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Abstract  

In this letter, we report the formation of amorphous-like nickel by leaching aluminium 
atoms from amorphous Ni2~Al7~ alloys obtained by d.c. sputtering. X-ray diffraction, 
transmission electron microscopy with energy-dispersive X-ray analysis facilities and 
magnetization measurements reveal the following features: (i) the leached specimens 
have a nanoscale quasi-amorphous structure; (ii) the amorphous-like phase is paramagnetic 
at room temperature and transforms to a ferromagnetic f.c.c, phase at about 450 K. 

1. Introduct ion  

The  p r e c u r s o r  t e c h n o l o g y  of  us ing  topo tac t i c  solid s ta te  reac t ions  has  
b e e n  d e v e l o p e d  in solid s ta te  chemis t ry  to m a k e  new mate r i a l s  wi th  me ta s t ab l e  
s t ruc ture ,  c o m p o s i t i o n  or  c rys ta l  habi t s  [1 ]. Mechanica l ly  al loyed me ta s t ab l e  
Ni3~kl6~ al loy with the  B2- type  s t ruc tu re  can  be  topo tac t i ca l ly  t r a n s f o r m e d  
into m e t a s t a b l e  b.c.c ,  nickel  a f te r  l each ing  a lumin ium in bas ic  solut ion [2, 
3]. A large  inc rease  in the  su r face  a r ea  induces  high catalyt ic  act ivi ty of  
a m o r p h o u s  C u - Z r  and  N i - Z r  al loys by  par t ia l ly  ex t rac t ing  z i rcon ium [4, 5]. 
Similarly,  an  a m o r p h o u s  Ni77Si,3B10 al loy cove red  by  a zinc sur face  layer  
can  be  t r e a t e d  with bas ic  solu t ion  for  se lec t ive  dissolut ion of  d o p e d  zinc 
[6]. In this  w o r k  we have  a t t e m p t e d ,  for  the  first t ime,  to obta in  a m o r p h o u s  
me ta l s  by  l each ing  the  m a j o r  po r t ion  of  a lumin ium f rom spu t t e r -depos i t ed  
a m o r p h o u s  Ni-A1 alloys. 

2. E x p e r i m e n t a l  detai l s  

A facing t a rge t  t ype  of  d.c. spu t t e r ing  has  been  e m p l o y e d  to p r e p a r e  
a p p r o x i m a t e l y  10 tLm th ick  Ni-75at.% A1 al loy on liquid n i t rogen  coo led  
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polyimide films. The alloy specimens were crushed and treated in basic 
solution to leach aluminium by the conventional method for obtaining Raney 
nickel catalysts [7]. 

3. Re su l t s  and  d i s c u s s i o n  

Figure 1 shows the X-ray diffraction patterns of the sputter-deposited 
Ni2sAlvs alloy and the leached alloy before and after annealing at 770 K. 
The as-deposited Ni2sAl?5 alloy exhibits a very broad halo pattern characterizing 
an amorphous structure (Fig. 1, spectrum a). After leaching of aluminium 
atoms, a narrower halo-like pattern is detected without any clear Bragg peak 
although most of the aluminium atoms have been removed (Fig. 1, spectrum 
b). The apparent crystalline size t in the leached specimens is about 2 nm 
as estimated from the broad peak at 2 0 = 4 4  ° using the Scherrer method 
[8]. After the leached alloy had been annealed at 770 K for 45 min the 
structure transformed to the f.c.c, phase with a lattice constant of about 
0.354 nm and an apparent crystallite size of about 6 nm (Fig. 1, spectrum 
c). On the basis of the concentration dependence of the lattice constant of 
bulk and sputter-deposited f.c.c. Ni-Al alloys [9], the estimated aluminium 
content in the leached alloy is about 5 at.%. Moreover, the aluminium content 
in the leached samples was determined by energy-dispersive X-ray spectra 
taken for 20 randomly selected particles with different sizes. This did not 
exceed 6 at.%, being consistent with the result obtained from the lattice 
constant value of the annealed sample. 

In order to study the details of the microstructure, transmission electron 
microscopy (TEM) observations were carried out. Figure 2 shows the results 
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Fig. i. X-ray diffraction patterns of as-deposited Ni2vAlTs (spectrum a), a leached specimen 
(spectrum b) and a leached and annealed specimen (spectrum c). 
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Fig. 2. (a) TEM micrograph and (b) selected area diffraction (SAD) pattern of as-deposited 
Ni25A175 alloy. 
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Fig. 3. (a) TEM micrograph and Co) SAD pattern of a leached specimen. 

for the as-deposited Ni2~A175 alloy. A featureless uniform image and a halo 
diffraction ring are observed, indicating the formation of an amorphous 
structure. As shown in Fig. 3, the leached alloy is composed of nanoscale 
particles, and the SAD pattern is characterized by broad diffraction rings 
whose widths are narrower than those of the as-deposited alloy. These results 
indicate that nanoscale crystallites are produced by the aluminium leaching 
and their structures are still amorphous like, probably because of a large 
number  of defects and a substantial amount  of strain. After the observation 
of Fig. 3, the same particle was annealed in the electron beam. As shown 
in Fig. 4, the TEM image reveals crystallization of the amorphous-like particle, 
revealing the formation of crystallites 10~  50 nm in size. The electron 
diffraction pat tern of the annealed particle exhibits many clear diffraction 
rings and spots which are attributed to an f.c.c, nickel structure. 

The differential scanning calorimetry curve of the leached sample reveals 
an endothermic effect due to desorption of hydrogen from the sample surface 
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Fig. 4. (a) TEM micrograph and SAD pattern of a leached specimen after in situ annealing 
by an electron beam. 

and an exothermic effect at around 450 K corresponding to the crystallization 
of the amorphous phase. 

Figure 5(a) shows the magnetization ((rvs. H) curves at room temperature  
(RT) for the leached sample before and after heating to 770 K over a period 
of 45 min. At room temperature  the q value of the leached sample is small 
and does not saturate even in a magnetic field H =  16 kOe, indicating a 
paramagnetic character  for this material, cr for the annealed specimens 
technically saturates at a relatively low field, indicating a ferromagnetic 
character.  Figure 5(b) shows the variation in q at H =  10 kOe during the 
temperature  cycle (RT-)  770 K --, RT). This figure reveals the following features. 

(i) The leached sample has been t ransformed to a ferromagnetic f.c.c. 
phase at high temperature,  which is consistent with X-ray diffraction and 
TEM measurements.  

(ii) The Curie temperature  Tc of the ferromagnetic phase is about 570 
K, which is lower than the 630 K value for pure nickel and ascribable to 
the formation of Ni-A1 solid solution. From the concentrat ion dependence 
of T¢ for bulk and sputter-deposited Ni-A1 alloys [9], the aluminium content  
of the leached specimen is about  5 at.%. 

4. C o n c l u s i o n  

We have succeeded in producing nanoscale amorphous-like nickel par- 
ticles containing only about 5 at.% A1 by leaching the major portion of the 
aluminium atoms from the sputter-deposited amorphous Nie~Alvs. The par- 
amagnetic amorphous-like phase transforms to the ferromagnetic f.c.c, phase 
at high temperature.  It should be emphasized that the present  technique is 
unique for obtaining amorphous-like nickel containing only 5 at.% Al. Moreover, 
we expect  that controlling the reaction temperature  and/or leaching solution 
may lead to almost complete removal of aluminium atoms and the formation 
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Fig. 5. (a) Magnetization ((r vs. H) curves of leached specimen: O, as-leached; O, heated to 
770 K over a period of 45 min. (b) Temperature dependence of the magnetization q of leached 
nickel: O, measured during the heating stage; 0 ,  measured during the cooling stage from 770 
K. 

of non-equilibrium pure metal particles having structure, magnetic and catalytic 
properties completely different from the equilibrium properties. 
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