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Study on Reduction of Oxide Uranium in Lithium Process

Reiko Fujita® , Hidetsugu Yahata® , Naruhito Kondo* , 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 U305 which is voloxidated fuel after investigating the reduction conditions with
literature. The mesh basket made of stainless steel for oxide container was broken during
reduction test because the reaction heat between U;0; powder and metallic Li is seemed
to be large. The reduction ratio of U;04 was estimated to be about 60% by an chemical
analysis, a gas bullet method or an acidic pretreatment method. The lower value of
reduction ratio for U;O; than that of UO, is assumed due to be re-oxidized metallic U
which is generated to reduce U;O;.

A further study such as selecting the suitable materials of mesh basket for Li
reduction process and establishing the method to analyze and estimate the reduction ratio

of oxides is necessary.

This work was performed by TOSHIBA Corporation under contract with Japan Nuclear Cycle Development
Agency.

INC Liaison : Dry Process Technology Group, Advanced Fuel Recycle Technology Division
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Ll TRIERL, 7 ) AL 2EOBELYER L. OHED 0ol I2XY Li0 BREZFMT S &

2. Tmol% & 72 3,
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(2) Ay aOREERR
ETAREOERBAB T, AvvaBBKAL, EBX4ARMITS S ITERIC
HEL TV (K3.4), WBLEEDEL DM LR, 35T LI, 4+
FFDOEBICHEREN CTOEEIDRA v o 2 ZRERREE B> TV (2L,
DEEDIZDRA v 2 ZGPW LTV 3), A vy o EEEH lg THYH, EUX L7 A
YV BERIZ0.57T ThokZénh, W, WMELEZPREOA v B8,
$0.4g THBEEZLND,

(3) BLTERBBLIOTESE

BILAERPIL, 3OEEBICLBEL TV ELODM, A v a iy ~ Al
BMEAYyVaERICMHEL TV, SR BRAERYOBTRRLESEELE I, 1
R,

MERRICONTE, BBEMEL A 2Ly MELORERICKS 22EED
g, —F, BREZOSVTIE., LKEEBMED T2 o0 FIEICERE LA
5,

ERBREBECL2BTRAE T, B LEX YV aDEBMERARDEED,
ULISMZ Fe iZoWTHHEIE L7z, BRERDT O U & Fe DL A% 3.2 127
To AUEMNENS LCERLEDICONTIE, RKBE BEY) U OF BB
SN U (&B) ZVEIEERLTNBE L, DTN DERIZONTHERBT
MEDBIEHTIZFe BELFERTNE 2 EN bR B,

SHICMERETO Li (ELEPERICONT, BHREBLIUH A2 Ly MET
A L7ZRRZR I BLVK 3.4 1ZRT, RBK 3.3 DOH v IFICFE L KfE
. HREOFRWEIC L ZMEIZB VT, £ L LiOH 38T Li,0 & HO @
FRS (Li0+H,0—2Li0H) 12&5 b0 ERE LT 2.2.2 BOF I K-SV CH{E
LR TH D, MEOHNFEORERIZAERER R, WTHLOETARY
S EED 97T%LLEA LiCl THD LN, Li,0 3% %, 2B Li i3EH CHMETH
D, BBARAE =2V y NETIE, Li EERCBTROHESL CTX 3740, F—
REHIOWTH A2 Ly METHEAES, Li LAYWMERKL. Li0 BESL N

TRERETE B, 272 LERICRA—RBOREIL, K2 U2 LI REOEIZ 1,0
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CEHBLINABANHDZ I L2L, FEEFAALTH-TH, #ABE LI E
EL ST CEMICER, BELE, ZOZDF A2y FT L 2ER
LEBOESERE Li B2 6, BTREAETIREHCIEEND L1 BEF
H. SHICHYTA2R4E LA FRLTEMNLENSKRVWLSZ, UORIGIZED

bo L R2LE,
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3.2 EBE

3.2.1 U0, DA%

UO, ZREBET D LI XY U0, PEOND I L AR TR, HEMETH 5
UOy i~ Ly b 2 life, ok USEEIRIER 100~250um Db D& A NT=A8, 1TV ek
/LN U0, 3MMIELEL, BAY V22 BBTEIRETH-7, 20D
BROBTEBMEEIN T HEROBE (Ayanzyy ) T, BIRAE
HTHEI Do, ERRRICBVNTA Y Vo BB LTWED 35 B
WA B BT 3 B4, EINABROHS - FEICODTESERET 2
BERDHDZEEZIOLND,

3.2.2 EBxmE
WRO L0 RE»DTFHEILZBTER 100%Tho=DIZK L, BLERYO
Uk%%@ﬁ&mm6*@k%i$ﬁyﬁ%%ﬁ@%ﬁﬁ%ﬁiD%ﬁ#%ﬂho

UTWHRBBIZETEDE NI OWTERE T3,

(1) HZEBHC LB

B Li0 REDOFM LAAETRIL 100%ThH D, —FETERY S TML
TEBEFRT, RBRLESHCHMAEICL > THERY . BEMIET 11.8%~
63.6%, FRAE =2l v MET 14.9%~57.4% T, BL T 12%~65% D& D=
BB,

B L0 REICLZFEL. RBRYMO SEHERICH>WT 2BMEIc L 7Y o
TLIEEEZROTIT> TV ADIEX L, BRAERDIC L ZFEMTIT. BT 8 B
TERIEHFE 24 FMATRICER - S LERBICEZ2 50T, SEREHT LD
RHEBRFERER > TS, EXIRBTERDIZONTIE, T00°CTHHEE T
DEBEFIZA Yy =M (SUS3LI6) DERSTHS Fe LRE. A@ERIZLE -
TETAERYORENELLZTEESHY ., ZAREEOERE 72 - = FEEH
bHD, Sk, TORRZHEANEFHNHESCRRICIVERT I L L bz, BRlZ
LVERTIEB LR LEECA vV 2 MABETHILEND B,
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(2) GrHEICLDE
NEIE S I EERIE 11.8% I L. FAE2 by ME 14 9% THERE
EANR. BB BRERECHEEROFBEL . Ay Y atFER
HEHEIA A2 Ly MEOFRE, FITA v o R LA ERFEDOETER
. HAE= Ly ME (57.4%) DSEREMRIE (29.2%) DR 2L 22T D,
320 RELIEY, Fe EFRIBRAENLUOFBRET U XVENI LD
6\Wﬁbt%v91@§ﬁéhkU&éﬁkbfwéﬂ%%ﬁ&éc4

(3) ftHEEFRCLDE
BAMECTIIETREIREN IO, 20 ERY > ERGTEY >AAESEY
DIETHSZ—F. HAE 2 by METIRERMSED > D2 ELEY >AREMNF
MEinoTWVD,
EEHRLBLTROEREHE 3.6 IIT7T, BEBETRESARRIA y V=2
A FRIBER S (38.1%) & EMFTEY (42.3%) TREREFTROHOO, #
REOHEZRLTWS, LBLIAE2 Ly METRZDENBRYOEEFTH
2 79.5%C. AvahAERNEDD 43.1% 0K 2 Fizkos T a2, &
TEHRITAEDN 51.8%., BEMNST.4% TIRIEFABEL 2> TS,
BRROEENSITRETOBS L OBRKICLZHE, BEFRVHVTH
BRAERYOBRLLDETS-OBTRSMETHEARH D L TFEIND, T
2Paly MNEORKRETIE., HEFELEXROMICARREEIZ LN,
X517 (2) DEEBRIECET A RS D b, Fe OHFERII-EDERASRLND
T Ehh . ARBEOBTEDEVSSIEREICKE LT B ARE/ SV (F
RO BSIEOIES S X XBTHO R —HICERT D) &?&%éhéo

3.2.3 Avi DR
&Lﬂ%?ﬁNti5K\Wﬁbt%y?:ﬁ%ﬁ%O%g&%Méﬂéo:ﬂ
I LE 3.2 AL THRIND Fe BiE g #A—F—Thv., HHEILLA YV =E
Erixd FEHB, BREOBERTIEA v 2 USOBREERD ONRD 0D,
TPIENL Ay oS, TROLEREBOBEMPD Fe BEHLTVD
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EEZLNB,

Ay aWBORRIZOVTIE, BLyliciMET ch 5 U0 25 Li ERISL
TERIZHRE9IZ Fe & U OBRELXBIRETH S 125CEB 275 5 500 100%
BIRSNIZ U T00C TOHEF TOHEIZPe & KIE L TEENEZ B3 (4
3.TIZFe-URIER ZRT),

128 Fe DEHEITE ¢ L FHINE-D, WERE L EESEM L OBEMER

(K3 250cm?®) 7> S HEM OBAE S 3 #EM LES 8 243 EHEtum &M
TE 3,

3.2.4 frBEOMBRSHTIE

3.8 A A2 by METR®™Z Li/ Li,0 EAkE, bR EIC L3 Li,0
REOCHUEEOHRNE/ A2y NEOBHZE T+, Li,0 BEEICR L L1 JepE
BASNWE HRAEC2 by MELERNEORRE~KT5 (KRXE/F R Pl
Y MES1) B0 L BESKESRD L, FEOREET 8 LA 25 EmESH
Do ZAF LI DBEMT B LIOHIE, b D LI LEREENMTARS (Li-+H0—Li0H
T1/2H, 1) DIZxt L. Li0 TR 2 FFEAD LIOH B4R T 270 Th B,

PEDES>, #ravavry NETEE L Li ik Li,0 REOCHEIFEL &5
ABDTLDWEBSNT, £, HRAE 2Ly NETHRDRAID L DR ahz
Li BERETRFMCELNILEDE, Li LAMOEBESFIIET R E o Lo
MERBELTWAEZ EBHALMNE -7,

*EFUETIX, 20 BY . NWRIEHED & b Li 55 0g LT & A o7, ERERBCTEDIZONTIE,
Li,0 0g T &rolc, 20k 2.2. 48 (2.7) M CRIZE OB T My=0, BF DR TIE M,=0
ELTLIEEMDTRNS U R EFH LIz, —FHF A2l v METIE, FROBALICEY Li D
FEDSHERBENIIZD, ML~ L & FRBEEIE L HCL DELEPL, ED D L0 2Ro,
BRBEIZH0 EOREHBOERZIC LY LiICl EBAREL T,
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4. 2D

HAELEBETCHEVLNARAEEL LTReFF—ar2BEL, Exfl LTE
BUFUAERNEBIEY T OBTEGICHTIRECROFE - BEZIT 7, £X,
FOEREBECETLEEBREL, BLY T VOBITRRIToZ, BOoNTLMAEZUT
WEL DD,

OEETBORERR 4B EIC. BREIEE 650C, MIHPHEE 900rpm, HELEPR K
AE 4 MR (BE 38mm). GRETAI VAR E N A—HAL LEFEK., Brik

Vet DEERIE B TORERE 24 B, KERE 100COETEEERE LT,

QUO, & iT WV LeBib®iz U0 ¥ ERS L THHOT, BHHFICZY BVERLD
B, TDEH. BROA v a "Ry hTRAyVabbERRB—HET L, £8
AR CERV, &%, AvianAyry MEEORNEZEDEMYOEIRFEZRFL,
HRRICLVERTOILEND D,

OETRBITIV T, Li,0 BEMSEH LIZETERIE 100%L 25 —7. 52 FLBEYH
LT % U O ICP-AES S R0 LB H LB RIZ52%H DN L 64% L IR T,
ICP-AES TH#F+ 5 il BERE CIARD RO U2 HEB CEBSE TN S0,
SOEIC U RBEahTWaAEELEZLND, 45T, ERPHOSH > HETHE
PRETHEOMLEEICI SOV TRFTILERD D,

@AERD A EBETASEWMT 2 A v anZ sy hOAy vaBfiE, (DRTRIEO
HENT U0 28 L1 & ERICKG LEBRICBRAR B0 o7, Q) #HERIET 700CIZ
598 LB, 100%E 5T S 7 U AS SUS304 B A v v 2 DEMS TH D Fe & G L%

HEREZONS, ZOREICOVWTRAR. RRICLIVALPE LT LEESH D,
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@D LB
FEHETD)| FIMTAY Y ZEEQFMEEOND
s A | CHEH"EN—aHy+0) FHermary|
T 0P s | CHEA+HDN—DH+0) TS
5 B | "L R

EHELIE = FLWS |72




FR VS R IE 3R 2V ME
BT E BERE BLE HEFR
(%] (wt%] (%] [wt%h]
BB 63.6 72.1 51.8 79.5
RRIE S 11.8 38.1 14.9 33.8
ERfED 29.2 42.3 57.4 43.1
£3.2 ETERWFOULFeDEER
Sfe oy q: =
AR f‘ﬂ Ei[mgﬁ. Fe &A%
e
[wt%]
. BT 78.1 57. 4 42. 4
B IX LB ST U 44.8 2.2 17
#IT 4.6 22.1 82.3
PRI B U 34,3 1.5 1.2
BT 7.5 14. 4 65. 8
EH T E D FETU 18.1 0.4 2.2
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#£3.3 BRECL2BTERYONEED Li (LEWERR T

[wt%] [mol%]
Li Li,0 LiCl Li Li,0 LiCl
liaied o s Lern | M | b | e
PR 8 N e | ewn | M| ah | ey
Skl 12| oo | ey | 22 6.5 | 009

O) : BREOFRBEEIC LD

£3.4 A2y MERZLBZBILERMOITEED Li {LAWHERE

[wt%] [mo1%]
Li Li,0 LiCl Li Li,0 LiCl
%OIE &Y 0. 07 1.97 98.0 0. 42 2.76 96. 8
PRI 59 1.34 4,27 94. 4 7.52 5.58 86.9
ER AT EY 0.58 1.11 98. 3 3. 43 1.52 95.1
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WAEREE L U0, BEV LI BDOREREM

Us0p D Li 12 & 2 BTERIS U F O ERERIC & 0 #7753,
Uy0g+ 16Li—3U+8Li,0

Lo T U0 IZR L, Li i I6fEENEBBLBEL 25, HICATESE LTRET S Li
(&, LiCl (650°C) I3 2 8aFEME TH DK 0.6mol%e T 5, BWHETH S LiCl 10mol (4
YTV T L DHESITER) I L, MAEHEICHY TS Li B2 0.43g Th 5,

—~FERT B U0 i U BICDWT U0, 25g S &4 5, Z0HEA. U & LT 9 26X10%m0]

LRBED, ZhEEgED U0, BIE.

9.26X107"mo0l,/3=3.09X 107 (mol as U,04)

=26.0 (g as U,04)

L > TRERSICKNER Li &k,

3.09X 107 mol X 16=0. 4944 (mol as Li)

=3.43g (g as Li)

TR ARE S D 0. 438 EM A T, Li WAL U0, 26.0g 123 L 3.86g &4 5.,

ff—1



