
. 
D PS P-88-71-03 

Porosity in As-Cast U-AI Alloy 

by 
F. C. Rhode 
E. 1. du Pont de Nemours and Company 
Savannah River Site 
Aiken, South Carolina 29808 

R S E I V E D  

O S T I  
OCT 2 2 1998 

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 responsi- 
bility for the accuracy, completeness, or usefulness of any information. apparatus, product, or 
proctss disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise docs not neccssarily constitute or imply its endorsement, ream- 

mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not nec~ssarily state or reflect those of the 
United States Government or any agency thereof. 

DOE Contract No. 

This paper was  prepared in connection with work done under the above contract number with the U. S. 
Department of Energy. By acceptance of this paper, the publisher and/or recipient acknowledges the U. S. 
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper, 
along with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper. 

MASTER 



DISCLAIMER 

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



INTER-OFFIC E MEMORANDUM 
SAVANNAH RIVER PLANT 

* 

February 25, 1988 

DPSP 88-71-3 

TO: 

FROM : 

J. W. RUNNELS, 704-M 
RAW MATERIALS DEPARTMENT 

&. 
F. C. RHODE, 320-5M 
RAW MATERIALS ENGINEERING br TECHNOLOGY DEPARTMENT 

POROSITY IN AS-CAST U-AL ALLOY 

SUMMARY 

This memorandum documents a study that showed a cyclic 
occurrence of porosity in U-A1 alloys produced in Building 
321-M. Review of process data shows that the extent of porosity 
is more pronounced in months of warm, humid weather and less 
pronounced in cooler, drier months, Figure 1. This porosity is 
most likely caused by hydrogen, which becomes dissolved in the 
molten U-A1 alloy during casting. Although excessive porosity 
was the cause of some observed process anomalies, this type of 
porosity has no significant effect on yield or fuel tube quality. 

DISCUSSION 

During mid 1987, operating personnel reported the following 
apparent anomalies in the U-A1 casting process. Investigation 
showed that these were caused by variations i n  alloy porosity. 

o Unusually large quantities (AOOOg) of excess U-A1 alloy 
remaining in crucibles after molds were filled. 

o Observation of molten alloy rising and on occasion 
overflowing molds as solidification proceeded. 

o Atypically low ingot and machined core weights. 

Hydrogen is a common cause of porosity in aluminum alloys. It 
becomes dissolved in molten alloy primarily by reduction of 
H20. The atmosphere can provide an abundant source of 
moisture. A s  a cast aluminum alloy cools and solidifies, 
hydrogen solubility is decreased and hydrogen gas is liberated 
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as bubbles  i n  t h e  a l l o y .  Some of t h e s e  become t rapped  i n  the 
s o l i d i f i e d  a l l o y  and r educe  i t s  overall  d e n s i t y .  Because U-A1 
a l l o y s  are melted and cast i n  a i r ,  some p o r o s i t y  i s  always 
p r e s e n t  i n  the as-cast s t r u c t u r e .  Typ ica l ly  t h i s  consis ts  o f  
small, uniform,  i s o l a t e d ,  s p h e r i c a l l y  shaped vo ids .  T h i s  type  
of p o r o s i t y  i s  normally of l i t t l e  consequence i n  the SRP fue l  
tube  manufactur ing p rocess .  
s t e p s  e f f e c t i v e l y  e l i m i n a t e  the p o r o s i t y  w i t h  no effect  on  
y i e l d s  o r  f u e l  t ube  q u a l i t y .  

N o r m a l  ou tgass ing  and e x t r u s i o n  

The a c t u a l  d e n s i t y  and e x t e n t  of p o r o s i t y  o f  i n d i v i d u a l  U-A1 
i n g o t s  and machined cores i s  n o t  r o u t i n e l y  measured. However, 
t h e s e  are produced t o  f a i r l y  c o n s i s t e n t  dimensions and volumes 
i n  several d i s t i n c t  s i z e s .  Therefore  d e n s i t i e s  should be 
c l o s e l y  p r o p o r t i o n a l  t o  weights  f o r  each s i z e  produced. During 
1987, Mark 22 f u e l  c o n t a i n i n g  about  33 w t %  U-A1 w a s  produced 
throughout  t h e  y e a r .  Because a l l  s i z e s  w e r e  no t  produced 
c o n s i s t e n t l y  throughout  the y e a r ,  t r end ing  t endenc ie s  w e r e  
d i f f i c u l t  t o  d e t e c t  based on weights  a lone .  Therefore  a 
"relat ive dens i ty ' '  v a l u e  was determined.  The  average i n g o t  and 
core weight f o r  each s i z e  w a s  determined by month. A monthly 
re la t ive  d e n s i t y  of each s i z e  was determined by d i v i d i n g  these 
v a l u e s  by the January  v a l u e s .  These w e r e  combined t o  provide  a 
s i n g l e ,  average  re la t ive  d e n s i t y  va lue  for a l l  s izes  produced 
du r ing  each  month. 

F i g u r e  1 shows the r e l a t i v e  d e n s i t y  of  as-cast i n g o t s  and 
machined c o r e s  f o r  a p e r i o d  o f  twelve (12) months and shows the 
c y c l i c  occur rence .  The observed anomalies c o i n c i d e  w i t h  t h e  
p e r i o d  o f  l o w  r e l a t ive  d e n s i t y  occur r ing  i n  t h e  l a t e  summer and 
e a r l y  f a l l  months. During these months, the range o f  apparent  
d e n s i t y  i n  i n d i v i d u a l  p i e c e s  v a r i e d  by as much as 15%. These 
l a r g e  v a r i a t i o n s  w e r e  d i s c e r n i b l e  by o p e r a t o r s  hand l ing  the 
p i e c e s .  
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Figure 1 .  Relative density of as-cast U-A1 ingots and 
machined cores during 1987 


