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P R E P A R A T I O N AND P R O P E R T I E S O F URANIUM 
MONOCARBIDE CASTINGS 

A r t h u r C, S e c r e s t , E l l i s L . F o s t e r , 
and R o n a l d F . D i c k e r s o n 

i sine a special arc-melting technique, sound, homogeneous 100-g 
cylindrical castings of UC of near stoichiometric composition were consistently-
produced. In the casting process developed, UC buttons previously prepared by 
arc melting the elements were placed over the opening of a graphite mold in a 
helium-atmosphere arc furnace. When the I'C button became fully molten under 
the arc, it dropped by gravity into the mold. The densities of the resultant castings 
were about 98 per cent of theoretical. The castings could he successfully machine 
ground using a uater-base cutting fluid. 

In a preliminary determination of some ph\sical properties of cast I'C, 
the thermal conductivity measured at 100, 400, and 700 C was 0.060, 0.053, and 
0.060 cal faec}(cm)fC). respectively. The mean linear thermal expansion coef­
ficient in the temperature range from 20 to ^50 C teas ll.i x 10 per C. Cast 
UC encapsuled in stainless steel exhibited good resistance to thermal stress 
and shock in two series of tests of 100 thermal cycles to ^00 C and 100 ctcles 
to 1100 C. 

Heat treating a casting specimen for I hr at 1000 C produced no 
significant change in micro structure, but after a subsequent exposure of 1 hr at 
1500 C hardening and the appearance of the U'jC-j phase were evident. In tests 
of compressive strength on a single specimen rupture occurred at 54, 500 psi. 

I N T R O D U C T I O N 

The con t inu ing s e a r c h for b e t t e r fuel m a t e r i a l s for n u c l e a r r e a c t o r s i s p r o m p t e d 
by the e c o n o m i c a d v a n t a g e s to be ga ined f r o m l o n g - l i f e fuel e l e m e n t s and i n c r e a s e d fuel 
t e i T i p e r a t u r e s , A t o m i c s I n t e r n a t i o n a l , a c t i n g for the A t o m i c E n e r g y C o m m i s s i o n , 
s h a r e s t h i s i n t e r e s t d i r e c t l y in the e v a l u a t i o n of v a r i o u s t y p e s of fue l s fo r u s e in t h e 
S o d i u m R e a c t o r E x p e r i m e n t ( S R E ) , a n e x p e r i m e n t a l n u c l e a r p o w e r p lan t l o c a t e d n e a r 
L o s A n g e l e s , C a l i f o r n i a . The r e s e a r c h on u r a n i u m c a r b i d e d i s c u s s e d in t h i s r e p o r t w a s 
p e r f o r m e d a t B a t t e l l e in s u p p o r t of the SRE p r o g r a m . 

A n u m b e r of m a t e r i a l p r o p e r t i e s n i u s t be known b e f o r e the e c o n o m i c p o t e n t i a l of a 
s u g g e s t e d fuel c a n be e v a l u a t e d . S o m e of t he m o r e obv ious q u a l i t i e s t h a t a r e d e s i r e d in 
a r e a c t o r fuel m a t e r i a l a r e h igh u r a n i u m d e n s i t y , good t h e r m a l c o n d u c t i v i t y , and d i m e n ­
s i o n a l and p h y s i c a l s t a b i l i t y when s u b j e c t e d to i n - p i l e r a d i a t i o n . In a d d i t i o n , t h e f e a s i ­
b i l i t y of f a b r i c a t i n g the m a t e r i a l in a f o r m s u i t a b l e for r e a c t o r a p p l i c a t i o n m u s t b e 
d e m o n s t r a t e d . 

S e v e r a l m a t e r i a l s now u s e d in r e a c t o r s p o s s e s s a c c e p t a b l e q u a l i t i e s u n d e r t he c o n ­
d i t i ons i m p o s e d by the p r e s e n t s t a t e of r e a c t o r t e c h n o l o g y . U n a l l o y e d u r a n i u m , u ran iu .m 
a l l o y s , and u r a n i u m d iox ide a r e a l l b e i n g e m p l o y e d s i n g u l a r l y o r in c o m b i n a t i o n s in 
p o w e r r e a c t o r s wi th v a r y i n g d e g r e e s of s u c c e s s . H o w e v e r , in a l l c a s e s an e c o n o m i c 
a d v a n t a g e would be ga ined if the m a t e r i a l cou ld b e o p e r a t e d a t a h i g h e r p o w e r d e n s i t y 
(high t e m p e r a t u r e ) a n d / o r fo r l o n g e r p e r i o d s of t i m e b e t w e e n r e p l a c e m e n t . 
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A m a t e r i a l t ha t o f fe r s c o n s i d e r a b l e p r o m i s e to fulfi l l t h e s e r e q u i r e m e n t s a s a r e ­
a c t o r fuel i s u r a n i u m m o n o c a r b i d e . In add i t i on to i t s h i g h u r a n i u m d e n s i t y , i t h a s a 
t h e r m a l c o n d u c t i v i t y n e a r t h a t of u r a n i v m i , it i s r e f r a c t o r y , and i t h a s a s t r u c t u r e ( f ace -
c e n t e r e d cubic) t h a t i s t h e o r e t i c a l l y c a p a b l e of c o n s i d e r a b l e r e s i s t a n c e to r a d i a t i o n 
d a m a g e . F u r t h e r m o r e , in s p i t e of i t s h igh m e l t i n g p o i n t , i t a p p e a r s t ha t u r a n i u m m o n o ­
c a r b i d e c a n b e f a b r i c a t e d d i r e c t l y to fuel e l e m e n t s by c a s t i n g t e c h n i q u e s . A l though 
u r a n i u n i m o n o c a r b i d e h a s r e c e i v e d s o i n e a t t e n t i o n by r e a c t o r t e c h n o l o g i s t s f r o m t i m e to 
t i m e , v e r y l i m i t e d i r r a d i a t i o n d a t a a r e a v a i l a b l e . L i k e w i s e , no i n f o r m a t i o n is a v a i l a b l e 
in the l i t e r a t u r e wi th r e g a r d to c a s t i n g of s p e c i a l s h a p e s , s u c h a s would be r e q u i r e d for 
u s e a s r e a c t o r fuel e l e m e n t s . H o w e v e r , u r a n i u m c a r b i d e c a n be p r e p a r e d by a r c -
i n e l t i n g e l e m e n t a l u r a n i u m and carbon!-^ ? ^ '•^^*^). 

B e c a u s e of i t s p r o m i s e as a fuel m a t e r i a l , a s tudy wi th the o b j e c t i v e s of d e v e l o p ­
ing c a s t i n g t e c h n i q u e s and d e t e r m i n i n g s o m e of t he p h y s i c a l p r o p e r t i e s of c a s t UC w a s 
i n i t i a t e d . The u l t i m a t e a i m w a s to p r o d u c e c a s t s h a p e s of u r a n i u m m o n o c a r b i d e of n e a r 
s t o i c h i o m e t r i c c o m p o s i t i o n (4. 8 w / o c a r b o n ) in a p r e d i c t a b l e and r e p r o d u c i b l e m a n n e r . 
Ivlost of the r e s e a r c h was done on c a r b i d e of abou t 5 . 0 w / o c a r b o n . 

D E V E L O P M E N T O F M E L T I N G AND CASTING 
T E C H N I Q U E S F O R UC 

P r e p a r a t i o n of UC Mel t i ng S tock 

B a s e d on p a s t e x p e r i e n c e , a mod i f i ed a r c - m e l t i n g p r o c e s s w a s b e l i e v e d to be the 
b e s t m e t h o d for p r e p a r i n g h i g h - q u a l i t y U C . An a d v a n t a g e of the a r c - m e l t i n g t e c h n i q u e 
is t h a t the e x t r e m e l y h igh t e m p e r a t u r e s r e q u i r e d fo r m e l t i n g u r a n i u m m o n o c a r b i d e can 
be r e a c h e d and m a i n t a i n e d wi th good c o n t r o l . P r e v i o u s w o r k h a d shown tliat a t u n g s t e n -
t i p e l e c t r o d e s e r i o u s l y c o n t a m i n a t e d UC m e l t s . T h e r e f o r e , a n o n c o n s u m a b l e , c a r b o n -
t i p e l e c t r o d e w a s c h o s e n s i n c e the ordy c o n t a m i n a n t f r o m s u c h a n e l e c t r o d e would be 
c a r b o n . 

B u t t o n s w e r e m a d e by a r c m e l t i n g f r e s h l y p i c k l e d c e n t e r - c u t b i s c u i t u r a n i u m 
(1 ' 2 - i n . s q u a r e s , 50 to 90 m i l s th i ck ) wi th c r u s h e d s p c c t r o g r a p h i c c a r b o n ( 1 / 4 by 5 ' 8 -
in . p i e c e s ) in a w a t e r - c o o l e d c o p p e r c r u c i b l e u n d e r a h e l i u m a t m o s p h e r e of 10 to 20 in , 
of m e r c u r y . T h e a r c w a s s t r u c k i n i t i a l l y on a p i e c e of uraniuixi a t 200 a m p and 30 to 
3Z V. t h e n r a i s e d to 500 a m p to o b t a i n a m o l t e n p o o l . It w a s found t h a t c a r b o n p i ckup 
f r o m the e l e c t r o d e t i p w a s m i n i m i z e d if the m e l t i n g t i m e w a s h e l d to 30 s e c p e r m e l t 
and if t he c a r b o n t i p w a s r o u n d e d r a t h e r t h a n po in t ed . A p r o c e d u r e involv ing a t o t a l of 
s i x r c m e l t s p e r b u t t o n for 3 0 - s e c i n t e r v a l s p r o d u c e d c o n s i s t e n t l y h o m o g e n e o u s b u t t o n s . 
A s p e c i a l l y d e s i g n e d f u r n a c e ( s e e F i g u r e 1) w a s u s e d w h e r e b y the bu t ton cou ld be f l ipped 
o v e r a f t e r e a c h m e l t wi thou t open ing the f u r n a c e . 

(1)References at >.nd. 
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Exper imen ta l Casting P r o c e d u r e 

P r e l i m i n a r y investigations showed that cast ing of UC was a feasible p rocess but 
that cer ta in ref inements and modifications of conventional a r c -me l t i ng techniques were 
requi red in o rde r to obtain sound spec imens . Fo r example , it was demonst ra ted that 
both in a copper mold ajad in a solid graphite mold the cast ing cracked as a resu l t of 
cooling too rapidly. On the other hand, a graphite thimble mold proved to be quite satis 
factory: cooling was slow enough to prevent cracking and no at tack of the mold was 
noted. Usual ly , the cast ings slipped out of the thimble ea s i l y , thus allowing the mold to 
be used seve ra l t i m e s . 

Using this type of thin-walled graphite mold , a "d rop-cas t ing" technique was 
adopted for producing cas t specimens 3/8 in. in d iameter by 1-3/4 in. long. As shown 
in F igure 2 , the mold was suspended in the cavity of a copper supporting block by an 
in tegral graphite col lar inside an a r c -me l t i ng furnace. The component pa r t s together 
with the assembled mold , but ton, and a finished cast ing a r e shown in F igures 3 and 4. 
In the technique u sed , a 100-g a r c - m e l t e d button of UC was placed on the collar of the 
mold and mos t of the button was mel ted by pass ing a low-amperage a rc in concentr ic 
c i r c l e s over the surface of the button. This operat ion also se rved to prehea t the mold. 
By increas ing the cu r r en t and power supplied to the a r c and by holding the a r c direct ly 
over the mold opening, all of the UC button was caused to mel t and to suddenly drop into 
the mold as one m a s s . The steps involved in the cast ing p rocedure were as follows: 

(1) Evacuate a r c -me l t i ng furnace 

(2) Introduce hel ium to approximately 20 in. of m e r c u r y 

(3) Str ike off a r c on button using 200 amp at 30 to 32 v 

(4) Increase to 400 to 600 amp to obtain round molten pool and preheat 
mold ( t ime: about 60 sec) 

(5) Inc rease to 800 amp and hold until mol ten UC drops ( t ime: 15 to 
30 sec) 

(6) Shut off power to a r c and evacuate chamber until red glow has d i s ­
appeared ( t ime: 1 to 2 nain; a significant reduction in the cooling 
ra te was achieved by this evacuation procedure) 

(7) Bleed in hel ium to approximately 20 in. of m e r c u r y (to speed 
cooling by conduction after black heat is obtained) 

(8) Remove cast ing after about 10 min. 

Small cast ings p r epa red by the above procedure were extemely well formed and 
free of c r a c k s . This success was at t r ibuted in pa r t to the fact that a 1/32-in. hole was 
dr i l led through the bottom of the mold to allow entrapped gases to escape . Surfaces 
were smooth and in genera l had a meta l l ic appearance . Density measu remen t s on a 
typical cast ing produced an average value of 13.4 g per c m ^ , or 98 per cent of the theo­
re t ica l value of UC. In gene ra l , no porosi ty was observed in the m i c r o s t r u c t u r e s . 
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While sound cast ings of UC about 3/8 in. in d iameter by 1-3/4 in. long could be 
produced readi ly by the drop-cas t ing method , the p repara t ion of l a r g e r specimens was 
found to be increasingly inore difficult as the s ize inc reased . Imperfections such as 
shr ink cav i t i e s , c r a c k s , or surface roughness ^vere p resen t in l a r g e r cas t ings . 

Ea r ly in the p rog ram it was recognized that a m o r e promis ing casting procedure 
for economical production of UC fuel-e lement shapes would involve skull- type a r c -
melt ing techniques. With this type of cast ing technique, a number of the shapes could 
potentially be cas t at one t i m e , composit ion control in t e r m s of carbon content would be 
improved , and the molds could be m o r e readily adapted to give the n e c e s s a r y mold t em­
pe ra tu re s and cast ing cooling r a t e s . However , the s i z e , shape , and number of speci ­
mens requi red for the physical t e s t s of this r e s e a r c h p rog ram did not justify the devel­
opmental efforts that would have been requi red . Attempts to p r e p a r e a l a rge skull 
cast ing using 200-g UC charges in a bench-sca le t i l t ing-hear th a rc furnace were unsuc­
cessful only because the cas t shapes , while well formed, c racked on cooling. The 
cracking was at t r ibuted to the use of an unheated copper mold and to the inherent rapid 
cooling of the casting in such a mold. If the copper mold had been replaced by a heated 
graphite thimble mold the cracking undoubtedly would have been prevented , as demon­
s t ra ted by the d rop-cas t ing p rocedure . 

Reproducibil i ty of Casting P r o c e d u r e 

While the UC button is mol ten , it is subject to carbon pickup from both the graphite 
thimble mold and the carbon- t ip e lec t rode . The finished cast ing i s , t he re fo re , subject 
to possible var ia t ions in carbon content. In o rde r to de termine the reproducibi l i ty of 
composit ion of specimens p repa red by a s tandard melt ing and cast ing p r o c e d u r e , four 
cast ings were made from eight 100-g but tons. These bu t tons , each having been mel ted 
six t imes to achieve homogenei ty, va r ied by only 0, 1 w/o from the des i red 4 .8 w/o c a r ­
bon content. The cast ings also showed excellent reproducibi l i ty and good uniformity in 
composit ion fronri top to bot tom. All sections from the t op , midd le , and bottom port ions 
had carbon contents of 4, 9 w/o ± 0 . 1 w/o . These analyt ical resu l t s were substantiated 
by metal lographic examination. It has thus been es tabl ished that the a rc -me l t ing p ro ­
cedure can be adequately control led to yield buttons and cast ings of consis tent 
composit ion. 

PROPERTIES OF CAST UC 

To evaluate the applicabili ty of u ran ium monocarbide as a r eac to r fuel m a t e r i a l , 
severa l p roper t i es and cha rac t e r i s t i c s of the ma te r i a l mus t be known. P r o p e r t i e s of 
the cas t monocarbide would, in gene ra l , be expected to be s imi l a r to those of the carbide 
p r epa red by o ther techniques . However , the cas t m a t e r i a l may be expected to exhibit 
some super ior i ty with r ega rd to dens i ty , pur i ty , and handling cha rac t e r i s t i c s because 
the re is l e s s opportunity for contamination during its p repara t ion . Some of the physical 
p roper t i es of UC present ly available from the l i t e r a tu r e a r e l i s ted in Table 1. 
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TABLE 1. PHYSICAL PROPERTIES OF URANIUM MONOCARBIDE^ 1^3,4,5) 

Surface appearance Metall ic lus te r 

Theore t ica l density 13. 63 g per cm^ 

Melting point 2350 C 

Crys ta l s t ruc tu re F a c e - c e n t e r e d cubic , 
a = 4 .951 A 

Stability Decomposed by water 

To supplement these da ta , studies were conducted on cas t UC to obtain information 
on the rma l conductivity and t h e r m a l expansion. Additional information was gained frona 
meta l lograph ic , h e a t - t r e a t m e n t , t he rma l - cyc l i ng , and su r face -p repara t ion s tudies . 

The rma l Conductivity 

A cast ing l a r g e r than those p repa red for the composit ional reproducibil i ty study 
was des i red for the thermal-conduct iv i ty m e a s u r e m e n t . A specimen 1/2 in. in d iameter 
by 2 in. long, having a composit ion of 5. 2 w/o carbon , was successfully p repared by the 
drop-cas t ing technique. Values for s teady-s ta te conditions over the t empera tu re range 
from 100 to 735 C a r e given in Table 2. While the t he rma l conductivity of UO2 dec reases 
with increas ing t empera tu re over this r ange , this sample of UC reached a minimum at 
about 400 C and at 700 C was equal to the init ial value. These values were obtained on a 
single specimen and additional t e s t s will be requi red to de termine whether the values 
a re general ly cha rac t e r i s t i c of UC, 

TABLE 2. THERMAL CONDUCTIVITY OF URANIUM MONOCARBIDE 

The rma l Conductivity, 
T e m p e r a t u r e , C cal /(sec)(cm)(C) 

100 0.060 
150 0.058 
200 0.056 
250 0.055 
300 0.054 
350 0.053 
400 0,053 
450 0.053 
500 0.054 
550 0.055 
600 0.057 
650 0.058 
700 0,060 
735 0.061 
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Therma l Expansion 

The the rmal -expans ion coefficients of a s - c a s t machine-ground uran ium monocar ­
bide were found to be s imi l a r to values repor ted for UO2. ^ ' The mean l inear t h e r m a l -
expansion coefficients de te rmined and calculated for t empera tu re ramges from 20 to 
950 C a r e presen ted in Table 3 , and the exper imenta l dilation data a r e plotted in 
F igure 5. 

TABLE 3. MEAN LINEAR THERMAL-EXPANSION COEFFICIENTS OF CAST UC 

The rma l Expansion on F i r s t The rma l Cycle , 
T e m p e r a t u r e 10"" per C 

Range , C 

20-100 
100-200 
200-300 
300-400 
400-500 
500-600 
600-700 
700-800 
800-900 
900-950 

Heating 

9 . 5 
10. 1 
10.7 
11. 1 
11.4 
11.6 
12. 1 
12. Z 
12,6 
13. 0 

Cooling 

10. 3 
10.6 
11,1 
11.7 
12. 2 
12.4 
12.8 
13. 1 
13.4 
13.6 

Metal lography, Heat T r e a t m e n t , and Mechanical P r o p e r t i e s 

The method for p repar ing UC specimens for mic roscop ic examination consisted of 
mounting in Bake l i t e , grinding through 600-gr i t SiC papers with kerosene as a lubr ican t , 
and polishing f i r s t on a wheel covered with F o r s t m a n n ' s cloth impregnated with diamond 
paste and finally on Microcloth impregnated with Linde " B " alumina abras ive suspended 
in water . The final polishing t ime was kept shor t so that the contact with water was 
brief. The polished specimens were then etched by i m m e r s i o n in an etchant consist ing 
of equal volumes of n i t r ic ac id , acet ic ac id , and water . An etching t ime of 5 to 20 sec 
was usually adequate. 

The monocarbide is one of th ree carbides in the u ran ium-ca rbon sys tem; the other 
two a r e the sesquicarbide (U2C3) and the dicarbide (UC2). 

F igures 6 and 7 show the differences between the m i c r o s t r u c t u r e s of a r c - c a s t UC 
containing the 4. 8 w/o carbon and alloys containing 4. 5 w/o and 5. 0 w/o carbon. The 
alloy containing only 4. 5 w/o carbon contains appreciable amounts of alpha uran ium as 
a white phase at the grain boundaries and as isolated smal l globules. The m a t r i x is the 
UC phase . The second phase in the h igher - than-s to ich iomet r i c composit ion is UC2, 
which appears as a light phase at the gra in boundaries and also in the Widmanstat ten pat­
t e r n within each grain . Again, the m a t r i x is the UC phase . 
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Heat t rea t ing a specimen containing 5. 2 w/o cai'bon at 1000 C for 1 hr produced 
no significant change in m i c r o s t r u c t u r e , whereas further heating to 1500 C for 1 hr was 
accompanied by a broadening of the precipi ta ted phase as shown in F igure 8. Similar 
heat t rea tn ients and change in m i c r o s t r u c t u r e have been associa ted in the pas t with the 
appearance of the sesquicarbide or U2C3 phase . ' ^ ' 

An apparent i nc r ea se of about 200 Vickers ha rdness resu l ted from the 1500 C heat 
t r ea tmen t (Figure 8b). However , these ha rdness m e a s u r e m e n t s should not be regarded 
as too meaningful because the t r ea t ed and untrea ted m a t e r i a l s differed in f rac ture sen­
sitivity to the ha rdness indenter . This difference in ha rdness and f rac ture behavior 
perhaps indicates that heat t r ea tmen t of the monocarbide may produce some s t r e s s -
rel ieving or other toughening effect. 

A single t e s t of the compress ive s t rength of a cas t UC specimen was a lso made . 
A sample 3/8 in. in d iameter by 1-5/8 in. long wa.s subjected to three loading cycle.s at 
s t r e s s e s up to 5 ,450 , 27 ,250 , and 54,500 ps i . Rupture occur red at 54,500 ps i . The 
average value of the modulus of e las t ic i ty from the th ree cycles was 31, 5 x 10" ps i . 
The s t r a in was e las t ic over the s t r e s s ranges until rup ture . Up to this s t r e s s , a total 
s t ra in of 0. 17 per cent was observed. 

The rmal Cycling 

UC specimens in the a s - c a s t and machine-ground condition with carbon contents 
ranging from 4. 5 to 5. 0 w/o carbon were subjected to two series, of the rmal -cycl ing 
t e s t s . The f i r s t t e s t was 100 t h e r m a l cycles to 900 C and the second tos t was 100 
t he rma l cycles to 1100 C, All specimens were st i l l intact after tes t ing and exhibited no 
evidence of cracking or growth. Each t he rma l cycle compr ised heating at the specified 
t empera tu re for 15 min in an evacuated quar tz tube , followed by a 15-min cooling period 
at room t e m p e r a t u r e . During the t e s t s at 900 C and 1100 C specimens of the th ree dif­
ferent composit ions were in contact with Type 304 s ta in less s tee l . No at tack on the 
s ta in less was noted. 

Observat ions on the Surface P r e p a r a t i o n of Cast UC 

Due to the tendency of all urEinium carbides to r eac t with wa te r , contact of UC 
specimens with water or water vapor was avoided, whenever poss ib le . Consequently, 
all buttons and cast ings were .stored in des icca to r s to provide adequate protect ion. 

Fo r cer ta in phys ica l -proper ty determinat ions on UC it was n e c e s s a r y to have 
cylinders of uniform d iamete r . Alachine grinding was found to work sat isfactor i ly . 
Specimens ground on an Alundum wheel , using a wa te r -base cutting fluid, showed no 
f rac tur ing , but some loading of the wheel , accompanied by spalling of the spec imen , 
was encountered. Substitution of a res in-bonded diamond wheel for the Alun.dum wheel 
completely el iminated the spalling tendency. During the grinding opera t ion , the speci ­
m e n was held between p r e s s u r e pads and moved back and forth against the edge of the 
grinding wheel. Some specimens were ground to as smal l as 1/4 in. in d iameter by 
1 in. long. In spite of the tendency of UC to r eac t with w a t e r , no de t r imenta l effects 
were observed on the ground specimens as a resu l t of using a wa t e r -ba se cutting fluid. 
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However , immediate ly after grinding the specimens were wiped dry and s tored in a 
des icca tor . 

All machine-ground specimens were radiographed using a ces ium-137 source to 
de termine the soimdness of speciniens . If any defects were p re sen t they were revealed 
in tlie two exposures taken witli the specimens rotated 90 deg. The sensit ivi ty of the 
examination was sufficient to reveal occasional tiny threadl ike defects . 

It was observed that machine-ground cast specimens tended to f rac ture on standing 
in a i r m o r e rapidly than did unground cas t ings . On the bas is of X- ray and carbon analy­
s e s , this difference in stability was at t r ibuted to tlie p re sence of a thin surface layer of 
UC^ on the a s - c a s t unground m a t e r i a l . The higher concentrat ion of carbon resul ted 
from contact of the molten monocarbide with the graphite niold, TMs observat ion is in 
agreement with the repor ted higher stabili ty of UC2 in a i r at room t e m p e r a t u r e . •̂̂ '̂*/ 

SUMMARY AND CONCLUSIONS 

The technique for producing sound, homogeneous cast ings of uranium monocarbide 
involving the prepara t ion of a r c - m e l t e d m a t e r i a l by d i rec t alloying of the elements and 
subsequent a rc melt ing and cast ing in graphite thimble molds appeared successful . 
Castings produced by tliis method were sat isfactor i ly machine ground using a wa te r -base 
cutting fluid with no evidence of f ractur ing or other de t r imenta l effects. 

Excel lent composit ional reproducibi l i ty and homogeneity were achieved in the 
p repara t ion of a r c - m e l t e d UC buttons and cast ings by adopting a uniform melt ing and 
cast ing p rocedure . These composit ional data were obtained on smal l buttons and on 
S 'S-in. -d i ame te r by 1-3/4-in. -long cast ings containing approximately 4. 8 w/o carbon. 

In tlie p re l imina ry study of the physical p roper t ies of UC it was found that the 
t he rma l conductivity of this m a t e r i a l , unlike that of UO2 which dec rea se s with i nc rea se s 
in t empera tu re over the range from 100 to 700 C, dec reased only to 400 C and then in­
c reased with t e m p e r a t u r e . The value m e a s u r e d at 700 C, 0.060 ca l / ( sec) (cm)(C) , was 
identical with that obtained at 100 C. 

In the rmal -cyc l ing tes t s made on encapsulated cas t uranium monocarbide samples 
containing 4. 5 to 5. 0 w^o carbon at both 900 and 1100 C, no evidence of f ractur ing or 
growth was observed after 100 t he rma l cycles (15 inin in a furnace at t empe ra tu r e fol­
lowed by a 15-min cooling period in r o o m - t e m p e r a t u r e a i r ) . 

Based on densi ty , thernia l -conduct iv i ty , and the rmal -cyc l ing da ta , cas t uranium 
monocarbide appears to have all the neces sa ry requ i rements for use as a r eac to r fuel 
m a t e r i a l . However , other f a c t o r s , such as its r e s i s t ance to i r rad ia t ion damage and its 
compatibil i ty with ma t e r i a l s used in r e a c t o r s , need to be studied. On the bas is of the 
p re l imina ry studies repor ted h e r e , t he re is every r eason to believe that it will be fea­
sible to p repa re uranium ixionocarbide by cast ing techniques for use as a r eac to r fuel. 
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DISCUSSION 

In gene ra l , cas t UC has been shown to exhibit p roper t i e s that make its use as a 
fuel exceptionally a t t rac t ive for ce r ta in r e a c t o r s . However , if it is to find useful appli­
cation many additional studies should be conducted. These studies should include in­
quir ies into the var ia t ion in physical and mechanical p roper t i es caused by smal l changes 
in impuri ty or carbon content. Concurrent with these studies of proper t ies two specific 
fields suggest themselves as a r e a s of profitable inquiry. These re la te m o r e direct ly 
to the fabricat ion of cas t UC as a fuel e lement . 

The drop-cas t ing technique developed in the course of this work proved sa t is fac­
tory for the p repara t ion of smal l exper imenta l cas t ings . However , any l a r g e - s c a l e 
production of cas t UC fuel e lements will necess i t a te a m o r e p rac t i ca l and economical 
casting miethod. A promis ing method for production casting was briefly touched upon in 
this investigation. It involved using a skull- type a r c -me l t i ng furnace in which the mel t ­
ing and cast ing operat ions a r e c a r r i e d out consecutively. This method has severa l 
potential advantages that cannot be found in any other p repara t ion procedure : 

(1) A number of fuel e lements could be cas t at one t ime and the molding 
could be devised to give any des i red nnold t empe ra tu r e and cooling 
ra te for the cast ing. 

(Z) Since a r c - m e l t i n g cycles a r e ve ry s h o r t , high production ra tes could 
be achieved with a minimum number of furnaces . 

(3) The fu rnaces , with the exception of the associa ted handling and mold­
ing equipment, a lso could be used in other meta l lu rg ica l melt ing 
opera t ions . 

Developmental studies a re needed in o rde r to scale up the cu r r en t labora tory process 
for the production of fuel slugs by this sku l l - a rc -me l t ing technique. 

The highly react ive chemical na ture of UC suggests a field for additional studies on 
the oxidation r e s i s t ance and protect ion of this m a t e r i a l . It was observed during the 
course of this study that a thin coating of UC^ is beneficial to the room- t empe ra tu r e 
stability of cas t UC fuel e lements . Evident ly , this film is formed when the molten UC is 
cas t into graphite molds . While very th in , its p resence has been confirmed by X- ray 
diffraction. The protect ion was evidenced by the ability of unmachined cylindrical su r ­
faces of cast specimens exposed to the a tmosphere to r ema in intact even though some 
co r ros ion and cracking was always noted on the cut end. If it is contemplated to use 
la rge numbers of cas t shapes as fuel e l e m e n t s , the inspection and handling of the e le­
ments would be great ly simplified by the p re sence of a r e s i s t an t coating, such as UC2. 
One of a number of possible methods for applying such a coating might be a gas c a r b u r i -
zation p rocess to change the surface film from UC to high- integr i ty UC2. This film 
would se rve not only to protect the en t i re specimen from surface de ter iora t ion but woxild 
a lso minimize the effect of smal l i r r e g u l a r i t i e s on the surface of the cas t spec imens . 
This coating would thereby reduce the tendency of a tmospher ic cor ros ion to open c r acks . 
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