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©  Process  for  preparing  nickel  film. 
  An  amorphous,  non-magnetic  film  of  nickel  is  prepared 
by  reducing  an  aqueous  solution  of  a  nickel  compound 
simultaneously  with  a  mixture  of  a  phosphorus  containing 
reducing  agent  and  a  boron  containing  reducing  agent.  The 
film  is  exceptionally  stable  and  retains  its  amorphous, 
non-magnetic  state  when  heated  to  a  temperature  of  300°C. 



This  i n v e n t i o n   r e l a t e s   to  a  process   for  p r e p a r i n g   n icke l   fi lm.  In  

p a r t i c u l a r ,   i t   is  concerned  with  a  process   for  p r e p a r i n g   a  n icke l   f i l m  

which  has  i n c r e a s e d   s t a b i l i t y   and  is  non  m a g n e t i c .  

In  the  pas t   many  meta ls   have  been  p repared   by  reducing  an  aqueous  
s o l u t i o n   of  a  s a l t .   Nickel   has  been  p repared   by  r educ ing   an  aqueous  
s o l u t i o n   of  a  n i cke l   compound  with  a  hypophosph i te   reducing   a g e n t .  

Nickel  has  a lso  been  p repared   by  reducing  an  aqueous  s o l u t i o n   of  a 

n i cke l   compound  with  an  amine  borane  reducing  agent .   Nickel ,   p r o d u c e d  

by  e i t h e r   of  these   p r o c e s s e s ,   has  a  m e t a s t a b l e   n o n - c r y s t a l l i n e   form,  i e  

i t   has  a  tendency  to  lose  i t s   amorphous  s t a t e   and  c r y s t a l l i s e   when 

h e a t e d .  

C r y s t a l l i s a t i o n   is  a s s o c i a t e d   with  th ree   changes  in  p r o p e r t i e s  

which  may  be  harmful .   F i r s t l y ,   the  volume  g e n e r a l l y   c o n t r a c t s .   T h i s  

promotes  c rack ing   and  loss  of  adhesion.   Secondly,   p r e c i p i t a t i o n   o f  

second  phases  is  harmful  in  tha t   i t   i n c r e a s e s   the  s u s c e p t i b i l i t y   of  t h e  

metal  to  ga lvan ic   c o r r o s i o n .   Th i rd ly ,   the  remain ing   c r y s t a l l i n e   m e t a l  

matr ix   becomes  f e r r o m a g n e t i c .  

The  i n v e n t i o n   seeks  to  provide  a  n icke l   fi lm  which  r e t a i n s   i t s  

non-magne t i c ,   amorphous  s t a t e   when  heated  to  high  t e m p e r a t u r e s .  

US-A-3,567,525  d i s c l o s e s   use  of  a  mixture   of  two  reducing  a g e n t s ,  

one  a  phosphorus   c o n t a i n i n g   agent  and  one  a  boron  c o n t a i n i n g   agent ,   f o r  

the  r e d u c t i o n   of  n i c k e l .   The  c o n d i t i o n s   are  such,  however,  tha t   t h e  

p roces s   produces  a  m a t e r i a l ,   which  is  s t r o n g l y   f e r r o g m a g n e t i c   and  i n  

powder  form.  

A  p rocess   for  p r e p a r i n g   a  cont inuous   fi lm  of  n i c k e l ,   i s  

c h a r a c t e r i s e d ,   according   to  the  i n v e n t i o n ,   by  r educ ing   an  aqueous 

s o l u t i o n   of  a  n icke l   compound  in  the  s u b s t a n t i a l   absence  of  any  m a g n e t i c  

m a t e r i a l   with  a  mixture  of  a  phosphorus  c o n t a i n i n g   reducing  agent  and  a 

boron  c o n t a i n i n g   reducing  agent  in  amounts  so  t h a t   the  film  r e t a i n s   i t s  

amorphous  non-magnet ic   s t a t e   when  heated  to  a  t e m p e r a t u r e   of  300°C. 



When  a  mixture   of  reducing  agents   is  used  according  to  the  p r e s e n t  

i n v e n t i o n ,   the  r e s u l t i n g   n icke l   film  has  a  g r e a t e r   s t a b i l i t y   than  t h a t  

obta ined  when  only  a  s ing le   reducing  agent  is  used.  The  r a te   o f  

d e p o s i t i o n   of  the  n i cke l   film  is  a lso  i nc reased .   The  film  r e t a i n s   i t s  

amorphous,  non-magne t ic   s t a t e   when  heated  to  a  high  t e m p e r a t u r e .  

The  i n c r e a s e d   a b i l i t y   of  the  n i cke l   to  wi ths tand   high  t e m p e r a t u r e  

and  s t i l l   be  amorphous  and  non-magnet ic   g r e a t l y   i n c r e a s e s   i t s   u s e f u l n e s s  

in  a  wide  v a r i e t y   of  end  uses.   For  example,  the  non-magnet ic   p r o p e r t y  

is  very  impor t an t   and  d e s i r a b l e   when  the  n icke l   is  used  as  an  u n d e r c o a t  

on  a  s u b s t r a t e   for  a  th in   film  magnet ic   record  d i s k .  

In  c a r r y i n g   out  the  p rocess   of  the  p resen t   i n v e n t i o n ,   i t   i s  

advantageous  to  use  the  hypophosph i t e   reducing  agent  and  the  amine 

borane  reduc ing   agent  in  a  r a t i o   of  about  10  e q u i v a l e n t s   to  1 

e q u i v a l e n t .   The  p r e f e r r e d   hypophosph i t e   reducing  agent  is  sodium 

hypophosph i t e ,   and  the  p r e f e r r e d   amine  borane  reducing  agent  i s  

d imethylamine  b o r a n e .  

The  r e l a t i v e   amounts  of  the  phosphorus  c o n t a i n i n g   reduc ing   a g e n t  

and  the  boron  c o n t a i n i n g   reducing  agent  should  be  such  tha t   the  f i n a l  

product   is  a  non-magnet ic   n i cke l   c o n t a i n i n g   from  10%  to  15%  by  w e i g h t  

phosphorus  and  from  0.1%  to  1%  by  weight  boron.  It  is  only  w i th in   t h e s e  

c r i t i c a l   ranges  t ha t   the  n i cke l   f i lms  main ta in   t h e i r   low  l eve l   of  s t r e s s  

and  t h e i r   non-magnet ic   c h a r a c t e r   when  h e a t e d .  

It  should  be  emphasised  t h a t   the  p r e s e n t   i nven t ion   y i e l d s   n i c k e l  

d e p o s i t s   which  are  con t inuous   f i lms ,   and  not  l ayers   of  powder  as  i s  

obta ined  in  much  of  the  p r i o r   a r t .   These  cont inuous   f i lms  are  a l s o  

adherent   to  the  s u b s t r a t e .  



Since  the  ob jec t   is  to  form  a  non-magnet ic   f i lm,   the  r e d u c t i o n  

should  be  c a r r i e d   out  in  the  s u b s t a n t i a l   absence  of  any  m a g n e t i c  

m a t e r i a l s ,   ie  the  process   and  compos i t ion   l i m i t s   would  be  g r e a t l y  

a f f e c t e d   by  the  p resence   of  more  than  t r a c e   amounts  of  m a g n e t i c  

m a t e r i a l s   such  as  i ron,   cobal t   and  manganese .  

Example 

An  aqueous  s o l u t i o n   of  n icke l   s u l f a t e   c o n t a i n i n g   7.0  grams  o f  

n icke l   per  l i t r e   was  p repa red .   The  pH  was  4.5.  Sodium  hypophosphi te   i n  

an  amount  of  45  grams  per  l i t r e   and  d imethylamine   borane  in  an  amount  o f  

2.15  grams  per  l i t r e   were  added  at  a  t e m p e r a t u r e   of  91°C.  A  c o n t i n u o u s  

adheren t   fi lm  of  n icke l   which  con ta ined   12%  phosphorus   and  0.5%  bo ron  

was  p r e c i p i t a t e d   out.  This  n icke l   fi lm  remains  amorphous  and 

non-magnet ic   when  heated  to  much  h ighe r   t e m p e r a t u r e s   t h a n  t h o s e  

s u f f i c i e n t   to  c r y s t a l l i s e   n icke l   made  by  a  s i m i l a r   p rocess   in  which  o n l y  

one  of  the  r educ ing   agents  is  used.  Samples  p repared   according   to  t h e  

p r e s e n t   i n v e n t i o n   can  be  heated  to  300°C  and  s t i l l   not  become  m a g n e t i c .  



1.  A  process   for  p r e p a r i n g   a  cont inuous   fi lm  of  n i c k e l ,   the  p r o c e s s  

being  c h a r a c t e r i s e d   by  reducing  an  aqueous  s o l u t i o n   of  a  n ickel   compound 

in  the  s u b s t a n t i a l   absence  of  any  magnetic  m a t e r i a l   with  a  mixture  of  a 

phosphorus  c o n t a i n i n g   reducing  agent  and  a  boron  c o n t a i n i n g   r e d u c i n g  

agent  in  amounts  so  t ha t   the  film  r e t a i n s   i t s   amorphous  n o n - m a g n e t i c  

s t a t e   when  heated  to  a  t empera tu re   of  300°C. 

2.  A  process   as  claimed  in  claim  1,  in  which  the  reducing   agents   a r e  

an  amine  borane  compound  and  a  h y p o p h o s p h i t e .  

3.  A  process   as  claimed  in  claim  2,  in  which  the  r a t i o   o f  

hypophosphi te   reduc ing   agent  to  amine  borane  reduc ing   agent  is  about  10 

e q u i v a l e n t s   to  1  e q u i v a l e n t .  

4.  A  process   as  c laimed  in  claim  2  or  claim  3,  in  which  t h e  

hypophosphi te   r educ ing   agent  is  sodium  hypophosphi te   and  the  amine 

borane  reducing  agent  is  dimethylamine  b o r a n e .  

5.  An  amorphous,  non-magnet ic   n icke l   film  c o n t a i n i n g   from  10%  to  15% 

by  weight  phosphorus  and  from  0.1%  to  1%  by  weight  boron  when  p r e p a r e d  

by  a  process   as  claimed  in  any  p reced ing   c l a i m .  
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