An Overall
Assessment of ATR
and HFIR Irradiated
Samples and
Conclusions

February, 2026

M Nedim Cinbiz!, Annabelle Le Coq', Kory Linton',
Shaileyee Bhattacharya’, Yan-Ru Lin',
Mobashera Saima Haque?, David Sprouster?

'Oak Ridge National Laboratory, 2Stony Brook University




POST-IRRADIATION EXAMINATIONS WERE
SUCCESSFULLY COMPLETED'!
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* Level 2 milestone was completed ST IR ABIATION EXAMINATION.
. . . OF -HFIR-IRRADIATED YTTRIUM:-
1 paper is published in JNM HYDRIDES
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WHERE ARE WE AT ON THE
DEVELOPMENT YTTRIUM HYDRIDE
MODERATORS AT DOE?

OUR FOCUS: ATR & HFIR IRRADIATION CAMPAIGNS AND PIE



ATR & HFIR
IRRADIATIONS




ATR IRRADIATIONS

« Samples | 102 yttrium hydride specimens

» Target temperatures |
* Irradiation conditions | 60 full power days

ATR handbook
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NEUTRON RADIOGRAPHY INDICATED HIGH
STRUCTURAL STABILITY
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HFIR IRRADIATION

« Samples | 16 yttrium hydride disks per capsule

* One fabrication path | Direct hydriding

» Target temperatures |

* Irradiation conditions | Max. 22 days | Min. ~ 2
days

HFIR handbook

Passive thermometry results
Schematics of the HFIR capsule
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HYDRIDE IRRADIATIONS IN ADVANCED
TEST REACTOR (ATR) AND HIGH FLUEX
ISOTOPES REACTOR (HFIR)
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POST-IRRADIATION
EXAMINATIONS



Specimens

PIE EXAMINATIONS ENCOMPASSED

VARIOUS TECHNIQUES
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EXAMPLES OF POST-IRRADIATION
MECHANICAL STABILITY THRU VARIOUS
METHODS

Cinbiz et al., ORNL, 2025
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ADVANCED CHARACTERIZATION
TECHNIQUES OFFER IN-DEPTH
UNDERSTANDING OF MICROSTRUCTURE
AND H RETENTION BEHAVIOR
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THERMAL PROPERTIES ARE CRITICAL TO
DETERMINE MODERATOR TEMPERATURE
DURING OPERATION

Thermal expansion

T,. vs H/Y ratio indicates 2" order
Thermal diffusivity exhibits Heat capacity shows 2" tr / transition
1/(A+BT) behavior order transition 6501 & Data from Tromitoy T

et al, JNM,2020
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The 2" order transition is related to loss of H sublattice
order with increasing temperature which creates resistance
to phonon scattering in yttrium hydride
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A PRACTICAL ENGINEERING
APPROACH: USE CAPSULE AVERAGED
VALUES (15T CYCLE HEATING ONLY)
FOR FITTING
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MAIN TAKEAWAYS FROM PIE

 High hydrogen retention and structural stability

« Defect-driven H retention mechanisms

* Non-uniform hydrogen redistribution

* H retention metric for irradiated specimens via thermal

properties

DIRECTIONS TO ACCOMPLISH
READINESS & DEPLOYMENT

 LONG TERM IRRADIATIONS OF NEAR FINAL GEOMETRY

MODERATOR
 UNITCELL IRRADIATIONS ENABLING MATERIALS

COMPATIBILITY
% MR P jicroreactor



MICROSTRUCUTRE EVOLUTION UNDER
IRRADIATION IMPROVES H RETENTION
IN YTTRIUM HYDRIDE

Formation continuous oxide with increasing dpa (?)
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Cxlcla layer thicknass
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H retention enhancing features

Amorphous O-rich layer

Oxide layer

Defect clusters

J

Cavities

O 0

H transport under irradiation may need an
update as follows, which may impact
criticality condition

Helium production in real application needs to be
considered with impurities, like oxygen

dCy _
at = FickianTerm + Soret Term
0C_.vi
+Sorption Term — Cavity Bias ;atmy
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TO INCREASE THE TECHNOLOGICAL
READINESS, WELL-DEFINED
FABRICATION TECHNIQUES NEED TO
BE DEVELOPED WITH POTENTIAL
QUALITY ASSURANCE AND CONTROL

o Initial material feedstock quality and pedigree are ranked as LOW, final
product quality is not clear

o Initial feed stock material requires additional processing to reduce
unwanted elements such as Sc, F, La

o Post-hydriding analysis and non-destructive methods needs to be
developed

ORNL have new recipes, enabling higher
manufacturing readiness levels
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