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Current Burnable Absorber Fuel Designs
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Integral Fuel Burnable Absorber (IFBA) Urania-Gadolinia (6-10 wt%)
* Westinghouse « Combustion Engineering (CE)
* 600 nm sprayed coating » Relatively high o, > low # FRs
» Relatively low o, 2 high # FRs Presence of highly neutron absorbing
* He gas emission = internal rod pressure radioisotope - EOC penalty
Mixed with fuel > affect its physical properties
19 + (1)n - ‘ZLHe + gLi Fast burn-out =2 limited excess reactivity
control (fuel cycle length)
o Nuclear Fuel Simmons et al., Nuclear Technology 80 (1988) 343-348
Ir ﬂi‘:{;ﬂjry IAEA-TECDOC-844, “ Characteristic and use of Urania-Gadolinia fuel” , 1995. 2 I(AI ST
l__, EOC: End of Cycle, FR: Fuel Rods, a,: thermal neutron absorption cross section




Fuel for NuScale SMR
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The fuel uses an established T7x17 fuel rod array with 24 guide tubes pil 2 Il
The NuScale SMR will utilize a e !
core of 37 fuel bundles s N Il
b o v—_

* To reduce the beginning-of-life moderator coefficient
* The burnable absorber rod is mechanically similar to fuel rods but consists of
gadolinium oxide (Gd,0O5) mixed in enriched UO, in the central rod portion
(axially) and enriched UO, at the top and bottom.
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Introduction — Advanced Fuel for SMR

Breakthroughs

Biannual Engineering Research Webzine

Gd,0,
Neutron Absorber

Innovative Neutron Absorber Fuel

« O £ 11049625 (2021.06.29)
o~ Materials
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Design Concepts

“* Lumping gadolinia
In the oxide pellet

Side view

Top view
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« UO3 Intermediate Particle
Preparation Using the Sol-Gel

Process by KAERI L
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Methods (Fabrication of oxide pellets containing
lumped Gd,O; spherical particle)

Pouring Punching Insertion Pouring
Gd203
Y2 8YSZ Y2 8YSZ
] i i ]

10 mm

Nuclear Fuel
I‘f- " Materials
I I CIP: Cold isostatic pressing

pressing CIP Sintering
T oEz Mia 400 MPa, 5 min MW source
il
vl
o

5

1500°C,20 min, Air
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8YSZ pellet containing 2 lumped Gd,0,

Gd,0,
Drying: 120°C,12 h

Sintering: 1400°C for 2 hr

64,0,

e iedpy

—
20.0[KV] SP=12.0 WD=48.6 x40 100[um] HIGH VACUUM 12/10/2017
COXEM

pressing CIP Mw
norEMPA 400 MPa, 5 min MW source
i
] E N
it
1500°C,20 min, Air
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SEM HV: 20.0 kV WD: 42.30 mm

SEM MAG: 200 x Det: SE 200 ym
View field: 948 pm | Date(m/dly): 11/07/17
A -

SEM HV: 20.0 kV 5 SEM HV: 20.0 kV 1 42. VEGA3 TESCAN|
SEM MAG: 200 x 200 pm SEM MAG: 200 x 200 pm

View field: 948 pm | Date(m/dly): 11/07/17 View field: 948 ym |Date(m/dly): 11/07/17 KAERI
- - > PR 2 ¥ §ou®

SEM HV: 20.0 kV WD: 42.30 mm
SEM MAG: 74 x Det: SE
View field: 2.55 mm Date(m/dly): 11/07/17

Sintering conditions : 1700°C / 4h in H,

SEM HV: 20.0 kV WD: 42.30 mm VEGA3 TESCAN

SEM MAG: 200 x Det: SE 200 pm
View field: 948 pm | Date(m/dly): 11/07/17 KAERI
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Quenching of lumped BA fuel design

* Design:
_ _ Dimensions of 8YSZ pellets with Gd,O; s

Gd, O, spherical particle

Gd,0, 1.72+0.01
L/ b A .
< Conditions: 8YSZ Pellet | 4.57+0.05 Hx7.51£0.02 D
— T(800°C, 1000°C, and 1200°C), holding
time (30 min) 800°C 1000°C 1200°C

o+ Structure:

* No-relocation of Gd,0,
sphere was observed

Nuclear Fuel
Materials
=1 l, 3 KAIST
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Gd,0; 3 mm mini-pellets by powder metallurgy \
(
pressing CIP Box furnace

~ 629 MPa
Wil

400 MPa, 5 min /

- » /'% - Density: Archimedes
<1600°C,2 h, Air / ey 5 3 a2 E10 1| ot s

Pellet containing lumped Gd,O; mini-pellet

——————————————————————————————————————————————————
Pouring l Punching Il Insertion Il Pouring Il pressing CIP 24 ]\

7 or MPa 400 MPa 5 min MW source

Y, 8YSZ 1, gySz Wil
] i i J E
u 1500°C,20 min y

r‘f- -
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Gd,0, Cl23 A7 XM= H7}

1300°C(RD=72.1£1.1%) || 1400°C(RD=75.5+1.5%) |1500°C(RD=85.2¢0.4%) 1600°C(RD=93.0+0.8%)

MBIA BPIS

MmaIn doj

HFW | det | tit
I 58 mm|ET0/0

e B 10r% 5o 208 m €10 0| FRETHARA om0
(at least 3 samples were characterized)

No interfacial cracks in 1400°C or less sintered mini-pellets

Mistarihi, et al. (2018).
F‘I International Journal of Energy Research, 42(6), 2141-2151 | AIST




Gd,0, C|23 228 H[=/8 B7I - FEM A| &t

1500°C(RD=87.6+1.0%) 1500°C(RD=85.2+0.4%)

SU5000 15.0kV 19.6mm X40 BSE-ALL

Time=150 min Surface: von Mises stress (N/m?) X . . 2
Time=150 min Surface: von Mises stress (N/m~)

N/m?

AB7lx 10’
x107

3 7
7

6
6

5
5

4
4
3 3
2

2

K

1

5‘

¥ 6.82x10% Y,j/'x
Mistarihi et al. (2021).

F{iﬁ;eﬁﬁs Frontiers in Energy Research, 9, 104. 17 KAIST




Lumped Gd,O; BA fuel design challenges

 Fabricaion process: T e o™

— Formation of interfacial cracks/gap | Structure CugCTﬁnggcgniC Cubic
> o
* Ph transformation of
. ase tra S.O atio 9 Gd_2o3 D (g-cm) 7.403 10.96
» Different shrinkage & sintering rate
of the Gd,0, and UO, MT(°C) 2330 2860
« Thermal expansion mismatch E (GPa) 150.2 87.4
**Fuel performance: wx105(K) 105 120
_ Mel“ng Of Gd 203 D: Density, E: Modulus of elasticity, MT: Melting point, a : thermal expansion
Coefficient
— Gd203 relocation Cubic Monoclinic
— Unknown irradiation behaviour of :ghg
. . . = //_I_‘:\\‘__' 2’ gjg\v
Gd, 0O, (swelling, or amorphization) \\;‘T’?‘\{ “%%L\‘

PRGS\
{\ AN i
> )
I\
5

l

Nuclear Fuel
& Materials |AEA-TECDOC-844, “ Characteristic and use of Urania-gadolinia fuel” , 1995. I(AI ST
S.C. Atkinson, Crystal structures and phase transition in the rare earth oxides, Ph.D thesis, University of Salford, 2013 18
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Gd 2=2t=2| =AF 548

*+ Review of irradiation studies [1-3]:

Radiation Max. Fluence Gd Compound Results
(ions/cm?)
Au (2.25 GeV) 5x1013 Gd,0, Phase transformation
Au (4 MeV) 10715 Gd,0, Phase transformation
Ne (400 KeV) 1076 Gd,Hf, 0, Amorphous
Gd,Ti, O,

¢ Irradiation deformation mechanisms:
— Gd,0;: formation of anti-frenkel defects - cluster to dislocation loops =
re-arrangments of cations into monoclinic structure. [4]

— Gd compounds: cation size ratio - formation of Pyrochlor or fluorite
structure - fluorite are more radiation resistant ( more space to
accommodate lattice disorder). [9]

Phase transformation of Gd,O, by irradiation

Lang et al., Nucl. Instruments Methods Phys. Res. Sec. B 326 (2014) 121-125 [4] Chen et al., Appl. Phys. Lett. 112 (2018)
[5] Sickafus et al., Science 289 (2000) 748 751

[3'Wen et al., Nucl. Inst. Methods Phys. Res. Sec. B 287 (2012) 130-134

r ”“T\',F:J.:_.f Mejai et al., Appl. Phys. Lett. 107 (2015)
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