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Outline M=

1. Recreate surface chemistry

= UO,; -Zircaloy interface (Pellet Cladding Interface)
= Profilometry — film thickness
= Transmission Electron Microscopy — microstructure information

= Powder X-ray Diffraction — phase identification

2. Simulate radiation damage

" |n-situ ion bombardment fuel rod assembly

fuel rod

= Compare to INL spent fuel fuel pellet

&
\.__»

3. Characterize damage
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Nuclear Reactor Overview =

Containment Structure
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Reactor Chamber ="

Beginning of life After 1 cycle
“Bambooing” L "”””"
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What happens at
the microscale?




UQO, Fabrication

Yellow Cake
65-85%
USOB

Dissolve

—>

Nitric Acid

Impure Uranyl
Nitrate

UO,(NO,),
Solution

Selective Purified | Precipitate |Ammonium| Calcination
) UO,(NO,), ) Diuranate and
Solution ADU
solvent Ammonium |(NH),U,0.| reduction
Extraction Hydroxide with H,
UF, +  2H,0 —» UO,F, + 4HF
(gas)(excess steam) (solid)(gas)
UOyF, — U0, + 2HF
(solid) (powder)(gas)




Epitaxial Thin Films

Strategy for studying the pellet cladding interface

UO,(NO,), - 6H,0

Fuel Pellets

Cladding

Thin film

N\

Substrate




Epitaxial Thin Films ) .

Strategy for studying the pellet cladding interface

Ce(NO,), - 6H,0

“Surrogate for a
) Surrogate”

Differences in oxidation
states:

Ce(lll) = Ce(IV) oxidation

Thin film

. U(IV) = U(IV) reduction

Substrate
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Polymer-Assisted Deposition

LETTERS

Polymer-assisted deposition of
Mmetal-oxide films

Q.X. JIA™, T. M. MCCLESKEY?, A. K. BURRELL?, Y. LIN', G. E. COLLIS?, H.WANG',A. D. Q. L

AND S. R. FOLTYN

‘Superconcuctivity Tachnokogy Carfer, Division of Matertals Sciance and Techaoingy, and *Structural 2nd inorganic Chemistry, Diésion of Chemisiy, Los Alames Nationsi Laborsiory,
Lo Alamios, New Mexico 37545, LA

“Depiartment of Camisty, WasNngion Sate University, PoliTan, Wasingion 99164, USA

o-Tak qyeStLgN

substrate

® metal ions \JV polymer

H;C N OH Polyethylenimine
H . (PEI)

) =

Viscosity
Stabilization
Homogeneity
Uniform
distribution

Ethylenediaminetetraacetic acid
(EDTA) chelates a metal ion
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A. Synthesis of bulk Ce(I1V)O, () =,

[Ce0 5950 klarmm.xy]

0.1M Ce(NO,), - 6H,0
0.125M EDTA
0.125M PEI

0240204 Cerianite- - Celz2

50 &0
Two-Theta (deg)

Powder X-ray Diffraction Pattern
Ce(IV)O;




B. CeO, Thin Films: Drop Casting UL

Applying same cerium

: : = Polymer-Metalratio 1.25:1
nitrate solution onto a

= 5-10 layers (drops)
substrate = 200C on hotplate (in air)

Profile of cerium nitrate on =
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C. CeO; Thin Films: Spin Coating () e,

" Polymer-Metal ratio 0.625M:1M

= 4-6 layers (drops)

= Annealed 1000Cin Ar

4

Profile of cerium nitrate on zircaloy

R

/Y
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~42um

00000000

Powder X-ray Diffraction
Pattern
CeO, (and zircaloy)




D. Synthesis of U(IV)O, - e

TEM on
Silicon
Nitride Grids
Uranyl nitrate
0.1M
uranium
= Polymer-Metal nitrate
ratio 0.625M : 1M Z"?tea'?d iz
r (to an
= 1000C in ICa)lir
= Annealed in Ar and (bottom)
air




Summary ) .

1. Recreate Surface Chemistry

= Ce(lV) oxidation state as a UO, surrogate
RADIATION

= Deposition & annealing process HAZARD

= Characterize

2. Future Steps

= Further characterization of films KEEP
= Mechanical testing CALM
AND
" |n-situ TEM
IMPROVE SCIENCE
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Provide a surrogate thin film that will enable us to
asses the damage and integrity of nuclear systems
at the microscale
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Backup Slides

15




Substrate

= Platinized Silica

= Zircaloy 4

Element Weight%
Zircaloy-2 Sn 1.2-1.7
Fe 0.07-0.20
Cr 0.05-0.15
Ni 0.03-0.08
Zr balance
+ impurities
Zircaloy-4 Sn 1.2-1.7
Fe 0.18-0.24
Cr 0.07-0.13
Zr balance

+ impurities
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