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Study on Reduction of Oxide Uranium in Lithium Process ||

Hitoshi Nakamura™!, Reiko Fujita™!, Hidetsugu Yahata™!,
Chiharu Kawada™!, and Kazuhiro Utsunomiya*!

Abstract

Pyrochemical reprocessing is one of a successful candidate of good economy for spent fuel
reprocessing. Metallic fuel reprocessing process based on Argonne National Laboratory technology
needs a reduction process from oxide fuel to metallic fuel to be applied to oxide fuel reprocessing.

This study has examined the reduction process using metallic Li as a reducing agent for U0,
which is comparatively estimated with the results of U303 examined last year after investigating the
material of mesh basket with literature. The mesh basket made of Ti and W for oxide container,
which are selected by investigating the material of mesh basket with literature, were both broken
during reduction. However, the mesh basket made of several layers of stainless steel was not broken
at the same reduction condition. The reduction ratio of UO, was estimated to be about 80-100% by a
gas bullet method or an acidic pretreatment method. The influence of simulated fission products
(EPs) on the reduction ratio of UO, was nothing, however the reduction products were mixed with
the simulated FPs.

A further study such as investigating the behavior of FPs in the Li reduction conditions and
establishing the separation process of FPs from the reduction products of UQ; is necessary.

This work was performed by TOSHIBA Corporation under contract with Japan Nuclear Cycle Development Agency.
INCLiaison : Dry Process Technology Group, Advanced Fuel Recycle Technology Division
1 :Pover System & Services Company T0SHIBA Corporation
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SNBLBELERS. BXT 6.39 g8 &35, LEPVOEREBHIRILF—0
B 5, LI 285tH & UTEEREMEZ 530 EFRIE NS Niy05. Ce,l;. La,0,
PEILRISEFS LR EEETS L Li0 R8I35 95 g &5,
L72bo TIEREF O L1,0 SEEA 2. 1 mol% 213 1. 95 mol%iiEdud, Bt
BERICHLZ U0, BLOEFFP e Tl IETEN L EHWTE S,
TURFIZBIT D LI, 0 MEDN S OBTEORKELEZE 4 BLUE I-TIC
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ZORR. BEP NHEFELLES TOEARBISETREERE Li 0B AR
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#1000 ¥TH B Etbhh o,
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E) KOWTH T TR TVW T L FERICOVWTIRZE 3-9 10585 .
B, EARE. Li 4FR. Li,0 BRI OWTREZT /2. SWEEE,
&35 K36 ARG BERBREBEOA v P a RIS —BRH, AviadBlrLiCl
OHBRZH 387 I, ELERYOREERE L 2BEREREH 3-10 17T

BEEEHTAC2—Ly MERLDBAFREOREIASRETH D, Bk
Wi, FIZ 100 %BILENTND I ENREREI N,

. Li, Li,0 OBRTERY~OMNBEIL, FEWIFLAEIETHD Li,0 0
BTERPNONFRISBRHER LTS o7, 7220 Li OFEE1E Run-1 &0
BETEWERER- .

BRNS Ay a RIS 25 LiF-BoEToEFP 558%% 3-TI25R7T,
HEPOBEEFP SHEIX0 01 wih, EEHN 56 0g TEREBOD L ISEETH -7,
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T 5L, BERIIEWETEER/DIZIENTER,

OB, EBITEN, B E Li:0 OERBHAIRINF—AGOEIIH D EEZ
505,

AGODENKENE Li MEEINEREISBLWETREMRI S ETETE
Do BILERYC Fe BEEFTIHLERENKT TS, LW INETORED
5%, AGORERELDRIGRIE. BERYOBEEENEENRED 650 T
ARESHEA, SUS BAyTaF0 Fe LBERLERYO U OFMY, REXSEE
725 CZHEZ. Fe E U DEENERINDE VNI FRINTE S,

o TLiz0 EDAGHUO LD REWNUs0s AWV Li BT, WHORB TS
WRIGEB00 CEREZREL UO: BEREN, U0: & Liz0 EDAG DEN/NEL
2. BROEFTLEED, EXENETLEDOLEDbN S,

42 EETFPEEZO U0,ETE

UO, L& FP MRELZEHTO, BT, SO TILEFRLEEDRA b
TH, EEE, FAEa—L v bERkic, ExFAZIT 100 ¥ THDZ EAEREN
7o TOHRRR. BEFP OBRBENUO: DBIERIGIZIEEALEEEEA NI L%
~9. LALEEFP O, KBMIBETERY EBEL AV aNZ Ty b EICKRE
Lice AviaNATy MIEREBLUERE FP . BnERM@EE UL, 555 3%
ICEBERE, EEREREVSTEREBETAY VanNA Ty MZEEL TWBHO TR
WintH#RIND,

4.3 AwiaMBOREE

UO, BEM I &R FP BERO Li BB T. BENE Ay o0 EFICERAL
T BEIOWEA Y 233 Li ETEBEICERAER SR Lo .

1.2 OFSEHABERTIIHEEYT,. EROBXARRTHEELERIZ. Avia
BN E, EROBTHERERBDIBEF L TWiEkD, Mt RTHAE
TOAY a2~ DU, LiSEOEMEOFENEELISND, T Ti® WIERH OB
BRI OMEEZRE> THWBI), BLFERSTERLLES, THRRREEE
SNBNWAREEESLH B,

SEOBITRRTIE SUS B Ay I 1 ilERIIERINTHaL, ZOFREE, UO:
DBFTLEBOEZATHENZ, EREHIRNF—AGOEIILZDOLHEEINS.,
EHEMIZIE Li,0 EDOAGODENKEN Us0s Tid, BIRIGHHIIKELRKICERDR



ENEZL5ND, TOEDICAY Y& ORMERS TOBRTR IS &5 B4 078 E
ERIZED, U & Fe OREHRERE 725 CEEAD, A v 1 OBENET -
EEEIND, ZNIZHL U0, T Li,0 EDAG OEWNNEWEDIZ, BRI
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(1) BTERYOENAE
BTERDOERFEE. FRBRTHESEAY a2 ANEBBEROEN A%
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BEMLETERD. Aviailil BRI NVy—0OR%) oksl BO08
SR, BTERYE LGl OSBERNT2RENSZ EEA NS,
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LiBRiCK0ESN - 2BERENS 7T 5. UICFP MBS 2 2 & 0%ER
S/ LiBLERYTH D | ZEBARRICHBADMIC, ViCHETSFP 245
BET D TEMANRBICRSWREED D S,
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Li BxREIcBsmeEsEziTo/k. ZOEBERNS, Tt BEXUOW O
Li ExREICBU5MEEEHRELE. ThoDAv I afEE2EN. LiBT
ABET >, ULHOLRASEMEIED Li BExEBi TRICEA Y > 2 0BHE
TWHERE N, B U ZHBEYEE UAREETIE, BEHICER L7 SUSE A
v 2 RN, UO: ZHEMEE Lir Li BTl SUS EAw 2 adifE
RAvJRETH D L ERRAL., SEOERTHERLAEA v o DERFESUS &
3256 Aw I aZRMEDS Ay aTHAADE SN L EBETHO Ay aff
BIOBEZRETIOIEHRRETH S b o7z,

@ LiBxRBICBNT, Li:0 A5EHLABTER, 3F 100%THoik. £
Li BREILDERLEBRERDICDVWTD, Yo 7U L7 LS TRTE
2% 80~100 % T. TORRBZEBEBLIUHAE2—Vy FEED, BERL
BTHB T EMEREINE.

® MERRED U0, 27 g EHBEPHE L L7z Li BB T, Li,0 OoREEN
5B, 2 BREEETEITATL, BrERYOETER 80~100 %
ERNZEPEREN, LA UVEBTERDOEROE, Ay iahsOBxEe
R ORENR SN, 518, BRARY OENENFEERFT D HER
H5,

@ LiBuLoE, UO,&#IEEFPHELAESTY, ExRid, 1FIF100 % T
Holz. UO,DBTICEIEFP OfBFEEFE LW &b o/, £ELEBT
ERPHICEE FP OB EAENBE TS I EMHREEINTND, SHBITER
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F1—-1 AvwadHOTHERRE

FEA650CT LA LT it £ i RE 3 e B
AwiatieElT Li& DR & D BSHE ERa] THEHTAEAY
EHEFHNH DM 2ot
BESNAEEAELD | VEORISHENTREMR D@ & U TREL A
Cu L EZOHRINVEDY | v afEe UCHNNKERET2UNERD S
EINZEFELD | V& ORBENRRWETE DB & UT®EL A
Mo RN L EZOBRIGEDHD | v aMBELUTHRUMERTZ2HERH D
HD UE DREENTHMER = DEGHHE L TREL A
Ni L FeBERIORER) | vamBlE U THDMHERTA2HERD S O
Pt ) AL LiERIST 570 @HM & L TREY)
LiE DRSS TR DHE#HME U TREL Ay
Ta RN L L T aMBE L THYMHET ARENDS O
RESNAEFELD | VEORIGENREREZOHEMME L TREL A
Ti 7zl EEDHRIGEDD | v aMBe UTEHEDNHERTZHENDH D
' Li & DRISHESTB I DRI & L TREEL A
W REERR L Aq W YaMpE UTHEVDHERT AHERD S O
FeMERDTH D, Fe LURBRIET B DEHME &
SUS316L REERR L RERZRL LCAEY)
Li, V& ORUBENRTRIRR = Digaditie & UTREL
T3V (CU-ND) KRBz L REERZR L AW akBE L THEYMERTANRERS D, O




—LT—

R1—2 AyvamdmRtRBOSBREY

LiCl& 424 [g]

U0:8 27 [g]

Lig

U0k 40 [pm] BAF
LifisnA ik ZRZ117EL 105BEITHmM
BTiRE 650 [TC]

BITR 8 [If]]

BEER 900 [rpm] (Li##A12500 [rpm])
HERE 700 [C]

BB I 24 [IERE]




—Q] —

F1—-3 FAvIaHOEEEL

HER ErTEER ERR =R
[&] [g] [%]
w 0.0108 0.0100 741
Mo 0.0206 0.0199 3.40
Ta 0.3471 0.3409 1.786
Ti 0.0821 0.0801 2.44




#:2—1 WEFPHAERLIBITHER THWV BB L
&R |[&BERTFR | #RES | AR | BHo ftaty |BimEl [{kehel | BmER
< SE L e e L P & IBED | TOEER
FER FER | R
[kgl* [moll - R | [wt%l [g]
[kgl
U 238.029 1.38E+04 | 5.78E+01 UO2 270.07 1.56E+04 83.9 227
Sr 187.62 3.96E+01 | 2.11E-01 SrO 103.63 2.19E+01 0.12 0.032
Zr 91.22 2.33E+02 | 2.56E+00 ZrOq 123.22 3.15E+02 1.69 0.457
Mo 95.94 2.81E+02- | 2.93E+00 MoOs 143.95 4.22E+02 2.27 0.612
Ru 101.07 2.59E+02 | 2.57E+00 RuO: 133.07 3.41E4+02 1.84 0.500
Cs 132.9054 | 3.21E+02 | 2.41E+00 Cs20 281.82 6.80E+02 3.67 0.988
La -138.9065 | 1.03E+02 | 7.41E-01 Laz0s 325.84 2.41E4+02 1.30 0.350
Ce 140.12 1.87E+02 | 1.33E+00 CeO2 172,13 2.29E+02 1.23 0.333
Nd 144.24 3.16E+02 | 2.19E+00 Nd203 336.48 7.37TE+02 3.96 1.07
=E 1.86E+04 100

* REGHISE FBRU YA V3 AT LB T BH58704 (1) THRE




#&3—1 LiCIFDOLi0REIC XD UOB R OMEREFE (UEM) (Run-1)

SIS EITHR
[hr] (%]
0 0
2 93.9
4 97.3
6 95.0
8 93.6
22 92.9
32 96.4




—~1%—

R332 BWHEEHRAE I~V y MNEICKDBTRNFESR (UBEM) (Run-1)

R [%]
M AAE 2~V M&
Ay o B 89.2 84.6
A allkiEY 96.3 95.8
Ay aNATy EEEAEY 70.8 89.5
BPPIRTED 95.7 94.9




®3—3 BEILERVIOHEBE XOMTEME (VEM) (Run-1)

TFLEBR (%) YOTNER | BEAEER LizOf &R Liff &
U Fe Ti [g] (el [g] lg]
Ao EEIL 99.45 0.517 0.035 — — — o
Aw o EEIRE2 99.88 0.052 0.071 0.053 6.00E-03 ND 1.01E-04
Aw 2 ffiEmL 99.78 0.209 0.014 — — — —
Aw a2 99.48 0.518 0.002 0.043 1.11E-02 1.35E-04 7.90E-05
Aw T aNAry MEEE A 80.52 19.43 0.048 — — — —
Aw T aNA Ly NEEE A2 99.89 0.095 0.017 0.06 3.04E-02 3.10E-04 4.72E-05
HEPFIRA A 97.69 2.29 0.025 — — — —
HRTIR T A2 99.91 0.074 0.012 0.047 1.39E-02 ND 2.48E-04

) UHHEmE K 5RTEREY S TN, 2@BHAa—by MER L 2BRHERY > 7N




R3—4 LiCIPOLI VREICK BBLIBTREOEBZENL EFPEER) (Run-2)

LiClH LioOBEEIC L 58Tk
SEEE wim e Thv | NdLa, CelAA O
oy ndniig R i
RSB 5T 2 &
[hr] R Ao | FETBE LS
= EDO/ITE
(%] (%]
0 0.0 0.0
2 98.4 105.6
4 95.0 101.9
6 a97.6 104.6
8 97.7 104.7
24 101.1 108.3
32 94.8 101.6




R3—5 BBIERLHAE2L—VLy MELCKDEAFNERE BEERFPAER) (Run-2)

TR (%]
HEg R HAEa—Vw ME
Ao kEIRY 98 ~100
Aw I a RTEY 94.5 —*2
BHPRGEY 98.9 ~100

%1 WEEICXSBITREAUCHT 2ETREREL L
21 Aw B L FINER Do fefe s REED B FE i




R3—6 BEILERYMOHERE LOHBEME BEFPEER) Run-2)

HiER
BT NVEER iR Li2Oft % & Lift % &
lel (e] (g] (gl
Aw oo FEIRY2 0.043 8.00E-03 ND 1.19E-03
B ERIAR A 2 0.019 8.00E-03 ND 4.38E-04

) BMBRETEY TN 2EEREMT 5 2O M EHOME T Hinn

B ITAE R D HILEE
TERALRK %]

u Mo Ce Nd La Sr Zr Ru Cs W Fe
Bk Fya EEIRA(6mol%HCLEFS) 9.42E+01] 3.15E-01 | 6.86E-01 |3.12E+00| 8.21E-01 | 8.72E-03 | 2.29E-01 | 9.10E-02| ND ND |2.04E-01
Ayya kB (6mol U CLEA fF TR i) 9.96E+01|6.64E-02| ND ND ND ND |[3.01E-01|5.42E-02{ ND ND |L150E-02

0 A a-bobiE |Ryva R ENRIOKIERRSY) ND ND ND ND ND ND ND ND ND ND Nb
Ay¥a EENRHHTmol %HBriZf74)) 9.21E+01}{9.70E-01 | 6.17E-01 | 2.80E+00| 6.82E-01 | 6.98E-03 | L.21E+00 | 1.256E+00| ND |1.26E-01]2.27E-01
HiEE Fuya i i ¥ (6mol%HCLAMS) 9.68E+01| 4.90E-01 | 4.05E-01 {2.08E+00| ND |1.19E-02|9.01E-02| ND ND ND |1.38E-01
Ry (6 mol % H CLEE TR i) 9.96E-+01| 2.34E-01{ ND ND ND |7.32E-04 | 1.02E-01|2.38E-02| ND ND |6.71E-02
bt WP FIAR T 2 16 mol % HCLIA SR 53) 9.42E+01| 9.29E-01 | 3.63E-01 | 3.02E+00| 4.08E-01 | 8.46E-03 | 5.85E-01 | 1.73E-01| ND ND |3.51E-01
BRI B Gmol % HCHAMTRE)  |9.98E+01{2.01E-02| ND ND ND ND |8.36E-02|3.62E-02] ND ND |[297E-02

WA a-bybig [ERIARA R OKIERS) ND ND ND ND ND ND ND ND ND ND ND
B HPUE f25 4 (Tmol % HBr i A745)) 9.42E+01|1.27E+00| 6.96E-02 | 1.06E+00| 1.78E-01 | 7.97E-03 |1.50E+00|1.16E+00| ND |2.94E-01!2.815-01




&R37 EITERYIENRBROIEPTTREMR (EHEF PEFER) (Run-2)

BErrnk Ol
Mo Ce N La Sr i Ru Cs ] W Fe
TEEl 2804 [ ND I39E-02 1 1.06E~02 | 158E-02 | 1.32E-03 | 1.62E-04 ND 3.85E-02 ND ND
TR 2.69E-01 ND 1HIE01 | 143E401 | 195E+01 | 1.63E+00 | 2.00E-01 ND 4.76E+01 ND ND
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Temperature °C

Weight Percent Nickel
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Temperature °C
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