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(54)  Matrix  coating  flexible  casting  belts,  method  &  apparatus  for  making  matrix  coatings. 
  A  fusion-bonded  matrix  coating  on  endless,  flexible 
metallic  casting  belts  for  continuous  casting  machines  is 
described.  The  fusion-bonded  matrix  coating  comprises  a 
nonmetallic  refractory  material  interspersed  substantially 
uniformly  throughout  a  matrix  of  heat-resistant  metal  or 
metal  alloy,  for  example  nickel  or  nickel  alloy.  The  coating  is 
applied  to  a  revolving  belt  (10,20)  being  supported  and 
driven  by  pulleys  (34,36)  in  a  machine  by  thermally  spraying 
a  powdered  mixture  directly  onto  the  roughened  casting 
surface  of  the  belt.  The  machine  holds  the  revolving  belt 
under  tension  and  applies  cooling  to  the  rear  surface  of  the 
revolving  belt  (10,20)  opposite  to  the  region  where  the 
thermal  spray  gun  (66)  is  applying  the  coating  to  the  belt 
(10,20),  and  causes  the  thermal  spray  gun  (66)  to  traverse 
uniformly  transversely  across  the  belt.  The  result  is  to 
insulate  and  protect  the  underlying  belt  from  intimate  molten 
metal  contact.  The  life  of  the  coated  belts  is  dramatically 
increased,  and  the  surface  quality  and  properties  of  the  cast 
product  are  significantly  improved. 





T h i s   i n v e n t i o n   r e l a t e s   p r i m a r i l y   to   t h e   f l e x i b l e  

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

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

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

' m a t r i x   c o a t i n g s ,   t h e   m e t h o d s   of   f o r m i n g   s u c h   c o a t i n g s ,   t h e  

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

The  c a s t i n g   b e l t s  a r e   u s u a l l y   made  of   m i l d   s t e e l .   S e c o n d a r i l y ,  

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

c o n t a c t i n g   s u r f a c e s   in   c o n t i n u o u s   c a s t i n g   m a c h i n e s ,   s u c h   as  t h e  

c o a t i n g   of   e d g e - d a m   b l o c k s .  

BACKGROUND 

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

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

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

a n d / o r   to   a c t   as  p a r t i n g   a g e n t s   t o   p r e v e n t   a d h e r e n c e   to   t h e   b e l t s  

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

p r i o r   c o a t i n g s   a r e   t e m p o r a r y   o r   t r a n s i t o r y   in   n a t u r e   and  may  b e  

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

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

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



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

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

and  i m p r e c i s e   a r t .   For   e x a m p l e ,   e x c e s s   l i q u i d   or   s o l v e n t  

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

e m a n a t e   gas   in   s u c h   q u a n t i t y   as  to   d i s t u r b   t h e   s o u n d n e s s   o f  

t h e   c a s t   p r o d u c t ,   r e s u l t i n g   i n   p o r o s i t y .   Some  of  t h e   gas   t h u s  

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

t h e   m e t a l l u r g i c a l   q u a l i t i e s   of   t h e   c a s t   m e t a l .   A l s o   e x c e s s  

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

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

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

in   t h e   c a s t   p r o d u c t .  

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

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

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

d e s c r i b e d   i n   U.  S.  P a t e n t   No.  3 , 8 7 1 , 9 0 5 .   C o a t i n g s   c o n t a i n i n g  

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

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

h i g h e r   t h a n   a l u m i n u m .  

A  c a s t i n g   b e l t   made  o f   m i l d   k i l l e d   s t e e l   c o n t a i n i n g  

0.2%  to  0.8%  by  w e i g h t   of   t i t a n i u m   has   b e e n   m u l t i p l e - l a v e r  

c o a t e d ,   as  d e s c r i b e d   in   U.  S.  P a t e n t   No.  4 , 2 9 8 , 0 5 3 .  

The  s u r f a c e   of   t h e   b e l t   i s   f i r s t   c o a t e d   by  a  " p r i m e r "  

l a y e r   of  a  n i c k e l - a l u m i n u m   a l l o y   (80%  by  w t .   of  Ni  and  20% 

by  wt .   o f   Al)  s t a t e d   to   be  0 . 0 0 5   mm  t h i c k   i n   t h e  

s p e c i f i c a t i o n  b u t   c l a i m e d   to   be  0 . 0 5   mm  t h i c k   i n   t h e   o n l y  

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

0 . 0 1  a n d   0 . 5   mm  t h i c k   made  of   c h r o m i u m ,   o r   of   an  a l l o y   o f  



c h r o m i u m ,   o r   of   n i c k e l ,   or   of   an  a l l o y   of   n i c k e l   o r   of  a  

s t a i n l e s s   s t e e l .   T h e n , a   t h i r d   l a y e r   of   c o l l o i d a l   g r a p h i t e  

a n t i - a d h e s i o n   a g e n t   i s   a p p l i e d   o v e r  t h e   s e c o n d   l a y e r .   H o w e v e r ,  

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

n o n - w e t t a b i l i t y   a r e   r e q u i r e d   t h a n   can   be  o b t a i n e d   by  f o l l o w i n g  

t h e   t e a c h i n g   of  t h a t   p a t e n t .  

C a n a d i a n   P a t e n t   No.  1 , 0 6 2 , 8 7 7   of  Thym  and   G y o n g y o s  

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

t h i n   l a y e r s   ( 8 0 - 1 0 0   m i c r o m e t e r s , p r e f e r a b l y   5 0 - 7 0   m i c r o m e t e r s )  

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

c e r a m i c   l a y e r s   i s   a c h i e v e d   to   g i v e   t h e   r e q u i s i t e   t h e r m a l  

r e s i s t a n c e .   Such  a  b u i l d - u p   of   m u l t i p l e   c e r a m i c   l a y e r s   i s  

l a b o r i o u s ,   t i m e - c o n s u m i n g   and  e x p e n s i v e .   The  r e s u l t i n g   b u i l t -  

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

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

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

and  t h e   a l u m i n u m   b e i n g   c a s t .   T h i s   b u i l t - u p   c e r a m i c   c o a t i n g  

c o n s i s t s   of   Al2O3 ·  C a Z r O 3 ,   Al2O3 ·  MgO,  Z r S i O 4   or   Al2O3 · 

T i 0 2 -   I t   i s   b u i l t   up  in  t h i c k n e s s   u n t i l   i t   p r o v i d e s   t h e r m a l  

r e s i s t a n c e   in  t h e   r a n g e   of   1 0 - 4   t o   1 0 - 3  m 2 . h .   ° C / k c a l .  

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

t h i c k   and  r e l a t i v e l y   f r a g i l e   and  b r i t t l e .   They  h a v e   i n s u f f i c i e n t  

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

m e c h a n i c a l   s t r e t c h i n g   and  r e l a x i n g ,   t he   f l e x i n g   and   a b r a d i n g  

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

more   m o v i n g   b e l t s   as  m o l t e n - m e t a l - c o n t a c t i n g - c o o l i n g   s u r f a c e s .  

D u r a b i l i t y   to   w i t h s t a n d   s u c h   m e c h a n i c a l   and   t h e r m a l  

s t r e s s e s   a r e   i m p o r t a n t ,   as  o t h e r w i s e   b i t s   of   t h e   c e r a m i c   c o a t i n g  

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



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

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

S u c h   i n c l u s i o n s   can  b e c o m e  a   s e r i o u s   ' p r o b l e m ,   as  f o r   i n s t a n c e  

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

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

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

C e r a m i c   c o a t i n g s   a r e   g e n e r a l l y   n o t   f l e x i b l e   and  t e n d   to   b e  

f r a g i l e .  

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

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

p a r t i c l e s   a r e   h i g h l i g h t e d   in   German   p a t e n t   24  11  448  o f  

T h e o b a l d ,   in   w h i c h   p a t e n t   an  a t t e m p t   was  made  t o   s o l v e  

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

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

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

of   f u s i o n   t h a n   t h e   m e t a l   to   be  c a s t .  

SUMMARY  OF  THE  DISCLOSURE 

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

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

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

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

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

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

s u c h   as  e d g e - d a m   b l o c k s   t h a t   d e f i n e   m o v i n g   s i d e   w a l l s   of  a  

m o l d   c a v i t y .   The  f u s i o n - b o n d e d   m a t r i x   ( o r   r e t i c u l u m )   c o a t i n g  

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

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



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

h e a t - r e s i s t a n t   m e t a l   or   m e t a l   a l l o y ,   f o r   e x a m p l e ,   n i c k e l   o r  

n i c k e l   a l l o y ,   s u c h   m e t a l   or   m e t a l   a l l o y   b e i n g   f u s i o n - b o n d e d  

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

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

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

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

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

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

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

s l a g s .   The  n o n m e t a l l i c   m a t e r i a l   may  be  p r e s e n t ,   a t   l e a s t  

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

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

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

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

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

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

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

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.   1  i l l u s t r a t e s   a  s i d e   v i e w   of   t h e   c a s t i n g   z o n e ,  

t h e   c a s t i n g   b e l t s   and  p u l l e y s ,   and  one   o f   t h e   c a s t i n g   s i d e  

dams  of   a  t w i n - b e l t   c o n t i n u o u s   c a s t i n g   m a c h i n e ;  

FIG.   2  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w   of   t h e  

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

l i n e   2-2  of   FIG.   1 ;  



F I G .   3  i s   a  p e r s p e c t i v e   v i e w   of   a  b e l t   c o a t i n g   m a c h i n e  

as  s e e n   f r o m   t h e   i d l i n g   e n d ;  

FIG.   4  i s   an  e n l a r g e d   p e r s p e c t i v e   v i e w   of   t h e  

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

F IG.   3  as  s e e n   f r o m   t h e   l o c a t i o n   4-4  i n   F IG .   3 ;  

F IG .   5  i s   a  p e r s p e c t i v e   v i e w   of   a  m o d i f i c a t i o n   o f  

t h e   m a c h i n e   of   FIG.   3 .  

F IG .   6  i s   a  p e r s p e c t i v e   v i e w ,   shown  e n l a r g e d ,   o f  

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

as  s e e n   l o o k i n g   f r o m   t h e   w o r k i n g   end  o f   t h e   b e l t - c o a t i n g  

m a c h i n e .   F I G .   6  i l l u s t r a t e s   an  i m p r o v e m e n t   w i t h   r e s p e c t   t o  

t h e   b e l t - c o a t i n g   m a c h i n e s   shown  in   F I G S .   3  and  5 . .  

BEST  MODE  FOR  CARRYING  OUT  THE  I N V E N T I O N .  

W i t h   r e f e r e n c e   to   F I G S .   1  and  2,  t h e r e   i s   i l l u s t r a t e d  

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

m a c h i n e   w h i c h   i n c l u d e s   a  l o w e r   c a s t i n g   b e l t   10  r e v o l v e d   a r o u n d  

p u l l e y s   12  and  14,   w h i c h   a r e   p a r t s   a s s o c i a t e d   w i t h   a  l o w e r  

c a r r i a g e   L.  P u l l e y   12  is   l o c a t e d   a t   t h e   i n p u t   or   u p s t r e a m  

end  of  t h e   m a c h i n e ,   and  p u l l e y   14  i s   a t   t h e   o u t p u t   or   d o w n s t r e a m  

e n d - o f   t h e . m a c h i n e .   A  c o n t i n u o u s   m o v i n g   c a s t i n g   mo ld   C  i s  

d e f i n e d   by  and  b e t w e e n   t h e   l o w e r   c a s t i n g   b e l t   10  c o o p e r a t i n g  

w i t h   a  p a i r   of   s p a c e d   c a s t i n g   s i d e   dams  16  and  1 8 ( F I G .   2)  

and  w i t h   an  u p p e r   c a s t i n g   b e l t   20,  as  t h e y   move  t o g e t h e r   a l o n g  

t h e   c a s t i n g   z o n e   C.  The  s i d e   dams  a r e   g u i d e d   by  r o l l e r s   2 2 .  

They  e a c h   c o m p r i s e   a  m u l t i p l i c i t y   of   s l o t t e d   dam  b l o c k s   24  

s t r u n g   on  s t r a p s   25.  S e a l s   26  k e e p   w a t e r   f r o m   e n t e r i n g  



b e t w e e n   t h e   b e l t s   so  as  to   i s o l a t e   t h e   c a s t i n g   r e g i o n   C 

f rom  w a t e r .   S t a t i o n a r y   g u i d e s   27  s e r v e   to   g u i d e   t h e   m o v i n g  

s i d e   dams .   U p p e r   c a s t i n g   b e l t   20  r e v o l v e s   a r o u n d   p u l l e y s   28  

and  30,   w h i c h   a r e   p a r t s   o f   an  u p p e r   c a r r i a g e   U.  F i n n e d   b a c k u p  

r o l l e r s   32  d e f i n e   t h e   p o s i t i o n   of  t h e   b e l t s   in   c a s t i n g   z o n e  

C  and  p e r m i t   f a s t - m o v i n g   l i q u i d   c o o l a n t   to   t r a v e l   a l o n g   t h e  

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

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

a r r o w   31  in   F IG .   1.  The  c a s t   p r o d u c t   P  i s s u e s   f r o m   t h e  

d o w n s t r e a m   e n d .  

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   e a c h   o f  

t h e   b e l t s   10  and  20  i s   c o a t e d   b e f o r e   b e i n g   i n s t a l l e d   on  t h e  

r e s p e c t i v e   b e l t   c a r r i a g e s   L  a n d   U.  I t   w i l l   be  u n d e r s t o o d  

f r o m   F I G S .   1  and  2  t h a t   t h e   m o l t e n - m e t a l - c o n t a c t i n g   s u r f a c e  

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

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

r e v e r s e   s u r f a c e .   Such   f l e x i b l e   c a s t i n g   b e l t s   10  and  20  a r e  

u s u a l l y   made  f r o m   low  c a r b o n   s t e e l   r o l l e d   t o   be  m o d e r a t e l y  

h a r d   and  u s u a l l y   h a v e   a  t h i c k n e s s   in   t h e   r a n g e   f r o m   0 . 0 3 5   o f  

an  i n c h   up  to   0 . 0 6 5   of   an  i n c h ,   b u t   t h i n n e r   or   t h i c k e r   b e l t s  

may  be  u s e d .   O c c a s i o n a l l y ,   f o r   more  d e m a n d i n g   s e r v i c e ,   t h e  

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

in  Dompas  U.  S.  P a t e n t   No.  4 , 0 9 2 , 1 5 5 ,   w h i c h   i s   w o r k -  

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

T o - c o a t   a  c a s t i n g   b e l t ,   s u c h   as  b e l t   10  or   2 0 ,  

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

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

as  by  a l k a l i - d e t e r g e n t   c l e a n i n g   f o l l o w e d   by  w i p i n g   w i t h  

a  c l e a n   s o l v e n t .  



N e x t ,   t h e   o u t e r   s u r f a c e   of   t he   b e l t   i s   r o u g h e n e d   b y  

g r i t - b l a s t i n g .   F o r   e x a m p l e ,   t h i s   g r i t - b l a s t i n g   i s   c a r r i e d  

o u t   w i t h   2 0 - g r i t   a l u m i n u m   o x i d e ,   a p p l i e d   a t   an  a i r   p r e s s u r e  

b e t w e e n   a b o u t   40  and  100  p s i   ( b e t w e e n   a b o u t   300  and  700  k i l o -  

p a s c a l s ) .   The  s i z e   2 0 - g r i t   m e a n s   p a r t i c l e s   of   a l u m i n u m   o x i d e  

w h i c h   h a v e   p a s s e d   t h r o u g h   a  s c r e e n   h a v i n g   20  w i r e s   p e r   i n c h .  

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

when  g r i t - b l a s t i n g   t h i n n e r   b e l t s   in   t h e   l o w e r   p o r t i o n   of   t h e  

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

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

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

a d v i s a b l e   when   t h e   b e l t   i s   n o t   i n t e n d e d   to   be  s u b s e q u e n t l y  

r o l l e r - s t r e t c h e r   l e v e l e d .   U s u a l l y ,   t h e   b e l t   w i l l   be  r o l l e r -  

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

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

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

r a n g e   f r o m   0 . 0 0 2   o f   an  i n c h   up  to   0 . 0 0 3   of  an  i n c h   (2000  t o  

3000  m i c r o - i n c h e s   or   52  to   76  m i c r o m e t e r s ) ,   w h i c h   r a n g e   i s  

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

o c c a s i o n a l l y   e x t e n d   f r o m  a b o u t   0 . 0 0 1   of  an  i n c h   up  to   a b o u t  

0 . 0 0 5   of   an  i n c h .  

S u r f a c e   r o u g h n e s s   f i g u r e s   as  s t a t e d   a b o v e   a r e   d e t e r -  

m i n e d   as  m e a s u r e d   by  o u r   p r e f e r r e d   m e t h o d ,   t h a t   o f   t h e   m e t h o d  

of  s u r f a c e   g r i n d i n g .   In  t h i s   p r e f e r r e d   m e t h o d ,   t h e   t h i c k n e s s  

of   a  b l a s t e d   b e l t   s a m p l e   i s   f i r s t   m e a s u r e d   by  means   of   a n  -  

o r d i n a r y   m a c h i n i s t ' s   m i c r o m e t e r   c a l i p e r .   The  s a m p l e   i s   t h e n  

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

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



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

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

d i f f e r e n c e   in   r e a d i n g s   is   t a k e n   as  t h e   r o u g h n e s s .   By  c o m -  

p a r i s o n ,   t h e   e x t r e m e s   of  r o u g h n e s s   of   a  g i v e n   g r i t - b l a s t e d  

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

400X  a r e ,   i n   o u r   e x p e r i e n c e ,   o n  t h e   o r d e r   of   150%  of   t h e  

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

m e t h o d .  

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

b e l t ,   and   r o l l e r - s t r e t c h e r   b e l t   l e v e l i n g   w i l l   u s u a l l y   b e  

r e q u i r e d .   L e v e l i n g   i s   done   by  p a s s i n g   t h e   b e l t   w i t h   r e v e r s a l s  

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

r o l l e r s ,   f o r   e x a m p l e ,   as  s h o w n   and   d e s c r i b e d   in   U.  S.  P a t e n t  

2 , 9 0 4 , 8 6 0   o f   C.  W.  H a z e l e t t .  

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

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

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

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

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

of  a t   l e a s t   5  i n c h e s   (127  mm),  and  a t   a  t r a v e r s e   s p e e d   in   t h e  

r a n g e   of   30  to   50  f e e t   (9  to   15  m e t e r s )   p e r   m i n u t e .  

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

m a t e r i a l   b e i n g   s p r a y e d   does   n o t   b u r n   up  e x c e s s i v e l y   in   t h e  

f l a m e .  

O v e r s i z e   n o n m e t a l l i c   p a r t i c l e s   may  n o t   e n t i r e l y  

m e l t .   M o r e o v e r ,   o x y a c e t y l e n e   f l a m e   may  n o t   be  s u f f i c i e n t   t o  

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

f u s e   them  to   o t h e r   p a r t i c l e s   of  t h e   same  s p e c i e s   as  f i n a l l y   d e -  



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

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

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

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

may  be  p r e s e n t ,   a t   l e a s t   p a r t l y ,   in   t h e   f o r m   o f   i s o l a t e d  

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

P l a s m a   s p r a y i n g   i s   an  a l t e r n a t i v e   m e t h o d   of  t h e r m a l  

s p r a y i n g   t h a t   u s e s   e l e c t r i c i t y .   C o m b u s t i o n   ( o x y a c e t y l e n e )  

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

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

a  p l a s m a   f l a m e .   B o t h   k i n d s   of   s p r a y i n g   may  be  s a i d   to   u t i l i z e  

a  f l a m e .   I t   i s   o u r   t e r m i n o l o g y   to   u s e   t h e   p h r a s e   " t h e r m a l "  

s p r a y i n g "   as  b e i n g   i n c l u s i v e   o f  b o t h   o x y a c e t y l e n e   f l a m e   s p r a y i n g  

and  e l e c t r i c a l l y   e n e r g i z e d   p l a s m a   s p r a y i n g .   P l a s m a   s p r a y i n g  

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

so  r e s u l t s   in   l e s s   p o r o s i t y .  

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

p r o v i d e d   by  e l e c t r i c a l l y   e n e r g i z e d   ( p l a s m a )  s p r a y i n g   may  e n a b l e  

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

in   c o a r s e   f o r m s ,   s u c h   as  s t i c k s ,   r o d s   o r   w i r e s   (as  d i s t i n c t  

f r o m   p o w d e r e d   form)   and  t h e r e f o r e   may  e n a b l e   s u c h   c o a r s e   f o r m s  

o f   m e t a l l i c   and  n o n m e t a l l i c   m a t e r i a l s   to   be  e m p l o y e d .   B u t  

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

u s e   of   m i x t u r e s   of  a p p r o p r i a t e   m e t a l l i c   and   n o n m a g n e t i c   c o n -  

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

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

p e r c e n t a g e s   of   " a c c e s s i b l e "   p o r o s i t y   as  d e s c r i b e d   h e r e i n a f t e r .  

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



i s   a v o i d e d   so  f a r   as  p o s s i b l e .   In  t h e   p r e s e n t   i n v e n t i o n   w e  

have   f o u n d   t h e   o p p o s i t e   to  be  t r u e .   C o n t r o l l e d   p o r o s i t y  

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

and  i m p o r t a n t .  - A n   a p p r o p r i a t e   l e v e l   of  c o n t r o l l e d   p o r o s i t y  

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

c o a t i n g ,   w h i l e   a t   t h e   same  t i m e   an  a p p r o p r i a t e   l e v e l   o f   p o r o s i t y  

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

m e t a l .   We  b e l i e v e   t h a t   t h i s   n o n - w e t t i n g   e n h a n c e m e n t   i s   d u e  

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

c o a t i n g .   When  m o l t e n   m e t a l   i s   i n t r o d u c e d   a d j a c e n t   to   t h e  

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

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

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

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

t i m e   when   a  s k i n   of  s o l i d i f i e d   m e t a l   i s   b e i n g   f o r m e d   on  t h e  

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

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

p o r o s i t y   w i t h i n   t h e   m a t r i x   c o a t i n g   has   t h e   v i r t u e   of   a c t i n g  

as  a  b l o t t e r   or   d i s p e r s e r   f o r   m o i s t u r e   p i c k e d   up  on  t h e   s u r f a c e  

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

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

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

in  t h e   s u r f a c e   of   t h e   c a s t   p r o d u c t   P  a d j a c e n t   to   t h e   l o c a t i o n  

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

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

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

f o r   a n o d i z a t i o n ,   as  o p p o s e d   t o   l o w e r   s u r f a c e   q u a l i t y   w h i c h   i s  

a c c e p t a b l e   f o r   p a i n t i n g .  



In  a d d i t i o n ,   t h e r e   a r e   two  more  r e a s o n s   why  c o n t r o l l e d  

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

r e s i s t a n c e .   The  o t h e r   i s   i t s   i n c r e a s i n g   of   r e s i s t a n c e   t o  

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

c h a r a c t e r i s t i c s   a r e   i m p o r t a n t   in   a  c o a t i n g   c o n s i s t i n g ,   on  a  

v o l u m e   b a s i s ,   l a r g e l y   of  c e r a m i c   m a t e r i a l   or   b r i t t l e  m a t e r i a l  

g e n e r a l l y .   U n d e r   t h e r m a l   s h o c k ,   t h e   p o r o s i t y   a p p e a r s   to   a l l o w  

i n t e r n a l   a d j u s t m e n t s   to   o c c u r   w i t h o u t   r e l a t i v e l y   m a s s i v e   d i s -  

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

d i s l o c a t i o n s   p r e s e n t   as  p o r e s ,   e a c h   o f   w h i c h   we  now  b e l i e v e  

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

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

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

f rom  d e t r a c t i n g   f r o m   e f f e c t i v e   s t r e n g t h   of   t h e   m a t r i x   c o a t i n g ,  

a c t u a l l y   i n c r e a s e s   i t .  

The  d e s i r e d   p o r o s i t y   a p p e a r s   to   e x t e n d   t h r o u g h o u t  

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

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

i s   e v i d e n c e d   by  t h e   f a c t   t h a t   a  s t e e l   b e l t   so  c o a t e d   w i l l   r u s t  

i f   l e f t   m o i s t .  

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

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

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

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

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

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

when  t h e   i n t e g r i t y   of   t h e   c o a t i n g   b e c o m e s   i m p a i r e d .   In  t h o s e  

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

(as   d e t e r m i n e d   by  w e i g h t ) ,   t h i s   u p p e r   l i m i t   i s   a t   l e a s t   a b o u t  



35  p e r c e n t   " a c c e s s i b l e "   p o r o s i t y   by  v o l u m e .   In  t h o s e   m a t r i x  

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

(as   d e t e r m i n e d   by  w e i g h t )   t h i s   u p o e r   l i m i t   i s   a b o u t   12  to  20% 

" a c c e s s i b l e "   p o r o s i t y   by  v o l u m e .  

T h e r e   i s   a  l o w e r   l i m i t   to   t h e   d e s i r e d   r a n g e   o f  

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

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

d e s c r i b e d   a b o v e .   T h i s   l o w e r   l i m i t   i s   a b o u t   4  to   8%. 

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

made  of   " a c c e s s i b l e "   v o i d   s p a c e ,   i . e .   e f f e c t i v e   p o r o s i t y ,   as  a  

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

and  m e a s u r e m e n t s   w e r e   c o n d u c t e d   to   g i v e   a  b e t t e r   u n d e r s t a n d i n g  

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

u s u a l l y   o f   a b o u t   14  s q u a r e   i n c h e s   o f   m i l d   s t e e l   b e l t   s t o c k ,  

w e r e   t h e r m a l l y   s p r a y e d   to  a  t h i c k n e s s   u s u a l l y   of   a b o u t   0 . 0 5 0  

i n c h   ( 1 . 3   mm).  They  we re   t h e r m a l l y   d r i e d   and  t h e n   w e i g h e d .  

Then  t h e y   w e r e   s o a k e d   b r i e f l y   i n   w a t e r   w i t h   d e t e r g e n t   ( K o d a k  

P h o t o - F l o )   a d d e d ;   t h e n   t h e y   w e r e   w i t h d r a w n   and  a l l   u n a b s o r b e d  

w a t e r   was  w i p e d   o f f .   The  s p e c i m e n   was  w e i g h e d   a g a i n ,  t h e  

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

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

t h a t   was  a c c e s s i b l e   to   w a t e r ,   w h i c h   had   b e c o m e   b l o t t e d   or   a b -  

s o r b e d   w i t h i n   t h e   c o a t i n g .   In  a  g i v e n   s a m p l e   t h e r e   may  b e  

o t h e r   v o i d s   t h a t   a r e   c l o s e d   and  so  n o t   m e a s u r a b l e   by  t h i s   w a t e r -  

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

v o i d s   w h i c h   e m i t   gas   on  h e a t i n g   and   w h i c h   a b s o r b   s t r a y  w a t e r  

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

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



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

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

p o r o s i t y   i s   e s p e c i a l l y   s u i t a b l e   to   o u r   p u r p o s e s .  

T a b l e   A  b e l o w   l i s t s   t h e   w a t e r - a c c e s s i b l e   p o r o s i t i e s  

as  a  p e r c e n t a g e   of   t h e   t o t a l   v o l u m e   of   t h e   m a t r i x   c o a t i n g  

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

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

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

COATING  COMPOSITION 

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



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

i t s   t h i c k n e s s .   T h i s   m a t r i x   c o a t i n g   c o m p r i s e s   a  n o n m e t a l l i c  

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

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

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

a l l o y ,   and   i t   m u s t   e x h i b i t   f i v e   c r i t i c a l   p r o p e r t i e s ,   a s  

f o l l o w s :  

1)  The  m e t a l l i c   c o n s t i t u e n t   m u s t   h a v e   h e a t   r e s i s t a n c e  

and  r e s i s t a n c e   to  t h e r m a l   c y c l i n g .   In  o t h e r   w o r d s ,   t h e  

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

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

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

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

u n d u e   d e t e r i o r a t i o n   due  to   t h e   e x t r e m e   and  r e p e a t e d   t h e r m a l  

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

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

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

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

2)  The  m e t a l l i c   c o n s t i t u e n t   m u s t   h a v e   t h e r m a l  

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

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

b o n d e d .  

3)  The  m e t a l l i c   c o n s t i t u e n t   m u s t   h a v e   a t   l e a s t   a  

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

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

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

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

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



s t r e s s   d u r i n g   u s e .  

4)  The  m e t a l l i c   c o n s t i t u e n t   m u s t   h a v e   t h e r m a l  

e x p a n s i o n   r a t e s   t h a t   a r e   n o t   t o o   f a r   d i f f e r e n t   f r o m   t h e   t h e r m a l  

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

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

o c c u r r i n g   d u r i n g   c o n t i n u o u s   c a s t i n g   w i thou t   f l akes   s p a l l i n q   o f f .  

5)  The  m e t a l l i c   c o n s t i t u e n t   m u s t   h a v e   s u f f i c i e n t  

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

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

a v o i d   u n d u e   d e l e t e r i o u s   o x i d a t i o n .  

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

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

t h e   m a t r i x   c o a t i n g s   of   t h i s   i n v e n t i o n .   C o b a l t ,   i r o n   a n d  

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

f i v e   c r i t i c a l   p r o p e r t i e s   so  as  to   be  u s e f u l   as  t h e   m e t a l   o r  

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

c o a t i n g s .   T h o s e   s k i l l e d   i n   t h e   a r t   may  f i n d   t h a t   o t h e r   m e t a l s  

or   m e t a l   a l l o y s   a r e   a l s o   s u i t a b l y   o p e r a b l e .  

The  m a t r i x   c o a t i n g   of   t h i s   i n v e n t i o n   i s   f o r m e d   b y  

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

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

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

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

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

so  as  to   f o r m   an  i n t e g r a l ,   f u s e d   n e t w o r k ,   r e t i c u l u m   or   m a t r i x  

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



t he   n o n m e t a l l i c   c o n s t i t u e n t s   to   t h e   b e l t .   N o n m e t a l l i c   c o n s t i -  

t u e n t s ,   when   p r e s e n t   in   t h e   u p p e r   p o r t i o n   o f   t h e   a b o v e   r a n g e ,  

may  a l s o   f o r m   a  n e t w o r k   or   r e t i c u l u m   e n t w i n e d   ( i n t e r t w i n e d )  

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

when  p r e s e n t   i n   t h e   l o w e r   p o r t i o n   of   t h e   a b o v e   r a n g e ,   may  b e  

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

e n c a s e d   w i t h i n   o r   s u r r o u n d e d   by  t h e   m e t a l l i c   r e t i c u l u m .   T h u s ,  

t he   m e t a l l i c   c o m p o n e n t   f o r m s   t h e   a n c h o r i n g   and  h o l d i n g   m a t r i x  

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

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

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

has   a  s p e c i f i c   g r a v i t y   a v e r a g i n g   a b o u t   one  and  o n e - h a l f   to   a b o u t  

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

a re   p r e s e n t   in   t h e   c o a t i n g   a t   50%  by  w e i g h t ,   t h e   v o l u m e   r a t i o  

of  n o n m e t a l l i c   n a r t i c l e s   to   m e t a l l i c   p a r t i c l e s   i s   a b o u t   2 .5   t o  

1  in   o u r   u s u a l   f o r m u l a t i o n s .   On  t h e   o t h e r   h a n d ,   when   t h e  

m e t a l l i c   c o n s t i t u e n t   c o m p r i s e s   85%  by  w e i g h t   of   t h e   c o a t i n g  

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

is  a b o u t   1  to   2 . 5 .  

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

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

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

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

15  or   a b o u t   25  p e r c e n t   of  t h e   c o m b i n e d   w e i g h t .   Such   c o m p o s i t e  

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

e x a m p l e   f r o m  B a y   S t a t e   A b r a s i v e s   of   W e s t b o r o u g h ,   M a s s a c h u s e t t s .  

P r e l i m i n a r y   t e s t s   in   t h e   p o u r i n g   of  m i l d   ( 1 0 1 0 )  

s t e e l   m e l t i n g   a t   a b o u t   1530°   C  ( 2 7 8 6 °   F)  o n t o   s t e e l   c a s t i n g  



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

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

a b l e ,   p r e d o m i n a n t l y   n i c k e l   a l l o y   c o n t a i n i n g   a b o u t   8  p e r c e n t  

of   a l u m i n u m   and  a b o u t   5  p e r c e n t   o f   m o l y b d e n u m   i s   a  s u i t a b l e  

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

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

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

O t h e r   m e t a l s ,   a l l o y s ,   o r   n o n m e t a l l i c   r e f r a c t o r i e s /  

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

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

i n v e n t i o n .   The  c r i t i c a l   p r o p e r t i e s   to  be  l o o k e d   f o r   in   m e t a l s  

and  a l l o y s   a r e   s e t   f o r t h   e x p l i c i t l y   in   g r e a t e r   d e t a i l   a b o v e .  

They have  s u i t a b l e   h e a t   r e s i s t a n c e   and  r e s i s t a n c e   t o   t h e r m a l  

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

mod icum  of  d u c t i l i t y ,   t h e r m a l   e x p a n s i o n   r a t e s   t h a t   a r e   n o t  

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

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

is   to  be  t h e   m e t h o d   of  a p p l i c a t i o n .  

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

l e a s t   as  p a r t   of   t h e   n o n m e t a l l i c   c o n s t i t u e n t   i s   z i r c o n i u m  

o x i d e ,   Z r 0 2 ,   a l s o   c a l l e d   z i r c o n i a ,   w h i c h   i s   u s e d   i n   p o w d e r e d  

f o r m ,   p r e f e r a b l y   of  p a r t i c l e   s i z e   r u n n i n g   f r o m   0 . 0 0 0 5   to   0 . 0 0 1 4  

of   an  i n c h   (12  t o   36  m i c r o m e t e r s ) .   T h i s   z i r c o n i a   n o n m e t a l l i c  

c o n s t i t u e n t   has   t h e   a d v a n t a g e   t h a t   i t s   c o e f f i c i e n t   of   e x p a n s i o n  

more   c l o s e l y   a p p r o x i m a t e s   t h a t   o f   s t e e l   and  n i c k e l   t h a n   s o m e  

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

of   e x p a n s i o n .  

Y t t r i a   ( y t t r i u m   o x i d e ,   Y203)  a d d e d   in   any  of   v a r i o u s  



a m o u n t s  u p   to   a b o u t   20  p e r c e n t   may  be  h e l p f u l   in   s t a b i l i z i n g  

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

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

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

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

may  a l s o   be  u s e d   f o r   t h i s   h e a t - s t a b i l i z i n g   p u r p o s e ,   n o t a b l y  

m a g n e s i a   (MgO)  and  l i m e   (CaO) .   The  l a t t e r   i s   e c o n o m i c a l   a n d  

has   a f f o r d e d   a c c e p t a b l e   r e s u l t s   in   o u r   e x p e r i e n c e .   T h u s ,  

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

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

p u r c h a s e d   z i r c o n i a ,   c o m p r i s i n g   a b o u t   4  t o   5  p e r c e n t   by  w e i g h t  

of   t h e   z i r c o n i a .  

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

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

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

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

m i x e d   p o w d e r s   d u r i n g   a p p l i c a t i o n   m u s t   be  a v o i d e d .  

As  d i s c u s s e d   e a r l i e r ,   c o a t i n g s   o f   z i r c o n i a   a l o n e  

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

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

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

f l a k e - o f f   p r o b l e m   h a s   b e e n   m i n i m i z e d   o r   a v o i d e d   in   t h e   m a t r i x  

c o a t i n g s   of  t h i s   i n v e n t i o n   by  a t t e n t i o n   to   t h e   f o l l o w i n g   f a c t o r s .  

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

s u f f i c i e n t l y   f i n e   t o   p a s s   t h r o u g h   a  s c r e e n   h a v i n g   300  or   m o r e  

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

in   t h e   p o w d e r   mix  to   fo rm  on  t h e   b e l t   an  i n t e g r a l ,   f u s e d -  

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



h o l d   t h e   z i r c o n i a   p a r t i c l e s   in   a  r e l a t i v e l y   d i s c r e t e   and  d i s -  

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

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

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

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

c l e a n e d   b e f o r e   u s e .  

G r a p h i t e   i s   a  h i g h i y   h e a t - r e s i s t a n t   s e p a r a t i n g   a g e n t  

w h i c h   s u b l i m e s   a t   a b o u t   3 7 0 0 °   C.  w i t h o u t   m e l t i n g .   I t   i s   a  

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

n o n - w e t t i n g   w i t h   r e s p e c t   to   n e a r l y   a l l   m o l t e n   m e t a l s .   M o r e -  

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

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

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

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

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

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

o u r   e x p e r i e n c e   has   shown  t h a t   when  s u i t a b l e   p o w d e r e d  

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

b l e n d e d   t o g e t h e r ,   some  of   t h e   r e s u l t i n g   m i x t u r e s   ( p a r t i c u l a r l y  

t h o s e   c o n t a i n i n g   v e r y   f i n e   p a r t i c l e s )   a r e   a p t   n o t   to   f l o w  

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

gun .   The  r e s u l t   i s   u n e v e n   c o a t i n g .   For   p r o d u c i n g   a  f r e e -  

f l o w i n g - p o w d e r   b l e n d   in   many  c a s e s ,   an  a d d i t i o n   t o   t h e   p o w d e r  

b l e n d   of   a t   l e a s t   a b o u t   0 . 2 5   p e r c e n t   by  w e i g h t   o f   s p h e r i c a l  

fumed  s i l i c a   ( S i 0 2 )   p a r t i c l e s   as  a  l u b r i c a n t   h a s   s u b s t a n t i a l l y  

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

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

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



w i t h   m o s t   p o w d e r   m i x t u r e s .   A  g r a d e   of   0 . 0 1 4   m i c r o   m e t e r  

(14  m i l l i m i c r o n s )   fumed   s i l i c a   p a r t i c l e s   has   b e e n   s u c c e s s f u l  

f o r   p r o d u c i n g   a  f r e e - f l o w i n g   p o w d e r   b l e n d .   T h i s   s i z e   o f  

0 . 0 1 4   m i c r o   m e t e r   i s   l e s s   t h a n   a  m i l l i o n t h   of   an  i n c h   and  i s  

a  n o m i n a l   s i z e .  

E x a m p l e s   of  s u i t a b l e   f o r m u l a t i o n s   f o r   f o r m i n g   t h e  

m a t r i x   c o a t i n g s   of  t h i s   i n v e n t i o n   a r e   s e t   f o r t h   b e l o w .  

EXAMPLE  I  

EXAMPLE  I I  



EXAMPLE  I I I  

EXAMPLE  I V  



EXAMPLE  V - V I I I  

S i m i l a r   f o r m u l a t i o n s   f o r   f o r m i n g   m a t r i x   c o a t i n g s  

of   t h i s   i n v e n t i o n   may  be  o b t a i n e d   by  s u b s t i t u t i n g   c o b a l t  

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

in   t h e   f o r e g o i n g   f o u r   E x a m p l e s .  

EXAMPLE  I X  

In  t h i s   E x a m p l e   IX,  t h e   w e i g h t   p e r c e n t   o f  

a l u m i n u m   i s   shown  in   t h e   r a n g e   0  to   35,   b u t   t h e   u p p e r   end  o f  

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

a l u m i n u m   to   n i c k e l   d o e s   n o t   s i g n i f i c a n t l y   e x c e e d   a  o n e - t o - o n e  



a t o m i c   r a t i o .   S i n c e   t h e   r a t i o   of  t h e   a t o m i c   w e i g h t   of  a l u m i -  

num  to  t h a t   of   n i c k e l   i s   a b o u t   41%,  t h e   w e i g h t   p e r c e n t   o f  

a l u m i n u m   in  t h e   a b o v e   E x a m p l e   d o e s   n o t   s i g n i f i c a n t l y   e x c e e d  

a b o u t   41%  of   t h e   w e i g h t   p e r c e n t   of   n i c k e l   in   t h i s   f o r m u l a t i o n .  

EXAMPLES  X - X V I I  

M a g n e s i u m   z i r c o n a t e   can   be  s u b s t i t u t e d   p a r t i a l l y  

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

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

a g e n t   C a l c i u m   O x i d e   in   e a c h   of   t h e   f o r e g o i n g   E x a m p l e s   I - I X .  

EXAMPLES  X I X - X X I I  

F o r m u l a t i o n s  a ,   d,  e  and   f  of   T a b l e   A  a b o v e ,   e a c h  

m o d i f i e d   to   i n c l u d e   a t   l e a s t   a b o u t   0.25%  by  w e i g h t   of   s p h e r i c a l  

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

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

b e l t s .  

The  p r e f e r r e d   min imum  d e p o s i t e d   t h i c k n e s s   of  t h e  

f u s i o n - b o n d e d   m a t r i x   p r o t e c t i v e   i n s u l a t i n g   c o a t i n g   f o r   u s e   o n  
f l e x i b l e   m e t a l   c o n t i n u o u s   c a s t i n g   b e l t s   10,   20  (FIG.   2)  i s ' a b o u t  

0 . 0 0 2   i n c h   ( 0 . 0 5   mm),  s a i d   m i n i m u m   m e a s u r e m e n t   b e i n g   t h e   t h i c k -  

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

g a u g e   n o r m a l l y   m e a s u r e s .   H o w e v e r ,   a d v a n t a g e s   may  be  o b t a i n e d  

by  u s i n g   m a t r i x   c o a t i n g s   a s . t h i n   as  a b o u t   0 . 0 0 1 5   i n c h   ( 0 . 0 3 8   m m ) .  



T h e r m a l l y   s p r a y e d   c o a t i n g s   e v e n   t h i n n e r   t h a n   0 . 0 0 2  

of   an  i n c h   ( 0 . 0 5   mm)  a p p e a r   to  be  u s e f u l   in   some  a p p l i c a t i o n s  

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

T h u s ,   a  l o w e r   p r a c t i c a l   l i m i t   to   t h i c k n e s s   i s   n o t   r e a d i l y  

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

t h i s   a m o u n t   of   0 . 0 0 2   of   an  i n c h   w i l l   on  o c c a s i o n   be  u s e f u l ,  

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

i s   r u g g e d   and  can   w i t h s t a n d   much  f l e x i n g   a r o u n d   t h e . p u l l e y s  

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

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

b e t t e r ,   n o t   on  f l e x i b l e   b e l t s   and  e s p e c i a l l y   n o t   in   u s e s   w h e r e  

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

q u a l i t y   of   t h e . c a s t   p r o d u c t ,   as  in   t h e   c o n t i n u o u s   c a s t i n g   o f  

c o p p e r  w i r e   b a r   i n t e n d e d   f o r   f i n e   w i r e   d r a w i n g .   T h i c k n e s s e s  

as  g r e a t   as  0 . 0 1 5   of   an  i n c h   ( 0 .4   mm)  a r e   r e a d i l y   p r o d u c e d  

and  a r e   r u g g e d .   H o w e v e r ,   t h e   e x p e n s e   of   s u c h   t h i c k   c o a t i n g s  

is   a l s o   a  l i m i t i n g   f a c t o r .  

The  a c c u r a c y   w i t h   w h i c h   i n s u l a t i o n   c an   be  a p p l i e d  

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

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

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

s u l a t i o n   b e t w e e n   b e l t s   10,  20  and  e d g e   dams  16,   18.  T h a t   i s ,  

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

d e n s i t y   t h r o u g h   t h e   b e l t s   10,   20  as  c o m p a r e d   to   h e a t   f l u x  

i n t o   t h e   e d g e   dams  16,  18.  The  a c c u r a t e   p r o p o r t i o n i n g   of   t h e  

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

one  h a n d ,   and  t h e   r e l a t i v e l y   n a r r o w e r   m o v i n g   e d g e   dams  on  t h e  

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



m e t a l l u r g i c a l   q u a l i t y   w h e r e   t h e   t h i c k n e s s   i s   g r e a t e r   t h a n   1 / 4  

of  an  i n c h   (6  mm);  s ee   U .S .   P a t e n t   A p p l i c a t i o n ,   S e r i a l   N o .  

4 9 3 , 3 5 9 ,   f i l e d   May  10,  1 9 8 3 ,   t h e   d i s c l o s u r e   of   w h i c h   i s   i n -  

c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   The  t h e o r y   t h e r e i n   m a y  

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

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

dam  m o l d   s u r f a c e s .  

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

e x t r a c t i o n ( h e a t   f l u x ) ,   one  may  a d j u s t   t h e   t h i c k n e s s   o f  

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

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

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

n o n - m e t a l   in   t h e   f u s i o n - b o n d e d   m a t r i x   c o a t i n g   may  be  a d j u s t e d   t o  

c o n t r o l   c o n d u c t i v i t y .   For   e x a m p l e ,   t h e   t h e r m a l   c o n d u c t i v i t y   o f  

n i c h r o m e   (80%  N i ,   20%  Cr  by  w t . )   i s   on  t h e   o r d e r   of   a b o u t   t e n  

t i m e s   t h a t   of   z i r c o n i a .   A g a i n ,   t h e   m e t a l l i c   c o n s t i t u e n t s   t h e m -  

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

c o n d u c t i v i t y   o r ' i n s u l a t i v e   v a l u e ,   and   a d j u s t i n g   t h e   c o n t e n t   o f  

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

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

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

some  low  a l l o y s   of   n i c k e l .  

The  p r e s e n t   i n v e n t i o n   may  be  a p p l i e d   to   e d g e - d a m  

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

s i m i l a r   to   t h o s e   a t t a i n e d   w i t h   b e l t s .   H o w e v e r ,   in   a c c o r d a n c e  

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

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

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



b e l t s .   T h i s   d i f f e r e n c e   w i l l   o r d i n a r i l y   be  a c h i e v e d   t h r o u g h   a p p l y -  

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

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

a d j u s t i n g   and  p r o p o r t i o n i n g   h e a t   f l u x   may  be  u s e d .  

MACHINE  FOR  FORMING  FUSION-BONDED 
MATRIX  COATINGS  ON  BELTS 

A  m a c h i n e   f o r   e m p l o y i n g   t h e   m e t h o d   f o r   a p p l y i n g  

t h e   c o a t i n g s   i s   i l l u s t r a t e d   in   F I G S .   3  and  4.  Two  c i r c u l a r ,  

c y l i n d r i c a l   p u l l e y s   o r   r o l l s   34  and   36  h a v e   p a r a l l e l   h o r i z o n t a l  

a x e s .   T h e s e   p a r a l l e l   a x e s   l i e   in   t h e   same  h o r i z o n t a l   p l a n e ,  

as   a  m a t t e r   of   c o n v e n i e n c e .   The  i d l e r   p u l l e y   34  i s   m o u n t e d   o n  

i t s   s u p p o r t i n g   p e d e s t a l   38  w h i c h   i s   m o v a b l e   on  w h e e l s   40,   4 1  

r o l l i n g   on  r a i l s   42  and   44,   to   a d j u s t   f o r   b e l t s   of   d i f f e r i n g  

l e n g t h s .   The  r a i l   42  i s   a  s t e e l   a n g l e   w i t h   t h e   l e g s   d o w n w a r d ,  

f o r m i n g   an  i n v e r t e d   V,  and  t h e   w h e e l s   40  h a v e   p e r i p h e r a l   g r o o v e s  

engag ing ,  t he   r idge   of  t h i s   r a i l .   Rai l   44  is  a  f l a t   ba r .   The  r a i l s   are  m o u n t e d  

on  bed   s t r u c t u r e s   46.  The  r a i l s   a r e   l o n g   e n o u g h   to   a c c o m o d a t e  

t h e   l o n g e s t   b e l t   w h i c h   i s   t o   be  c o a t e d .  

The  b e l t   10  to   be  c o a t e d   i s   p l a c e d   a r o u n d   t h e s e  

p u l l e y s   and  t e n s i o n   i s   a p p l i e d .   The  t e n s i o n   i s   e x e r t e d   by  a  

d o u b l e - a c t i n g   h y d r a u l i c   c y l i n d e r   48 ,   in   l i n e   w i t h   a  s u i t a b l e  

r i g i d   t u b u l a r   s p a c e r   50.  T h i s   s p a c e r   50  i s   r e m o v e d   and  r e -  

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

o f   b e l t   l e n g t h   to   be  c o a t e d .   The  c y l i n d e r   48  i s   m o u n t e d   on  t h e  

h o r i z o n t a l   l o n g i t u d i n a l   c e n t e r l i n e   b e t w e e n   t h e   p u l l e y s   3 4 ,  

36  in   o r d e r   to  a v o i d   s u b s t a n t i a l   t u r n i n g   t o r q u e   on  the   i d l e r  

p e d e s t a l   and  i t s   s u p p o r t i n g   r a i l s .   T h i s   c y l i n d e r   48  i s   m o u n t e d  

on  a  r i g i d   arm  58  p r o j e c t i n g   f r o m   a  p e d e s t a l   52 .   The  t u b u l a r  

s p a c e r   50  i s   m o u n t e d   on  a  s i m i l a r   r i g i d   arm  ( n o t   s e e n )   p r o -  



j e c t i n g   f rom  t h e   p e d e s t a l   3 8 .  

S i n c e   one  s i d e   o f   t h e   m a c h i n e   m u s t   be  o p e n . f o r  

b e l t   m o u n t i n g   and  r e m o v a l ,   t h e   p u l l e y s   34,   36  a r e   c a n t i -  

l e v e r e d   f r o m   p e d e s t a l s   38  and  52 ,   by  means   of   two  b e a r i n g s  

54  and  56  on  e a c h   p u l l e y   s h a f t   57  to   a b s o r b   t h e   o v e r h u n g   l o a d .  

We  u s e   a  t e n s i o n   o f   r o u g h l y   2200  p o u n d s   (1000  k i l o g r a m s )   p e r  

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

of   4400  p o u n d s   (2000  k i l o g r a m s ) ,   t h o u g h  t h i s   t e n s i o n   f o r c e  

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

a r e   s i m p l y   ( 1 )  t o   e n a b l e   t h e   d r i v i n g   and  s t e e r i n g   o f   t h e   b e l t  

and  (2)  to   f o r c e   t h e   b e l t   to   come  c l o s e   t o   t h e   p u l l e y   36  a t  

t h e   w o r k i n g   end  of  t h e   m a c h i n e   i n   o r d e r   t h a t   t h e   b e l t   m a y  b e  

c o o l e d   w h e r e   t h e   t h e r m a l - s p r a y i n g   f l a m e   i s   t o   i m p i n g e   on  i t .  

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

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

p e d e s t a l s   38  and  52  i s   c a l l e d   t h e   " i n b o a r d "   s i d e .  

A  f o u r - w a y   h y d r a u l i c   v a l v e   60  c o n t r o l s   t h e   t e n s i o n .  

H y d r a u l i c - o i l   u n d e r   p r e s s u r e   c o m e s  f r o m   a  pump  62.   A  l i m i t  

s w i t c h   64  w i t h   an  u p s t a n d i n g   p r o b e   65  s e n s e s   t h e   e d g e   of   t h e  

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

t h e   b e l t   c r e e p s   t oo   f a r   i n b o a r d ,   i . e . ,   t oo   c l o s e   to   t h e  

. p e d e s t a l .  

The  b e l t   10  i s   o r d i n a r i l y   r e v o l v e d   r e l a t i v e l y  

f a s t ,   w h i l e   t h e   t r a v e r s e   o f   a  t h e r m a l - s p r a y   gun  66  i s   s l o w ,  

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

s c r e w   t h r e a d   or   h e l i x ,   w i t h   o v e r l a p p i n g   b o r d e r s   o f   t h e   p a t h .  

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

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



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

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

o f   s t a r t i n g   and  s t o p p i n g   a r e   n o t   c r i t i c a l .   The  p u l l e y   36  

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

s p e e d   d r i v e   ( n o t   s h o w n )   i n s i d e   of   t h e   p e d e s t a l   52  a t   t h e   w o r k i n g  

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

30  to  50  f e e t   (9  t o   15  m e t e r s )   p e r   m i n u t e   f o r   o x y a c e t y l e n e  

t h e r m a l   s p r a y i n g ,   and   a t   100  f e e t ' ( 3 0   m e t e r s ) ,   a p p r o x i m a t e l y ,  

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

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

c i r c u m s t a n c e s .   F o r   e x a m p l e ,   t h e   t h e r m a l - s p r a y   gun  66  c a n  

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

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

t h e   b e l t   i s   s t e p p e d   a h e a d   w i t h   e a c h   p a s s   of   t h e   " s h u t t l e . "  

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

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

t h i s   s h u t t l e   m e t h o d .  

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

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

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

u n l e s s   s u i t a b l e   a d j u s t m e n t s   or  g u i d e s   a r e   a v a i l a b l e .   The  p r e -  

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

t h a t   of   s k e w i n g   t h e   c a n t i l e v e r e d   i d l e r   p u l l e y   34  in  a  v e r t i c a l  

p l a n e ,   c a u s i n g   i t s   a x i s   68  to   be  i n c l i n e d   a  t r i f l e   u p w a r d   o r  

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

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

d e s c r i b e d   in   U.  S.  P a t e n t  3 , 1 2 3 , 8 7 4 ,   w h i c h   p a t e n t   i s   i n c o r p o r a t e d  

h e r e i n   by  r e f e r e n c e .   For   r o l l - s k e w i n g   s t e e r i n g ,   t h e   h a n d  



a d j u s t i n g   s c r e w   70  i s   a r r a n g e d   to   s h i f t   one   b e a r i n g   54  u p -  

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

to  k e e p   t h e   b e l t   f r o m   u n d u l y   c r e e p i n g   e i t h e r   w a y .  

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

34  a r e   as  f o l l o w s .   I n s i d e   t h e   i d l e r - p e d e s t a l   h o u s i n g   38,   t h e  

moment   f rom  t h e   t e n s i o n   of   t h e   b e l t   on  t h e   c a n t i l e v e r e d  

P u l l e y   34  i s   a b s o r b e d   f r o m   t h e   p u l l e y   s h a f t   57  by  t h e   t w o  

s e l f - a l i g n i n g   p u l l e y   s h a f t   b e a r i n g s   54  and  56.   B e a r i n g   5 4 ,  

t h e   one  n e a r e s t   to   t h e   v i e w e r   of   F IG .   4 , i s   h o u s e d   i n   a  r e c =  

t a n g u l a r   b l o c k   74  w h i c h   i s   a b l e   to   s l i d e   up  and   down  b e t w e e n  

g i b s   76.  The  w e i g h t   o f   t h e   c a n t i l e v e r e d  p u l l e y   34  p i v o t i n g  

r e l a t i v e   to  b e a r i n g   56  f i x e d   i n   a  b l o c k   77  t e n d s   t o   r a i s e   t h e  

m o v a b l e   b l o c k   74,  b u t   t h e   a f o r e s a i d   h a n d   a d j u s t i n g   s c r e w  

70,  t h r e a d e d   i n t o   y o k e   78,   l i m i t s   t h e   r i s e   o f   t h e   b l o c k   7 4 .  

H a r d e n e d   w e a r   p l a t e   80  on  t o p   of   t h e   b l o c k   74  p r e v e n t s   g a l l i n g  

a t   t h e   end  of   t h e   a d j u s t i n g   s c r e w   70.  The  g i b s   76  a r e   m o u n t e d  

on  p e d e s t a l   f r a m e   p l a t e s   85  and  87  w h i c h   a r e   w e l d e d   to   t h e  

b l o c k   77.  T h e s e   p l a t e s   85  and  87  a r e   a l s o   w e l d e d   to   t h e   y o k e  

78  and  to  a  p a i r   o f   a n g l e   m e m b e r s   89.  A l i g n m e n t   o f   t h e   p u l l e y  

a x i s   68  in  a  h o r i z o n t a l   p l a n e ,   i . e . ,   in   a  p l a n e   p a r a l l e l   t o  

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

a d j u s t i n g   s c r e w s   ( o n l y   t h r e e   a r e   s e e n )   81 ,   82,  83  t h r e a d e d  

i n t o   s o l i d l y   f i x e d   a n g l e s   84,  w h i c h   in   t u r n   a r e   a n c h o r e d   t o  

a  b a s e   p l a t e   86,  w h i c h   i s   p a r t   of  t h e   p e d e s t a l   38.   The  a n g l e  

m e m b e r s   89  on  t h e   p l a t e s   85  and  87  a r e   a d j u s t a b l y   s e c u r e d   t o  

t h e   b a s e   p l a t e   86  by  s t u d   a s s e m b l i e s   91  i n c l u d i n g   s t u d s   w e l d e d  

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

t h e   f l a n g e   of  t h e   a n g l e   member   89,  w i t h   a  w a s h e r  a n d   n u t   on  e a c h  

' s t u d .  



The  t h e r m a l - s p r a y i n g   gun  66  i s   m o u n t e d   to   a im  a t   t h e  

b e l t   10  w h e r e   t h e   b e l t   i s   p a s s i n g   a r o u n d   and  i s   in  c o n t a c t   w i t h  

t h e   p u l l e y   36  a t   t h e   w o r k i n g   end  o f   t h e   m a c h i n e .   T h i s   p u l l e y   i s  

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

means   of  a x i a l l y   m o u n t e d   c o n n e c t i o n s   88  ( o n l y   one  i s   s e e n )   and  a  

h o s e   l i n e   93.  I t   may  be  e x p e d i e n t   to   c o o l   b o t h   p u l l e y s ,   b u t   s o  

f a r   t h e   i d l e r   p u l l e y   34  h a s   n o t   b e e n   c o o l e d .   C o o l i n g   t h e   w o r k -  

ing   p u l l e y   36  in   t h i s   way  k e e p s   t h e   p u l l e y   and  a l s o   t h e   b e l t   f r o m  

o v e r h e a t i n g .  

W a t e r   w h i c h   i s   c o l d   and  w h i c h   i s   s u p p l i e d   in   t o o  

l a r g e   a  f l o w   r a t e   w i l l   k e e p   t h e   w o r k i n g   p u l l e y   36  t o o   c o l d ,  

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

t h e   b e l t .   Such  c o n d e n s a t i o n   i n t e r f e r e s   w i t h   t h e   a d h e r e n c e  

of   t h e   s p r a y e d   m a t e r i a l   and  m u s t   be  a v o i d e d   a t   a l l   t i m e s .   I t  

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

l i n e   93  o n l y   when  t h e   p u l l e y   p o w e r   i s   on .   T h i s   c o n t r o l   of   w a t e r  

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

p l a c i n g   a  s o l e n o i d - c o n t r o l l e d   v a l v e   ( n o t   shown)  in   t h e   l i n e  

93  w h i c h   s u p p l i e s   t h e   p u l l e y - c o o l i n g   w a t e r .   T h i s   s o l e n o i d -  

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

e n e r g i z e s   t h e   p u l l e y   d r i v e .  

The  t h e r m a l - s p r a y   gun  66  i s   made  to   t r a v e r s e   s o m e  

or  m o s t   of  t h e   w i d t h   o f   a  b e l t   by  m e a n s   of  a  n u t   90  e n g a g i n g   a  

l e a d   s c r e w   92  w h i c h   i s   t u r n e d   a t   a  p r e d e t e r m i n e d   s p e e d   by  a n  

a d j u s t a b l e   s p e e d   d r i v e   94.  T h i s   a s s e m b l y   92,  94  i s  s u s p e n d e d  

f rom  an  u p r i g h t   r a c k   96,   and  t h e   t r a v e l l i n g   n u t   90  i s   g u i d e d  

by  a  c a r r i a g e   98  t r a v e l l i n g  a l o n g  a   g u i d e w a y   99,  s u c h   as   a  

g u i d e   b a r .   The  p r e f e r r e d   s p e e d   o f   t r a v e r s e   d e p e n d s   on  t h e  



w i d t h   of   t h e   s p r a y   w h i c h   can   be  l a i d   down  in   one  p a s s ,   t o g e t h e r  

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

as  m e a s u r e d   o n c e   a r o u n d   t h e   l o o p .   N a t u r a l l y ,   a  l o n g e r   b e l t  

w i l l   t a k e   l o n g e r   to   p a s s   o n c e   a r o u n d   t h e   p u l l e y s   and   so  w i l l  

. r e q u i r e   a  s l o w e r   t r a v e r s e   of   t h e   t h e r m a l   s p r a y  g u n   66  t h a n   a  

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

r e v o l u t i o n   i s   3 /4   t o   1  1 /4   i n c h e s   (38  to   63  mm)  p e r   b e l t   r e -  

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

be  p r o v i d e d   f o r   t h e   gun  66.  Fo r   i n s t a n c e ,   i f   t h e   a b o v e -  

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

gun  w e r e   to   be  a d o p t e d ,   t r a v e r s e   s p e e d s   of   many  f e e t   p e r   m i n u t e  

w o u l d   be  r e q u i r e d .   F o r   s u c h   r e a s o n s ,   no  h a r d   and  f a s t   l i m i t s  

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

be  l a i d   d o w n .  

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

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

e q u i p m e n t   t o   c a t c h   t h i s   d u s t .   T h r o u g h   a  hood   100 ,   w h i c h  

e x t e n d s   a l o n g   n e a r   t h e   work   p u l l e y   36  a b o v e   t h e   f u l l   l e n g t h  

of   t he   t r a v e r s e   of   t h e   gun  66,   t h e   a i r   c o n t a i n i n g   t h e   o v e r s p r a y e d  

dus t   is  sucked  away  by  a  s u c t i o n   blower  d r i v e n   by  a  motor  102.  T h i s  

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

b a f f l e s   l o c a t e d   i n   a  h o u s i n g   104 .   The  h o l e s   in   t h e s e   w e t t e d  

b a f f l e s   a r e   as  s m a l l   as  1 / 1 6   of   an  i n c h   ( 1 . 5   mm).  T h e  

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

d u c t   106.   The  h o o d   100  has   a  l i p   107  p r o j e c t i n g   d o w n  

b e y o n d   t h e   c r o w n   of   t h e   work   r o l l   36.   T h i s   d o w n w a r d l y   p r o -  

j e c t i n g   h o o d   l i p  1 0 7   i s   a t   a  l e v e l   j u s t   a  few  i n c h e s   a b o v e  

t h e   t o p   o f  t h e   h o u s i n g   105  of  the  t r a v e r s i n g   the rmal   spray  gun  6 6 .  



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

may  e x p a n d   due  to   h e a t i n g   and  b u l g e   e n o u g h   to   l i f t   away  f r o m  

t h e   p u l l e y   36,  t h u s   r e s u l t i n g   in   l o c a l i z e d   l o s s   o f   c o n t a c t  

b e t w e e n   t h e   b e l t   and  t h e   c o o l e d   p u l l e y   36.  Such   l o s s   o f  

c o o l i n g   c o n t a c t   can   r e s u l t   in   l o c a l i z e d   o v e r - h e a t i n g   of  t h e  

b e l t .  

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

t h e   p e r i p h e r y   of  t h e   p u l l e y   36  w i t h   a  c o n t i n u a l l y   m o i s t e n e d   j a c k e t  

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

r e s i l i e n t ,   s u c h   as  a  mat   of   s i l i c o n e   r u b b e r   or   f i b e r g l a s s   m a t -  

t i n g ,   or   a  c o m b i n a t i o n   of  s u c h   mat   and  m a t t i n g .   The  o b j e c t i v e  

i s   to   p r e s e n t   to   t h e   r e v e r s e   s i d e   of   t h e   c a s t i n g   b e l t   a  t e x t u r e d  

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

i n g   w a t e r   o r   a q u e o u s   c o o l i n g   l i q u i d .   A  f i l m   of   m o i s t u r e   s o  

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

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

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

b e t w e e n   t h e   b e l t   and  t h e   w a t e r - c o o l e d   p u l l e y   3 6 .  

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

b e l t - c o o l i n g   by  t h e   c o o l e d   w o r k   p u l l e y   36  i s   to   u s e   a  w e t t e d ,   m o p -  

l i k e   c l o t h   or   f i b r o u s   m a s s   109  in   c o n t a c t   w i t h   t h e   b e l t   a n d  

h a v i n g   a  w i d t h   a b o u t   e q u a l   to   t h e   b e l t   w i d t h .   T h i s   w e t t e d   p o r o u s  

f i b r o u s   w i p i n g   mass   109  i s   p l a c e d   in   c o n t a c t   w i t h   t h e   l o w e r   r e a c h  

of   t h e   b e l t   w h e r e   t h e   b e l t   i s   a p p r o a c h i n g   t h e   w o r k   p u l l e y   3 6 ,  

w h i c h   i s   u n s h e a t h e d   s t e e l .   T h e   d i r e c t i o n   of   b e l t   t r a v e l   a n d  

p u l l e y   r o t a t i o n   a r e   shown  by  t h e   a r r o w s   111  and  115  in   FIGS.   3 

and  4 . -  S u c h   f i b r o u s - - b e l t - c o o l i n g   d e v i c e s   109  a r e   c o n t i n u a l l y  

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



t e m p e r a t u r e   in   e x c e s s   of   4 5 0 ° F .  

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

m a c h i n e ,   i s   shown  in   FIG.   5.  T h i s   m o d i f i c a t i o n   e m p l o y s   two  i d l e r  

p u l l e y s   108 ,   110  e x t e n d i n g   f r o m   a  p e d e s t a l   38 '   and  a  p a i r   of   w o r k  

p u l l e y s   112 ,   114  e x t e n d i n g   f r o m   a  p e d e s t a l   5 2 ' .   At  l e a s t   one  o f  

t h e   p u l l e y s   112 ,   114  i s   a  d r i v e   p u l l e y .   T h i s   f o u r -  

p u l l e y   m a c h i n e   may  a l l o w   more   r e l i a b l e   c o o l i n g   o f   t h e   b e l t  

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

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

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

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

as  an  a q u e o u s   l i q u i d .   E x c e s s   c o o l i n g ,   as  by  a p p l i c a t i o n   o f  

c o p i o u s   q u a n t i t i e s   of   c o l d   w a t e r ,   i s  n o t   d e s i r a b l e ,   as  t h e r e  

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

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

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

of   e x c e s s   w a t e r   w i l l   be  a  p r o b l e m ,   i f   s i z e a b l e   q u a n t i t i e s   a r e  

u s e d .   W a t e r   c a n n o t   be  a l l o w e d   t o   c o n t a c t   t h e   s i d e   o f   t h e   b e l t  

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

F o r  t h e s e   r e a s o n s   t h e   w a t e r   o r   a q u e o u s   l i q u i d   i s  

p r e f e r a b l y   a p p l i e d   by  a  n o z z l e   116  m a k i n g   f i n e   s p r a y ,   o r   by  a  

p o r o u s   w i p i n g   d e v i c e   s u c h   as  a  wad  o r   " m u f f "   of   f i b r o u s ,  

m o d e r a t e l y   h e a t - r e s i s t a n t   m a t e r i a l .   Such   a  f i n e   s p r a y   n o z z l e  

116  or  p o r o u s   w i p i n g   mass   or  m u f f   i s   a c t i n g   upon   t h e   r e v e r s e  

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

b y  a   c a r r i a g e   117  t h a t - i s   m a d e  t o   t r a v e l   p a r a l l e l   to   and   i n  

o p p o s e d   a l i g n e d   r e l a t i o n s h i p   w i t h - t h e   t h e r m a l - s p r a y   gun  66  b y  



means   o f   a  s e c o n d   s c r e w   118 ,   so  as  a l w a y s   to  be  o p p o s i t e   t o  

t h e   gun  66.   The  s p r a y   f rom  t h e   n o z z l e   116  s h o u l d   n o t   be  s o  

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

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

of  t h e   b e l t .   The  c a r r i a g e   117  f o r   t h e   n o z z l e   116  i s   m o u n t e d  

on  a  n u t   120  w h i c h   r i d e s   on  s c r e w   118 ,   w h i c h   in   t u r n   i s   d r i v e n  

by  a  c h a i n   s p r o c k e t   122 ,   d r i v e n   f r o m   t h e   o t h e r   s c r e w   s h a f t   92  

f o r   t h e   gun  66  and  s y n c h r o n i z e d   w i t h   i t   so  t h a t   t h e   c o o l i n g  

means   116  a l w a y s   s t a y s   o p p o s i t e   to   t h e   t r a v e r s i n g   gun  66.   A 

f o r k e d   g u i d e   124  s l i d i n g   a l o n g   a  f r a m e   member   126  k e e p s   t h e  

n o z z l e   c a r r i a g e   117  f rom  r o t a t i n g .  

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

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

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

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

3 , 3 1 0 , 8 4 9 ,   w h i c h   i s   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

I n v i t i n g   a t t e n t i o n   b a c k   to   FIGURE  3,  we  h a v e   f o u n d  

t h a t   t h e   u s e   o f   t h e   w e t ,   p o r o u s ,   w i p i n g   c o o l i n g   m a s s   109  i s  

v e r y   s u c c e s s f u l   in   a v o i d i n g   any  o v e r h e a t i n g   o f   t h e   b e l t .   T h e  

work   p u l l e y   36  has   a  b a r e   s t e e l   s u r f a c e   and  i s   m o d e r a t e l y   c o o l e d  

by  a  f l o w   of  w a t e r   t h r o u g h   t h e   l i n e   93  and  c o n n e c t i o n   8 8 .  

In  a d d i t o n ,   a  f i l m   of   w a t e r   i s   a p p l i e d   to   t h e   i n n e r   b e l t  

s u r f a c e   by  t h e   w e t ,   p o r o u s ,   f i b r o u s   m a s s   1 0 9 .   In  o r d e r   t o  

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

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

mass   1 0 9 .  

T h i s   s y s t e m   and  m e t h o d   of   u s i n g   t h e   w e t ,   p o r o u s ,  

b e l t - w i p i n g  m a s s   109  p l u s  t h e   m o d e r a t e l y   c o o l e d   b a r e   w o r k  



p u l l e y   36  has   r e c e n t l y   b e e n   f o u n d   to  o p e r a t e   so  s u c c e s s f u l l y ,  

t h a t   a t   p r e s e n t   we  b e l i e v e   t h i s   i s   t h e   o p t i m u m   a r r a n g e m e n t .  

The  a d j u s t a b l e   s p e e d   d r i v e   94  i n c l u d e s   an  e l e c t r i c  

m o t o r   128  (as  s e e n   m o s t   c l e a r l y   in   FIG.   6)  d r i v i n g   an  a d j u s t -  

a b l e   s p e e d   and   r e v e r s i b l e   m e c h a n i c a l   t r a n s m i s s i o n   130 ,   f o r  

e x a m p l e ,   s u c h   as  a  c o n e   d r i v e .   A  h a n d l e   132  i s   u s e d   t o  

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

of  t h e   o u t p u t   d r i v e .   A  d i a l   134  shows  t h e   a d j u s t e d   s p e e d   a n d  

d i r e c t i o n .   T h i s   m e c h a n i c a l   t r a n s m i s s i o n   130  i n c l u d e s   r i g h t - a n g l e  

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

and  c h a i n   d r i v e   136  l o c a t e d   w i t h i n  a   p r o t e c t i v e   h o u s i n g  a n d  

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

92.  T h u s ,   t h e   s p e e d   and  d i r e c t i o n   of  t h e   l e a d s c r e w   92  c a n  

be  a d j u s t e d   by  m e a n s   of   t h e   h a n d l e   132.   A f t e r   an  a d j u s t m e n t  

has   b e e n   made ,   t h e   l e a d s c r e w   92  t u r n s   c o n s t a n t l y   a t   t h e   a d j u s t e d  

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

m a d e .  S u c h   a d j u s t a b l e , r e v e r s i b l e   d r i v e s   94  a r e   c o m m e r c i a l l y  

a v a i l a b l e ,   f o r   e x a m p l e ,   f r o m   G r a h a m   C o m p a n y ,   of   M i l w a u k e e ,  

W i s c o n s i n .   In  F IGS .   3  and   5,  t h i s   d r i v e   94  i s   s h o w n  m o u n t e d  o n  

a  s h e l f   138  s e c u r e d  t o   an  u p r i g h t   l e g   140  of  t h e   s t a t i o n a r y  

r a c k   96  w h i c h   has   a  b a s e   f r a m e   1 4 2 .  

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

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

c o n t a i n e r   w i t h   a  r e m o v a b l e   c o v e r ,   f o r   e x a m p l e ,   t h e   c o v e r   may  b e  

a  s c r e w - o n ,   or   l a t c h a b l e ,   t o p .   The  o b j e c t i v e   i s   to   o b t a i n  

t h o r o u g h   and  u n i f o r m   m i x i n g   and   t o   p r e v e n t   s u b s e q u e n t   s e g r e g a t i o n  

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

t o  t h e   n o z z l e   of  t h e   t h e r m a l   s p r a y i n g   g u n  6 6 .   In  F IGS .   3  and   5 ,  



t h i s   t h e r m a l   s p r a y i n g   gun  66  i s   shown  as  an  o x y a c e t y l e n e   f l a m e  

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

p a i r   of  h o s e   l i n e s   144  and  1 4 6 ,   r e s p e c t i v e l y .   The  o x y g e n   a n d  

a c e t y l e n e   a r e   m i x e d   w i t h i n   t h e   gun  66  and  a r e   f e d   t o   an  a n n u l a r  

n o z z l e   148  h a v i n g   m u l t i p l e   o r i f i c e s   a r r a n g e d   a r o u n d   a  f o r w a r d l y  

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

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

One  way  in  w h i c h   t h e   p o w d e r   may  be  f e d   t o   t he   g u n  

66  i s   to   m o u n t   a  h o p p e r   ( n o t   shown)  o n t o   t h e   t o p   o f   t h e   g u n  

h o u s i n g   105 .   T h i s   h o p p e r   i n c l u d e s   a  c l o s a b l e   c o v e r   and   c o n t a i n s  

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

m a i n t a i n i n g   t h e   p o w d e r   t h o r o u g h l y   and  u n i f o r m l y   m i x e d .   T h e  

h o p p e r   w a l l s   may  a l s o   be  v i b r a t e d   by  an  e l e c t r i c a l l y   e n e r g i z e d  

v i b r a t o r   f o r   p r e v e n t i n g   " b r i d g i n g "  o r   c o m p a c t i n g   of   t h e   p o w d e r  

m i x t u r e   w i t h i n   t h e   h o p p e r .   A  m e t e r i n g   e s c a p e m e n t   m e c h a n i s m  

s e r v e s   t o   m e t e r   t h e   f l o w   of   t h e   p o w d e r   m i x t u r e   down  f rom  t h e  

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

, i n g   to   t h e   n o z z l e   148  of  t h e   gun  66,   f o r   e x a m p l e ,   t h i s   m e t e r i n g  

e s c a p e m e n t   may  c o m p r i s e   a  f e e d   s c r e w   h a v i n g   an  a d j u s t a b l e   s p e e d  

d r i v e .  

T h e . p r e s e n t l y   p r e f e r r e d   way  in   w h i c h   t h e   p o w d e r  

m i x t u r e   i s   f ed   to   t h e   gun  66  i s   to   u se   a  r e m o t e l y   l o c a t e d  

p o w d e r   m i x i n g   and  f e e d   a p p a r a t u s ,   as  shown  a t   150  in  FIGS.   3  a n d  

5.  T h i s   a p p a r a t u s   i n c l u d e s   a  c o n t r o l   c o n s o l e   152  and  a  c o n t a i n e r  

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

on  c o v e r   156 .   The  p o w d e r   c o m p o s i t i o n   i s   t h o r o u g h l y   m i x e d  

b e f o r e   l o a d i n g   i n t o   t h e   c o n t a i r i e r  1 5 4 ,   and  i t   i s   a g i t a t e d   a n d  

v i b r a t e d   t h e r e i n   to   p r e v e n t   s t r a t i f i c a t i o n ,   s e g r e g a t i o n ,   c o m p a c t -  



ing   or   " b r i d g i n g "   w i t h i n   t h i s   c o n t a i n e r .   The  i n t e r i o r   of   t h i s  

c o n t a i n e r   154  i s   a d j u s t a b l y   p r e s s u r i z e d   by  an  i n e r t   g a s ,   f o r  

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

shown  by  a  d i a l   158  on  t h e   c o n s o l e   152 .   Such  p r e s s u r e   s e r v e s  

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

e r .   T h i s   o u t l e t   c o m m u n i c a t e s   w i t h   a  p o w d e r   f e e d   h o s e   l i n e  , . 1 6 0  

c o n n e c t e d   w i t h   t h e   gun  66  and  c o m m u n i c a t i n g   w i t h   t h e   a x i a l  

p a s s a g e   l e a d i n g   to   t h e   c e n t r a l   o u t l e t   of   t h e   n o z z l e   148 .   I n -  

c r e a s i n g   t h e   c o n t a i n e r   p r e s s u r i z a t i o n   as  shown  by  t h e   d i a l   1 5 8  

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

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

i n t o   t h e   h o s e   l i n e   160 .   C o n v e r s e l y ,   d e c r e a s i n g   t h e   c o n t a i n e r  

p r e s s u r i z a t i o n   d e c r e a s e s   t h e   p o w d e r   f e e d   r a t e .  

The  p o w d e r   m i x t u r e   v e l o c i t y   t h r o u g h   t h e   p o w d e r  

f e e d   h o s e   l i n e   160  i s   c o n t r o l l a b l e   s e p a r a t e l y   f r o m   t h e   f e e d  

r a t e ,   and   i s   i n d i c a t e d   by  a  gas   f l o w   m e t e r   1 5 9 .  

T h i s   g a s   f l o w   m e t e r   159  i n d i c a t e s   t h e  

v e l o c i t y   of   t h e   i n e r t   gas   f l o w i n g   t h r o u g h   t h e   p o w d e r   f e e d   l i n e  

160.  T h i s   i n e r t   gas   f l o w   f l u i d i z e s   t h e   p o w d e r   m i x t u r e  

a d j a c e n t   to   t h e   c o n t a i n e r   o u t l e t   and  c o n v e y s   t h e   f l u i d i z e d  

p o w d e r   m i x t u r e   t h r o u g h   t h e   l i n e   160  to   t h e   c e n t r a l   a x i a l   o u t l e t  

in  t h e   n o z z l e   148  of   t h e   gun  6 6 .  

The  o x y g e n   and  a c e t y l e n e   s u p p l y   t a n k s   ( n o t   s h o w n )  

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

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

i n d e p e n d e n t l y   a d j u s t i n g   t h e   r a t e   of  f e e d   of  o x y g e n   and  a c e t y l e n e  

t h r o u g h  t h e   r e s p e c t i v e   l i n e s   144  a n d  1 4 6 .   A  m a n u a l l y   o p e r a t e d  

v a l v e   a t   t h e   gun  66  s i m u l t a n e o u s l y   t u r n s   "on"   or   " o f f "   t h e  



f l o w s   t h r o u g h   b o t h   of  t h e s e   l i n e s   144  and  146 .   The  gun  66  i s  

m a n u a l l y   i g n i t e d   by  a  s p a r k   s t r i k e r .  

An  e l e c t r i c   s w i t c h   a t   t h e   gun  66  i s   c o n n e c t e d -  

t h r o u g h   an  e l e c t r i c a l   c a b l e   162  w i t h   t h e   c o n t r o l   c o n s o l e   f o r  

t u r n i n g   t h e   m i x i n g   and  f e e d   a p p a r a t u s   150  "on"  or   " o f f " ,   a s  

d e s i r e d   by  t h e   o p e r a t o r ,   who  may  be  s t a n d i n g   s o m e w h a t   to   t h e  

r e a r   of   t h e   gun  h o u s i n g   105 .   T h u s ,   t h e  o p e r a t o r   may  t u r n  

" o n "  a n d   i g n i t e   t h e   gun.   T h e n ,   when  d e s i r e d ,   t h e   o p e r a t o r  

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

a p p a r a t u s   150  to   f e e d   t h e   p o w d e r   m i x t u r e   to   t h e   gun .   An 

e x a m p l e   of   a  s u i t a b l e   o x y a c e t y l e n e   f l a m e   s p r a y i n g   gun  66  a n d  

m i x i n g   and  f e e d   a p p a r a t u s   150  i s   e q u i p m e n t   w h i c h   can   be  o b t a i n e d  

c o m m e r c i a l l y   f rom  E u t e c t i c - C a s t o l i n   C o m p a n y ,   of   F l u s h i n g ,  

New  Y o r k ,   u n d e r   t h e i r   t r a d e   name  d e s i g n a t i o n   TERODYN  S y s t e m  

3000 .   A n o t h e r   e x a m p l e   of  a  s u i t a b l e   o x y a c e t y l e n e   f l a m e   s p r a y -  

ing   gun  66  and   m i x i n g   and  f e e d   a p p a r a t u s   i s   an  o x y a c e t y l e n e  

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

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

105.   Such  a  h o p p e r   n e e d s   to   be  r e l o a d e d   w i t h   t h e   p o w d e r   m i x -  

t u r e   a t   a b o u t   t e n - m i n u t e   i n t e r v a l s   d u r i n g   o p e r a t i o n ;   w h e r e a s ,  

t h e   c o n t a i n e r   154  o n l y   n e e d s   to   be  r e l o a d e d   w i t h   t h e   p o w d e r  

m i x t u r e . a t   a b o u t  o n e - h o u r   i n t e r v a l s   d u r i n g   o p e r a t i o n ,   and  t h u s  

we  p r e s e n t l y   p r e f e r   to  use   t h e   r e m o t e   a p p a r a t u s   1 5 0 .  

As  d i s c u s s e d   p r e v i o u s l y ,   t h e   b e l t   10  o r   20  b e i n g  

c o a t e d   t e n d s   t o   c r e e p   or  " d r i f t "   s i d e w a y s   ( e d g e w i s e )   one   way  o r  

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

3 4   a n d   36  (F IG .   3) ,  or  a r o u n d   t h e   p u l l e y   r o l l s   1 0 8 ,   1 1 0 ,  1 1 2  

and  114  (F IG .   5 ) .   T h e r e f o r e ,   i t   i s   n e c e s s a r y   to   c o u n t e r a c t   t h e  



d r i f t   by  s t e e r i n g   t h e   b e l t   by  t u r n i n g   t h e   s t e e r i n g   s c r e w   70,  a s  

a l r e a d y   e x p l a i n e d .   T h i s   s i d e w a y s   c r e e p i n g   o r   d r i f t i n g   of  t h e  

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

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

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

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

as  t h e   l e a d s c r e w   92  o r d i n a r i l y   c o n s t r a i n s   i t   t o   do ,   t h e n   s o m e  

n o n - u n i f o r m i t y   of   t h e   t r a n s v e r s e   m o t i o n   of   t h e   gun  w i t h   r e s p e c t  

to   t h e   b e l t   may  o c c u r .   The  r e s u l t   of  s u c h   n o n - u n i f o r m   r e l a t i v e  

m o t i o n   b e t w e e n   t h e   gun  and  t h e   b e l t   is   t h a t   m o r e   c o a t i n g   i s  

d e p o s i t e d   i n   some  a r e a s   of   t h e   b e l t   and  l e s s   i n   o t h e r s .  

In  o r d e r   to   c a u s e   t h e   t h e r m a l   s p r a y   gun  t o  

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

t h e   b e l t   10  o r   20  b e i n g   c o a t e d ,   r e g a r d l e s s   o f   any   s i d e w a y s  

( e d g e w i s e )   b e l t   m o v e m e n t ,   t h e   p r e s e n t l y   p r e f e r r e d   a p p a r a t u s  

and  s y s t e m ,   as  shown  in  FIG.   6,  i s   a d v a n t a g e o u s l y   e m p l o y e d .  

The  u p r i g h t   l e g   140  of   t h e   r a c k   96,   as  shown  in   F IG .   3  or  5 ,  

i s   c u t   o f f   b e l o w   t h e   l e v e l   o f   t h e   s h e l f   138 ,   t h e r e b y   c r e a t i n g  

a  r a c k   a s s e m b l y   94 '   w h i c h   i s   l a t e r a l l y   " f l o a t i n g " ;   t h a t   i s ,  

w h i c h   i s   f r e e   to   move  b a c k   and   f o r t h   in  a  d i r e c t i o n   p a r a l l e l  

w i t h   t h e   a x i s   of  t h e   l e a d s c r e w   92,   in  o r d e r   t o   a l l o w   t h e   g u n  

.to  " t r a c k "   any  l a t e r a l   ( e d g e w i s e )   m o t i o n   of   t h e   b e l t ,   as  w i l l   b e  

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

f o r   a c c o m m o d a t i n g   l a t e r a l   m o t i o n ,   i n c l u d i n g   t h e   l e a d s c r e w   92  

and  i t s   d r i v e   94  and  t h e i r   s u p p o r t   frame  9 6 ' ,   t o g e t h e r   w i t h   t h e  

t h e r m a l   s p r a y   gun  and  i t s   c a r r i a g e   98.  In  o t h e r   w o r d s ,  t h i s  

" f l o a t i n g "   a l l o w s   t h e   l e a d s c r e w   and   gun  to   be  moved   f r e e l y  

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



c o a t e d ;   t h a t   i s ,   to   be  moved  in   a  h o r i z o n t a l   d i r e c t i o n   p a r a l l e l  

to   t he   a x i s   o f   t h e   l e a d s c r e w   9 2 .  

T h e r e   i s   a  s t a t i o n a r y   h o r i z o n t a l   t r a c k   f r a m e   1 6 4  

w h i c h   e x t e n d s   p a r a l l e l   w i t h   t h e   l e a d s c r e w   92  and  a l s o   p a r a l l e l  

w i t h   t h e   a x i s   o f   t h e   work   r o l l   36.  T h i s   t r a c k   f r a m e   164  i s  

s u p p o r t e d   and  s e c u r e d   by  b r a c k e t s   166  and  168  to   t h e   s t a t i o n a r y  

hood  100,   f o r   e x a m p l e ,   by  w e l d i n g   a t t a c h m e n t   of   t h e s e   b r a c k e t s .  

T h i s   t r a c k   f r a m e   164  h a s   a  g e n e r a l l y   h o l l o w   r e c t a n g u l a r   c o n -  

f i g u r a t i o n   as  s e e n   l o o k i n g   a t   i t s   l e f t   end   in  FIG.   6.  T h e r e   i s  

an  e l o n g a t e d   c u t - o u t   c l e a r a n c e   o p e n i n g   o r   s l o t   170  in   t h e   u p p e r  

s u r f a c e   of  t h e   t r a c k   f r a m e  1 6 4 ,   and  t h i s   e l o n g a t e d   s l o t   o p e n i n g  

170  e x t e n d s   to   t h e   l e f t   ( o u t b o a r d )   end   o f   t h e   t r a c k   f r a m e .  

A  r e m o v a b l e   p l a t e   172  b r i d g e s   t h e   gap   a t   t h e   l e f t   end   of   t h e  

s l o t   o p e n i n g   170 ,   b e i n g   f a s t e n e d   by  f o u r   m a c h i n e   s c r e w s ,  

w a s h e r s   and  n u t s   1 7 4 .  

T h i s   t r a c k   f r a m e   164  h a s   a  p a i r   of   p a r a l l e l   i n -  

t u r n e d   f l a n g e   t r a c k s   176  and  178  w h i c h   a r e   s p a c e d   a p a r t   a n d  

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

t r a c k w a y s   p a r a l l e l   w i t h   t h e   a x i s   of   t h e   l e a d s c r e w   9 2 .   R i d i n g  

a l o n g   t h e s e   p a r a l l e l   t r a c k w a y s   176  and   178  a r e   a  p a i r   of  w h e e l e d  

c a r r i a g e s   180  and  182  c o m p r i s i n g   p l a t e s   w e l d e d   to   t h e   t o p   o f  

t h e   f l o a t i n g   f r a m e   96 '   and  p r o j e c t i n g   o u t   on  b o t h   s i d e s .   E a c h  

c a r r i a g e   180  and  182  h a s   f o u r   s u p p o r t i n g   w h e e l s   184  w i t h   h o r i -  

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

92.  T h e r e   a r e   two  w h e e l s   184  on  e a c h   s i d e   of  e a c h   c a r r i a g e ,   s o  

t h a t   e a c h   c a r r i a g e   has   two  w h e e l s   r o l l i n g   a l o n g   e a c h   t r a c k w a y  

176  and  178  f o r   s u p p o r t i n g   t h e   f l o a t i n g   f r a m e   9 6 ' .  

In  a d d i t i o n   to   t h e s e   f o u r   s u p p o r t i n g   w h e e l s   1 8 4 ,  



e a c h   c a r r i a g e   180  and  182  h a s   a  g u i d e   w h e e l   186  w i t h  

v e r t i c a l   a x i s .   T h e s e   g u i d e   w h e e l s   186  a r e   l o c a t e d   b e l o w   e a c h  

c a r r i a g e   180  and  182  f o r   r o l l i n g   a l o n g   t h e   e d g e s   of   t h e   r e s p e c t -  

i v e   t r a c k w a y s   176  and  178  f o r   g u i d i n g   t h e   m o v a b l e   f r a m e   9 6 ' f o r  

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

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

I t   i s   n o t e d   t h a t   t h e   i n b o a r d   ( r i g h t )   end   of   t h e  

l e a d s c r e w   92  as  s e e n   in  FIG.  6  i s   m o u n t e d   in   a  b e a r i n g   a s s e m b l y  

190  b o l t e d   to   t h e   l o w e r   s u r f a c e   of   t h e   m o v a b l e   f r a m e   9 6 ' .  

The  m o v a b l e   f r a m e   96'   e n d s   j u s t   b e y o n d   t h e   l o c a t i o n   of  t h e   b e a r -  

i n g   190.   T h u s ,   s e e n   as  a  w h o l e ,   t h e   m o v a b l e   f r a m e   96 '   h a s   a n  

L - s h a p e ,   w i t h   t h e   l o n g e r   s h a n k   of   t h e   L  e x t e n d i n g   h o r i z o n t a l l y  

and  w i t h   t h e   s h o r t e r   l e g   of  t h e   L  e x t e n d i n g   down  v e r t i c a l l y ,  

w i t h   t h e   p l a t f o r m   or   s h e l f   138  s e c u r e d   to   t h e   l o w e r   e n d s   of  t h i s  

v e r t i c a l   l e g .  

In  o r d e r   to   t r a c k   t h e   e d g e   of   t h e   b e l t   10  o r   20  

b e i n g   c o a t e d ,   t h e r e   i s   a  t r a c k i n g   r o l l e r   196  h a v i n g   a  v e r t i c a l  

a x i s   m o u n t e d   on  an  arm  member   194  c a r r i e d   by  an  i n v e r t e d   U -  

s h a p e d   s u p p o r t   m e m b e r   192  w i t h   a  f o o t   p a d   s e c u r e d   a t   193  to   t h e  

t o p   of  t h e   m o v a b l e   f r a m e   96'  b e t w e e n   t h e   c a r r i a g e s   180  and   1 8 2 .  

T h i s   i n v e r t e d - U   s u p p o r t   member   192  h a s   s u f f i c i e n t   h e i g h t   a n d  

w i d t h   to   r e a c h   c o m p l e t e l y   o v e r   and  to   c l e a r   t h e   h o o d   100 ,   i n  

a l l   p o s i t i o n s ,   and   i t s   u p s t a n d i n g   l e g   195  e x t e n d s   up  t h r o u g h  

t h e   c l e a r a n c e   s l o t   o p e n i n g   170.   A  t e n s i o n   s p r i n g   188  e x t e n d s  

b e t w e e n   t h e   s t a t i o n a r y   b r a c k e t   168  and   t h e   s u p p o r t   m e m b e r   1 9 2 ,  

t h e r e b y   u r g i n g   t h e   m o v a b l e   f r a m e   96 '   t o w a r d   t h e   l e f t   ( t o w a r d  

t h e   o u t b o a r d   d i r e c t i o n )   f o r   c a u s i n g   t h e   t r a c k i n g   r o l l e r   196  t o  

m a i n t a i n   c o n t a c t   w i t h   (and  t h u s   to   f o l l o w )   t h e   i n b o a r d   ( r i g h t )  

edge   of  t h e   b e l t .  



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

c a u s e d   by  t h e   s p r i n g   188  and  t h e   s e n s i n g   r o l l e r   196  to   t r a c k   t h e  

b e l t   r e g a r d l e s s   of  any  e d g e w i s e   c r e e p i n g   or   d r i f t i n g   of  t h e   b e l t  

as  t h e   b e l t   r e v o l v e s .   I f   t h e r e   w e r e   no  t u r n i n g   of  t h e   l e a d -  

s c r e w   92,  t h e n   t h e   p a t h   of   t h e r m a l   s p r a y i n g   on  t h e   b e l t   s u r f a c e  

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

r e g a r d l e s s   of   any  l a t e r a l   ( e d g e w i s e )   m o v e m e n t s   of   t h e   b e l t - .  

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

of   t h e   s p r a y   gun  i s   s u p e r i m p o s e d   on  t h e   a f o r e s a i d   a u t o m a t i c  

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

u n i f o r m   c o a t i n g   a c t i o n ,   r e g a r d l e s s   of   any  l a t e r a l   ( e d g e w i s e )  

m o v e m e n t s   o f  t h e   b e l t   in  e i t h e r   d i r e c t i o n .   In  o t h e r   w o r d s ,  

as  t h e   b e l t   r e v o l v e s   and  as  t h e   l e a d s c r e w   92  c a u s e s  t h e   gun  t o  

.move  r e l a t i v e   to   t h e   f l o a t i n g   f r a m e   9 6 ' ,   t h e   r e s u l t a n t   a d j a c e n t  

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

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

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

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

l a t e r a l   ( e d g e w i s e )   m o v e m e n t s ,   i . e . ,   r e g a r l e s s   of   any  l a t e r a l  

w o b b l i n g ,   of   t h e   r e v o l v i n g   b e l t .  

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

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

of  t h e   b e l t   or  t h e   s t e e r i n g   of   t h e   b e l t   in   c o r r e c t i n g   s u c h  

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

l e s s   of   any  c a m b e r   w h i c h   may  h a p p e n   to   e x i s t   in   t h e   b e l t   e d g e ,  

s i n c e   a l l   t h a t   i s   r e q u i r e d   of  t h e   a d j a c e n t   p a s s e s   of   t h e   s p r a y  

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

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

be  p e r f e c t l y   s t r a i g h t ,   i . e . ,   t h a t   t h e y   l i e   in   a  p e r f e c t   h e l i c a l  



p a t h   on  t h e   b e l t   s u r f a c e .  

In  o r d e r   to   e n a b l e   t h e   f o r k - s h a p e d   gun  c a r r i a g e   98 

to  move  a c c u r a t e l y   r e l a t i v e   to  t h e   f l o a t i n g   f r a m e   9 6 ' ,   t h i s  

c a r r i a g e   98  i n c l u d e s   a  c h a s s i s   199  on  w h i c h   a r e   m o u n t e d   a  p a i r  

of   w h e e l s   198  h a v i n g   v e r t i c a l   a x e s .   T h e s e   w h e e l s   198  r o l l   a l o n g  

an  a c c u r a t e l y   m a c h i n e d   g u i d e   way  o r   t r a c k   99  on  t h e   s i d e   of   t h e  

h o r i z o n t a l   l e g   of   t h e   m o v a b l e   f r a m e   9 6 ' .   A  s i m i l a r   p a i r   o f  

w h e e l s   ( n o t   s e e n )   on  t h e   o t h e r   s i d e   o f   t h i s   c h a s s i s   199  r o l l  

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

s i d e   of  t h e   h o r i z o n t a l   l e g   of  t h i s   m o v a b l e   f r a m e   9 6 ' .   T h u s ,  

t h e   w h e e l s   198  of   t h e   c a r r i a g e   98  a r e   i n   s t r a d d l i n g   r e l a t i o n s h i p  

w i t h   t h e   f r a m e   96 '   f o r   h o l d i n g   t h e   c a r r i a g e   98  a c c u r a t e l y   a l i g n -  

ed  f o r   h o l d i n g   t h e   gun  h o u s i n g   105  a c c u r a t e l y   s p a c e d   f r o m   t h e  

b e l t   s u r f a c e   as  t h e   l e a d s c r e w   92  r o t a t e s .   A n o t h e r   p a i r   o f  

w h e e l s   200  ( o n l y   one  i s   s e e n )   m o u n t e d   on  o p p o s i t e   e n d s   of  t h e  

c h a s s i s   199  on  h o r i z o n t a l   a x e s   r o l l   a l o n g   an  a c c u r a t e l y  

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

of   t h e   m o v a b l e   f r a m e   96 '   f o r   s t e a d y i n g   t h e   gun  c a r r i a g e   98  t o  

p r e v e n t   i t   f rom  s w a y i n g .   A  s t r u t   202  e x t e n d s   down  f rom  t h e  

c a r r i a g e   98  and  i s   a d j u s t a b l y   s e c u r e d   a t   204  to   t h e . s i d e   o f   t h e  

gun  h o u s i n g   105 .   In  F IG.   6,  t h e   v i e w e r   s e e s   t h e   r e a r   of   t h e  

gun  h o u s i n g   105 ,   f o r   i t s   n o z z l e   i s   a i m e d   a t   t h e   b e l t .  

A l t h o u g h   F IG.   6  shows  t h e   t h e r m a l   s p r a y   gun  a i m e d  

a t   t h e   b e l t   as  t h e   b e l t   p a s s e s   a r o u n d   t h e   r o l l e r   36,  i t   i s   t o  

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

t h e r m a l   s p r a y i n g   a p p a r a t u s   of   FIG.   6  c a n   a l s o   be  e m p l o y e d  

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

in  FIG.   5 .  



I t   i s   to  be  u n d e r s t o o d   t h a t   t h e   r o l l e r   196  s e r v e s  

as  a  s e n s o r   of   t h e   b e l t   e d g e   l o c a t i o n ,   and  t h e   s p r i n g   1 8 8  

s e r v e s   as   m o t i v e   means   f o r   m o v i n g   t h e   m o v a b l e   f r a m e   96'   i n  

r e s p o n s e   to   t h e   s e n s i n g   a c t i o n   of   t h e   r o l l e r   196 .   O t h e r   b e l t -  

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

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

j e t   p o s i t i o n   s e n s o r s ,   m a g n e t i c   s e n s o r s   and  so  f o r t h ,   can   b e  

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

9 6 ' ,   f o r   e x a m p l e ,   s u c h   as  e l e c t r i c a l ,   p n e u m a t i c   o r   h y d r a u l i c  

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

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

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

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

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

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

t r a c k   s u c h   a  s t r i p .  

H o w e v e r ,   t h e   e d g e   of   a  s t e e l   b e l t   i s   v e r y  

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

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

b e l t   t r a c k i n g   m o v e m e n t   of   t h e   w h o l e   l a t e r a l l y - f l o a t i n g   t h e r m a l  

s p r a y   a s s e m b l y   to  be  e m i n e n t l y   p r a c t i c a l   and  v e r y   r e l i a b l e  

and  d u r a b l e .  

RESULTS  OF  THE  INVENTION 

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

u n i t a r y - c o a t   f u s i o n - b o n d e d   m a t r i x   p r o t e c t i v e   c o a t i n g   of  p o w d e r  

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



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

or   d e s i r a b l e   c o n d i t i o n s .   The  f u s i o n - b o n d e d   m a t r i x   c o a t i n g   (1)  

i s   a d h e r e n t   to   t h e   f l e x i b l e   b a s e   m e t a l   of  t h e   b e l t   or  to   e d g e -  

dam  b l o c k s ;   (2)  p r o v i d e s   a d e q u a t e   t h e r m a l   i n s u l a t i o n ;  

(3)  i s   r e s i s t a n t   to   m e c h a n i c a l   d a m a g e ,   - -   i . e . ,   s p a l l i n g   f l a k e -  

o f f   or   a b r a s i o n ;   (4)  i s   r e s i s t a n t   t o   t h e r m a l   s h o c k ;   (5)  a f f o r d s  

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

p r o d u c t ;   (6)  i s   a c c e p t a b l y   n o n - w e t t i n g   w i t h   r e s p e c t   to   m o l t e n  

' m e t a l   c a s t ;   (8)  a f f o r d s   a c c u r a t e   p r o p o r t i o n i n g   o f   i n s u l a t i o n  

b e t w e e n   t h e   b e l t s   and  t h e   edge   dams ;   (9)  h a s   d e s i r a b l e   a c c e s s -  

i b l e   p o r o s i t y   t h r o u g h o u t   t h e   m a t r i x   c o a t i n g ;   (10)  i s   c o m p a t i b l e ,  

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

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

c o m b i n a t i o n ;   and  (11)  can   be  a p p l i e d   p r a c t i c a l l y   by  m e a n s   of  a  

r e a d i l y   c o n s t r u c t e d   and  r e a d i l y   o p e r a t e d   m a c h i n e   as  d e s c r i b e d .  

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

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

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

m a t r i x   c o a t e d   b e l t s .   For   e x a m p l e ,   a  t e m p o r a r y   c o a t i n g   o f  

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

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

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

J u d g i n g   f rom  p r e v i o u s   e x p e r i e n c e ,   we  b e l i e v e  

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

l o i d a l   s u s p e n s i o n ,   may  be  s u b s t i t u t e d   f o r   t h e   g r a p h i t e   t o p -  

c o a t .  

In  t h e   c a s e   of  c a s t i n g   a l u m i n u m   s l a b   as  t h e  

p r o d u c t   P,  d i a t o m a c e o u s   s i l i c a   may  be  i n c l u d e d   in   t h i s   t e m p o r a r y  



t o p - c o a t i n g .   In  t h e   c a s t i n g   of   c o p p e r ,   a  t r a c e   o f   o i l   a p p e a r s  

to  be  d e s i r a b l e   and  may  be  s p r a y e d   o n t o   t h e   f u s i o n - b o n d e d   m a t r i x  

c o a t i n g   of  a  new  b e l t   in  m i n u t e   q u a n t i t i e s ,   h o w e v e r   n o t   e n o u g h  

t o   a p p e a r   we t   or  to  r e s u l t   in  any   d e c o m p o s i t i o n   of   t h e   o i l .  

In  t h e   c a s t i n g   of  c o p p e r   b a r   to   be  u s e d   f o r   d r a w -  

i n g   i n t o   w i r e ,   b e l t   l i f e   t o p   and  b o t t o m   was  i n c r e a s e d   by  a  

m a r g i n   of   n e a r l y   2  to   1,  when  t h e   b e l t s   had   b e e n   f u s i o n - b o n d e d  

m a t r i x   c o a t e d   in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n .   S u r f a c e   q u a l i t y  

was  r e m a r k a b l y   i m p r o v e d ,   o w i n g   in   p a r t   to   t h e   a b i l i t y   to   u s e  

much  l e s s   o i l   or   t o p - c o a t i n g   t h a n   c o n v e n t i o n a l   p r a c t i c e ,   t h u s  

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

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

t h a t   i m p r o v e d   d r a w a b i l i t y   was  p r e s e n t   a l s o .  

In  an  e a r l y   t e s t   of   c a s t i n g   of   c o p p e r   b a r ,   t h e  

m a t r i x   c o a t i n g   of  E x a m p l e   I  was  u s e d   on  a  t o p   b e l t   20  o n l y .   T h e  

t h i c k n e s s   was  a r o u n d   0 . 0 0 2   of  an  i n c h   on  a  h a r d - r o l l e d ,   l o w -  

c a r b o n   t i t a n i u m   s t e e l   b e l t   0 . 0 4 4   of  an  i n c h   t h i c k .   T h i s   c a s t   w a s  

s t o p p e d   a f t e r   t h r e e   h o u r s ,   f o r   r e a s o n s   n o t   r e l a t e d   to   t h e   b e l t  

c o a t i n g ,   w h i c h  w a s   s t i l l   in   e x c e l l e n t   c o n d i t i o n .   No  p r e c o a t  

of   g r a p h i t e   was  u s e d   a t   f i r s t ,   and  a  l i t t l e   p i c k u p   of   c o p p e r   w a s  

e x p e r i e n c e d .   The  n e x t   c a s t   on  t h i s   t o p   b e l t   r a n   24  h o u r s   w i t h  

two  i n t e r r u p t i o n s   n o t   r e l a t e d   to   t h e   b e l t   c o a t i n g .   The  q u a n t i t y  

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

c o n v e n t i o n a l   p r a c t i c e   in   c a s t i n g   c o p p e r   b a r   in   a  t w i n - b e l t  

m a c h i n e ,   w i t h   good  r e s u l t s .   The  t e s t   was  t e r m i n a t e d   a f t e r   24 

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

The  a b o v e   c o p p e r   b a r   c a s t i n g   t e s t   was  r e p e a t e d  

w i t h   an  E x a m p l e   I  m a t r i x   c o a t e d   l o w - c a r b o n - s t e e l   u p p e r   b e l t   20  

of  N o .  2   t e m p e r ,   no  t i t a n i u m   c o n t e n t .   The  r e s u l t s ' w e r e   j u s t   a s  



good  as  w i t h   t h e   t i t a n i u m - s t e e l   b e l t ,   and  s u c h   good   r e s u l t s  

were   n o t   e x p e c t e d ,   b e c a u s e   such   good  r e s u l t s   w e r e   c o n t r a r y   t o  

p r e v i o u s   e x p e r i e n c e   in   a t t e m p t i n g   to   c a s t   c o p p e r   b a r   on  s u c h  

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

b e e n   t h a t   h a i r l i n e   c r a c k s   m i g h t   be  e x p e c t e d   to   o c c u r   in  s u c h  

a  n o n - t i t a n i u m - c o n t a i n i n g   b e l t   a f t e r   8  to   10  h o u r s  o f   r e p e a t e d  

c y c l i c . c o n t a c t   w i t h   m o l t e n   c o p p e r   and  c y c l i c   f l e x i n g .   S u c h  

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

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

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

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

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

s t e e l   b e l t s   o f   0 . 0 4 4   i n c h   t h i c k n e s s .   T h i s   t i m e ,   s u c h   f u s i o n -  

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

b e l t s   20  and  10.   O i l   was  l i g h t l y   s p r a y e d   o n t o   t h e   b o t t o m   b e l t .  

A f t e r   an  i n i t i a l   l i g h t   a p p l i c a t i o n   of   o i l   on  t h e  t o p   b e l t ,   i t  

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

h o u r ,   in   o r d e r   to   d i s l o d g e   s l i g h t   p i c k u p .   R e s u l t s   w e r e   t h e  

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

f o r   c a s t i n g   c o p p e r .   B e l t   l i f e ,   t o p   and  b o t t o m ,   was  i n c r e a s e d  

by  a  m a r g i n   of   n e a r l y   2  to   1 .  

An  e x a m p l e   of   t h e   b e n e f i t s   of   t h e   s u b j e c t  

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

S u r f a c e   i m p r o v e m e n t   o f   t h e   m e t a l   b e i n g   c a s t   was  r e m a r k a b l e .  

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

p r o c e s s   were  e l i m i n a t e d ,   on  b o t h   t h e   t o p   and  t h e   b o t t o m   of   t h e  

c a s t   s l a b .   R e j e c t a b l e   m a t e r i a l   was  g r e a t l y   r e d u c e d .   T h e  

f u s i o n - b o n d e d   m a t r i x   c o a t e d   b e l t s   w e r e   s t i l l   in   good   c o n d i t i o n  



w e l l   b e y o n d   t h e   u s e f u l   l i f e   of  c o n v e n t i o n a l   b e l t s .   The  e d g e s  

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

h e a t   t r a n s f e r   b e t w e e n   e d g e s   and  b e l t s   by  u s e   of   t h e  i n s u l a t i v e  

c o a t i n g s .  

In  o u r   e x p e r i e n c e ,   in   o r d e r   to   o p e r a t e   a d v a n t a g e o u s l y  

in  u s e ,   an  e n d l e s s   f l e x i b l e   c a s t i n g   b e l t   h a v i n g   a  f u s i o n - b o n d e d  

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

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

d i a m e t e r   of   20  i n c h e s   (508  mm)  w i t h o u t   o c c u r r e n c e   of   f l a k i n g   o r  

s p a l l i n g   of   s a i d   c o a t i n g .  

A l t h o u g h   t h e   e x a m p l e s   and  o b s e r v a t i o n s   s t a t e d   h e r e i n  

h a v e   b e e n   t h e   r e s u l t s   of   e x p e r i m e n t a l   f i e l d   t r i a l s   of   b e l t s  

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

m o l t e n   a l u m i n i u m   and  a l u m i n u m   a l l o y s ,   and  t e s t s   w i t h   m o l t e n  

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

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

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

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

m e l t i n g   t e m p e r a t u r e   e q u a l   to   o r   l e s s   t h a n   s t e e l .  

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

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

to   be  u n d e r s t o o d   t h a t   t h e s e   e x a m p l e s   of  t h e   i n v e n t i o n  h a v e  b e e n  

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

n o t   to  be  c o n s t r u e d   as  l i m i t i n g   t h e   s c o p e   of   t h e   i n v e n t i o n .  



1.  The  method  of  p r o v i d i n g   a  p r o t e c t i v e ,   i n s u l a t i v e   c o a t i n g  

on  a  metal  s u r f a c e   of  a  con t inuous   c a s t i n g   machine,   such  s u r f a c e   b e i n g  

i n t ended   to  be  s u b j e c t   to  c o n t a c t   with  mol ten   meta l   dur ing   c a s t i n g ,  

c h a r a c t e r i z e d   in  t h a t   sa id   method  is  one  c o m p r i s i n g :   p r o v i d i n g   i n  

r e a d i l y   heat   f u s i b l e   form  m e t a l l i c   m a t e r i a l   having  the  p r o p e r t i e s   o f :  

a)  heat   r e s i s t a n c e   r e l a t i v e   to  the  t e m p e r a t u r e   of  the  mol ten   m e t a l  

being  cas t   and  r e s i s t a n c e  t o   t he rmal   c y c l i n g ,   b)  the rmal   f u s i o n   b o n d i n g  

c o m p a t i b i l i t y   wi th   such  metal  s u r f a c e ,   c)  a  modicum  of  d u c t i l i t y   f o r  

w i t h s t a n d i n g   r e p e a t e d   f l e x i n g   around  a  p u l l e y   r o l l ,   d)  s u f f i c i e n t  

r e s i s t a n c e   to  o x i d a t i o n   under  the  c o n d i t i o n s   of  thermal   s p r a y i n g   and  a l s o  

under  the  c o n d i t i o n s   of  c o n t i n u o u s   c a s t i n g   for  avo id ing   undue  o x i d a t i o n ,  

and  e)  t he rmal   expans ion   r a t e s   c o m p a t i b l e   wi th   p r e d e t e r m i n e d   n o n -  

m e t a l l i c   r e f r a c t o r y   m a t e r i a l ,   p r o v i d i n g   in  r e a d i l y   heat   f u s i b l e   fo rm 

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

metal   s u r f a c e   a  c o a t i n g   compr is ing   sa id   m e t a l l i c   m a t e r i a l   s u b s t a n t i a l l v  

un i fo rmly   i n t e r m i x e d   with  said  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l .  

2.  The  method  of  forming  a  f u s i o n - b o n d e d   i n s u l a t i v e   and  

p r o t e c t i v e   m a t r i x   c o a t i n g   on  the  c l e a n ,   roughened  s u r f a c e   of  an  e n d l e s s  

f l e x i b l e   m e t a l l i c   c a s t i n g   b e l t   for  use  in  a  con t inuous   c a s t i n g   m a c h i n e ,  

c h a r a c t e r i z e d   in  t h a t   sa id   method  is  one  c o m p r i s i n g   the  s t ep s   o f :  

p r o v i d i n g   a  powder   mix tu re   c o n t a i n i n g   (1)  h e a t - r e s i s t i n g   m e t a l l i c  

m a t e r i a l ,   and  (2)  i n s u l a t i v e ,   n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l ,   s a i d  

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

t h a t   s u b s e q u e n t   t h e r m a l   sp ray ing   o f  s a i d   powder  onto  sa id   s u r f a c e  

r e s u l t s   in  a  c o n t i n u o u s   matr ix   of  sa id   m e t a l l i c   m a t e r i a l   with  s a i d  

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

with  sa id   ma t r ix   h o l d i n g   said  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   and  

s e c u r i n g   sa id   n o n - m e t a l l i c  r e f r a c t o r y   m a t e r i a l   to  sa id   s u r f a c e ,   and  

the rma l   s p r a y i n g   sa id   powder  mix ture   onto  sa id   s u r f a c e   for  forming  s a i d  

i n s u l a t i v e   and  p r o t e c t i v e   mat r ix   c o a t i n g .  



3.  The  method  of  claim  1  or  2,  where in   sa id   m e t a l l i c  

m a t e r i a l   and  sa id   n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   are  reduced  t o  

powder  and  are  s u b s t a n t i a l l y   un i fo rmly   i n t e r m i x e d   p r i o r   to  fus ing   to  s a i d  

s u r f a c e   and  sa id   fus ing   s teo   comprises   t he rma l   s p r a v i n g   and  w h e r e i n  

sa id   m e t a l l i c   m a t e r i a l   compr i ses   about  38  to  about  90  p e r c e n t   by 

weigh t   of  sa id   c o a t i n g   and  sa id   m e t a l l i c   m a t e r i a l   so  s e l e c t e d   from  t h e  

group  c o n s i s t i n g   of  n i c k e l ,   c o b a l t ,   i ron   and  t i t a n i u m   and  sa id   non -  

m e t a l l i c   r e f r a c t o r y   m a t e r i a l   compr i ses   from  about   10  to  about  62  p e r c e n t  

by  weight   of  sa id   c o a t i n g   and  sa id   n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   i s  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  g r a p h i t e ,   z i r c o n i a ,   m a g n e s i a ,  

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

4.  T h e  m e t h o d  o f   claim  3  where in   the  m e t a l l i c   m a t e r i a l   i n c l u d e s   n i c k e l  

as  the  p r edominen t   c o n s t i t u e n t   and  the  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l  

compr i ses   powdered  z i r c o n i a   as  the  p r e d o m i n e n t   c o n s t i t u e n t   and  t h e  

t he rma l   s p r a y i n g   is  c a r r i e d   out  at  a  s t a n d o f f   d i s t a n c e   of  at  l e a s t   3 

inches   (76  mm)  and  at  a  t r a n s v e r s e   speed  in  the  range  of  30  to  50  f e e t  

per  minute  (9  to  15  meters   per  m i n u t e ) .  

5.  A  method  a c c o r d i n g   to  any  one   of  claims  1,  2,  3  or  4  where in   s a i d  

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

4%  of  the  t o t a l   volume  of  the  c o a t i n g   and  where in   sa id   c o a t i n g   has  a 

m a t r i x   s t r u c t u r e   i n c l u d i n g   a  c o n t i n u o u s   r e t i c u l u m   of  the  m e t a l l i c  

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

t h r o u g h o u t   th i s   m a t r i x ,   sa id   c o a t i n g   having  a  t h i c k n e s s   in  the  r a n g e  

of  about  0.0015  of  an  inch  (0.04  mm)  to  about  0.15  of  an  inch  (0.4  mm). 

6.  A  method  a c c o r d i n g   to  c la im  5  where in   the  r a t i o   of  the  s p e c i f i c  

g r a v i t y   of  m e t a l l i c   m a t e r i a l   to  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   is  i n  

the  range  of  about  1  1/2:1  to  about   4 : 1 .  



7.  A  method  a c c o r d i n g   to  claim  5  or  6  wherein  the  substantially  uniform 

mix tu re   of  m e t a l l i c   m a t e r i a l   and  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   h a s  

p r e s e n t   t h e r e i n   a  hea t   s t a b i l i z i n g   amount  of  a  hea t   s t a b i l i z i n g   a g e n t  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  y t t r i a ,   magnes ia   and  l i m e .  

8..  A  method  according  to  any  of  claims  5  to  7  wherein  the  substantially  uniform 

mix ture   of  m e t a l l i c   m a t e r i a l   and  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   h a s  

p r e s e n t   t h e r e i n   a  flow  enhancing  amount  of  s p h e r i c a l   fumed  s i l i c a   a s  

a  flow  enhanc ing   l u b r i c a n t .  

9.  A  m e t h o d  a c c o r d i n g   to  any  one   of  claims  1 to  8  w h e r e i n  

the  powder  m i x t u r e   has  a  compos i t ion   s e l e c t e d   from  the  group  c o n s i s t i n q  

of  the  c o m p o s i t i o n s   of  Examples  I,  I I ,   I I I ,   IV  and  IX.  

10.  A  method  for  r e l a t i v e   p r o p o r t i o n i n g   of  the  d e n s i t y   o f  

heat   f lux  between  b e l t   s u r f a c e s   on  the  one  hand  and  edge  dams  on  t h e  

o ther   hand  in  a  machine  for  c o n t i n u o u s l y   c a s t i n g   meta l   p r o d u c t   d i r e c t l y  

from  molten  m e t a l ,   where in   the  molten  metal   is  i n t r o d u c e d   i n to   a  moving 

mold  o f  s a i d   mach ine ,   said  moving  mold  be ing   d e f i n e d   above  and  b e l o w  

by  upper  and  lower  ma t r ix   coated  e n d l e s s  f l e x i b l e   m e t a l l i c   b e l t s   and 

being  l a t e r a l l y   d e f i n e d   by  f i r s t   and  second  m a t r i x   coated   edge  dams 

mainly  m e t a l l i c ,   c h a r a c t e r i z e d   in  t h a t   s a id   method  is  a  method  com- 

p r i s i n g :   c o a t i n q   s a i d   end le s s   f l e x i b l e   b e l t s   and  edge  dams  with  a  m a t r i x  

coa t ing   a c c o r d i n g   to  claim  1  by:  d e t e r m i n i n g   the  d e n s i t y   of  hea t   f l u x  

through  the  s a i d   b e l t s   and  p r o p o r t i o n i n g   sa id   hea t   f lux  in  r e l a t i o n   to  t h e  

d e n s i t y   of  hea t   f lux   in to   the  said  edge  dams  by  at  l e a s t   one  of  t h e  

f o l l o w i n g   s t e p s :   a)  a d j u s t i n g   the  r e l a t i v e   t h i c k n e s s   of  the  m a t r i x  

coa t i ngs   on  the  b e l t s   as  compared  to  the  t h i c k n e s s   of  the  m a t r i x  

coa t ing   on  the  edge  dams,  b)  a d j u s t i n g   w i t h i n   at  l e a s t   one  of  t h e  

mat r ix   c o a t i n g s   the  r a t i o   of  m e t a l l i c   c o n t e n t   to  n o n - m e t a l l i c   c o n t e n t ,  

and  c)  a d j u s t i n g   w i t h i n   at  l e a s t   one  of  the  m a t r i x   c o a t i n g s   the  c o n t e n t  

of  at  l e a s t   one  me ta l   of  r e l a t i v e l y   low  t he rma l   c o n d u c t i v i t y   r e l a t i v e   t o  

the  con ten t   of  at  l e a s t   one  metal  of  h i g h e r   t he rma l   c o n d u c t i v i t y .  



11.  An  e n d l e s s   f l e x i b l e   c a s t i n g   b e l t   for  use  in  a  c o n t i n u o u s  

metal   c a s t i n g   machine  for  c o n t i n u o u s l y   c a s t i n g   mol ten   m e t a l ,   s a i d  

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

c o a t i n g ,   c h a r a c t e r i z e d   in  t h a t   said  c o a t i n g   is  one  c o m p r i s i n g :   a 

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

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

m e t a l l i c   m a t e r i a l   be ing   in  the  form  of  a  m a t r i x   h o l d i n g ,   s u p p o r t i n g   and 

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

12.  An  e n d l e s s   f l e x i b l e   c a s t i n g   b e l t   for  use  i n  a   c o n t i n u o u s  

metal   c a s t i n g   machine  for   c o n t i n u o u s l y   c a s t i n g   mol ten   me ta l ,   said  b e l t  

having  fu s ion   bonded  to  a  s u r f a c e   t h e r e o f ,   a  p r o t e c t i v e   i n s u l a t i v e  

c o a t i n g ,   c h a r a c t e r i z e d   in  t h a t   said  coa t i ng   is  one  c o m p r i s i n g :   a 

m e t a l l i c   m a t e r i a l   having  the  p r o p e r t i e s   of:  a)  hea t   r e s i s t a n c e   r e l a t i v e  

to  the  t e m p e r a t u r e   of  the  metal   to  be  cas t   and  r e s i s t a n c e   to  t h e r m a l  

c y c l i n g ,   b)  the rmal   f u s i o n   bonding  c o m p a t i b i l i t y   with  the  b e l t   s u r f a c e ,  

c)  a  modicum  of  d u c t i l i t y   for   w i t h s t a n d i n g   r e p e a t e d   f l e x i n g   around  a 

p u l l e y   r o l l ,   d)  s u f f i c i e n t   r e s i s t a n c e   to  o x i d a t i o n   under  the  c o n d i t i o n s  

of  t he rmal   s p r a y i n g   and  a l so   under  the  c o n d i t i o n s   to  be  e n c o u n t e r e d   i n  

c o n t i n u o u s   c a s t i n g   f o r - a v o i d i n g   undue  o x i d a t i o n ,   and  e)  t h e r m a l  

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

m a t e r i a l ,   said  p r e d e t e r m i n e d   n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   b e i n g  

s u b s t a n t i a l l y   un i fo rmly   d i s p e r s e d   t h r o u g h o u t   s a id   m e t a l l i c   m a t e r i a l ,  

and  sa id   m e t a l l i c   m a t e r i a l   be ing   in  the  form  of  a  m a t r i x   h o l d i n g ,   s u p -  

p o r t i n g   and  anchor ing   sa id   n o n - m e t a l l i c   m a t e r i a l   on  the  b e l t .  

13.  An  e n d l e s s   f l e x i b l e   c a s t i n g   b e l t   of  c la im  11  or  12  w h e r e i n  

sa id   m e t a l l i c   m a t e r i a l   and  sa id   n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   a r e  

reduced   to  powder  and  are  s u b s t a n t i a l l y   u n i f o r m l y   i n t e r m i x e d   p r i o r   t o  

f u s i n g   to  said  s u r f a c e   and  sa id   fus ing   s tep   compr i ses   t he rmal   s p r a y i n g  

and  where in   said  m e t a l l i c   m a t e r i a l   comprises   about   38  to  about  90  p e r c e n t  

by  weight   of  sa id   c o a t i n g   and  sa id   m e t a l l i c   m a t e r i a l   so  s e l e c t e d   from  t h e  

group  c o n s i s t i n g   of  n i c k e l ,   c o b a l t ,   i ron  and  t i t a n i u m   and  sa id   non -  



m e t a l l i c   r e f r a c t o r y   m a t e r i a l   compr i ses   from  about  10  to  about  62  p e r c e n t  

by  weight   of  sa id   c o a t i n g   and  sa id   n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   i s  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  g r a p h i t e ,   z i r c o n i a ,   m a g n e s i a ,  

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

14.  An  e n d l e s s   f l e x i b l e   c a s t i n g   b e l t   o f  c l a i m   13  w h e r e i n  

the  m e t a l l i c   m a t e r i a l   i n c l u d e s   n i c k e l   as  the  p r e d o m i n e n t   c o n s t i t u e n t  

and  the  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   comprises   powdered  z i r c o n i a  

as  the  p redominen t   c o n s t i t u e n t   and  the  t he rmal   s p r a y i n g   is  c a r r i e d   o u t  

at  a  s t a n d o f f   d i s t a n c e   of  at  l e a s t   3  inches   (76  mm)  and  at  a  t r a n s v e r s e  

speed  in  the  range  of  30  to  50  f e e t   per  minute  (9  to  15  m e t e r s  p e r  

m i n u t e ) .  

15.  An  e n d l e s s   f l e x i b l e   c a s t i n g   b e l t   of  any  one   of  c l a i m s  

11,  12,  13  or  14  where in   sa id   c o a t i n g   a lso   i n c l u d e s   a c c e s s i b l e   o o r o s i t y  

compr i s ing   at  l e a s t   about   4%  of  the  t o t a l   volume  of  the  c o a t i n g   and  w h e r e i n  

said  c o a t i n g   has  a  ma t r ix   s t r u c t u r e   i n c l u d i n g   a  c o n t i n u o u s   r e t i c u l u m  

of  the  m e t a l l i c   m a t e r i a l ,   and  the  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   i s  

i n t e r s p e r s e d   t h r o u g h o u t   t h i s   m a t r i x ,   s a id   c o a t i n g   hav ing   a  t h i c k n e s s  

in  the  range  of  about  0.0015  of  an  inch  (0.04  mm)  to  about   0.15  o f  

an  inch  (0.4  mm). 

16.  An  end l e s s   f l e x i b l e   c a s t i n g   b e l t   of  c l a i m  1 5  w h e r e i n  

t h e  r a t i o   of  the  s p e c i f i c   g r a v i t y   of  m e t a l l i c   m a t e r i a l   to  n o n - m e t a l l i c  

r e f r a c t o r y   m a t e r i a l   is  in  the  range  of  about  1  1 /2 :1   to  about  4 : 1 .  

17.  An  e n d l e s s   f l e x i b l e   c a s t i n g   b e l t   of  claim. 15  or  16  wherein 

the  s u b s t a n t i a l l y   un i form  m i x t u r e   o f  m e t a l l i c   m a t e r i a l   and  n o n - m e t a l l i c  

r e f r a c t o r y   m a t e r i a l   has  p r e s e n t   t h e r e i n   a  hea t   s t a b i l i z i n g   amount  o f  

a  hea t   s t a b i l i z i n g   agent   s e l e c t e d   from the  group  c o n s i s t i n g   of  y t t r i a ,  

magnesia   and  l i m e .  



18.  An  endless  flexible  casting  belt  of  any  of  claims  15  to  17  wherein 
the  s u b s t a n t i a l l y   un i form  mix ture   of  m e t a l l i c   m a t e r i a l   and  n o n - m e t a l l i c  

r e f r a c t o r y   m a t e r i a l  h a s   p r e s e n t   t h e r e i n   a  flow  enhancing   amount  o f  

s p h e r i c a l   fumed  s i l i c a   as  a  flow  enhanc ing   l u b r i c a n t .  

19.  An  e n d l e s s  f l e x i b l e   c a s t i n g   b e l t   a c c o r d i n g   to  any  one   o f  

claims  11  to  18  -  w h e r e i n   the  powder  m i x t u r e   has  a  c o m p o s i t i o n  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  the  c o m p o s i t i o n s   of  Examples  I ,  

I I ,   I I I ,   IV  and  IX.  

20.  A  method  of  c a s t i n g   mol ten  metal   in  a  c o n t i n u o u s   c a s t i n g  

machine  having  e n d l e s s   f l e x i b l e   meta l   c a s t i n g   b e l t s ,   c h a r a c t e r i z e d   i n  

t h a t   sa id   end l e s s   f l e x i b l e   metal   c a s t i n g   b e l t s   in  sa id   c o n t i n u o u s  

c a s t i n g   machine  are  end less   f l e x i b l e   c a s t i n g   b e l t s   a c c o r d i n g   to  any 

of  claims  11  to  19. 

21.  A  method  a cco rd ing   to  c la im  20  where in   the  mol ten   metal   i s  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  mild  s t e e l ,   copper  and  a luminum.  

22.  A  f lowable   f o r m u l a t i o n   for   t he rmal   fus ion   as  a  c o a t i n g  

on  a  metal  s u r f a c e   of  a  c o n t i n u o u s   c a s t i n g   machine  to  p rov ide   a  p r o -  

t e c t i v e   i n s u l a t i v e   coa t ing   on  s a id   meta l   s u r f a c e ,   said  f l o w a b l e  

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

compr i s ing :   1)  about  38  to  about   90  p e r c e n t   by  weight   of  a  m e t a l l i c  

m a t e r i a l   in  r e a d i l y   heat   f u s i b l e   form  and  having  the  p r o p e r t i e s   o f :  

a)  hea t   r e s i s t a n c e   r e l a t i v e   to  the  t e m p e r a t u r e   of  the  meta l   being  c a s t  

and  r e s i s t a n c e   to  thermal   c y c l i n g ,   b)  t he rma l   fus ion   bonding  com- 

p a t i b i l i t y   with  such  metal  s u r f a c e ,   c)  a  modicum  of  d u c t i l i t y   f o r  

w i t h s t a n d i n g   r e p e a t e d   f l e x i n g   around  a  p u l l e y   r o l l ,   d)  s u f f i c i e n t  

r e s i s t a n c e   to  o x i d a t i o n   under  the  c o n d i t i o n s   of  thermal   sDraying   and  

a lso   under  the  c o n d i t i o n s   of  c o n t i n u o u s   c a s t i n g   for  avo id ing   undue  

o x i d a t i o n ,   and  e)  thermal   e x p a n s i o n   r a t e s   compa t ib l e   with  p r e d e t e r m i n e d  

n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l ,   and  2)  about  10  to  about  62  p e r c e n t  



by  weight   of  a  n o n - m e t a l l i c   r e f r a c t o r y   m a t e r i a l   in  r e a d i l y   h e a t  

f u s i b l e   f o r m .  

23.  A  f lowable   f o r m u l a t i o n   a c c o r d i n g   to  c la im  22  w h e r e i n  

the  s u b s t a n t i a l l y   un i fo rmly   i n t e r m i x e d   c o m p o s i t i o n   is  a  c o m p o s i t i o n  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  the.   c o m p o s i t i o n s   of  Examples  I ,  

I I ,  I I I ,  I V   and  IX.  

24.  A  machine  for  a p p l y i n g   an  i n s u l a t i v e   and  p r o t e c t i v e   c o a t i n g  

on  an  e n d l e s s   f l e x i b l e   c a s t i n g   b e l t   c h a r a c t e r i z e d   bv:  a  p lu ra l i ty   of  spaced 
(12,14,28,30,34,36,108,110,112,114) 

c i r c u l a r   c y l i n d r i c a l   pu l l ey   r o l l s / h a v i n g   s u b s t a n t i a l l y   p a r a l l e l   a x e s ,  

dr ive   means  for   r o t a t i n g   at  l e a s t   one  of  sa id   pu l l ey   r o l l s   for   r e v o l v i n g  

a  c a s t i n g   belt (10,20) around  said  p u l l e y   r o l l s ,   means  for  t e n s i o n i n g / t h e   b e l t  
(70) 

r e v o l v i n g   a round  sa id   r o l l s ,   means  for  s t e e r i n g / t h e   b e l t   r e v o l v i n g   a r o u n d  

said  r o l l s ,   a  t he rma l   spray  gun (66),  and  means  for  supporting (98,90) said  gun  and  

for  traversing (92/94) said  gun  b a c k - a n d - f o r t h   r e l a t i v e   to  said  r e v o l v i n g   belt (10,20) 

with  said  gun  aimed  at  said  b e l t   from  a  p r e d e t e r m i n e d   s t a n d - o f f   d i s t a n c e .  

25.  The  machine  as  c l a imed   in  c la im  24,  in  which:   s a i d  
(66) 

thermal   s p r a y   g u n / i s   at  a  s t a n d - o f f   d i s t a n c e   of  at  l e a s t   12,7  cm  f rom 

sa id   r e v o l v i n g   b e l t   ( 1 0 , 2 0 ) .  

26.  The  machine  as  c la imed  in  c la im  24  or  25, in which::  s a id  
(90,92,94,98) 

s u p p o r t i n g   and  t r a v e r s i n g   m e a n s / r e v e r s e s   the  b a c k - a n d - f o r t h   t r a v e r s i n g  
(66) 

of  said  t h e r m a l   spray  gun / in   the  v i c i n i t y   of  the  edges  of  the  b e l t   o u t s i d e  

of  the  area  which  is  i n t e n d e d   to  face   the   molten  m e t a l .  

27.  The  machine  as  claimed  in  any  of  claims  24 to  26,  in  which:  one  of 
(12,14,28,30,34,36,108,110,112,114) 

said  c i r c u l a r   c y l i n d r i c a l   pu l l ey   r o l l s  i s   a  working  r o l l ,   sa id   t h e r m a l  
(66)  ( 10 ,20 )  

spray  g u n  i s   aimed  a t  s a i d   b e l t / a s   sa id   b e l t   t r a v e l s   p a r t i a l l y   a r o u n d  

said  working  r o l l ,   and  a  c o n t i n u a l l y   m o i s t e n e d   h e a t - r e s i s t a n t   j a c k e t   o r  

sheath  of  po rous   or  spongy  m a t e r i a l   a f f i x e d   around  t h e  p e r i p h e r y   of  s a i d  

working  r o l l   for  the  purpose   of  r e t a i n i n g   a  c o n t r o l l e d  a m o u n t   of  aqueous  

l i qu id   and  thus   coo l i ng   the  r e v e r s e   s u r f a c e   of  said  b e l t   in  the  r e g i o n  

of  the  t h e r m a l - s p r a y   i m p i n g e m e n t .  



28.  The  machine  as  claimed  in  any  of claims  24  to  27,  in  which:  one  of  said 
(12,14,28,30,34,36,108,110,112,114) 

c i r c u l a r   c y l i n d r i c a l   p u l l e y   r o l l s / i s   a  working  r o l l ,   sa id   t he rma l   s p r a y  
(66)  (10,20) 

gun / i s   aimed  at  sa id   b e l t / a s   said  b e l t   t r a v e l s   p a r t i a l l y   around  s a i d  

working  r o l l ,   and  a  c o n t i n u a l l y   m o i s t e n e d ,   s t a t i o n a r y   f i b r o u s   mass  (109) 
( 1 0 , 2 0 )  

ex tends   s u b s t a n t i a l l y   the  width  of  said  c a s t i n g   b e l t / a n d   in  c o n t a c t  

with  the  r e v e r s e   s i d e . o f   s a i d  b e l t   be fo re   said  b e l t   comes  i n t o  c o n t a c t  

with  said  working  r o l l .  

29.  The  machine as  claimed  in  any  of  claims  24  to  27,  in  which:  there  are 
(108,110,112,114) 

at  l e a s t   four  c i r c u l a r   c y l i n d r i c a l   p u l l e y   r o l l ,  s a i d   t h e r m a l   s p r a y  
(66)  (10,20) 

g u n  i s   aimed  at  sa id   c a s t i n g   b e l t / a s   said  b e l t   t r a v e l s   between  a  p a i r  
(116) 

of  said  p u l l e y   r o l l s ,   c o o l i n g   m e a n s / f o r   c o o l i n g   the  r e v e r s e   s ide   o f  

the  said  c a s t i n g   b e l t   o p p o s i t e   the  po in t   of  t h e r m a l - s p r a y   i m p i n g e m e n t ,  
(117,118,120,122)  (116) 

and  m e a n s / f o r   s u p p o r t i n g   and  t r a v e r s i n g   sa id   coo l ing   m e a n s / i n   s y n c h r o -  

nous  opposed  a l i g n m e n t   with  said  the rmal   spray  gun  ( 6 6 ) .  

30.  The  machine  as  claimed in  any  of  claims  24  to  29,  in  which:  there  
(108,110,112,114) 

are  at  l e a s t   four   c i r c u l a r   c y l i n d r i c a l   p u l l e y   r o l l s / ,   sa id   t h e r m a l  
(66)  (10,20) 

spray  g u n / i s   aimed  at  said  c a s t i n g   b e l t / a s   said  b e l t   t r a v e l s   between  a  
(109) 

pa i r   of  sa id   p u l l e y   r o l l s ,   and  a  coo l i ng   mass /o f   c o n t i n u a l l y   m o i s t e n e d  

f i b r o u s   m a t e r i a l   is  p r e s s e d   a g a i n s t   the  r e v e r s e   s ide  of  s a id   c a s t i n g  
(10,20) 

b e l t  o p p o s i t e   the  r eg ion   of  impingement   of  the  thermal   spray  from  s a i d  

gun  (66). 

31.  A  machine  as  c la imed  in  c la im  29,  in  w h i c h :  
(116) 

said  c o o l i n g   means  is  a  n o z z l e / f o r   app ly ing   c o o l a n t   l i q u i d   or  mis t   t o  

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

thermal   spray  from  said  g u n .  

32.  A  machine  as  c la imed  in  c la im  31,  in  which:  a  l e a d -  
(92)  (66) 

s c r e w  / t r a v e r s e s   sa id   thermal   spray  g u n / t r a n s v e r s e l y   with  r e s p e c t   t o  
(10,20)  (118)  (116) 

the  b e l t /   a n o t h e r   l e a d s c r e w / t r a v e r s e s   sa id   c o o l i n g   nozzle/,   and  sa id   two 
(92 ,118 )  

l e a d s c r e w s / a r e   m e c h a n i c a l l y   i n t e r c o n n e c t e d   for   s y n c h r o n i z i n g   t h e  
(116) 

t r a v e r s i n g   of  sa id   n o z z l e / w i t h   r e s p e c t   to  sa id   t he rmal   spray  gun  ( 6 6 ) .  



33.  A  machine  as  c la imed  in  c la im  30,  in  which:  a  l e a d -  
(92)  (66) 

s c r e w  t r a v e r s e s   said  t he rma l   spray  g u n / t r a n s v e r s e l y   with  r e s p e c t   to  t h e  
(10,20)  (118) 

belt/ ,   ano the r   l e a d s c r e w / t r a v e r s e s   sa id   mass  of  m o i s t e n e d   f i b r o u s  
(109) 

m a t e r i a l   and  said  two  l e a d s c r e w s   are  m e c h a n i c a l l y   i n t e r c o n n e c t e d   f o r  
(109) 

s y n c h r o n i z i n g   the  t r a v e r s e   of  sa id   coo l ing   m a s s / o f   m o i s t e n e d   m a t e r i a l  

with  the  t r a v e r s e  o f   s a i d   t h e r m a l   spray  gun  ( 6 6 ) .  

34.  A  machine  as  c la imed   in  c la im  2 9 ,  3 1   or  32,  in  w h i c h :  
(116) 

sa id   coo l ing   means / is   o p e r a t i v e l y   a s s o c i a t e d   with  sa id   d r i v e   means  f o r  

s topp ing   coo l ing   a c t i o n   whenever   the  d r ive   means  is  s t o p p e d .  

35.  A  machine  as  c la imed  in  any  of  the  p r e c e d i n g   c l a i m s ,  
(10 ,20)  

in  which  sa id   dr ive   means  r e v o l v e s   sa id   b e l t / a t   r e l a t i v e l y   high  s p e e d  
(12,14,28,30,34,36,108,110,112,114)  (90,92,94) 

around  sa id   p u l l e y   ro l l s / ,   and  sa id   t r a v e r s i n g   means  / t r a v e r s e s  s a i d  
(66) 

t he rma l   spray  g u n / l a t e r a l l y   at  a  r e l a t i v e l y   slow  speed  for   c a u s i n g  
(10,20) 

the  path  of  impingement  of  the  t he rma l   spray  on  sa id   b e l t / t o   b e  

g e n e r a l l y  h e l i c a l .  

36.  A  machine  as  c la imed  in  any  one   or  more  of  c la ims  24 
(196) 

th rough   35,  c h a r a c t e r i z e d   in  t h a t   s ens ing   m e a n s / s e n s e s   the  l a t e r a l  
(10,20)  (90,92,94) 

p o s i t i o n   of  the  r e v o l v i n g   bel t / ,   and  sa id   m e a n s / f o r   s u p p o r t i n g . a n d  

t r a v e r s i n g   sa id   gun  b a c k - a n d - f o r t h   are  c o n t r o l l e d   by  s a i d  s e n s i n g  
(196) 

m e a n s / f o r   caus ing   sa id   t h e r m a l   spray  gun  to  t r a v e r s e   u n i f o r m l y   r e l a t i v e  
(10,20) 

to  the  r e v o l v i n g   be l t / ,   r e g a r d l e s s   of  any  l a t e r a l   movements  of  t h e  

r e v o l v i n g   b e l t   (10,20). 

37.  A  machine  as  c l a imed   in  claim  36,  c h a r a c t e r i z e d   i n  
(66) t h a t :   sa id   means  for   s u p p o r t i n g   and  t r a v e r s i n g   sa id   g u n / i n c l u d e  

at  l e a s t   one  trackway (176,178) extending  t r a n s v e r s e l y   of  the  belt (10,20) parallel 
to  the  r eg ion   of  the  belt (10,20) on  which  the  thermal   spray  from  s a i d  g u n   (66) 
is  impinged,   c a r r i a g e   m e a n s / f r e e l y   movable  along  sa id   t rackway  (176 ,178)  

(10,20)  (92) 
t r a n s v e r s e l y   r e l a t i v e   to  the  belt (180,182),  a  l e a d s c r e w / r o t a t a b l y   moun ted  

on  sa id   c a r r i a g e   means (180,182) extending  p a r a l l e l   with  sa id   trackway (176/178),  d r i v e  

means (94) for  r o t a t i n g   sa id   leadscrew (92) for  moving  the  gun (66) for  t r a v e r s i n g  
the  gun (66) transversely  with  r e s p e c t   to  the  belt (10,20),  and  mot ive   means (188) under 



(196) 
the  c o n t r o l   of  said  sens ing   m e a n s / f o r   moving  said  c a r r i a g e   means  (180,182) 

(176,178)  
along  said  t r a c k w a y / i n   r e s p o n s e   to  the  sensed  l a t e r a l   p o s i t i o n   of  t h e  

r e v o l v i n g   b e l t   ( 1 0 , 2 0 ) .  

38.  A  machine  as  c l a imed   in  claim  37,  c h a r a c t e r i z e d   i n  
(196) 

t h a t :   sa id   s e n s i n g   means / i s   an  e l ement   for  engaging  an  edge  of  t h e  
(10,20)  (192,194)  (196) 

r e v o l v i n g   be l t / ,   suppor t   m e a n s / e x t e n d s   from  said  s e n s i n g   e l emen t /  t o   s a i d  
(180,182)  (196) 

c a r r i a g e   m e a n s  / f o r  h o l d i n g   sa id   s e n s i n g   e l e m e n t / a t   a  f i xed   p o s i t i o n  
(180,182)  (188) 

r e l a t i v e   to  the  c a r r i a g e   means/,  and  sa id   motive  m e a n s / u r g e s   sa id   c a r r i a g e  
(180,182)  (176,178)  (196) 

means /in  a  d i r e c t i o n   along  sa id   t r a c k w a y / f o r   caus ing   sa id   s e n s i n g   e l e m e n t /  
( 1 0 , 2 0 )  

to  remain  in  c o n t a c t   with  the  edge  of  the  r e v o l v i n g   b e l t /  r e g a r d l e s s   o f  

any  l a t e r a l   (edgewise)  movements  of  the  r e v o l v i n g   b e l t   ( 1 0 , 2 0 ) .  

39.  A  machine  as  c l a imed   in  claim  38,  c h a r a c t e r i z e d   i n  
(188)  (188) 

t ha t :   said  motive  m e a n s / i n c l u d e s   s p r i n g   means /hav ing   one  end  a t t a c h e d  

in  f ixed   p o s i t i o n   r e l a t i v e   to  the  machine ,   and  the  o t h e r   end  of  s a i d  
(188)  (180 ,182)  

spr ing   means  /is  l i nked   to  sa id   c a r r i a g e   means/ for  u r g i n g   sa id   c a r r i a g e  
(180,182)  . 

means  /in  sa id   d i r e c t i o n   along  sa id   t rackway  ( 1 7 6 , 1 7 8 ) .  

40.  A  machine  as  c l a imed   in  claim  39,  c h a r a c t e r i z e d   i n  
(196)  (196) 

t h a t :   said  s ens ing   e l e m e n t / i s   a  r o l l e r / h a v i n g   i t s   ax is   e x t e n d i n g  
(10,20)  (196) 

p e r p e n d i c u l a r   to  the  p l a n e  o f   the  b e l t / n e a r   said  r o l l e r / f o r   a l l o w i n g  

said  roller (196) to  r o l l   along  the  edge  of  the  belt (10,20),  and  sa id   s p r i n g  
(188)  (196) 

m e a n s / a c t s   to  m a i n t a i n   sa id   r o l l e r / i n   r o l l i n g   c o n t a c t   wi th   the  b e l t  
( 10 ,20 )  

edge  for  f o l l o w i n g   any  l a t e r a l   movements  of  the  r e v o l v i n g   b e l t / i n  

e i t h e r   d i r e c t i o n .  

41.  A  machine  as  c l a imed   in  claim  36,  37,  38,  39  or  40 ,  
(180,182)  

c h a r a c t e r i z e d   in  t h a t :   said  c a r r i a g e   means/has   a  s t r a i g h t   a c c u r a t e  
(99)  (92) 

guide  s u r f a c e / s p a c e d   from  the  l e a d s c r e w / a n d   ex t end ing   p a r a l l e l  

with  the  leadscrew (92),  said  gun (66) has  a  carrier (98) engaging  the  l e a d s c r e w   ( 9 2 ) ,  

said  carrier (98) has  at  l e a s t   one  wheel (198,200) mounted  t h e r e o n ,   and  said wheel (198,200) 
(99) 

is  in  r o l l i n g   c o n t a c t   with  s a id   s t r a i g h t   a c c u r a t e   guide  s u r f a c e / f o r  
(98) 

gu id ing   and  s t e a d y i n g ' s a i d   gun  c a r r i a g e / a s   the  gun  c a r r i a g e   i s  t r a v e r s e d  

by  r o t a t i o n   of  the  l eadscrew  ( 9 2 ) .  
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