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INTRODUCTION 

Up t o  da te  much e f f o r t  has been devoted t o  

determine t h e  s t r u c t u r e  of  amorphous mate r ia l s  by 

means of d i f f r a c t i o n  techniques which give infor-  

mations on t h e  short-range order .  Sometimes no d i f -  

ference can be detected i n  t h e  s t r u c t u r e  of a me- 

t a l l i c  g l a s s ,  liquid-quenched o r  sgu t te red ,  bu t  

obvious d i f fe rences  e x i s t  i n  t h e c r  mechanical pro- 

p e r t i e s ,  namely b r i t t l e n e s s  versus d u c t i l i t y  ( 1 ) .  

Consequently, such d i f fe rences  must be l inked t o  

another range of  order  (middle-range order  o r  mean- 

range s t r u c t u r e ) .  Such an order  o r  s t r u c t u r e  i s  

relevant  t o  s c a t t e r i n g  techniques i n  t h e  small- 

angles region. This technique provides a l s o  ilifor- 

mation on impuri t ies;  po l lu t ion  of  t h e  samples such 

a s  oxidat ion during t h e i r  heat ing,  f luc tua t ions  

i n  composition o r  densi ty.  Surpris ingly,  small- 

angle s c a t t e r i n g  has not much been used i n  t h e  

pas t  on amorphous mate r ia l s .  So we chose t h i s  tech- 

nique i n  t h e  present  study. 

Our inves t iga t ion  i n  meta l l i c  g l a s s  i s  

twofold. F i r s t l y  we a r e  i n t e r e s t e d  i n  the2im s t ruc-  

t u r e  a f t e r  e labora t ion ,  a s t r u c t u r e  which depends 

on t h e i r  way of  preparat ion and t h e i r  nominal com- 

posi t ion.  Secondly, we have s tudied " in  s i t u "  

t h e i r  evolut ion with time and temperature when 

approaching t h e  g l a s s  t r a n s i t i o n  temperature. 

We s h a l l  begin with some r e s u l t s  on Cu-Zr 

al loys prepared by two d i f f e r e n t  techniques,  i . e .  

rapid quenching from t h e  l i q u i d  s t a t e  and sput te-  

r ing.  These r e s u l t s  w i l l  show t h a t  highly s i g n i f i -  

cant d i f fe rences  appear on t h e  s c a t t e r i n g  p a t t e r n s .  

Then we s h a l l  continue with an inves t iga t ion  of t h e  

i n i t i a l  s t a t e s  of d i f f e r e n t  compositions of  Cu-Ho, 

Cu-Y and Ni -Y  amorphous a l l o y s  prepared by t h e  

spu t te r ing  technique alone,  i n  which s p a t i a l  corre- 

l a t i o n s  a r e  observed.Finally, t h e  evolut ion of 

Cu-Y and Ni-Y with temperature and time w i l l  be 

followed and analyzed. 

Small-angle s c a t t e r i n g  of X-rays i s  a sui-  

t a b l e  technique when emphasis i n  a study i s  put on 

mean-range order  o r  mean-range s t r u c t u r e  [domains 
0 

of some t e n  A o r  l e s s )  i n  small and t h i c k  samples. 

But i n  an amorphous mate r ia l  it i s  a l s o  worthwhile 

t o  get  information on he te rogene i t i es  and varia-  

t i o n s  i n  f i r s t  atomic dis tances.  This i s  t h e  rea- 

son why a s p e c i f i c  camera has been rea l ized  f o r  

X-ray s c a t t e r i n g  measurements between t h e  angular 

cr iginandq = 4TSin0 X - 6.25 W1 including t h e  

small-angles region and t h e  f i r s t  d i f f r a c t i o n  halo 

c h a r a c t e r i s t i c  of an amorphous mate r ia l .  The hea- 

t i n g  of t h e  sample is c a r r i e d  out " in  s i t u "  with a 

small e l e c t r i c a l  furnace on t h e  ax& of  t h e  X-ray 

beam and i n  t h e  middle of t h e  vacuum chamber (up 

t o  t o r r . )  The camera works i n  punctual c o l l i -  

na t ion ,  t h i s  means t h a t  i n t e n s i t i e s  a r e  lower in 

t h e  small-angle region than with l i n e a r  collima- 

t i o n  general ly  used by workers i n  t h i s  f i e l d .  This 

i s  t h e  reason why our camera i s  adapted f o r  an a l i -  

gnment on t h e  very powerful beam given by t h e  syn- 

chrotron rad ia t ion  o f  L . u . R . E . ~  a t  Orsay. Furtner- 

more t h e  s c a t t e r e d  i n t e n s i t i e s  a r e  recorded by 

means o f  a posi t ion-sensi t ive proport ional  counter.  

The high s e n s i t i v i t y  of t h i s  technique allows 

" in  s i t u "  measurements when heat ing t h e  sample and 

provides i n  a shor t  time informations concerning 

t h e  3 regions indi-ated on f igure  1 .  The counter 

can be r o t a t e d  around an a x i s  centered on t h e  

sample. 

* Laboratoire U t i l i s a n t  l e  Rayonnement Electroma- 
gnCtique. 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1980832

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:1980832


JOURNAL DE PHYSIQUE 

Fig. 1 : Scheme of t h e  S.A.S. s e t  up. 

S.A.S. RESULTS ON Cu-Zr 

We studied amorphous Cu 66 Zr34  a l l o y  prepa- 

red by two d i f f e r e n t  techniques, i . e .  spu t te r ing  

and rap id  quenching from t h e  melt (melt spinning) .  

We used ca lor imet r ic  measurements and t h e  sca t te -  

r ing  of X-rays. Our resu l t s  a r e  t o  appear soon ( 3 ) ,  

but,  a s  t h i s  a l l o y  behaves d i f f e r e n t l y  from t h e  

others  s tudied i n  t h i s  paper, it i s  i n t e r e s t i n g  

t o  give here some r e s u l t s  obtzined with X-rays 

only, a s  shown on f igure  2 where d i f fe rences  occur 

i n  t h e  t h r e e  angular regions. 

Fig.2 : Sca t te red  i n t e n s i t i e s  of t h e  two Cu 66 
Zr34  a l l o y s  j u s t  prepared by spu t te r ing  o r  quench 

from t h e  l i q u i d  s t a t e .  

F i r s t  of a l l  t h e  liquid-quenched a l l o y  has 

a  very small s c a t t e r e d  i n t e n s i t y  near the  angular 

o r ig in ,  i n  opposition t o  the  spu t te red  a l l o y  where 

its s c a t t e r i n g  increases very s t rongly  and corres- 

ponds t o  l a r g e  defec t s .  The d i f fe rences  a r e  a l s o  

important f o r  t h e  f i r s t  d i f f r a c t i o n  halo,  concer- 

ning i t s  angular pos i t ion ,  amplitude and width. 

At l e a s t  i n  t h e  ~ d d l e  angular region t h e  sca t te -  

red  i n t e n s i t y  i s  4 or  5 times higher  f o r  t h e  sout- 

t e red  a l l o y  than f o r  t h e  other .  

Our i n t e r p r e t a t i o n  of these  d i f fe rences  i s  

based on t h e  f a c t  t h a t  t h e  spu t te r ing  technique, 

when pro jec t ing  t h e  atoms on a  t a r g e t ,  b u i l d  a  

d i f f e r e n t  sample from t h e  one obtained by melt 

spinning which has a  memory of  t h e  l i q u i d  s t a t e .  

Thus t h e  spu t te red  a l l o y  r e t a i n s  Argon atoms which 

c rea te  voids f i l l e d  with Argon and dens i ty  f luc-  

tuat ions.  Furthermore, t h e  macroscopic d e n s i t i e s  o f  

the two a l l o y s  a r e  d i f f e r e n t .  These observations 

lead us t o  t h e  conclusion t h a t  t h e  sqlat-quenched 

a l loy  i s  a  more homogeneous mate r ia l  than t h e  sput- 

t e red  one. 

During heat ing,  they behave a l s o  d i f f e r e n t l y ,  

t h e  c r y s t a l l i s a t i o n  temperature being higher  

f o r  t h e  spu t te red  a l loy .  But during t h e  heat ing,  

some oxidat ion occurs (even i n  a vacuum of 10 -6 

Torr) near t h e  g l a s s  t r a n s i t i o n  temperature loca- 

t e d  a t  476OC f o r  t h e  liquid-quenched a l l o y  and 

532OC f o r  t h e  spu t te red  one. This i s  t h e  reason 

why we choose o ther  a l l o y s  i n  which t h e  s t ruc tu-  

r a l  evolut ions occur a t  lower t e m p e r a t k e s  

and a r e  d i f f e r e n t  from those observed with t h e  

Cu-Zr system a s  shown on f i g u r e  2,  where d i f f e -  

rences occur i n  t h e  t h r e e  angular regions.  

INITIAL STATES OF Cu-KO, Cu-Y and N i - Y  ALLOYS. 

These amochous a l l o y s  have been prepared 

by s ~ u t t e r i n g  method which makes it poss ib le  t o  

ob ta in  a  l a r g e r  range i n  composition than t h e  

quench from t h e  l i q u i d  s t a t e .  The th ickness  of 

t h e  samples i s  sometimes d i f f e r e n t ,  but t h e  accu- 

mulation times vary accordingly. 

The recorded i n t e n s i t i e s  '9f t h r e e  amorphous 

Cu-Ho a l loys  a r e  shown on f igure  3. 

I .  
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Fig.  3  : Sca-ttered i n t e n s i t i e s  of  Cu-Ho a l loys .  

Concerning t h e  angular pos i t ion  o f  t h e  

d i f f r a c t i o n  ha lo ,  we no te  a  c l a s s i c a l  r e s u l t  : 

the higher  t h e  composftion i n  l a r g e  Ho atoms, t h e  

more important t h e  s h i f t  towards t h e  primary beam. 

But t h e  new f a c t  with t h i s  amoqhous system i s  

t h e  presence of  a small-angle s c a t t e r i n g  r ing .  



There a r e  two explanations f o r  such a  r i n g  i n  a  

S.A.S. p a t t e r n :  t h e  depleted s h e l l  model (4 )  and 

t h e  in te r fe rence  e f f e c t  which can be l inked with 

spinodal decomposition ( 5 )  a s  it occurs i n  pre- 

p r e c i p i t a t e d  Al-Zn a l l o y s  f o r  example ( 6 ) .  The 

f i r s C  model seems unl ikely f o r  us  because an 

embryo must e x i s t  o r  be created and an important 

d i f fus ion  i s  needed t o  b u i l d  t h e  concentration 

gradient .  On t h e  contrary,  f luc tua t ions  i n  compo- 

s i t i o n ,  l inked  with f luc tua t ions  i n  densi ty can 

form small domains enriched i n  e lec t rons ,  while 

o ther  domains a r e  impoverished, and consequently 

account f o r  t h e  observed S.A.S. pa t te rn .  I f  t h e  

second model is  re ta ined ,  t h e  angular pos i t ion  o f  
0 

t h e  r i n g  ind ica tes  a  s p a t i a l  c o r r e l a t i o n  of".25 A 

between domains. 

~ i ~ : b  : Sca t te red  i n t e n s i t i e s  of  Cu-Y a l loys .  

The s p e c t r a  concerning two compositions of  

t h e  amorphous Cu-Y system, prepared by another 

spu t te r ing  apparatus, a r e  shown on f igure  4. There 

i s  a l s o  a  s p a t i a l  c o r r e l a t i o n  between densi ty f luc-  
0 

tua t ions  with a  wavelenght o f %  20 A i n  these 

freshly-prepared samples. The i n t e n s i t y  which in- 

creases  near  t h e  primary beam could be due t o  a  

small degree o f  oxidation of  these  samples. 

Other experiments upon amorphous Ni -Y  

a l loys  prepared by another again spu t te r ing  device 

were c a r r i e d  ou t .  Their s c a t t e r i n g  curves, most of  

t h e  time, display a l s o  a  r ing .  

So, t h e  S.A.S. p a t t e r n  of  meta l l i c  g lasses ,  

corresponding t o  t h r e e  systems, each prepared with 

a  d i f f e r e n t  spu t te r ing  apparatus, do present  s i m i -  

l a r i t i e s  : a r ing.  Emphasis has been made on t h e  

i n i t i a l  s t a t e  of  t h e s e  a l l o y s  because it w i l l  

c e r t a i n l y  play a  major p a r t  during t h e i r  evolut ion 

with temperature and time. 

EVOLUTION WITH TEMPERATURE AND TIME 

We s t a r t  with t h e  amorphous C U ~ ~ - Y ~ ~  a l l o y  

( f i g u r e  5 ) .  

Fig.  5.: Scat tered i n t e n s i t i e s  of C U ~ ~ - Y ~ ~  

During t h e  hea t ing ,  t h e r e  i s  a  gradual evo- 

l u t i o n  of t h e  r i n g  which amplitude increases and 

angular ~ o s i t i o n  s h i f t s  towards t h e  primary beam. 

Such a  behaviour i s  i n  f u l l y  agreement with 

Laagert s theory of spinodal mechanism (7 ) .  Final- 

l y  a t  2 4 0 ' ~  appears a  f .c .c .  t r a n s i t i o n a l  phase 
0 

with parameter a  = 5,15 A. The crystal lographic 

systems of copper oxide o r  Y203 does not appear. 

A more i n t e r e s t i n g  ax~orphous system i s  

Ni -Y  because we have 6 d i f f e r e n t  compositions 

ranging from 5 t o  33 a t .  % Y.They a l l  c r y s t a l l i z e  

i n  t h e  N i  Y phase which i s  a  Hauke phase ( 8 ) ,  but  
5  

t h e i r  S.A.S. curves evolue d i f f e r e n t l y .  Figure 6 

shows what happens with t h e  composition Y N i  - 
2 7 '  

Fig. 6 : Sca t te red  i n t e n s i t i e s  of Y N i  
2 7 

There i s  a  weak evolut ion of t h e  r i n g  up t o  315OC 

and a two hours aging a t  t h i s  temperature l eads  t o  

c r y s t a l l i z a t i o n ,  while it occurs a t  370°C a f t e r  a  

r a p i d  heat ing.  It does not appear nor hydrides nor 

oxides i n  t h e  d i f f r a c t i o n  region. 

A small-angle in tegra ted  i n t e n s i t y  Q can 

be measured : 
00 

O-1 w i t h  6 = and a  cut-off a t  s 0.1 A . 
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In  a two-phase system, t h i s  in tegra ted  i n t e n s i t y  

Qo can a l s o  be wr i t t en  : 

2 
Qo = c(1-c)  Ap V 

;rl?erec i s  t h e  volume f r a c t i o n  of t h e  d i f f r a c t i n g  

~ a r t i c l e s ,  Ap t h e  d i f fe rence  between t h e i r  e lec-  

t r o n i c  densi ty and t h e  medium where they a re ;  
'a 

i s  t h e  mean atomic volume. We can determine c by 

t h e i r  number and t h e i r  s i z e ,  t h a t  i s  t o  say by t h e  

S.A.S. geak and t h e  radius of g i r a t i o n  given by 

t h e  Guinier p l o t .  Consequently, a value of  Ap i s  

deduced. But i n  amorphou? mate r ia l s ,  where f luctua-  

t i o n s  i n  composition could c e r t a i n l y  be l inked  

with densi ty f luc tua t ions ,  such a value is  not  s o  

meaningful than with Guinier-Preston zones i n  alu- 

minum a l loys  o r  small oxide p a r t i c l e s  i n  in te rna l -  

l y  oxidized a l l o y s  ( 9 ) .  Nevertheless a value of  

about 15 $ can be estimated. Furthermore t h e  in te -  

g ra ted  i n t e n s i t y  i s  very weak f o r  Y N i 4 ,  more i m -  

por tan t  f o r  Y N i  and much more f o r  Y N i  and t h i s  
2 7 3 

i s  an argument f o r  t h e  exis tence of a metastable 

m i s c i b i l i t y  gap. But i t s  boundaries a r e  d i f f i c u l t  

t o  determine because t h e  i n i t i a l  s t a t e s  of t h e  

amorphous a l loys  a r e  not i d e n t i c a l  and p r i n c i p a l l y  

do not display a f l a t  S.A.S. curve proving t h a t  

they a r e  i n  a r e a l l y  homogeneous s t a t e .  

CONCLUSION 

Here a re  p r i l iminary  s t u d i e s  upon some metal- 

l i c  g lasses  which display a r i n g  i n  t h e  small-an- 

g l e  s c a t t e r i n g  p a t t e r n .  The s i z e  and thickness  of 

the  samples imply a punctual X-ray col l imation and 

consequently t h e  i n t e n s i t i e s  a r e  weak, so i s  t h e  

accuracy. This i s  t h e  reason why experiments a r e  

planed with t h e  synchrotron r a d i a t i o n .  

Emphasis has been made i n  t h i s  study on t h e  

i n i t i a l  s t a t e  of t h e  a l l o y s  because t h e i r  evolu- 

t i o n  during a hea t ing  depends on it. Rare a r e  t h e  

spu t te red  amorphous a l l o y s  having a f l a t  S.A.S. 

curve. When a r i n g  appears, it is l inked  i n  our 

opinion with cor re la ted  f luc tua t ions  i n  e lec t ron  

densi ty.  They a r e  associated with f luc tua t ions  

i n  composition, then they c r e a t e  p a r t i c l e s  which 

a r e  a t r a n s i t i o n a l  s t a t e  towards t h e  equi l ibr ium 

p r e c i p i t a t e s  a s  f o r  t h e  Ni -Y  system where t h e  

c r y s t a l l i s a t i o n  s t a t e  i s  always Y N i  
5' 

It i s  not doubtful1 t h a t  some physical  pro- 

p e r t i e s  of such a l l o y s  should be d i f f e r e n t  accor- 

ding t o  t h e i r  middle range s t r u c t u r e  which apTears 

on the  small-angle s c a t t e r i n g  p a t t e r n ,  while t h e i r  

d i f f r a c t i o n  halo remains smooth. 
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