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Résumé.- Les structures des alliages amorphes NÎ35Zrg5 et (Ni-Co)-(Zr-Hf) 
ont été déterminées en employant la méthode de l'angle 26 variable pour les 
rayons X et la technique de la longueur d'onde variable pour les neutrons. 
Les fonctions partielles d'interférence (facteurs partiels de. structure) 
I..(K) ont été évaluées en utilisant la méthode de substitution isomorphe. 

Abstract .-The structures of amorphous Ni35Zr65
 a n d (Hi-Co)-(Zr-Hf) alloys have 

been determined employing the variable 29 angle X-ray method and the variable 
wavelength neutron technique. The partial interference functions (structure 
factors) Iij(K) have been evaluated using the isomorphous substitution method. 

Introduction.- The atomic-scale structure of metallic glasses can be determined from 
their x-ray and neutron scattering patterns. However, the analysis of the scattering 
experiments yields only a one-dimensional description of the three-dimensional dis­
tributions of the atoms in the amorphous alloys. In binary alloys, the total coherent 
scattering is a weighted sum of the three partial atomic pair (AP) structure factors 
(also called interference functions) ly(K) or the number-concentration partial 
structure factors S „(K), i.e, [1] 

(1) 

or 

(2) 

where K = (4ir/X) sin6, f. and c. are the coherent scattering amplitude and atomic 
1 1 2 2 2 

concentration, respectively, of element i , <f> = c..f + c,!^' <^ > = c i^i + c2^2' 

Af = f-.-f-, and N is the number of atoms in volume V. I t can be readily shown that 
lii(K) and S„ „ are related [2] . 

I t is customary to introduce the total structure factor (or interference 
function) I(K) or S(K) defined as: [1] 

(3) 

(4) 

The Fourier transform of K[I(K)-1] yields the reduced atomic distribution 
function G(r), i.e., 

(5) 
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It is r e a d i l y  seen t h a t  t h e  d i f f e r e n t i a l  c o r r e l a t i o n  funct ion D(r) is r e l a t e d  t o  
G(r) [Eqn. (5) 1 and GS(r) , t h e  Fourier transform of K[s(K)-11 by [ l l  

where p ( r )  i s  t h e  p a r t i a l  atomic d i s t r i b u t i o n  funct ion,  which represen ts  t h e  
i' number oP j-type atoms per  u n i t  volume a t  t h e  d i s tance  r from an i-type atom and Po 

is  t h e  average atomic densi ty.  The Fourier transforms of K(Iij (K)-11, K[Sm(K)-11, 
KSNC(K) and K{ [Scc(K) / (clc2) 1-1 1 y i e l d  t h e  reduced atomic c o r r e l a t i o n  funct ions 
G . .  ( r )  , GNN(r), GNC(r) and GCC(r), respect ively.  
1J 

The goal  of t h e  s c a t t e r i n g  experiments i s  t h e  evaluat ion of t h e  p a r t i a l  atomic 
p a i r  s t r u c t u r e  f a c t o r s  Ill(K), 122(K) and I12(K) o r  t h e  number-concentration s t ruc-  

t u r e  f a c t o r s  S ( K ) ,  S (K) and S (K)/(c c ) of a binary amorphous al loy.  This can 
CC 1 2  

be accomplishep i n  pr?gciple, by performing t h r e e  separate  s c a t t e r i n g  experiments 
i n  each of which t h e  weight f a c t o r  Wij (K) = c .c . f  .f , /<f>' has  been changed [3]. In  

1 1  I 1  

t h i s  inves t iga t ion ,  t h e  combination of isomorphius s u b s t i t u t i o n  of Z r  by H f  and N i  
by Co was employed i n  x-ray and neutron sca t te r ing .  

A s e r i e s  of samples of (Ni-C0)~~(Zr-Hf)65 meta l l i c  g l a s s e s  were prepared by 
the  melt spinning process, and t h e i r  s c a t t e r i n g  p a t t e r n s  were determined by t h e  
X-ray v a r i a b l e  20 method and t h e  neutron v a r i a b l e  A method. The neutron experiments 
were ca r r ied  out a t  Argonne and Los Alamos National Laboratories. Attempts were 
made t o  evaluate  t h e  p a r t i a l  s t r u c t u r e  f a c t o r s  I . . (K) and SNC(K). 

13 

Resul ts  and Discussion. - The t o t a l  in te r fe rence  funct ion o r  s t r u c t u r e  f a c t o r  I(K) 
of t h e  seven Ni3sZrss-x Hf, a l l o y s  a r e  shown i n  Fig. 1, and t h e  corresponding 
reduced d i s t r i b u t i o n  G(r) a r e  presented in Fig. 2. Although t h e  func t ions  I(K) f o r  
d i f f e r e n t  Hf concentrat ions a r e  remarkably s imi la r ,  t h e i r  reduced d i s t r i b u t i o n  
funct ions do show t h e  e f f e c t  of t h e  weight f a c t o r  W..(o) = c . c . f . ( o ) f . ( o ) / < f ( o ) >  

2 

which a r e  given in Table 1. 1J 1 J  1 J 

Table 1. Weight f a c t o r s  W . .  (0) = c c f . ( o ) f .  (o) /<f  ( o ) > ~  f o r  Ni-Zr-Hf a l l o y s  
=J i j l  J 

Radiation Neutrons X-Rays X-Rays X-Ra y s 

Ni-Zr-Hf 35-65-0 35-65-0 35-50-15 35-35-30 

Wl1(o) 0.195 0.077 0.060 0.048 

1 
The f i r s t o p e a k  i n  G(r) is s p l i t  i n t o  two maxima, one a t  rl = 2.68A and another a t  
r2 = 3.19A. Since t h e  second maximum of t h e  X-ray curves increases in height  with 
1 

increasing Hf content ,  i n  t h e  same way a s  W22(0), and i t s  pos i t ion  is  c l o s e  t o  t h e  
atomic diameter of Z r  and Hf atoms, it is  reasonable t o  conclude t h a t  i t  represen ts  
t h e  pos i t ion  of t h e  f i r s t  (Zr,Hf)-(zf,Hf) neighbors. I n  t h e  neutron pa t te rn ,  t h e  
second peak i s  lower than t h e  f i r s t  a s  it should according t o  W22(o) i n  Table 1. 
The f i r s t  maximum must predominently contain t h e  N i - Z r  neighbor p a i r s  because t h e  
weight f a c t o r  W (0) is  very small i n  t h e  X-ray case. N i N i  

Subs t i tu t ion  of N i  by Co does not a f f e c t  t h e  values of Wi. (o ) ,  and a s  a con- 
sequence t h e  X-ray s c a t t e r i n g  p a t t e r n s  of ( N ~ - C O ) ~ ~ Z ~ ~ ~  a r e  i d e n t i c a l  

a s  shown i n  Fig. 3. Thus, t h e  Ni-Co-Zr samples can be used f o r  neutron s c a t t e r i n g  
experiments where t h e  small s c a t t e r i n g  amplitude of Co (b  = 0.25~10-12 cm) w i l l  



Fig. 2 Reduced atomic d i s t r i b u t i o n  
func t ion  G(r)=41~r [p ( r )  -p ] 
of amorphous Ni-Zr-Hf a l?oys  

Fig. 1 Tota l  s t r u c t u r e  f a c t o r  I(K) 
of amorphous Ni-Zr-Hf a l l o y s  

p a r t i a l l y  o f f s e t  t h e  l a r g e  v a l u e  of b = 1.03~10-1Z cm f o r  N i .  The neutron s t ruc -  
t u r e f a c t o r  I (K) ,  shown in Fig. 3 f o r  t h e  Ni35Zr62 a l l o y  e x h i b i t s  a d i f f e r e n t  shape 

f o r  K<5 and even e x h i b i t s  a prepeak a t  1.8 A-I u s u a l l y  a s soc ia ted  wi th  chemical 
short-range o r d e r  i n  t h e  amorphous a l l o y  [1,2,4,51. 

Attempts were made t o  eva lua te  t h e  p a r t i a l  s t r u c t u r e  f a c t o r s  I . . (K)  and SN-C(K) 
1.- 

from t h e  t h r e e  x-ray p a t t e r n s  of t h e  N i 3 5 Z r 6 5 ,  Ni35Zr50Hf15 and Ni35Zr35Hf30 a l l o y s .  
T L 1  
101.  The AP p a r t i a l  s t r u c t u r e  f a c t o r s  a r e  shown i n  Fig. 4. 

The p a r t i a l  s t r u c & r e  f a c t o r s  Iij  (K) were used t o  eva lua te  t h e  number-concen- 
t r a t i o n  s t r u c t u r e  f a c t o r s  Sm(K), SNC(K) and SCC(K)/(clc2),  which a r e  shown i n  
Fig. 5. Also shown i s  t h e  SNC(K) cu rve  f o r  t h e  hard-sphere Percus-Yevick model I71 
which a g r e e s  ve ry  we l l  wi th  t h e  experimental SNC(K). The Four ie r  t ransforms of t h e  
number-concentration s t r u c t u r e  f a c t o r s ,  i.e., t h e  number concen t ra t ion  c o r r e l a t i o n  
f u n c t i o n s  GN-C(r), a r e  shown a l s o  i n  Fig. 2. Gm(r) shows t h e  s p l i t t i n g  of t h e  
f i r s t  peak wi th  r i  = 2.68 A and r: = 3.20 A s i m i l a r  t o  ~ ( r )  i n  Fig. 2. The func t ion  
Gcc(r), however, possesses  a deep minimum a t  r l  = 2.68 A i n d i c a t i n g  a p re fe rence  f o r  
u n l i k e  n e a r e s t  neighbors a t  t h a t  d i s t a n c e ,  which consequently must correspond t o  
Ni-Zr neighbors.  
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Fig. 3 Tota l  s t r u c t u r e  f a c t o r  I ( K )  
of amorphous Ni-Co-Zr a l l o y s  
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Fig. 4 P a r t i a l  s t r u c t u r e  f a c t o r s  I .  .(K) 
of amorphous N i  13 3sZr65 

Fig. 5 P a r t i a l  number-concentration 
s t r u c t u r e  f a c t o r s  SN-C(K) and 
p a r t i a l  reduced c o r r e l a t i o n  
func t ions  G ( r )  of amorphous 
Ni3+rb5 .  Mr6. is t h e  hard- 
sphere  NC curve. 


