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Melting . temperature of uranium - plotonium mixed oxide fuel
Tetsuya ISHI*! and Takashi HIROSAWA™2
Abstract

Fuel melting temperatureis one of the major thermodynamical properties that is used for deterfnining the design
criteria on fuel temperature during irradiation in FBR. In general, it is necéssazy to evaluate the correlation of fuel
melting temperature to confimm that the fuel temperature must be kept below the fuel melting temperature during
irradiation at any conditions.

The cormelations of the melting temperature of uranium - plutonium mixed oxide (MOX) fuel, typical FBR fuel,
used to be estimated and formulized based on the measured values reportedin 1960’s and has been applied to the design.
At present, some experiments have been accumulated with improved experimental techniques. And it reveals that the
recent measured melting temperatures does not agree well to the data reported in 1960°s and that some of the 1960’s data
should be modified by taking into account of the recent measurements.

In this study, the experience of melting temperature up to now are summarized and evaluated in orderto make the
fu;cl pin design more reliable. The effect of plutonium content, oxygen to metal ratio and burnup on MOX fuel melting
was examined based on the recent data under the UO9 - PuO3 - PuOj g ideal solution model, and then formulized.

The correlation obtained in this work is as-follows; '

T = Ty + ATp, + ATops + ATgy —em——(A)
Tg=3120
ATp, = ~5.7537x PU+1.3631x10"2 x PU2 +1.7952 %10 x PU°
ATop = —1.41x PU % (2.00 - OP)/0.39
OP : OP = {OM - 0.02 x (100.0 - PU)}/(0.01 X PU)

ATg,, = -5.0 xBU/10000
where Tis the melting temperature (degree of K), PU is the weight fraction of PuO5 in the mixed oxide fuel, OM is the

oxygen to metal ratio, and BU is the burnup in the unit of MWd/MTM, respectively. A Tp,, (plutonium content),
A Toym (O/M Ratio), A Tg, ( Burnup) mean the deviations from the melting ternperature of uranium dioxide (Tg)
induced by each effect.

For the design, the calculated values by the correlation should have appropriate margin in orderto keep underthe
measured melting temperature. Therefore, the following equation is recommended to apply;
T =Ty +ATp, +ATopm + ATy +6T ~emmem—e——(B)

5 T=49

where & T is estimated from the maximum deviation of ﬁalculated value by Eq.(A) from the measured melting
temperature used in this work. The above correlation is applicable forranging from 1.61 to 2.00 of OF and above Oto

60 wt.% of PU.

*]  Nuclear Fuel Research section, Advanced Technology Division, Oarai Engineering Center.

*2  Alpha Gamma section, Fuels and Materials Division, Oarai Engineering Center.
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DEFRDOREBIH MOX BB ORAHEEL., OME=2008L0°71.90 & LT (4-1) =
IOV BLNIFEMEE #R5 IR LA, |

HE5»5bhnLdil, BHEAKRDOBASIIOWTIIHARSEANTFMELFRTET
WhH EEZ LNBED, BELBEOBESIZOWTIE, OME=1.90 I-BIT2FHE» S
BHTED L)L, BAENFMEICTTABEREIDE VR LVHD LR o TV,
CHE, FLLTOMBEERICE LB XA 2 T oo/ EZ LNRL Y #
DL ESAOERIT. BEENFHRECSRRICE VEAEICED SN-EEEES
KRERTE R Do 220 Th B, |

B ERFEMECHTIIEHE T 22500 TiE 2w 26, BHEECHEILT
BB ERRE LB, AEICB VTR, (4-1) XEFFRETORTARICETY
MOX BRI RIS ST s L CHBT T A Z L & L.

T, (4-1) ROBER~OFEAE FREIE) iLowTlHE T2, BENEIA
ZERET T, EWEFFMEICH v 2BREEZE T A MoV T, FHERIE T 5 R
PEFEMER L., EMFFMEL THZ2FME (RTOEEME /oMb L5 ITBELL
bOVWHLNTWS, 5406 (4-1) RELVHELNIFFMERR, AREEOT T
¥TEL DT LW EFbhb, FITEAFETIE, 4-1) XEDLTORICEBEL
THRE T2 E LR,

T=Ty+ATp, + ATom +ATgy +8T - (4-2)

(4-2) Kb ¢ TIHIZIX, T & LT, MOX BkEE SDE 5 KR OKFEMS £ FRL
TARICEGTEMEIT 2o TWEZ L, BIUANETCHAW - ERBOBSHEEES
(F ¢, UOy. PuOg, PuO| g1 flA) PPAHEPSEFLTWAZ LIZL DAL ERHE
EDEREEZTEDN, s TOBIIMEREBEE O EPLRDEZEE L2, (4-1)
NEREMEEL ZHE LHE. (4-1) IS L 2FHEEL R b BAEEM L 2 5 Did,
Aitken&Evans®®D OM t=1.94, PuiBE=20% 1 BT AEIINF LT THEI b, &
DIHFEDEILETE, 6§ T=- 9T ERE L. ZOBRIIE 5 FD cale.(design) & S
L7=fi#RIC TR Lz @E D, 6 THEFMLAZ LT, PO SREEDTTE
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RPHICSE T s o2 L dShh b, 2O DL, (4-2) iR & LTEH
WEE L T L7, %5, U0y PuB bt ORI AREEIIB L £ 0TEEDOREZAL
TWaH, (42) ROFEFPES TR, FRINIKRELRDIDELR->TWVE,
BRI, (42) ROBBEBICOVTRET 2, $1. Puif 60% ¢ B2 2HHIC
SV, B EREFEEEDD 7% { . Lyon&Raily? D BRI OV T OHREED AT
(4-2) ROBTHETHERAT A E L 25, PuiBE OB TOHEICDWTI,
Aitken&Evans®”, Lyon&Baily?® 2 f3H. & A\>id Yamamoto & Y% MZ 7z 3BEOHS
ETRFELHEITELZ L6, BTFHEINMEROBEEIIEVYFHLLEE X, Pu
TEEE 0% T2 EAEEE L, £, PuiBEICHET2EHATRIOWTIE, PuiRE
=0%., Elb. U0, BB TH 2HA I, OM iKEHE (OU RFFHE) 2%, FFEICE
AL7bDEREA DR, 22T, PuREICETAEATRE LT, P0%%
B2 kb7, 51T, OMBICET 2 BB, 221CRL72L )T, oM
=2.00 LT T, #2, PuDLEN PuO| g THH L LTFHE SN S OM LLEL EDOE:H
ICIREEN S,
DExFeds e, MOX BB SICHTARESEBEUTOLD E 25,
T = Ty + ATpy + ATopg + ATgy +6 T ———— (4-3)
To=2847 ,
ATp, =—5.7537x PU+1.3631x10°2 x PUZ +1.7952x 10 x PU?

2.00 — OP
ATy = —1.41% PUx 22 22
oM 0.39

OM -0.02 %(100.0 - PU)
0.01xPU

OP. OP=
BU

ATr,, = 5.0 X —oe
Bu 10000

8 T=-49
T : BEai 2 C)
PU : Pu iR [%]
OM . OM [-]
BU : #ABERE[MWA/MIM]
HWHEHE PuikE 0% <PU=60%
OM I : (1.0~0.01xXPU)%x2.00+0.01 xPUX1.61 =OM=2.00
(OfPu HARE T, 1.96 AL 2.0 LLF)
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5. SR

g{!g

=

HRFSETIE, MOX MFHELAICH L, BESMEICD C FFER T2\, BUAGFIERS &
CRERE B,

L BERELORLE (42) 06 TH, Hb. BAFEAIET 5 THD
SEOVTIE, £ ) ERERBAREE T4 ) I L ATRETHNE, KELAPE I L
BTELEEDLNE,

FOLH) LEBELCRMAFMEITE D 7oDITi, Altken&Evans”)ﬁ"ﬁ‘tcof’mﬂ.‘i?ﬁ‘
RERITTARBEBLIUHERRZEREL .. AIERNFMEZHTL T ZEFLE
EEZONS,

BLFiCit, BICERTAHLENS L EEDONLBEBANEERLTE <,

RERNTF A — %

PuigfE © 20%.730%.40%
OM It I PuiBE 20% 23T L. 1.92.71.9471.961.98.72.00
Pu B 30% 24 L. 1.88.71.91,71.94,71.97,72.00
Pu B 40%CxF L. 1.84.1.88.71.92,71.96,72.00
(WFhd OPu HIRET 1.6171.7.71.8.1.972.0 iZHET3)

Fiz, 3CTARLAE IS, BEETICHF ) BT SHREEIIBWTIEMT 5
RS EN TV, COWREEZEMICRITT50103., BERBESATWS
BRIEEGEET B 5 BFEABRBES IOV TORSNERBRTER L. XV EBELRST
flizdThd TEFVLELEEILNS, 727 L, BEEAREICET 5/t m EBIEFEED
EFIIIRFEEET 5 /20, GHICIE, BEFP 23RN L -RREERE T HWH
BOHBEAYTEL, Fo LTI T LEFHLLEEZLORD,
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6. TL®

w5 y—FI b2y ARAELY (MOX) BEOBAICEL., BFOMREZERELL
T, UOy-PuOy-PuO1 g1 DI 3 TREMBAE 7 VICHET S PuiRE, OM Ibi L UH

BEEE IO A B ORI 2 BRI ERELT 5 2 & T BT R TRAFEXNERF,
T= TO +ATPu + ATOIM + ATBU
To=2847
ATp, = —5.7537x PU +1.3631x10°% x PUZ +1.7952 10" x PU°
2.00— OP
ATO/M =-141XPUX———m

OM - 0.02 % (100.0 - PU)
0.01x PU

OP . OP=
BU
10000
T BOERLS[C. PU : PuigfEi%]l. OM D OM H[-.
BU | BABEE MWA/MTM]
FH D A Tpy WELED PuiBEREME, A ToM 1 OM KT, A Ty IR BE TR
FNENERL, U0y BA (Tg) »o0ELEE LTEEL TV S,
Fh ERIE. EE LTCRAKETAEEORKERZEBICEIIL LA ETELSAR
FEh S 2EHEE LTS AT, RFRENCHANRL 25 L2 HER L,
DLTFIzIdshaet i o METRELE 25 L BELAbD FEEE) 2577,
T =Ty + ATpy + ATom +ATgy +6T
8 T=-49
S=HRTE & T . ZeBASEMRIC T8 5 N A FHEE & Bl ERETHEE & 0ED H RO
bDTHb, 2B, TOFHAOBBHEIL. LTORY TH 5,
Pu g  0<PU=60% .
OM It : (1.0-0.01xPU)x2.00+0.01xPUX1.61=0OM=2.00
(O/Pu HIRE T 1.61 A E 2.0 BLTF)

ATg, = -5.0%
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