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The n u c l e a t i o n  and g r o w t h  of m a r t e n s i t e  that is r e p r e s e n t a t i v e  of 
b u l k  m a t e r i a l  is d i f f i c u l t  to o b s e r v e  by t r a n s m i s s i o n  e l e c t r ó n  m i c r e s -  
cooy for the f o l l o w i n g  r e a s o n s :  A) In thi n foils the m a r t e n s i t e  produ ct  
m a y  be c o m p l e t e l y  d i f f e r e n t :  H u l l  (1) r e p o r t e d  that  m a r t e n s i t e  in 
C u - 3 9  Wt Z Zn had f o r m e d  d u r i n g  e l e c t r o p o l i s h i n g  in the t h i n n e s t  p a r t a  
of the fo ils a b o v e  the b u l k  t r a n s f o r m a t i o n  t e m p e r a t u r e  M s  ■ « 6 0 S C  and 
that its s t r u c t u r e  was s e v e r e l y  m o d i f i e d  c o n p a r e d  to the bu lk. S i m i l a r  
r e s u l t s  w e r e  o b t a i n e d  by P i t s c h  (2) in Fe a l l o y s  w h i c h  v e r é  p r e p a r e d  
by vacuura e v a p o r a t i o n  of the c o n s t i t u e n t s  on c o l l o d i o n  fi lms. B) W a r -  
t e n s i t e  m a y  not f o r m  at all even far b e l o w  Ms for l a c k  of n u c l e a t i o n  
si t e s  if the v o l u m e  of the o r i g i n a l  p h u s e  is too sma l l  as d i s c u s s e d  by 
F n s t e r l i n g  and M i e k k - o j a  (3) w h o  s t u d i e d  the t r a n s f o r m a t i o n  in p r e c i p i -  
ta tes of Fe in a C u - M a t r i x .  C) O t s u k a  et al (4) w e r e  a b l e  to indu c e  
the t r a n s f o r m a t i o n  in foils of 5 N i - A l  by c o o l i n g  the s a m p l e s  i n s i d e  the 
e l e c t r ó n  m i c r o s c o p e  but co u l d  not f o l l o w  the g r o w t h  b e c a u s e  of the r a p i d  
dr i f t  of the s p e c i m e n .  L o b o d y u k  et al (5) a v o i d e d  the d r i f t i n g  by ob -  
s e r v i n g  foils of a Cu - 1 4 . 1  Z Al -5Z Ni a l l o y  s l i g h t l y  a b o v e  th e i r  Ma 
t e m p e r a t u r e .  In the s e  s a m p l e s  the t r a n s f o r m a t i o n  was i n d u c e d  by s t r e s s -  
es r e s u l t i n g  f r o m  the lo c a l  h e a t i n g  by the e l e c t r ó n  beam.  T h e  s p e c i -  
m e n s  g e n e r a l l y  w e r e  p r e p a r e d  by fi r s t  r o l l i n g  she e t s  of the a l l o y s  and 
then t h i n n i n g  them e l e c t r o l y t i c a l l y  in a r a t h e r  h o m o g e n e o u s  way.

We e m p l o y e d  a d i f f e r e n t  t e c h n i q u e  and p r e p a r e d  the s a m p l e s  by the 
t h i n n i n g  of sm a l l  di s c s  o n l y  in their c e n t e r  p a r t . Otí* to the m e c h a n i c a l  
s t a b i l i t y  of the di s c s  the d r i f t i n g  of the s a m p l e s  wa s r e d u c e d  w h e n  b e i n g  
c o o l e d  i n d i d e  the m i c r o s c o p e ,  and in a d d i t i o n  s u f f i c i e n t  n u c l e a t i o n  sites  
in the t h i c k e r  pa rt of the d i s c s  r e m a i n e d .  In this w a y  we  w e r e  a b l e  to 
o b s e r v e  by t r a n s m i s s i o n  e l e c t r ó n  m i c r o s c o p y  the g r o w t h  of m a r t e n s i t e  d u r ­
ing the c o o l i n g  of the sampl e s .  The r e s u l t s  are r e p o r t e d  in this note.

S i n g l e  c r y s t a l s  of Cu -3 9 . 7  and 40.1 at Z Zn w e r e  g r o w n  in s e a l e d
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v y c o r  c a p s u l e s  in a h e l i u m  a t m o s p h e r e ,  and s u b s e q u e n t l y  q u e n c h e d  fr on the 
8- p h a s e  r e g i ó n  into ice wate r .  Small p l a t e l e t s  of 3mm d i a m e t e r  w e r e  
s p a r k  cut w i t h  th eir fa ces p a r a l l e l  to (100) . The s a m p l e s  w e r e  thenD
t h i n n e d  do wn p r e f e r e n t i a l l y  in the c e n t e r  part by  jet p o l i s h i n g  at r o o m 
t e m p e r a t u r e  u s i n g  a s o l u t i o n  of one pa rt o r t h o p h o s p h o r i c  aci d and four 
p a r t s  wat e r .  In a fi n a l  step  the e l e c t r o p o l i s h i n g  was c o n t i n u e d  in a 
b a t h  of one pa rt o r t h o p h o s p h o r i c  aci d and one part w a t e r  at -1 2 ° C  un t i l  
the fl rst h o l e  a p p e a r e d .  The di scs w e r e  i n s e r t e d  as a w h o l e  into the 
coi d st a g e  s p e c i m e n  h o l d e r  and o b s e r v e d  in a P h i l i o s  EM  300 e l e c t r ó n  
m i c r o s c o p e .  In the Cu -3 9.7 at % Zn allov the star t of the t r a n s f o r m a t i o n  
d u r i n g  c o o l i n g  m a n i f e s t e d  its e l f  by the ra p i d  m o v e m e n t  of the area un der 
o b s e r v a t i o n :  the s h a k i n g  soon s t o o p e d ,  and if the c o o l i n g  v e l o c i t y  was 
s u f f i c i e n t l y  slow, the g r o w t h  of s i n g l e  m a r t e n s i t e  p l a t e s  could be o b ­
s e r v e d  and p h o t o g r a p h e d . In the Cu -40 . 1  at % Zn a l l o v  the t r a n s f o r m a -  
tio n co u l d  be i n d u c e d  by c o o l i n g  the s a m p l e s  to liqu i d  n i t r o g e n  t e m p e r a -  
tu re ( 7 7 . 3 °K), but not w h e n  liqu i d  air was u s e d  as a c o o lant. The drift  
of the s a m p l e s  was m u c h  less tha n in 39.7  at % Zn, p r o b a b l y  due to the 
fac t tha t less  v o l u m e  t r a n s f o r m e d .  The st art  t e m p e r a t u r e  for the t r a n s -  
f o r m a t i o n  (-173 °C)  for 39.7 at % Zn and - 1 9 6 ° C  for 40. 1 at % Zn is in 
c i ó s e  a g r e e m e n t  w i t h  the t e m p e r a t u r e  Ms at w h i c h  bu r s t  type m a r t e n s i t e  
a p p e a r s  on c o o l i n g  the b u l k  m a t e r i a l  (6). In b o t h  a l l o y s  the tra n s -  
f o r m a t i o n  p r o c e e d e d  from the thi c k  r e g i o n s ,  r a r e l y  fr om the ho l e s  in the 
foil. T h e  t h i n n e s t  p a r t s  o f t e n  t r a n s f o r m e d  in a w a y  s i m i l a r  to that 
r e p o r t e d  by H u l l  (l), t h e r e f o r e  we did not s t u d y  this type in det ail. 
D u r i n g  the t r a n s f o r m a t i o n  two d i f f e r e n t  g r o w t h  m e c h a n i s m s  co uld be di s- 
c e r ned: a) a s p i k e - l i k e  g r o w t h  of t h i n  sh eets s i m i l a r  in a p p e a r a n c e  to 
the g r o w t h  of twin f a u l t s  in fcc m e t á i s .  A g r o w t h  s e q u e n c e  is s h o w n  in 
f i g u r e  1. b) a l a t e r a l  t h i c k e n i n g  of the thin  faults as se en in f i g u r e  2. 
In the Cu - 4 0 . 1  at % Zn al l o v  few p l a t e s  t h i c k e n e d  af t e r  the fi rst g r o w t h  
step, w h e r e a s  in the 39.7 at 7, Zn al l o y  the t h i c k e n i n g  o c c u r r e d  o f t e n  
w h i l e  the tip was g r o w i n g .  N e a r  the tip the i n t e r f a c e s  b e t w e e n  m a r t e n s i t e  
and m a t r i x  g e n e r a l l y  w e r e  not p a r a l l e l  to each ot her. As can be see n 
f r o m  f i g u r e  2, an i n t e r n a l  s t r u c t u r e  i n s i d e  the m a r t e n s i t e  exi sts. The 
t r a n s f o r m a t i o n  n e v e r  was c o m p l e t e ,  and s i n g l e  t r a n s f o r m a t i o n  even t s  c o n ­
t i n u e d  ev en a f t e r  the 39.7 at % a l l o y s  had r e a c h e d  liq u i d  n i t r o g e n  t e m ­
p e r a t u r e ,  p r o b a b l y  due to s t r e s s e s  p r o d u c e d  by lo cal h e a t i n g  f r o m  the 
be am . W h e n  the foils w e r e  h e a t e d  ag ain , the m a r t e n s i t e  p l a t e s  d i s a p -
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p e a r e d  in the r e v e r s e  m a n n e r .  O e c a s i o n a l l y  w h e n  large ar e a s  had tran s -  
fo r med, s p i k e s  of the B- p h a s e  w e r e  o b s e r v e d  to a d v a n c e  into the m a r -  
te n site. A s e l e c t e d  a r e a  d i f f r a c t i o n  p a t t e r n  is sho w n  in f i g u r e  3, and 
c o r r e s p o n d a  to a f a u l t e d  o r t h o r h o m b i c  s t r u c t u r e  that has also b e e n  o b s e r ­
v e d  for b u l k  ty pe m a r t e n s i t e  (7). The o r i e n t a t i o n  of the i n t e r f a c e  
b e t w e e n  the t r a n s í o r m e d  r e g i ó n  and the m a t r i x  has b e e n  a n a l y s e d  by the 
s i n g l e  tr a c e  a n a l y s i s .  The r e s u l t s  are p l o t t e d  in the un it s t e r e o g r a p h i c  
t r i a n g l e  in f i g u r e  4 for the thin " f a u l t s "  and af t e r  the m a r t e n s i t e  had 
t h i c k e n e d  (24 p l a t e l e t s  of each kind w e r e  a n a l y z e d ) .  In the l a t t e r  case 
o n l y  tho s e  m a r t e n s i t e  p l a t e l e t s  h a v e  b e e n  us ed for the a n a l y s i s  w h o s e  
two i n t e r f a c e s  w e r e  p a r a l l e l .  The r e s u l t s  s h o w  that the traces all pass 
t h r o u g h  the (2, 11,12) p o l e  but not t h r o u g h  (110)R. Th e ( 2 , l l , l 2 ) p  pl a ñ e  
is the c o m m o n l y  o b s e r v e d  h a b i t  p l a ñ e  for b u l k  m a t e r i a l .  (6).

D I S C P S S I O N

The ció s e  r e l a t i o n s h i p  b e t w e e n  the p r e s e n t  o b s e r v a t i o n  and the m a r ­
t e n s i t e  f o r m e d  in 8 b r a s s  b u l k  m a t e r i a l ,  w h i c h  m a n i f e s t é  its e l f  by the 
s a m e  h a b i t  and the s i m i l a r  s t r u c t u r e ,  s u g g e s t s  that the t r a n s í o r m a t i o n  
m e c h a n i s m  is e s s e n t i a l l y  the same. T h e  m a r t e n s i t e  c r y s t a l l o g r a p h y  in
6 C u - Z n  has s u c c e s a  f u l l y  b e e n  d e s c r i b e d  by the W e c h s l e r - L i e b e r m a n - R e a d  
(WLR) p h e n o m e n o l o g i c a l  t h e o r y  (8) and it is g e n e r a l l y  b e l i e v e d  that a 
s h e a r  on a Í 1 1 0 } g  < l I O > B  s y s t e m  and an a d d i t i o n a l  " s h u f f l e "  of the aton a 
b a s i c a l l y  d e s c r i b e s  the p a t h  of the at o n a  d u r i n g  the t r a n s f o r m a t i o n . 
W h e r e » %  such  a m e c h a n i s m  m a y  e x p l a i n  the t h i c k e n i n g  of the m a r t e n s i t e ,  it 
is d i f f i c u l t  to see h o w  the t h i n " f a u l t s "  g r o w  if on ly a sh ear on p l a n e s  
i n c l i n e d  to the fa ult p l a ñ e  is p e r m i t t e d .  T h e r e f o r e  a d i f f e r e n t  m o d e l  is 
p r o p o s e d  in w h i c h  the t r a n s í o r m a t i o n  is d e c o m p o s e d  int o a she a r  on the 
( 1 1 0 ) B p l a n e s  that are n e a r l y  p a r a l l e l  to the h a b i t  p l a ñ e  and an " a d j u s t -  
m e n t "  sh e a r  on a {11 0 ) B  p l a ñ e . t h a t  is i n c l i n e d  to the p r i m a r y  plañe. The 
m o d e l  and its r e l a t i o n s h i p  to the W L R  t h e o r y  are d i s c u s s e d  in d e t a i l  
e l s e w h e r e  (9). S u m m a r i l y  it can be d e s c r i b e d  as f o l lows: In a first step 
p a t t i a l  d i s l o c a t i o n s  w i t h  B u r g e r s  v e c t o r  1 1 0] m o v e  on c o n s e c u t i v e  
(110) p l a n e s .  D u r i n g  th e i r  m o v e m e n t  thev cha n g e  over to a d i a c e n t  p l a nes,

P

s i n c e  the s h e a r  o c c u r s  on the a v e r a g e  not on a (110) but a (2 11 12)
B R

pla ñ e .  In a h a r d  s p h e r e  m o d e l  the sh ear is a s s o c i a t e d  w i t h  a c o m p r e s s i o n  
of 3. 2 . Z  n o r m a l  to the pla ñ e .  T h i s  t r a n s i t i o n  s t r u c t u r e  has two {110} D
p l a ñ e  v a r i a n t s ,  tha t are i n c l i n e d  to the sh ear p l a ñ e  and that h a v e  b e c o m e
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c i ó s e  p a c k e d  pl anes. An a d d i t i o n a l  sh e a r  on these " s e c o n d a r y "  pla n e s
and a c o n p r e s s i o n  of 5,1 Z n o r m a l  to the m t r a n s f o r a s  the s t r u c t u r e
int o a c i ó s e  p a c k e d  l a t t i c e  v i t h  the sane i n t e r a t o n i c  d i s t a n c e  as the
o r i g i n a l  B ph ase. If the sh ear p l a ñ e  is d e n o t a d  by (111). the shearICC
d i r e c t i o n  is e i t h e r  5 Í H ^ | CC o r i 8 Í ^ ^ i C c ' F i n a l l y  « h o n o g e n e o u s  
d i s t o r t i o n  a d j u s t s  the l a t t i c e  p a r a m e t e r s  to th o s e  o b s e r v e d .  The total  
a d j u s t m e n t  sh e a r  Yj » w h i c h  is c o n p o s e d  of e l e n e n t a l  s h e a r s  in 
a n ^ i g  í ^ ^ ^ c c  * 8 d e t e r n i n e d  by the c o n d i t i o n  that an u n d i s t o r t e d  
h a b i t  p l a ñ e  exist s.  It can be sh o w n  (9) that  the p r e s e n t  n o d e l  and the 
W L R  t h e o r y  p r e d i c t  for 6- br a s s  the same  hab i t  pl añe, m a c r o s c o p i c  shear 
and o r i e n t a t i o n  r e l a t i o n s h i p . the tota l a d j u s t m e n t  sh e a r  > 2  on t*,e 
s e c o n d a r y  sh e a r  p l a ñ e  for 8- br a s s  is sm all (9). If it w e r e  zero, two 
e l e m e n t a l  s h e a r s  in - [ l l 2 ]d i r e c t i o n  are c o m p e n s a t e d  for by one shear  
step in + [ Í 1 2 }  W h e n  these s h e a r s  a r e  d i s t r i b u t e d  evenly, an o r t h o -  
r h o m b i c  A B C B C A C A B  s t a c k i n g  o r d e r  r e s u l t s .  For Y 2  d i f f e r e n t  from  zero, 
a d d i t i o n a l  s t a c k i n g  f a u l t s  h a v e  to be i n t r o d u c e d .  This o r t h o r h o m b i c  
s t r u c t u r e  i n d e e d  is the g e n e r a l l y  o b s e r v e d  one in 8- br a s s  (7). The use 
of the r i g i d  s p h e r e  m o d e l  and the d e c o m p o s i t i o n  of the h ó m o g e n e o u s  
d i s t o r t i o n s  into t h r e e  st e p s  has b e e n  m a d e  for c o n v e n i e n c e  only. W h e r e a s  
the two s h e a r s  are l i k e l y  to o c c u r  s i m u l t a n e o u s l y  d u r i n g  the g r o w t h  of 
the m a r t e n s i t e ,  the fi r s t  sh e a r  m a y  be p r e c e d e d  by the s e c o n d  one d u r i n g  
the n u c l e a t i o n  stage, in w h i c h  the i n t e r m e d í a t e  s t r u c t u r e  is sta b l e 
u n t i l  the nticleus r e a c h e s  a c r i t i c a l  size. This type of n u c l e a t i o n  by a 
sh ea r is a t h e r m a l  and s i m i l a r  to the n u c l e a t i o n  of m a r t e n s i t e  in co ba lt .
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Martensite growing into the 6 matrix. Foil plañe parallel (110) B
(flirt spots on the surface of the foil permit to relate the areas of the photos).

FIG . 2  S)
Thickening of two martensite plates. Foil plañe parallel (110)

F I G . 3
Selected area difraction of a martensite píate

FIG . 4
Experimental habit plañe


