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The irradiation of plutonium monocarbide is of interest because of the
potential use of this fuel in small high teperature fast reactors. Oince
uranium monccaxrbide has been shown to possess excellent high tenperature
. irradiastion properties there is some basis for the hope that PuC will also
have high temperature irradiation characteristics that are an improvement
over the poor performance of most plutonium alloys. Mixtures of UC and PuC
are of interest because they combine the good qualities of carbide fuels with
the capability of intermal breeding in a fast plutoniumefueled reactor.

In order to explore the irradiation behavior of carbide fuels containing
plutonium, preliminary irradiations were made in the EBR-I reactor an the nom-
inal compositions PuC and UC-20 w/o PuC. The carbon content of the arc cast
specimens ranged from 4.75 to 5.73%. The plutonium content in the mixed carw
bide was varied from 17.2 to 27.8%., The irradiations were made in a fast re-
actor because of the "blackness" of PuC in a thermal spectrmm. All of the PuC
- speclmens ware arc cast. The UC=-PuC specimens were mede hoth by arc casting
and by pressing and sintering. The sintered pellets averaged 55.1% of theo~
retical density and contained an axial hole to accamodate a central thermo-
couple. All of the specimens were 0.300 in. in diameter and were nominally 1
in, long. The uranium in the UC~PuC specimens was enriched to approximately
93% U232 to enhance the rate of burnup. The specimens were made up into three
fullesized EBR=-I fuel rods. Two rods contained alternately specimens of east
PuC and mixed carbide. The third rod was made up entirely of pressed and sine
tered specimens of mixed carbide. Bonding between the fuel specimens and the
stainless steel cladding was provided by a 0,030 in. NeK annulus. Typiesl
specimens before irradiation are shown in Figure 1.

Sixteen cast specimens consisting of elght PuC snd elght mixed carbide
specimens were irradiated to burnups ranging from 500 to T70 Mvd/MI' at central
temperatures ranging from 370° to 650°C. Fifteen pressed and sintered pellets
of the mixed carbilde were lrradiated to burnups ranging from 540 to 810 ma/ mr
and with central fuel temperatures ranging from 260° to 380°C.

The arc melted UC-PuC specimens showed superior fracture resistance over

that of the PuC specimens. The mixed carblde specimens were removed fram the
rods either in one piece or broken into no more than two pleces. Subsequent
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handling in the hot cell, however, caused same of the specimens to break up
into additiomal pieces. No conclusion could be drawn comcerning a poesible
relationship between carbon comtent and fracture resistance in either the
mixed carbide or the PuC. = Dimensional changes were negligible in the cast
specimens. Seven of the eight PuC specimens decreased in density with a maxe-
imum change of 1l.44%. The remaining specimen showed an apparemt increase in
density of O.44%. Seven of the el UC-PuC specimens decreased in demsity
with the maximm change being 1.57T%. One specimen showed no apparent change
in.density. The surfaces of the PuC specimens were generally brighter than
those of the UC-PuC specimens. Typical irradiated specimens of cast PuC and
UC~PuC are shown in Pigures 2 and 3, respectively.

: All pressed and sintered mixed carbide pellets were removed intact from

the rod in which they were irradiated. Two pellets were later broken on han-

dling in the hot cell, but generally the pellets were very durable. Length g
increases of up to 0,015 in. and diameter increases of up to 0.004 in. were
random and were not considered significant. Density measurements were not made

on the pressed and sintered pellets because of the extensive open porosity. A

typical irradiated specimen of pressed and sintered mixed carbide is shown in

Figure L.

A measurement of fission gas release on one rod containing arc melted spec-
imens was unsuccessful because of equipment failure. The measurement on the
second rod containing arc melted specimens showed that gas release was 0.24% of
theoretical., As might be expected, the gas release from the pressed and sintered :
pellets of mixed carbide was higher than fram the cast pellets., The gas release -
in the rod comtaining sintered pellets was 12.01% of theoretical. The extemsive ‘
open porosity in the sintered pellets is considered to be responsible for their
much larger fission gas release. ' Sufficient gas was available from the sintered
pellets to obtain ggxmﬂs spectrometric analysis of the stable xenon and krypton
isotopes and of . It was found that 11.25% of the xenon was relessed and
19.09% of the krypton was released, giving the overall value of 12.01%., It is
possible that either krypton diffused from the pellets more rapidly than xenon
or the theoretical yield of krypton used in the calculation is low.

After the preliminary irradiations were made in EBR~-I, we prepared a group ;
of vibratory compacted specimens of fused PuC powder. The fuel is compacted to — .
about 80% of theoretical demsity in a 2 in. length and 0.156 in. diameter. The -
conpacted powder is contained in W=l w/o Zr alloy Type 304 stainless steel tub-
ing with & 0.009 in. wall. The first of these specimens is be irradiated in
the CP-5 reactor with a meximm cladding surface temperature of 435°C and to date
has achieved a burmup of approximately 11,000 Mwd/MI. This specimen contains
6.22 w/o carbon. A thermocouple is located adjacent to the surface of the spec-

_imen and from the temperature readings that we have obtained to date it appears

that the specimen is performing satisfactorily. L
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Figure 1. CARBIDE FUEL IRRADIATION SPECIMENS



Burnup, MWD/MT 580 680
Cent. Irrad. Temp., °C 370 550
Density Change, % -0.69 +0.66
Carbon, wlo 5.45 4.94

Figure 2. EFFECTS OF IRRADIATION ON
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Figure 3. EFFECTS OF IRRADIATION ON
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Figure 4. EFFECT OF 830 MWD/MT BURNUP AT 340°C ON
PRESSED AND SINTERED UC-20 w/o PuC



