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©  Shell  or  tubular  object  and  method  to  manufacture  the  same. 
(s?)  A  shell  or  tubular  object,  particularly  having  a  compli- 
cated  configuration,  said  object  having  an  internal  surface 
layer  of  a  thermally  sprayed,  high  temperature  and  corrosion 
resistant  metal  alloy  and  being  intended  to  be  incorporated 
in  a  machine  or  the  like,  especially  in  a  combustion  engine. 
When  manufacturing  the  object,  a  relatively  thin  and  essen- 
tially  pore-free  layer  (2)  is  first  sprayed  onto  a  core  body  (1). 
Then,  the  core  body  (1)  consisting  of  e.g.  molding  sand,  is 
removed,  whereupon  a  second  layer  (3)  is  sprayed  onto  the 
external  surface  of  the  first  layer.  The  second  layer  (3)  may 
have  a  substantially  greater  thickness  without  any  risk  for 
crack  formation.  The  first,  thinner  layer  (2)  forms  the  internal 
surface  layer  of  the  object. 
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 A   shell  or  tubular  object,  particularly  having  a  compli- 
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layer  of  a  thermally  sprayed,  high  temperature  and  corrosion 
resistant  metal  alloy  and  being  intended  to  be  incorporated 
in  a  machine  or the  like,  especially  in  a  combustion  engine. 
When  manufacturing  the  object,  a  relatively  thin  and  essen- 
tially  pore-free  layer  (2)  is  first  sprayed  onto  a  core  body  (1). 
Then,  the  core  body  (1)  consisting  of  e.g.  molding  sand,  is 
removed,  whereupon  a  second  layer  (3)  is  sprayed  onto  the 
external  surface  of  the  first  layer.  The  second  layer  (3)  may 
have  a  substantially  greater  thickness  without  any  risk  for 
crack  formation.  The  first,  thinner  layer  (2)  forms  the  internal 
surface  layer  of  the  object. 



The  i n v e n t i o n   r e l a t e s   to  a  s h e l l   or  t u b u l a r   o b j e c t ,  

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

to  m a n u f a c t u r e   t he   s a m e .  

The  b a c k g r o u n d   of  t h e   i n v e n t i o n   is   a  d e s i r e   to   make  i t  

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

w o r k i n g   t e m p e r a t u r e ,   w h e r e b y   an  i n c r e a s e d   e f f i c i e n c y   and  a  

m o r e  c o m p l e t e   c o m b u s t i o n   can  be  a c h i e v e d .  T h u s ,   i t   is  a  

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

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

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

t e m p e r a t u r e   is  to  be  r a i s e d   a b o v e   what   is   n o r m a l   in  t o d a y ' s  

e n g i n e s .  

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

c o r r o s i o n  r e s i s t a n t ,   bu t   i t   i s   c o m p l i c a t e d   and  e x p e n s i v e   t o  

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

m a t e r i a l s ,   such   as  i r o n   and  n i c k e l   a l l o y s .   T e n s i o n s   a r e  

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

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

t e m p e r a t u r e   i n t e r v a l s   w i t h i n   or  v e r y   c l o s e   to  t he   w o r k i n g  

t e m p e r a t u r e s   in  q u e s t i o n .   M o r e o v e r ,   the   s u b s e q u e n t  

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

i f   c e r a m i c s   a r e   u s e d .  

F u r t h e r m o r e ,   e x p e r i m e n t s   h a v e   been   made  to  c o a t   e s p e c i a l l y  

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

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

F e C r A l - t y p e ,   w h i c h   h o w e v e r   c a u s e s   p r o b l e m s   in  c a s e   i n s i d e  

c a v i t i e s ,   in  p a r t i c u l a r   of  a  c o m p l i c a t e d   g e o m e t r y ,   a r e   to  b e  

c o a t e d .  

I t   has  a l s o   been   s u g g e s t e d   to  m a n u f a c t u r e  t u b u l a r   s u r f a c e  

b o d i e s ,   w h i c h   have   been   t h e r m a l l y   s p r a y e d   in  a d v a n c e ,   w i t h   a  

r e m a i n i n g   m a n d r e l   or  c o r e .   In  u s i n g   t h i s   known  m e t h o d ,  



h o w e v e r ,   o n l y   v e r y   s i m p l e ,   e s p e c i a l l y   c y l i n d r i c a l   or  c o n i c a l  

t u b e   fo rms   can  be  u s e d ,   s i n c e   i t   mus t   be  p o s s i b l e   to  t a k e  

out   t h e   m a n d r e l   or  c o r e   a f t e r   m o l d i n g .  

F u r t h e r m o r e ,   t he   p u b l i s h e d   S w e d i s h   P a t e n t   A p p l i c a t i o n  

S E - A - 8 3 0 0 6 0 3 - 1   d i s c l o s e s   a  m e t h o d  o f   m a n u f a c t u r i n g   a  m a c h i n e  

p a r t ,   i n c l u d i n g   a  h e a t   i n s u l a t e d   i n l e t   gas   c h a n n e l ,   b y  

t h e r m a l l y   s p r a y i n g   a  v e r y   t h i n   f i r s t   l a y e r ,   h a v i n g   a  

t h i c k n e s s   of  0 . 1 - 0 . 2   mm,  of  a  s o f t   m e t a l   m a t e r i a l ,   such   a s  

z i n c ,   t i n ,   l e a d ,   c o p p e r   or  a l u m i n i u m ,   o n t o   a  s a n d   c o r e .   A 

s e c o n d   l a y e r ,   h a v i n g   a  t h i c k n e s s   of  0 . 5 - 2 . 5   mm,  of  a  m e t a l  

m a t e r i a l ,   such   as  c a r b o n   s t e e l ,   is   t h e r m a l l y   s p r a y e d   o n t o  

t h e   f i r s t   l a y e r ,   and  t h e r e a f t e r   a  t h i r d   l a y e r ,   s e r v i n g   as  a  

h e a t   b a r r i e r   and  c o n s i s t i n g   of  a  c e r a m i c   m a t e r i a l   i s  

a p p l i e d ,   e . g .   by  t h e r m a l   s p r a y i n g .   Then ,   t he   s a n d   c o r e   w i t h  

t he   t h r e e   l a y e r s   a p p l i e d   t h e r e o n   is  p l a c e d   in  a  mold  f o r  

m o l d i n g   the   m a c h i n e   p a r t   in  a  c o n v e n t i o n a l   m a n n e r .   U p o n  

m o l d i n g ,   t he   s a n d   c o r e   is   r e m o v e d ,   so  t h a t   t he   t h r e e   l a y e r s  

form  an  i n t e r n a l   s u r f a c e   of  a  c h a n n e l   in  t he   m a c h i n e   p a r t .  

H o w e v e r ,   in  t h i s   known  m e t h o d ,   t h e r e   m i g h t   be  a  r i s k   o f  

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

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

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

m a c h i n e   p a r t ,   is  no t   c o r r o s i o n   r e s i s t a n t   and  is   no t   s u i t a b l e  

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

s o f t   m e t a l   m a t e r i a l   is   f a r   too   low  to  p e r m i t   t h e   use   in  a n  

e x h a u s t   c h a n n e l   of  a  c o m b u s t i o n   e n g i n e .   T h u s ,   a  t y p i c a l  

t e m p e r a t u r e   of  t h e   e x h a u s t   g a s e s   is  a b o u t   850°C,   w h e r e a s   t h e  

m e l t i n g   p o i n t   of  Zn  is   a b o u t   4 2 0 ° C .  

The  o b j e c t   of  t h e   i n v e n t i o n   is   to  e l i m i n a t e   t h e  

d i s a d v a n t a g e s   and  r e s t r i c t i o n s   of  t he   known  m e t h o d s   and  t o  

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

even   w i t h   a  c o m p l i c a t e d   g e o m e t r y ,   by  t h e r m a l   s p r a y i n g   of  a  



h e a t   and  c o r r o s i o n   r e s i s t a n t   m e t a l   a l l o y   so  as  to  f o r m  

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

s e r v i n g   as  a  h e a t   b a r r i e r ,   w i t h o u t   any  r i s k   of  c r a c k i n g  

d u r i n g   t he   s p r a y i n g   p r o c e s s .   A  f u r t h e r   o b j e c t   is   to   e n a b l e  

t h e   m o l d i n g   of  s u c h   an  o b j e c t   i n t o   a  m o l d e d   body  h a v i n g   o n e  

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

s h e l l   or  t u b u l a r   o b j e c t   a c c o r d i n g   to  t he   i n v e n t i o n .  

The  ma in   o b j e c t   is   a c h i e v e d   in  t h a t   t he   f i r s t   l a y e r   c o n s i s t s  

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

t h i c k n e s s   of  0 . 5 - 1 . 5   mm  and  in  t h a t   t he   s e c o n d   l a y e r  

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

r e s i s t a n t   m e t a l   a l l o y ,   w h i c h   c o n t a i n s   more   o x i d e s   a n d / o r  

p o r e s   t h a n   t he   f i r s t   l a y e r   and  t h e r e b y   s e r v e s   as  a  h e a t  

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

upon   r e m o v a l   of  t he   c o r e   b o d y ,   w h e r e b y  c r a c k i n g   is   a v o i d e d .  

O t h e r   s u i t a b l e   f e a t u r e s   a r e   s t a t e d   in  t h e   a p p e n d e d   c l a i m s  

2  -   9 .  

T h u s ,   when  m a n u f a c t u r i n g   s u c h   an  o b j e c t   i t   i s   e s s e n t i a l   t h a t  

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

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

I t   is  p a r t i c u l a r l y   s u i t a b l e   to  make  t he   c o r e   body  of  m o l d i n g  

s a n d   w h i c h   can  l o o s e   i t s   fo rm  s t a b i l i t y   and  be  d i s c h a r g e d  

f rom  t h e   t u b e   or  s h e l l ,   e . g .   upon   h e a t i n g .   W i t h o u t   r i s k   o f  

c r a c k i n g   due  to  t e n s i o n s ,   w h i c h   wou ld   u n a v o i d a b l y  a r i s e   i f  

t h e   c o r e   body  were   to  r e m a i n ,   c o n t i n u o u s   s p r a y i n g  m a y  

t h e r e a f t e r   be  e f f e c t e d   up  to   a  d e s i r e d   t h i c k n e s s .  

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

c o n t r o l l e d   in  such   a  way  t h a t   t h e   s e c o n d   l a y e r   c o n t a i n s   m o r e  

o x i d e s   a n d / o r   p o r e s   t h a n   t he   f i r s t   l a y e r ,   w h e r e b y   t h e  

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

a r e   o b t a i n e d   in  t he   s e c o n d   l a y e r .   N a t u r a l l y ,   i t   is  a l s o  



p o s s i b l e   to   a p p l y   a  t h i r d   l a y e r ,   e i t h e r   b e t w e e n   t h e   t w o  

o t h e r   l a y e r s   or  as  a  s e p a r a t e   l a y e r   s p r a y e d   on to   t h e   s e c o n d  

l a y e r .   P r e f e r a b l y ,   such   a  r e l a t i v e l y   t h i n   t h i r d   l a y e r   m a y  

e . g .   be  u s e d   as  a  d i f f u s i o n   b a r r i e r   f o r   c a r b o n   or  n i c k e l .  

A l s o ,   i t   can   be  u s e d   to  i n c r e a s e   t h e   m e c h a n i c a l   q u a l i t i e s   a t  

h i g h e r   t e m p e r a t u r e s .  

The  i n v e n t i o n   w i l l   be  e x p l a i n e d   f u r t h e r   be low  w i t h  

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

e m b o d i m e n t .  

F i g .   1  shows   s c h e m a t i c a l l y   a  s a n d   c o r e ;  

F i g .   2  shows   s a i d   s and   c o r e   w i t h   a  f i r s t  l a y e r   s p r a y e d  

t h e r e u p o n ;  

F i g .   3  shows   t h e   d e s s i r e d   t u b u l a r   o b j e c t   a f t e r   r e m o v i n g   t h e  

sand   c o r e   and   s p r a y i n g   a  r e l a t i v e l y   t h i c k   s e c o n d   l a y e r   o n t o  

the   f i r s t   l a y e r .  

Thus ,   in  a  way  known  per   se ,   a  c o r e   body  1  is  made  o f  

m o l d i n g   s a n d   and  a  p h e n o l   r e s i n   as  a  b i n d i n g   a g e n t .   As  s h o w n  

in  F i g .   1,  t h e   c o r e   body  1  has   an  e x t e r n a l   c o n f i g u r a t i o n  

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

t u b u l a r   o b j e c t   and ,   in  a d d i t i o n   t h e r e t o ,   h o l d i n g   p o r t i o n s  

la ,   1b  at   e a c h   end  fo r   h o l d i n g   t h e   c o r e   body .   In  t h e  

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

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

In  a c c o r d a n c e   w i t h   F i g .   2,  a  r e l a t i v e l y   t h i n   and  e s s e n t i a l l y  

p o r e - f r e e   l a y e r   2  of  a  m e t a l   a l l o y   c o n t a i n i n g   a b o u t   5%  A l ,  

22X  Cr  and  t h e   r e s t   m a i n l y   Fe  ( t h e   c o n t e n t s   a re   by  w e i g h t )  

is  s p r a y e d   o n t o   t he   c o r e   body  1.  P o r o s i t y ,   i f   any ,   m u s t  

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

l e a s t   0 ,5   mm,  p r e f e r a b l y   a b o u t   1  mm,  t he   s p r a y i n g   o p e r a t i o n  
is  i n t e r r u p t e d ,   w h e r e u p o n   t he   s a n d   c o r e   1  is  r e m o v e d   i n  



t h a t   t he   s a n d   c o r e   and  t h e   l a y e r   s p r a y e d   t h e r e o n   is  h e a t e d  

in  a  f u r n a c e   at  a b o u t   600°C  f o r   2-3  h o u r s ,   and  t h e r e a f t e r  

t h e   s a n d   is  d i s c h a r g e d   f rom  t he   t u b u l a r   m e t a l   a l l o y   l a y e r   2 .  

T h e r e a f t e r ,   a  s e c o n d   l a y e r   3  is   s p r a y e d   o n t o   the   f i r s t ,  

s e l f - s u p p o r t i n g   l a y e r   2.  In  a b s e n c e   of  a  c o r e   body ,   t h e  

f i r s t   l a y e r   is   p e r m i t t e d   to  e x p a n d   and  s h r i n k   f r e e l y   due  t o  

v a r i a t i o n s   of  t e m p e r a t u r e ,   w i t h o u t   any  r i s k   of  t e n s i o n s   a n d  

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

be  at   l e a s t   1  mm.  The  s p r a y i n g   p r o c e s s   can  be  p e r f o r m e d  

w i t h o u t   i n t e r r u p t i o n   f o r   c o o l i n g .  

D i f f e r e n t   m e t h o d s   of  s p r a y i n g   a r e   p o s s i b l e .   P r e f e r a b l y ,   t h e  

f i r s t ,   r e l a t i v e l y   t h i n   l a y e r   2  i s   s p r a y e d   by  means   of  a  

w i r e - f e d   f l a m e   s p r a y e r   so  as  to  f o r m   a  d e n s e   l a y e r .   In  c a s e  

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

of  o x i d e s   and  p o r e s ) ,   t he   l a y e r   may  be  a p p l i e d   by  p l a s m a  

s p r a y i n g .   The  s e c o n d   l a y e r   3  may  p r e f e r a b l y   be  a p p l i e d   b y  

means   of  a  p o w d e r - f e d   f l a m e   s p r a y e r   in  o r d e r   to  o b t a i n   a  

s u i t a b l e   q u a n t i t y   of  p o r e s   and  o x i d e s .   In  t h i s   c a s e ,   a  

q u a n t i t y   of  5 - 2 5 Z ,   p r e f e r a b l y   a b o u t   15X,  p o r e s   and  o x i d e s   i s  

d e s i r e d .  

H o w e v e r ,   t he   s e c o n d   l a y e r   3  does   n o t   h a v e   to  be  of  t he   s a m e  

m a t e r i a l   c o m p o s i t i o n   as  t h e   f i r s t   l a y e r   2,  but   may  e . g .  

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

Wi th   r e g a r d   to  t he   h e a t   t e n s i o n s   w h i c h   may  a p p e a r   in  t h e  

m a t e r i a l ,   i t   is  c e r t a i n l y   an  a d v a n t a g e   i f   t he   l a y e r   c o n s i s t s  

of  t he   same  m a t e r i a l   and  d i f f e r s   o n l y   in   p o r o s i t y   and  o x i d e  

c o n t e n t s .   M o r e o v e r ,   a  t h i n   t h i r d   l a y e r   may  be  a p p l i e d   e i t h e r  

b e t w e e n   or  on  top   of  t he   two  a b o v e - m e n t i o n e d   l a y e r s .   T h e  

t h i r d   l a y e r   may  i . a .   f u n c t i o n   as  an  a d h e s i v e   l a y e r   o r  

d i f f u s i o n   b a r r i e r .  



The  o b j e c t   and   t he   m a n u f a c t u r i n g   m e t h o d   a c c o r d i n g   to  t h e  

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

w e l l   as  t h e   m a t e r i a l s   and  the   t h i c k n e s s   t h e r e o f   can  b e  

c h o s e n   a t   w i l l .   Thus ,   v e r y   t h i c k   l a y e r s   ( t h e   s e c o n d   l a y e r   3 )  

may  be  a p p l i e d   a f t e r   the   r e m o v a l   of  t he   c o r e   b o d y .   M o r e o v e r ,  

t h e   m a n u f a c t u r i n g   m e t h o d   is  r e l a t i v e l y   q u i c k   ( m e t a l   can  b e  

s p r a y e d   o n t o   a  red   hot   s u b s t r a t e )   and  the   h a n d l i n g   r a t h e r  

s i m p l e .   The  c a s s a t i o n   is  v e r y   low  b e c a u s e   of  t h e   e l i m i n a t e d  

r i s k   of  c r a c k i n g .   Even  the   s u b s e q u e n t   o p e r a t i o n s ,   e . g .  

m o l d i n g ,   a r e   f a c i l i t a t e d   and  can  t h e r e f o r e   be  p e r f o r m e d   w i t h  

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

r e c i r c l i n g   of  s c r a p   is  made  e a s i e r .  



i .   A  s h e l l   or  t u b u l a r   o b j e c t ,   e s p e c i a l l y   h a v i n g   a  

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

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

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

(2)  of  a  m e t a l  a l l o y   t h e r m a l l y   s p r a y e d   o n t o   a  c o r e   body  ( 1 )  

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

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

l a y e r ,   c  h  a  r  a  c  t   e.  r   i  z  e  d   in  t h a t   s a i d   f i r s t   l a y e r  

(2)  c o n s i s t s   of  a  h i g h   t e m p e r a t u r e   and  c o r r o s i o n   r e s i s t a n t  

a l l o y   w i t h   a  t h i c k n e s s   of  0 . 5  -   1 .5   mm  and  in  t h a t   s a i d  

s e c o n d   l a y e r   (3)  l i k e w i s e   c o n s i s t s   of  a  h i g h   t e m p e r a t u r e   a n d  

c o r r o s i o n   r e s i s t a n t   m e t a l   a l l o y ,   w h i c h   c o n t a i n s   more  o x i d e s  

a n d / o r   p o r e s   t h a n   t h e   f i r s t   l a y e r   (2)  and  t h e r e b y   s e r v e s   a s  

a  h e a t   b a r r i e r ,   s a i d   s e c o n d   l a y e r   (3)  b e i n g   s p r a y e d   o n t o   t h e  

f i r s t   l a y e r   (2)  upon  r e m o v a l   of  s a i d   c o r e   body  ( 1 ) ,   w h e r e b y  

c r a c k i n g   i s   a v o i d e d .  

2.  An  o b j e c t   a c c o r d i n g   to  c l a i m   1,  c  h  a   r  a  c  t   e  r  i  z  e  d  

in  t h a t   t h e   s e c o n d   l a y e r   (3)  has   e s s e n t i a l l y   the   s a m e  

m a t e r i a l   c o m p o s i t i o n   as  t he   f i r s t   l a y e r   ( 2 ) .  

3.  An  o b j e c t   a c c o r d i n g   to  c l a i m   1  or  2,  c  h  a  r  a  c  -   -  

t  e  r  i  z  e  d   in  t h a t   t he   p o r o s i t y   of  t he   f i r s t   l a y e r   ( 2 )  

c o n s i s t s   of  c l o s e d   p o r e s ,   w h e r e a s   t he   p o r o s i t y   and  o x i d e  

c o n t e n t s   of  t he   s e c o n d   l a y e r   (3)  e x c e e d s   10%. 

4.  An  o b j e c t   a c c o r d i n g   to  a n y o n e   of  c l a i m s   1 -3 ,   c  h  a  r  a  c -  

t  e  r  i  z  e  d   in  t h a t   a t   l e a s t   t h e   f i r s t   l a y e r   (2)  c o n s i s t s  

of  1-12X  A1,  10-30X  Cr,  p o s s i b l y   s m a l l   q u a n t i t i e s   of  one  o r  

s e v e r a l   e l e m e n t s   in  t he   g r o u p   S i ,   Mn,  Co,  Y,  Hf,  p o s s i b l y  

s m a l l   q u a n t i t i e s   of  o x i d e s   and  n i t r i d e s   and  t he   r e s t   F e .  



5.  An  o b j e c t   a c c o r d i n g   to  a n y o n e   of  c l a i m s   1 -4 ,   c  h  a  -  

r  a  c  t   e  r  i  z  e  d   in  t h a t   the   t h i c k n e s s   of  s a i d   s e c o n d  

l a y e r   (3)  is  g r e a t e r   t h a n   1  mm,  p r e f e r a b l y   a b o u t   2 ,5   mm. 

6.  An  o b j e c t   a c c o r d i n g   to  anyone   of  t he   p r e c e d i n g   c l a i m s ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   b y  a   t h i r d   l a y e r   b e t w e e n   or  o n  

t op   of  the   two  o t h e r   l a y e r s   and  s u b s t a n t i a l l y   t h i n n e r   t h a n  

s a i d   o t h e r   l a y e r s .  

7.  A  m e t h o d   to  m a n u f a c t u r e   a  s h e l l   or  t u b u l a r   o b j e c t  

a c c o r d i n g   to  a n y o n e   of  the   p r e c e d i n g   c l a i m s ,   s a i d   o b j e c t  

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

and  c o r r o s i o i n   r e s i s t a n t   m e t a l   a l l o y ,   c  h  a  r  a  c  t   e  -  

r  i  z  e  d   in  t h - a t  a  f i r s t ,   r e l a t i v e l y   t h i n   and  e s s e n t i a l l y  

p o r e f r e e   l a y e r   (2)   is   f o rmed   by  t h e r m a l   s p r a y i n g   o n t o   a  c o r e  

body  ( 1 1 ) ,   t h e   e x t e r n a l   d i m e n s i o n s   of  w h i c h   c o r r e s p o n d   t o  

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

the   c o r e   body  (1 )   is   r emoved   and  a  s e c o n d ,   r e l a t i v e l y   t h i c k  

l a y e r   (3)  is  a p p l i e d   by  t h e r m a l   s p r a y i n g   o n t o   the   e x t e r n a l  

s u r f a c e   of  t h e   f i r s t   l a y e r   ( 2 ) ,   so  t h a t   t h e   i n t e r n a l   s u r f a c e  

of  s a i d   f i n i s h e d   o b j e c t   is  c o n s t i t u t e d   by  t he   f i r s t   l a y e r  

( 2 ) .  

8.  A  m e t h o d   a c c o r d i n g   to  c l a i m   7,  c  h  a  r  a  c  t   e  r  i  z  e  d  

in  t h a t   t he   c o r e   body  (1)  is  made  of  m o l d i n g   s a n d .  

9.  A  m e t h o d   a c c o r d i n g   to  c l a i m   7  or  8  c  h  a  r  a  c  t   e -  

r  i  z  e  d   in  t h a t   t he   t h e r m a l   s p r a y i n g   is  c o n t r o l l e d   i n  

s u c h   a  way  t h a t   s a i d   s e c o n d   l a y e r   (3)  c o n t a i n s   more  o x i d e s  

a n d / o r   p o r e s   t h a n   the   f i r s t   l a y e r   ( 2 ) .  
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