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MELTING TEMPERATURE MEASUREMENT OF NUCLEAR FUEL I

- Development of the melting temperature measurement technology for MOX fuel
and the melting temperature measurement of MOX fuel -

(Research Document)

Kyoichi MORIMOTO¥*, Masato KATO*, Shigenori AONO*, Hiroki UNO**

Abstract

The use of high plutonium concentration MOX fuel is considered because of an increase of
high-order plutonium from high burnup fuel, the shortage of the enriched uranium etc. The
melting temperature and the thermal conductivity etc are necessary for the using of MOX fuel
from the viewpoint of the safety evaluation and the fuel design. But reports about the melting
temperature of MOX are few, so it 1s necessary to obtain more melting temperature data.

This report describes the melting temperature measurement of MOX fuel whose
compositions are from 0 to 100 at.% PuOz (O/M is 2.00) and that whose O/M are from 1.922 to
1.983 (Pu concentration is 28 at.%). The former experiment shows that melting temperature
decreases with an increase in Pu concentration. This result agrees approximately with that of
previous reports. About the later experiment, the variance of melting temperature by O/M is so
complicated that this behavior did not show a simple increasing tendency or decreasing tendency.
In these experiments, it is found that MOX samples with high O/M reacts with tungsten which is
a material of sample container. In order to prevent this reaction, the sample container was
made from alloy of tungsten and rhenium. And the applicability of this container was

evaluated.

* Fuel Technology Engineering Section, Plutonium Fuel Fabrication Division, Plutonium
Fuel Center, Tokai Works

ok Inspection Development Company
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x1 BESHOBR

L AIEERH L723CHkE | Aitken&Evans Lyon&Baily Latta&Fryxell
) (ITS-90 / 1996) (1968) (1967) (1970)
Pt — 1770 1773 —_
a-Al203 2053 — 2050 2048
Nb 2472 2468 2468 _
Mo 2622 2620 2620 2618
Ta 3007 2996 2996 2982

K2 BEHHMROBLMAER (PuEIEEEIZETS MOX DOFEAEIE)

o UO28°R ) " UO2K "
BYRORINAHEL (wt%) (DO 1:1IMOXHKy A (MOXEAEL) PuO2fy K
Pu-238 — 1.15 - 0.666
Pu-239 — 61.97 — 70.218
Pu-240 — 25.99 - 22.228
Pu-241 — 6.47 — 4.094
Pu-242 — 4.42 - 2.794
Am-241 (Am/Pu) — 2.67(99/5/18) - 0.68(97/1/13)
U-234 0.005 - - —
U-235 0.709 0.22 0.19 —
U-238 99.286 99.78 99.81 —
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x3I FHBRROTHPNITER (PuELEEICHETSH MOX DR REITE)

UO: B A UO: 5B R
1: 1IMOX JFsbi & (MOX 3L PuOq FUEHEY R (U0, 3K
Am EHE Am/Pu 26700 (99/5/18) 6800 (97/1/13)
(ppm) —27000 (99/10/1) —11700 (99/11/1)
Ag < 5 0.4 20 < 5
Al < 100 < 10 320 < 100
B < 5 < 0.3 < 5 < 5
C 36 < 30 55 < 30
Ca < 30 < 10 2170 < 30
Cd < 5 < 0.6 < 5 < 5
il = Cr 170 < 10 < 50 < 50
(ppm) Cu 10 2 < 10 < 10
Fe 232 < 10 360 < 100
Mg < 15 < 150 < 15
Mn < 20 < 6 140 < 20
Ni < 50 < 10 < 50 < 50
Si < 100 < 10 < 100 < 100
\Y% < 100 < 50 < 50 < 50
x4 RLyrHESEH (PuEIEEEIZHITS MOX OFLAEIE)
2 FR UO: 30%Pu-MOX | 49%Pu-MOX PuO2
Puzfif (at.%) 0.0% 29.5% 48.5% 100.0%
1:1IMOX ¥ K +
A AR UO2 K 1:1IMOX ¥k | PuO2 ¥k
Ty =Ly R EACLIES
e MROBRE T — R—L I VRE — —
FBJS Ly B
(em?) - 3.06 3.22 3.5
TRAE, R 1600°C X 2hr 1700C X 2h| 1700°C X 2h| 1700°C X 3hr
BERS Stk Ar-5%H i & — 5L/min 5L/min 3L/min
N2-5%Haiit & 10L/min — — -
S MREE, PR 850°C X 5h 850°C X 5h 850°C X 5h| 850°C X5h
Pos 3X102%atm 3X1020atm 3X102%atm 0.2atm
s (A) 5.4704 5.4481 5.4345 5.3976
oM 2.000 2.000 2.000 2.000
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=5 FEHEMEKORGEMER(0/M LEEBIZHITS MOX DFLSEIE)

i WK DORINARKELRL (wt%)
Pu-238 1.090
Pu-239 63.281
Pu-240 23.970
Pu-241 7.603
Pu-242 4.056

Am-241(Am/Pu) 0.0067(97/6/19)
U-234 0.000
U-235 0.185
U-238 99.815

6 EHMEKOFMYDHER (O/M LLEIZE TS MOX DFLSEIE)

JLH AHli¥ & (ppm)
Ag 4
Al < 50

B < 2
Ca < 50
Cd < 2
Cr 90
Cu 5
Fe 390

Mg < 20
Mn 10
Mo < 20
Na 260
Ni 40
Pb < 10
Si < 20
Sn < 20
N < 50
Zn < 50
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K7 RUyrEEHE (O/M EEEBIZETS MOX DRSS EITE)

Puf i (at.%) 28.0%
il YR ~ A 7 A
Z RSN A MAROIRE S FLeRRG (R0 10 47)
RS RIS AN RN ¥ AR 3.5(t/cm?)
ZA A THIEA AT TV RSN
IREE . IRffH] 1700°C X 3hr
e S Ar-5%Haifi & 2L/min
SR E 400°C/h

&8 K O/MLIZHITAEMIBEE (O/M LEEIZHITS MOX DFtAEIE)

BULEL D O/M | VLR FE X FHHR FeFE 4 EX (at1700°C)
1.922 1700°C X 4.5hr EHE Ar-5%Hz 1.54E-13 atm
1.939 1700°C X 3.0hr ERLE Ar-5%Hos 7.36E-13 atm
1.966 1700°C X 4.0hr Ar-5%Hs 5.58E-12 atm
1.983 1700°C X 4.5hr Ar-5%Hz 6.12E-11 atm

SCELIER L T I DR FE 4y E
=9 PuEBILEEBORRBITEREER
B No PugE k)& FIEEE (CC)
(at.%) [ FH AR AR
UO0: 0.0 2867 2870
30%Pu-MOX 29.5 2694 2774
30%Pu-MOX 29.5 2703 2764
49%Pu-MOX 48.5 2598 2707
PuOs 100.0 2354 2411
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x 10 BABAIERIROBRFERDEIL (PuSBIEEEICHITSH MOX DRt A EIE)
ok UOq 30%Pu-MOX | 49%Pu-MOX Pu O2
¥ E S (b E BT : O/M=2.00) | 5.4704 5.4473 5.4345 5.3976
B ER (FSIIER) 5.4703 5.4507 5.4345 5.4057
ok U0: 30%Pu-MOX
SR E 14 () 0.36277 2.81691
WE % R O BB T 5 (g) 0.36243 2.81784
Rl E R O BT O O/M 2.01 1.99
Fz 12 O/MLEEDR FBIERE
. Pu E1LE HIRH R E R TR
AR IE B o/M o —
(at.%) (°C/min) [ FH AR AR AR [ FH AR AR
Pu BV E R
DR 29.5 2.000 80 2694 2774 2741 2764
28.0 1.922 40 2768 2780 2738 2756
O/M k45 28.0 1.939 40 2722 2765 2754 2766
D I E 28.0 1.966 40 2751 2786 2758 2771
28.0 1.983 40 2707 2798 2762 2782
=13 FABIERIRDERFERZEIL (O/MLEEEIZHEITS MOX DEESEIE)
Pu B1tE(t.%) | O/M A Bl 0 7E R T ) 7 74
1.999 {& O/M #B 5.47360 5.47156
’ & O/M # - 5.46180
1.939 i O/M #H 5.46990 5.46350
98.0 : = O/M # 5.45250 5.45344
' 1.966 1% O/M #H — —
' = O/M #8 5.45530 5.45707
&5 O/M #H — —
1.983 = O/M #H 5.45260 5.45344
&5 O/M #H — —
295 2.000 = O/M # 5.4473 5.4507
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