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Abst rac t .  - The pa ren t  c u b i c  phases o f  a l l o y s  which undergo m a r t e n s i t i c  t ransform-  
a t i o n s  e x h i b i t  va r i ous  p re t rans fo rma t iona l  e f f e c t s  i n c l u d i n g  the  development o f  
f i n e - s c a l e  p e r i o d i c  s t r a i n  modulat ions. T h i s  d i f f u s e  m ic ros t ruc tu re ,  revea led by 
e l e c t r o n  microscopy and d i f f r a c t i o n ,  i s  i d e n t i f i e d  as a  dense a r r a y  o f  incommensu- 
r a t e  shear s t r a i n s  o f  {110} <110> type. T h i s  behavior,  which r e s u l t s  i n  an 
i n c i p i e n t  l o s s  o f  cub i c  symmetry, appears t o  be r e l a t e d  t o  t h e  concurrent  pa ren t  
l a t t i c e  s o f t e n i n g  ( i . e .  t h e  decrease o f  C'  w i t h  decreas ing temperature approaching 
MS) t h a t  i s  observed i n  most o f  t h e  same a1 loys. 

S o l i d  s t a t e  phase t rans fo rma t ions  proceed by a  v a r i e t y  o f  mechanisms i n v o l v i n g  
e i t h e r  t h e r m a l l y  a c t i v a t e d  d i f f u s i o n a l  atomic rearrangements o r  athermal d i f f u -  
s i o n l e s s  atomic displacements.  M u l t i p l e  t r a n s i t i o n s  a re  a l s o  poss ib le ,  o c c u r r i n g  
s e q u e n t i a l l y  o r  c o n c u r r e n t l y  depending upon the  i n t e r p l a y  o f  thermodynamic and 
k i n e t i c  f a c t o r s  e s t a b l i s h e d  by m a t e r i a l  t reatment  cond i t i ons .  I n  t h e  course o f  
such t reatment  cycles,  pa ren t  phases o f t e n  develop f l u c t u a t i o n s  i n  atomic o rde r  o r  
concen t ra t i on  and/or l a t t i c e  s t r a i n  and these tend  t o  a n t i c i p a t e  c r i t i c a l  charac- 
t e r i s t i c s  of t h e  impending t r a n s i t i o n ( s ) .  Of these, f l u c t u a t i o n s  i n  s t r a i n  a r e  
u s u a l l y  assoc ia ted w i t h  t h e  d i s p l a c i v e  mechanisms and i n  p a r t i c u l a r ,  a  p e r i o d i c  
modula t ion o f  shear s t r a i n s  has been found t o  be common t o  most o f  t h e  va r ious  and 
d i v e r s e  a l l o y  systems t h a t  undergo m a r t e n s i t i c  t rans fo rma t ions  [1,2]. A represen- 
t a t i v e ,  though f a r  f rom an a l l  i n c l u s i v e  l i s t i n g  o f  t h e  systems i n  which these 
e f f e c t s  have been observed i s  g i ven  i n  t a b l e  1. 

The s t r a i n  modula t ions are  r e a d i l y  detec ted by e l e c t r o n  microscopy and e l e c -  
t r o n  and x- ray  d i f f r a c t i o n .  Transmission e l e c t r o n  micrographs e x h i b i t  a  f i n e  
-scale, d i f f u s e ,  s t r i a t e d  m i c r o s t r u c t u r e  which i s  commonly r e f e r r e d  t o  as "tweed" 
and i s  shown i n  f i g u r e s  la,b and 3  [3]. The s t r i a t i o n s ,  t y p i c a l l y  o f  3-6 nm 
p e r i o d i c i t y ,  l i e  p a r a l l e l  t o  {110} t races  o f  t he  pa ren t  cub ic  phases, where 
t h e  pa ren t  s t r u c t u r e  may be v a r i o u s l y  d i so rde red  bcc, d isordered fcc  o r  ordered 
82, D O j ,  L12, e tc .  (see t a b l e  1). The corresponding d i f f r a c t i o n  p a t t e r n s  
r e v e a l  d i f f u s e  r e l - s t r e a k s  a long <110>* a t  each Bragg r e f l e c t i o n  as seen i n  
f i g u r e  l c  as w e l l  as schemat i ca l l y  i n  f i g u r e  2 [3 (a) , (b) ] .  The unique fea tu res  o f  
t h e  d i f f u s e  s c a t t e r i n g  a r e  as f o l l o w s :  s t r e a k i n g  i s  n o t  present  a t  000, whereas 
se lec ted  s t reak  absences occur  s y s t e m a t i c a l l y  a t  each r e f l e c t i o n ,  and t h e  l e n g t h  
o f  s t reaks  increases w i t h  i nc reas ing  o r d e r  o f  r e f l e c t i o n .  The d i f f u s e  i n t e n s i t y ,  
Id,  about each Bragg r e f l e c t i o n  i s  r e l a t e d  t o  s t r a i n  b y  
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Fig .  1  : Cu-6.6 at .% Be (1.0 wt.%) as-quenched t o  room 
temperature.  S i n g l e  phase f c c  e x h i b i t i n g  
(110) <110> p e r i o d i c  s t r a i n  modula t ions .  
{ I 1 0 1  tweed i n  2-beam BF ima es, [001] o r i e n -  
t a t i o n ,  ( a )  g=[OOZ]*, ( b )  g=fZZO]*, ( c )  L001]* 
SADP showing <I 1  O y r e l  - s t reaks .  

F i g .  2 :  Schematic r e p r e s e n t a t i o n  
of  t h e  < l l O > *  s t r a i n  
d i f f u s e  s c a t t e r i n g  i n  

F ig .  3  Tweed s t r a i n  c o n t r a s t  due t o  
(1101 <11C> p e r i o d i c  s t r a i n  modula 
t i o n s  w i t h i n  pa ren t  cub i c  phases 
o f  ( a )  Mn-26 a t . %  Cu a t  %180°K 
(from K. Sh imizu) ,  ( b )  Fe - 30.6 
a t . %  Pd a t  213OK ( f rom R. Oshima) 
and ( c )  N i  - 36.8 a t .%  A1 a t  room 
temperature  ( f rom A. Lasalmonie).  



where l a t t i c e  s t r a i n s  a r e  represented by a d isp lacement  wave o f  v e c t o r  Sk and 
g i s  a r e c i p r o c a l  l a t t i c e  v e c t o r  [4,5]. S t reaks a re  t h e r e f o r e  absent when 
- - 
ck  g = 0. Note t h a t  t h e  same c r i t e r i o n  a l s o  a p p l i e s  t o  t h e  m i c r o s t r u c -  
t u r e ;  t h a t  i s ,  tweed s t r i a t i o n s  absent i n  an image a r e  those which would l i e  along 
t r a c e s  normal t o  t h e  d i r e c t i o n s  o f  m iss ing  r e l - s t r e a k s  i n  a cor respond ing d i f f r a c -  
t i o n  p a t t e r n  [3 (a) ] .  The f o r e g o i n g  u n i q u e l y  i d e n t i f i e s  t h e  s t r a i n s  as shears o f  
{110} <110> t y p e  o r  e q u i v a l e n t l y  model l e d  as t r ansve rse  displacement waves o f  
<110>wave v e c t o r  and <110> p o l a r i z a t i o n  vec tor .  

The i n t e r a c t i o n  o f  such waves can be shown t o  g i v e  r i s e  t o  a modulated a r r a y  
o f  incommensurate d isp lacements  ( s t a t i c  and/or dynamic). The r e s u l t  i s  an i n c i -  
p i e n t  l o s s  o f  cub i c  symmetry which t r a n s l a t e s  t h e  p a r e n t  phase toward t e t r a g o n a l  
symmetry as t h e  t r a n s f o r m a t i o n  i s  approached [5]. T h i s  behav ior  can be r e l a t e d  t o  
t h e  concu r ren t  temperature  dependent " so f t en ing "  o f  t h e  pa ren t  l a t t i c e  s i n c e  t h e  
a p p r o p r i a t e  shears a r e  invo lved.  That i s ,  these c u b i c  phases g e n e r a l l y  exper ience 
an anomolous decrease of t h e  e l a s t i c  cons tan ts  C' = 1/2(Cl l -C12) w i t h  decreas- 
i n g  temperature  approaching Ms l s e e  t a b l e  1)  [6]. I n  add i t i on ,  t h e r e  i s  
mount ing ev idence t h a t  {110} <110> shears a re  c h a r a c t e r i s t i c  o f  t h e  i n i t i a l  
s tep  i n  t h e  f o r m a t i o n  m a r t e n s i t e  i n  most systems [1,2,6,10]. These apparent l i n k s  
i n  s t r u c t u r e  and behav io r  seem more than  c o i n c i d e n t a l  and t h u s  suggest an i n t i m a t e  
r e l a t i o n s h i p  between t h e  p r e t r a n s f o r m a t i o n a l  v a r i a t i o n s  i n  s t a t e  and t h e  marten- 
s i t i c  t r ans fo rma t i ons  themselves. Proper  e l u c i d a t i o n  o f  t h e  n a t u r e  and s i g n i f i -  
cance o f  t h e  f o r e g o i n g  w i l l  r e q u i r e  f u r t h e r  exper imenta l  i n v e s t i g a t i o n ,  as w e l l  as 
t h e o r e t i c a l  model l ing .  Our approach t o  t h e  fo rmer  i s  t o  c a r r y  o u t  s t r u c t u r a l  
s t u d i e s  u t i l i z i n g  h i g h  r e s o l u t i o n  e l e c t r o n  microscopy. As t o  t h e  l a t t e r ,  seve ra l  
new t h e o r i e s  i n c o r p o r a t i n g  p r e t r a n s f o r m a t i o n a l  e f f e c t s ,  l o c a l i z e d  s o f t  phonon mode 
concepts and/or non-c l  a s s i c a l  n u c l e a t i o n  a r e  c u r r e n t l y  be ing developed [7-101. 
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