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A b s t r a c t  

The a b s o r p t i o n  and  deso rp t ion  of hydrogen  by A1-Li alloys were  inves t iga ted  by ther-  
mograv ime t ry  in the  p r e s su re  r ange  0 . 1 - 3 . 0  MPa and  the  t e m p e r a t u r e  r ange  1 5 0 - 3 5 0  
°C. The kinet ic  resul t s  c o m p l e m e n t e d  by mic roscop ic  obse rva t ions  of c ross - sec t ions  show 
ev idence  of  the  format ion,  as  a prec ip i ta te  in the  a lumin ium matr ix ,  of a def ined c o m p o u n d  
which  t u rns  out  to  be  l i th ium hydride.  The  fo rmat ion  was  cont ro l led  by the  diffusion 
p roces s  in spher ica l  symmet ry .  The  p ressu re  and  t e m p e r a t u r e  d e p e n d e n c e s  were  es tab-  
l ished.  

1. I n t r o d u c t i o n  

A1-Li alloys were  first p r epa red  in Germany  in 1924; however ,  it was 
only in 1958 that  AI-Li was used for  wing panels  in the U.S. Navy's  Vigilante 
aircraf t  and then  abandoned  af ter  n u m b e r  177 as a c o n s e q u e n c e  of  p o o r  
ductil i ty and f rac ture  toughness .  Nowadays,  because  of  both  economic  and 
technica l  considerat ions ,  these  alloys are again being cons ide red  as promis ing  
materials  for  aircraft  and space  applicat ions.  Consequent ly ,  the de te rmina t ion  
of  thei r  mechanica l  p roper t i e s  and cor ros ion  res is tance  is the subject  of  
intensive investigations.  The par t icu lar  role played by hydrogen  absorp t ion  
in changes  in ductility, f rac ture  toughness  and cor ros ion  res is tance  is of 
basic interest .  It is known that  the 7000 and 2000 series  a luminium alloys 
are very  sensit ive to hydrogen  embri t t lement ;  in addit ion,  A1-Li alloys absorb  
hydrogen  more  easily and desorb  it with more  difficulty than convent ional  
a luminium alloys [ 1 ]. 

Quanti tat ive data  on the hydrogen  solubility, diffusion and permeabi l i ty  
of  a luminium alloys are not  numerous  [2]. According to  E ichenaue r  et  al .  

[3], the a tomic  hydrogen  solubili ty is ve ry  low (10 -4 p p m  400 °C). Bast ien 
and Azou [4] give a hydrogen  diffusion coefficient  in a luminium of  
O H - - - - 1 0 - 1 2 - 1 0  -9 cm 2 s - I  at r oom t empe ra tu r e  and Nakashima et  al .  [5] 
show tha t  the hydrogen  diffusion coefficient  dec reases  with increasing li thium 
content .  Exper imen t s  on hydrogen  charging of  A1-Li (8090)  solid samples  
were  carr ied out  by  electrolysis  in mel ted  salts at  a t em p e ra tu r e  of  190 °C 
for  dura t ions  of  1 0 - 3 0  h; a m a x i m u m  quant i ty  of  inser ted  hydrogen  of  60 
p p m  was found  [7]. Tests  of  hyd rogen  absorp t ion  on  A1-Li disks were  
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performed with hydrogen gas at a pressure of 40 MPa and a temperature 
of 190 °C for 20 h. According to the data published [7], it seems that 
hydrogen charging by gaseous hydrogen is unsuccessful. Ozouf-Binfeld [7] 
underlines the role played by the physical and chemical state of the surface 
on the reproducibility of hydrogen absorption, i.e., the level of cold working, 
the thickness of the oxide layer, lithium surface segregation and lithium 
hydroxide formation, the trapping of hydrogen molecules and the possible 
pollution of hydrogen by oxygen molecules. 

2. Experimental  condit ions  

The experiments were carried out by thermogravimetry in a high pressure 
microbalance with a limiting sensitivity of 2 t~g- The device was equipped 
with a turbomolecular pump which allowed a vacuum of 2 X 10 -4 Pa free 
of oil. 

The sample consisted of 200 mg of chips, filed in an ingot, with an 
average size of 200 /zm. The sample was placed on a silica holder. The 
hydrogen used was of "U" quality of "Air Liquide" and was cleaned free 
of oxygen and water vapour traces by successively passing it through firstly 
molecular sieves and secondly copper chips which were heated to a temperature 
of 400 °C. 

Since the AI-Li alloys appeared to be very sensitive to poisoning by 
substances which are gassed out from the stainless steel walls of the laboratory 
tubes, i.e. oxygen and carbon monoxide, the following process was adopted. 
For formations the device was placed in a vacuum (2 x 10 -4 Pa), filled with 
hydrogen at the given pressure and then heated to the determined temperature. 
For decompositions (after a formation) the device was cooled under hydrogen 
pressure, then evacuated at 2 x 10-4 Pa and heated to the chosen temperature. 

3. Experimental  resul ts  

3.1. F i r s t  f o r m a t i o n s  
We "generally" easily obtained the first formation, i.e. the hydridation 

of the sample, in a range of temperatures varying from 150 to 400 °C and 
pressures from 0.1 to 3 MPa. In fact, a long series of experiments had been 
developed with a satisfying reproducibility when we were faced with the 
impossibility of reproducing the preceding experiments even though nothing 
had apparently changed in the protocol. After a long series of tests, successful 
experiments were obtained again when the sample (after being filed) was 
placed for 24 h in a sealed vessel containing a saturated water vapour 
atmosphere. 

3.2. F o r m a t i o n s  on the al loy  8090 
(T 351; A1-2.7wt.%Li-l .3wt.%Cu-l.lwt.%Mg-0.09wt.%Zr, cold working 

4.5%, annealed for 12 h at 135 °C) 



In the  fol lowing da ta  the  hyd rogen  u p t a k e  is e x p r e s s e d  as  a m a s s  change  
ra t io  which  is ca lcu la ted  by  a s s um i ng  tha t  m a g n e s i u m  f o r m s  MgHa, z i rcon ium 
f o r m s  ZrH2 and  l i thium f o r m s  LiH. With a s a m p l e  m a s s  of  100 m g  the  
s to ich iomet r i c  h y d r o g e n  up take  is 0 .4787  rag, which  leads  to a m a x i m u m  
m a s s  change  rat io  of  0 .4784%.  This resul t  is equiva len t  to a t r a n s f o r m  
f rac t ion  a =  1. 

In Fig. 1 a ser ies  of  cu rves  of  hyd rogen  up t ake  vs. t ime  at  a g iven 
p r e s su re  of  3 MPa  and  t e m p e r a t u r e s  ranging  f rom 149 to 343 °C is d isplayed.  
The  fol lowing can  be noted.  

Firstly,  t he re  is a change  f r o m  pseudos igmoid i c  curves  at  low t e m p e r a t u r e s  
to con t inuous ly  s p e e d - d e c r e a s i n g  curves  af ter  184 °C. These  la t ter  cu rves  
b e c o m e  l inear  and  can be  e x p r e s s e d  by the  equa t ion  

[1 - ( 1  -a) l /3]2=Kt 

This  equat ion ,  a c c o r d i n g  to J a n d e r  [8], r e p r e s e n t s  a d i f fus ion-control led  
reac t ion  in a sphere .  

Secondly ,  hydr ida t ion  is quite fas t  at 343  °C: 80% of the  r eac t ion  is 
c o m p l e t e d  in 2 h and  the  m a x i m u m  hydrogen  up t ake  is 0 .578%, which  
c o r r e s p o n d s  to  120% of  the  ca lcu la ted  value.  These  da ta  show tha t  addi t ional  
hyd rogen  is f ixed in the  f o r m  of  a lumin ium hydr ide  or  m o r e  p r o b a b l y  as 
t r a p p e d  h y d r o g e n  a t o m s  in s t ruc tura l  defects .  

3.3. Pressure  and  t empera ture  dependences  
The effect  o f  t e m p e r a t u r e  on the initial r eac t ion  ra te  was  d e t e r m i n e d  

f rom the s lope  of  the  curves  H% = f i t )  a t  thei r  origin. The  reac t ion  ra tes  
show a l inear  d e p e n d e n c e  on t e m p e r a t u r e  for  bo th  famil ies  of  curves .  

F o r  the  p r e s s u r e  d e p e n d e n c e  it a p p e a r s  tha t  for  Pn2 < 1 MPa the  initial 
r eac t ion  ra te  Vo vs. PH2 is cor rec t ly  e x p r e s s e d  by  the  re la t ion  Vo =f(Pn,,) 2, 

Ho~ 3~43 ° C J '~go 

1 2 3 r -  

Pi 8. 1. First formation curves: mass of hydrogen f ixed v s .  time; P.2= 3 MPa, temperatures 
ranging from 149 to 343 °C. 
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w h e r e a s  for  p r e s s u r e s  a b o v e  1 MPa the re  is a l inear  d e p e n d e n c e  of Vo vs. 

Pnz. 

3. 4. R e v e r s i b l e  f o r m a t i o n - d e c o m p o s i t i o n  
This s tudy  was  car r ied  out  on the  al loy T351 (AI-2.3wt.% Li-0.1wt.% Zr, 

cold work ing  2.5%, annea led  12 h at  135 °C). 
After  a first f o r m a t i o n  u n d e r  condi t ions  of  3 MPa and  350 °C, the 

s u b s t a n c e  can  be  "par t i a l ly"  d e c o m p o s e d  unde r  a t e m p e r a t u r e  of  350 °C 
and  a v a c u u m  of  2 x 10 -4 Pa. This d e c o m p o s e d  fract ion,  which  r ep re sen t s  
a p p r o x i m a t e l y  65% of  the  first fo rmat ion ,  can  be r e f o r m e d  reversibly.  The 
f o r m a t i o n  curves  b e c o m e  l inear  and  can  be  e x p r e s s e d  by the  equa t ion  

1 - (1 - a)  lj3 =Kt  

where  c~ is the  t r a n s f o r m e d  fract ion,  t is t ime,  K is a cons tan t .  This  equat ion  
r e p r e s e n t s  a p h a s e - b o u n d a r y - c o n t r o l l e d  reac t ion  in spher ica l  symmet ry .  

The fol lowing can  be  noted.  
Firstly, the r eac t ion  ra te  inc reases  f r o m  one  fo rma t ion  to the  next;  by 

cycl ing unde r  the  s a m e  condi t ions ,  an ac t iva t ion  p r o c e s s  occu r s  dur ing the 
th ree  first fo rmat ions ,  to  r e a c h  a cons t an t  va lue  thereaf te r .  

Secondly,  these  fo rma t ions  are  car r ied  out  unde r  ve ry  low p re s su re s  
relat ive to the p r e s s u re  requi red  for  the  first fo rmat ion .  Undoub ted ly  there  
is an ac t iva t ion  of  the  sur face ,  i.e., dissoc ia t ion  sites,  c racks ,  etc, be tween  
the  first and s e c o n d  fo rmat ions ,  as is o f t en  the  case  with hydr ide- forming  
sys tems .  

If  the initial r eac t ion  ra t e  Vo is p lo t t ed  vs. the  h y d r o g e n  p ressu re ,  for  
p r e s s u r e s  rang ing  f r o m  0 .154  to  0.6 MPa there  is a l inear  re la t ionship  be tween  
In Vo and In PH2- For  p r e s s u r e s  h igher  than  0.6 MPa V0 s e e m s  to be  independen t  
of  PH2" 

3.5. M o r p h o l o g i c a l  obse rva t i ons  
Microscop ic  o b s e r v a t i o n s  were  car r ied  out  on  p o w d e r  s amp le s  before  

a fo rmat ion ,  a f t e r  a f o r m a t i o n  and  a f t e r  decompos i t i ons .  The  p o w d e r  was  
e m b e d d e d  in a res in  which  was  po l i shed  to give c ross - sec t ions  of  the grains.  
The  finishing ope ra t ion  cons i s t ed  of  pol i sh ing  with a 3 /xm d iamond  spray  
and  the  " O P S "  pol i sh ing  liquid of  " S t r u e r s " .  The  s a m p l e s  were  then  w a s h e d  
with  ethyl  a lcohol  and  o b s e r v e d  at  magni f ica t ions  of  × 400  and  × 800. 

Figure  2 shows  the  u n r e a c t e d  sample .  F igure  3 r e p r e s e n t s  a c ross - sec t ion  
of  a grain  a f te r  hydr ida t ion .  An a b u n d a n t  p rec ip i t a te  with a concen t ra t ion  
of  par t i c les  nea r  the sur face  and  l a rge r  par t i c les  n e a r  the  cen t re  of  the grain 
can  be  observed .  This  p rec ip i t a t e  exhib i t s  severa l  shapes ,  long pr i smat ic  
need les  and  flat h e x a g o n a l  o r  t r i angu la r  table ts ,  in a g r e e m e n t  wi th  obse rva t ions  
of  Dickenson  et al. [9]. All f o r m s  can  be  re la ted  to  the  cubic  sys tem.  

Figure  4 shows  a s a m p l e  a f te r  decom p os i t i on .  The  ma in  resu l t s  are the 
d i s a p p e a r a n c e  of  the  a b u n d a n t  p rec ip i t a t e  loca ted  n e a r  the  outs ide  o f  the  
grain  and  the pe r s i s t ence  of  s o m e  of  the  la rge  cent ra l  p rec ip i ta tes .  This  last  
po in t  exp la ins  the  d i f ference  in c o m p o s i t i o n  which  is o b s e r v e d  be tween  the  
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Fig. 2. M-Li  alloy before hydridation. 

Fig. 3. After H2 reaction an abundant  LiH precipitate with well-defined crystallographic particles 
is present;  a concentrat ion of particles near  the  surface and larger particles near  the centre 
of the grain can be observed. 

Fig. 4. After decomposi t ion  the near-surface precipitate is decomposed  but  some  of the large 
central particles remain.  

first formation and the subsequent  ones. These large central particles are 
not  decomposed but probably play a role in the easier subsequent  formations. 

3.6. Ident i f icat ion  o f  the prec ip i ta te  in A1-Li alloys 
A similar precipitate to that shown in Fig. 3 has been previously described 

in an M - L i - C u - M g  (CP 276) alloy and attributed to porosi ty from welding 
[10]. Dickenson et al. [9, 11] also observed severe porosi ty after wet air 
annealing of A1-3wt.%Li and as well as LiH particles they noted crystallographic 
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r e g u l a r i t y  a n d  a l i g n m e n t  a l o n g  g r a i n  b o u n d a r i e s  o f  s o m e  p a r t i c l e s .  T h e y  w e r e  
t h e  f i rs t  a u t h o r s  to  g ive  e v i d e n c e  o f  LiH p r e c i p i t a t i o n  in a n  A 1 - L i  a l loy .  In  
a t e s t  o f  s e c o n d a r y  ion  m a s s  s p e c t r o m e t r y  a p p l i c a t i o n s  r e l a t e d  t o  h y d r o g e n  
l o c a l i z a t i o n ,  O u t r e q u i n  et al .  [12]  o b t a i n e d  o n  o u r  s a m p l e  t h e i r  F ig .  4, in 
w h i c h  " t h e  Li i m a g e  is t h e  n e g a t i v e  o f  t h e  27A1+ p i c t u r e  a n d  t h e  l a t e r a l  
d i s t r i b u t i o n  o f  h y d r o g e n  c o r r e s p o n d s  n i c e l y  t o  t h e  l i t h i u m  o n e " .  Th i s  r e s u l t  
g i v e s  e v i d e n c e  o f  LiH p r e c i p i t a t i o n .  

4. C o n c l u s i o n s  

T h e  f i rs t  h y d r i d a t i o n  o f  A1-Li  a l l o y s  b y  g a s e o u s  h y d r o g e n  r e q u i r e s  a 
h y d r o g e n  p r e s s u r e  a n d  t e m p e r a t u r e  a n d  an  a t t a c k  o f  f r e s h l y  p r e p a r e d  s u r f a c e  
b y  w a t e r  v a p o u r .  U n d e r  t h e s e  c o n d i t i o n s  H2 m o l e c u l e s  c a n  b e  d i s s o c i a t e d  
a n d  t h e  r e a c t i o n  is  c o n t r o l l e d  b y  d i f f u s i o n  in a s p h e r e .  T h e  r e s u l t  is  t h e  
f o r m a t i o n  o f  a c u b i c  LiH p r e c i p i t a t e  w h i c h  c a n  b e  p a r t i a l l y  u n d e r  v a c u u m .  
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