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R&sum& - Nous avons  P t u d i k  l e s  z o n e s  G.P. darts un a l l i a g e  Ti -= .Sa t% C u  A 
l ' a i d e  d ' u n e  s o n d e  a tomique .  L e s  a n a l y s e s  o n t  r & v & l &  u n e  s t r u c t u r e  m u l t i c o u c h e s  
d e  c e s  z o n e s  a v e c  u n e  a l t e r n a n c e  p o s s i b l e  d e  p l a n s  r i c h e s  en  c u i v r e  e t  d e  p l a n s  
r i c h e s  e n  t i t a n e .  La c o m p o s i t i o n  moyenne d e  c e s  p l a q u e t t e s  est c o m p r i s e  e n t r e  
20% et 40% . 
A b s t r a c t  - G.P. z o n e s  i n  a  Ti-?.Sat% Cu a l l o y  were  i n v e s t i g a t e d  on an  a t o m i c  
s c a l e  by  means of atom p r o b e .  A n a l y s e s  r e v e a l e d  a  m u l t i - l a y e r  s t r u c t u r e  w i t h  a  
p o s s i b l e  a l t e r n a t i o n  of c o p p e r  r i c h  p l a n e s  w i t h  t i t a n i u m  r i c h  p l a n e s ,  The c o p p e r  
a v e r a g e  c o n c e n t r a t i o n  of t h e  p l a t e l e t s  was found  t o  b e  i n  a  r a n g e  of 20% t o  40% 

I - INTRODUCTION 

I n  s p i t e  of some d i f f i c u l t i e s  i n  t i p  p r e p a r a t i o n ,  and a l t h o u g h  t i p  f a i l u r e s  a r e  
v e r y  common under  t h e  f i e l d  stress, A.P. s t u d i e s  o f  h i g h  c o n t e n t  t i t a n i u m  b a s e  
a l l o y s  a r e  now p e r f o r m a b l e  / I / .  

The p a r t i c u l i a r i t y  of t i t a n i u m - c o p p e r  a l l o y s  is t h a t  a g e - h a r d e n i n g  is a v a i l a b l e  
by p r e c i p i t a t i o n  of c o p p e r  e n r i c h e d  r o n e s  i n  t h e  ff p h a s e  /2 / .  B e t t e r  mechanica l  
p r o p e r t i e s  t h a n  t h o s e  o b t a i n e d  w i t h  p u r e  t i t a n i u m  a r e  t h e r e f o r e  a v a i l a b l e  w l t h  s u c h  
m a t e r i a l s  /3/. 

The p u r p o s e  of t h i s  s t u d y  is t o  g e t  more i n f o r m a t i o n s  a b o u t  t h e  s t r u c t u r e  and  
t h e  c o m p o s i t i o n  of G.P. z o n e s  i n  t i t a n i u m - c o p p e r  a l l o y s .  

I 1  - EXPERIMENTAL 

The a l l o y s  Ti-3wt%Cu were  s u p p l i e d  by t h e  O f f i c e  N a t i o n a l  d ' E t u d e s  et d e  
Recherche= A P r o s p a t i a l e s  (O.N.E.R.A.). They were  p r e p a r e d  by u s i n g  a r c - m e l t i n g  
t e c h n i q u e .  They were  s o l u t i o n  t r e a t e d  1 hour  at 8 0 O 0 C ,  1 hour  a i r  c o o l e d  and t h e n  
aged  28 d a y s  a t  400°C. T h i s  t r e a t m e n t  l e a d s  t o  o b v i o u s l y  v i s i b l e  p r e c i p i t a t e s  
f o r m i n g  c o h e r e n t  p l a t e l e t s  on (1011) p l a n e s  of t h e  a l p h a  m a t r i x  / 4 /  F i g u r e  1. 

The f i e l d  i o n  microscopy  s p e c i m e n s  w e r e  p r e p a r e d  h y  a n o d i c  e l e c t r o p o l  i s h i  ng i n  
a  s o l u t i o n  of 6% p e r c h l o r i c  a c i d  34% n - b u t y l  a l c o h o l  and 60% methanol .  I n  o r d e r  t o  
a v o i d  p a s s i v a t i o n  phenomena i t  h a s  been  n e c e s s a r y  t o  p r o d u c t  a  c i r c u l a t i o n  of t h ~ -  
s o l u t i o n  o b t a i n e d  by means of a  p e r i s t a l t i c  pump. An e l e c t r o p o l i s h i n g  c e l l  h a s  bee6  
s p e c i a l l y  d e s i g n e d  t o  t h a t  e f f e c t .  

The atom p r o b e  used  i n  t h i s  s t u d y  is a  c o n v e n t i o n a l  one.  The i n s t r u m e n t  d e t a i l s  
and p e r f o r m a n c e s  are d e s c r i b e d  e l s e w h e r e  /5/. R e l i a b l e  d a t a  were  o b t a i n e d  by  u s i n g  a  
p u l s e  f r a c t i o n  of  20% of t h e  DC v o l t a g e ,  -an a  t i p  t e m p e r a t u r e  l y i n g  be tween  40 li: a n d  
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8 0  K. Analyses  were c a r r i e d  o u t  i n  a  vacuum of 10-9 Torr .  FIN o b s e r v a t i o n s  were  
performed a t  2 0  K. The f i g u r e  2 shows a  FIM micrograph  of  a  Ti-3wt%Cu specimen 
o b t a i n e d  w i t h  neon a s  imaging  g a s .  A low index  p o l e  is c l e a r l y  v i s i b l e .  The t i t a n i u m  
is o b s e r v e d  i n  t h e  mass s p e c t r a  a s  doubly  c h a r g e d  i o n s  w h i l e  t h e  c o p p e r  i s  d e t e c t e d  
a s  d o u b l y  and f o r  a  s m a l l e r  p a r t  a s  s i n g l y  c h a r g e d  i o n s .  

I l l  - RESULTS AND DlSCUSSIDN 

Composit ion 

The c o m p o s i t i o n  averaged  o v e r  a l l  t h e  a n a l y s e s  is 1.40 +_ 0 . 0 5 a t %  of copper .  
T h i s  r e s u l t  i s  i n  good agreement w i t h  t h e  s o l u b i l i t y  l i m i t  of copper  i n  t h e  a l p h a  
p h a s e  a t  t h e  e u t e c t o i d  p o i n t  g i v e n  i n  t h e  l i t e r a t u r e  a s  1 . 6 a t %  /6/, 1 . 2 5 a t %  /7/ o r  
1 . 4 a t %  /a/.  The e x c e s s  of copper  i n  Ti-3wt% Cu i.e Ti-Z.3at% Cu l e a d s  t o  a  g r a i n  
boundary p r e c i p i t a t i o n  of a  Ti2Cu p h a s e  / 3 / .  Because  t h i s  p h a s e  i s  n o t  homoqeneously 
d i s p e r s e d  we o n l y  encounted  two p r e c i p i t a t e s  of t h i s  k ind  d u r i n g  o u r  i n v e s t i g a t i o n s .  

Depth of a n a l  y s i s  

One major problem i n  A.P. d a t a  a n a l y s i s  is t h e  d e t e r m i n a t i o n  of t h e  d e p t h  of 
a n a l y s i s .  T h i s  i s  of p a r t i c u l a r  s i g n i f i c a n c e  when t h e  s t u d i e d  o b j e c t s  a r e  s m a l l  
p l a t e l e t s  ~f unknown t h i c k n e s s .  

When t h e  r i n g  c o u n t i n g  t e c h n i q u e  o r  even  l a y e r  by l a y e r  a n a l y s i s  a r e  n o t  u s a b l e  
(poor  image q u a l i t y  ... ) ,  t h e  f o l l o w i n g  g e n e r a l  r e l e v a n t  e x p r e s s i o n  of t h e  a n a l y s i s  
d e p t h  p  c a n  b e  used  /B/ : 

where N i s  t h e  number of d e t e c t e d  i o n s  and Vm t h e  a v e r a g e  e v a p o r a t i o n  v o l t a g e .  

The f i r s t  term of t h i s  e x p r e s s i o n  d e p e n d s  upon t h e  a p p a r a t u s  i t s e l f  ( d e t e c t o r  
e f f i c i e n c y  0 ,  f l y i n g  p a t h  L,  d e t e c t o r  a r e a  SD). 

The second f a c t o r  is r e l a t e d  t o  t h e  m e t e r i a l  p a r a m e t e r s  ( a t o m i c  volume Vat, 
e v a p o r a t i o n  f i e l d  E and g e o m e t r i c a l  f a c t o r  p , p r o j e c t i o n  p o i n t  m). 

The t h i r d  term d e p e n d s  upon t h e  site of a n a l y s i s  ( a n g l e  6 between t h e  t i p  a x i s  
and t h e  normal t o  t h e  i n v e s t i g a t e d  p o l e  ( h k l ) ,  a n g l e  Q) between  t h e  t i p  a x i s  and t h e  
d e t e c t o r  d i r e c t i o n ) .  

T h e r e f o r e  two p o s s i b i l i t i e s  e x i s t  t o  g e t  a  p r a c t i c a l  f o r m u l a  : 

p = k . N / v m 2  

The f i r s t  is t o  per form a l a y e r  b y  l a y e r  a n a l y s i s  on  s known p o l e  l o c a t e d  n e a r  
t h e  t i p  a x i s  where Y(m, 0 ) c o s (  6 + @ )  = 1  and t o  d e d u c e  k  from t h e  number of 
d e t e c t e d  a toms p e r  p l a n e .  

The second is t o  estimate k f rom t h e  r e s u l t s  o b t a i n e d  w i t h  a n  o t h e r  m a t e r i a l  
( n i c k e l  i n  o u r  c a s e )  where t h i s  k p a r a m e t e r  is known i n  t h e  same atom p r o b e  
c o n f i g u r a t i o n  : 

The f i r s t  method s u p p o s e s  t h e  p o s s i b i l i t y  t o  index  t h e  d i f f e r e n t  p o l e s .  In  f a c t  
t h i s  is n o t  o f t e n  t h e  c a s e  w i t h  t i t a n i u m  b e c a u s e  of  t h e  poor  c o n t r a s t  of  FIM images.  
However i t  i s  p o s s i b l e  t o  make some a s s u m p t i o n s  between f o u r  o r  f i v e  low index  p o l e 5  
and t o  compare t h e  r e s u l t s  f o r  k t o  t h e  one  o b t a i n e d  b y  t h e  second  method. 



Fortunate ly  we succeed t o  t raverse G.P. zones during layer  by layer  analyses, 
t h i s  a l lows t o  c l e a r l y  recognize these planes as the hab i t  planes (1011). Therefore, 

t h i s  g ives us a more r e l i a b l e  determination of k. F i n a l l y  we founq k = 17 + 1.5 6 k v L  
whl le  the r e s u l t  obtalned by the second method was 16.5 + 2.5 A ~ v ~ .  

FInalysis of p l a t e l e t s  sideway crossed 

A t y p i c a l  p r o f i l e  i s  given i n  f i g u r e  3. I t  sure ly  ind ica tes  t h a t  a G.P. zone 
has been crossed but i s  not  very in format ive as regards t h e  r e a l  s t r uc tu re  and 
composition of t he  p l a t e l e t .  However some i nd i ca t i ons  can be drawn from such a 
p r o f i l e .  

I f  p  i s  the crossing length through the G.P. zone ( f i g u r e  41, a the  angle 
between t he  p l a t e l e t  and the analys is  cy l inder  axis, n.d(hkl) the  thickness o f  the 
p l a t e l e t  and D the  diameter of the analys is  cyl inder, one can w r i t e  : 

i t  i s  then poss ib le  t o  ca lcu la te  each CX value corresponding t o  t he  various 
values o f  n. 

Afterwards t he  poss ib le  compositions of the  G.P. zone can be derived. Since the  
e l l i p t i 6  surface of  t h e  p l a t e l e t  in tercepted by the ana lys is  cy l inder  i s  : 
S = DL / ( 4 . sinCX) t he  expected number of co l lec ted  atoms f o r  a p l a t e l e t  whose 
th ickness i s  n.d i s  : 

2 N = Q.D .n.d / 4.Vat.sin a 
P 

w i th  P the  detector  e f f i c iency .  

Then the  p l a t e l e t  composition i s  : 

Cp = N ~ L t  / Np 

where NCU i s  the observed number o f  copper atoms. 

Obviously s ince N depends on the  CX angle, i t  e x i s t s  a c o ~ ~ p l e  C (n), a! (n) f o r  
each value of n. P P 

The l a s t  in format ion being used i s  the  maximum concentrat ion observed C i n  the  
cen t ra l  p a r t  of t he  p ro f i l e .  This concentrat ion can a lso  be der ived from n akd : 

where 1. a re  the in te rcep ted  leng th  of  (hk l )  planes ( f i g u r e  4), n t he  number of 
( hk l )  i n  the p l a t e l e t ,  nT  the number of  ( h k l )  planes in tercepted by the  
analys is  area. 

Therefore a comparison between the  calcu lated Cc(n) and the  observed value 
Co 

can be done. 

The t a b l e  1 g ives t he  r e s u l t s  f o r  CX , Cn a_nd Cc f o r  the  zone of f i g u r e  3. 
t- 



JOURNAL DE PHYSIQUE 

T a b l e  1  

These  r e s u l t s  i n d i c a t e  t h a t  t h e  o b s e r v e d  p r o f i l e  c o u l d  have  been o b t a i n e d  
e i t h e r  w i t h  a  p l a t e l e t  of o n e  p u r e  copper  l a y e r  c r o s s e d  a t  46" by t h e  a n a l y s i s  
c y l i n d e r  ( o b v i o u s l y  1.1 h a s  t o  b e  t a k e n  a s  l ) ,  o r  w l t h  p l a t e l e t s  of 2 ,  3, 4 o r  5 
l a y e r s  w i t h  d e c r e a s i n g  c o n c e n t r a t i o n s  t r a v e r s e d  wi th  t h e  i n d i c a t e d  a n g l e s .  

But t h e  o b s e r v e d  c o m p o s i t i o n  a t  t h e  c e n t r a l  p a r t  of t h e  z o n e  : 

C. = 16 Cu a toms 1 43 Cu+Ti a toms = 37% 
i i d i c a t e s  t h a t  a  3 o r  4  l a y e r s  s t r u c t ~ ~ r e  seems t o  b e  more l i k e l y .  

F i g u r e  5 q i v e s  a d i f f e r e n t  p r o f i l e  f o r  a  p l a t e l e t  c r o s s e d  more p e r p e n d i c u l a r y .  
The s l o p e  of t h i s  p r o f i l e  i n d i c a t e s  t h a t  t h e  p l a t e l e t  i s  n o t  composed of a s i n g l e  
p l a n e  b u t  a t  l e a s t  of 3 o r  4 p l a n e s  and s u g g e s t s  an a l t e r n e d  s t r u c t u r e  Cu r i c h  p l a n e  
- Ti r i c h  p l a n e ( s 1  - Cu r i c h  p l a n e .  

The d i f f e r e n t  p r o f i l e s  w e  o b s e r v e d  were a l l  s i m i l a r  t o  o n e  o r  t h e  o t h e r  
p r e v i o u s  ones .  

Layer b y  l a y e r  a n a l y s i s  

S i n c e  t h e  random a n a l y s i s  of  G.P. z o n e s  seems t o  i n d i c a t e  a complex s t r u c t u r e  
of  3 o r  4 l a y e r s ,  i t  was t h e r e f o r e  i n t e r e s t i n g  t o  a t t e m p t  a  l a y e r  by l a y e r  a n a l y s i s  
a s  Hashizume and S a k u r a i  d i d  /9/ f o r  01-gu. We t r i e d  t h i s  on d i f f e r e n t  p o l e s  w i t h  
t h e  hope  t h a t  o n e  of  them w i l l  b e  t h e  (1011) h a b i t  p l a n e .  

F i g u r e s  b a  and  bb show t h e  c o p p e r  c u m u l a t i v e  p l o t s  o b t a i n e d  f o r  t w o  d i f f e r e n t  
l a y e r  by l a y e r  a n a l y s e s .  The f l u x  c u r v e s  v e r t i c a l l y  drawn a l l o w  t o  mark t h e  
d i f f e r e n t  l a y e r s .  

The f i r s t  p l a t e l e t  ( f i g u r e  ba) h a s  a  t h i c k n e s s  of  f o u r  l a y e r s  w i t h  a  s i m i l a r  
a l t e r n e d  s t r u c t u r e  a s  s u g g e s t e d  p r e v i o u s l y  : o n e  c o p p e r  r i c h  l a y e r ,  t w o  t i t a n i u m  
r i c h  l a y e r s ,  o n e  c o p p e r  r i c h  l a y e r .  Of c o u r s e  we have  t o  t a k e  i n  a c c o u n t  t h e  
p o s s i b l e  s t a t i s t i c a l  d e v i a t i o n s  b e c a u s e  of  t h e  v e r y  s m a l l  number of c o l l e c t e d  a toms 
i n  s u c h  a n a l y s e s .  

The second p r o f i l e  o b t a i n e d  w i t h  a  somewhat l a r g e r  d e t e c t i o n  a r e a  e x h i b i t s  a  
similar m u l t i - l a y e r  s t r u c t u r e  w i t h  f o u r  l a y e r s .  The a v e r a g e  c o m p o s i t i o n  is found t o  
b e  28% + 10% of copper .  

I V  - CONCLUSION 

We performed a n a l y s e q  on a  Ti-3wt%Cu a l l o y  c o n t a i n i n g  copper  e n r i c h e d  G.P. 
zones .  The v a l u e  of 1 . 4  a t %  of c o p p e r  o b t a i n e d  o v e r  a l l  t h e  e x p e r i m e n t s  In  good 
agreement  w i t h  t h e  s o l u b i l i t y  l i m i t  of copper  i n  t h e  a l p h a  m a t r i x  g i v e s  u s  
conf ~ d e n c e  a b o u t  t h e  d a t a  r e 1  i a b i  1  i t y .  

The G.P. z o n e s  randomly c r o s s e d  o r  d u r i n g  l a y e r  by l a y e r  a n a l y s i s  are m u l t i -  
l a y e r  p l a t e l e t s  w i t h  a  p o s s i b l e  number of 3 t o  5 l a y e r s .  Some r e s u l t s  s u g g e s t  an 
a l t e r n e d '  s t r u c t u r e .  c o p p e r  r i c h  - t i t a n i u m  r i c h  l a y e r s .  The a v e r a g e  p l a t e l e t  
c o m p o s i t i o n s  a r e  r a n g e d  f rom 20% t o  40% . 



F i g  1 : B r i g h t  F i e l d  E l e c t r o n  
micrograph o f  a Ti 3Cu a l l o y  aged  28 
d a y s  a t  400°C (from VASSEL /4 / )  

F i g  2 : FIM Micrograph o f  a T i  3Cu 
Specimen 

C U M U L A T I V E  NUMBER OF T i + C u  ATOMS N t  

5 0 

Fig 3 : I n t e g r a l  p r o f i l e  o f  Cu showing t h e  c r o s s i n g  o f  a G.P. z o n e  

F i g  4 : Schematic  o f  t h e  c r o s s i n g  of  a p l a t e l e t  by t h e  a n a l y s i s  c y l i n d e r  
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CUMULATIVE NUMBER OF Ti+Cu ATOMS Nt 

Fig 5 : Integral profile of Cu showing the crossing of a G.P. zone 

Fig 6 a and b 
Integral profiles 
of %u and Ti in 
layer by layer 
analysis of two 
G.P. zones, with 
the corresponding 
flux curves N 
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