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Preparation of uranium-plutonium carbide-based
fuels simulating high burnup by carbothermic

reduction and their properties

Toshihike OHMICHI, Yasufumi SUZUKI, Atsushi MAEDA
Ken-ichi SHIOZAWA and Muneo. HANDA

Department of Fuels and Materials Research
Tokai Research Establishment, JAERI

(received August 13, 1984)

Three types, hypostoichiometric, nearly stoichiometric
and hyperstoichiometric, of uranium-plutonium carbide fuels
simulating 10 at.% burnup were prepared by carbothermic
reduction of oxide containing fission product elements.

The carbides contained fission product phases such as the

UMoC2 and the UZRuC2 type or the RECl.S—Z.O phases (RE:rare
earth). Composite theoretical densities of heterogenious
carbides containing the UC, U2C3 type and fission product
phases were calculated from the proportions and densities of
these phases. By comparison of specific veolume of the carbide
between of 0 at.% and 10 at.% burnup, the solid fission product

swelling rate of a carbide-based fuel was estimated to be

0.4-0.5 % per at.% burnup.

Keywords: Uranium Carbide, Plutonium Carbide, Preparation,
Fission Product, Swelling , Burnup, Carbothermic

Reduction, Simulating
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R MEERERCHERFICMA SR e 20D

FIvE o231 o (wt %)
Y Yq O3 0. 070
La Laz 03 0.290
Ce CeOy 0.810
Pr Pr‘ﬁoll 0. 320
N d Ndg Of 0. 860
Eu EUZOB 0.160
G d Gd203 Q. 001
Ba BaO O, 280
Sr SrQ 0. 120
Zr ZrOy: 1. 0560
Nb Nb205 0. 020
M o M003 1. 550
Tec T ¢ 0. 300
Ru RuCy 1.310
Rh Rh Oy 0. 380
Pd Pd4dO 0. 900
Cs Csg 0O 1. 030
Rb Rbp O 0. 0456
Ag Agq O 0. 180
In Ing Of 0. 0065
Ccd CcdoO 0. 090
Sn 5n0, 0, 060
Sb Sb203 0. 0650
Te TeOq 0. 050
Ir ITrQy 0. 004
&3t 10. 000

£2 MBEEEREESREYOGFE S ALK

#H SpP. A SP. B SP, C
RiLHic T 5 RE

DENWHKE a) 2. 76 2, 965 3. 14
L L SHE b)) MC0.84 MC].OS MC1.22
BHEATE, wet % 4, 58 5. 24 6. 03
METER, wt % 0. 42 0. 086 0, 07
LFaH NS MCg.3800.06 MC1,01Q90.001 MCi,1700.01
A¥E <o)

a2 | (1) kB Ann
bl (1) Kbe¥L
c ! BABLIUVRROBE LB LTS
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L SP. A SP. B SpP. C
B R ® m ot %
X h=H M uc (1} ucC i uc
{2l UMoCy 2} UMoCy 20 Uy Cjy
UZRUCZ UZRUCZ
UZCS {3) UMOCZ
BT, A 4.9435 4.9438 4.9404
oK B B
Blinx hi=H {11 ucC i uvc 1l uUcC
(2 UMOCZ (2) Uy RuCgqg 2) U2C3
3) UMoCq Uy RuCy
U2C3 (3) UMOCZ
WrER., A 4. 94065 44,9411 4. 9372
F4 Xﬂ@ﬁfﬁﬂéhtﬁﬁﬁﬂﬂﬁ&&W@W&*(%ww)
®E SP. A SP. B SP. C
®oBom ot
uc 0. 971 0. 924 0. 785
U2C3 0. 0340 Q, 107
UMo Cy 0. 02¢ 0. 024 0. 036
Uy RuCy 0. 023 . 078
g8 - oW o m o
uc 0. 9175 0, 868 0. 739
U, €y 0. 022 0. 143
UMoCy 0. 025 D. 016 0. 021
UZRUCZ 0. 094 0. 097
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A5 MEERAGRLEHDTOSMTHRILE (EL%)

U 70. 40 Y 0. 18 Mo 2,92
Pu 14. 05 To 0. 177
I a 0. 45
Zr 2. 1658 Ce 1. 25 Ru 2. 50
N b 0. 04 Pr 0. 48 R h 0. 68
N d 1. 30 Pd 1. 87
B a 0. 46 Sm 0. 23
Sr 0. 29 Eu 0. 03
#6 UCRRIEHORBTER
BAL® BFEH (A) Bty BIFEM (A)
uc 4. 9860 YC 4. 990
PuC 4. 973 LacC 5. 366
CeC 5. 098 3
ZrC 4. 698 PrC 5. 285
NbC 4. 471 NdC 5. 222
SmC 5. 170
MoC 4. 281 EuC 5. 120
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HT Thry U AMOGBREAHRK (V%)

it SP. A SP. B SP. C
5| B oM #
U, Pu g4, 82 93, 39 94. 37
Zr, Nb 3. 212 3. 03 3.51
Y 0. 23 0. 22 0. 256
M o 1. 73 2. 240 1. 87
R-E 0.0 1, 16 o.oMM
#8 MyusnEUER YT OMHIE (B
HE 8P, A 5P. B SP, C
B A noN B #®
uc 0. 934 0. 850 0. 720
Ug Cy 0. 022 0. 139
UMo Cy 0. 024 0. 016 0. 020
;J‘Z-RUCZ 0. 070 0. 0638
;-“]-E-Ruz 0. 042
;E'Cl.5~z.o 0. 043 0. 052




JAERI—M 84 — 181

13 X @ (

Laag

g

2

T

) VodSs (V1A

— ]_(5 —



JAERI M 84 — 161

1 X @ (P - 5 V- dS

(1




JAERI—M 84 — 161

Heldlifs X @0 (

WY g .dS

JRR S R, 17 ]

¥

Si- "_i_ _"_'f?‘.‘




JAERI--M 84 — 161

—

oy X @ (BEwhy - 550 9 - dS

(e [®

- S

O

Rl

!

PN AN

— 19 —



-M 84 — 161

JAERI

=

s

ey

¢

=i

v

£ X

TS
OO

ik

Tl

'
a

oy ¥ 4
T




JAERT—-M 84 ~ 161

LBl

¢t X @ (

#

A

F) 0+ dS

@e R




JAERI-M 84 — 161

% INE T

100 pm

IS

&%

s A DB T~ A va To—7

SP

X 4



JAERI~M 84 — 161




JAERI-M 84 — 161

U Pu

5 SP-BDEE 707 e — T



L

JAERI—M 84 — 161

Ce Mo




JAERI~M 84 — 151

R8T

100 pm

6 SPC OBETE 1707w THE



JAERI—M 84 — 161

Nd



_c;b %*@A R EMBEE T 720 K m@&mt$ﬁ$@%;

JAERI—M 84 — 161

APPENDIX

UzRHCz @:ﬂ¥ L .
i ZU; +RL‘1 —-UzRuCZ

THELA 5478,
&% (U, URu; UR’::A g J@ﬁiﬁ%%fﬁLf FHEE 120C i DO BN LR
THL, wwtcﬂébt& g@mﬁr1ﬁ@%ﬁutolA1m¢@%wx@lmﬂy—
/%T@LD L= z%@UCiaJ:UURuaCI__X@ﬁEﬁ> 5 LI B DS, 12T Us Ru_z_czﬁm
@%@’C&iﬁto B | - ' .
UM Ce @ﬂ%&i
UC + My +C :UMQCz

DFEIGIT LD, BEAERKE 1800 CT AR LT - 7o A, 2 ICEES O X BIEH 47
To PL—ZRBDOUCs &~ 7 MEALLE, BEBEHOUMC BN T S,
UzRuCz ﬁ;%b‘ iUM Cz ‘%3 UC CiRE L'C?%*’o_?}f'}(ﬁt Ptﬁﬁitt ﬁE%JU?EQFf"E

” X meﬁo

— 28—

@if& ,_,-f'_.: .



LHERS X OERHW R OWEEQTE OW DN ¢ « VK s X OEXEFENE O 97 00 1 -V

ML Ey A JAL! FR N I IS O S I O T L) T VA [ .00 P L P |y . g
it m Ol e ol i
_ 7 - i3
! | I
RS T u
J i e
© - z” . Ik ; ANg @uﬂ‘ B |-
| VL L L S L B
3 T TR R
= i A i AT il : ]
L 1R - RIEARTARRE R I ARENAS
LTS ] bk L ERRE
*w T L EE L ARNRNBRARREREANR]
R S e [ ‘ TH I
LR L B R LA
EE il U HH L .”H“ RS
H atRERARNEERAR! SxRRERLS ke RERNNEIE 2
e L M. TR D 1
T EARAES T e E L T e
i A %) - 189 1T
_ A [ LT : RERAR :
L LRI B LR L
L [T L g

w.
H
%



JAERI—M 84 — 161

0.2F

fuRuC, [

Tuc (103)

O ) ] ! 1 ; ! ! 1 . ]
0 2 4 6 8 10

+ L % Uz RuC,

BA - 3 UC & URuC,BEWicEH1 2 U,RuC, X #ir— 7
HEL-EEEL%

05}
04}
LuMoC, 4 (004)(201,111)
fuc '
0.2k
0.4 ~1203,113)
Sy L | i 1
05 5 0 15

EL% UMoC,

BlA - 4 UC & UMoC:iE&icd8ir s UMoC, > X B —7
miEk-FEEL%



