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Context

MOX fuels behaviour under severe accident conditions
MOX fuel = Mix of uranium and plutonium oxide (U,Pu)O;

Enable partial re-use of the nuclear fuel

Used in French 900 MWe reactors, planned extension 1300 MWe

TMI-2 vessel final
reactors

state

Severe accident conditions H temperature increase > 2500 K H corium formation

Distribution of Pu between different phases in the corium ?
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NUCLEA database

a non-ideal thermodynamical database for in-vessel and ex-vessel corium applications

NUCLEA-26
» 24 chemical elements,
Fuel rods » developed using the CALPHAD method,
Pu-U-O-Zr

» covering all compositions ranging from the
A.E(ér;c_r,\e,ltz_g i:fgﬂﬁf metallic to the oxidic state (all binary and
pseudo-binary systems assessed, 44 ternary

systems fully modeled and 27 sections

G Control derived from quaternary systems modeled,
as

rods .
Ar-H . AgtnB-C higher systems extrapolated),
Fission
products
Bg";\:‘“g‘s" but data are very scarce for some systems
s—ivVio—CLe
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U-Pu-0 ternary system

» Demixing of U-Pu-O corium into metallic and oxide
phases

=> possible enrichment of one phase in Pu

=> risk of return in criticality

» no experimental data in the
metal-oxide part of the system

= extent of the miscibility gap
purely hypothetical

= Melting temperature mea-
surements on the U-PuO; line by , /
laser flash method @ u l;:) 0.1 0.2 03 0.4 05 06 07 08 0.9 10 Pu

Mole fraction PU
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Samples production

[ mix U and PuO; powders '—)i press into pellets |—>| sintering at 1173 K

» U powder (produced by hydride-dehydride of a U metal plate) ® ~5mm
h=1-2mm

» under purified argon = avoid U oxidation

Pu90 Pu20
at-% U 10 80
at-% Pu 30 6.67
at-% O 60 13.33
Pu/(U+Pu) 075 0.08
0/M 15  0.15

= Pu50 not possible (friable
sample, especially after / /e
sintering (swe”mg)) A L Y

Mole fraction PU
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Laser melting experimental device

Oxygen gauge — zirox
Measuring oxygen flow at the exit of the

chamber
==
B ;

Argon
5nL.h!——-

Glove-box

pyrometer: IGA_low

[ Band-wavelength

Two channel pyrometer
Detect changes in bi-directionnal reflectance

N

(488 nm): probe laser OLGA

Time
Radiance temperature (650 nm):
thermogram

Heating laser
Nd:YAG — 4.5 KW, 1064 nm

Probe laser
Ar laser — 0.75 W, 488 nm

Spectrometer
Emissivity £ and true temperature
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Pu90 Results
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» collapse of the molten zone > Olga pyrometer
after cooling (shot 6) » & = 0.7 measured by
» sample failure during shot 7 spectrometer

» oxidation during laser shots = a reproduc.lble th?r"?al event
Shot 6 (undercooling = liquidus)
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Pu90 SEM Measurements
Area 1 (2,3)

(Area |
015
| 020
25091741-COFIS-Denier 4,5,6 — not molten -

0017444
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Pu20 Results

@ AsNr

Shot 12

24l OLGJA pyrometer — rersicoz0smeta

PEPSICO-20 shot 10
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» radiance temperatures

» oxidation during laser shots

= 3 reproducible thermal
events (plateaux)
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Pu20 Emissivity

€ drop at melting several changes in € during cooling

10
issivity - spectrometer —— OLGA
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=> a thermal event seems to be linked to emissivity change

= emissivity measurements crucial for oxide-metal experiments
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Pu20 SEM Measurements

Pu 0.14
0O/M 0.64-0.67 Area 1

Sintered sample 0.16 i 0.01
1,2,5 — molten pool (MP) 0.10+0.01
Fr P s 3 5 — surroundings of the MP | 0.11 £ 0.01
0/M 015 s not molten 0.07 £0.0 m
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Summary and conclusions
Pu90 Pu20
one liquid two liquids
a reproducible thermal event: 3062 K | 3 thermal events (plateaux): 2600 K
(e = 0.7) (undercooling = liquidus) | (¢ = 0.57), 1497K (e = 0.2)
and at lower temperature
oxidation during laser shots oxidation during laser shots

SEM analysis still ongoing (oxygen content difficult to quantify)

» Composition of the sintered sample ? Composition of the initial melt 7 Composition
of the different phases formed during thermal events ?

» origin of oxidation during laser shots : diffusion from other parts of the sample ?
evaporation of metallic species 7 oxygen from argon flow ?

Use of the NUCLEA database planned for data interpretation :
identify the expected phases, determine the solidification path, relate the calculated
phase evolution to the experimental observations...

ASNR Investigation of the metal-oxide part of U-Pu-O system at high temperature B. Michel TOFA 2026, Bled, Slovenia



Summary and conclusions

Laser flash method quite useful for high temperature measurements :
» no crucible = no contamination
» short temperature peaks = limited evaporation (high pressure cell also possible)
» spectrometer = confidence in temperature measurements (essential for metal-oxide
tests)
BUT experiments difficult to interpret :
» composition of the initial melt still difficult to determine, especially oxygen content

» which phase transition corresponds to each thermal event 7 what is the composition
of the phases at the corresponding temperature ?

>

phase diagram needed thermograms improved
to interpret thermograms phase diagram modelling
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