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MARMOT Modeling of Radiation 

Phenomena in U-Pu-Zr fuels through 

experiments (MORPH)

4



U-Pu-Zr metal fuels:

Å Simplefabrication

Å High burn-up

Å Goodthermalresponse

Å Relatively simple

recycling using melt

refining or electro-refining

processes

U-Pu-Zr metallic fuels

Y.-S. Kim et al., J. Nucl. Mater. 327(2004) 27-36



Â Lack of detailed systematic characterization data

Â Lack of detailed microstructural and microchemical information needed for modeling

efforts.

Challenges in scientific understanding of U-Pu-Zr 

fuels
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MORPH experiment objectives

Compositions/chemical properties:

Å Species diffusion and migration

Å Fuel constituent redistribution

Å Phase fractions

Å Fission product behavior

Physical phenomena:

Å Fission gas and swelling

Å FCCI

Compositions/chemical properties:

Å Defect fractions

Physical phenomena:

Å FCCI

Gap:

Å Fission gas concentration

6



MORPH experiment objectives (continued) 

How do the phaseand constituentdistributions in irradiated fuel comparewith

equilibriumconditionswewouldexpectin anunirradiatedmicrostructure?
7



Experiment details

X441A A797/A812/A814

Composition U-19Pu-6/10/14Zr

Pin diameter 0.23 in

Fuel diameter* 0.173 in

Fuel column height* 13.5 in

Plenum gas 75% He + 25% Ar

Tag gas Xe

Smear density 75%

Cladding D9

Cladding thickness 0.015 in

Av burnup reached 9/10.3/11.5
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ENGINEERING SCALE PIE:

Â Neutron radiography

Â Profilometry (dimensional inspection)

Â Gamma Spectroscopy/Tomography

Â Fission gas release and retention

Â Optical Microscopy

Â Chemical analysis

MORPH experiment PIE activities

ELECTRON MICROSCOPY:

Á SEM/WDS/EDS

Á EPMA/WDS

Á FIB

Á TEM
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Axial growth of metallic fuel systems

X441A fuel pin Composition Axial growth

A797 U-19Pu-6Zr 3%

A812 U-19Pu-10Zr 2.4%

A814 U-19Pu-14Zr 1.6% 10



Cladding deformation profile shows diametral strain

0.7%

0.82%

0.87%
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Integrity of the spins was verified using gamma spectroscopy

12



Cs-137 distribution changes at different heights

x/L=0.75 x/L=0. 9 13



MORPH experiment: electron microscopy

H. Tsai et. al., ANL/ET/CP-82776, October 1994. 14



Approach:

RTE #18-1533:

Investigation of 

FCCI in irradiated 

U-Pu-Zr fuel



Approach:

RTE #18-1533:

Investigation of 

FCCI in irradiated 

U-Pu-Zr fuel U Fe

NdRu La



Approach:

RTE #17-1043:

Microstructural 

characterization of 

13% burn-up MOX 

fuel

1265oC 792oC

Ru

Zr

Pd


