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CORROSION OF ALUMINUM-URANIUM ALLOYS IN 
HIGH-TEMPERATURE WATER 

by 

W. E. Ruther and J. E . Draley 

ABSTRACT 

Sixty-day cor ros ion tes t s were performed in water at 
290°C with uni r radia ted a luminum-uran ium alloys containing 
2 w/o nickel and ^ w/o i ron, with severa l u ran ium contents 
from 15 w/o to 53 w / o . The maximum meta l penetra t ion ra te 
(4 mi l s per year by extrapolation) of these alloys was no 
m o r e than twice that of X8001 aluminum cladding alloy at the 
same t e m p e r a t u r e . 

P r e l i m i n a r y test ing in water at 350°C indicated good 
cor ros ion r e s i s t ance for this alloy sys tem up to a max imum 
of 80 w/o u ran ium. 

INTRODUCTION 

The proposed use of an a luminum-uran ium alloy for the fuel of the 
Argonne Low Power Reactor (ALPR) in 1957 crea ted in t e re s t in i ts high-
t empera tu re aqueous co r ros ion behavior . Since previous exper ience( l ) with 
aluminum alloys had shown the value of smal l amounts of nickel and i ron in 
inhibiting cor ros ion , these e lements were incorporated into the fuel alloy 
from the s t a r t of the p r o g r a m . The poor co r ros ion r e s i s t ance of some b i ­
nary a luminum-uran ium alloys has since been descr ibed by Bowen and 
Dillon.(2) 

Initial success with the re la t ively low u ran ium-a luminum alloys led 
to an extension of the p r o g r a m into the higher u ran ium region, although no 
specific uses for these alloys were proposed in cu r r en t r eac to r design. 

EXPERIMENTAL 

Severa l different techniques were used in alloy p repara t ion . The 
15 w/o and 20 w/j u ran ium alloys were pa r t of p roduct ion-s ize me l t s made in a 
la rge vacuum furnace. A thor ia- l ined graphite crucible was used and the 
meta l was cas t into slabs in thor ia- l ined, hot graphite molds . The slabs 
were hot rolled to a thickness of about 0.2 in. 



The 53 w / o u r a n i u m a l loy was m a d e in a s m a l l v a c u u m f u r n a c e . A 
t h o r i a - l i n e d g r a p h i t e c r u c i b l e w a s u sed and the m e t a l was c a s t into a cy l i n ­
d r i c a l , c o p p e r , w a t e r - c o o l e d m o l d . Unfor tuna te ly , the c e n t e r of the c a s t i n g 
p r o v e d to be s l igh t ly p o r o u s . The a l loy p r o v e d to be too b r i t t l e to hot r o l l 
by o r d i n a r y t e c h n i q u e s so it w a s c o r r o s i o n t e s t e d in the a s - c a s t cond i t ion . 

The high u r a n i u m a l loys w e r e m a d e in an i n e r t gas t u n g s t e n a r c fur--
n a c e . Only about 1 0 - g m bu t tons of an a l loy could be p r e p a r e d u s i n g th i s 
f u r n a c e . The o n c e - m e l t e d bu t tons tended to f r a g m e n t when they w e r e t u r n e d 
o v e r and r e m e l t e d . To avoid th i s v io len t f r a g m e n t a t i o n the bu t tons w e r e d e ­
l i b e r a t e l y b r o k e n into s e v e r a l p i e c e s and s u c c e s s f u l l y r e m e l t e d . The bu t tons 
w e r e t e s t e d in the a s - c a s t cond i t ion . 

The c o r r o s i o n t e s t i n g was p e r f o r m e d in d o u b l e - d i s t i l l e d w a t e r at 
290 and 350°C. At 290°C, a r e f r e s h e d a u t o c l a v e s y s t e m (—j l i t e r p e r hour ) 
w a s u s e d . At 350°C, s m a l l a u t o c l a v e s w e r e d e g a s s e d by bo i l ing p r i o r to 
s e a l i n g and p l aced in a 350°C oven for the d u r a t i o n of the t e s t . In both t e s t 
s y s t e m s the a l loy was e l e c t r i c a l l y i n s u l a t e d f r o m the s t a i n l e s s s t e e l a u t o ­
c l ave by a r t i f i c i a l s a p p h i r e r o d s . 

S a m p l e s w e r e p r e p a r e d by wet g r i nd ing to 240 g r i t ( D u r i t e ) . They 
w e r e then m e a s u r e d , d e g r e a s e d and weighed j u s t p r i o r to c o r r o s i o n t e s t i n g . 

The l o s s of m e t a l due to c o r r o s i o n was ob ta ined by d i f f e r ence a f t e r 
d i s s o l v i n g the m e t a l r e m a i n i n g a t the t e r m i n a t i o n of the t e s t with m e t h a n o l 
iod ine so lu t ion . The c o n c e n t r a t i o n of th i s so lu t ion was 10 g m 1^ p e r 
100 m l CH3OH. 

DATA AND R E S U L T S 

The f i r s t t e s t i n g was p e r f o r m e d with m a t e r i a l r e p r e s e n t i n g p o s s i b l e 
e x t r e m e s in the p r o p o s e d A L P R fuel a l loy . The a n a l y z e d c o m p o s i t i o n s a r e 
shown in Tab le I and the c o r r o s i o n c u r v e s in F i g u r e s 1 and 2 . 

A c o m p a r i s o n of the c o r ­
r o s i o n r a t e s for the two a l loys is 
d i f f icul t due to s c a t t e r in the r e ­
s u l t s for the 20% a l l o y . E x p e r i ­
ence with a l u m i n u m a l l o y s 
s u g g e s t s tha t the c o r r o s i o n r e s i s t ­
a n c e m i g h t be s e n s i t i v e to the 
d i s t r i b u t i o n of the i n so lub le 
p h a s e s . ^ ' S e g r e t a t i o n was p r o b ­
ably m o r e s e v e r e in the 20% a l loy 
and m a y a c c o u n t for the d i f f e r ence 
f r o m s a m p l e to s a m p l e . 

TABLE I 

Chemical Analysis of Aluminum-
Uranium Alloys 

Alloy No. 

11 

23 

P e r c e n t 
U 

15.03 

20.07 

(balance 

Ni 

2.22 

1.98 

F e 

0.43 

0.39 

aluminum) 
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FIGURE 2 CORROSION OF A 20w/o U FUEL ALLOY 
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The cor ros ion ra te in F igure 1 can be conveniently compared with 
that of the X8001 cladding alloy. Allowing for the slight i nc rease in density, 
the 15 w/o U alloy is penetrated about twice as fast as X8001 at the same 
tempera tu re (290°C). 

An additional tes t of a s imi lar 16 w/o U-2 w/o Ni- j w/o Fe-Al alloy 
was performed in water at 350°C. Duplicate samples corroded to the extent 
of 6.06 and 6.48 mg/cm^ (less than 0.001 in.) in a 38-day exposure . No sign 
of in te rgranular or acce lera ted cor ros ive attack was noted in any of the 
above t e s t s . 
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A 52.7% U - 2 . 1 % N i - 0 . 6 % F e - A l a l loy was a l s o t e s t e d a t 290°C. As 
nnentioned p r e v i o u s l y , the c e n t e r of the c a s t i n g w a s p o r o u s in s p o t s . Two 
c o r r o s i o n s a m p l e s w e r e d i s c a r d e d b e c a u s e of obvious i n t e r n a l c o r r o s i o n of 
the c e n t r a l a r e a of the c a s t i n g . They w e r e e l i m i n a t e d s i n c e e x c e s s i v e c o r ­
r o s i o n w a s due to c a s t i n g d i f f icu l t i es r a t h e r than to an i n h e r e n t poor c o r r o ­
s ion r e s i s t a n c e of the a l l o y . As shown in F i g u r e 3, the o v e r a l l r e s i s t a n c e 
i s e x c e l l e n t . With an e s t i m a t e d d e n s i t y of about 5 g m / c m ^ , the m e a s u r e d 
c o r r o s i o n r a t e of ~6 m g / d m ^ - d a y (mdd) r e p r e s e n t s a p e n e t r a t i o n r a t e 
s l igh t ly l o w e r than for the X8001 c ladd ing a l l oy . Th i s a l loy a l s o was t e s t e d 
for one day a t 350°C wi thout s i gns of i n t e r g r a n u l a r c o r r o s i o n . 
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FIGURE 3 CORROSION OF A 53 w/o U FUEL ALLOY 
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C o r r o d e d s a m p l e s w e r e coa t ed with a heavy , d a r k c o r r o s i o n p r o d u c t . 
P o w d e r X - r a y a n a l y s i s of the c o r r o s i o n p r o d u c t a f t e r r e m o v a l in the 
m e t h a n o l - i o d i n e ba th ind ica t ed s t r o n g aAl203 'H20 l i ne s and weak and diffuse 
UO2 l i n e s . 

The r a t h e r good p e r f o r m a n c e of the 53% U a l loy s u g g e s t e d p o s s i b i l ­
i t i e s for a c o r r o s i o n - r e s i s t a n t , h igh u r a n i u m a l l o y . S m a l l a r c - m e l t e d bu t ton 
s a m p l e s and s h o r t t e s t s a t 350°C w e r e u s e d to e x p l o r e the high u r a n i u m r e ­
gion. The r e s u l t s a r e s u m m a r i z e d in Tab le II . 

It b e c a m e a p p a r e n t tha t a sudden t r a n s i t i o n in c o r r o s i o n b e h a v i o r 
o c c u r r e d a t 80-82% U. In an effort to extend th i s l im i t , Nb, Mo and Ti a d ­
d i t i ons w e r e t r i e d wi thout s u c c e s s . 

The a l l oys which b r o k e into p i e c e s on c o r r o s i o n t e s t showed a fine 
n e t w o r k of c r a c k s in the a s - c a s t bu t ton . Al though o t h e r u r a n i u m a l loy sys ­
t e m s fail by c o r r o s i o n - i n i t i a t e d c r a c k i n g , t h e s e U-Al a l loys w e r e so d a m ­
aged p r i o r to t e s t i n g tha t i t was i m p o s s i b l e to a s c e r t a i n w h e t h e r new 
c r a c k i n g had been in i t i a t ed by c o r r o s i o n . 



TABLE II 

Exploratory Corros ion Testing of 
Uranium-Aluminum Alloys 

Alloy Nomina l C o m p o -
1 s i t ion , p e r c e n t 

U 

60 

70 

80 

80 

80 

80 

82 

82 

87 

87 

Al 

371 

2 7 i 

171 

19 

18 

20 

17 

15.9 

10 

10 

Ni 

2 

2 

2 

k 
2 

i 
1 

i 
i 

F e 

1 

1 

1 
1 
2 

0 

1 
2 

1 

1 

r 
i 

O t h e r 

0.1 Ti 

2 Mo 

2 Nb 

C o r r o s i o n T e s t at 
350°C for 1 day 

Good R e s i s t a n c e 

Good R e s i s t a n c e 

Good - B r o k e n up 

Good - B r o k e n up 

Good - B r o k e n up 

I n t e r g r a n u l a r a t t ack 

D i s i n t e g r a t e d 

D i s i n t e g r a t e d 

D i s i n t e g r a t e d 

D i s i n t e g r a t e d 

DISCUSSION 

The unir radia ted cor ros ion res i s tance of the ALPR fuel alloy is 
more than sufficient to insure against a d i sas t rous cor ros ion failure in a 
perforated fuel e lement . In general , the sensitivity of cor ros ion ra te to 
i r rad ia t ion va r i e s with the par t icu la r alloy sys tem, some sys tems showing 
essent ia l ly no effect and others a very strong dependence. Since no data 
exist for this par t icu la r sys tem, due caution should be exerc ised in apply­
ing the unirradiated cor ros ion ra t e s to actual reac to r cor ros ion . 

Exper iments with higher uranium alloys suggest that the total 
amount of nickel and iron could be reduced but not eliminated in this fuel 
alloy and still re ta in good res i s tance to h igh- tempera ture water . 

The sharp t ransi t ion in corros ion behavior with increas ing uranium 
content occurs at the UAI2 composition. With more uranium than c o r r e ­
sponding to this composition, the alloy would be expected to have an a u ran i ­
um phase . It seems likely that the presence of this phase des t roys the 
cor ros ion r e s i s t ance . An at tempt was made, without success , to tie up the 
ct uranium phase with molybdenum or niobium to inc rease the cor ros ion r e ­
s i s tance . Unfortunately the upper uranium limit of the cor ros ion res i s t an t 
alloys falls short of the range of in te res t of most reac tor des igne r s . 
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