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Preparation of Uranium Carbide Pellets

Yasufumi SUZUKI, Tatsuo SASAYAMA, Jiro ABE?

Yasuo ARAI, Atsushi MAETA and Hitoshi WATANABE

Division of Nuclear Fuel Research,
Tokai Research Establishment, JAERI

(Received February 10, 1978)

Uranium carbide pellets were prepared by carbothermic reduction
of uranium oxide with graphite in gloveboxes of high-purity argon
gas atmosphere. The gas atmospheré contained 3 ppm oxygen and 5
ppm water, which protected well the uranium carbide powder from
oxidation. The pellets of single phase uranium monocarbide had
theoretical density over 85 % and contained 2000 ~ 3000 ppm oxygen.
To obtain the pellets of stoichiometric uranium monocarbide, the
suitable mixing ratio of uranium oxide and graphite is 2.950 ~
2.975, The relation between atmosphere and reaction rate in
carbothermic reduction was also examined. The reaction rate is
lower in argon gas flow than in vacuum. Dénsity of the sintered
pellets is influenced by milling me thod and milling time. Other
factors such as compacting pressure, binder quantity, and chemical

composition have a little effect on the density.

Keywords : Argon gas atmosphere, Uranium carbide pellet,
Carbothermic reduction, Ball milling, Binder, Cold press,

Sintering, Preparation, Chemical composition, Pellet density

+)Plutonium Fuel Technology Section,
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Fig. ©6 Typical X-ray diffraction pattern of uranium carbide prepared

by the carbothermic reduction in vacuum at 1600 °C
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Fig. 7 Typical X-ray diffraction pattern of uranium carbide prepared

by the carbothermic reduction in flowing argon gas at 1700 °C

-14-—




JAERI-M 7601

metlry OEDSIHRPTHL LW TE S0 HEWTOREBEFTREKE L >THRo R Y
Sv@Hicit, UCHD @Bhic U0, T L TINABEHE e £NITH LTHF T ORK
%(Tmle2)meﬁuﬁmﬁ5V#Kﬁintwéﬁi%u2000wmuT&mﬁtwao
DT EMOELY Y VRICBRELTVAREIUCHTCEBLTLADTEIE (T, 3L
A EUQ, MOBTHEL TN AEEEZSNSe CHITFRBEITIG QR ORI T HEE b
A hHTHEL 10~ 107 Torr THD » CODPHEIMEL I o7 L LITEKNT S bD LE DN
Ze CHBEDCEDD  BENLTUO, HOBTHELTWA EREEL T, U0, BER
BODE{Y T O stoichiome try %A 1236, (LFFHOFERD 5 hypostoichio -
metryTHB LEMSH Bo FIAM » BFEHHA956A BLU 49574 LBEATLER
Bed . U0, AR NAEADOC/UEHN098.099 E5HH NS, 1:-12)4§ﬁr;>ﬁ L ¢k~ B
F iz UCHIOK TEHIT stoichiometry W KATELEELLN , SEDAERTOR
IETHRIEHOEI NI N EICDNTE hypostoiehiometric B D HhThS &HHA
T & Bo

kL, HRGHEN TR id, BEPOBEL BRI HRIH LN Lo THHLLE K
iﬁ%ﬁﬁﬁﬁ@%ﬁ@OO%Emﬁﬂﬁ%?—ﬂ(Fm.43;05)ﬁg§bm5¢£@
B#E< , 10~ 10 %atmBELFEZ Shbe ZDC L SEBREO—IIUCHICE
BLTEY, kv 7 LTIREEHOHELIIHIC » hyperstoichiometry Thb L
EXx4dH, Hyperstoichiometric 8T stoichiometry i FTHOBILEZ AR
I 13E ALITNEEZ HND S ED P 496 0A &) —F LIEAEONET LD ENDo
27, BEMUCHHPICEE TAC &K > THBTEROMEHSANM T L RICONTE , 5000
ppm I TOBEBTHINITFNEFERE L NEERL B?’LI,SJ IS OHEEHS Storms OF D
49605A LS EERRZ B L bONBEIALLEI LN B

CEET S VRS ORERIEZL B E D stoichiomet ry T A%)R T , b E BRI
RIGEE OB T4+ L $HETIF i o7z ( Table 288 ), L L choDREBLH
B LR LBt BELoMEnBRENES, TORKDNTES I4MTHLL
W E g ' :

W1TO00CIKE T AREBBEARIGIKET 27 5 ORRBLEI X LHTHIV DL
ﬁ§héoCﬂﬁﬁﬁ@ﬁ%ﬁﬁoﬁi%ﬂ%@%%,%@ﬁm%m%ﬁmgﬁ@gnéﬁ&
FIF—HF B &, BEIORIGEFABE~NDY 7Y ONENESTH 2L EDLSERT 5115,

3.2 RL v bokfE RS

M COREERBTERIICL DBEEIN LT 0y JRORILY 7 ¥, 3T ELE T 7
4 a— K- AN ECL > THREN . DR, /N4 ¥ F— L LTH NrxFL s
a—n 6000 ( H—FET e 7Z26000HEG)A ) 70axFLy@BLTHEMLI, 7
A v ~DEMEREIC 025wt B & Licds, —HOFEFZTD2WOTIF 050~07 5wt sl
Fro Wi XE M, ETmm > BES~Tmn D7 Y — ¥ XLy MCEB L, LT 275

Y-y POBERERET LSBT T ol 7 - Xy NIRRT D



JAERI-M 7601

i3, BEORE M KR, FOEHOEEICEET S EEL N LY, SEHORBRTIHL
HoOEERICOWTRIIEFZT 2T e L L B —RGETHR - BHBEZIToERE , B
EAEBEOLE VBN I VBERBENBNEVIERETR L. $U05 , BELK 070
wt B TNEBIEY 7 VBRI L Y EERNTACENCRELS ) - YL v PIC
BATX2C E0bhboCid, ~HTHRESHFENH 020wt DKL Y 7 VEBRTH
NA Vv E—BEMLEOTHRE T A ENELIRETH o0

Sy FOBEERIIT AT YA RER( 3L min ) PTEEFAFER LTI oo BEHED
AMEEERG300C/hr &L, 1740CHLU1825CTIRMOBERTZIT o/,
Table 37T ., BHEM , BHERELSORERSEF L L » VEE , RS » 8LUEF
D EOERAZTEHTA LI

XBEFICLELy FOMFAIETIE Table 3bodbbhsd D y —ED L v AR

%2 ,IFIFUCBEIEYONAMHKRD L » FOEAH 817, F/0, TDT &L AT D
wa bt ABEMA TS RE. Lib L, BT 7Y EERORSES 3000 DERICDONTI
UG, #os#e 53T T hyperstoichiometricfiliTh b EEZ oh » /¥4 2 —EInE s
0.50~075WtBE 2R BIEHNT bEEREABROHMBAAVESSNL. F/0 . ChoD
Begs L 5 MCE B UCHOERTERIE 4960200018 THD , 20T 525 babhT
X £ D2 UCOR ZEHE LT —RMICEHANSHT A 496054000024
L b L= LT De Ll s — MOl » FCDNTIF4957~4958 00014 &b
AENBONTEY , CHKDNTHAY IR T v OREEEZ LN D CORITDNTIE 34
BWTHRND
WEAOERTIELE <L » PRICETENAREFHREN444~4TIWVISDOEMICHD
BEaEEE 022~044WEDEATH oo RESERCONTINTDOREL, LFE
ANBEFEHRDZENEDDOEE2ENBHLNLD , RS HEERIICDERESH LIS xif
LT Be E4 A VX —BMBEORHEGOMRBLUEST OFE F HICH 0D
GENELER PN b0 BESHBCODTIER L » POXEATO35WE # LTTHD ,
rhItEESRBTERIETERINZEEY 7 v~y FOFERLEEFEISNL, 0 K
FBETHNICERORLY 7 FORESHERL COBKESL »y PTHORERLZHET DL,
#10.10wWt RBEDRANICE FEoTNAT Ebibhbds. —4 s RESHABOMICOVTIERXR
EHEMDEHLNTONI ED SBERO CON ROKITITL L, H 010wt DRE
By FOBRE TORHRORNEBERTORETHLLEOEMET D EFL 5N b
BROR G & OB RBEOEBRL ISV TEEHNOEEF L OTICERNCOEIFICE L
T ot EMETAT VA ABHEA S - TRy FZORREEZ LN Do
%iﬁ@ihfmﬂwswumMWnncﬁﬁ®UC®ﬁﬁﬁﬁ%@4SOM%&H%@fT
Hhe LU, 31HTEARNLLIIC, EBICEH 2 BREORFOEBIIRITL L0TE
4, b5 D stoichiometry 2% T 2B EICITRESEMR Ceq ( CH 12716 Osol +
12/14Nsol ) iCHEF BT IUT S L SHORR TR F r ROEBIIR LA EEBRTE
BT HAIe BALT T Ly b HORESEEH 022~044WI S TH L ELOREYE
TERBLTLALRET A&, BESHBI1447~463Wt%distoichiometricE8TH S



JAERI-M 7601

- — - 69 ¥ 8 LO1 gL 012 0L¥ (wdd) uor]
— — — 009 oo¥ 00¢g 002 0062 00ST (wdd) usjsdung,
— 667F LLY 8V 6 8% L9V S 8F €0%¢ 667 (% am) jusjEarnba_p
— £e0 v 2o 220 820 0€0 G€°0 €€0 v ¥0 (% "3m)udB4LxQ
- VLY 6SF L9V 897 vEy 6G5°¥ 6LV 9 9% (% 1m) UOQIED

sisApeuk [BOIWIY])

096% 0567 096% 0967 0967% 096% 0967 LSG6T 8S6F (VYO Jo 1ajawmered ads1ije]

0—3 ¢
D1 0—3 'on—J3  ‘on-1I

‘on—-31 *on-13 0N} -3 *on-—-3

on on 0N on o] 0n on on on oseyd
sr1sAjeue Aes-Y

€11 vII 01T SO0t v'6 LTI 80T 0Z1 121 1e119a poiajulg
06 06 Z6 08 6L 68 L8 26 A 19712d uasIn
( o 8) Kypsuap ying

WA 0% 21 0¥ LI o0V LI O¥v.Lt O0F LT 0% LI 0vz21 €e¢ 81 (n) oinijeradwol Bupisjurg
A 0¢S0 520 <20 AR A A 620 A () 1uUau0d Japuig
12 12 12 01 S ST 0T €1 12 (1H) Bwry Jur | IN
£1q A1 £1qq 19m 19M A1 £1q A AaQ poylow FUT]IN

0662 0S6%C 05672 G162 SL67 SL67T GL6T 000¢€ 000€ ories VD
61 81 L1 91 S1 1A €T z1 T1 ou o jdwegy

Moy sed uodie uy

ssaooad HuTIQjurs 9yl JO §3 [NSII puk UOIFIPUODd [yf £ YBR[




JAERI-M 7601

CHEZLNA 1217 L BERICETBRIETEE BLTWAPITIRIECUO, MERHK LTS
@@@%5@?,migucmﬁxb%%%ié<ﬂﬁnumbum IORELESHESL

Eﬂibﬁntinyperstolchlometry&fcxo’tt\éo Cﬂdix%ﬁ@ﬁ ik ABEEMLSUC, HO
FnEn o3 s bEMNT SN . F7 - B UHMOERERIIWedemeyer Sk
T bBESHTLAEY —F, BT T L EROREEA 2950 8L 02975 Db0DK

DNTIR  BEELNEAERNH 4T 0~49 0V I B DFHAL T >THAELDBREBTHD ,
XNOFELSHFEERTHIRIZEHOUCTHL LBHON TS, LT, 25 V54—
FMEORBREE  BEEHL > THEN LN, SEOOEREFHGIITRILY 7 v LEH
DESHITstoichiometric UCA BRI 5729010 2950~2975 BBETH S LMW 5
ENTE S,

A= G o @i@i@ﬁﬁ/ﬁZT/,ﬂhwﬁ,ﬁ,—/#w,kiUﬁnbu
CDEBASDEREEFT otte TOUDLTE YV ZF I PCOTE , TOF
HoE @%%%#Kéb&fﬁ(%ﬁbfw%c&mbﬁot@,C@ﬁmomfus31{1
H LB T, FDOELOHE = v, BLEZ mail T, ECEBEITHER
XNTVBRF Y L ZEMEELLAMYE LTRAT ITEEsBEI N, CHhSOHE
EMIRSH oD ol

%#«v;ragaﬁ?%&#ﬁg®h;@¢ﬁ%uom1mrmoo&;olmmom
BRHEBETHELRAT, TOEREETable 4l T EHR, SN HIT1T40CHIT 1825

Table 4 Effect of sintering temperature on sintered

densities of uranium carbide pellets

Density of pellets Density of pellets
Atmosphere sintered at 1740 T sintered at 1825 C
; ( g/cnd ) ( g-/cod )
Vacuum 120 122
Argon 126 127
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Fig.12 The effect of binder content on the densities of uranium

carbide pellets
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Table 5 Effect of mixing ratio of uranium oxide and graphite

on the densities of uraoium carbide pellets

C- U0, ratio Density of pellets
‘ sintered at 1740%C
(mole ratio) (g em® )
2950 114
2975 117
3000 120
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Fig.l4 Microstructure of uranium carbide pellet with' needles —.UC2

| ' (sample no. 11 in Table 3), %500

Fig.15 Microstructure of uranium carbide pellet with needles - UCy

(sample no. 12 in Table 3),'x500.
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Fig.16 Microstructure of uranium carbide pellet (sample mno.l&

in Table 3) =1000

Fig.17 Microstructure of uranium carbide pellet {sample no.18

‘ in Table 3) x500
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Fig.l8 The relationship between sintered densities and shrinkage

during sintering of uranium carbide pellets
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