EFExHE 1.0 1.49 1.74 1.92 2.1 2.28 2.38

HEIELL - 1.13 1.06 0.99
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U, Pu, MA, FP
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1129,
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Sm151
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EEY
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6. ERIEMELIZEML-HEIER

ERTEME LR, DT RN ERET S AN OHICMAHMREBEUTO L
BYTHD,

DS HRERI D7 BE - FIAHEIN

@LLFP @& —%4y MRS

QHELS & NBETIRDES
CHhoDMRMAEMSE/ONIZAREUTIZHRRS,

6.1 B BRI S BE - Fi LA
6.1.1 HOTRUHBERYD 5B - FiIF

(1) B8

(%4 B4 RO 5 8]

C ERERES S EREE FP ("Se, ©Zr, %Sn, Pd %) LHEMARDTEFP (Pd, Ru,

Rh, Se, Te, Ae%) £4 BT HHM X, BXE) COVTHERHESS,
GRS Ry o)

. CREZEVOLELSRUEERERCOVTRNT 3,

CHMETOEHFRICLY. BEELALELREERETT Ao LIcL YRR
FP 44> (Pd, Se fh) ILBIRMIICHEL. &5I2 PPEORES 4 OEMIZLY
Ru. Rh R URe (To#&#) OHHEAZELHALETZEARHEATING (Al
TRRIZEGE (CEE), AMETIXCNESSITHED. BKR, 2 nRRU4TROA
SRR D DBRATHSMERET 2 E B0, CHEFR L TREEEOREET
1= F = RUNOT/#Tc0, B R ORBEEE AL THRAREBE T TOMBNES
ERBLE, MIEOI—ILFRY *Tc 2R FL—Y—RBRIEM L OLRHE
(ERFMROBEE D) T, BEOERE “RuNO*/*Tc0, % LM = RREHER LE
WFNUCEF U< 7 - KRl EDEFEHETERE L= (FY2002-2003),

FEEERBHICAMEERAE <. FPEETH> THIREER (FC) OKRES -
BROMIEE LTOMNANEDH D, BElFFR) & FC (ZRETIEH A, HITHHEN
;D C-Free THY. ZTORASDEIIFED IR E—HBKROBHEL 7LD
—DEEETED, FR T RLF—24EELEEOMEZENHOESS TR & —5
LLFP % B 5 M ZMILIE L THIARDBIEETS & RIS KREERUKRBEDT-
HO—REH L, TOMERTE - BEERET S, COa LT FEE6.1.1-1
BIcRd. BEBTERLERE “Ru R e L EHFET 5, KFETIE, o=t
FHHEE (Ru/Rh/Pd/Re/Te) I2& BT LD YKRUATEKDERKRLESEES
BETL 1=,

T TETERTEME] TR, S REBHIZES 00,4/ MFOERA H=XLOD
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IR U Z DR FEICH M - R3S OIRE GEAE) O 0s/Sr Btk #EE
FIEOE-HORERN. BEDE. BIEESOIMRE GRAT) £EHELE
(FY2002-2004) , |

(2) B

BAREmYE LTERFRBHDICEENSI REDBEETRERU Tc (&, BER
EZEMIIBETHIEVSIUHEEZELTWS, ChoRHRDEA T UNLEREHHIWVE
BIEMADELERLETEMIVTIELEBRMNARELREDNETHY . KBBEPIZEL
TAAVELTHAETIETEE. B BEER) ITLYEEHLVIIEEYOR
TEBLICITH - DB TEDEEENZREBLTLS, CITlIE. COKSILERET
(L& BEAFRIBMRE. BLALER HLLW) SOHBARFIHoOETROMH -
ST (BREFEE) 2OLWTEEDH D, |

%ﬁtwﬁ\ﬁ?#>§ﬁﬁéﬁbt§%ﬂmmw@@E&UE@§~&U@E@
MELTHEAS P EB (F4Y THMIZPta—F 125 L0 ; BHEHE 20cm)
THEE L. EREEEREMEICLYITo-, EROETICHEL., BEBRHRIZEE
NAFLTRIIEEBLEIZET - T Shi=, 48, Re(ZEAL VI D Tc OERYME
ELTHERLT,

2) WEEABRICHITIBALSERESOEHMEEFH? Y

6.1, 1-2 RICEMASTHAE 3 BERICHS T ELKETE (Pd, Ru) U Re O
HEIZRIFTHREEDRELZTLEO-LDERT,, HPICEETRINERTHEET
3% (UT. M%) RUITENRSLTHEET SR (UT. BER) FhThIC
DWTHBLNE-BITEONEREZ IOy FLTWS, BHRICEVLTIE, IRETD
ESAEOWEEEINEVE (EEEEE 0.5N) TRETELLICIBHOERET
&Y 0% LEDFVTHEABLNA TN SA, MEEEOEN MEREE M RUT
4.5M) 24Uy, Pd ZBR < ETEOHEREIVTIhEREIF D LIz, SO &S LGIHEE
EEQEMICESHHEHEOETIE. BHBEEEEICE T H5INHYDOHB~NDESRMHE
DEAOREBA IV EHBA T U EOBERICESHEEROELEITERT S
LDEEZ DN, COKSIUERHEEEIZSITS RuRURe DITHEETIL. BE
RITBVWTHRBENA TS, BHREEN M EBEEXTTHREBRICLABBEED
EMIC K BEEFNESCHE-TEY ., ERFRRBICALSHOHEEERANFET S EMN
Az,

#6.1.1-3EIZ. Ru RV Re 28T 2. M BEARBRDEMBETICE LT, Pd Hi&E
LR, EREMBEICERPAPIE—ELTEMLLZR, RUREDPd Z5E(IL
THERMLEREFNFNIZBLVTBONERTRONHEHZR Lz LPAdBEEFELGN
RIZHITARu RV Re DHHFBIZWVWTNREPS VD Pd DFMIZEY ChioDITHE
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EIREBMICRALE LT, ., EFPICPd 25T LTHEMLAERICBVTIETOHE
Ru U Re DTHAMEE S . 6 BRIDERETICK Y RUICOVTIXEEEE (99%)
M. Re [TDWNTIEH 459 FnNENIEBLICHE - BIRENfz, CDKS57 Pd #F
FI2H1T3 Ru BU Re DERBITHEHICOVWT K YEHMLEREBLI-D. EXTFE
BALEBEBRBEARVETDBRIRLTERER TSI LICLYBONIBEBNEYZHER
ELI-BEODOHMEERELz, Y42 UV IRILEAETS L (V) BEDERMN L.
Pd-Ru BB RLYBONIETROMERENS Pd RU RUEEEERL YB LN
BFENDEFRE->TWAIEARO DN, CORMBYIZOVNTIZX REHFREDA
ERELYIHREEEEZLDOPIRUAETHS I LRERE LTz, £z, Pd-RUWHE
BIZBT328TEDOHHEEBRMIZDONT., PAFHEBEBR U RUTHEBIZH T 5EL, S
DERADL I FRRLNZZEM D, Pd-RuBSENFHET I LIZEY IhERTHE
DIFHBEEINETL., ZONEISRESNDZENRESIAT -, D& 51T Pd-Ru
BARIZEITS Ru DHTHIEEIXIEE L TO Pd-Ru € DTHICERT 21D EER
BhdZEMDS RuDBTHER LIS L TIXEB EA~D Pd R Ru O RIFTH =
BIETSEIERMEHDEENEEL LGS, —A. ReICEHLTIE. RADPdDF
MIZE DT ReO, & LTIEMBLICHHE L., EL-ZONBEMSL Pd AFEOEEEZITR
WS EN, XREFRU OV AEICKYERSIATEY., RuDHEEITRGHRER
BOBFENRIEES Nz, F£6.1.1-1 RITEHAETHE IBMARICE TS RUKRURe D
WMHBICREFTEETIEEBA T ODEEEFELOHLDTH S, Re DITHIZ. £
NEEERHLEWFRU FM AV DHFICE>THRESNDIZ LML, D
BETBEPICHITIEEBA A U HOHEEEREFICEET S IO LHEESN,
3) BRITHEZBRVLE-HEREPMASOR, TcEoERIO—S—F?
MEDESHEREWBEEDTO Pd XETICBT2FOTHRONERENRE
FALE, FRAFRHEBHEE LWWEOERERRAIENoOFPTHRF POEURT
A—Y—hERELEZ (B6 114 RICKY), A78—2—FTlIE ETE1OE
BIRHIRICENT., BERTEICLY Pd RUEBOESGRNEITVENSEERE
ERo-FFE (BREDETIZES Pu RV FP (Mo, Zr &) DILEERZEINGD. Tc
EUBSETEZEBLICHESIES, R, E20IETHIEREBIEICSEL
T.EXRFPFHLL-EBZBIEE L TEERLLICKYVRTREHERBIRICHBMHS
3, EINDIETHIERNMUIETIE., BERBEICSVTHEFTRERPD PdD
& ZBIRMIZIEAE LICHTH - BIRT 5, EURLTz Pd EROOIBTHABHBFTLT
BICBT5FmMEE LTRYRLERT %, FAOIETHIERTHIRETIE,
ERBEICEVTHEBEZERMNIZHEMLUENS Se RU Te #FIRMICERL. £50
IRTHIEMTHIETIE. BERBEICBVTHEEMEITHTICRUKRURe &
SERETEINT S, CROoDIRRICHEONLBRIIHEBRTHLIBREH L
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[ZHLLW &BEch, BEEBLEINSD,

COI7A—Y—+ELEICLEYMBERE CEEVOEHEFTEIRICE TS Ru RU
Tc DIEFRTH S Re DENENFNFN 60WR U 2%BEL+ATREL FLEZD
TECHIBEBZBIBICEVTLREBELONEYDICETAEETHROLH 20%H3%
BERY (BB, LOFEY) ELTBETRIFORENALNIISh, SEBERED
ZERIEETO—— bEHORBIEETS EEHIC, BENLDITHMORBZRL
TEREBIBEORNE, FABEICOVTLEERREEDHD TV LELHD L
DEEZLND, '

4) FHOTHEFP OFRAME

BIBENY 2T FYA 7L OBERMMEOBILEHT-L5EE (BR) ORIE%
BigL. BOHERY (FP) 04l - FIBHEERELz, FAO—ETILELT,
FEOBFHEN., ERBAROIRNLF—DRTLELTEEEIELR FBR) LBEKIF
LWR) &£V 7 FIRILF—(KkFEEE, RHUEHDS) COREDRTLERELTWVS
5, FHRE 6.1.1-1 BIZRITEFITIEFBR A ETEET AENZKFEENIRIL
¥—EELTRHBATRLEHIC. REOBRETIAIHE. HIERIRERY (FP)
L L LTRIRATA2HETHD. BRARRIBIZEITHFLTEFP (Ru, Rh, Pd, Tc,
Se, Te, fth) DAREIT. SRBESEFERFAHHRE TERE UM~ H1- Y 30Ke
2ZET 3, FLTEFPON. BELE “Ru BT *To IFIRTOBNIER LR E XA
THERETHY. Te, Pd RV Se (XIFEOBRERULEBEATR LT S LLFP OBXTHRTH
%, BEBRTEFIEENRELTE KIS, RAERELTEODT (Pd Rh) RY
%7 Ru, Rh, Pd) [RELEBELERLOT. BRBHERBKICEARERZRT
AEELBBYEL LTRYHEDLONhZ I EFBELTHEDENH S, BEHLEMIC
(£, FP - Pd ZEFHTEH A MEESHETBHTEL. —F4 FP-Ru BU FP - Rh
D HSTREIF R & L ICREICHEL. HTHEOANERNIEHAEEE L H/AL
3BURVICETETT S, BEGCFHENEHSHEZUBEETICBELEES
Zk->T. FEFHREBOFELREFPZURVTRUIZEHECE 20 TATER] &L
TEFOERIREUHA (JH1o)) sEESHD,

FLREFP QUHA I LERLELO-OOERFRE LT, UTOBRLEREE
LY, ETHBRIREFP 280HEBEARETERERL. Ti EMEERL
CE—THEB L CESHEMOPd. Ru, Rh RV Re ZFNFhEHETHEEE. SENRU
ESCA/EPNA 2 & Y EBEEMEMOTK. HE. LEMERUTHREREI ML=,
FOWMHEBOEILETHMEZ IM AtEYV—FBRPICELTCOV (50mV/sec) IT&
YREZ L%, AEMEBEZAFRE L LARICTEERERSER B0°C) 2170\, B
BEORIEER., KEHAREBSEAE L, MEFEOFEE L TKRBERE 0.
KEREERDRe,. ENFREMAWEERFE LIz, SEHICEABRFICHNT “Co R
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JBIZ&k B 10kGy/h BE T TONMEEBOBRBLOAER VKERRRETL. KE
BIOERIZRIFT r RBHOEEEZRIT L. TOHEE. UTOHRLSFELONT=,
(@) Pd RURh (Z Ti E# EICHRFIZEWH L1-, Re RURuFERTIEETINIZC L
A, PdHBWNERh EDEESRPTRBRICENTE- MENEREINE) . g
EDREHRIIEBENNRELLIRERRLETER,
b) METRIZLEETH =5, Re IZDLTIZEEDHIZ/KFIERIEY Rel, - XH,0 A
BRIz, RUIZTDVWTEEBRUAMMCRUUIVI DE—I AR N T,
() VAR THEONEAY—FERDIL LAY ERIIRN RV PIHTEHEBRTES
WHEEBTERHEEBLYLETH -, HIC4EESHHEEIL OV ITEL, &
BREMMALDILEAYZRE., MIEEEABOTEWNEETRE L,
d) WHHEBBEREBE LEKEBRURATLREE LTI RV —5E (E16. filifae)
FEHREM W: REGEEFXEETINDICETHIERIRI/ILF—) THEL.
Ni BB, Ti BERUEEASEBELE Lz, RRHTIET7 / — FREEZERY
[I—F&L=DT, BEXZAHYV—FEETRERIEIWcZkeHT- (F6.1.1-5
[ZRLT), RENTOKEREEBRME e (TBHRAEDHEENED LN, FITESHEE
BRITEETZILAYKEBTHEOOIS N BELET 20 EEETHEBEELLIBTE.
FERAELYELBATWS L ZRERELE,

1 V vV, Q,

| €/Q, Er

V, BEE. 'EREER. 0, . BRESKE. e ERPE (ZITV=V,+V,

(Voo Vo T/-VEIB&EUN-FNRIEBE) THAHHN, KEHETIEVAR—ELAT

LVCTVERELR)
(e) v #RBBE (10kGy/h) 12k Y. IMNaOH B ZFOBARBLIETI EEBTEERAIZL D
FLEAHEEE TSN TEHINHEICRT ZEANRO SN, v HEESTCK
Y Ti EBRVAEBEANHEEBONS CTERKRRLEE W/h)NEFELT HHER
NEHLoNz, COBFAY—FERIIBRHFNIRTEELEN ST,

(3) #15
AMETIEIPdSOMEDNRENAT 2F VTR P OLEEE. AIEMNERRIVED
BRIt AHMERE Lz, DL 7 KRI RUTRH NUICEF & DXRIHE TIE Tc DT
LIRESNBIEPHLOMIESNz, ChEFIALE Ti EMICHFITRZENSE
BB, 7LAVKERICKDKEREMESL L THBOTELVEEEZTRT 2 EAH
MM EINTfz, BEAEHEROERE LTI,
HIE<—_nHRhEE<mOaTHREE
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DIETHILEENEN o1z, COBEMEFLTRTE-PLtEBIZLETILHYKRY
AIBKOERTLRBEICERIN: (F6.1.1-6 ), FUEXEITRELTORUD
MR, EEERTHEEH-YDOHEKTIX Re ABE L-EARHRDFEENBELMER
RREOHLNEDT, Re(Te) DBRENHLBELLZA D XLRAREZEDIBLELNH D,

EEGREORER CHRLE) HICHITER FP OFMFAE (MSEREYVE
ERL) OmEAND. 8 - FACETIHLLEHYI Lo T FERIEL
f= (E6.1.1-1H), Bp, LBEFIRILF—4%EF - ROLOOEBRUETIF=F
PRE- — &8 LLFP % ZEah S A% “Fission-Energy Cycle”. TRIT—RIER &L FiE
[CEHEUDW -, BRUEFPALRLIEBMEDLEE - FIBORHD “Fission-Product
Cycle” #xRY,

(4) SEOHAREAKDOEDT

F61LI1-TRDOa2 T FORBRZBIETHHOOERRMHEELED DS, ERLA
LEEREZAWHEVPTRFPOEEENEBRUENRL-HOTHRPICKLEMRKR
gy FERERIZ. 5 11 8] (FY2005-2007), O 7 KRl DEEBEHEERICTERET 5F
ETHD, ELHTLTHHEBD A2/ —LVEREBREEEEZRT L. BHEhAdiK
ELTOFRMEZIED, ChEA—X(HEHARRELORF ZITUVOMEREICEL
=y, SEOHEHERya—ILEE6 1. 1-2RIZTTRT

(5) KERME

EREABHBROFDTHR FP OHH - FIFEE L THMENERRIEOENMEE
R Utz FREEEERMIC Salt-free THY . ZREEYDELEFBOTOLENEH#E
ETED, FRFEFUEETIIEHETH>/=—8F LLFP (Se F) OB ZRIAEE T
2o

ERAEABHFORFITR FP OFLELFAXERE T EATER, BATHR
CRHON-EEEE—REERTHLHALS PHRTHS, chEELDOFAHE
OEREETELI=L, ELICHELAFALEEZRHI-OOHREED D, BESE - F
FRICBALINETIHORFLEBES LWL, o1 HERPTHS,

(6) X#YUR b
1) M. Ozawa, Y. Sano, C. Ohara and T. Kishi, “Radioactive Wastes Minimization by
Electrolytic Extraction and Destruction in a PUREX-TRUEX Actinide Separation
System”, Nuclear Technology, 130, 2, 196 (2000).
2) Y. Sano, M. Ozawa, Y. Tanaka and A. Kato, “Electrolytic Extraction of Fission Noble
Metals For Waste Minimizing In Advanced Actinide Separation System”, Proc. 5th
International Nuclear Conference on Recycling, Conditioning and Disposal
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(RECOD’98), Vol. 3, 717 (1998).

3) M. Ozawa, Y. Shinoda and Y. Sano, “The Separation of Rare Fission Products
Toward Bridging the Nuclear and Soft Energy Systems”, Nuclear Technology, in
printing (2003).

4) M. Ozawa, M. Ishida and Y. Sano, “Strategic Separation of Technetium and Rare
Metal . Fission-Products in Spent Nuclear Fuel: Solvent Extraction Behavior and
Partitioning By Catalytic Electrolytic Extraction”, Radiochemistry, 45, 3, 225 (2003).

5) INRER. (EF—. BWEAEE. [ERABFRKBRHPOFLTEREF POIBREIRS X
BLUVINzZzFALERFHARE-BRHBHRELE S XT L] 2BRBFLR
4%¥Bd 2003—161798

6) REBE—. SMEX. hF . NEBER, "FIRRF PEREEICLSERK
RREERER. BFRFHFEE 2003 KDKAK. 162 (2003) .

7) INEIEE, b, [ERFRBREPORLTEREF PEFRAT SKREEME.
458 2003-400038 FRk 155 11 H 28 H
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Pd (0.11g) Pd (0.11g) Pd (0.11g)

100

80

Ru(Pd—{E D)

Re (Pd# &l

e o o e =Ry (BB

e e e = e Re(BhHR

0 50 100 150 200 250 300 350
BARET [min]

6.1.1-3 Ru/Pd B.Tr Re/Pd iREFR (2. SMEEBSBR) (CH
(% Pd RN DOFRTEDIFHES)
([Pd] nitiai=750ppm,  [Rul iyii;2i=1200ppm.  [Rel initiz=200ppm)

586.1.1-1 %R BRERMG 3 FERICHITS Ru KU Re D HFICRIFTH

FI 544 DRE
B 4> (750ppm) | #EL | Sn* | sn* | Fe*' | FeT | pd*
Byt Ru 7.1 0 0 0 0.3 38.1
(%) Re | 7.0 8.9 4.1 125 | 164 | 16.5

[Ru]iniia=1200ppm, [Re}iniia=500ppm

EHEE  500mA/om?

HLLW
(FrTe R OB &IETHR)

TR RANOY T

AR

B BE 25mA/em?

HNO, =2 TN LTy

BIREE - 100mA/cm?

6. 1.1-4 BRITHEICLS
HERTFEEDEIY

BATIL (V) Ru Iie_l A==}

PERi L DO

FEVREE  500mA/cm?
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Y » ¥Ru-Ti
;% 0.9 X
@R; '%_ ' N 00| |#Rh-Ti
21 o0s . 4-
.L.HE " +Pd-Ti
% Nt
5 07 T X Re~Ti
™~
06 b @ Ru+Re-Ti
-2 -15 -1 -05 0
© Pd+Rh-Ti
YN
Ti

B6.1.1-50 HIAENHEBOBEKBERERICICEDSE
HiEE W (hY—F&FEED)

200
: quaternary*2
H Ru uaternary*3
‘E| .Re B q ry
: Rh-Re ® Ru-Rh
B quaternary*1
B Pd-Ru
100 -

Cathode Current, I (mA) at ¢ =_] 25V

-1.3 -1.2 -1.1 -1 -0.9
¢ Hinit.(V vs. Ag/AgCl)

% 6.1.1-6 RMFP 47t Pt BEO/KZREEICHIT HAMEEH (Pt SHBELSE) ; B
DKFBREFIBEL (PHinit. ) SERICEE ULAER. -1. 25V (Vvs.
Ag/AgCl)) [CHITBKEBEFREETREDEFR (M NaOH) . Deposits from
the quaternary ionic solution; %1, Pd:Ru:Rh: Re=1:1:1:1, %2,
Pd:Ru:Rh:Re=3.5:4:1:1 (Pd2+ bloc addition), #3, Pd:Ru:Rh:Re=
3.5:4:1:1(Pd2+ divided addition)
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FABMBENRRCEFTIIGEAZEE L T TN T ARMAREELZEE L=, —A.
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TRU R ASHERY (LLFP) (X, BEFLEICL > TEFMBEICRER LR Y 4
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H+— (tunable laser) MBAFEEMEIZ, LISi% (laser isotope separation) ABHFEE
hiz, —A. B ZAMKD. BB, AERUKAEVOEV. REFHREL LT,
FEFRNARY MVIZHERT I MM TS, L—HF—EREZDRRAEL—
H—ZFAL. BEES T b (REEICKEZBRIUEEDEL) L YREIMRIBOEE L—
HY—%& BHIRMADRIRARY FVIRIZERE L TRE L. BMRGEERIRAIZHAR
Bt (ABIRLE—OEN; F—XFv 7)., SoICBNLEERRO-RML—Y
—Bsck YBEEFEA A b (EZXATv ) SEHBZZEICKYRNBETHHET
#% (two step selective photo ionization) ., BETHNIEEBICLVAF 2%
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ZEEBE)
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TOBRREIBREISSONICHEITI2EERERSDRD D L The I COE-INES
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Hydride Formation in Vapor Cells and Their Application for Isotope
Separation” , The 15t COE-INES International Symposium INES-1, #13, pp. 26,
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