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ABSTRACT 

Metallography was performed on solid solution cermet fuel forms used in rad
ioisotopic heat sources. Co-precipitated Pu02-Th02 solid solution shards were 
molybdenum coated and pressed into a pellet. During the development of the pres
sing parameters, cracking, graphite reactions, twinning, and other microstructures 
were observed. These structures and their causes along with the metallographic 
techniques, will be discussed in detail. 

INTRODUCTION 

Radioisotopic heat sources utilizing 238Pu02 are used in both space and ter
restrial applications. An example is the SNAP-27 thermoelectric source on the 
moon. In the quest for safer fuel forms, a new type of fuel form being developed 
and fabricated is the cermet fuel form. The first pucks pressed used fuel part
icles of co-precipitated 238Pu02-Th02 solid solution which were coated with molyb
denum and then pressed at high temperatures and pressures. During the development 
of the pressing parameters, metallographic analysis was performed. Discussion of 
the results of this metallographic analysis follows. 

METALLOGRAPHY 

Sectioning - Cermet fuel composite specimens were held with vice grips, and 
a pre-shaped wedge was removed using a 600 grit diamond wheel on a rotary cut-off 
wheel. A typical specimen is shown in Figure 1 and contains approximately 2 g of 
plutonium dioxide. The thermal heat of the specimen made it necessary to handle 
all the sections with forceps. 

Mounting - Specimens were decontaminated with water in an ultrasonic bath to 
remove loose fuel particles which contribute to gross contamination. They were 
then placed in a Lucite ring as shown in Figure 2. The specimens were mounted by 
vacuum impregnation employing Buehler's plastic epoxide followed by 1000 lb pres
sure during the cure cycle. This pressure forces the epoxide into all holes and 
cracks and eliminates bubble formation caused from heat and radiation. 

Polishing - Specimens were ground through a series of 320 and 600 grit sili
con carbide papers on a rotating wheel using water as a lubricant. Polishing was 
accomplished using water, 1 ym aluminum oxide, and Texmet on a Syntron vibratory 
polisher from 6-10 hr. The specimens were decontaminated using water in an ultra
sonic bath. The back and side of the mount was sprayed with Krylon in a fume hood 
to further tie down any loose contamination. Examination and photography was done 
on a Leitz MM-5 metallograph. 

Etching - Specimens were painted with a silver conductive strip and cathodic 
etched at 200 ym of argon pressure using 50,000 V for 7 min. 

Graphite Reaction with Pu - A photomicrograph of the first puck sectioned is 
seen in Figure 3. This puck was pressed at 20,000 psi for 15 min at 1735°C. The 
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photomicrograph is a view of the end of the puck which was in contact with the 
graphite die. A reaction layer of about 85 ym is indicated. A photomicrograph, 
taken at higher magnification, of this reaction layer is seen in Figure 4. Since 
plutonium dioxide in the puck was in direct contact with the die, carbon is no 
doubt the source of this structure. The center of the puck was unreacted. Car
bon in the graphite die reacted with plutonium dioxide under the heat and pres
sure of the pressing operation. The artifacts which appear to be cracks in this 
puck may be the result of either of two circumstances: 1) Compounds formed by 
the carbon-Pu02 reaction at the grain boundaries were brittle and cracked. 2) 
Loss of the compounds occurred during metallographic preparation by either pull-
out or reaction with the polishing medium. The band seen in Figure 3 was elimin
ated by coating the die with niobium carbide thus separating the plutonium diox
ide and the graphite in the die. 

Die Coating - An attempt was made to keep the carbon in the graphite die 
from reacting with the plutonium in the puck. In this series of pucks the graph
ite die used in pressing pucks was coated with niobium carbide by vapor deposi
tion. A layer of tantalum foil was placed next to the die, and a layer of molyb
denum foil was placed between the tantalum foil and the coated particles to be 
pressed. A puck was pressed at 13,500 lb for 15 min at 1820°C. This puck was 
sectioned before machining and the layers formed by the foils during pressing are 
seen in Figure 5. The white layer next to the pressed shard is probably formed 
by the molybdenum foil. The gray layer is probably formed by a reaction of tanta
lum with oxygen to form tantalum oxide. The outer layer is probably a layer of 
unreacted tantalum. The oxygen in this case would come from the thermal decompo
sition of the fuel. Molybdenum oxide is volatile at this temperature and would 
not be present at this interface. Penetration of the tantalum oxide into the 
molybdenum appears to occur at the grain boundaries and suggests that the tantalum 
oxide is molten at this temperature. 

Twinning - In another series of pucks the temperature was held at 1735°C but 
the time was increased to 20 min and the pressure increased to 15,000 psi result
ing in the microstructures seen in Figure 6. The wide bands crossing the coated 
shards could be either twins or needles of substroichiometric Pu02_x which have 
formed in the Pu02-Th02 solid solution with increased time and pressure. Three 
general observations were made on this structure: 1) microcracks are usually as
sociated with these bands, 2) the bands change direction at grain boundaries as 
shown in Figure 7, and 3) the bands do not intersect each other. These observa
tions suggest that the bands are twins caused by the deformation of the ceramic. 
A cathodic etched area showing twins crossing grain boundaries is seen in Figure 
7. In Figure 8 a crack forming at a twin boundary in area A can be seen. Much 
of the cracking which occurred in this series of pucks appears to have formed at 
twin boundaries while earlier pucks formed cracks along grain boundaries. 

Molybdenum Eutectic Type Structure - An increase of temperature to 1850°C 
and decrease of pressure to 1350 psi resulted in the microstructure seen in Figure 
9. The fine structure seen in the pressed molybdenum coating is a eutectic type 
structure which was formed at 1850°C and precipitated out on cooling. One possi
bility concerning its origin is a Th02-Pu02-Mo03 ternary eutectic; this, however, 
was eliminated because the structure in the specimen was found near the edge only. 
Microprobe analysis removed the possibility of low melting impurities causing the 
structure. Our final conclusion is a Pu-C-0 compound, formed from interaction of 
the die with the fuel, reacted with the molybdenum at high temperature. The mor
phology of the structure suggests that the molybdenum was dissolved in liquid at 
the higher temperature and solidified in the eutectic-like structure on cooling. 

Substoichiometric Fuel - When a Pu02 cermet puck is heated into the 1600°C 
range the Pu02 becomes substoichiometric forming Pu02_x + aPu203- An example of 
this microstructure is seen in Figure 10. This structure occurred on all samples 
pressed at temperatures above 1600°C in the 15-20 min pressing times used in these 
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experiments. This structure is noticeably different from that shown in Figures 
6-8. 

CONCLUSIONS 

1. The Pu02-10% Th02 cermet reacted with the graphite die. 
2. The NbC coating with Ta and Mo foil inhibited Pu-C reactions. 
3. Long pressing times caused twins and associated cracks. 
4. Increased temperature formed a eutectic-like structure containing molybdenum 

as one of the phases. 
5. At temperatures above 1600°C substoichiometric Pu02 was found in the structure. 

pressure mounting. IX 
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Figure 3. Photomicrograph of the car
bide reaction with a cermet puck 15 
min, 1735°C. 20,000 psi. unetched. 
53X. 
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Figure 4. A photomicrograph of grain 
boundary cracks 2,000 psi, 15 min, 
1735°C. 106X. 
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Figure 5. A photomicrograph of a cermet 
puck before machining showing the tant
alum and molybdenum reaction layers 15 
min, 13,500 psi, 1820°C. unetched. 250X. 
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Figure 6. A photomicrograph of twins in 
a p a r t i c l e of Pu02-Th02, 15,000 p s i , 20 
min, 1735°C. unetched. 640X 
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Figure 7. A photomicrograph of twins 
crossing grain boundaries, 15,000 psi, 
20 min, 1735°C. cathodic etched. 640X 

Figure 8. A photomicrograph showing a 
crack following a twin in area "A", 20 
min, 15,000 psi, 1735°C. unetched. 250X 
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Figure 9. A photomicrograph of a eutec
tic type microstructure, 1350 psi, 20 
min, 1850°C. unetched. 250X 
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Figure 10. A photomicrograph of PU2O3 
stringers in a matrix of Pu02_x, 1600°C, 
15 min. unetched. 250X 
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