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©  Nickel/iron  alloys  and  uses  and  applications  thereof. 

  A  corrosion  resistant  synthetic  iron-nickel  alloy  is  pre- 
pared  having  the  composition  of  the  mineral  awaruite.  It  is 
employed  as  a  corrosion  resistant  coating  on  industrial 
metals.  Articles  of  manufacture  having  high  resistance  to  cor- 
rosion  can  be  fabricated  from  the  synthetic  nickel-iron  alloy 
perse  orfrom  industrial  ferrous  metals  coated  with  said  alloy. 



BACKGROUND  OF  THE  INVENTION 

I n d u s t r i a l   m e t a l s ,   e s p e c i a l l y   t h e  

i n d u s t r i a l   f e r r o u s   m e t a l s ,   a r e   u s e d   in  a  g r e a t  

v a r i e t y   of  a p p l i c a t i o n s   in  n a t u r a l   e n v i r o n m e n t s ,  

s u c h   as  p i p e s ,   b r i d g e s ,   s h i p s ,   t o w e r s ,   o i l   and  g a s  

d r i l l i n g   r i g s ,   m a r i n e   p i p i n g   and  v a l v e s ,   r o c k  

m i n i n g   e q u i p m e n t ,   e l e c t r i c a l   f a c i l i t i e s ,   and  p i p e  

l i n e s   fo r   t h e   t r a n s p o r t   of  f l u i d s   and  s l u r r i e s .  

C o r r o s i o n   p r o t e c t i o n   f o r   f e r r o u s   m e t a l s   u s e d   i n  

v a r i o u s   n a t u r a l   and  a r t i f i c i a l   e n v i r o n m e n t s   i s  

p r o v i d e d   by  c o a t i n g s   s u c h   as  p a i n t s ,   w r a p p i n g s   a n d  

g a l v a n i z i n g s ,   and  m e t a l   l a m i n a t i o n s .   T h e r e   a r e  

many  p a t e n t s   and  l i t e r a t u r e   a r t i c l e s   d i r e c t e d   t o  

the   p r e v e n t i o n   of  c o r r o s i o n   of  f e r r o u s   m e t a l s .  

T h e r e   a r e   many  f e r r o u s   a l l o y   f o r m u l a t i o n s   known  a s  

s t a i n l e s s   s t e e l s   t h a t   a r e   c o r r o s i o n   r e s i s t a n t .  

H o w e v e r ,   s t a i n l e s s   s t e e l   is  e x p e n s i v e   and  c o a t i n g s  

of  p a i n t ,   p l a s t i c s ,   h y d r o c a r b o n s   a n d - g a l v a n i z i n g s  

a r e   no t   p e r m a n e n t ,   e s p e c i a l l y   in  c o r r o s i v e   g e o -  
c h e m i c a l   e n v i r o n m e n t s   such   as  m a r i n e   e n v i r o n m e n t s  

and  v a r i o u s   u n d e r g o u n d   e n v i r o n m e n t s   w i t h i n   s o i l  

and  r o c k .   I t   is   common  k n o w l e d g e   t h a t   t he   f e r r o u s  

m e t a l   members   of  b r i d g e s ,   fo r   e x a m p l e ,   have   to  b e  

p r o t e c t e d   f rom  c o r r o s i o n ,   u s u a l l y  b y   g a l v a n i z i n g  

or  p a i n t i n g .   C o m p o n e n t s   of  s h i p s   r e q u i r e   c o n s t a n t  

a t t e n t i o n   by  p a i n t i n g   to  r e t a r d   c o r r o s i o n   of  t h e  

m e t a l   by  s e a - w a t e r .  

I t   i s   g e n e r a l l y   u n d e r s t o o d   and  a c c e p t e d  

t h a t   f e r r o u s   m e t a l   and  a l l o y s   t h e r e o f   w i l l   b e c o m e  

c o r r o d e d   and  d e c o m p o s e d   by  r u s t i n g   w i t h i n   s e v e r a l  



to   t e n s   of  y e a r s   when  e x p o s e d   to  t h e   w e a t h e r ,   o r  
u s e d   in  m a r i n e   and  u n d e r g r o u n d   a p p l i c a t i o n s ,   o r  

u s e d   in  c o r r o s i v e   e n v i r o n m e n t s   s u c h   as  b o i l e r s   a n d  

h e a t   e x c h a n g e r s .   Many  v a r i o u s   c o a t i n g s   u s e d   t o  

r e t a r d   c o r r o s i o n   of  f e r r o u s   m e t a l s   a r e   t h e m s e l v e s  

u n s t a b l e   in  n a t u r a l   e n v i r o n m e n t s .  

A w a r u i t e   i s   t h e   m i n e r a l   name  f o r  

n a t u r a l l y   o c c u r r i n g   i r o n - n i c k e l   a l l o y s   h a v i n g   t h e  

y'  ( g a m m a - p r i m e )   s t r u c t u r e .   The  m o s t   common 

c o m p o s i t i o n   of  a w a r u i t e   c o r r e s p o n d s   to  t h e   f o r m u l a  

FeNi3   w h i c h   i s   t h a t   of   an  o r d e r e d ,   s t o i c h i o m e t r i c  

p h a s e .   A w a r u i t e   may  c o n t a i n   s m a l l   a m o u n t s   o f  

c o p p e r   and  c o b a l t   m e t a l ,   e . g . ,   l e s s   t h a n   a b o u t   5 

a t o m i c   p e r c e n t   e a c h .   I t   i s   f o r m e d   in  n a t u r e  

d u r i n g   the   h y d r o t h e r m a l   a l t e r a t i o n   of  u l t r a m a f i c  

r o c k   ( s e r p e n t i n i z a t i o n )   a t   t e m p e r a t u r e s   a r o u n d  

3 0 0 - 4 0 0 °   c e n t i g r a d e .   A w a r u i t e   i s   known  b o t h   as  a  

m i n e r a l   c o m p o n e n t   of   a l t e r e d   u l t r a m a f i c   r o c k s   a n d  

as  d e t r i t a l   g r a i n s   in   s e d i m e n t s   p r o d u c e d   by  t h e  

e r o s i o n   of  a l t e r e d   u l t r a m a f i c   r o c k s .   In  b o t h  

e x a m p l e s   i t   ha s   b e e n   shown  t h a t   t h e   a w a r u i t e   h a s  

s u r v i v e d   f o r   t h o u s a n d s   to  m i l l i o n s   of  y e a r s .  
A w a r u i t e   is   s t a b l e   o v e r   wide  r a n g e s   of  Eh,  p H ,  

t e m p e r a t u r e ,   p r e s s u r e   and  v a r y i n g  c o m p o s i t i o n s   o f  

g r o u n d w a t e r .   A w a r u i t e   i s   s t a b l e   in   g r o u n d w a t e r  

c o n t a i n i n g   s u b s t a n t i a l   a m o u n t s   of  c h l o r i d e   i o n s ,  

o x y g e n   and  o t h e r   s o l u t e s   in  n a t u r a l   g e o c h e m i c a l  

e n v i r o n m e n t s .  

The  r a n g e s   of   c o m p o s i t i o n s   a n d  

t e m p e r a t u r e s   w i t h i n   w h i c h   a l l o y s   of   i r o n   a n d  

n i c k e l   have   t h e   o r d e r e d   f a c e - c e n t e r e d   c u b i c  

s t r u c t u r e  ( γ  o r  g a m m a - p r i m e )   h a v e  b e e n   s t u d i e d   b y  



J o s s o ( 1 )   ( 1 9 5 0 ) ,   G e i s l e r ( 2 )   ( 1 9 5 3 ) ,   V i t i n g ( 3 )  

( 1 9 5 7 )   and  Heumann  and  K a r s t e n ( 4 )   ( 1 9 6 3 ) .   T h e  

s i n g l e - p h a s e   s t a b i l i t y   f i e l d   f o r   y'  i s   c e n t e r e d  

a b o u t   t h e   c o m p o s i t i o n   F e N i 3 ;   s e e   F i g u r e   1.  T h e  

s t a b i l i t y   f i e l d   f i r s t   a p p e a r s   a t   a p p r o x i m a t e l y  

500°C  and   b r o a d e n s   to  c o m p o s i t i o n s   w i t h   g r e a t e r  

and  l e s s   n i c k e l   w i t h   d e c r e a s i n g   t e m p e r a t u r e .   T h e  

s i n g l e - p h a s e   s t a b i l i t y   f i e l d   of  y'  i s   s e p a r a t e d  

f rom  t h e   s i n g l e   p h a s e   f i e l d   of  d i s o r d e r e d   f a c e -  

c e n t e r e d   c u b i c   i r o n - n i c k e l   a l l o y s   (y '   or  gamma)  b y  

a  t w o - p h a s e   r e g i o n   of  c o - e x i s t i n g   y  a n d   y '  .   A t  

t e m p e r a t u r e s   b e l o w   345°C ,   r e l a t i v e l y   n i c k e l - p o o r  

y'  a l l o y   t r a n s f o r m s   to  a  t w o - p h a s e   a s s e m b l a g e   o f  

a  ( a l p h a )   i r o n   a n d  γ   a l l o y .   T h i s   t r a n s f o r m a t i o n  

may  be  i n h i b i t e d   or  p r e v e n t e d   a t   low  t e m p e r a t u r e s  

by  s l ow   k i n e t i c s .  

The  p o s i t i o n s   of  t h e  y   +  γ'  and  s i n g l e -  

p h a s e   y'  s t a b i l i t y   f i e l d   b o u n d a r i e s   a r e   d i s p u t e d .  

L o w - t e m p e r a t u r e   d a t a   of  Heumann  and  K a r s t e n  

i n d i c a t e   t h a t   t he   γ'  f i e l d   i s   b r o a d .   T h i s   r e s u l t  

i s   s u p p o r t e d   by  the   h i g h - t e m p e r a t u r e   d i f f e r e n t i a l -  

d i l a t o m e t r y   d a t a   of  J o s s o   as  i t   i s   i n t e r p r e t e d   b y  

G e i s l e r .   The  i n t e r p r e t a t i o n   of  t h e   p h a s e   b o u n -  

d a r i e s   by  V i t i n g ,   b a s e d   on  e l e c t r i c   r e s i s t a n c e ,  

m i c r o s t r u c t u r e   and  d i f f e r e n t i a l   t h e r m a l   a n a l y s e s  

d a t a ,   shows   a  much  n a r r o w e r   s i n g l e - p h a s e   s t a b i l i t y  

(1)  See  f o o t n o t e   (1)  a t   end  of  s p e c i f i c a t i o n .  

(2)  See  f o o t n o t e   (2)  a t   end  of  s p e c i f i c a t i o n .  

(3)  See  f o o t n o t e   (3)  a t   end  of  s p e c i f i c a t i o n .  

(4)  See  f o o t n o t e   (4)  a t   end  of  s p e c i f i c a t i o n .  



f i e l d   fo r   γ ' :   see   F i g u r e s   1  and  2.  At  400°C ,   t h e  

s i n g l e - p h a s e  y '   f i e l d   e x t e n d s   f rom  a b o u t   64  t o  

a b o u t   83  a t o m i c   p e r c e n t   n i c k e l   a c c o r d i n g   to  t h e  

d i a g r a m   of  Heumann  and  K a r s t e n ,   w h e r e a s   t h e  

s i n g l e - p h a s e   γ'  f i e l d   e x t e n d s   f rom  a b o u t   7 2 . 5   t o  

a b o u t   78  a t o m i c   p e r c e n t   n i c k e l   a c c o r d i n g   to  t h e  

r e s u l t s   of  V i t i n g .  

R e p o r t e d   c o m p o s i t i o n s   of  t e r r e s t i a l   i r o n -  

n i c k e l   a l l o y s   r a n g e   f r o m   64  to  96  a t o m i c   p e r c e n t  

n i c k e l ,   bu t   o c c u r r e n c e s   of  n a t u r a l ,   s i n g l e - p h a s e  

a l l o y s   known  to  have   t h e   y'  s t r u c t u r e   e x h i b i t   a  

more  l i m i t e d   r a n g e   of  c o m p o s i t i o n s ,   s u p p o r t i n g   t h e  

i n t e r p r e t a t i o n   of  V i t i n g   of  a  n a r r o w   γ'  f i e l d ;   s e e  

F i g u r e   3 .  

The  p r e p a r a t i o n   of  a  w ide   v a r i e t y   o f  

n i c k e l - i r o n   a l l o y s   i s   known  to  t h e   a r t .   F o r  

i n s t a n c e ,   U .S .   P a t .   No.  1 , 7 6 2 , 7 3 0   to  M c K e e h a n  

d i s c l o s e s   a l l o y s   of  n i c k e l   and  i r o n   w h i c h   c o n t a i n  

60%  to   80%  Ni .   The  a l l o y s   a r e   s t a t e d  t o   h a v e  

d e s i r a b l e   m a g n e t i c   c h a r a c t e r i s t i c s .   U .S .   P a t .  

Nos.  4 , 1 9 2 , 7 6 5   and  4 , 3 3 7 , 1 6 7   in  t h e   name  of  J o h n  

M.  B i r d   e t   a l   d i s c l o s e   t h e   use   of  n i c k e l - i r o n  

a l l o y   as  a  c o n t a i n e r   f o r   r a d i o a c t i v e   n u c l e a r  

w a s t e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  is   a  p h a s e   d i a g r a m   of   t he   i r o n -  

n i c k e l   s y s t e m   b e t w e e n   900  and  2 0 0 ° C ;  

F i g u r e   2  i s   t h e   i r o n - n i c k e l   p h a s e   d i a g r a m  
in  t h e   r e g i o n   FeNi3  a c c o r d i n g   to  V i t i n g ;   a n d  

F i g u r e   3  i s   an  e x t r a p o l a t i o n  o f   t h e   i r o n -  

n i c k e l   p h a s e   d i a g r a m s   of  V i t i n g   and  of  Heumann  a n d  

K a r s t e n   in  t he   r e g i o n   FeNi3   down  to  0 ° C .  



OBJECTS  OF  THE  INVENTION 

I t   i s   an  o b j e c t   of  t he   i n v e n t i o n   t o  

i m p r o v e   t h e   c o r r o s i o n   r e s i s t a n c e   of  i n d u s t r i a l  

m e t a l s ,   e s p e c i a l l y   s o - c a l l e d   i n d u s t r i a l   f e r r o u s  

m e t a l s ,   by  f o r m i n g   a  c o h e s i v e l y - b o n d e d   c o a t i n g  

t h e r e o n   of  an  o r d e r e d ,   c r y s t a l l i n e   s y n t h e t i c   a l l o y  

of  n i c k e l   and  i r o n .  

I t   i s   a n o t h e r   o b j e c t   of  t he   i n v e n t i o n   t o  

p r o v i d e   i n d u s t r i a l   p r o d u c t s   or  c o m p o n e n t s   t h e r e o f  

from  o r d e r e d ,   c r y s t a l l i n e ,   s y n t h e t i c   n i c k e l - i r o n  

a l l o y s   p e r   se  or  f rom  i n d u s t r i a l   m e t a l s   c o a t e d  

w i t h   s u c h   s y n t h e t i c   a l l o y s ,   s a i d   i n d u s t r i a l  

p r o d u c t s   or  c o m p o n e n t s   h a v i n g   t h e   a b i l i t y   t o  

r e s i s t   u n d e s i r a b l e   d e t e r i o r a t i o n   in  the   a t m o s -  

p h e r i c   e n v i r o n m e n t ,   in  t he   m a r i n e   e n v i r o n m e n t ,   i n  

the   u n d e r g r o u n d   e n v i r o n m e n t ,   or  in  m a n - m a d e  

e n v i r o n m e n t s   s u c h   as  c o n c r e t e ,   r e a c t o r s ,   h e a t  

e x c h a n g e r s ,   b o i l e r s ,   and  o t h e r   c o r r o s i v e  

s u r r o u n d i n g s .  

I t   i s   a  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n  

to  p r o v i d e   m e t h o d s   fo r   f a b r i c a t i n g   h i g h l y  

c o r r o s i o n   r e s i s t a n t   m e t a l s   o r  a l l o y s ,   c o a t e d   o r  

o t h e r w i s e ,   w h i c h   a r e   u s e d   as  m a t e r i a l s   o f  

c o n s t r u c t i o n   or  as  f i n i s h e d   p r o d u c t s   w h i c h   i n  

t h e i r   e n v i r o n m e n t   of  use   e x h i b i t   e n h a n c e d  

r e s i s t a n c e   to   c o r r o s i o n .  

One  or  more  of  t h e   a b o v e   o b j e c t s ,   as   w e l l  

as  o t h e r   o b j e c t s   t h a t   w i l l   become  a p p a r e n t   f r o m  

c o n s i d e r a t i o n   of  t h i s   d i s c l o s u r e ,   can  be  a c h i e v e d  

b y  t h e  p r a c t i c e   of  the   i n v e n t i o n ( s ) .  



THE  INVENTION 

In  a  b r o a d   a s p e c t ,   t he   i n v e n t i o n   i s  

d i r e c t e d   to   n o v e l   i n d u s t r i a l   m e t a l s ,   e s p e c i a l l y  

i n d u s t r i a l   f e r r o u s   m e t a l s ,   t he   s u r f a c e   of  w h i c h   i s  

c h a r a c t e r i z e d   by  a  c o a t i n g   or  b o n d i n g   of  a n  

o r d e r e d ,   c r y s t a l l i n e ,   s y n t h e t i c   a l l o y   of  n i c k e l  

and  i r o n .   The  r e s u l t i n g   n o v e l   c o a t e d   i n d u s t r i a l  

m e t a l s   h a v e   a  v e r y   l o n g   l i f e - t i m e   b e c a u s e   t h e y  

e x h i b i t   h i g h   c o r r o s i o n   r e s i s t a n c e   ( s u b s t a n t i a l l y  

e x c e e d i n g   t h e   c o r r o s i o n   r e s i s t a n c e   of  t h e  

i n d u s t r i a l   m e t a l ( s )   p e r   se)   to  a  wide   v a r i e t y   o f  

c h e m i c a l   and  h y d r o t h e r m a l   c o n d i t i o n s   w h i c h   a r e  

g e n e r a l l y   a s s o c i a t e d   in  m a r i n e ,   u n d e r g r o u n d ,  

a t m o s p h e r i c   and   m a n - m a d e   e n v i r o n m e n t s .  

The  o r d e r e d ,  c r y s t a l l i n e   n i c k e l - i r o n  

a l l o y ,   w h i l e   s y n t h e t i c a l l y   made ,   e s s e n t i a l l y   h a s  

t h e   p r o p e r t i e s   of  t he   n a t u r a l l y   o c c u r r i n g   i r o n -  

n i c k e l   m i n e r a l   a w a r u i t e   ( p r o d u c e d   u n d e r   t h e r m o -  

d y n a m i c a l l y   s t a b l e   c o n d i t i o n s   w i t h i n   s e r p e n t i n e -  

t y p e   r o c k s )   and   a  c o m p o s i t i o n   in  t he   r a n g e  
e x h i b i t e d   by  t h e   m i n e r a l   a w a r u i t e .   In  a  b r o a d  

a s p e c t ,   t he   s y n t h e t i c   a l l o y s   u s e d   in  t h e   p r a c t i c e  

of  t h e   i n v e n t i o n ( s )   a r e   w i t h i n   the   r a n g e   w h i c h  

c o n s i s t s   e s s e n t i a l l y   of  f rom  a b o u t   64  to   a b o u t   8 3  

a t o m i c   p e r c e n t   n i c k e l   and  f rom  a b o u t   36  to   a b o u t  

17  a t o m i c   p e r c e n t   i r o n   and  a r e   w i t h i n   t h e   s i n g l e -  

p h a s e   y'  r e g i o n   of  t h e , p h a s e   d i a g r a m   ( F i g u r e   1)  o f  

t h e  w o r k   by  V.  T.  Heumann  and  G.  K a r s t e n   ( 1 9 6 3 ) .  

In  a  p r e f e r r e d   a s p e c t ,   the   s y n t h e t i c  

a l l o y s   a r e   w i t h i n   t h e   r a n g e   wh ich   c o n s i s t s  

e s s e n t i a l l y   o f   f rom  a b o u t   7 2 . 5   to  a b o u t   78  a t o m i c  

p e r c e n t   n i c k e l   and   f rom  a b o u t   275  to  a b o u t   22  

a t o m i c   p e r c e n t   i r o n   and  a r e   w i t h i n   t h e   s i n g l e -  



p h a s e   y'  r e g i o n   of  t h e   p h a s e   d i a g r a m   ( F i g u r e   2)  o f  

the   work  by  L.  M.  V i t i n g   ( 1 9 5 7 ) .   I t   is  p r e f e r r e d  

to  employ   s y n t h e t i c   a l l o y s   in  w h i c h   the   a t o m i c  

p e r c e n t   r a t i o   of  n i c k e l   to  i r o n   i s   a p p r o x i m a t e l y  

7 5 : 2 5 .   At  t h i s   r a t i o   r e l a t i v e l y   f a s t   c o o l i n g  

r a t e s   can  be  u s e d   to  b r i n g   a  m e l t   of  FeNi3  to   a n  

o r d e r e d   c r y s t a l l i n e   s t a t e .   S m a l l   a m o u n t s   o f  

c o b a l t   or  c o p p e r ,   or  b o t h ,   can   be  c o n t a i n e d   in  t h e  

s y n t h e t i c   a l l o y ,   e . g . ,   up  to   a b o u t   5  a t o m i c  

p e r c e n t   c o b a l t ,   c o p p e r ,   or  m i x t u r e   of  b o t h .  

D e s i r a b l y ,   t h e   s y n t h e t i c   n i c k e l - i r o n   a l l o y   w i l l  

no t   c o n t a i n   more   t h a n   a b o u t   2  a t o m i c   p e r c e n t   of  Co 

a n d / o r   C u .  

The  t e r m   " c o r r o s i o n " ,   as   u s e d   h e r e i n ,  

r e p r e s e n t s   t h e   u n d e s i r a b l e   d e t e r i o r a t i o n   of  a  

m e t a l ,   i . e . ,   an  i n t e r a c t i o n   of  t h e   m e t a l   w i t h   i t s  

e n v i r o n m e n t   w h i c h   a d v e r s e l y   a f f e c t s   t h o s e  

p r o p e r t i e s   of   t he   m e t a l   w h i c h   i t   i s   d e s i r e d   t o  

p r e s e r v e ( 5 ) .  

I n d u s t r i a l   m e t a l s ,   e s p e c i a l l y   i n d u s t r i a l  

f e r r o u s   m e t a l s ,   a r e   u s e d   in  a  g r e a t   v a r i e t y   o f  

a p p l i c a t i o n s ,   n a t u r a l   and  a r t i f i c i a l .   T h u s ,   t h e  

n o v e l   h i g h l y   c o r r o s i o n   r e s i s t a n t   c o a t e d   m e t a l s   a s  
w e l l   as  t h e   s y n t h e t i c   n i c k e l - i r o n   a l l o y   pe r   s e  

have   wide   a p p l i c a b i l i t y   in  m a r i n e   e n v i r o n m e n t s ,  

e . g . ,   a q u e o u s   e n v i r o n m e n t   s u c h   as  s e a - w a t e r   a n d  

f r e s h   w a t e r ,   u n d e r g r o u n d   e n v i r o n m e n t s   w i t h i n   s o i l  

and  r o c k ,   m a n - m a d e   e n v i r o n m e n t s ,   and  a t m o s p h e r i c  

e n v i r o n m e n t s .   I l l u s t r a t i v e   of  i n d u s t r i a l   m e t a l  

p r o d u c t s   or  c o m p o n e n t s   t h e r e o f   f a b r i c a t e d   f rom  t h e  

(5)  See  f o o t n o t e   (5)  a t   end  of   s p e c i f i c a t i o n .  



s y n t h e t i c   a l l o y   p e r  s e   or  c o a t e d   w i t h   t h e  

s y n t h e t i c   a l l o y   a r e   s t e a m   t u r b i n e   c o m p o n e n t s ,  

b o i l e r   t u b e s ,   r a d i a t o r s ,   c o n v e r t o r s ,   h e a t  

e x c h a n g e r   c o m p o n e n t s ,   r i v e t s ,   b u o y s ,   s h e e t s ,  

p l a t e s ,   s h i p   h u l l   c o m p o n e n t s ,   b e a r i n g   s e a l s ,   o i l  

w e l l   " C h r i s t m a s   t r e e s " ,   m a r i n e   and  s u r f a c e   p i p i n g ,  

s i g n s ,   a n t e n n a e ,   c a b l e s ,   b o l t s ,   s h a f t s ,  

p r o p e l l e r s ,   m e t a l l i c   m a r k e r s   and  r e f l e c t o r s ,  

t o w e r s ,   b r i d g e   c o m p o n e n t s ,   I - b e a m s ,   g i r d e r s ,  

c o n c r e t e   r e i n f o r c i n g   b a r s ,   b u i l d i n g   p a n e l s   a n d  

o t h e r   c o m p o n e n t s ,   c o m p o n e n t s   and  p a r t s   o f  

v e h i c l e s ,   e . g . ,   a u t o m o b i l e ,   t r a i n ,   m o t o r c y c l e ,  

b o a t ,   e t c . ,   e s p e c i a l l y   e x t e r i o r   p a r t s   s u c h   a s  

b u m p e r s ,   f e n d e r s ;   f r a m e s ,   c h a s s i s   and  o t h e r   b o d y  

p o r t i o n s   of  an  a u t o m o b i l e .   A d d i t i o n a l l y ,   s u c h  

f a b r i c a t e d   or  c o a t e d   i n d u s t r i a l   m e t a l   p r o d u c t s   o r  

c o m p o n e n t s   can  be  u s e d   as  a  m a t e r i a l   of  c o n s t r u c -  

t i o n   i n ,   fo r   e x a m p l e ,   d r i l l i n g   r i g s ,   r o c k   m i n i n g  

e q u i p m e n t ,   p a p e r   m i l l s ,   s u l f a t e   p r o c e s s i n g   p l a n t s ,  

p o w e r   p l a n t s ,   p e t r o l e u m   c r a c k i n g   and  r e f i n i n g  

p l a n t s ,   r a d i o a c t i v e   p r o c e s s i n g   p l a n t s ,   f e r t i l i z e r  

p l a n t s ,   d i f f u s i o n   p l a n t s ,   and  d e s a l i n a t i o n   p l a n t s .  

By  t he   p r a c t i c e   of  one  a s p e c t   of  t h e  

i n v e n t i o n ,   t h e r e   a r e   o b t a i n e d   n o v e l   c o a t e d  

a r t i c l e s   of  c o m m e r c e   as   i l l u s t r a t e d   a b o v e   w h i c h  

a r e   c h a r a c t e r i z e d   by  a  h i g h e r   r e s i s t a n c e   t o  

c o r r o s i o n   as  c o m p a r e d   to   t h e   c o r r o s i o n   r e s i s t a n c e  

of   t h e   c o r r e s p o n d i n g   u n c o a t e d   a r t i c l e   of   c o m m e r c e .  

In  p r e f e r r e d   a s p e c t s   of  t h e   i n v e n t i o n   t h e   n o v e l  

c o a t e d   a r t i c l e   or  c o m p o n e n t   i s   c h a r a c t e r i z e d   b y  

h i g h   c o r r o s i o n   r e s i s t a n c e   w h i c h  r e p r e s e n t s   a  

d i f f e r e n c e   in  k i n d   c o m p a r e d   to  t h e  c o r r o s i o n  



r e s i s t a n c e   of  t h e   c o r r e s p o n d i n g   u n c o a t e d   a r t i c l e  

or  c o m p o n e n t .  

The  s y n t h e t i c   n i c k e l - i r o n   a l l o y s   of   t h e  

i n v e n t i o n   a r e   p a r t i c u l a r l y   a p p l i c a b l e   as  a  c o a t i n g  

f o r   t he   v a r i o u s   i n d u s t r i a l   m e t a l s   i n c l u d i n g   t h e  

w e l l - k n o w n   m e t a l s   and  a l l o y s   of  c o n s t r u c t i o n ,   t o  

i m p r o v e   t h e i r   c o r r o s i o n   r e s i s t a n c e   in  a  w i d e  

v a r i e t y   of  ( c o r r o s i v e )   e n v i r o n m e n t s   i l l u s t r a t e d  

p r e v i o u s l y .   I n d u s t r i a l   m e t a l s   i n c l u d e ,   i n  

p a r t i c u l a r ,   t h e   v a r i o u s   s o - c a l l e d   f e r r o u s   m e t a l s ,  

a l l o y s ,   and  o t h e r   common  " m e t a l s   of  c o n s t r u c t i o n , "  

e . g . ,   c a s t   i r o n ,   s t e e l ,   e t c .  

The  s y n t h e t i c   n i c k e l - i r o n   a l l o y   can   b e  

p r e p a r e d   by  m e l t i n g   in  a  f u r n a c e ,   p r e f e r a b l y   in  a n  

i n e r t   a t m o s p h e r e ,   a  m i x t u r e   of  n i c k e l   and  i r o n   i n  

t h e   p r o p e r   p r o p o r t i o n ,   e . g . ,   75  a t o m i c   %  Ni  and  25 

a t o m i c   %  Fe ,   f o l l o w e d   by  s l o w l y   c o o l i n g   t h e  

m e l t .   At  a p p r o x i m a t e y   500°C  t he   s i n g l e - p h a s e   y '  

f o r m s .   S low  c o o l i n g   i s   c o n t i n u e d ,   p r e f e r a b l y   w i t h  

a n n e a l i n g   a t   a b o u t   490°C  to  400°C  f o r   s e v e r a l  

h o u r s ,   u n t i l   t h e r e   i s   o b t a i n e d   t he   s y n t e h t i c  

o r d e r e d   FeNi3   a l l o y   a t   room  t e m p e r a t u r e ,   e . g . ,  
a b o u t   2 0 ° C .  

The  s y n t h e t i c   a l l o y   of  t he   i n v e n t i o n   c a n  

be  c o a t e d   on  i n d u s t r i a l   f e r r o u s   m e t a l s   and  o t h e r  

m e t a l s   by  v a r i o u s   c o n v e n t i o n a l   t e c h n i q u e s  

i n c l u d i n g ,   f o r   e x a m p l e ,   h o t - d i p p i n g ,   a r c - p l a s m a  

s p r a y i n g ,   h o t - p r e s s i n g   and  r o l l i n g ,   or  any  o t h e r  

m e t h o d   w h i c h   d o e s   no t   s i g n i f i c a n t l y   a l t e r   t h e  

c o m p o s i t i o n   of  t he   FeNi3   a l l o y .   The  c o a t i n g   o r  

b o n d i n g   of  t h e   s y n t h e t i c   a l l o y   on  t h e  i n d u s t r i a l  

m e t a l   s u b s t r a t e   g r e a t l y   e n h a n c e s   the   r e s i s t a n c e   o f  

t h e   m e t a l   s u b s t r a t e   a g a i n s t   t he   c o r r o s i v e   e f f e c t s  



of  t h e   v a r i o u s   e n v i r o n m e n t s   i l l u s t r a t e d  

p r e v i o u s l y .   The  t h i c k n e s s   of  such   c o a t i n g   or  b o n d  

on  t h e   m e t a l   s u b s t r a t e   can  be  in  t he   r a n g e   o f  

s e v e r a l   a n g s t r o m s   to  s e v e r a l   m i c r o n s ,   and   t h i c k e r ,  

e . g . ,   s e v e r a l   m i l s .   In  v a r i o u s   e m b o d i m e n t s   t h e  

n o v e l   p r o d u c t   or  a r t i c l e   may  c o n s i s t   e s s e n t i a l l y  

of  t h e   s y n t h e t i c   N i - F e   a l l o y   pe r   s e .  

EXAMPLE 

P r e p a r a t i o n   of  S y n t h e t i c   FeNi3   A l l o y  

A  s a m p l e   of  a r t i f i c i a l   a w a r u i t e   w a s  

p r e p a r e d   by  m e l t i n g   a  m i x t u r e   of  25  w e i g h t   %  F e  

and  75  w e i g h t   %  Ni .   T h i s   m e l t   was  p r o d u c e d   a n d  

c o o l e d   in   an  i n e r t   a t m o s p h e r e   in  an  i n d u c t i o n  

f u r n a c e .   The  m e l t   was  c o o l e d   s l o w l y   to   r o o m  

t e m p e r a t u r e .   An  i n g o t   a b o u t   1"  x  3"  was  p r o d u c e d .  

S a m p l e s   of  t h i s   i n g o t   were   u s e d   for   D e b y e - S c h e r r e r  

X - r a y   d e f f r a c t i o n   a n a l y s i s   and  e l e c t r o n   m i c r o p r o b e  

a n a l y s i s .  

G r a i n s   a b o u t   1  mm  in  l a r g e s t   d i m e n s i o n   o f  

n a t u r a l   a w a r u i t e ,   c o l l e c t e d   a t   the   " t y p e   l o c a l i t y " ,  

A w a r u a   Bay,   New  Z e a l a n d   ( C o r n e l l   U n i v e r s i t y  

c o l l e c t i o n   # 2 5 . 5 - 2 )   were   m o u n t e d   and  p o l i s e d   f o r  

e l e c t r o n   m i c r o p r o b e   a n a l y s i s ;   s i m i l a r   s i z e   g r a i n s  

f r o m   t h e   same  c o l l e c t i o n   were   m o u n t e d   on  a  g l a s s  

f i b e r   f o r   D e b y e - S c h e r r e r   X - r a y   d i f f r a c t i o n  

a n a l y s i s ;   s ee   T a b l e   I  b e l o w .  

METHOD 

The  p r o p e r t i e s   of  a r t i f i c i a l   a w a r u i t e  

t h a t   d e t e r m i n e   i t s   c h e m i c a l   b e h a v i o r ,   in   c o m p a r i -  

i  son   w i t h   n a t u r a l   a w a r u i t e ,   a r e   d o m i n a n t l y  

c o m p o s i t i o n a l   and  s t r u c t u r a l .   S i n c e   i t   i s   k n o w n  



t h a t   n a t u r a l   a w a r u i t e   is   v e r y   s t a b l e   in  v a r i o u s  

g e o l o g i c   e n v i r o n m e n t s ,   i n c l u d i n g   s u r f a c e  

( o x i d i z i n g )   and  m e t a m o r p h i c   ( b o t h   o x i d i z i n g   a n d  

r e d u c i n g )   c o n d i t i o n s ( 6 ) ,   t h e   e l e c t r o n   m i c r o p r o b e  

a n a l y s i s   was  done   to  c o m p a r e   t h e  c o m p o s i t i o n   a n d  

t h e   X - r a y   d i f f r a c t i o n   a n a l y s i s   was  done   to  c o m p a r e  
t h e   s t r u c t u r e   of  b o t h   t he   n a t u r a l   and  a r t i f i c i a l  

s p e c i m e n s   of  a w a r u i t e .   For  e c o n o m y   p u r p o s e s ,   t h e  

c o m p o s i t i o n   s e l e c t e d   f o r   t h e   a r t i f i c i a l   a w a r u i t e  

was  75  N i - 2 5   Fe  (by  w e i g h t   % ) .  

(6)  See  f o o t n o t e   (6)  a t   end  of   s p e c i f i c a t i o n .  



The  r e s u l t s   of  t he   X - r a y   d i f f r a c t i o n  

a n a l y s e s   on  t he   a r t i f i c i a l   a w a r u i t e   ( s y n t h e t i c  

a l l o y   of  F e N i 3 )   and   on  t he   n a t u r a l   a w a r u i t e  

( A w a r u a   Bay)  e s t a b l i s h e d   t h a t   t h e y   have   e s e n t i a l l y  

i d e n t i c a l   s t r u c t u r e s ,   i . e . ,   F e N i 3 ,   h a v i n g   a n  

o r d e r e d ,   s i n g l e - p h a s e   (y ' )   s t r u c t u r e .   O t h e r  

s p e c i m e n s   of  n a t u r a l   a w a r u i t e   may  and  o f t e n t i m e s  

do  e x h i b i t   d i f f e r e n t   p r o p o r t i o n s   of  N i ,   Fe,   a n d  

s m a l l   a m o u n t s   of  a d d i t i o n a l   c o m p o n e n t s .   T h e  

r e s u l t s   of  t h e   e l e c t r o n   m i c r o p r o b e   a n a l y s e s  

e s t a b l i s h   t h a t   t h e   a r t i f i c i a l   a w a r u i t e   and  t h e  

n a t u r a l   a w a r u i t e   h a v e   e s s e n t i a l l y   t h e   s a m e  

c h e m i c a l   c o m p o s i t i o n .   T h e r e f o r e ,   t he   b e h a v i o r   o f  

t h e   n a t u r a l   and  a r t i f i c i a l   a w a r u i t e   in   v a r i o u s  

g e o c h e m i c a l   e n v i r o n m e n t s ,   and  i n d e e d ,   v a r i o u s  

" c o r r o s i v e "   e n v i r o n m e n t s ,   w o u l d   be  t h e   s a m e .  

V a r i o u s   g e o l o g i c   o c c u r r e n c e s   of  n a t u r a l   a w a r u i t e  

d e m o n s t r a t e   t h e   r e m a r k a b l e   c h e m i c a l   s t a b i l i t y   o f  

t h i s   m i n e r a l   o v e r   v e r y   l o n g   i n t e r v a l s   of  t i m e ,  

e x c e e d i n g   m i l l i o n s   of  y e a r s ( 6 ) .   A r t i f i c i a l  

a w a r u i t e   w o u l d   b e h a v e   t h e   same  as  n a t u r a l   a w a r u i t e  

in   s u c h   v a r i o u s   g e o c h e m i c a l   e n v i r o n m e n t s .  

T h o u g h  n o t   e c o n o m i c a l l y   f e a s i b l e   a t   t h e  

p r e s e n t   t i m e ,   t h e   n a t u r a l l y   o c c u r r i n g   i r o n - n i c k e l  

m i n e r a l   a w a r u i t e   can   be  u s e d   in  t h e   p r a c t i c e   o f  

t h e   i n v e n t i o n ( s )   d e s c r i b e d   h e r e i n .   The  q u e s t i o n  

of  e c o n o m i c s   w i t h  r e s p e c t   to  the   m i n e r a l   a w a r u i t e  

i s   d e p e n d e n t   m a i n l y   on  i t s   a v a i l a b i l i t y   and  s i z e  

of  i t s   d e p o s i t s   w h i c h   a r e   l i m i t e d   a t   t h i s   t i m e .  

(6)  See  f o o t n o t e   (6)  a t   end  of  s p e c i f i c a t i o n .  
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1.  A  p r o d u c t   c o m p r i s i n g   an  i n d u s t r i a l  

m e t a l   h a v i n g   a  c o r r o s i o n   p r o t e c t i v e   c o a t i n g   o f  

e i t h e r   (1)  a  c o r r o s i o n   r e s i s t a n t   s y n t h e t i c   a l l o y  

c o n s i s t i n g   e s s e n t i a l l y   of  f rom  a b o u t   64  to  a b o u t  

83  a t o m i c   %  n i c k e l   and  f rom  a b o u t   17  to  a b o u t   36 

a t o m i c   %  i r o n ,   s a i d   s y n t h e t i c   a l l o y   h a v i n g   (a)  a n  

o r d e r e d   c r y s t a l l i n e   s t r u c t u r e   w h i c h   is   in  t h e  

s i n g l e - p h a s e   y'  r e g i o n   of  t h e   p h a s e   d i a g r a m   o f  

V.  T.  Heumann  and  G.  K a r s t e n   ( F i g u r e   1 ) ,   a n d  

h a v i n g   (b)  e s s e n t i a l l y   t h e   p r o p e r t i e s   of  t h e  

n a t u r a l l y   o c c u r r i n g   i r o n - n i c k e l   m i n e r a l   a w a r u i t e  

or  (2)  a  c o r r o s i o n   r e s i s t a n t   s y n t h e t i c   a l l o y  

c o n s i s t i n g   e s s e n t i a l l y   of  f r o m  a b o u t   7 2 . 5   to  a b o u t  

78  a t o m i c   %  n i c k e l   and  f rom  a b o u t   27 .5   to  a b o u t   22  

a t o m i c   %  i r o n ,   s a i d   s y n t h e t i c   a l l o y   h a v i n g   (a)  a n  
o r d e r e d   c r y s t a l l i n e   s t r u c t u r e   w h i c h   is   in  t h e  

s i n g l e - p h a s e   r e g i o n   of  t h e   p h a s e   d i a g r a m   o f  

L.  M.  V i t i n g   ( F i g u r e   2)  and  h a v i n g   (b)  e s s e n t i a l l y  

t h e   p r o p e r t i e s   of  t he   n a t u r a l l y   o c c u r r i n g   i r o n -  

n i c k e l   m i n e r a l   a w a r u i t e ,   or  (3)  n a t u r a l l y  

o c c u r r i n g ,   o r d e r e d ,   i r o n - n i c k e l   m i n e r a l   a w a r u i t e  

w h i c h   c o n s i s t s   e s s e n t i a l l y   of  f rom  a b o u t   64  t o  

a b o u t   83  a t o m i c   %  n i c k e l   and  f rom  a b o u t   17  t o  

a b o u t   36  a t o m i c   %  i r o n .  

2.  A . p r o d u c t   a c c o r d i n g   to  c l a i m   1 

w h e r e i n   t he   c o a t i n g   i s   of  a  s y n t h e t i c   a l l o y .  



3.  A  p r o d u c t   a c c o r d i n g   to  c l a i m   2  i n  

w h i c h   t he   s y n t h e t i c   a l l o y   c o n t a i n s   up  to  a b o u t   5 

a t o m i c   %,  p r e f e r a b l y   up  to  2  a t o m i c   %  of  c o p p e r   o r  

c o b a l t ,   or  m i x t u r e s   t h e r e o f .  

4.  A  p r o d u c t   a c c o r d i n g   to   c l a i m   2  or  3 

in  w h i c h   t he   a t o m i c   p e r c e n t   r a t i o   of  n i c k e l   t o  

i r o n   i s   7 5 : 2 5 .  

5.  A  p r o d u c t   a c c o r d i n g   to  any  one  o f  

c l a i m s   1-4  w h e r e i n   s a i d   i n d u s t r i a l   m e t a l   i s   a n  

i n d u s t r i a l   f e r r o u s   m e t a l .  

6.  A  p r o d u c t   a c c o r d i n g   to  any  one  o f  

c l a i m s   1-5   i n  a n   e n v i r o n m e n t   n o r m a l l y   c o r r o s i v e   t o  

s a i d   i n d u s t r i a l   m e t a l ,   s a i d   p r o d u c t   h a v i n g  

i n c r e a s e d   r e s i s t a n c e   to   c o r r o s i o n   by  t h e   e n v i r o n -  

ment   due  to   t he   c o a t i n g   of  s a i d   s y n t h e t i c   a l l o y .  

7.  A  p r o d u c t   a c c o r d i n g   to  any  one  o f  

c l a i m s   1-6  in  w h i c h   s a i d   e n v i r o n m e n t   i s   a  m a r i n e  

e n v i r o n m e n t   or  an  u n d e r g r o u n d   e n v i r o n m e n t .  

8.  As  a r t i c l e s   of  m a n u f a c t u r e ,   a  p r o d u c t  

a c c o r d i n g   to   any  one  of  c l a i m s   1  to  7  in  w h i c h   t h e  

c o a t e d   i n d u s t r i a l   m e t a l   i s   in  t h e   fo rm  of  a  s t e a m  

t u r b i n e   c o m p o n e n t ,  b r i d g e   c o m p o n e n t ,   h e a t  

e x c h a n g e r   c o m p o n e n t ,   b u i l d i n g   c o m p o n e n t ,   e x t e r i o r  

c o m p o n e n t   of  a  v e h i c l e ,   b o i l e r   t u b e ,   r a d i a t o r ,  

c o n v e r t o r ,   m a r i n e ,   s u r f a c e ,   u n d e r g r o u n d   o r  

u n d e r w a t e r  p i p i n g ,  s h a f t ,   p r o p e l l e r ,   c a b l e ,   s h e e t ,  



c o n c r e t e   r e i n f o r c e   b a r s ,   p l a t e ,   r i v e t ,   s i g n ,   b o l t ,  

a n t e n n a e ,   m a r k e r   or  r e f l e c t o r ,   b e a r i n g   s e a l ,  

t o w e r ,   o i l   w e l l   " C h r i s t m a s   t r e e " ,   or  b u o y .  

9.  A  p r o d u c t   a c c o r d i n g   to  any  one  o f  

c l a i m s   1  or  5-8  h a v i n g   a  c o r r o s i o n   p r o t e c t i v e  

c o a t i n g   of  n a t u r a l l y   o c c u r r i n g   m i n e r a l   a w a r u i t e  

c o n s i s t i n g   e s s e n t i a l l y   of  f rom  a b o u t   7 2 . 5   to  a b o u t  

78  a t o m i c   %  n i c k e l   and  f rom  a b o u t   27 .5   to  a b o u t   22  

a t o m i c   %  i r o n .  
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