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Zlhe irradiation of plutonium monocarbide is of interest because of the 
potential use of this f iel  i n  4 hL& te@eratu*e fast  reactarts. Cfnce 

I LOWWX%~~~  law been ahown to puBSet38 ex~al3~cnt hi@ te~ex*mtu~x 
irradfatian propertfes there f s sane basis for the hope that AIC w i l l  also 
have high teqperature i r rdlat icm chara&erl&fcs that are an - m e &  
over the poor performance of most plutonium a l l . ~ s ,  M x t m s  of UC aPld PuC 
are of internet because they ccuibine the B;ooB q11a11t%es of  -bide fuels wlth 
the ~aal,flf%p of Internal breeding in  a fa& pltrt;oniurn-fuel& reactor. 

In order to explore the i rradiation behavior of carbide A1e1u cantalnhg 
plutcaium, pre- irrdlatfcars were nude i n  the EBR-I reactor on the nan- 
insl ccaqpositians PuC an8 UC-20 w/o PuC. The carbon content of the src csst 
t@ecfmens ranged Prm 4.75 t o  5.734. Tb& plutdm content i n  the mixed 
bide was varied frm 17.2 t o  27.8$. TBe irradiations were made in a fast re- 
autor because of the 'blackness" of AaC in  a thermal mectrm, A11 & tbe At(: 
specheris were arc cast. The UC-AaC specimens were made both hy m casting 
and by pres- and sintering. The sintered pellets  averaged 55.1% of theo- 
retical  density and contained an axial hole t o  accanamodatct a central  themno- 
soqple, All of the specimens were 0.300 in. i n  diameter Rncl were nomha3.u 1 
in ,  l a  . The uradm i n  the UC-PuC specbena mw &r:hed t o  apgrcod.mtely 
938 $39 t o  enhance the rate of bmyp. The spechens were made u,p into three 
full-sized EBR-I fuel rods. WQ rcrda c & d n d  erltemate3y epecinaeaa af cast 
PuC and mixed carbide. The third rod w a ~  made up entirely of pressed and sin- 
tered q e c h m s  of mfxed carbide. Ibmtlng b&ween the fitel a~>edrnma and, the 
st&n,bass steel cladding was proxlde8 by sr 0,030 Isr. NdC mulu~. Q r p A c d  
specimens before irradiation are sham i n  Figure 1. 

6ixteen mcimens consisting of eight AaC md ai&it mg. 4. ~larbids 
specin- were i d a t 4  t o  burzlups ranBing 5~ t o  no d m  at central 
temperatures ranging *an 370' t o  650'~. XPteen press& sintwed pelbets 
of the mixed oa~blde  were irradiated t o  bwnup. q n g  Prm 510 to 810 Mrd/W! 
and with central fuel temperatures r a g i n g  fram 260 t o  380'~. 

W e  src melted U C - h C  f;lyecimm~ ~ h w d  rsuper2m reaioptwce over 
that d the PuC bcpeeimens. The mked ~ P r I d e  S ~ ~ C ~ I ~ L B  were rerwored &an t l ~ e  
rods either In one piece ar broken into  no m e  than two pieces. &&sequent 

Work performed under ths  ossgices of the U a  S a  Atomic E:ric-?rgj Courrissio: 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 





haniillng fn the hat cell, however, caused same of the specimens t o  break up 
into additional pieces. No conclusion could be drawn concerning a possible 
relationship between carbon cantent and fracture resistance in either the 
mixed carbide or the PuC. Dimensional changes were negllglble i n  the cast 
epecimens. Seven of the eight PuC specimens decreased in density with a max- 
lmua change of 1.&$. The reuxhing specimen ahwed an apparent increase i n  
debeity of 0.44s. Seven of the ei UC-PuC qpecimms decreased In density 
w i t h  the maximum ebenge being 1 .57r  One specimen shared no w e n t  change 
I n  density. The surfaces of the PuC specimens vere generally brI@er than 
those o f t h e  UC-PuC specimens, mical irr&ated epechnene of cast PuC snd 
UC-PuC are ahown i n  Figures 2 and 3, respectively. 

All pressed snd eintered mixed carbide pellete were removed intact fran 
the rod in which  they were irradiated. Two pellets were later braken on han- 
dling i n  the hot cell, but generaUy the pellets were very durable. kwh f, 
increases of t o  0.015 in. surd diameter increases of ug t o  0.004 in. were 
d m  an8 were not cmidered significant. Density ~~~easuraaexrts were not made 
on the pressed end sfntered pellets because of the extensive open porosity, A 
typrlcal irradiated specimen of pressed and sintered mixed carbide fa  shown in 
Ngure 4. 

A measurement of Fission gas release on one rod containfnxt arc melted spec- 
imens was unsuccessful because of equipment fallure. The measurement on the 
second rod cataining arc melted specimens shoved that gas release Ira8 0.24-qd of 
theoretical. As  might be expected, the gas release frcm the pressed and sintered 
pellets of nixed carbfde wes higher than frcnn the cast .pel lets ,  T&e g m  release .4 

in the rod containing antered pellets was 12.01$ of thearetical. The extensive 
open ~ o r o s i t y  i n  the sintered pellets i s  considered t o  be responsible for their . - 
ma& larger fission gas release. Suf'f'icient was available 3 I -m the sintered 1 

%* 

pellets t o  obtain s spectrometric andy8i.s of the stable xenon and krypton ,. 
isotopes and of Krff?lt found that ll.25$ of the xenon m e  released and 

b .  

19.0* of the krypton was released, giving the overell value of 12.01$. It i s  . * % ,  . 
possible that either krypton dlfthsed *an the pellets more rapidly than xenon 
m the theoretical yfeld of -on used in the calculation is hcw. b >  

After the prellmimxy irradiaticms were made i n  EBR-I, we prepared a s o u p  
of vibratory cclqpscted specimens of Arsed PuC powtier. The fuel i s  caqpacte8 t o  - f . 
about 80$ of thearetical density In  s 2 in. length and 0.1 in. diameter. The z Y d  
cqpactedpcwder i s  contained In m-lw/o Z r  allay m e  3 stainlees &eel tub- 
iw with a 0.009 In. w a l l .  The flrst of these Bpecimens i s  be irradiated i n  
the CP-5 reactor with a maxlmum cladding surface temperature of "& 35OC and t o  date 
has achieved a burnup of approxhmte3y 11,000 ~ M P .  lWs specimen contains 
6.22 w/o carbon, A thermocoyple i e  located addacent t o  the surface of the spec- 
imen and frm the temperature readings that we have obeafned t o  date it appears 
that the sgecfmen f s perfonnlng sat i  sfactarily . ', 
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Figure 1. CARB l DE FUEL IRRADl AT1 ON SPECIMENS 
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Figure 2. EFFECTS OF IRRADIATION ON PuC 
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Figure 3. EFFECTS OF IRRADIATION ON (U,Pu) C 
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Figure 4. EFFECT OF 830 MWDIMT BURNUP AT 340°C ON 
PRESSED AND SINTERED UC-20 w10 PuC 


