
Chemistry 

AEC Research and Deve lopment  Report  

THE PlFFUSlON OF LITHIUM 
IN ALU INUM t - 

1. P. Cortas 

Pi le  Materials Division 

February 1963 

E. I. du Pont de  Nemours & Co. 
Savannah River Laboratory 

Aiken, South Carolina 



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 responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

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



ThLs report was prepared as &n acoount of Qovemuaent sponsored work. 
Neither' the Unlted State&, nor the Commission, nor any person act ing 
on behalf of f he Commission: 

A. Makes any warranty or repreaentatlon, expressed OP implied, 
with respect t o  the accuracy, completeness, o r  usefulness 
oP tihe infonaaehn contained i n  t h i e  pepopt, or  tha t  the 
use oE ang information, apga~atus, method, o r  pFocess dia- 
clolled i n  t h i s  report may not I n f ~ i n g e  privatelg owned 
r a t * ;  o r  

B. As~umm any 1Iabl l i tSes  a$th r e q e e t  to khe use of, o r  fo r  
8a3aagea resu l t ing  from t he  w e ?  of any Lnformation, appara- 
tus ,  method, or procese; 8imlcracad i n  th4s P W ~ B .  

JU$ wed i n  the  above, "perscn aotf.n%. an behalf of the Comqtiasionn 
ineludes any employee o r  contractor of the Commission, o r  employee 
of such contractor, t o  the extent that maoh empfoyee Qr contractor 
of the Cmmissioti, QY employes of ~uuh oontraet;or prepares, dle- 
seeainates, OP provides access to,  any .tnfomm%%m pure~rant tio h i s  
employment or  contiract with %he Cornwiseion, or h i s  employment 
with s u ~ h  contraotor. 

Printed I n  USA. &ice $0.50 
Available f r o m  the Offlce of' Teohnfcal Semices 

I?. S. Departmen% of Commerce 
W~B-O~ 25, D. c . 



CHEMISTRY 
(TID-4500, 19th  Ed.) 

THE DIFFUSION OF LITHIUM IN ALUMINUM 

by 

Louis P.  Costas 

February 1.963 

E. I. du Pont de Nemours & Co. 
Explosives Department - Atomic Energy Divislon 
Technical Divislon - Savannah River Laboratory 

Aiken, South Carolina 

Contract  A~(07 -2 ) -1  with the  
United S t a t e s  Atomic Energy Commission 



ABSTRACT 

The d i f fu s io n  of l i t h i u m  i n  aluminum was 
measured a t  va r ious  temperatures with diPfus1on 
couples  of  aluminum-LiAl. The a c t i v a t i o n  energy, 
E,  i s  33.3  kcal/mol, and t h e  d i f f u s i o n  f a c t o r ,  Do, 
i s  4.5 cm2/sec. 



THE DIFFUSION 0.F LITHIUM IN ALUMINUM 
. . .  

One of the  two methods used i n  the  de terminat ion  of  the  
s o l u b i l i t y  of l i t h i u m  i n  aluminum by Costas and Marshal l ( ' )  
involved s tudy of  the  d i f f u s i o n  zone on t h e  aluminum-rich 
s i d e  of the  aluminum-LiAl i n t e r f a c e .  Although t h a t  work was 
s p e c i f i c a l l y  designed f o r  s o l u b i l i t y  r e l a t i o n s h i p s  and n o t  
f o r  d i f f u s i o n  s t u d i e s , ,  e s t ima tes  of the  d i f f u s i o n  c o n s t a n t s  
of l i t h i u m  i n  aluminum were p o s s i b l e .  This  r e p o r t  d e s c r i b e s  
t h e  dqterminat ion  of the  d i f f u s i o n  f a c t o r ,  Do, and the  
a c t i v a t i o n  energy, E, used i n  the  Arrhenius equat ion ,  

D = D o e  -E/RT 

DISCUSSION 

The d i f f u s i o n  work was performed wi th  t h e  same capsules  
t h a t  were used i n  the  previous  s t u d i e s ( ' ) .  

Meta l l i c  l i t h i u m . ( 9 9 . 8  w t  $ minimum p u r i t y ,  con ta in ing  
l e s s  than 0.02 w t  $.sodium) was i n s e r t e d  i n t o  thick-walled 
aluminum (99.99 w t  $) con ta ine r s ,  which were immediately 
welded shut .  The c o n t a i n e r s  were heated i n  vacuum tube 
furnaces  f o r  va r ious  times a t  s e l e c t e d  temperatures.  The 
con ta ine r s  were then removed, quenched i n  water ,  sec t ioned,  
pol ished meta l lograph ica l ly ,  and e tched i n  2% HF t o  y i e l d  
s u i t a b l e  s u r f a c e s  f o r  study.. Microhardness p r o f i l e s  were 
made, .and the  ha rdness .va lues  were converted t o  equivalent 
l i t h i u m  con ten t s .  

The capsule  technique has  shortcomings a s  we l l  a s  
advantages. There a r e  two p r i n c i p a l  f a u l t s ,  so  f a r  a s  
ob ta in ing  very  accura te  d i f f u s i o n  d a t a  a r e  concerned: 
( 1 )  s ince  the  aluminum-LiAl i n t e r f a c e  d i d  no t  e x i s t  a t  the  
s t a r t  of  the  experiment, the  method I s  r e l i a b l y  a c c u r a t e  
only  if t he  induc t ion  per iod  t o  form the  i n t e r f a c e  i s  b r i e f  
compared t o  the  d i f f u s i o n  time, and ( 2 )  r e l a t i v e l y  l a r g e  
concen t ra t ion  d i f f e r e n c e s  (up t o  13 atom $ of  l i t h i u m  i n  
aluminum) d i d  no t  al low the  d I f f i . ~ s i v i t y  Lu be determined 
as a f u n c t f a ~ ~  u f  concen t ra t ion .  These two p o i n t s  a r e  
d iscussed i n  more d e t a i l  below. 



The r eac t i ons  occurr ing i n  the  capsules  60 heat ing t o  
t he  s e l ec t ed  temperatures can be summarized a s  follows: 

L i ( so l id )  L i ( l iqu id)  (1) 

Li( l i q u i d )  + A 1  LiAl ( o r  Lf2A1, which decomposes t o  ~ 1 ~ 1 )  ( 2 )  

LiAl + A 1  7 a ( a  s o l i d  so lu t i on .o f  l i th ium i n  aluminum) ( 3 )  

a 
( i n t e r f a c e )  7 a throughout t-he aluminum by d i f fu s ion  ( 4 )  

It i s  our  experience t h a t  r e ac t i ons  ( I ) ,  ( 2 ) ,  and ( 3 )  
a r e  r ap id  i n  comparison t o  ( 4 ) ,  the  d i f fu s ion  of l i th ium 
i n  aluminum. Af te r  r eac t i ons  (1) and ( 2 )  a r e  completed, 
LiAl g radua l ly  decomposes and forms a  s o l i d  so lu t i on  of 
l i th ium i n  aluminum i n  which the  l i m i t i n g  k i n e t i c  f a c t o r  i s  
the d i f f u s i o n  of l i th ium i n  aluminum. Furthermore, s ince  
d i f f ' u ~ l o ~ ~  l a  the  C n n l , ~ ~ ~ l l i n g  f ac to r ,  the concentra t ion of 
l i t h ium i n  a a t  the  i n t e r f a c e  will btl niaintsined a t  the  
s o l u b i l i t y  l i m i t ,  a  known value f o r  any s p e c i f i c  tempera- 
ture.  The system, there fore ,  can be conaidered a s  a simple 
case of d i f f u s i o n  i n t o  pure metal by an environment of 
constant  composition. The exposure time of these  exper i -  
ments was such t h a t  only a  sho r t  time, c e r t a i n l y  no more 
than 5$, was involved i n  completing r eac t i ons  (1) and (2),  
and t h e  remainder was a l l o t t e d  t o  ( 3 ) '  and ( 4 ) ;  the re fore ,  
the  time t o  form the i n i t i a l  aluminum-LiAl i n t e r f a c e  d id  
not  introduce se r ious  e r r o r .  

The o t h e r  f a c t o r  t h a t  l i m i t s  t he ' accuracy  of the  
d i f fu s ion  d a t a  i s  t he  l a rge  c'oncentration d i f f e r ences  wi thin  
the  a phase during d i f fus fon .  I n  o the r  b inary systems i n  
which alumi.num i s  t he ' so lven t ,  d i f fu s ion  r a t e s  vary as much 
a s  t enfo ld ,  depending on the  so lu t e  concentrat ion,  so i t  
must be recognized t h a t  the  d i f fu s ion  values  obtained i n  
t h i s  work a r e  average values.  For the  major i ty  of cases,  
however, average values  a r e  suff1ci .ently accurate .  

Tlae praincipal .advantage of t he  technique i s  t h a t  the  
LIA1-a i n t e r f a c e s  were formed o r i g i n a l l y  i n  an i n e r t  
atmosphere, and. they remained f r e e  of contamination 
thr*oue;hnut the  runs because of' the  encapsulation.  Fur ther-  
more, the  i n t e r f a c e  betweell thc alwmI.num and LiAl was 
a t t a i n e d  by chemical reac t ion ,  no t  by the  mechanical mean3 
t h a t  a r e  o f t e n  used t o  b u t t  the  i n t e r f a c e s  together  and 
which may o r  may not  break up oxide f i lms  t h a t  a r e  
unavoidably present  on such r eac t i ve  metals  a s  aluminum 
and l i th ium.  The presence of any fore ign  f i lm between the  
d i f f u s i o n  metals  could s e r i ous ly  impair t he  mobi l i ty  o f  t he  
atoms and r e s u l t  i n  erroneously low d i f f u s i v i t y  values .  



Dif fus iv i ty ,  .D, was ca lcu la ted  from standard t a b l e s ( 2 )  
t h a t  r e l a t e  t he  r a t i o  ( c - c ~ ) / ( c ~ - c ~ )  t o  ~/m, where C i s  
the  concentrat ion of l i th ium a t  X, dis tance  from the  i n t e r -  
face,  Cs i s  the  i n t e r f ace  concentrat ion,  Co i s  t h e  i n i t i a l  
l i th ium content  of the  aluminum, and T i s  the  d i f fu s ion  
,time. - Since i n  t h i s  experiment Co was zero, t he  r a t i o  
reduces t o  c/c,. The dis tance,  X, was 0 .5  mm f o r  a l l  runs; 
Cs was t he  s o l u b i l i t y  l i m l t  a t  each temperature. 

The t a b l e  l i s t s  the  time, temperature, and r e s u l t i n g  
d i f f u s i v i t i e s . .  The da t a  a re  p l o t t e d  i n  t he  f i gu re  a s  log  D 
versus t h e  rec iproca l  of the  absolute  temperature. They show 
t h a t  t he  Arrhenius r e l a t i onsh ip  i s  followed, i nd i ca t i ng  t h a t  
only one d i f fu s ion  mechanism i s  operatfng.  

Temperature, OC 

597 
589 
559 
538 
529 
500 
41 7  
31 0  

Duration of Run, h r  

232 
408 
261 
450 
450 
502 

1020 
206q 

Di f fus iv i ty ,  cm2/sec 

1.5 - 2.8 x ' l o - '  
1.7. - 2.8 x  10" 
5.5. -10.0 x  1 0 - ~  . .  

2.2 - '8.6 x  10" 
4.2 - 5.2 x  lo-' 
2.0 - 2.8 x lo-' 
1 . 2  - 1 . 7  x  10- lo  

Not measurable 



A t  temperatures above 4 0 0 ~ ~  very smooth i n t e r f a c e s  
were formed, but  on a run t h a t  was attempted a t  310 '~  
t h e r e  was some evidence of d i f fu s ion  along g r a i n  boundar8ies. 
This low temperature run f a i l e d  because d i f fu s ion  was so' 
slow t h a t  t h e  2064-hour per iod was no t  s u f f i c i e n t  t o  produce 
a measurable d i f fu s ion  zone. The f a c t  t h a t  r ap id  d i f fu s ion  
i s  no t i c eab l e  along g r a i n  boundaries has been noted i n  
many o t h e r  systems. 

The a c t i v a t i o n  energy, E, and t he  d i f fu s ion  f a c t o r  
Do, a r e  33.3 kcal/mol and 4.5 cm2/sec, r espec t ive ly ;  The 
value f o r  a c t i v a t i o n  energy agrees with those  l i s t e d  i n .  
S m i t h e l . 1 ~ ' ~ )  f o r  A g ,  Cu, Na, Mg, Si ,  and Zn i n  aluminum. 

L. ' P .  Costas 
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