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ABSTRACT 

This paper reviews research a t  McDonnell Douglas Research L a b o r a t o r i e s  (MDRL) 
on a l l o y  development, s impl i f i ed  processing, f a t i g u e  behavior, corrosion r e s i s t a n c e ,  
and s u p e r p l a s t i c  forming of rapid s o l i d i f i c a t i o n  processed (RSP) Al-high L i  a l loys .  

INTRODUCTION 

RSP A 1 - L i  a l loys  containing 4-5 wt$ L i  have s i g n i f i c a n t l y  lower d e n s i t i e s  and 
h i g h e r  e l a s t i c  moduli than commercial 2XXX, 7XXX, and ingot-metallurgical (I/M) A l -  
Li a l loys .  For ins tance ,  an RSP A1-4Li-l g-0.2Zr extrusion is a s  s t rong  a s  7050-T76 Y (1 ) , but has 14% lower densi ty (2.41 g/cm ) and 22% higher e l a s t i c  modulus (86 GPa). 
D u c t i l i t i e s  of A1-4Li a l l o y s  i n  peak-aged tempers a r e  marginal (3-68) a s  t h e  r e s u l t  
of intense planar s l i p  r e s u l t i n g  from high 6' concentrat ions and high concentrat ions 
of oxide inc lus ions  t r a c e a b l e  t o  t h e  r e a c t i v i t y  of  t h e  o r i g i n a l  m e l t s  and gas- 
atomized powders (1 ).  Recent research on RSP A1-4Li a l loys  a t  MDRL has concentrated 
on compositional modifications and novel processing t o  improve d u c t i l i t y ,  f a t i g u e  
and corrosion r e s i s t a n c e ,  and s u p e r p l a s t i c  formabil i ty .  

ALLOY DEVELOPMENT 

The compos i t ion  Al-4Li-1Mg-0.2Zr was modified a s  shown i n  Table 1. Germanium 
was added t o  produce f i n e ,  insoluble p a r t i c l e s  which d i sperse  p l a n a r  s l i p  ( 2 )  , and 
s i l i c o n  was e x p e c t e d .  t o  have a s i m i l a r  e f f e c t .  Cerium w a s  expected t o  g e t t e r  t h e  
a l l o y  mel t  and d i v e r t  oxygen from A l - L i  o x i d e  i n c l u s i o n s .  L o w e r i n g  t h e  Z r  
c o n c e n t r a t i o n  t o  0.03 w t %  was intended t o  produce a r e c r y s t a l l i z e d  gra in  s t r u c t u r e  
i n  which high-angle g ra in  boundaries would a c t  as  s l i p  b a r r i e r s .  Increas ing  t h e  Z r  
c o n c e n t r a t i o n  t o  0 . 5  w t %  promotes f o r m a t i o n  of a' [ A 1  ( L i , Z r ) ]  "composi ten 
p r e c i p i t a t e s ,  which a r e  more r e s i s t a n t  t o  d i s loca t ion  shear  t a a n  is 6' ( 3 ) .  

Duct i l i t i e s  of e x t r u s i o n s  of t h e  modi f ied  a l l o y s ,  produced by conventional 
powder-metallurgical processing (Figure l a ) ,  show s m a l l  improvements r e l a t i v e  t o  
t h a t  of t h e  b a s e l i n e  a l l o y  e x c e p t  f o r  Al-4Li-1Mg-0.5Ge-0.2Zr ( T a b l e  1 ) .  The 
d u c t i l i t y  improvement i n  t h i s  a l loy  probably r e s u l t s  from p r e c i p i t a t i o n  of  f i n e .  
p u r e  Ge p a r t i c l e s  during aging, a s  demonstrated by Cassada e t  a l .  ( 2 ) .  This a l l o y  
a l s o  c o n t a i n s  AlLiGe, which d i v e r t s  L i  from 6 '  and l o w e r s  t h e  y i e l d  s t r e s s .  
D e t a i l e d  m i c r o s t r u c t u r a l  examination is required t o  determine t h e  Ge concentrat ion 
a t  which only t h e  s l i p - d i s p e r s i n g  p a r t i c l e s  a r e  p r e s e n t .  The Al-4Li-1Mg-0.03Zr 
a l l o y  h a s  s l i g h t l y  improved  d u c t i l i t y  a t  t h e  expense of reduced  Hal l -Pe tch  
s t rengthening a s  a r e s u l t  of r e c r y s t a l l i z a t i o n ,  and t h e  o t h e r  a l l o y s  do n o t  o f f e r  
improvements i n  p roper t i es  r e l a t i v e  t o  those of t h e  basel ine a l loy .  
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SIMPLIFIED PROCESSING 

Convent iona l  c o n s o l i d a t i o n  of RSP A 1  a l l o y  powders (Figure l a )  is  time- and 
labor- intensive.  Atomized powders a r e  exposed t o  oxygen-bearing a tmospheres  and 
form t h i n  o x i d e  s k i n s ,  which appear a s  numerous f i n e  oxide p a r t i c l e s  i n  t h e  f i n a l  
products. These p a r t i c l e s  do not con t r ibu te  t o  mechanical propert ies  and may reduce 
d u c t i l i t y  and toughness  by promoting crack formation. Processes involving d i r e c t  
deposi t ion of molten a l l o y  drop le t s  on a  s u b s t r a t e  t o  produce high-density p re forms  
avoid  t h e s e  problems and have t h u s  a t t r a c t e d  a t t e n t i o n  r e c e n t l y .  MDRL and t h e  
Massachuset ts  I n s t i t u t e  of Technology (M.I.T.) have a p p l i e d  one s u c h  p r o c e s s ,  
liquid-dynamic compaction (LDC), t o  the a l l o y  Al-4Li-1Cu-0.2Zr with t h e  ob jec t ive  of 
producing a  clean product having a  d u c t i l i t y  and notch s e n s i t i v i t y  super io r  t o  those 
of powder-processed A1-4Li a l loys .  

In  LDC, p a r t l y  molten, u l t rason ica l ly -a tomized  d r o p l e t s  impinge on a  c o o l e d  
s u b s t r a t e  t o  produce a  98-998 dense  compact which can be processed d i r e c t l y  t o  
extrusion o r  shee t  (Figure l b )  . Since a tan ized  p a r t i c l e s  impinge immediately o n t o  
t h e  compact,  t h e  f r e e  sur face  a r e a  and hence t h e  oxygen concentrat ion and inc lus ion  
d e n s i t y  i n  t h e  f i n a l  product  a  e  s u b s t a n t i a l l y  r e q ~ c e d . ~  The c o o l i n g  r a t e  o f  5 aluminum a l l o y s  i n  L D C  is - 1 0  K/s, compared t o  10 - 10 K / s  f o r  u l t r a s o n i c a l l y  
atomized powders ('I). ? h i s  l i m i t a t i o n  d o e s  n o t  s i g n i f i c a n t l y  d e g r a d e  t h e  
m i c r o s t r u c t u r e s  of t h o s e  a l l o y s  t h a t  do no t  p o s s e s s  l a r g e  c o n c e n t r a t i o n s  of 
insoluble p a r t i c l e s .  Further d e t a i l s  of LDC a r e  given i n  reference ( 4 ) .  

Liquid-dynamic compacts of Al-4Li-1Cu-0.2Zr were processed i n t o  0.20-cm (0.080- 
i n . )  t h i c k  s h e e t s  and a  1-cm ( 0 . 4 - i n . )  d i a m e t e r  c y l i n d r i c a l  e x t r u s i o n .  The 
c o n v e n t i o n a l  P/M e x t r u s i o n  ( 1 )  and t h e  LDC e x t r u s i o n  have s imi la r  d e n s i t i e s  and 
compositions. The two types of extrusions have s imi la r  c o n c e n t r a t i o n s  of 6 ( A l L i )  
and T 2  c o n s t i t u e n t  p a r t i c l e s  (Figure 2 ) ,  but t h e  LDC extrusion i s  y i r t u a l l y  f r e e  of 
t h e  oxlde p a r t i c l e s  which appear  i n  p r o f u s i o n  i n  t h e  P/M e x t r u s i o n .  The oxygen 
c o n c e n t r a t i o n  i n  t h e  LDC e x t r u s i o n  is approximately 20 ppm compared with 600-1000 
ppm i n  t h e  conventional extrusion,  i n  agreement with t h e  observed microstructures .  

The d u c t i l i t i e s  and notch t e n s i l e  s t r e s s / y i e l d  s t r e s s  r a t i o s  of LDC shee t s  i n  
both longi tud ina l  and t ransverse d i rec t ions  a r e  superior  t o  t h o s e  of  s h e e t s  r o l l e d  
from t h e  P/M extrusion (Table 2) . Microstructural  examination and t e x t u r e  analyses 
of t h e  s h e e t s  show t h a t  the  lower y i e l d  s t r e s s e s  of t h e  LDC s h e e t s  a r e  a s s o c i a t e d  
w i t h  weaker t e x t u r e s  and l a r g e r  subgr  a i n  diameters which r e s u l t  from the smaller  
degree of warm working required t o  produce t h e  LDC shee t s .  The LDC e x t r u s i o n  has  a  
s t r o n g  f i b e r  t e x t u r e  a n d  h e n c e  a  h i g h e r  l o n g i t u d i n a l  s t r e n g t h  t h a n  t h e  P/M 
e x t r u s i o n ,  w h i l e  r e t a i n i n g  s u p e r i o r  n o t c h  s e n s i t i v i t y  owing t o  i t s  low oxygen 
c o n c e n t r a t i o n .  The f r a c t u r e  s u r f a c e  of a  notched LDC extrusion specimen shows a  
to r tu rous  f r a c t u r e  sur face  i n d i c a t i v e  of high energy absorpt ion ( F i g u r e  3 b ) ,  w h i l e  
t h e  P/M e x t r u s i o n  has  a  much f l a t t e r  f r a c t u r e  s u r f a c e  i n d i c a t i v e  of high notch 
s e n s i t i v i t y  (Figure 3a) .  

FATIGUE BEHAVIOR 

The fa t igue  behavior of longi tud ina l  (L) and t ransverse (TI specimens of peak- 
aged Al-4Li-0.2Zr extrusions (1)  w a s  examined. Part  of t h e  aging treatment was done 
a f t e r  machining t o  help r e l i e v e  r e s i d u a l  s t r e s s e s ,  and a p p r o x i m a t e l y  500 u m  was 
removed from t h e  d iameter  of each  specimen by e lec t ropol i sh ing  p r i o r  t o  t e s t i n g .  
F i g u r e  4  shows t h e  S-N c u r v e s  f o r  L and T  specimens.  Crack i n i t i a t i o n  i n  L 
specimens always o c c u r r e d  a t  f o r e i g n  p a r t i c l e s .  A t  longer  l i f e t i m e s ,  t h e r e  is a  
g rea te r  tendency f o r  i n t e r n a l  c rack  n u c l e a t i o n .  A t r a n s i t i o n  from x t e r n a l  t o  Fi i n t e r n a l  n u c l e a t i o n  a s  f a t i g u e  l i f e  i n c r e a s e s  has been found a t  - 10 cycles f o r  
severa l  mate r ia l s  (5-7) . Numerous l a r g e  (50 pm) p 8 r t i c l e s  i n  extruded Al-4Li-0.2Zr 
e v i d e n t l y  cause t h e  t r a n s i t i o n  t o  occur a t  3  x 10 cyc les .  Three d i s t i n c t  types of 
cracks were observed: a  "planew crack (Figure 5a) ;  a  " c h i s e l v  c rack  ( F i g u r e  5 b ) ;  
and a  "cone" c r a c k  ( F i g u r e  5 c )  . No c o r r e l a t i o n  was found between i n i t i a t i o n  s i t e  
type and crack type .  A l l  of t h e  L-samples showed a n g l e s  of 27-37O between t h e  
f a t i g u e  crack and t h e  s t r e s s  ax i s .  



The paucity of da ta  f o r  T-samples i s  due t o  a  tendency f o r  t h e s e  specimens t o  
f a i l  i n  t h e  threads.  Apparently, t h i s  mate r ia l  is extremely notch s e n s i t i v e  i n  t h e  
t ransverse d i rec t ion .  An example of f a i l u r e  i n  a  T-specimen is given i n  F i g u r e  5d. 
No f o r e i g n  p a r t i c l e  was found a t  t h e  nucleat ion s i t e .  Propagation of these cracks 
was always i n  t h e  s h o r t  t ransverse d i rec t ion .  

A n a l y s e s  of ( 1  11 ) , ( 2 0 0 1 ,  a n d  ( 2 2 0 )  p o l e  f i g u r e s  o b t a i n e d  by n e u t r o n  
d i f f r a c t i o n  showed a predcminant (110)<112> pre fe r red  or ien ta t ion .  For both L and T 
s p e c i m e n s ,  f r a c t u r e  s u r f  a c e s  a p p a r e n t l y  c o i n c i d e  w i t h  { I  1 1  1 p l a n e s .  For L 
specimens, these  {1111 planes have Schmid f a c t o r s  of 0.41 and t h u s  e x p e r i e n c e  t h e  
maximum r e s o l v e d  s h e a r  s t r e s s .  For T-specimens, t h e  maximum Schmid f a c t o r  f o r  any 
{ I l l }  plane is 0.27; however, crack growth occurs on a  s e t  of (111) planes f o r  which 
t h e  SchmId f a c t o r  is zero. In  t h i s  case,  crack propagation is  cont ro l led  by t e n s i l e  
r a t h e r  than shear  s t r e s s e s .  This behavior has been observed  f o r  S t a g e  I f a t i g u e  
c r a c k s  i n  a  n i c k e l  base superal loy ( 8 ) .  These cracks propagate on ( 1  111 planes i n  
<110> d i rec t ions ,  as  did cracks i n  T-samples of Al-4Li-0.2Zr. The ana logy  between 
t h e s e  two m a t e r i a l s  i s  a p p r o p r i a t e ,  s i n c e  bo th  c o n s i s t  of a n  f c c  matr ix with a  
p rec ip i ta ted  L1 phase. Additional evidence of t h e  i n f l u e n c e  of t h e  L1 phase  on  
f a t i g u e  behavi%r i s  prov ided  by t h e  extreme macroscopic  d e v i a t i o n s  ?ran Mode I 
cracking i n  L-direction specimens. These deviat ions,  which a r e  n o t  normal ly  found 
f o r  aluminum a l l o y s  t e s t e d  i n  a i r ,  a r e  probably t h e  r e s u l t  of s t rong  s l i p  p lanar i ty .  

CORROSION RESISTANCE 

Corros ion  r e s i s t a n c e s  i n  3 .5% aqueous NaCl s o l u t i o n  of  Al-high Li a l l o y s  
containing Cu o r  Mg addi t ions  have been invest igated.  It has been shown ( 9 )  t h a t  Li  
a d d i t i o n s  t o  A 1  a r e  not  detr imental  t o  corrosion behavior unless  more than 10 vol$ 
of t h e  r e a c t i v e  phase 6 (AlLi) is present .  Otherwise, the  c o r r o s i o n  r e s i s t a n c e  of  
Al-high Li a l l o y s  i s  equal o r  superior  t o  t h a t  of 7XXX a l loys  i n  cor ros ion- res i s tan t  
tempers. C o r r o s i o n  r a t e s  were measured i n  100-h w e i g h t - l o s s  t e s t s .  The f r e e  
c o r r o s i o n  p o t e n t i a l ,  ECOrr, was measured a f t e r  72 h .  Values of Ecor and t h e  
corrosion cur ren t  I were obtained f o r  both nitrogen-deaerated and non-Jeaera ted  
so lu t ions .  ~ u r t h e r ~ a $ f a i l s  of t h e  corrosion t e s t s  a r e  i n  re fe rence  ( 9 ) .  

Table 3 shows t h e  r e s u l t s  of t h e  v a r i o u s  t e s t s  f o r  a l l o y s  h e a t  t r e a t e d  t o  
o p t i m i z e  s t r e n g t h  and  d u c t i l i t y .  Additions of Mg have l i t t l e  e f f e c t  on corrosion 
behavior, but weight l o s s  r a t e s  increase  d r a m a t i c a l l y  when Cu i s  added.  T h i s  i s  
probably  r e l a t e d  t o  t h e  r e l a t i v e l y  noble values of E measured i n  non-deaerated 
so lu t ions .  Values of t h e  breakdown poten t ia l  were appi%g';mately -0.78 t o  -0.82 V, 
independent  of a l l o y ,  heat  treatment, or deaerat ion.  The only exceptions were t h e  
Cu-containing a l l o y s  i n  t h e  non-deaerated s o l u t i o n ,  f o r  which no breakdown p o t e n t i a l  
c o u l d  be measured. In  t h i s  case,  Ecor , is  a t  o r  above t h e  breakdown p o t e n t i a l ,  and 
t h e  passivat ion region is e f f e c t i v e l y  erlmlnated. 

SUPERPLASTIC FORMING 

Net-shape processing techniques such as  s u p e r p l a s t i c  forming minimize usage of 
expens ive  mate r ia l s  and hence a r e  p a r t i c u l a r l y  important t o  RSP A1-4Li a l l o y s .  The 
condi t ions  of s t r a i n  r a t e  and t e m p e r a t u r e  under which RSP Al-4Li-0.2Zr can  be 
s u p e r p l a s t i c a l l y  formed have been determined a t  MDRL i n  b iax ia l  (cone-forming) t e s t s  
(10) .  I n c r e m e n t a l - s t r a i n - r a t e  (ISR) and c o n s t a n t - s t r a i n - r a t e  (CSR) t e s t s  were 
c o n d u c t e d  o n  0 . 2 2 5 -  t o  0.245-cm-thick s h e e t s  a t  590°C under a  superimposed 
hydros ta t ic  pressure of 2.1 t o  2.8 MPa t o  suppress cav i ta t ion .  

R e s u l t s  of ISR experiments (Table 4) show t h a t  RSP A1-4Li-0.2Zr is formable t o  
l a r g e  s u p e r p l a s t i c  s t r a i n s ,  while CSR t e s t s  y i e l d e d  modest s t r a i n s .  The s t r a i n -  
r a t e - s e n s i t i v i t y  exponent  m is  0.33-0.36, t y p i c a l  of Zr-containing A1-Li a l loys  
which have f  ully-recovered subs t ruc tures  p r i o r  t o  thermomechani c a l  p r o c e s s i n g  of 
s u p e r p l a s t i c a l l y  fo rmable  s h e e t s .  Fol lowing a  s u g g e s t i o n  by Ghosh ( l l ) ,  two 
exper iments  were conducted a t  a  h i g h  s t r a i n  r a t e  up t o  E = 0.5,  f o l l o w e d  by 
r e l a x a t i o n  t o  a  lower r a t e  f o r  t h e  remainder of t h e  t e s t .  &is procedure prcmoted 
t h e  continuous formation of favorably-oriented high-angle boundar ies  e a r l y  i n  t h e  
t e s t ,  and t h u s  r e s u l t e d  i n  an improvement i n  s t r a i n  t o  f a i l u r e  r e l a t i v e  t o  t h a t  of 
experiments conducted e n t i r e l y  a t  lower s t r a i n  r a t e s .  



C3-320 JOURNAL DE PHYSIQUE 

RSP Al-4Li -0 .2Zr  u n d e r g o e s  f l o w - s o f t e n i n g  d u r i n g  CSR t e s t s  ( F i g u r e  6 ) .  
Examination of micros t ruc tura l  development d u r i n g  forming  ( 1  1 )  shows t h a t  f low-  
s o f t e n i n g  is  t h e  r e s u l t  of con t inuous  f o r m a t i o n  of  more n e a r l y  equiaxed g r a i n s  
during t e s t i n g .  The e f fec t iveness  of the  i n i t i a l  h i g h  s t r a i n  r a t e  i n  p roduc ing  a  
f a v o r a b l e  m i c r o s t r u c t u r e  f o r  subsequent forming (experiment 6) is borne out by t h e  
lower f l o w  s t r e s s  i n  t h e  l a t t e r  ( l o w - s t r a i n - r a t e )  p o r t i o n  of t h i s  e x p e r i m e n t  
r e l a t i v e  t o  t h a t  of exper iment  4, which was conducted a t  t h e  lower s t r a i n  r a t e  
throughout. Since cav i ta t ion  was c o m p l e t e l y  s u p p r e s s e d  i n  t h e s e  t e s t s ,  d e n s i t y  
measurements of v a r i o u s  s e c t i o n s  of t h e  cone were used t o  e v a l u a t e  L i  l o s s  by 
evaporation or  oxidat ion during forming. The maximum decrease i n  L i  c o n c e n t r a t i o n  
was from 4.0 t o  3.8 w t % ,  and i t  is concluded t h a t  l i th ium l o s s  should not  degrade 
t h e  post-formed mechanical p r o p e r t i q  oglAl-4Li a l loy  p a r t s  s u p e r p l a s t i c a l l y  formed 
a t  o r  above a  s t r a i n  r a t e  of 6 x  10 s . 

CONCLUSIONS 

1 .  Modest improvements i n  d u c t i l i t y  c a n  be a c h i e v e d  i n  RSP A1-4Li a l l o y s  by 
a d d i t i o n s  of Ge, which forms f i n e ,  s l i p - d i s p e r s i n g  d i s p e r s o i d s  d u r i n g  h e a t  
treatment. 

2. Simplif ied processing by liquid-dynamic compaction improves t h e  d u c t i l i t y  and 
n o t c h  s e n g i  t i v i  t y  of  A1-4Li- 1 Cu-O.2Zr ex t rus ions  and shee t  by reducing t h e  volume 
f r a c t i o n s  of oxide dispersoids and inclusions.  

3. A t r a n s i t i o n  f r a n  ex te rna l  t o  i n t e r n a l  crack nucleat ion is found for'L-specimens 
of peak-aged A1-4Li-0.2Zr a s  f a t i g u e  l i f e  i n c r e a s e s .  T h i s  t r a n s i t i o n  o c c u r s  a t  
r e l a t i v e l y  s h o r t  l i f e t i m e s  owing t o  t h e  high concentrat ion of foreign p a r t i c l e s .  

4 .  F a t i g u e  behavior  i s  a n i s o t r o p i c  i n  e x t r u d e d  A1-4Li-0.2Zr. S t a g e  I c r a c k  
p r o p a g a t i o n  is cont ro l led  by shear  s t r e s s e s  i n  L-specimens, and by t e n s i l e  s t r e s s e s  
i n  T-specimens. 

5. A d d i t i o n s  of Mg t o  Al-high L i  a l l o y s  do n o t  s i g n i f i c a n t l y  a f f e c t  corrosion 
b e h a v i o r .  Addi t ions  of Cu d e g r a d e  c o r r o s i o n  r e s i s t a n c e  by r a i s i n g  t h e  f r e e  
c o r r o s i o n  p o t e n t i a l  t o  t h e  v a l u e  of t h e  breakdown p o t e n t i a l  and el iminat ing t h e  
passivat ion region. 

6. Al-4Li-0.2Zr i s  s u p e r p l a s t i c a l l y  formable a t  590°C without excessive l i thium 
losses .  Optimal SPF condit ions involve i n i t i a l  high forming r a t e s  t o  c o n t i n u o u s l y  
p r o d u c e  f a v o r a b l y  o r i e n t e d  h igh-angle  boundar ies .  A p p l i c a t i o n  of a  s u i t a b l e  
hydros ta t ic  pressure completely suppresses cav i ta t ion .  
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Figure 1. Consolidation sequences for Al alloy 
powders: (a) conventional and 
(b) liquid-dynamic compaction. 
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Figure 3. Notched-specimen fracture surfaces of 
peak-aged Al-4Li-1Cu-0.22~ extrusions: 
(a) from gas-atomized powder and (b) 
from a liquid-dynamic compact. 
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- 2  Y ?' Figure 4. S-N fatigue behavior of AI-4Li-0.2Zr, 
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r. C\ solution-treated 588°Cllh and aged - ?r \= W. 16O0C148b. Specimens tested in air 
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Figure 2. Microstructures of RSP Al-4Li-1Cu-0.2Z1. 

extrusions: (a) from gas-atomized powder 
and (b) from a liquid-dynamic compact. 
Solution-treated 560°C/lh. 



Figure 5. Fracture surfaces of peak-aged Al-4Li-0.2Zr fatigue specimens: (a) L-specimen, 
"plane" crack, (b) L-specimen, "chisel" crack, (c) L-specimen, "cone" crack, and 
(d) T-specimen (arrow indicates crack origin). 
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Figure 6. Flow stress as a function of forming 
strain during superplastic forming of 
RSP AI-4Li-0.2Zr at 590°C. 
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Table 1. Mechanical properties of peak-aged, modified 
RSP AI-4Li-1Mg alloys. 

Ultimate tensile 
~ l l o y  composition stress Elongation 

(MPa [ksil) ( ~ p ~  rksil) (%) 

Al-4Li-1Mg-0.2Zr (baselie alloy) 468 [67.91 524 t76.01 4.9 

87-224-235 

Table 2. Smooth and notched-specimen mechanical properties of various 
RSP Al-4Li-1Cu-O.2Zr product forms. 

-.. . . Ultimate Notch Yield Product form Temper stress (YS) tensile Elongation tensile NTSIYS 
stress (9%) stress (NTS) ratio 

(MPa) (MPa) (MPa) 
P/M extrusion T6 473 510 3.8 195 0.41 
Extrusion from LDC T6 503 568 4.2 440 0.87 
Sheet from P/M extrusion T6 470 502 2.1 144 0.31 

T8 506 529 1.6 93 0.18 
Sheet from LDC T6 391 476 5.0 208 0.51 

Table 3. Biaxial superplastic forming experiments on rapid 
solidification processed AI-4Li-0.2Zr at 590°C. 

True strain Engineering 
strain at 
failure, sensitivity 
E (%) exponent, m 

-- -- - - 

1 2.3 x 108 - 2.40 loo0 0.36 
3.1 x 

(inmental) 

6 3.7 x to 1.79 500 - 
4 = 0.5, then 
6.8 x lo4 



Table 4. Corrosion rates and potentiodynamic data for the alloys investigated. 

Deaerated Not deaerated 
Corrosion 

A I I O ~  rate Eeorr 'corn o m  Ieorr 
(mmlyr) (V vs scE)(pA/Cm2) ( v  vs s c E ) ( w A ~ c r n ~ )  

* - Solution heat treated at 588'C. aged 48 hours at 160eC. All other alloys solutwn 
heat treated at 560°C. aged 48 hours at 16OoC. 

87-224-237 


