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Accident Tolerant Fuels (ATFs)

OECD/NEA and AESJ]

integrity  tech level terms

- modified zircaloy mid Nigh short

- Cr-coated Zr-alloy mid ow~high  short

- Zr-coated Mo-alloy 7? oW mid~long ?
- FeAlICr. ODS high ow~mid mid

+ SIC composite very high low very long

The Cr-coated Zr alloy incorporates the idea of suppressing reactions with
other parts at high temperature. Since Zr alloys are practical materials for
industrial use, it is expected as the highest possible and near-term
introduction in commercial nuclear plants.
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Cr-X alloy as a coating material for ATF

Basic idea on searching elements by DFT calculations
« X in bcc-Cr stable as solid solution (AE;: small)

X in hcp-Zr stable as solid solution (AE;: small)

X in ZrCr, destabilizes the Laves phase (AE; : large)
Small volume change due to doping to avoid strain and cracking
Low neutron absorption cross section: requirement for nuclear

Sn, Zn, Mg

AE(C15)< AEHCn),

most likely migrate to Laves phase,
act as suppressing elements.

Cr-X

Al

stable in both C15 and Cr, but
A E¢(Cr)slightly< AE/(C15),
more like Al in bce-Cr.

X in hcp-Zr 0a X in ZrCr, (C15) 0s Mg+(Sn, Zn) in ZrCr, (C15)
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-0.4 - —
TV 04
Supercell 3x3x3 bcc cells (54 atoms) -0.02 -0.01 0 0.01 0.02 -0.02  -0.01 0 0.01 0.02 0.03
doping concentration 1.85% AE™™ (eV/atom) AEfom (eV/atom)



Weight Gain (mg/dm?)

Oxidation law [ref 1]
constants A and n.
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Corrosion weight gains of Cr alloys (this work)
are significantly lower than those of Zr alloys!
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Zircaloy/Zr/Cr
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Cr/zircaloyig&

Needs
- joining in the a-phase of Zry
— Low temperature joining

Concept of exp steps
- diffusion bonding iﬁ—phase — accidental condition of NPP
— Cr/Zry interface a-phase — normal operation condition
— clarify the reaction
- application of pulsed laser deposition for low-T joining
— Developing fabrication concept
Introducing excess vacancies to enhance diffusion/mixing
non-equilibrium phase formation to achieve recrystallization at low-T
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sample preparation
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laser ablation
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Cross section TEM of

Amorphous layer formation was
observed at shorter or milder deposition.

Recrystallization temp
300~400%C

211~

N
100 200

Idea

Employ amorphous layer as the buffer
layer at the Cr/Zry interface results in

- lower bonding temperature AND
- flatness improvement

Nano crystalline layer formation
Recrystallization temp. >400°C
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Depth (um)
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HetmsntE® (Advanced Expansion Due to Compression (A-EDC) test)
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Hoop Stress (Mpa)

IKZRINUNENER (Zircaloy-4)
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AE sensors for detection of crack formation.
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