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COMPATIBILITY OF DISPEBSION STRENGTHENED _.  .~ ~~~ 

ALUMIlwM WITH URANlUM MONOCARBIDE 

J. T. Venard 

A s e r i e s  of experiments on t h e  compatibi l i ty  
between s in t e red  aluminum products and uranium mono- 
carbide have been performed. 
t e s t e d  s in t e red  aluminum products containing 
10 w t  ’$ oxide against  hypostoichiometric, s to ich io-  
metric,  and hyperstoichiometric uranium monocarbide 
over t h e  temperature range 450 t o  625°C. The ac t iva-  
t i o n  energy for  t h e  growth of t h e  reac t ion  product 
layer  was determined t o  be approximately 84 kcal/mole 
f o r  4.8 w-t ’$ C f u e l  and approximately 92 kcal/mole 
f o r  5 . 1  w-t f C fue l .  A survey of e a r l i e r  experiments 
i n  t h i s  system i s  included. 

These experiments 

INTRODUCTION 

Heavy-water moderated organic-cooled reac tors  have been receiving 

considerable a t t e n t i o n  i n  t h e  United States and abroad. The advantage 

of such a system a r i s e s  from t h e  use of high-density uranium carbide 

f u e l  having na tu ra l  or very low enric’ment. 

a good neutron economy, may extend f u e l  burnup l i m i t s ,  and would be 

l i k e l y  t o  have low manufacturing cos ts .  

This f u e l  should r e s u l t  i n  

One such reac tor ,  t h e  Heavy-Water Moderated Organic-Cooled Reactor, 

has been designed t o  use s l i g h t l y  hyperstoichiometrie uranium monocarbide 

(approx 5 .1  w t  ’$ C )  c lad  i n  dispers ion strengthened aluminum (10 w t  $I A1203) 

Nominal operating c r i t e r i a  f o r  t h e  helium-bonded f u e l  elements c a l l  for 

fuel-cladding i n t e r f a c e  temperatures of 454 t o  465°C and core-residence 

times of approximately 25,000 hr  a t  design-power leve l .  ’ 
A survey of t h e  l i t e r a t u r e  has produced information from severa l  

inves t iga t ions  r e l a t e d  t o  t h e  compatibi l i ty  between s in t e red  aluminum 

products and uranium monocarbide. 

f indings of t he  e a r l i e r   investigation^^-'^ are-presented i n  Tables 1 and 2. 

The h ighl ights  of t h e  experimental 



Table 1. Swxnary of Coaipetibil i  ty &perirr;er,ts Repaz-ted I n  t h e  Litera-Lure 

r i  Lj.pe of Fhperlrnent Mat e r  i a 1 s Temperature Time Atmo sphere 
("C) (hr 

Ob s ervs-t i or,s Re Yere nCe 

58-50 m i x t u e s  05 rr,etal A 1  vs UC 
and f .Jel  poxders blended (4.46 w t  f C )  
snd cold pressed Al vs uc 

A1 vs UC 

Al vs uc 
A 1  vs  Ui: 

(4.86 w t  $7 c) 
(4.86 w t  $ C )  

(5.75 -d $ c) 
(5.75 wt Q c )  

Solid d i f fus ion  couple A 1  vs UC 

1100 A1 vs UC 
(5.1 wt $ c j  

Solid -metal aga ins t  A i  vs UC 
powdered f u e l  ( 5 . 1  w t  f c )  

Sol id  d i f fus ion  couple A 1  vs UC 
A1 vs uc 
SA? 930 

vs uc 
SAP 930 
(7 w t  '$ -41203) 
vs uc 
( L . 8  w t  5 C) 

(7 wt $ ~ 1 2 0 3 )  

52G 

620 

620 

620 

620 

600 

593 

500 

620 
63 0 

525 

450 

4 5 0 4 3 0  

Vacuu3l 4 Sanple % i s i n t e g r a t e d  3 

VZCGLT 4 No growth 

Vz cum 10 87$ i nc rease  i n  

Vacuum 4 No growth 
volume 

Vacuu.n 

24 0.005-in.  r e a c t i o n  4 R) 

zone 
5 210 Reaction 

Rapid r e a c t i o n  6 

7 100 40-50-p pene t r a t ion  
300 1-mm-thick Al d i sk  

completely r eac t ed  
500 2-3-ij. d i f fus ior i  l a y e r  

14,330 Appeared compatible 

Various degrees  of 
r e a c t  i ofi 

8 



Table 1 (continued) 

Type of Ekperixlent Mat e r i  a 1 s 
Temperature Time 

(b 1 Atmosphere ("a Observations Reference 

Solid diffusion couple SAP vs UC 454 
(e ontinued ) ( 2 . 8  w t  $I C )  

510 

UC clad with SAP for SAP 930 399-499 
i r r ad ia t ion  experiment (7 wt k A12031 

vs uc 
(4.66-4.82 w t  $ C )  

Solid diffusion couple SAP 930 450 
(7 wt k m203) 
vs uc 52 5 

600 

SAP 930 450 
(7 wt $ a2031 
vs hot-pressed UC 
(4.5-4.6 w t  % C) 450 

525 

525 

525 

600 

600 

Helium 

H e l i u m  

Helium, 

He l i u m  

He li urn 

Helium 

He lium 

Helium 

He l im 

Helium 

12,000 No reac t ion  9 

12,000 S l igh t  r eac t ion  

- 3,500 L i t t l e  or no reac t ion  

7,300 

7,300 

1,000 
7,300 

14,300 
7,300 

14,300 

11,900 

100 

1,000 

Sl igh t  r eac t ion  

Marked r eac t ion  

Marked r eac t ion  

S l igh t  reac t ion ,  
90 -u penetration 

No reac t ion  

Severe reac t ion ,  

Severe reac t ion ,  

No r eac t ion  

800-l~. penet ra t ion  

830-p penet ra t ion  

Severe r eac t ion  

Severe reac t ion ,  
560-p penet ra t ion  

1500-p penet ra t ion  

11 

11 



TEble 1 (continued) 

Type of Bperimerit Mat e r i  a l s  
Temperzzure Ti ne 

("c: (hr.) Atr?os>here O b  s e r  vat  i on s Reference 

Sol ld  d i f fus ion  couple SAP 930 
(cor,tinued) (7 w t  '$ A12031 

vs arc-cast  UC 
(4.8-5.0 kT; '$ C )  

SAP 930 
(7 szrt $ A1~03) 
vs cold-pressed 
and s in te red  UC 
(4.8-5.2 w t  4 c )  

Eot -pressed d i f  Yusion AMP (M-257) 
couple with 5 w t  $3 

(4 .8 w t  % c )  
A1203 vs UC 

450 

525 

525 

525 

600 

600 

450 

525 
600 

630 

399 

5 10 

5 10 

5 10 
593 
593 
593 

He li m 

Heli m 

H e l i  m 

?le 11 ur 

Heli mL 

H e l i u m  

Heliun 

He li m 
Helim 

H e l i m  

Va c u m  

Vacwm 

Vacldurr 

Vacuum 
Vacum 
Va cum 
Vzcuum 

14 , 300 
7 , 330 
14, 30C: 

11,900 
1K 

1,000 

14, 300 

14, 300 
250 

1,000 

3,000 

1,030 

2, ooc 

3 , 0cIo 
60 
100 
200 

No reac t ion  11 

Severe react ion,  

Severe reackioc, 

N o  rehctiori 

Severe react ion,  

Severe react ion,  

No reac t ion  

600-p penetration 

840-p perietrati  on 

550-p. penetrat ion 

1350-p penetrs t ion 

80 reac t ion  
Severe react ion,  

Sever e reac t  i on , 
350-b penetrat ion 

700-b penetration 

No reac t ion  

Edge react ion,  

Heavier edge react ion,  

Gross infusion 
Edge reac t ion  
Infuslon reac t ion  
Gross infusion 

infusion 

i nf u s i  on 

12 
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Table 1 (continued) 

Type of &periment 
Time 
(hr 1 Atmosphere 

Temperature 
( " C )  

Materials Ob s erva ti on s Reference 

BO react ion 3,000 
Hot -pres sed diffusion SAP 930 398 Vacuum 

1,500) NO react ion 
2,754 

vs uc 454 Vacuum 

454 Vacuum 5,656 Local react ion (4 .8 w t  $ C )  

1,500 Local reac t ion  5 10 Vacuum 

couple (continued) (7 w"t $ Q 0 3 )  

SAP 930 

5 10 Vacuum 2,692] 5,656 Complete react ion 

2,757 Complete react ion 
1,500 

566 Vacuum 
5,656 

621  Vacuum ;E\ Complete react ion 

t 
1,500 

503 1 
(7 wt % ~ 2 0 , )  398 Vacuum 2,958 l95 , i  No react ion 
vs uc 
(5.2 wt $ C )  5,920 

NO react ion 

503) No react ion 

3,206 5031 
5,900 

1,506 

454 Vacuum 

5 10 Vacuum 

3;023)  Local react ion 
5,900 

566 ' 9 5 )  Local react ion 
Vacuum 1,496 

13 

2 ~ 9 5 7 )  5,900 complete react ion 



Table 1 (continued 1 

Time 
( 0 . n )  (kir ) 

r- i'e,lnperature 
ktrno sph e re  Ob s e r  vzt i on s Reference Type of ES;perimer,t Na t er i a1 s 

W I  

~~~ ~ 

1,52& Complete r e a c t i o n  i3 
3,000 5031 14 

SAP 330 

vs uc 
(5.2 w t  % c)  398 Vacuun '12,000 Local r e a c t i o n  

Hot -pres sed di I"I"usi on 
couple (continued) (7 w t  $I A1203) 6 2 1  vzcu;ur, 

4 54 Vacxiur: 12,000 Local r e a c t i o n  
454 Vacu-mi 12, OCO KO r e a c t i o n  
5 10 Vacum 12, COO Complete r e a c t i o n  

566 Vacuum 12,000 Complete r e a c t i o n  
(2 capsuiesj 

(2 capsu le s )  
m 
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Table 2. I d e n t i f i c a t i o n  of Reaction Products 
f o r  SAP or Aluminum Versus Uranium 

Monocarbide Diffusion Couples 

- 

Froduc t s References 

UA13, UA14 3 
U A l 3  7 

~ ~ 1 3 ,  U A J - ~ ~  11 
urn4 12 

UA13, UAl,, graphitea 6 

UA13, UA15C4a 13 

aTentaive i d e n t i f i c a t i o n  only. 

Figures 1 and 2 represent  an attempt t o  evaluate the  temperature-time 

compatibi l i ty  l i m i t s  f o r  t h e  SAP-UC system i n  which t h e  carbon content 

i s  4.8 and > 4.8 w t  5,  respect ively.  It should be recognized t h a t  t he  

decis ion t o  l a b e l  a pa r t i cu la r  t e s t  as having demonstrated an acceptable 

or nonacceptable degree of reac t ion  was based so le ly  on the comments of 

t he  o r i g i n a l  inves t iga tors .  Lacking a d e f i n i t i o n  of what cons t i t u t e s  

compatibil i ty,  t h e  curves shown on these  f igu res  can only be taken as 

approximate. 

hypostoichiometric case. These da t a  and thus t h e  conclusions drawn from 

them stem from experiments performed, with t h e  exception of one, i n  the  

absence of i r r a d i a t i o n  and therefore  do not consider any enhancement o r  

degradation of Compatibility as a r e s u l t  of neutron bombardment. 

There a r e  i n s u f f i c i e n t  da ta  t o  allow a simllar p lo t  for  the  

A s  seen i n  Table 2, t h e  various inves t iga tors  a l l  agree t h a t  a 

uranium-aluminum in t e rme ta l l i c  i s  formed during reac t ion  between SAP and 

UC. Whether t h e  in t e rme ta l l i c  i s  UA13 or UAl, i s  not c lear .  The other  

two t e n t a t i v e l y  i d e n t i f i e d  reac t ion  products, g raphi te  and UA15C4, give 

rise t o  some uncertainty i n  def ining t h e  reac t ion  or reac t ions  occurring. 

The experiments i n  t h i s  inves t iga t ion  were performed t o  allow 

refinement of t h e  curves i n  Figs. 1 and 2, and add t o  t h e  knowledge of 

reac t ion  k ine t i c s  and products. 
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Sample and Capsule Preparation 

The dispers ion strengthened aluminum was prepared from spherical  

aluminum powder (approx 99.9% pure) bal l -mil led using s t e a r i c  acid lub r i -  

cant .  

pressed a t  600°C i n  a vacuum of less than 10 p Hg. 

b i l l e t  was then extruded a t  500°C through a 30:l r a t i o  shear d i e  t o  give 

a 0.375-in.-diam rod. 

a s e r i e s  of grindings ending with wet 600-grit  Sic  paper. The samples 

were washed i n  acetone, then i n  alcohol,  dried,  and s tored i n  a helium- 

f i l l e d  dry box pending loading i n t o  capsules. 

The bal l -mil led f l a k e  (approx 0.5-i_l t h i ck  by 40-ct diam) was hot 

The hot-pressed 

Compatibility d isks  were cut  t o  length and given 

The UC was prepared using t h e  techniques described by Bourgette. l5 

The s t a r t i n g  mater ia ls  were spectrographic grade carbon and uranium 

having t h e  impurity ana lys i s  given below. Typical impurity analyses 

Element 

P h m i  nun 
Barium 
Beryllium 
Bismuth 
Boron 
Cadmium 
Calcium 
Carbon 
C e r i u m  
Copper 
Hydrogen 
Iron 

&. Magnesium 
Manganese 
Nickel 
Nitrogen 

Phosphorus 
S i l icon  
Si lver  
Thorium 
Tin 
Tungsten 
Uranium 
Zinc 

Oxygen 

Conc e r i t r  a t i on 
(ppm by weight ) 

3 
< 0.02 
1 

< 0.03 
0.05 

< 0.05 
2 

90 
< 0.02 
1 
12 

2 
4 
0.7 
4 

27 
140 

< 10 
10 

< 0.03 
< 0.03 
< 0.05 
< 0.6 
Balance 
2 
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for t h e  UC specimens a r e  given i n  Table 3. 

(0.375 in .  i n  diameter) were cut  and ground under o i l  with t h e  f i n a l  

grinding on 600-grit  S i c  paper. These samples were s tored under o i l  i n  

a helium-fil led dry box. J u s t  p r i o r  t o  capsule assembly, t h e  samples 

were washed i n  alcohol, rubbed l i g h t l y  on 600-grit  S ic  paper with alcohol  

vehicle,  then r insed i n  a lcohol  and dr ied.  

The compatibi l i ty  specimens 

Photomicrographs of t y p i c a l  UC and SAP s t ruc tu res  a r e  given a s  

Figs. 3 4 .  

Table 3. Impurity Analysis of UC Samples 

Contents, ppn Sample Carbon 
Number (wt %) Copper Tungsten Hydrogen Oxygen Nitrogen 

1A-3 4.6 < 3  I31 12 280 23 0 
2A-2 4.6 < 3  I3 7 3 10 3 80 
2B-4 4.8 < 3  26 9 250 270 
1C- 7 5.1 < 3  78 8 3 10 250 
2C-7 5.1 < 3  119 6 160 140 

Fig. 3. Typical As-Cast S t ruc ture  of UC with 4.6 w t  4 C. Note t h e  
f r e e  
HN03, and 30 parts a c e t i c  acid.  
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Fig. 4. Typical As-Cast Structure  of UC with 4.8 w t  % C. 
30 p a r t s  H20, 30 p a r t s  "03, and 30 p a r t s  a c e t i c  acid.  

Etchant: 

Fig. 5.  Typical As-Cast Structure  of UC with 5 .1  w t  $ C. Second 
Etchant: 30 p a r t s  H20, 30 p a r t s  HNO3, phase ma te r i a l  (white) i s  UC2. 

and 30 p a r t s  a c e t i c  acid.  



;i 
It 

Fig. 6. Longitudinal Section of SAP-152 Showing Typical Structure.  
Etchant: 1% HF. i 

A sketch of t h e  compatibil i ty capsule, which i s  s imilar  t o  t h a t  

used by Murdock,16 appears a s  Fig. 7. The Inconel X springs were given 

a heat treatment which cons is t s  of 2 hr a t  1149"C, a i r  cool, plus 24 hr 

a t  843"C, a i r  cool, and 20 hr a t  704"C, a i r  cool. The capsules were 

loaded and welded under a helium atmosphere. 

t h e  experiments performed. 

p l e t e  and w i l l  be discussed i n  a supplementary repor t  issued on t h e i r  

completion. 

Table 4 i s  an ou t l ine  of 

The 10,000-hr t e s t s  l i s t e d  a r e  not ye t  com- 

Experimental Procedure 

The capsules were soaked a t  temperature i n  horizonal tube furnaces 

f o r  t h e  appropriate lengths of time. 

t2" c. 
Temperatures were control led t o  

After heat treatment t h e  capsules were opened and t h e  d i f fus ion  

couples mounted i n  c l ea r  epoxy resin.  

longi tudinal ly  f o r  metallographic and x-ray examination. 

These samples were then sectioned 



ORNL-OWG 66-41202 

EDGE FUSION WELD 
IN HELIUM DRY BOX 

INCONEL CAN 
AND END PLUG 

ONEL-X SPRING 
PLE HEAT TREATED 

347 STAINLESS STEEL 
SPACER ROD 

TANTALUM 
LINER AND DISKS 

Fig. 7.  Cutaway V i e w  of t h e  Compatibility Capsule. 

Table 4. Temperatures and Times for SAP-UC Compatibility Capsules 

UC Chemistry, w t  % 
< 4 . 8  c 4.8 C > 4 . 8  C 

Temperature Time Temperature Time Temperature Time 
("C) (h 1 ("C) (h 1 ("C) (hr 1 
600 
575 
550 

500 
475 
450 

10 
10 
10 

100 
100 
100 

575 
550 

525 
500 
475 

475 
450 
425 

100 
100 

1,000 
1,000 
1,000 

10,000 
10,000 
10,000 

625 
600 
575 

575 
550 
525 

550 
525 
500 

100 
100 
100 

1,000 
1,000 
1,000 

10,000 
10,000 
10,000 
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Ekperimental Results and Discussion 

The photomicrographs shown a s  Figs. 8-10 i l l u s t r a t e  t y p i c a l  reac t ion  

zones found i n  these  samples. The amount of reac t ion  product seen i n  

these  photos i s  not, however, necessar i ly  t y p i c a l  of a randomly selected 

f i e l d .  

amounts of reac t ion  product. Notice i n  pa r t i cu la r  Fig. 10 showing t h e  

reac t ion  product extending qui te  deeply i n t o  t h e  UC sample following 

what was probably a shrinkage crack i n  t h e  o r i g i n a l  drop-casting. 

reac t ion  product has a l s o  been observed t o  penetrate  via  gra in  boundaries 

containing free uranium i n  hypos to ich imet r ic  UC. 

They were de l ibe ra t e ly  chosen because they show f a i r l y  la rge  

The 

It was disconcerting t o  r e a l i z e  that,  these  samples show considerably 

less reac t ion  product than had been expected. 

amount of reac t ion  can probably be narrowed t o  two. 

spring loaded capsules employed i n  t h i s  inves t iga t ion  applied only a very 

l i g h t  load t o  ensure SAP-UC contact during annealing. The load was not 

su f f i c i en t  t o  break a surface f i lm  on e i t h e r  t he  SAP or t h e  UC a s  would 

The reasons f o r  t h e  small  

F i r s t  of a l l ,  t h e  

Fig. 8. Sintered Aluminum Products (10 w t  $ Oxide) Versus 
UC (4.8 w t  $ C )  Annealed a t  575°C f o r  100 h r  i n  Helium. As polished. 
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Fig. 9. Sintered Aluminum Products (10 w t  f Oxide) Versus Uranium 
Monocarbide (5.1 w t  % C )  Annealed a t  600°C f o r  100 hr i n  Helium. 
Polished. 

A s  

be t h e  case i n  e i t h e r  t h e  powder compacts or t h e  heavily torqued, 

threaded capsules used i n  e a r l i e r  invest igat ions.  lo, ''9 13, l4 

it i s  not a t  a l l  c e r t a i n  t h a t  a completely f r e s h  UC surface was provided 

by t h e  b r i e f  600-gri t  Sic  paper grinding which was done j u s t  p r io r  t o  

assembly. 

place across  a b a r r i e r  film between t h e  two disks.  

i s  one t h a t  may a l s o  be present i n  many reac tor  appl icat ions.  

Secondly, 

I n  e i t h e r  case one concludes t h a t  d i f fus ion  may be taking 

However, t h a t  b a r r i e r  

Whatever t h e  reason f o r  t h e  small amount of reac t ion  product, t h e  

main purpose of t h e  invest igat ion,  ve r i f i ca t ion  of Figs. 1 and 2, has 

not been accomplished. None of these  samples exhibited reac t ion  zones 

t h a t  would pose a problem f o r  a r eac to r  f u e l  element. If, i n  f a c t ,  

these  capsules with t h e i r  l i g h t  loading, a r e  more representa t ive  of 

a c t u a l  f u e l  rod operating conditions than e a r l i e r  experiments, then 

these  da ta  should be heartening t o  a designer of a SAP-clad UC-fueled 

reactor .  
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Fig. 10. Sintered Aluminum Products (10 w t  '$ Oxide) Versus Uranium 
Monocarbide (4.6 w t  '$ C )  Annealed a t  550°C for 100 hr i n  Helium. 
Polished. 

As 

The metallographic samples were examined a t  500x and t h e  amount of 

v i s i b l e  reac t ion  product measured. Assuming t h a t  t h e  area of reac t ion  

product observed i s  representa t ive  and t h a t  t h e  cross  sec t ion  viewed was 

across  t h e  widest point of t h e  compatibi l i ty  couple, a uniform thickness  

f o r  t h e  reac t ion  product can be calculated 

t 

. 

where 

A = measured area of reac t ion  product (p2), 

h = average thickness  of reac t ion  product (p), 

D = diameter of compat ibi l i ty  samples (9.53 X lo3 p).  

These da ta  and t h e  t e s t i n g  conditions a r e  given i n  Table 5 .  
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Table 5. Summary of Results from SAP-UC 
Compatibility Couples 

Reaction Product 

Temperature Time 
Average uc 

Area Thickness ( w t  $ c )  ("C) (hr ) 
(P 1 (P2 1 

5 . 1  
5 . 1  
5 . 1  
5 . 1  
5 . 1  
5 . 1  

4 . 8  
4.8 
4.8 
4 . 8  
4 . 8  

4.6 
4.6 
4.6 
4.6 
4 .6  
4.6 
4 .6  

625 
600 
57 5 
575 
550 
525 

575 
5 50 
525 
500 
475 

600 
575 
550 
500 
475 
475 
450 

100 
100 
100 
1000 
1000 
1000 

100 
100 
1000 
1000 
1000 

10 
10 
10 
100 
100 
100 
100 

29,400 
23,520 

18,500 
2,852 

36,725 
19,110 
11,436 
10,971 
8,005 

5,490 
12,600 

1,909 
320 

2,304 

18,090 

5,747 

3.086 
2.469 

1.942 
0.299 

3.855 
2.006 
1.201 
1.152 
0.840 

0.576 
1.323 
1.899 
0.200 
0.034 
0.242 
0.603 

Clear ly  t h e  r e s u l t s  f o r  t h e  r eac t ion  between substoichiometric UC 

and SAP a r e  inconclusive. 

free uranium r e s u l t i n g  i n  very e r r a t i c  r eac t ion  k ine t i c s .  

This i s  apparently because of t h e  presence of 

Assuming t h a t  t h e  compatibil i ty reac t ion  i s  d i f fus ion  cont ro l led  

over t h e  temperature range, t h e  da t a  f o r  5 . 1  and 4 .8  w t  4 C samples have 

been p lo t t ed  i n  Fig. 11 a s  h2 / t  versus 1000/T. The r e l a t ionsh ip  

h 2 / t  = K exp(- Q,/RT) 

has been assumed t o  be a va l id  f i t  of t h e  da ta  where 

t = t i m e  ( sec) ,  
Q = a c t i v a t i o n  energy (cal/mole), 
R = t h e  gas constant, 
T = absolu te  temperature, 
K = a constant.  
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Fig. 11. Temperature Dependence of t he  Diffusional  Growth of t he  
Reaction Product Formed by SAP-UC Compatibility Couples. 

I 
1 

i 

A s  noted on Fig. 11, a calculat ion of t h e  slope of t h e  l i n e s  drawn 

t o  f i t  t h e  experimental data  y i e lds  values of t h e  a c t i v i a t i o n  energy f o r  

growth of t h e  SAP-UC reac t ion  product of 83.6 and 92.4 kcal/mole, 

respect ively,  for 4 .8  and 5.1 w t  '$ C uranium monocarbide. 

CONCLUSIONS 

The spring loaded compatibil i ty capsules used i n  t h i s  experiment 

d id  not produce reac t ion  product volumes comparable with t h a t  produced 

by other techniques. 

capsule loading are ,  however, probably representat ive of a f u e l  rod i n  

an unpressurized reac tor  core assuming the re  i s  no e f f e c t  of i r r a d i a t i o n  

on t h e  compatibil i ty.  

The amount of reac t ion  product observed and t h e  

The ac t iva t ion  energy f o r  t he  growth of t h e  reac t ion  product i n  

4.8  w t  $ C uranium monocarbide was found t o  be approximately 84 kcal/mole. 

i 



The value for 

92 kcal/mole. 

19 

5 . 1  w t  $I C uranium monocarbide was found t o  be approximately 
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