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©  Low  porosity  metallic  coatings. 
  A  metallic  coating  is  formed  on  a  refractory  metal 
substrate,  e.g.  for  providing  corrosion  resistance,  by  provid- 
ing  an  initial  porous  metallic  coating  on  the  substrate  by 
spraying  and  then  heat  treating,  e.g.  by  HF  heating,  to  sinter 
at  least  part  of  the  initial  coatings  and  give  rise  to  diffusion 
into  the  substrate. 

Working,  e.g.  by  warm  rolling,  is  carried  out  to  densify 
the  coating.  The  resulting  coating  is  ductile  and  may,  for 
example,  be  of  an  AI-bearing  ferritic  steel  such  as  a  steel 
having  up  to  8%  by  weight  Al  and/or  up  to  25%  by  weight  Cr. 
The  substrate  may,  for  example,  be  a  steel  such  as  stainless 
steel. 



The  i n v e n t i o n   r e l a t e s   to  a  me thod   of  f o r m i n g   a  

p r o t e c t i v e   m e t a l l i c   c o a t i n g   on  a  s u b s t r a t e   ( e . g .   f o r  

p r o v i d i n g   c o r r o s i o n   r e s i s t a n c e ) ;   an  i n i t i a l   p o r o u s   m e t a l l i c  

c o a t i n g   is   p r o v i d e d   on  the   s u b s t r a t e   by  s p r a y i n g   and  t h e n   a  

h e a t   t r e a t m e n t   is  c a r r i e d   out   to  s i n t e r   at   l e a s t   p a r t   of  t h e  

i n i t i a l   l a y e r   and  g i v e   r i s e   to  d i f f u s i o n   of  the   i n i t i a l  

c o a t i n g   i n t o   the   s u b s t r a t e .  

C o r r o s i o n   is  a  p r o b l e m   in  many  a r e a s   of  i n d u s t r y   and  i t  

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

have   r e c e n t l y   become  more  s e v e r e .   E x a m p l e s   of  such   fo rms   o f  

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 re   v a n a d i u m   p e n t o x i d e   a t t a c k   i n  

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

b e d s ,   and  s u l p h a t e   a t t a c k   and  a t t a c k s   by  s u l p h u r   d i o x i d e   a n d  

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

M a t e r i a l s   t h a t   a re   s u b j e c t   to  c o r r o s i o n   may  be  p r o t e c t e d   b y  

v a r i o u s   c o a t i n g   t e c h n i q u e s   such  as  m e t a l   p l a t i n g ,   m e t a l l i z i n g  

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

H o w e v e r ,   m e t a l   p l a t i n g   and  m e t a l l i z i n g   a re   c o m p l i c a t e d   a n d  

e x p e n s i v e ,   and  c o a t i n g   w i th   m e t a l   p o w d e r s   and  s p r a y i n g   w i t h  

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

c o a t i n g s   c o n t a i n i n g   v o i d s   and  p o r e s   and  a l s o   of  v a r i a b l e  

a d h e s i o n   to  the   s u b s t r a t e .  

UK  P a t e n t   S p e c i f i c a t i o n   No  1  581  172  d e s c r i b e s   a  m e t h o d  

of  m e e t i n g   the   above   p r o b l e m s   by  f o r m i n g   a  s u r f a c e   l a y e r   on  a  

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

10p  to  2  mm  in  t h i c k n e s s   on  the   s u r f a c e   of  the   s t a i n l e s s  

s t e e l   by  a p p l y i n g   powde r s   of  at  l e a s t   one  of  Fe,  Cr,  Ni,   T i ,  

Mo,  Nb,  Co  and  a l l o y s   c o n t a i n i n g   two  or  more  of  t h e s e   m e t a l s  

on  the   s u r f a c e ,   h e a t i n g   the  i n i t i a l   l a y e r   at  a  t e m p e r a t u r e  

r a n g i n g   f rom  1150  to  1480°C  f o r   0 .01   s e c o n d   to  10  m i n u t e s   b y  

means  of  h i g h   f r e q u e n c y   h e a t i n g   at  a  f r e q u e n c y   r a n g i n g   f r o m  

0.1  KHz  to  500  KHz  so  as  to  s i n t e r   at   l e a s t   p a r t   of  t h e  

i n i t i a l   l a y e r   and  to  d i f f u s e   p a r t   of  the   m e t a l s   of  t h e  



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

a t   l e a s t   1  µ,  and  to  g i v e   a  s u r f a c e   l a y e r   w i t h   a  p o r o s i t y   o f  

n o t   more  t h a n   4%. 

The  i n v e n t i o n   is  c o n c e r n e d   w i t h   a p p l i c a t i o n   of  t h e  

m e t h o d   of  UK  P a t e n t   No  1  581  1 7 2  t o   p r o d u c t i o n   of  m e t a l l i c  

c o a t i n g s ,   s u c h   as  A l - b e a r i n g   f e r r i t i c   s t e e l   c o a t i n g s ,   a n d  

w i t h   c e r t a i n   m o d i f i c a t i o n s   such   as  p r o v i s i o n   of  a  w o r k i n g  

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

s m o o t h n e s s   and  d e n s i t y .  

The  i n v e n t i o n   p r o v i d e s   a  me thod   of  f o r m i n g   a  p r o t e c t i v e  

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

c o m p r i s e s   t he   s t e p s   o f  

( i )   p r o v i d i n g   an  i n i t i a l   p o r o u s   m e t a l l i c   c o a t i n g   on .  
t he   s u b s t r a t e   by  s p r a y i n g ;  

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

t h e r e b y   to  s i n t e r   at   l e a s t   p a r t   of  the   i n i t i a l  

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

t he   s u b s t r a t e ;   a n d  

( i i i )   w o r k i n g   t he   c o a t i n g   to  e f f e c t   d e n s i f i c a t i o n  

t h e r e o f .  

C o a t i n g s   so  p r o d u c e d   have  been  f o u n d   to  be  d e n s e ,  

a d h e r e n t ,   and  d u c t i l e   and  a l s o   to  p r o v i d e   good  c o r r o s i o n  

r e s i s t a n c e   as  e v i d e n c e d   by  t e s t s   d e s c r i b e d   h e r e i n .   Also   t h e y  

may  have   a  h i g h   q u a l i t y   s u r f a c e   f i n i s h   w h i c h   is  i m p o r t a n t  

f rom  the   c o r r o s i o n   r e s i s t a n c e   a s p e c t .  

The  i n v e n t i o n   is   a p p l i c a b l e   to  t he   p r o t e c t i o n   of  a  

s u b s t r a t e   in  a  v a r i e t y   of  f o r m s ,   f o r   e x a m p l e   a  t u b e ,   m e t a l  

s h e e t   or  s t r i p   and  a  s h a p e d   a r t i c l e .   The  s u b s t r a t e - m a y ,   f o r  

e x a m p l e   be  an  a r t i c l e   such   as  a  c o n d e n s e r ,   a  f l u i d i s e d   b e d  

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



c o m p l e x   s h a p e d   c o m p o n e n t   such   as  a  b l a d e   f o r   a  gas  t u r b i n e  

e n g i n e ,   or  may  be  a  m a t e r i a l   fo r   s u b s e q u e n t   f a b r i c a t i o n   i n t o  

such   an  a r t i c l e .   The  s u b s t r a t e   may,  f o r   e x a m p l e ,   be  made  o f  

a  s t e e l   such   as  a  s t a i n l e s s   s t e e l   or  a  mi ld   s t e e l .   Low 

q u a l i t y   s u b s t r a t e s   such   as  the   l a t t e r   may  t h e r e f o r e   b e  

i m p r o v e d   by  means   of  the   p r e s e n t   i n v e n t i o n .  

The  p r o t e c t i v e   m e t a l l i c   c o a t i n g   may,  f o r   e x a m p l e ,   be  a  

s i n g l e   e l e m e n t   c o a t i n g ,   e . g .   Ti  or  Zr,   or  an  a l l o y .  

P r e f e r a b l y   i t   is  a  s t e e l   c o a t i n g   and  is  most   p r e f e r a b l y   a n  

a l u m i n i u m - b e a r i n g   f e r r i t i c   s t e e l   c o a t i n g ,   wh ich   s t e e l   m a y ,  
f o r   e x a m p l e ,   be  a  s t e e l   c o n t a i n i n g   Fe,  Cr  and  Al  w i t h   o r  

w i t h o u t   a d d i t i o n a l   c o n s t i t u e n t s   such  as  Y  a n d / o r   Hf.  A 

p r e f e r r e d   A l - b e a r i n g   f e r r i t i c   s t e e l   is  a  s t e e l   c o n t a i n i n g   F e ,  

Cr,  Al  and  Y,  f o r   e x a m p l e   as  m a r k e t e d   u n d e r   the   UK  R e g i s t e r e d  

Trade   Mark  "FECRALLOY",  b e c a u s e   of  i t s   o u t s t a n d i n g   a b i l i t y   t o  

w i t h s t a n d   c o r r o s i o n   in  a g g r e s s i v e   e n v i r o n m e n t s   such   as  t h o s e  

c o n t a i n i n g   S,  C,  N  and  h a l o g e n .   The  A l - b e a r i n g   f e r r i t i c  

s t e e l   used  may  c o n t a i n   a d d i t i o n a l   c o n s t i t u e n t s   such  as  S i  

which   may  i m p r o v e   the   c o r r o s i o n   r e s i s t a n c e   of  the   s t e e l   a n d  

a l s o   i n c i d e n t a l   c o n s t i t u e n t s   which   may  be  p r e s e n t   as  a  r e s u l t  

of  the   m a t e r i a l s   u sed   in  m a n u f a c t u r e   t h e r e o f   and  of  t h e  

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

P r e f e r r e d   A l - b e a r i n g   f e r r i t i c   s t e e l s   in  the  i n v e n t i o n  

a re   t h o s e   h a v i n g   h i g h   Al  c o n c e n t r a t i o n s ,   f o r   e x a m p l e   up  to  8% 

or  up  to  10%  by  w e i g h t ,   a n d / o r   t h o s e   h a v i n g   h i g h   Cr  

c o n c e n t r a t i o n s ,   f o r   e x a m p l e   up  to  25%  by  w e i g h t .   A l - b e a r i n g  

f e r r i t i c   s t e e l s   of  such   h igh   Al  a n d / o r   Cr  c o n c e n t r a t i o n s   a r e  

n o r m a l l y   d i f f i c u l t   to  f a b r i c a t e   when  in  the   form  o f  

c o a t i n g s .   The  i n v e n t i o n   h o w e v e r   does   not   r e q u i r e   f a b r i c a t i o n  

to  be  c a r r i e d   ou t   and  is  t h e r e f o r e   p a r t i c u l a r l y   a d v a n t a g e o u s  

in  the   p r o v i s i o n   of  c o a t i n g s   of  such  s t e e l s   on  s h a p e d  

a r t i c l e s .   P a r t i c u l a r l y   p r e f e r r e d   A l - b e a r i n g   f e r r i t i c   s t e e l s  

a re   t h o s e   c o n t a i n i n g   from  10%  to  25%  Cr,  f rom  2  to  10%  Al ,   up  

to  1%  Y,  up  to   0.5%  Si  and  the   b a l a n c e   Fe  where   a l l  



p r o p o r t i o n s   q u o t e d   a r e   by  w e i g h t .  

S t e p   ( i )   may  be  c a r r i e d   ou t   by  m e t h o d s   known  in  the  a r t  
f o r   p r o d u c i n g   m e t a l l i c   c o a t i n g s   by  s p r a y i n g ,   f o r   e x a m p l e   b y  

p l a s m a   j e t   s p r a y i n g   or  by  gas  s p r a y i n g .   P r e f e r a b l y ,   t h e  

s p r a y i n g   is  c a r r i e d   o u t   in  an  i n e r t   e n v i r o n m e n t   such   as  a n  

a t m o s p h e r e   of  a r g o n   in  o r d e r   to  m i n i m i s e   o x i d a t i o n   and  g i v e  

a  s u b s t a n t i a l l y   o x i d e - f r e e   i n i t i a l   c o a t i n g .   At  t h i s   s t a g e ,  

h o w e v e r ,   t h e r e   may  be  some  l o s s   of  c e r t a i n   i n t e n d e d  

c o n s t i t u e n t s   of  t he   c o a t i n g .   For  e x a m p l e   some  Al  and  Y,  i f  

p r e s e n t ,   may  be  l o s t   d u r i n g   the   s p r a y i n g .  

S t e p   ( i i )   may  be  c a r r i e d   o u t ,   f o r   e x a m p l e ,   a t   a  

t e m p e r a t u r e   in  the   r a n g e   f rom  950°C  to  1300°C  such   as  1 1 0 0 ° C .  

I t   may,  f o r   e x a m p l e ,   be  c a r r i e d   ou t   by  means   of  h i g h  

f r e q u e n c y   h e a t i n g   w h i c h   is  p a r t i c u l a r l y   a p p r o p r i a t e   when  t h e  

s u b s t r a t e   is  in  e l o n g a t e d   form  such  as  a  t u b e   s i n c e   t h e  

l a t t e r   can  r e a d i l y   be  h e a t e d   by  c a u s i n g   a  h i g h   f r e q u e n c y  

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

O t h e r   f o r m s   of  h e a t   t r e a t m e n t   t h a t   may  p o s s i b l y   be  s u i t a b l e  

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

l a t t e r   may  be  s u i t a b l e   f o r   h e a t   t r e a t i n g   c o a t i n g s   on  t h e  

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

means   of  h i g h   f r e q u e n c y   h e a t i n g .  

S t e p   ( i i i )   may  be  c a r i e d   ou t   by  m e t h o d s   k n o w n  i n   the   a r t  

and  i t s   g e n e r a l   e f f e c t   i s   to  d e n s i f y   the   c o a t i n g .   I t   i s  

p r e f e r a b l y   c a r r i e d   ou t   as  a  warm  w o r k i n g   s t e p   such   as  warm 

r o l l i n g ,   f o r   e x a m p l e   by  w o r k i n g   the  p r o d u c t   of  s t e p   ( i i )  

b e f o r e   i t   has  c o m p l e t e l y   c o o l e d   down,  e . g .   at   a  t e m p e r a t u r e  

in  t he   r a n g e   of  600°C  to  800°C.   In  the   c a s e   where   t h e  

s u b s t r a t e   is  e l o n g a t e d   s u c h   as  a  t u b e ,   i t   may  be  p o s s i b l e   t o  

c a r r y   o u t   s t e p s   ( i i )   and  ( i i i )   s e q u e n t i a l l y   a l o n g   the   l e n g t h  

of  the  s u b s t r a t e ,   e . g .   by  a r r a n g i n g   f o r   a  means  f o r   h e a t  

t r e a t i n g   the  c o a t e d   s u b s t r a t e   ( s u c h . a s   an  H.F.  c o i l )   and  a  

means   f o r   w o r k i n g   the  c o a t e d   s u b s t r a t e   ( s u c h   as  r o l l e r s )   t o  

t r a v e r s e   the   c o a t e d   s u b s t r a t e   t o g e t h e r   a t   a  s p a c e d  



i n t e r v a l .   In  a  s i m i l a r   way,  i t   may  be  p o s s i b l e   to  c a r r y   o u t  

s t e p s   ( i ) ,   ( i i )   and  ( i i i )   s e q u e n t i a l l y ,   e . g .   by  a r r a n g i n g   a  

s p r a y i n g   m e a n s ,   such  h e a t   t r e a t i n g   means  and  such   means  f o r  

w o r k i n g   to  t r a v e r s e   the   s u b s t r a t e   t o g e t h e r   a t   s p a c e d  

i n t e r v a l s   from  one  a n o t h e r .   " T r a v e r s e "   is  no t   n e c e s s a r i l y   t o  

be  t a k e n   to  mean  t h a t   the   s u b s t r a t e   is  a l w a y s   s t a t i o n a r y  

a l t h o u g h   u s u a l l y   t h i s   w i l l   be  t he   c a s e .   T h u s ,   " t r a v e r s e "  

means   t h a t   t h e r e   is  r e l a t i v e   movement   b e t w e e n   the   s u b s t r a t e  
and  the   means   f o r   e f f e c t i n g   any  of  s t e p s   ( i ) ,   ( i i )   and  ( i i i )  

as  a p p r o p r i a t e .  

N o r m a l l y ,   s t e p   ( i i i )   is  c a r r i e d   ou t   a f t e r   s t e p   ( i i ) .  

H o w e v e r ,   i t   may  be  p o s s i b l e   to  c a r r y   ou t   s t e p   ( i i )   b e f o r e  

s t e p   ( i i i )   w i t h   a  v iew  to  i m p r o v i n g   the   s u r f a c e   f i n i s h   of  t h e  

c o a t i n g .  

F u r t h e r   d e n s i f i c a t i o n   of  the   c o a t i n g   may  be  e f f e c t e d   b y  
c o l d   w o r k i n g   o p e r a t i o n s   such   as  d r a w i n g   t h r o u g h   a  d i e ,  

s w a g i n g   or  r e e l i n g .  

The  t h i c k n e s s   of  the   c o a t i n g   in  the   i n v e n t i o n   may  be  up  
t o . l 2   mm,  f o r   e x a m p l e   1  mm,  t h o u g h   i t   may  be  p o s s i b l e   t o  

p r o d u c e   t h i c k e r   c o a t i n g s .   A l s o ,   i t   may  be  p o s s i b l e   to  c a r r y  
o u t   t he   i n v e n t i o n   more  t h a n   once   in  o r d e r   to  p r o d u c e   a  
t h i c k e r   c o a t i n g .  

I t   m i g h t   be  b e n e f i c i a l   f o r   c e r t a i n   a p p l i c a t i o n s   t o  

p r o v i d e   an  i n t e r m e d i a t e   l a y e r   b e t w e e n   s u b s t r a t e   and  c o a t i n g  

to  i n h i b i t   d i f f u s i o n .   Such  an  i n t e r m e d i a t e   l a y e r   m i g h t   be  

u s e f u l   when  e m b r i t t l e m e n t   is  l i k e l y   to  be  a  p r o b l e m   in  use  o f  

t he   c o a t e d   s u b s t r a t e .   F u r t h e r m o r e ,   the   c o a t e d   s u b s t r a t e   may 
be  s u b j e c t   to  f u r t h e r   t r e a t m e n t   in  o r d e r   to  e n h a n c e   t h e  

p e r f o r m a n c e   of  the   c o a t i n g .   For  e x a m p l e ,   a  c o a t i n g   t h a t  

c o n t a i n s   l e s s   Al  t han   i n t e n d e d   due  to  l o s s e s   t h e r e o f   in  s t e p  

( i )   as  d i s c u s s e d   above   may  be  a l o n i z e d   in  o r d e r   to  i n c r e a s e  

the   Al  c o n t e n t .   " A l o n i z i n g "   is  a  p r o c e s s   f o r   d i f f u s i n g   A l  

i n t o   the  s u r f a c e   of  Fe  base   or  Ni  base   a l l o y s   and  i s  



d e s c r i b e d   in  " A l o n i z e d   Hea t   E x c h a n g e r   Tubes   Give  Good  H i g h  

T e m p e r a t u r e   S e r v i c e "   by  M c G i l l   and  Weinbaum  a t   C o r r o s i o n / 7 6 ,  

M a r c h ,   1976 ,   H o u s t o n ,   T e x a s .  

V a r i o u s   ways  of  c a r r y i n g   ou t   the   i n v e n t i o n   w i l l   b e  

d e s c r i b e d   in  d e t a i l   b e l o w   by  way  of  e x a m p l e   o n l y .  

E x a m p l e   1 

( i )   An  A l - b e a r i n g   f e r r i t i c   s t e e l   in  t he   form  of  w i r e  

and  of  c o m p o s i t i o n   F e  -   2 0 . 5   C r  -   4 .75   A l  -  

0 . 4 4   Y  -   0 . 2 8   Si  where   the   f i g u r e s   a re   p r o p o r t i o n s  

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

fo rm  of  a  10"  l o n g   3 2 1 - t y p e   s t a i n l e s s   s t e e l   tube   o f  

11 2"  o u t s i d e   d i a m t e r   and  1"  i n t e r n a l   d i a m e t e r  

t h e r e b y   to  g i v e   an  i n i t i a l   c o a t i n g   on  the   t u b e .  

( i i )   The  i n i t i a l l y   c o a t e d   t u b e   was  h e a t   t r e a t e d   a t  

1320°C  by  t r a v e r s i n g   i t   a t   5  mm/sec   t h r o u g h   a  h i g h  

f r e q u e n c y   c o i l   of   a  25  KHz  s h a f t   h a r d e n e r   m a c h i n e  

r a t e d   a t   28  KW.  The  t ube   was  r o t a t e d   at   120  r . p . m .  

d u r i n g   the   h e a t i n g   s t e p   in  o r d e r   to  p r e v e n t  

o v e r h e a t i n g .   If   n e c e s s a r y ,   t he   t u b e   may  b e  

w a t e r - c o o l e d   in  o r d e r   to  p r e v e n t   m e l t i n g .  

( i i i )   The  p r o d u c t   of  s t e p   ( i i )   was  warmed  r o l l e d  

a t   a  t e m p e r a t u r e   in  t h e  r a n g e   600°C  to  900°C  t o  

g i v e   a  f i n a l   c o a t e d   t ube   wh ich   was  o b s e r v e d   t o  

have   a  s m o o t h ,   a d h e r e n t   c o a t i n g .  

The  f i n a l   t ube   was  t e s t e d   by  t a k i n g   a  i"  t h i c k   r i n g   f r o m  

t h e   t u b e ,   s l i t t i n g   t he   r i n g   and  o p e n i n g   up  the   s l i t   u n t i l   t h e  

r i n g   was  a l m o s t   f l a t t e n e d .   I t   was  o b s e r v e d   t h a t   the   c o a t i n g  

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

c a r r i e d   ou t   on  a  t ube   c o a t e d   a c c o r d i n g   to  s t e p   ( i )   o n l y   a b o v e  

( i . e .   w i t h o u t   c a r r y i n g   ou t   s t e p s   ( i )   and  ( i i i ) .   When  t h e  



s l i t   was  o p e n e d   to  a  gap  of  a b o u t   2",  the   c o a t i n g   w a s  

o b s e r v e d   to  s p r i n g   away  from  the  s u r f a c e   of  the  s u b s t r a t e .  

Example   2 

( i )   The  p r o c e d u r e   of  s t e p   ( i )   of  Example   1  w a s  

r e p e a t e d .  

( i i )   The  i n i t i a l l y   c o a t e d   t ube   and  a  l o o s e   f i t t i n g  

m a n d r e l   of  "FECRALLOY"  s t e e l   f o r   the   t u b e   w e r e  

h e a t e d   in  a  m u f f l e   f u r n a c e   at   1100°C  f o r   hou r   a n d  

1  h o u r   r e s p e c t i v e l y .  

( i i i )   The  m a n d r e l   was  p l a c e d   in  the   t ube   and  t h e  

c o m b i n a t i o n   t r a n s f e r r e d   to  a  l a t h e   p l a c e d   in  a  3 

jaw  c h u c k ,   c l a m p e d   t i g h t   w i t h   the  t a i l   s t o c k  

c e n t e r i n g   the   t u b e .   The  c h u c k   was  r o t a t e d   a t   3 5 0  

r . p . m .   and  p r e s s u r e   a p p l i e d   to  the  tube   by  means  o f  

a  r o l l e r   d e v i c e   e n g a g i n g   a t   0 . 0 2 0 " / r e v o l u t i o n .  

The  f i n a l   t ube   was  t e s t e d   as  d e s c r i b e d   in  Example   1  a n d  

the   c o a t i n g   was  found   to  be  a d h e r e n t .   M i c r o - e x a m i n a t i o n   o f  

the   f i n a l   t ube   showed  a  marked   r e d u c t i o n   in  the   p o r o s i t y   o f  

the   c o a t i n g .  



1.  A  m e t h o d   of  f o r m i n g   a  p r o t e c t i v e   m e t a l l i c   c o a t i n g   on  a  

r e f r a c t o r y   m e t a l   s u b s t r a t e   wh ich   c o m p r i s e s   the   s t e p s   o f  

( i )   p r o v i d i n g   an  i n i t i a l   p o r o u s   m e t a l l i c   c o a t i n g   on  t h e  

s u b s t r a t e   by  s p r a y i n g ;   a n d  

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

s i n t e r   a t   l e a s t   p a r t   of  t he   i n i t i a l   c o a t i n g   and  t o  

g i v e   r i s e   to  d i f f u s i o n   t h e r e o f   i n t o   the  s u b s t r a t e ,  

c h a r a c t e r i s e d   in  t h a t  

the   c o a t i n g   of  the   p r o d u c t   of  s t e p   ( i i )   is  worked   to  e f f e c t  

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

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  w h e r e i n   the  p r o t e c t i v e  

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

c o a t i n g .  

3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2  w h e r e i n   s t e p  

( i i i )   is  c a r r i e d   ou t   by  warm  w o r k i n g   the   p r o d u c t   o f  

s t e p   ( i i ) .  

4.  A  m e t h o d   as  c l a i m e d   in  c l a i m   3  w h e r e i n   the   warm  w o r k i n g  

is  c a r r i e d   o u t   by  warm  r o l l i n g   the   p r o d u c t   of  s t e p   ( i i )   a t   a  

t e m p e r a t u r e   in  the   r a n g e   of  600°C  to  8 0 0 ° C .  

5.  A  m e t h o d   as  c l a i m e d   in  any  of  t he   p r e c e d i n g   c l a i m s  

w h e r e i n   t he   s u b s t r a t e   is  e l o n g a t e d   and  w h e r e i n   s t e p s   ( i i )   a n d  

( i i i )   a r e   c a r r i e d   o u t   s e q u e n t i a l l y   a l o n g   the   l e n g t h   t h e r e o f .  

6.  A  m e t h o d   as  c l a i m e d   in  c l a i m   5  w h e r e i n   s t e p s   ( i ) ,   ( i i )  

and  ( i i i )   a r e   c a r r i e d   o u t   s e q u e n t i a l l y   a l o n g   the   l e n g t h  

t h e r e o f .  
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