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©  Diffusion  alloy  steel  foil. 
(57)  A  cold  rolled  solid  solution  iron-aluminum  diffusion  alloy 
foil  and  a  method  of  making  the  foil  are  described.  Thefoil  has 
good  room  temperature  formability  and  high  temperature 
oxidation  and  corrosion  resistance  with  useful  electrical  and 
magnetic  properties  and  is  adapted  for  use  as  a  tool  wrap,  as 
an  electrical  steel,  and  as  a  support  for  a  catalyst  after  a 
coating  of  spine-like  aluminum  oxide  whiskers  is  grown  on 
the  surface  thereof.  The  foil  is  made  by  hot-dip  aluminum 
coating  a  titanium  stabilized  low  carbon  steel  strip,  cold  roll- 
ing  the  aluminum  coated  strip  to  effect  between  about  a  40 
and  99  percent  reduction  in  thickness,  and  diffusion  heating 
the  cold  rolled  aluminum  coated  steel  strip  to  form  a  solid 

<r"  solution  iron-aluminum  diffusion  alloy  foil  containing  be- 
^   tween  about  2  and  12  wt.%  aluminum.  In  a  modified  form  the 

cold  railed  aluminum  coated  steel  is  heated  in  a  dry  nitrogen 
O  containing  atmosphere  to  form  an  aluminum  nitride- 
f™  containing  surface  film  which  has  increased  resistance  to 
9   attack  by  acidic  solutions.  As  a  further  modification,  the  foil 

product  is  subjected  to  additional  cold  rolling  to  create  strain 
J"  in  the  foil  and  the  strained  foil  is  heated  to  cause  the  crystal 
2   s'z9  in  the  foil  to  be  substantially  increased. 
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A   cold  rolled  solid  solution  iron-aluminum  diffusion  alloy 
foil  and  a  method  of  making  the  foil  are  described.  The foil  has 
good  room  temperature  formability  and  high  temperature 
oxidation  and  corrosion  resistance  with  useful  electrical  and 
magnetic  properties  and  is  adapted  for  use  as  a  tool  wrap,  as 
an  electrical  steel,  and  as  a  support  for  a  catalyst  after  a 
coating  of  spine-like  aluminum  oxide  whiskers  is  grown  on 
the  surface  thereof.  The  foil  is  made  by  hot-dip  aluminum 
coating  a  titanium  stabilized  low  carbon  steel  strip,  cold  roll- 
ing  the  aluminum  coated  strip  to  effect  between  about  a  40 
and  99  percent  reduction  in  thickness,  and  diffusion  heating 
the  cold  rolled  aluminum  coated  steel  strip  to  form  a  solid 
solution  iron-aluminum  diffusion  alloy  foil  containing  be- 
tween  about  2  and  12  wt.%  aluminum.  In  a  modified  form  the 
cold  rolled  aluminum  coated  steel  is  heated  in  a  dry  nitrogen 
containing  atmosphere  to  form  an  aluminum  nitride- 
containing  surface  film  which  has  increased  resistance  to 
attack  by  acidic  solutions.  As  a  further  modification,  the  foil 
product  is  subjected  to  additional  cold  rolling  to  create  strain 
in  the  foil  and  the  strained  foil  is  heated  to  cause  the  crystal 
size  in  the  foil  to  be  substantially  increased. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o  

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

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

of  s o l i d   s o l u t i o n   i r o n - a l u m i n u m   d i f f u s i o n   a l l o y s   a n d  

i r o n - a l u m i n u m - s i l i c o n   d i f f u s i o n   a l l o y s   w h i c h   a r e  

f o r m a b l e   a t   r o o m   t e m p e r a t u r e ,   h a v e   g o o d   h i g h   t e m p e r a t u r e  

o x i d a t i o n   r e s i s t a n c e   and   c o r r o s i o n   r e s i s t a n c e ,   h a v e  

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

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

s p i n e - l i k e   w h i s k e r s   of  a l u m i n u m   o x i d e   s u i t a b l e   f o r  

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

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

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

f o i l   h a s   n o t   b e e n   a v a i l a b l e .   The  S m i t h   e t   a l   U . S .  

P a t e n t   No.  3 , 2 1 4 , 8 2 0   d i s c l o s e s   s t e e l   f o i l s   h a v i n g   a  

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

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

m e t a l l i c   t i n ,   z i n c ,   a l u m i n u m   or  s t a i n l e s s   s t e e l  

p r o t e c t i v e   m e t a l   c o a t i n g   by  c o l d   r o l l i n g   a  p l a i n   c a r b o n  

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

by  a  p l a t i n g   p r o c e s s .   S m i t h   e t   a l   t e a c h e s   a g a i n s t   h o t  

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

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

i n t e r m e t a l l i c   l a y e r   w h i c h   S m i t h   e t   a l   s t a t e s   p r e v e n t s  

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

p a t e n t   e x p r e s s l y   a v o i d s   a n n e a l i n g   a  s t e e l   s t r i p   c o a t e d  

w i t h   t i n ,   z i n c ,   or   a l u m i n u m ,   b e c a u s e   of  t h e   low  m e l t i n g  

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



Objects   of  the  invent ion  include  at  least  one  of  the  fo l lowing:  

To  provide  a  method  of  producing  e c o n o m i c a l l y   a  solid  so lu t ion  

I r o n - a l u m i n i u m   diffusion  alloy  foll  which  is  fo rmable   at  room  t e m p e r a t u r e   a n d  

r e s i s t an t   to  oxidat ion  at  e leva ted   t e r n p e r o i u r e s .  

To  provide  an  economica l   room  t e m p e r a t u r e   fo rmable   solid  so lu t ion  

i r o n - a l u m i n i u m   diffusion  alloy  foil  which  is  useful  as  a  tool  w r a p .  
To  provide  a  solid  solution  i ron -o lumin ium  diffusion  alloy  foil  w h i c h  

exhlbifs   improved  e lec t r i ca l   p r o p e r t i e s .  

To  provide  In  an  economica l   manner   a  cold  reduced  stabilized  sol ld  

solut ion  i r on -a lumin ium  diffusion  alloy  foil  which  Is  fo rmable   at  room  t e m p e r a t u r e  

and  which  has  an  adherent   sur face   coat ing  of  sp ine- l ike   whiskers  of  a l u m i n i u m  

o x i d e .  

To  provide  a  solid  solution  i r on -a lumln lum  diffusion  alloy  foil  by  co ld  

rolling  and  diffusion  heat ing  on  a luminium  coated  steel  strip  which  Is  c h a r a c t e r i z e d  

by  good  r e s i s t ance   to  oxidat ion  and  corrosion  at  room  t e m p e r a t u r e   and  at  e l e v a t e d  

t e m p e r a t u r e s ,   as  when  exposed  to  exhaust   gases  from  a u t o m o t i v e   and  Indusfr ta l  

a p p a r t u s .  

Other  objects  of  the  present   InventIon  will  be  apparen t   to  those  ski l led 

in  the  art  from  the  de ta i led   descr ip t ion   and  claims  to  follow  when  read  In 

con junc t i on   with  the  a ccompany ing   d r a w i n g s  

According  to  one  aspect   of  the  present   Invention  we  provide  a  sol id  

solut ion  I ron -a lumin ium  diffusion  alloy  light  gauge  strip  or  foil  formed  in  sliu  by 

d i f fus ion  heat ing  a  cold  rolled  t i t an ium  s tabi l ized  low  carbon  steel  strip  con to in ing  

on  excess   of  uncombined  t i t an ium  and  having  on  each  side  an  aluminium  c o a t i n g  

b e t w e e n   about  12.7 µm  (0.0005  Inch)  and  about  76 µm  (0.003  Inch)  thick,  the  c o a t e d  

steel  strip  a f te r   cold  reduc t ion   of  be tween   about  40%  and  about  99%  having  a  foll 

t h i ckness   of  be tween   about  0 .013mm  (0.005  inch)  and  0.152  mm  (0.006  Inch)  with  a n  
a lumin ium  coat ing  th ickness   be tween   about  1.07 µm  (0.000042  inch)  and  2 7 . °  µ m  

(0.0011  inch),  said  solid  solution  i ron -a lumin lum  diffusion  alloy  light  gauge  s t r i p  o r  

foll  con ta in ing   be tween  about  2  wt.%  and  about  12  wt.%  aluminlum  d i f fu sed  

th roughou t   Its  cross  sect ion,   and  said  light  gouge  strip  or  foll  being  formable  a t  

room  t e m p e r a t u r e   and  being  res i s tan t   to  oxidat ion  and  to  corrosion  at  e l e v a t e d  

i e m p e r a i u r e s .  

According  to  another   aspect   of  the  invent ion  we  provide  o  solld  so lu i lon  

l r o n - a l u n i n l u m   diffusion  alloy  cold  rolled  t i t an ium  s tab i l lzed   low  carbon  steel  l ight 



gauge  strip  or  foll  conta in ing  be tween   about  2  wt.%  and  12  wt.%  aluminium  and  a  

maximum  of  about  0. 1 wt.%  carbon  and  a  maximum  of  1.0  wt.%  t l tanlum  with  sa id  

t i tan ium  combined  with  the  carbon  and  ni trogen  In  said  diffusion  alloy  foil  and  

providing  an  excess  of  uncombined  t i tan ium,   said  diffusion  alloy  light  gauge  strip  o r  

foil  having  a  higher  c o n c e n t r a t i o n   of  t i tanium  at  the  surface  than  In  the  i n t e r i o r  

thereof,   and  said  diffusion  alloy  light  gauge  strip  or  foll  being  formable  at  r o o m  

t e m p e r a t u r e   and  being  res i s tan t   to  oxidation  and  to  corrosion  at  e l e v a t e d  

t e m p e r a t u r e s .  

According  to  another   aspect  of  the  invention  we  provide  a  method  of 

forming  a  room  t e m p e r a t u r e   formable   solid  solution  i ron-a luminium  diffusion  a l loy  

light  gauge  strip  or  foil  c o m p r i s i n g :  

(I)  forming  a  strip  of  t i tanium  s tabi l ized  low-carbon  steel  containing  on 

excess  of  uncombined  t i tanium  and  having  a  thickness  of  between  a b o u t  

0.25  mm  and  about  0.76  mm  (0.010  and  0.030  inch), 

(2)  applying  to  each  surface   of  said  steel  strip  an  alumlnlum  coating  h a v i n g  

a  thickness  of  be tween   about  12.7 µm  (0.0005  Inch)  and  about  7 6  µ m  

(0.003  inch)  which  provides  between  about  2  wt.%  and  about  12  w t . %  

aluminium  based  on  the  weight  of  said  light  gauge  strip  of  foil ,  

(3)  reducing  the  th ickness   of  the  aluminium  coated  strip  between  a b o u t  

40%  and  about  99%  by  cold  rolling  to  form  an  aluminium  coated  t h in  

gauge  steel  strip  foil  having  a  thickness  of  between  about  0.013  m m  

(0.0005  Inch)  and  0.152  mm  (0.006  inch)  with  an  aluminium  c o a t i n g  

thickness  be tween   about  1.07µm  (0.000042  inch)  and  27.9µm  (0.001  i n c h )  

and ,  

(4)  heat ing  said  cold  rolled  aluminium  coated  thin  gauge  steel  strip  or  foil  

to  form  a  solid  solution  i ron-a lumin ium  diffusion  alloy  llght  gouge  s t r i p  

or  foil  having  be tween   about  2  wt.%  and  about  12  wt.%  a l u m i n i u m  

diffused  th roughout   the  cross  section  t h e r e o f .  

One  way  of  carrying  out  the  invention  is  described  below  with  r e f e r e n c e  

to  the  accompany ing   drawings  which  i l lustrate   only  one  specific  embodiment ,   in 

which:  

FIGURE  i s   a  pho tomic rog raph   at  500X  magnif ica t ion   of  a  cross  s e c t i o n  

of  0.076  mm  (0.003  inch)  thick  e l ec t ro ly t i ca l ly   etched  solid  solution  i r o n -  



a l u m i n u m - s i l i c o n   d i f f u s i o n   a l l o y   f o i l   c o n t a i n i n g   6 . 2  

wt .%  a l u m i n u m ,   0 . 8 6   wt .%  s i l i c o n   and   0 . 4 1   wt .%  t i t a n i u m  

f o r m e d   by  c o l d   r o l l i n g   a  h o t - d i p   Type   I  a l u m i n u m   c o a t e d  

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

a b o u t   0 . 4 7   mm  ( 0 . 0 1 8 5   i n c h )   t h i c k   and   r e d u c e d   84  p e r c e n t  

on  a  S e n d z i m i r   c o l d   r o l l i n g   m i l l   and   t h e r e a f t e r   v a c u u m  

d i f f u s i o n   h e a t e d   f o r   4  h o u r s   a t   9 8 2 ° C   ( 1 8 0 0 ° F ) ;  

F i g .   2  i s   a  p h o t o m i c r o g r a p h   a t   5 0 0 X  

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

F i g .   1  w h i c h   h a s   b e e n   d i f f u s i o n   h e a t e d   a t   1 0 9 4 ° C  

( 2 0 0 0 ° F )   f o r   f o u r   h o u r s   and   s h o w i n g   t h e   f o i l   h a v i n g  

l a r g e   o r i e n t e d   c r y s t a l   w i t h   t h e   f o i l   b e i n g   one  g r a i n  

t h i c k ;  

F i g .   3  i s   a  g r a p h   s h o w i n g   t h e   s u b s t a n t i a l l y  

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

of  t h e   s o l i d   s o l u t i o n   d i f f u s i o n   a l l o y   f o i l   of   F i g .   2,  a s  

d e t e r m i n e d   by  m i c r o p r o b e   a n a l y s i s ;   a n d  

F i g .   4  i s   a  g r a p h   s h o w i n g   t h e   d i f f u s i o n  

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

t h e   a l u m i n u m   t h r o u g h o u t   t h e   i n t e r i o r   of  a  0 . 0 0 3 3   i n c h  

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

f o i l   a t   t e m p e r a t u r e   b e t w e e n   8 1 6 ° C   ( 1 5 0 0 ° F )   a n d   1 1 4 9 ° C  

( 2 1 0 0 ° F ) .  

A  f o i l   f o r m e d   s u b s t a n t i a l l y   of  an  i r o n -  

a l u m i n u m   or   i r o n - a l u m i n u m - s i l i c o n   d i f f u s i o n   a l l o y   i s  

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

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

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

h a v i n g   a  t h i c k n e s s   b e t w e e n   a b o u t   0 . 2 5   mm  ( 0 . 0 1 0   i n c h )  

and   a b o u t   0 . 7 6   mm  ( 0 . 0 3 0   i n c h ) ,   a  h o t - d i p   a l u m i n u m  

c o a t i n g   u s i n g   c o n v e n t i o n a l   c o n t i n u o u s   i n - l i n e   h o t - d i p  

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

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

s t r i p   h a v i n g   a  t h i c k n e s s   of   b e t w e e n   a b o u t   1 2 . 7   µm 

( 0 . 0 0 0 5   i n c h )   and   a b o u t   76  µm  ( 0 . 0 0 3   i n c h )   w h i c h   i s  

s u f f i c i e n t   t o   p r o v i d e   a f t e r   d i f f u s i o n   h e a t i n g   a  



d i f f u s i o n   a l l o y   f o i l   c o n t a i n i n g   b e t w e e n   a b o u t   2  w t . %  

a l u m i n u m   a n d   a b o u t   12  wt .%  a l u m i n u m ,   c o l d   r e d u c i n g   t h e  

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

e f f e c t   a t   l e a s t   a b o u t   a  40  p e r c e n t   and  up  to   a b o u t   a  99  

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

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

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

maximum  t h i c k n e s s   of   a b o u t   0 . 1 5 2   mm  ( 0 . 0 0 6   i n c h )   and  a s  
t h i n   as  a b o u t   0 . 0 1 3   mm  ( 0 . 0 0 0 5   i n c h )   w i t h   t h e   c o l d  

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

b e t w e e n   a b o u t   1 . 0 7   µm  ( 0 . 0 0 0 0 4 2   i n c h )   and  2 7 . 9   µm 

( 0 . 0 0 1 1   i n c h )   and   d i f f u s i o n   h e a t i n g   t h e   c o l d   r e d u c e d  

a l u m i n u m   c o a t e d   s t e e l   f o i l   to   d i f f u s e   t h e   a l u m i n u m   i n t o  

t h e   s t e e l   and   f o r m   a  f o r m a b l e   s o l i d   s o l u t i o n   i r o n -  

a l u m i n u m   d i f f u s i o n   a l l o y   f o i l   c o n t a i n i n g   f r o m   a b o u t   2 

wt.%  a l u m i n u m   and   up  to   a b o u t   12  wt.%  a l u m i n u m .   T h e  

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

of  an  a l u m i n u m   c o a t e d   t i t a n i u m   a l l o y   s t e e l   f o i l   i s   t i m e -  

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

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

p r e f e r a b l y   b e t w e e n   a b o u t   816°C  ( 1 5 0 0 ° F )   and  1 1 4 9 ° C  

( 2 1 0 0 ° F )   f o r   b e t w e e n   a b o u t   2  m i n u t e s   and  a b o u t   24  h o u r s  

when  u s i n g   box  a n n e a l i n g   a p p a r a t u s .   A l t h o u g h ,   i t   i s   n o t  

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

s t e e l   b a s e ,   t h e   g r a p h   in   F i g .   4  shows   t h e   t i m e   r e q u i r e d  

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

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

f o i l   0 . 0 8 4   mm  ( 0 . 0 0 3 3   i n c h )   t h i c k   h a v i n g   an  a l u m i n u m  

c o a t i n g   8 . 9   µm  ( 0 . 0 0 0 3 5   i n c h )   t h i c k   on  e a c h   s u r f a c e   w h e n  

d i f f u s i o n   h e a t i n g   a t   t e m p e r a t u r e s   b e t w e e n   8 1 6 ° C   ( 1 5 0 0 ° F )  
and  1 1 4 9 ° C   ( 2 1 0 0 ° F ) .  

In  o r d e r   to   p r o v i d e   a  low  c o s t   f o i l   f o r m e d   o f  

a  s o l i d   s o l u t i o n   i r o n - a l u m i n u m   d i f f u s i o n   a l l o y   w h i c h   i s  

f o r m a b l e   a t   room  t e m p e r a t u r e s   w i t h   good   h i g h   t e m p e r a t u r e  
o x i d a t i o n   r e s i s t a n c e   and   good   e l e c t r i c a l   p r o p e r t i e s   a n d  

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



a l u m i n u m   o x i d e   w h i s k e r s   s u i t a b l e   f o r   s u p p o r t i n g   a  

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

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

as   a  l o w - t i t a n i u m   s t a b i l i z e d   l o w - c a r b o n   s t e e l .   The  l o w -  

t i t a n i u m   s t a b i l i z e d   a l l o y   s t e e l   i s   p r e f e r a b l y   a  s t e e l  

w h i c h   h a s   b e e n   k i l l e d   to   r e m o v e   f r e e   o x y g e n ,   s u c h   as  a n  

a l u m i n u m   k i l l e d   s t e e l .   The  c a r b o n   c o n t e n t   of  t h e   l o w -  

t i t a n i u m   a l l o y   s t e e l   i s   l e s s   t h a n   0 . 1 0 .  w t . % ,   g e n e r a l l y  

b e t w e e n   a b o u t   0 . 0 2   wt .%  and   0 . 1 0   w t . % ,   a l t h o u g h   a  v a c u u m  

d e g a s s e d   s t e e l   h a v i n g   s u b s t a n t i a l l y   l e s s   t h a n   0 . 0 2   w t . %  

c a r b o n   c a n   a l s o   be  u s e d .   The  l o w - t i t a n i u m   s t a b i l i z e d  

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

c o m b i n e   w i t h   a l l   t h e   c a r b o n ,   o x y g e n ,   and   n i t r o g e n   in  t h e  

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

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

a b o u t   0 . 0 2   w t . % .   The  t o t a l   t i t a n i u m   c o n t e n t   of   t h e  

s t e e l   i s   p r e f e r a b l y   a t   l e a s t   a b o u t   0 . 4 0   wt.%  b u t   w i l l  

a l w a y s   be  l e s s   t h a n   a b o u t   1 . 0   wt .%  a n d   w i l l   g e n e r a l l y  

n o t   e x c e e d   a b o u t   0 . 6 0   w t . % .   The  t i t a n i u m   in   t h e  

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

t h e   i r o n   and   a l u m i n u m   in   t h e   s t e e l   a n d   a l s o   i m p r o v e s   t h e  

s u r f a c e   p r o p e r t i e s   and   i n c r e a s e s   t h e   s t r e n g t h   of  t h e  

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

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

s t r i p .   I f   d e s i r e d ,   s m a l l e r   a m o u n t s   of   o t h e r   c a r b o n   a n d  

n i t r o g e n   b i n d e r s   can   be  u s e d   in   a d d i t i o n   to   t h e   t i t a n i u m  

in   t h e   s t e e l .  

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

s t e e l   s u i t a b l e   f o r   f o r m i n g   an  a l u m i n u m   c o a t e d   s t e e l   f o i l  

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

f o l l o w i n g   c o m p o s i t i o n   on  a  w e i g h t   b a s i s :   0 .04%  c a r b o n ,  

0 .50%  t i t a n i u m ,   0 . 2 0 - 0 . 5 0 %   m a n g a n e s e ,   0 .012%  s u l f u r ,  

0 . 0 1 0 %   p h o s p h o r u s ,   0 .05%  s i l i c o n ,   0 . 0 2 0 - 0 . 0 9 0 %   a l u m i n u m ,  

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

i m p u r i t i e s .  



In  p r o d u c i n g   a  c o m m e r c i a l l y   a c c e p t a b l e   l o w  

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

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

a l l o y   s t a b i l i z e d   s t e e l   s t r i p   w h i c h   i s   h e a t e d   to   f o r m   t h e  

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

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

c a r e f u l l y   c o n t r o l l e d   in   o r d e r   to   p r o v i d e   t h e   r e q u i r e d  

a m o u n t   of   a l u m i n u m   in   t h e   d i f f u s i o n   a l l o y .   A l s o ,   i n  

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

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

a p p a r a t u s ,   i t   i s   e s s e n t i a l   t h a t   t h e   s t e e l   s t r i p   b e  

s u f f i c i e n t l y   t h i c k   to   w i t h s t a n d   t h e   s t r e s s e s   of  b e i n g  

c o n v e y e d   t h r o u g h   t h e   c o n t i n u o u s   h o t - d i p   c o a t i n g  

a p p a r a t u s ,   s u c h   as  a  S e n d z i m i r - t y p e   h o t - d i p   c o n t i n u o u s  

c o a t i n g   l i n e ,   b u t   n o t   so  t h i c k   as  to   make  i t   i m p o s s i b l e  

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

g a u g e   n o t   s u b s t a n t i a l l y   a b o v e   a b o u t   0 . 1 5 2   mm  ( 0 . 0 0 6  

i n c h )   by  e f f e c t i n g   a b o u t   a  40  to   99  p e r c e n t   r e d u c t i o n   i n  

t h e   t h i c k n e s s   of   t h e   h o t - d i p   c o a t e d   a l u m i n u m   s t e e l  

s t r i p .  

A  f u r t h e r   i m p o r t a n t   l i m i t a t i o n   on  t h e   m a x i m u m  

t h i c k n e s s   of  t h e   s t e e l   s t r i p   to   be  h o t - d i p   c o a t e d   on  a  

c o n t i n u o u s   c o a t i n g   l i n e ,   s u c h   as   S e n d z i m i r - t y p e   h o t - d i p  

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

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

be  a d j u s t e d   t o   a  t e m p e r a t u r e   a b o u t   t h e   t e m p e r a t u r e   o f  

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

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

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

fo rm  ( i . e .   p i c k   up)   a  h o t - d i p   a l u m i n u m   c o a t i n g   h a v i n g   a  

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

h e a t i n g   an  a l u m i n u m   c o n t e n t   s u f f i c i e n t   to   i m p a r t   t h e  

d e s i r e d   o x i d a t i o n   r e s i s t a n c e   to   t h e   c o a t e d   s t e e l   f o i l .  

A  s t e e l   s t r i p   h a v i n g   a  t h i c k n e s s   of  b e t w e e n  

a b o u t   0 . 2 5   mm  ( 0 . 0 1 0   i n c h )   and  0 . 7 6   mm  ( 0 . 0 3 0   i n c h )   h a s  

b e e n   f o u n d   to   m e e t   t h e   f o r e g o i n g   r e q u i r e m e n t s   and   b e  



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

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

S e n d z i m i r - t y p e   c o m m e r c i a l   c o n t i n u o u s   h o t - d i p   . c o a t i n g  

l i n e ,   a d a p t e d   t o   move   t h e   s t e e l   s t r i p   a t   a  l i n e   s p e e d   o f  

a b o u t   280  f e e t   p e r   m i n u t e ,   t h e   s t r i p   t h e r e a f t e r   b e i n g  

c o l d   r e d u c e d   t o   e f f e c t   b e t w e e n   a b o u t   40  t o   99  p e r c e n t  

r e d u c t i o n   i n - t h i c k n e s s   so  as   t o   p r o v i d e   an  a l u m i n u m  

c o a t e d   s t e e l ' f o i l   h a v i n g  a   t h i c k n e s s   of   b e t w e e n   a b o u t  

0 . 0 1 3   mm  ( 0 . 0 0 0 5   i n c h )   and   a b o u t   0 . 1 5 2   mm  ( 0 . 0 0 6  

i n c h ) .   The  a l u m i n u m   h o t - d i p   c o a t e d   s t e e l   s t r i p   can  b e  

c o l d   r e d u c e d   to   f o i l   g a u g e   in   one   or  m o r e   p a s s e s   t h r o u g h  

a  c o l d   r o l l i n g   m i l l ,   s u c h   as   a  S e n d z i m i r   c o l d   r o l l i n g  

m i l l .  

W h e r e   t h e   s u r f a c e   of   t h e   f o i l   i s   n o t   p e r f e c t l y  

f l a t   b u t   h a s   s u r f a c e   i r r e g u l a r i t i e s   f o r m e d   in   t h e  

d i f f u s i o n   a l l o y   f o i l   a f t e r   d i f f u s i o n   h e a t i n g ,   t h e   f o i l  

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

. s k i n   p a s s i n g   t o   r e m o v e   d i s t o r t i o n s   in   t h e   f o i l   a n d / o r  

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

I t   h a s   a l s o   b e e n   f o u n d   t h a t   in   o r d e r   f o r   t h e  

s o l i d   s o l u t i o n   i r o n - a l u m i n u m   d i f f u s i o n   a l l o y   f o i l   t o  

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

an  e x t e n d e d   p e r i o d   a n d   e x h i b i t   good   room  t e m p e r a t u r e  

f o r m a b i l i t y ,   as   r e q u i r e d   f o r   f a b r i c a t i n g   i n t o   a n  

a u t o m o t i v e   e x h a u s t   s y s t e m   or   f o r   u s e   as   a  t o o l   w r a p ,   t h e  

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

s u f f i c i e n t l y   t h i c k   r e l a t i v e   t o   t h e   t h i c k n e s s   of   t h e  

s t e e l   s t r i p   to   p r o v i d e   i n   t h e   f i n i s h e d   f o i l   a  min imum  o f  

a b o u t   6  w t .   p e r c e n t   a l u m i n u m   b a s e d   on  t h e   w e i g h t   of  t h e  

c o a t e d   f o i l   and   n o t   s u b s t a n t i a l l y   a b o v e   a b o u t   12  w t . %  

a l u m i n u m   w h e r e   room  t e m p e r a t u r e   f o r m a b i l i t y   i s  

r e q u i r e d .   In   t h e   v e r y   t h i n n e s t   f o i l ,   h o w e v e r ,   a  

s o m e w h a t   h i g h e r   a l u m i n u m   c o n t e n t   may  be  u s e d   w i t h o u t  

i m p a i r i n g   room  t e m p e r a t u r e   f o r m a b i l i t y .   S i n c e   t he   s t e e l  

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

s u b s t a n t i a l l y   t h e   s ame   p r o p o r t i o n   when  c o l d   r o l l e d   t o  



e f f e c t   a b o u t   a  90%  r e d u c t i o n   in  t h e   t h i c k n e s s   of   t h e  

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

h o t - d i p   c o a t i n g   of   b e t w e e n   a b o u t   0 . 2 5   mm  ( 0 . 0 1 0   i n c h )  

and   a b o u t   0 . 7 6   mm  ( 0 . 0 3 0   i n c h )   s h o u l d   be  p r o v i d e d   o n  
e a c h  s i d e   w i t h   an  a l u m i n u m   h o t - d i p   c o a t i n g   h a v i n g   a  
t h i c k n e s s   of   b e t w e e n   a b o u t   1 2 . 7   um  ( 0 . 0 0 0 5   i n c h )   a n d  

a b o u t   76  µm  ( 0 . 0 0 3   i n c h )   b u t   s u f f i c i e n t   to   p r o v i d e   t h e  

s t r i p   w i t h   b e t w e e n   a b o u t   6  wt.%  and  a b o u t   12  w t . %  

a l u m i n u m .   For   e x a m p l e ,   a f t e r   a b o u t   a  90%  c o l d   r e d u c t i o n  

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

h a v i n g   an  i n i t i a l   t h i c k n e s s   of  a b o u t   0 . 5 1   mm  ( 0 . 0 2 0  

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

t h e   f o i l   i s   a b o u t   5 . 1   µm  ( 0 . 0 0 0 2   i n c h )   t h i c k   a n d  

p r o v i d e s   an  a l u m i n u m   c o n c e n t r a t i o n   of   a b o u t   6  wt .%  b a s e d  

on  t h e   w e i g h t   of   t h e   a l u m i n u m   c o a t e d   s t e e l   f o i l .  

The  h o t - d i p   a l u m i n u m   c o a t i n g   a p p l i e d   to   t h e  

s t e e l   s t r i p   i s   p r e f e r a b l y   a  Type  I  a l u m i n u m   c o a t i n g  

_which   c o n t a i n s   a l u m i n u m   w i t h   a b o u t   5 - 1 2   wt .%  s i l i c o n   a n d  

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

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

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

c o a t e d   in   a  Type   I  a l u m i n u m   c o a t i n g   b a t h   c o n t a i n i n g   1 0 -  

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

c o n t a i n s   a b o u t   0 . 7   w t .   p e r c e n t   s i l i c o n .   I t   i s   a l s o  

p o s s i b l e ,   t h o u g h   n o t   p r e f e r r e d ,   to   a p p l y   a  Type   I I  

a l u m i n u m   ( i . e .   s u b s t a n t i a l l y   p u r e   a l u m i n u m )   h o t - d i p  

c o a t i n g   on  t h e   s t a b i l i z e d   low  c a r b o n   s t e e l   s t r i p .  

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

a l l o y   f o i l   h a v i n g   an  i r o n - a l u m i n u m   d i f f u s i o n   a l l o y  

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

c o a t e d   s t e e l   f o i l   i s   h e a t e d   as  an  o p e n   or  c l o s e d   c o i l   i n  

an  a n n e a l i n g   f u r n a c e   or  on  a  c o n t i n u o u s   a n n e a l i n g   l i n e  

in  a  n o n - o x i d i z i n g   a t m o s p h e r e ,   s u c h   as  in   a  v a c u u m   or  i n  

an  a r g o n   a t m o s p h e r e ,   a t   982°C  ( 1 8 0 0 ° F )   f o r   b e t w e e n   a b o u t  

1  and   24  h o u r s .   The  t i m e   r e q u i r e d   to   f o r m   t h e   i r o n -  



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

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

t e m p e r a t u r e   o f   h e a t i n g .  

When  p r o d u c i n g   an  i r o n - a l u m i n u m   o r   i r o n -  

a l u m i n u m - s i l i c o n   d i f f u s i o n   a l l o y   f o i l   f o r   u s e   as   a n  

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

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

d i f f u s e d   t h r o u g h o u t   t h e   c r o s s - s e c t i o n   of   t h e   f o i l .   F o r  

o t h e r   f o i l   a p p l i c a t i o n s ,   h o w e v e r ,   i t   i s   n o t   e s s e n t i a l   t o  

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

u n i f o r m l y   t h r o u g h o u t   t h e   c r o s s - s e c t i o n   of   t h e   f o i l .  

As  an  e x a m p l e   of   f o r m i n g   a  s o l i d   s o l u t i o n  

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

p r e s e n t   i n v e n t i o n ,   a  l o w - t i t a n i u m   a l l o y   s t a b i l i z e d  l o w -  

c a r b o n   a l u m i n u m   k i l l e d   s t e e l   was  f o r m e d   i n t o   a  s t e e l  

s t r i p   h a v i n g   a  t h i c k n e s s   of   a b o u t   0 . 4 3   mm  ( 0 . 0 1 7  

i n c h ) .   The  t i t a n i u m   s t a b i l i z e d   l o w - c a r b o n   a l u m i n u m  

k i l l e d   s t e e l   h a d   t h e   f o l l o w i n g   a p p r o x i m a t e   c o m p o s i t i o n :  

The  t i t a n i u m   s t a b i l i z e d   s t e e l   s t r i p   a f t e r  

c o n v e n t i o n a l   c l e a n i n g   was  i m m e r s e d   in   a  h o t - d i p   Type   I  

a l u m i n u m   c o a t i n g   b a t h   h a v i n g   a  t e m p e r a t u r e   o f   6 9 4 ° C  

( l 2 8 0 ° F )   on  a  S e n d z i m i r - t y p e   c o n t i n u o u s   c o a t i n g   l i n e  

h a v i n g   a  l i n e   s p e e d   of   280  f e e t   p e r   m i n u t e   t o   p r o v i d e  

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

h a v i n g   a  t h i c k n e s s   of   a b o u t   38  µ m - ( 0 . 0 0 1 5   i n c h ) .   T h e  

h o t - d i p   a l u m i n u m   c o a t e d   s t e e l   s t r i p   was  c o l d   r o l l e d   on  a  



S e n d z i m i r - t y p e   c o l d   r o l l i n g   m i l l   t o  a  f o i l   t h i c k n e s s   o f  

a b o u t   0 . 0 5 1   mm  ( 0 . 0 0 2   i n c h )   in   f o u r   p a s s e s ,   e f f e c t i n g   a  

r e d u c t i o n   of   43 .6%  in  t h e   f i r s t ,   45 .5%  in  t h e   s e c o n d ,  

45.0%  in   t h e   t h i r d ,   and   39 .4%  in   t h e   f o u r t h ,   f o r   a  t o t a l  

of  a b o u t   90%  r e d u c t i o n   i n   t h i c k n e s s   w i t h o u t   i n t e r m e d i a t e  

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

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

c o a t i n g   on  b o t h   s i d e s ,   a p p r o x i m a t e l y   4 . 6 - 5 . 1   µm 

( 0 . 0 0 0 1 8 - 0 . 0 0 0 2   i n c h )   w i t h   t h e   i n t e r m e t a l l i c   s u b s u r f a c e  

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

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

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

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

so  t h a t   d u r i n g   t h e   s u b s e q u e n t   d i f f u s i o n   h e a t i n g  

t r e a t m e n t   t h e r e   a r e   no  K i r k e n d a l l   v o i d s   f o r m e d   in   t h e  

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

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

t h r o u g h o u t   t h e   c r o s s   s e c t i o n   of  t h e   f o i l   by  h e a t i n g   t h e  

f o i l   f o r   two  h o u r s   a t   a  t e m p e r a t u r e   of  982°C   ( 1 8 0 0 ° F )   t o  

f o r m   an  i r o n - a l u m i n u m - s i l i c o n   d i f f u s i o n   a l l o y   f o i l .  

Bu lk   c h e m i c a l   a n a l y s e s   of   t h e   h o t - d i p   a l u m i n u m   c o a t e d  

f o i l   a f t e r   d i f f u s i o n   s h o w e d   6 . 4   wt .%  a l u m i n u m ,   0 . 8   w t . %  

s i l i c o n ,   and   0 . 4 0   wt .%  t i t a n i u m .  

The  s o l i d   s o l u t i o n   i r o n - a l u m i n u m   d i f f u s i o n  

a l l o y   f o i l   made  in  t h e   f o r e g o i n g   m a n n e r   was  f r e e   o f  

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

f o r m a b l e   a t   room  t e m p e r a t u r e   w i t h o u t   a n n e a l i n g .   W h e n  

h e a t e d   in   a i r   a t   1 1 4 9 0 C   ( 2 1 0 0 ° F )   f o r   96  h o u r s   t h e   f o i l  

m a t e r i a l   e x h i b i t e d   a  w e i g h t   g a i n   of  no  more   t h a n   1 

m g j c m 2 ,   had  g o o d   h i g h   t e m p e r a t u r e   c o r r o s i o n   a n d  

o x i d a t i o n   r e s i s t a n c e   a t   1 0 0 0 ° C   ( 1 8 3 2 ° F ) ,   and  when  g i v e n  

a  180°   1-T  b e n d   a t   room  t e m p e r a t u r e   t h e   s u r f a c e   was  n o t  

r u p t u r e d .   The  i r o n - a l u m i n u m   d i f f u s i o n   a l l o y   f o i l   had  a  

t e n s i l e   s t r e n g t h   of  72  k s i ,   a  y i e l d   s t r e n g t h   of  65  k s i ,  

and  an  e l o n g a t i o n   of  1 0 . 4 % .  



The   c o l d   r e d u c e d   a l u m i n u m - c o a t e d   s t e e l   f o i l   o f  

F i g .   1  h a v i n g   a b o u t   6  wt .%  of   t h e   f o i l   as  a l u m i n u m   i n  

t h e   s u r f a c e   c o a t i n g s   was  d i f f u s i o n   h e a t e d   a s  a   c l o s e l y  

wound   s t e e l   c o i l   i n   a  v a c u u m   a t   1 0 9 3 ° C   ( 2 0 0 0 ° F )   f o r   f o u r  

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

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

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

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

f o i l   i s   s h o w n   i n   F i g .   3 .  

The   e x t r e m e   o u t e r   2 . 5   um  ( 0 . 0 0 0 1   i n c h )   t o  5 . 0  

µm  ( 0 . 0 0 0 2   i n c h )   of   t h e   s u r f a c e   of   t h e   d i f f u s i o n   a l l o y  

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

a  h i g h e r   t h a n   a v e r a g e   c o n c e n t r a t i o n   of   t i t a n i u m   a n d  

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

t h e   t i t a n i u m   s t a b i l i z e d   s t e e l   h a s   d i f f u s e d   o u t w a r d l y  

f r o m   t h e   i n t e r i o r   t o   t h e   s u r f a c e   of   t h e   f o i l .   T h e  

c o n c e n t r a t i o n   o f   t i t a n i u m   i n   t h e   s u r f a c e   b e c o m e s  

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

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

as   t h e   d i f f u s i o n   h e a t i n g   i s   p r o l o n g e d   u n t i l   no  t i t a n i u m  

r e m a i n s   a t   t h e   c e n t e r   of   t h e   f o i l .   Fo r   e x a m p l e ,   a f t e r   a  

f o i l   0 . 0 5   mm  ( 0 . 0 0 2   i n c h )   t h i c k   i s   d i f f u s i o n   h e a t e d   i n  

n i t r o g e n   a t   9 2 5 ° C   ( 1 7 0 0 ° F )   f o r   24  h o u r s ,   t h e r e   i s   n o  

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

when  t h e   f o i l   i s   s u b j e c t e d   t o   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 .  

The   r e l a t i v e l y   l ow  c o s t   i r o n - a l u m i n u m   a n d  

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

p r e s e n t   i n v e n t i o n   a r e   u s e f u l   in   p l a c e   of   t h e   more   c o s t l y  

s t a i n l e s s   s t e e l   f o i l s   and   h i g h   a l l o y   f o i l s   f o r   m a n y  
i n d u s t r i a l   a p p l i c a t i o n s .   T h u s ,   t h e   c o l d   r o l l e d   i r o n -  

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

d e s c r i b e d   h e r e i n   a r e   u s e f u l   as  a  s u b s t i t u t e   f o r   " 3 2 1  

s t a i n l e s s   s t e e l "   f o i l   and  f o r   e n c l o s i n g   or  " w r a p p i n g "  

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

t h e r e b y   a v o i d i n g   t h e   n e e d   to   h e a t   t h e   t o o l s   in   a  



p r o t e c t i v e   n o n - o x i d i z i n g   a t m o s p h e r e .   The  d i f f u s i o n  

a l l o y   t o o l   w r a p p i n g   f o i l s   p r e f e r a b l y   c o n t a i n   b e t w e e n  

a b o u t   6  wt .%  and   12  w t .%  a l u m i n u m   and   h a v e   a  t h i c k n e s s  

b e t w e e n   a b o u t   0 . 0 5 0   mm  ( 0 . 0 0 2   i n c h )   and   0 . 0 7 5   mm  ( 0 . 0 0 3  

i n c h )   so  as   t o   h a v e   t h e   r e q u i r e d   h i g h   t e m p e r a t u r e  

s t r e n g t h   and   o x i d a t i o n   r e s i s t a n c e   as  w e l l   as  f o r m a b i l i t y  

a t   room  t e m p e r a t u r e   t o   f o r m   a  p r o t e c t i v e   w r a p   f o r  

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

t e m p e r a t u r e s   up  to   a b o u t   1 1 4 9 ° C   ( 2 1 0 0 ° F ) .   The  a l u m i n u m  

c o n t e n t   of   t h e   f o i l   a l s o   a c t s   as  a  " g e t t e r "   to   r e m o v e  

o x y g e n   f r o m   w i t h i n   t h e   e n c l o s u r e   and   p r e v e n t s  

o b j e c t i o n a b l e   o x i d a t i o n   and  d e c a r b u r i z a t i o n   of  t h e  

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

The  s o l i d   s o l u t i o n   i r o n - a l u m i n u m   and   i r o n -  

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

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

b e t w e e n   2  and   12  w t .   p e r c e n t   a l u m i n u m   and   w h i c h   can   a l s o  

. . c o n t a i n   b e t w e e n   a b o u t   0 . 2   and   a b o u t   0 . 9   wt .%  s i l i c o n   a r e  

u s e f u l   as   e l e c t r i c a l   s t e e l s   of  t h e   e l e c t r i c a l l y   s o f t  

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

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

( i . e .   m o t o r s )   and   t r a n s f o r m e r s   in   p l a c e   of   s i l i c o n  

s t e e l s ,   i r o n - n i c k e l   a l l o y s   and   o t h e r   f e r r o u s   a l l o y s .  

A l u m i n u m   h a s   a  b e n e f i c i a l   e f f e c t ,   s i m i l a r   to   t h a t   o f  

s i l i c o n ,   on  t h e   e l e c t r i c a l   r e s i s t i v i t y   and   c e r t a i n  

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

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

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

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

a  c o n c e n t r a t i o n   of  l e s s   t h a n   0 . 0 5   wt .%  in  n o n - o r i e n t e d  

s i l i c o n   s t e e l s .   W h i l e   i t   i s   r e c o g n i z e d   t h a t   t e r n a r y  

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

r e s i s t i v i t y   and  g o o d   p e r m e a b i l i t y   a t   low  f l u x   d e n s i t i e s ,  

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

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

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



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

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

s t e e l s   in   e x c e s s   o f   a b o u t   4  wt .%  b e c a u s e   s u c h   s t e e l s   a r e  

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

s h e e t   m a t e r i a l .   W i t h   t h e   p r e s e n t   i n v e n t i o n ,   h o w e v e r ,   i t  

i s   p o s s i b l e   to   p r o v i d e   a  w o r k a b l e   e l e c t r i c a l   i r o n -  

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

a l l o y   s t r i p   or   f o i l   h a v i n g   in   e x c e s s   of   4  wt .%  a l u m i n u m  

w i t h   l a r g e   g r a i n   s i z e   and   d e s i r a b l e   c r y s t a l   o r i e n t a t i o n  

w h i c h   c l o s e l y   a p p r o x i m a t e s   t h e   i d e a l   e l e c t r i c a l   s t e e l  

m a t e r i a l .   F o r   e x a m p l e ,   one   t y p e   of   e l e c t r i c a l   s t e e l  

f o i l   s h o u l d   p r e f e r a b l y   be  one   g r a i n   t h i c k   w i t h   t h e   g r a i n  

( c r y s t a l )   f a c e s   p a r a l l e l   t o   t h e   d i r e c t i o n   of   r o l l i n g  

( s e e   F i g .   2 ) .   An  i r o n - a l u m i n u m - s i l i c o n   d i f f u s i o n   a l l o y  

c o n t a i n i n g   a b o u t   6  w t .%  a l u m i n u m   and   0 . 9   wt .%  s i l i c o n  

h a s   an  e l e c t r i c a l   r e s i s t a n c e   of  a b o u t   9 1 - 9 6   m i c r o - o h m  

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

i n t e n d e d   f o r   c e r t a i n   t y p e s   of   e l e c t r i c a l   u s e   can   b e  

f u r t h e r   t r e a t e d   a f t e r   d i f f u s i o n   h e a t i n g   by  c o l d   r o l l i n g  

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

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

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

f o r m .   F o r   e x a m p l e ,   an  i r o n - a l u m i n u m - s i l i c o n   d i f f u s i o n  

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

to   i m p a r t   a  3%  c r i t i c a l   s t r a i n   and   h e a t e d   a t   8 1 6 ° C  

( 1 5 0 0 ° F )   f o r   4  h o u r s   to   e f f e c t   a  v e r y   l a r g e   i n c r e a s e   i n  

t h e   g r a i n   s i z e .  

W h e r e   t h e   i r o n - a l u m i n u m   d i f f u s i o n   a l l o y   f o i l  

i s   u s e d   as   a  s u p p o r t   f o r   a  m e t a l   c a t a l y s t   in   a  c a t a l y t i c  

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

0 . 0 5 1   mm  ( 0 . 0 0 2   i n c h e s )   and   c o n t a i n i n g   a b o u t   6  w t .  

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

g r o w t h   by  t h e   m e t h o d   d i s c l o s e d   in  U . S .   P a t e n t   N o .  

4 , 2 7 9 , 7 8 2 .   T h e r e a f t e r ,   t h e   f o i l   i s   h e a t e d   in   a i r  

p r e f e r a b l y   f o r   8  h o u r s   a t   925°C  ( l 7 0 0 ° F ) ,   to   g row  a  

s p i n e - l i k e   w h i s k e r   s u r f a c e   c o a t i n g .   A  c o a t i n g   of   gamma 



a l u m i n u m   o x i d e   p o w d e r   d i s p e r s e d   in   an  a q u e o u s   a l u m i n a  

g e l - n o b l e   m e t a l   c a t a l y s t   m i x t u r e   i s   a p p l i e d   to   t h e  

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

d e s c r i b e d   in   U . S .   P a t e n t   No.  4 , 2 7 9 , 7 8 2 .  

In  o r d e r   t o   i m p a r t   o p t i m u m   c o r r o s i o n  

r e s i s t a n c e   to   a  s o l i d   s o l u t i o n   i r o n - a l u m i n u m   d i f f u s i o n  

a l l o y   f o i l   t h e   c o l d   r o l l e d   a l u m i n u m   c o a t e d   l o w - t i t a n i u m  

s t a b i l i z e d   low  c a r b o n   s t e e l   f o i l   i s   p l a c e d   in  a  d r y  

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

o x i d i z i n g   a c t i o n   on  t h e   t i t a n i u m   and   a l u m i n u m   in   t h e  

f o i l   and   i s   h e a t e d   f o r   a  t i m e   and   a t   a  t e m p e r a t u r e  

s u f f i c i e n t   to   f o r m   on  t h e   s u r f a c e   of   t h e   d i f f u s i o n   a l l o y  
f o i l   a  t h i n   t i t a n i u m   n i t r i d e - c o n t a i n i n g   f i l m   w h i c h  

i m p a r t s   h i g h   c o r r o s i o n   r e s i s t a n c e   to   t h e   f o i l .   A s  

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

s t a b i l i z e d   low  c a r b o n   s t e e l   f o i l   h a v i n g   a  s l i g h t   e x c e s s  

of  u n c o m b i n e d   t i t a n i u m   i s   h e a t e d   in   a  n o n - o x i d i z i n g  

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

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

of  a b o u t   3 9 9 ° C   ( 7 5 0 ° F )   and  e f f e c t s   f o r m a t i o n   of   an  i r o n -  

a l u m i n u m   d i f f u s i o n   a l l o y   f o i l .   When  t h e   t i t a n i u m  

s t a b i l i z e d   a l u m i n u m   c o a t e d   s t e e l   f o i l   i s   d i f f u s i o n  

h e a t e d   in   a  d r y   n i t r o g e n - c o n t a i n i n g   a t m o s p h e r e ,   w h i c h  

has   a  m i n i m a l   o x i d i z i n g   e f f e c t   on  t h e   t i t a n i u m   a n d  

a l u m i n u m ,   a t   a  t e m p e r a t u r e   b e t w e e n   a b o u t   500°C   ( 9 3 0 ° F )  

and  1 0 9 3 ° C   ( 2 0 0 0 ° F )   and   p r e f e r a b l y   a t   a  t e m p e r a t u r e   o f  

a b o u t   9 2 5 ° C   ( 1 7 0 0 ° F ) ,   t h e   n i t r o g e n   r e a c t s   w i t h   t h e  

t i t a n i u m   to   f o r m   a  t i t a n i u m   n i t r i d e - c o n t a i n i n g   f i l m   o n  

t h e   s u r f a c e   of   t h e   d i f f u s i o n   a l l o y   f o i l .  

The  t i t a n i u m   n i t r i d e - c o n t a i n i n g   l a y e r   on  t h e  

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

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

r e s i s t a n t   to   a t t a c k   by  a c i d s ,   and   r e s i s t s   c o r r o s i o n   w h e n  

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

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



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

a c i d .   A l u m i n u m   n i t r i d e   on  t h e   o t h e r   h a n d ,   i s   r e a d i l y  

a t t a c k e d   by  a c i d s ,   s u c h   as   a  h o t   10%  a q u e o u s  

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

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

a t t a c k   by  t h e   10%  h y d r o c h l o r i c   a c i d   s o l u t i o n .   T h e  

t i t a n i u m   n i t r i d e   c a n   be  p r e s e n t   as   TiN  w h i c h   has   a  s i g m a  

c r y s t a l   f o r m   or   as   T i 2 N   w h i c h   h a s   a  gamma  c r y s t a l  

f o r m .   I t   i s   a l s o   p o s s i b l e   f o r   t h e   t i t a n i u m   and  n i t r o g e n  

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

a l u m i n u m ,   i r o n   and   s i l i c o n   in   t h e   s t e e l .  

The  d r y   n i t r o g e n - c o n t a i n i n g   a t m o s p h e r e   u s e d   t o  

f o r m   t h e   t i t a n i u m   n i t r i d e - c o n t a i n i n g   f i l m   c an   be  p u r e  

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

n i t r o g e n - h y d r o g e n   g a s e o u s   m i x t u r e ,   or  a  n i t r o g e n - a r g o n  

g a s e o u s   m i x t u r e .   The  d i f f u s i o n   h e a t   t r e a t m e n t   w i t h   t h e  

d r y   n i t r o g e n - c o n t a i n i n g   a t m o s p h e r e   c an   r a n g e   f r o m   a b o u t  

5 0 0 ° C   ( 9 3 0 ° F )   to   a b o u t   1 0 9 3 ° C   ( 2 0 0 0 ° F )   f o r   a  p e r i o d   o f  

f r o m   a b o u t   0 . 2 5   to   a b o u t   48  h o u r s   w i t h   t h e   f o r m a t i o n   o f  

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

t e m p e r a t u r e   d e p e n d e n t .   When  a  2  m i l   t h i c k   a l u m i n u m  

c o a t e d   l o w - t i t a n i u m   a l l o y   s t e e l   f o i l   i s   h e a t e d   a t   9 2 5 ° C  

( 1 7 0 0 0 F )   i n   a  d r y   95%  n i t r o g e n - 5 %   h y d r o g e n   a t m o s p h e r e ,   a  

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

f o r m   on  t h e   s u r f a c e   o f   t h e   s t e e l   a f t e r   h e a t i n g   f o r   8 

m i n u t e s   a n d   i n c r e a s e s   i n   t h i c k n e s s   as  h e a t i n g  

c o n t i n u e s .   A f t e r   t h e   a l l o y   s t e e l   f o i l   i s   h e a t e d   f o r   1 5  

m i n u t e s   a t   9 2 5 ° C   ( 1 7 0 0 ° F ) ,   t h e   t i t a n i u m   n i t r i d e -  

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

s u f f i c i e n t l y   t h i c k   t h a t   i t   i s   n o t   e t c h e d   when  w a s h e d   f o r  

2  m i n u t e s   w i t h   10%  h y d r o c h l o r i c   a c i d   a q u e o u s   s o l u t i o n   a t  

a  t e m p e r a t u r e   of   6 6 ° C - 8 2 ° C   ( 1 5 0 ° F - 1 8 0 ° F ) .  

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

r a y   maps   a t   4000X  m a g n i f i c a t i o n   of   a  s o l i d   s o l u t i o n  

i r o n - a l u m i n u m   d i f f u s i o n   a l l o y   f o i l   made  by  d i f f u s i o n  

h e a t i n g   an  a l u m i n u m   c o a t e d   low  t i t a n i u m   s t a b i l i z e d   s t e e l  



in   a  p u r e   n i t r o g e n   a t m o s p h e r e   f o r   24  h o u r s   a t   9 2 5 ° C  

( 1 7 0 0 0 F )   and   h a v i n g   as  a  b u l k   a n a l y s i s   6.8%  a l u m i n u m ,  

0 .34%  t i t a n i u m ,   0 .05%  c a r b o n ,   0 . 35%  n i t r o g e n ,   0 . 8 5 %  

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

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

f i l m   or  l a y e r   h a v i n g   a  mean  t h i c k n e s s   of   a b o u t   0 . 2 3   m i l s  

on  t h e   s u r f a c e   of  t h e   f o i l .   The  s u r f a c e   f i l m   h a s   a  p e a k  
c o n c e n t r a t i o n   of   1 2 . 6   wt .   p e r c e n t - t i t a n i u m   and  v e r y  
l i t t l e   t i t a n i u m   i s   p r e s e n t   in   t h e   i n t e r i o r   of  t h e   f o i l  

e x c e p t   a t   i s o l a t e d   p o i n t s   w h i c h   a r e   t h o u g h t   to  i n d i c a t e  

t h e   p r e s e n c e   of  t i t a n i u m   c a r b i d e .  

The  n i t r o g e n   t r e a t e d   f o i l   h a v i n g   t h e   t i t a n i u m  

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

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

n i t r o g e n   t r e a t e d   f o i l   h a v i n g   a  t h i c k n e s s   of  3 . 3   m i l s   i s  

s u b j e c t e d   to   t h e   Z e r o - T   Bend  T e s t   and   c an   be  c o l d   r o l l e d  

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

d i f f u s i o n   a l l o y   f o i l   has   a  t e n s i l e   s t r e n g t h   of  a b o u t   8 2  

k s i ,   a  y i e l d   s t r e n g t h   of  a b o u t   81  k s i ,   and   an  e l o n g a t i o n  

of  a b o u t   1 . 0   p e r c e n t .   The  e m i t t a n c e   of   t h e   n i t r o g e n  

t r e a t e d   d i f f u s i o n   a l l o y   f o i l   i s   b e t w e e n   0 . 8 - 0 . 9   ( b l a c k  

b o d y = 1 . 0 ) .  

A l u m i n u m   o x i d e   w h i s k e r s   do  n o t   r e a d i l y   g row  o n  

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

c o n t a i n i n g   s u r f a c e .   C o n s e q u e n t l y ,   when  t h e   i r o n - a l u m i n u m  

d i f f u s i o n   a l l o y   low  t i t a n i u m   s t a b i l i z e d   f o i l   m u s t   h a v e   a  
t h i c k   s u r f a c e   g r o w t h   of  s p i n e - l i k e   w h i s k e r s   of  a l u m i n u m  

o x i d e ,   as  when  t h e   f o i l   i s   u s e d   to   s u p p o r t   a  c a t a l y s t   i n  

an  a u t o m o t i v e   c a t a l y t i c   c o n v e r t e r ,   and   w h e r e   o p t i m u m  

c o r r o s i o n   r e s i s t a n c e   a n d / o r   g o o d   a b r a s i o n   r e s i s t a n c e   i s  

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

i s   g r o w n   on  t h e   s u r f a c e   of  an  a l u m i n u m   c o a t e d   s t e e l   f o i l  

by  t h e   p r o c e s s   d e s c r i b e d   in   U . S .   P a t e n t   No.  4 , 2 7 9 , 7 8 2  

b e f o r e   h e a t i n g   in   a  d r y   n i t r o g e n - c o n t a i n i n g  

a t m o s p h e r e .   T h e r e a f t e r   t h e   w h i s k e r   c o a t e d   f o i l   can   b e  

h e a t e d   in   a  d r y   n i t r o g e n - c o n t a i n i n g   a t m o s p h e r e   f o r   a  



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

n i t r i d e - c o n t a i n i n g   t h i n   l a y e r   or  f i l m   on  t h e   s u r f a c e   o f  

t h e   i r o n - a l u m i n u m   d i f f u s i o n   a l l o y   s t e e l .   F o r   e x a m p l e ,  

t h e   w h i s k e r   c o a t e d   f o i l   c a n   be  h e a t e d   f o r   a  p e r i o d   o f  

b e t w e e n   a b o u t   0 . 2 5   h o u r s   and   24  h o u r s   a t   a  t e m p e r a t u r e  

b e t w e e n   a b o u t   1 0 9 3 ° C   ( 2 0 0 0 ° F )   and   5 0 0 ° C   ( 9 3 0 ° F ) ,  

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

s u c h   as   i n   an  a t m o s p h e r e   of   g a s e o u s   n i t r o g e n   or  a m m o n i a ,  

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

s u r f a c e   o f   t h e   f o i l .   The  t i t a n i u m   n i t r i d e - c o n t a i n i n g  

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

r e s i s t a n c e   to   t h e   w h i s k e r   c o a t e d   d i f f u s i o n   a l l o y   f o i l .  

W h e r e a s   in   a p p l i c a n t ' s   p r e f e r r e d   e m b o d i m e n t  

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

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

s t a b i l i z e d   s t e e l   s t r i p   t o   f o i l   g a u g e   f o l l o w e d   b y  

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

p r e s e n t   i n v e n t i o n   t o   a p p l y   t h e   a l u m i n u m   or   a l u m i n u m -  

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

by  o t h e r   k n o w n   a l u m i n u m   c o a t i n g   p r o c e s s e s ,   s u c h   as   a  

p o w d e r   m e t a l   c o a t i n g   p r o c e s s   in   a c c o r d a n c e   w i t h   U . S .  

P a t e n t   No.   4 , 5 4 2 , 0 4 8 ,   or   by  e l e c t r o p l a t i n g .  

The  t e r m   " f o r m a b l e "   as   u s e d   h e r e i n   d e s i g n a t e s  

t h e   c a p a b i l i t y   of   t h e   f o i l   to   be  f a b r i c a t e d   b y  

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

a n d   t h e   t e r m   " g o o d   f o r m a b i l i t y "   as  u s e d   h e r e i n   r e f e r s   t o  

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

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

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

The  t e r m   " s o l i d   s o l u t i o n   i r o n - a l u m i n u m  

d i f f u s i o n   a l l o y "   i s   u s e d   h e r e i n   to   d e s i g n a t e   an  i r o n -  

a l u m i n u m   d i f f u s i o n   a l l o y   or   an  i r o n - a l u m i n u m - s i l i c o n  

d i f f u s i o n   a l l o y ,   s u c h   as   f o r m e d   by  d i f f u s i o n   h e a t i n g   a  

T y p e   I  a l u m i n u m   h o t - d i p   c o a t i n g   c o n t a i n i n g   a b o u t   5  t o   1 2  

w t .%  s i l i c o n ,   a l t h o u g h   h i g h e r   and   l o w e r   a m o u n t s   o f  

s i l i c o n   c a n   be  u s e d   f o r   p r o d u c i n g   s p e c i a l   d i f f u s i o n  

a l l o y   f o i l s .  



I.  A  solid  solution  i ron -o lumin ium  diffusion  alloy  light  gauge  strip  or  foll  

formed  in  situ  by  diffusion  heat ing  a  cold  rolled  t i t an ium  s tabi l lzed   low  c a r b o n  

steel  strip  conta in ing   an  excess  of  uncombined  t i t an ium  and  having  on  each  side  an  

aluminium  coat ing  be tween   about  12.7  µm  (0.0005  Inch)  and  about  76  µm  ((0.003 

inch)  thick,  the  coa ted   steel  strip  af ter   cold  reduc t ion   of  be tween  about  40%  a n d  

about  99%  having  a  foil  th ickness   of  be tween   about  0.013  mm  (0.0005  inch)  a n d  

0.152  mm  (0.006  inch)  with  an  a luminium  coat ing  th ickness   between  about  1 . 0 7 µ m  

(0.000042  inch)  and  27.9  µm  (0.0011  inch),  said  solid  solution  I r o n - a l u m i n l u m  

diffusion  alloy  light  gouge  strip  or  foil  conta in ing   be tween   about  2  wt.%  and  a b o u t  

12  wt.%  a luminium  diffused  throughout   its  cross  sect ion,   and  said  light  gauge  s t r i p  

or  foil  being  fo rmable   at  room  t e m p e r a t u r e   and  being  res i s tan t   to  oxidation  and  t o  

corrosion  at  e l eva ted   t e m p e r a t u r e s .  

2.  An  i r o n - a l u m i n i u m   diffusion  alloy  foil  as  c laimed  in  Claim  1,  w h e r e i n  

said  t i tanium  s tab i l ized   low-carbon   steel  has  all  the  carbon  and  ni t rogen  in  t h e  

steel  chemica l ly   combined  with  t i tonium  and  has  an  excess  of  at  least  about  0 .02 

wt.%  uncombined  t i t a n i u m .  

3.  An  i ron -a lumin ium  diffusion  alloy  foil  as  c la lmed  in  Claim  I and  C l a i m  

2,  wherein  said  t i tan ium  s tab i l ized   low  carbon  steel  has  a  carbon  conten t   of  less  

than  0.10  wt.%  carbon  and  a  t i t an ium  content   of  at  least  about  0.40  wl.%  but less 

than  1.0  w t . %  

4.  An  i ron -a lumin ium  diffusion  alloy  foil  as  claimed  in  any  one  of  t h e  

preceding  claims,  wherein  said  s tabi l ized  low-carbon   steel  is  a  l ow- t l t an lum  a l loy  

aluminium  killed  s i e e l .  

5.  An  i ron -a lumin ium  diffusion  alloy  foll  as  claimed  in  any  one   of  t h e  

preceding  claims,  wherein  the  diffusion  alloy  contains  between  about  0.2  wt.%  a n d  

0.9  wt.%  s i l i con .  



6.  An  i r o n - o l u m i n i u m   dif fusion  alloy  foil  as  in  Claim  I,  wherein  said  fo l l  

has  a  surface  coa t ing   of  sp ine - l i ke   whiskers   of  a luminium  o x i d e .  

7.  An  I r o n - a l u m i n i u m   dif fusion  alloy  foll  as  c laimed  In  any  one  of  t h e  

preceding  c la ims,   where in   said  foll  has  on  the  surface  of  sold  steel  a  t i t a n i u m  

n i t r i d e - c o n t a i n i n g   f i l m .  

8.  An  i r o n - a l u m i n i u m   di f fus ion  alloy  foil  as  claimed  in  any  one  of  t h e  

preceding  claims,   where in   a  growth   of  sp ine- l ike   whiskers  of  a luminium  oxide  o n  

the  surface  of  said  foll  suppor ts   a  coa t ing   of  a  ca ta lys t   useful  for  t r ea t ing   e x h a u s t  

gases  from  a u t o m o t i v e   and/or   industr ia l   appara tus   which  produce  a t m o s p h e r e  

p o l l u t a n t s .  

9.  An  I r o n - a l u m i n i u m   dif fusion  alloy  foil  as  c laimed  in  any  one  of  t h e  

preceding  c la ims,   where in   said  foll  has  an  a luminium  content   of  be tween   about  6  

wt.%  and  about  12  w t . % .  

10.  An  I r o n - a l u m i n i u m   di f fus ion  alloy  foll  as  c la imed  in  any  one   of  t h e  

preceding  claims,   where in   said  foll  has  the  a iuminium  subs tant ia l ly   u n i f o r m l y  

diffused  th roughout   the  cross  s ec t ion   of  said  foil  and  has  a  large  grain  size  with  a  

thickness  of  one  grain  and  with  the  grain  faces  parallel   to  the  direct ion  of  r o l l i n g  

of  said  foi l .  

11.  A  soild  solut ian  Ioan -a lumin ium  diffusion  alloy  cold  rolled  t i t a n i u m  

stabi l lzed  low  carbon  steel  light  gauge  strip  or  foll  conta ining  between  about  2 

wt.%  and  12  wt.%  a luminium  and  a  max imum  of  about  0.1  wt.%  carbon  and  a  

maximum  of  1.0  wt.%  t i t an ium  with  said  t i tan ium  combined  with  the  carbon  a n d  

ni trogen  in  said  diffusion  alloy  foll  and  providing  an  excess  of  uncombined  t i t a n i u m ,  

said  diffusion  alloy  light  gauge  strip  or  foil  having  a  higher  c o n c e n t r a t i o n   o f  

t l i an ium  at  the  su r face   than  In  the  Inter ior   thereof ,   and  said  diffusion  alloy  l i gh t  

gauge  strip  or  foil  being  f o r m a b l e   at  room  t e m p e r a t u r e   and  being  res is tant   t o  

oxidation  and  to  corros ion  at  e l eva ted   t e m p e r a t u r e s . .  

12.  An  I r o n - a l u m i n i u m   dif fusion  alloy  foil  as  c laimed  in  Claim  11,  w h e r e i n  

sold  diffusion  alloy  foll  has  a  t i t an ium  n l t i l d e - c o n t a i n i n g   film  on  the  s u r f a c e  

t h e r e o f .  



13.  A  method   of  forming  a  room  t e m p e r o t u r e   formable  soild  so lu t ion  

I ron -a lumin ium  diffusion  alloy  light  gauge  strip  or  foll  c o m p r i s i n g :  

(I)  forming  a  strip  of  t i t an ium  s tabi l lzed  fow-carbon  steel  containing  a n  

excess   of  uncombined  t i tan ium  and  having  a  thickness  of  be tween  a b o u t  

0.25  mm  and  about  0.76  mm  (0.010  and  0.030  inch),  

(2)  applying  to  each  surface  of  sold  steel  strip  an  aluminium  coating  hav ing  

a  th ickness   of  be tween  about  12.7 µm  (0.0005  Inch)  and  about  7 6  µ m  

(0.003  inch)  which  provides  be tween  about  2  wt.%  and  about  12  w t . %  

a lumin ium  based  on  the  weight  of  sold  light  gauge  strip  of  foll ,  

(3)  reducing  the  thickness  of  the  o l u m i n i m   coated  strip  between  a b o u t  

40%  and  about  99%  by  cold  rolling  to  form  an  aluminium  cooied  th in  

gauge  steel  strip  foil  having  a  thlckness  of  between  about  0.013  m m  

(0.0005  Inch)  and  0.152  mm  (0.006  Inch)  with  an  aluminium  c o a t i n g  

th ickness   between  about  1.07µm  (0.000042  inch)  and  27.9µm  (0 .001  inch) 

a n d ,  

(4)  hea t ing   said  cold  rolled  a luminium  coated  thin  gauge  steel  strip  or  foil 

to  form  a  solid  solution  I ron-a lumin ium  diffusion  alloy  light  gauge  s t r i p  

or  foll  having  between  a b o u t  2   wt.%  and  about  12  wt.%  a lumin ium 

diffused  throughout   the  cross  sect ion  t h e r e o f .  

14.  A  method  as  claimed  In  Claim  13,.  wherein  said  heating  of  t h e  

aluminium  coa ted   steel  foil  is  e f f e c t e d   in  a  n i t r ogen - f r ee   non-ox id i z ing  

a l m o s p h e r e .  

15.  A  method  as  clalmed  In  Claim  13,  wherein  said  heating  of  t h e  

aluminium  coated   steel  foll  Is  e f f ec t ed   In  a  dry  n i t rogen-con ta in ing   a t m o s p h e r e  

hoving  minimal  oxidizing  action  on  f i tanium  and  aluminium  In  said  foll  for  a  t i m e  

and  at  a  t e m p e r a t u r e   which  forms  a  t i t an ium  n i t r ide -con ta in ing   film  on  the  s u r f a c e  

of  the  I r on -a lumin ium  diffusion  alloy  s t e e l .  

16.  A  method  as  claimed  In  any  one   of  Claims  13  to  15,  wherein  the  sa id  

aluminium  coating  on  sold  t i tanium  stabilized.  low-carbon  steel  strip  Is  provided  by 

hot-dip  a luminium  coat ing  sold  s t r ip .  



17.  A  method  os  c la imed   in  a n y  o n e   of  Clolms  13  to  17,  wherein  so ld  

t i t an ium  s t ab i l i zed   l ow-ca rbon   steel  has  all  the  carbon  and  ni trogen  in  the  s t e e l  

chemica l ly   combined   with  t i t an ium  and  having  in  the  steel  on  excess  of  at  l e a s t  

about  0.02  wt.%  uncombined   t i t a n i u m .  

19.  A  method   as  c la imed  in  a n y  o n e   of  Claims  13  to  17,  wherein  s a i d  

t i t an ium  s t ab i l i zed   low  carbon  steel  has  a  carbon  conten t   of  les  than  0.10  w t . %  

carbon  and  a  t i t an ium  conten t   at  least  about  0.40  wt.%  but  less  than  1.0  w t . % .  

19.  A  method  as  c la imed  In  a n y  o n e   of  Claims  13  to  18,  wherein  s o l d  

t i t an ium  s t ab i l i zed   low-ca rbon   steel  has  a  carbon  conten t   of  about  0.04  wt.%  and  a  

t i t an ium  con ten t   of  about  0.50  w t . % .  

20.  A  method  as  c la imed   in  a n y  o n e   of  Claims  13  to  19,  wherein  s a i d  

diffusion  alloy  foll  has  a  sillcon  con t en t   be tween   about  0.2  wt.%  and  0 . 9  w t . % .  

21.  A  method  as  c la imed  in  a n y  o n e   of  Claims  13  to  20,  wherein  s a i d  

diffusion  alloy  foll  is  hea ted   in  an  oxygen  conta in ing   a tmosphe re   for  a  time  u n d  a t  

a  t e m p e r a t u r e   which  forms  a  growth  of  a lumin ium  oxide  spine- l ike   whiskers  on  t h e  

surface   of  said  f o l l .  

22.  A  method  as  in  Claim  21,  where in   said  foll  having  a  growth  of  s a i d  

whiskers  on  the  sur face   of  said  foil  is  hea ted   In  a  dry  n l t r o g e n - c o n t a i n i n g  

a t m o s p h e r e   which  has  mlnimal  oxidizing  act ion  on  t i t an ium  for  a  time  and  at  a  

t e m p e r a t u r e   which  forms  a  t i t an ium  n i t r i d e - c o n t a i n i n g   film  on  the  surface  of  s a i d  

f o l l  

23.  A  method  as  c la imed  In  a n y  o n e   of  Claims  t3  to  22,  wherein  s a i d  

diffusion  alloy  steel  foil  is  cold  rolled  a f te r   diffusion  heat ing  to  Import  c r i t i c a l  

s train  to  said  foll  and  t h e r e a f t e r   sub jec t ing   said  foil  to  heat ing  to  increase  c r y s t a l  

size  in  said  f o i l .  
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