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disc-shaped core. A 0.08-mm-thick layer of C r  seperated the core and cladding. Capsules 
were tested in the usual manner at 1200°C with control capsules and a capsule containing 
a substoichiometric UO1. 989 core separated from the Fe - 25Cr- 4 A1 cladding by a Cr 
barrier.  Results from the control capsules duplicated previous results (Figures 10. 3 and 
10.4). The capsule containing the U01.989 core showed no improvement over previously 
tested capsules with no Cr layer; hence, a Cr barr ier  does not impede the diffusion rate  
of U through the cladding after U is formed. Results from capsules containing Cr-UO2.00 
fuel and Cr ba r r i e r s  showed no surface U in 900 hours at 1200°C plus 125 hours at 1300°C. 
This appears to be a significant .improvement over non-Cr-barrier capsules, but the ex- 
tent was difficult to assess because of the lower limit of detection of 7 to 9 micrograms 
U!cm2 and the usual range of U concentration formed on Fe-Cr-Al-clad capsules (10 to 20 
micrograms U/cm2) after 1000 hours at 1200°C. 

When examined, a metallurgical bond between the Cr and the core and cladding made 
the exact interface difficult to determine. There were a few small voids and oxide parti- 
cles in the interface area, fewer than in capsules containing Fe-UO2.00 o r  Cr-UOz. 00 with 
no Cr barrier.  From this limited amount of testing, it appears that a Cr barr ier  impedes 
the inward diffusion of Al to the U 0 2  core and thus prevents the formation of U; it does 
not, however, prevent the outward diffusion of U i f  it is already present in the fuel. 

Two se r i e s  of capsules containing Fe - 40U02.00 ( ~ 0 1 % )  cores and u01.989 cores  were 
initially tested at 600°C for 1000 hours in argon containing 3 percent oxygen. Intermediate 
analyses by X-ray fluorescence during and after the test showed no surface U contamina- 
tion on any of the capsules. The temperature was  increased to 800°C and the same speci- 
mens were tested an additional 1000 hours. Intermediate and final analyses indicated again 
that no surface U w a s  on the claddings (within the 7 to 9 micrograms U/cm2 detection 
limit of the instrument). 

The capsules were returned to test at 1000°C. After 100 hours, analyses showed U on 
all Fe-Cr-Al- and Fe-Al-clad u01.989 core capsules. The amount varied from 10 to 60 
micrograms U/cm2 and increased regularly with time until after 1000 hours it ranged 
from 30 to 380 micrograms U/cm2. The results were similar to the previous test  at  
1200°C in that no definite relationship was  established between Cr o r  A1 content of the 
cladding and the amount of U measured. No U w a s  detected on the cladding alloys which 
did not contain Al; thus corroborating 1200°C test  data showing enhanced U diffusion rates 
through cladding alloys containing Al. There were no cladding failures due to cracks dur- 
ing this 1000°C test as there were at 1200°C; however, metallographic examination dis- 
closed that U diffusing through the claddings had a detrimental effect. Most of the clad- 
dings bore evidence of intergranular oxidation; oxide penetration up to 0.35 mm was found 
in some specimens. 

'of clad capsules containing Ee - ~ O U O ~ J J O ,  both during and after 
the 1000-hour test at lOOO"C, detected no U on the surface of any capsule.. Post-test metal- 
lographic examination showed no deterioration- of the cladding (as occurred with substoichio- 
metric fuels) and good core-to-cladding contact with a thin discontinuous film, approxi- 
mately 3 microns thick, of -A1203 at the interface. 

10.3 CONCLUSIONS 

Analyses of the seri 

Aluminum in Fe-Cr-Al-base cladding alloys reduces U02 in cermet fuels, beginning in 
the temperature range between 1000" and 1200°C. Free U formed in this reaction dissolves 
in and diffuses rapidly through the cladding to the surface where it is converted to an oxide. 
At 1000°C and below, no reaction of A1 with U02 takes place within the lower limits of de- 
tection of the surface analytical method used (7 to 9 micrograms U/cm2). Oxygen liberated 
during the reduction of U 0 2  combined with A1 from the cladding to form A1203 at the clad- 
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ding - core interface. This stable compound inhibits subsequent diffusion of A1 into the 
UO2-containing fuel and consequently limits the quantity of U formed. This process of 
A1203 barr ier  formation indicates that increasing the A1 content of the cladding above 
4 weight percent, to increase oxidation resistance, would not significantly influence the 
amount of surface U contamination. 

The diffusion coefficient of Al in Cr was found to be significantly lower than other ele- 
ments in the Fe-Cr-Al-U system and led to the development of a Cr barrier between the 
fuel and cladding to reduce Al-UOz interaction and potentially eliminate surface U con- 
tamination. 

If free U is initially present in the fuel, for example, as substoichiometric U02-x, o r  
if free U is formed in the fuel during operation, then the U would diffuse through 0.38-mm- 
thick cladding within 100 hours at 1000°C o r  within 6 hours at 12OO0C. Uranium diffusion 
through binary Fe-Cr alloys is curtailed in comparison with ternary Fe-Cr-A1 alloys, in 
which the diffusion rate  is virtually unaffected by the composition of the cladding (within 
the composition l imits of this study 5 to 25% Cr and 4 to 10% Al). No U was detected on 
the surface of any specimen after 1000 hours at 600°C o r  after the test  temperature was 
increased to 800°C for an additional 1000 hours. At lOOO"C, U solubility in Fe-Cr-A1 
alloys is 0.1 to 0.2 percent, and its diffusion coefficient is in the range 10-9 to cm2/sec. 


