D
K-C
STUDIECENTRUM VOOR KERNENERGIE S C K. C E N ACA D E M Y m
CENREpETIEE PR LeERa e ee FOR NUCLEAR SCIENCE AND TECHNOLOGY

Synthesis of thorium dioxide doped with gadolinium
via a wet chemical route

Peter Zsabka

pzsabka@sckcen.be
2016. February 25

Promotor: Prof. Dr. Koen Binnemans (Molecular Design and Synthesis,
Department of Chemistry, KU Leuven)

Co-promotor: Prof. Thomas Cardinaels (Radiochemical Analysis and
Processes, Institute for Nuclear Materials Sciences, SCKeCEN)

© SCK+CEN Academy



ﬁ.l |. Context of the research
Quest for new nuclear fuel

Fissile isotopes for peaceful purposes 232U, 239/241py and 233U.

Existing thermal nuclear reactors burn 23°U, 239241py (n = 0.7 %)
233U needs to be bred from fertile 23°Th

232Th (II,Y) 233Th (ﬁ_) 233Pa (ﬁ_) 233U
Motivation to study the valorization of 232Th:

M Sustainability in fuel resource management (this is the main incentive also
In developing Gen IV fast reactors as well).

M Sustainability in waste management (shorter lived actinide inventory).
M Already available as REE mining side product.

2 © SCK+*CEN Academy



axe % W X 06 B BT ]
T = =]
£ am

EETTER E
naga nagg= negpee  nEgppms m.
’ N - : g Dm m [ =
o I =] |m m_
- ol oult L 0id vii €551 m=lal 5
- ZMMW mmMm ﬁ.ﬂmn M.mw,.nmu m.u..mm.. m...n_“n!.m. =5y @
- - - T e E ] I} o0 o
I L um g gzl 3
M~ —
- me ~Gii adli i szl s e 8
.HI.._ BT LU L Lo L ._.lﬂnﬂl.l ._.linnim m m o
. i 8 52
L 0f: 2 > = = S= 5
- ofl ewil 58l i 8% et el
= — g megg meERQET  CeEARR W .m. m ;
Ho ETT =
0 ozl ool aall 23k 5 [Hleast et
" ?Nmm __ﬁidP ’ :ﬁl!ﬂ . ._“_”Iud : ”I_.._Id it L m .m L
: _ P I N | g i
= fenll o8l gt oy Ik 2
- Z =@ wed Jals = 2 S
o0 il T HH 8 bl S S . o
: i J -1 EXs}
e E ] a.mm nmm 1HMM uﬂumm 4k} W — .
pils o 057 ﬁmmn H.m__._m._ mnﬂ.-q H“n“,. — M .mu. =itk m
: ] = x !
o~ e .5 dmm ot acie 3 | = 05 m
- [ BN FOIT BXTiE -“ u.r| .m m, RO EUER a
m MNoble gases wag- - 14unu|m 2R 2 s ) W W/
] - i :
o  34-0 £ m 0O ©
H m o_:._ﬂ HF“UWN “A W MAMM _-IRum .m M g H m
Nnu_ agﬂﬁ_ﬂ. T LT o e Lot 11 o W NH-.. m.m M. M
r— . 2 R g
o 28K § I Bl £ =
= Poor metals gz ¢&h o & il TOk 2 © SR
£ mE g e Lt 11 .
Transition mege eese 2he 8 @ = y & <
metals I mtmm e w 388 o |
< p ok el kel 820 : —EN
- Ay HEBHHEN - - ]
» ..m . R R m m m Pmm g
= g w .m.m [T L7y =] mu ] =
0 g = .m g sl g2 mﬁ.mm R 5 5 [E S W
= 5 << nem HagE= | [eEgEe | [Fe R m .M mm -
_ g fsci: a3 s =i 5
™~ el mmm g EMW = ﬁm W m 33 M M .munnsz "
earth metals R 3 — g . iy
R g = FE
] gw = ] _1P %
w Alkali metals Mnr—mmm ﬂmm“ Mw.mm _m m .m _m Hmnmmz
- rEzn mEgy - LLET-EL LS TR m .m mm
1 5 s A8 <
§ _Qi  eiiga g Ri 24
° PTG T Y FES 5 A
M e e gg M e S LL .
23 m rmn, w13 mfwm 2<L i
T8 58 5 gypleniieslizek
PERE - e
sl ol & &
“ T TS
R B A P o - mEIpEen ._..n_u
#M g 5 £ . sl W
2 ! I ol wfy o @ 5 Bme g
" 3ail 281 o+ 2K 81 sl 881 )
i HE= CREb L) a &
| g i ..___.-m r.m =
- |m11amm o8l w8l sk
~zlf ool e 2fl ecll w2l 98l ne
-— o™ « «




ﬁ.l |. Context of the research
Sustainable nuclear fuel cycles

Several alternative scenarios are being considered worldwide:

M Fast reactors to allow Pu-multi recycling, P&T of TRU elements (Np, Pu,
Am, Cm).
B Thermal reactors using 233U bred from thorium.

M Fusion reactors? l

Using 233U allows the use of the existing LWR technologies* and
facilities with a different and abundant fuel.

Thermal nuclear technology requires the fabrication of high
density fuel pellets.
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ﬁ':' _ ~11. Focus of the research
undamental studies of physical and chemical properties

Present study aimed at wet chemical routes amenable to remote
processing, and study of fundamental properties.

M Pellet density, sinterability, overall integrity of pellets.

M Lattice parameter changes as a function of Gd-dopant
concentration.
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ﬁ.l _ _ I11. Overview:
Wet chemical synthesis and characterization

Desired powder properties: stabile, free-flowing, highly sinterable and
compactible.

The precipitation reaction of the oxalate precipitation route:

(aq.)
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ﬁ.l I11. Overview:
The oxalate precipitation route

Precipitation of Th(IV) e SEM, TG-analysis coupled to

oxalate EGA-MS on oxalate powders
v
Filtering, drying
v e BET specific surface analysis of
Calcination

calcined powder, SEM, XRD

Pressing of green pellets i
g0 3 P £ T DenS|ty measurement of green

pellets, dilatometry

Sintering of green pellets

e Density measurement, XRD,
SEM/EDS, OM on sintered pellets

Polishing, thermal

etching
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ﬁ.l V. Results and discussion
Issues In focus

Determination of change in lattice parameter as a function of
Gd(I11) dopant concentration.

Studying thermal decomposition of
precipitate.

Determination of chemical
homogeneity of precipitate, derived oxide and sintered pellets.
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ﬁ.l V. Results and discussion
TG analysis and EGA-MS

TG-curve of thorium(IV) oxalate Ho0 signal in EGA of thorium oxalate
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ﬁ.l V. Results and discussion
SEM images thoria powders

— ilpm  SCKeCEN
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ThOZ ThO.9SGd0.0501.975
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ﬁ.l V. Results and discussion
SEM images thoria powders
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ﬁ.l V. Results and discussion
Powder X-ray diffraction

X-ray diffractogram of Thy 70Gdg 3001 g5 pPowder sample
calcined at 1000 °C/ 1h
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A two-phase system can be observed.
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1V. Results and discussion
X-ray diffraction on sintered pellets

XRD-patterns of ThO, and Gd/Th oxide pellets sintered at 1750 °C/8 h
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Single phase system.
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V. Results and discussion
Dilatometry studies

Dilatometry curves of pure thoria and Gd- doped thoria pellets
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ﬁ.l _ IV. Results and discussion
Optical microscopy of sintered pellets

Pellet ID: ThR1001-S36-A
Sintered at 1750 °C / 8 h under reducing
atmosphere.
Sintered geometrical density: 92.51 % TD.

Pellet ID: ThR1003-S36-A
Sintered at 1750 °C / 8 h under reducing
atmosphere.

Sintered geometrical density: 96.56 % TD.
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ﬁ.l V. Results and discussion
SEM of sintered pellets

B

o,

2.00kV LED

SEM images of polished and thermally etched Gd-
doped pellet (10 mol% Gd)
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ﬁ.l V. Results and discussion
SEM of sintered pellets

SEM images of polished and thermally etched Gd-
doped pellet (10 mol% Gd)
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ﬁ.l V. Conclusions

Precipitated raw products show the presence of two phases, indicating that
Gd(l11) substitution for Th(IV) is only partial (simultaneous and not co-
precipitation.

Powder samples with 5-10-30 mol% doping calcined at 1000 °C/1 h show the
presence of Gd,O, phase. Solid solution formation starts above 1100 °C -
1150°C.

In the case of all doped, sintered (1750 °C / 8h) pellets: no sign of a separate
gadolinia phase — solid solution formation went into completion.

In the case of all sintered (1750 °C / 8 h) pellets: conditions for acceptable
pellet quality were not yet determined.

Alternative route results:

Homogenous precipitation route: excellent flowability but very low
sintered densities.

Precipitation in IL: better morphology, but incomplete calcination.
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