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Abstract  

A s tudy by  X-ray diffract ion of the  res idual  s t r e s ses  induced  by LiH prec ip i t a t ion  in the  
a lumin ium m a t r i x  of an  AI -2 . Jw t .%Li -  1 .2~ t .%Cu-0 .09wt .%Zr  alloy shows  (a)  the  induc t ion  
of  a c o m p r e s s i o n  m a c r o s t r e s s  of 60 MPa parallel  to the  rol l ing di rec t ion and  (b)  a c h a n g e  
in dens i ty  of  the  (422 )  planes ,  indica ted  by the  fact tha t  the  densi ty  inc reases  in the  
rol l ing d i rec t ion  and  dec rea se s  in the  pe rpend icu la r  one. 

1. Introduct ion  

The charac te r iza t ion  of possible residual s t resses  induced by precipi ta t ion  
of  a d ispersed  hydr ide  as the resul t  of  hydrogen  react ion with lithium conta ined  
in an A1-2.Jwt.%Li alloy is of  double  interest.  

(a) It improves  our  knowledge  about  the  mechanica l  p roper t i e s  of  this 
promis ing  material ,  whose  behaviour  in the p resence  of  hydrogen  [ 1 ] is not  
well known. 

(b) It appea r s  to  be a good model  for  test ing the hypothes i s  pu t  for th  
[ 1 ] to explain the change  in react ivi ty of  hydr ide-forming c o m p o u n d s  by the  
s t ress  field which could resul t  f rom hydride  precipi tat ion.  

For  such a pu rpose  AI-Li alloys are ideal since LiH is fo rmed  af ter  
hydrogen  solid diffusion [2] by d i spropor t iona t ion  of  the A1-Li solid solution.  
The a luminium matr ix  does  not  give any hydr ide  in such condit ions.  

2. Apparatus  and samples  

The poss ible  s t ress  field deve loped  by LiH precipi ta t ion is de te rmined  
by  X-ray diffraction. The me thod  is based on the changes  in pos i t ion  and 
shape  o f  the  X-ray lines of  given crys ta l lographic  planes of  the a luminium 
mat r ix  a f te r  r eac t ion  [2, 3]. 

The  device  consis ts  of  a 0--0 gon iome te r  equipped  with a c o p p e r  an- 
t i ca thode  X-ray source .  The aluminium hkl = (422)  planes,  which give (with 
A= 1.54 .4) 20= 137.47 °, are  exp lo red  s tep by step. At the same t ime the  
sample,  suppo r t ed  by a goniomet r ic  holder,  can rota te  on the gon iome te r  
axis by s teps  of  10 ° f rom - 4 5  ° to 45 ° to give the family of  0 angles.  
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Standardization is carried out on a molybdenum powder which is assumed 
to be free of residual stresses. 

The samples consist of 1 cm 2 plates, 0.5 mm thick of an 
AI-2.3wt.%Li-l .2wt.%Cu-0.09wt.%Zr alloy cut from an industrial laminated 
rod annealed for 12 h at 135 °C. They are mechanically polished. Two 
directions are marked, i . e .  parallel ( ~ = 0 )  and perpendicular (4~=~r/2) to 
the rolling direction. 

As far as the evidence of residual stresses which result from hydridation 
is concerned,  it is necessary to distinguish the possible effects of sample 
preparation and hydriding conditions from those of the actual precipitation, 
i . e .  heated to 450 °C for 3 h and cooled down in 3 h, after a preliminary 
soaked in distilled water for 20 h [4]. For this, three samples have been 
prepared with the following procedure:  one is polished and water pretreated; 
the second is polished, water pretreated and heated for 3 h at 450 °C under 
a vacuum of 2 × l 0  -4 Pa; the third is polished, water pretreated and placed 
under the reaction conditions defined above under an He pressure of 3 MPa. 

3 .  R e s u l t s  

Three quantities expressed as a function of sin 2 0 are extracted from 
the experimental results obtained on a given X-ray line; then from each one 
a physical parameter  is obtained. Respectively these functions are: 

(1) the width of the X-ray line, measured by the chord at ~ v s .  s i n  2 0 

- -  this gives the level of microstresses; 
(2) the 20 angular position of the X-ray line v s .  sin 2 ~ -- the slope of 

this curve represents  the level of the macroscopic strain and stress; 
(3) the integrated intensity of the X-ray line, measured by its surface 

after correction by a Lorentz factor and an absorption factor, v s .  s i n  2 0 - -  

this gives information on possible crystallographic textures. 

3.1 .  M i c r o s t r e s s e s  

Table 1 compares  the chord at ~ for molybdenum powder, polished 
AI-Li-Cu-Zr  and polished and annealed A1-Li-Cu-Zr samples. From these 
results it can be noted that the microstresses introduced by mechanical 
polishing are released by annealing; there is no change after hydriding. 

TABLE 1 

Microstresses deduced from the function chord at  ~ =f(sin2~b) 

Mo AI-Li -Cu-Zr  AI-Li-Cu-Zr  
(polished) (annealed, 

3 h, 450 °C) 

Chord at ~ 0.83 1.19 0.94 (4)= 0) 
(arbitrary units) 1.20 0.945 (4)= ~r/2) 
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3.2. Macrost'resses 
Table 2 compares  the samples annealed under vacuum and hydrided. 

Comparison between the reference, the annealed sample and the hydrided 
sample shows the following. 

(i) A tensile macrostress of 26 MPa is replaced after hydridation by a 
compression macrostress of - 3 6  MPa, i.e. an absolute macrostress of 62 
MPa. 

(ii) The hydridation creates a notable macrostress in the aluminium 
lattice if the above datum is compared with the value of 200 MPa which is 
developed by cold working with microballs. 

(iii) This result is obtained in the rolling direction (@= 0). In contrast, 
in the perpendicular direction there is only a small increase in compression 
stress of 15 MPa. Undoubtedly there is a preferential precipitation of the 
LiH hydride in the rolling direction. 

3.3. Change in  the 422 line dens i ty  
Table 3 sums up the results obtained from the integrated intensity vs. 

sin 2 ~. An increase clearly appears in the (422) plane density in relation to 
LiH precipitation in the rolling direction ((/)=0) and a decrease in the 
perpendicular direction. 

4. D i s c u s s i o n  

From the results of Tables 2 and 3 which compare the reference sample 
annealed with an identical sample hydrided, i.e. annealed under an H2 pressure 
which allows hydride precipitation, a clear relationship appears between the 
hydride precipitation and some properties resulting in rolling. The main 
difference between q)= 0 and (/)= 7r/2 is the existence of a tensile macrostress 

TABLE 2 

M a c r o s t r e s s e s  d e d u c e d  f rom the  func t ion  20=f(sin2~b) 

Mo A 1 - L i - C u - Z r  A 1 - L i - C u - Z r  
( annea led )  (hydr ided)  

M a c r o s t r e s s  - 2 .99  26  - 36  (4>= 0) 
(MPa)  - 15 - 30  (q)= ~r/2) 

TABLE 3 

C h a n g e  in the  in t eg ra t ed  in tens i ty  vs.  sinatp 

Mo A l - L i - C u - Z r  A 1 - L i - C u - Z r  
( annea l ed )  (hydr ided)  

Imax/Im~ . 1.36 6.2 12.7 (qb= 0) 
(arb i t ra ry  uni ts )  10.5 7.7 (4)= ~r/2) 
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o f  2 6  M P a  in t h e  r o l l i n g  d i r e c t i o n  a n d  a c o m p r e s s i o n  m a c r o s t r e s s  o f  - 1 5  
M P a  in t h e  p e r p e n d i c u l a r  d i r e c t i o n .  In  c o n t r a s t ,  a f t e r  h y d r i d a t i o n  t h e  r e s u l t  
is  a l m o s t  i d e n t i c a l  in t h e  t w o  d i r e c t i o n s ,  i.e. a c o m p r e s s i o n  m a c r o s t r e s s  o f  
a b o u t  - 30  MPa.  I t  c a n  b e  s u g g e s t e d  t h a t  t h e  r e s i d u a l  t e n s i l e  s t r e s s  d e v e l o p e d  
b y  r o l l i n g  f a v o u r s  LiH n u c l e a t i o n  b y  m a k i n g  h y d r o g e n  m i g r a t i o n  t o w a r d s  an  
o c t a h e d r a l  i n t e r s t i t i a l  s i t e  e a s i e r  ( a c c o r d i n g  to  ref .  4) .  T h e  g r o w t h  o f  LiH 
d o m a i n s  e v e n t u a l l y  p r o d u c e s  c o m p r e s s i o n  s t r e s s e s  o f  t h e  s a m e  leve l  in t h e  
t w o  d i r e c t i o n s .  

Th i s  p r e f e r e n c e  fo r  LiH to  p r e c i p i t a t e  in r e g i o n s  u n d e r  s t r e s s  is  c o n f i r m e d  
b y  Fig .  1, w h i c h  r e p r e s e n t s  a c r o s s - s e c t i o n  o f  a ch ip .  In  t h i s  p h o t o g r a p h  
t h e  LiH d o m a i n s  a r e  a r r a n g e d  in r o w s .  T h e s e  r o w s  d o  n o t  d e l i n e a t e  g r a i n  
b o u n d a r i e s  ( a s  a d i f f e r e n c e  w i th  ref .  4 )  b u t  m o r e  p r o b a b l y  d e c o r a t e  a s t r e s s  
f ie ld :  o n e  c a n  n o t e  t h a t  e a c h  r o w  s t a r t s  a t  t h e  e n d  o f  c r a c k s  w h i c h  h a v e  
b e e n  g e n e r a t e d  w h e n  t h e  c h i p  h a s  b e e n  t o r n  off. In  a d d i t i o n ,  it  c a n  b e  n o t e d  
t h a t  t h e  c u b i c  p a r a m e t e r s  o f  LiH ( 4 . 0 8  A)  a n d  a l u m i n i u m  ( 4 . 0 4  ,~) a r e  so  
c l o s e  t h a t  c o n d i t i o n s  a r e  fu l f i l led  t o  o b s e r v e  s o m e  c o h e r e n c e  b e t w e e n  t h e  
p r e c i p i t a t e  a n d  t h e  m a t r i x .  Th i s  o b s e r v a t i o n  is p r o b a b l y  a t  t h e  o r i g i n  o f  t h e  

Fig. 1. Cross-section of a hydrided A1-Li--Gu-Zr chip. One can note the rows of LiH particles 
which decorate a stress field. The rows start on cracks, indicated by arrows, resulting from 
the filing (optical magnification = 800). 

Fig. 2. Cross-section of a hydrided A1-Li-Cu-Zr chip. The weU-defined LiH particles are in 
lines on two main perpendicular directions, independently of grain boundaries; this probably 
agrees with a coherence between the identical cubic lattices of LiH and aluminium (optical 
magnification = 800). 
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increase  in dens i ty  of  (422)  p lanes  in the  rol l ing direct ion as  a c o n s e q u e n c e  
of  the  pre fe ren t ia l  p rec ip i ta t ion  of  LiH. 

This  LiH epi taxial  p rec ip i ta t ion  re in fo rces  the  in tensi ty  diffracted by  the  
a lumin ium mat r ix  in the roll ing direct ion.  Here  again,  the m i c r o s c o p i c  
obse rva t ions  of  Fig. 2 conf i rm the  X-ray resu l t s  in showing tha t  LiH prec ip i t a t e s  
are  in l ines on two pe rpend icu la r  direct ions,  independen t ly  of  the grain 
boundar ies ,  as  a c o n s e q u e n c e  of  epi taxia l  g rowth  on the  cubic  a lumin ium 
matr ix .  

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

X-ray diffract ion t echn iques  show ev idence  of  a res idual  s t r e s s  field in 
re la t ion  to  LiH prec ip i ta t ion  in the  a lumin ium matr ix ,  even  though  the  reac t ion  
t e m p e r a t u r e  was  450 °C. The e x p e r i m e n t a l  resu l t s  ag ree  wi th  wha t  can  be  
p red ic ted ,  i .e .  c o h e r e n c e  be tween  the  ma t r ix  and  the  p rec ip i t a te  as a con-  
s equence  of  the i r  a l m os t  identical  c rys ta l lograph ic  p a r a m e t e r s  and  the  t endency  
of  LiH to nuc lea te  in reg ions  unde r  tensi le  s t ress .  
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