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©  The  surface  of  a  workpiece  is  coated  with  a  metallic 
material  by  the  use  of  a  spraying  device  in  which  an 
electric  potential  is  applied  across  two  metallic  wires 
(W1,  W2)  to  establish  an  arc  therebetween,  the  wires 
being  progressively  advanced  towards  the  arc  as  they 
are  melted  by  the  arc.  Gas  under  pressure  is  fed  towards 
the  arcing  zone,  the  gas  including  a  carrier  stream  to 
cause  molten  metal  droplets  produced  by  the  arc  to  be 
carried  away  from  the  arcing  zone  towards  the  surface 

1"  to  be  sprayed,  and  optionally  one  or  more  supplementary 
streams  such  as  may  be  operative  to  constrain  the  car- 
rier  stream  to  a  desired  (e.g.  conical)  shape.  In  accord- 
ance  with  the  invention,  one  or  more  of  the  streams  of 

JjJ  gas  includes,  or  is  provided  by,  a  modifying  agent,  af- 
*D  forded  by  a  substance  or  composition  which  is  effective 
00  t0  modify  the  coating  sprayed  onto  the  workpiece, 

compared  with  the  coating  produced  by  the  use  solely ^   of  air.  The  modifying  agent  may  produce  a  chemically  or 
U)  physically  modifying  effect  in  relation  to  the  conditions 
Q   pertaining  at  or  in  the  vicinity  of  the  arcing  zone,  and/or 

a  chemically  or  physically  modifying  effect  in  relation 
O   t0  tne  coating  sprayed  onto  the  workpiece. 
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ACTORUM  AG 

T h e   surface  of  a  workpiece  is  coated  with  a  metallic 
material  by  the  use  of  a  spraying  device  in  which  an 
electric  potential  is  applied  across  two  metallic  wires 
(W1,  W2)  to  establish  an  arc  therebetween,  the  wires 
being  progressively  advanced  towards  the  arc  as  they 
are  melted  by  the  arc.  Gas  under  pressure  is  fed  towards 
the  arcing  zone,  the  gas  including  a  carrier  stream  to 
cause  molten  metal  droplets  produced  by  the  arc  to  be 
carried  away  from  the  arcing  zone  towards  the  surface 
to  be  sprayed,  and  optionally  one  or  more  supplementary 
streams  such  as  may  be  operative  to  constrain  the  car- 
rier  stream  to  a  desired  (e.g.  conical)  shape.  In  accord- 
ance  with  the  invention,  one  or  more  of  the  streams  of 
gas  includes,  or  is  provided  by,  a  modifying  agent,  af- 
forded  by  a  substance  or  composition  which  is  effective 
to  modify  the  coating  sprayed  onto  the  workpiece, 
compared  with  the  coating  produced  by  the  use  solely 
of  air.  The  modifying  agent  may  produce  a  chemically  or 
physically  modifying  effect  in  relation  to  the  conditions 
pertaining  at  or  in  the  vicinity  of  the  arcing  zone,  and/or 
a  chemically  or  physically  modifying  effect  in  relation 
to  the  coating  sprayed  onto  the  workpiece. 



T h i s   i n v e n t i o n   is   c o n c e r n e d   w i t h   i m p r o v e m e n t s  

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

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

of  the   k i n d   ( h e r e i n a f t e r   r e f e r r e d   to  as  b e i n g   of  t he   k i n d  

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

e l e c t r i c   p o t e n t i a l   is  a p p l i e d   a c r o s s   two  m e t a l l i c   w i r e s  

to  e s t a b l i s h   an  a r c   t h e r e b e t w e e n ,   t h e   w i r e s   b e i n g  

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

by  t h e   a r c ,   gas   u n d e r   p r e s s u r e   b e i n g   fed   t o w a r d   t h e  

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

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

away  f rom  t he   a r c i n g   zone   t o w a r d s   t h e   s u r f a c e   to  b e  

s p r a y e d ,   and  o p t i o n a l l y   one  or  more   s u p p l e m e n t a r y   s t r e a m s  

s u c h   as  may  be  o p e r a t i v e   to  c o n s t r a i n   t he   c a r r i e r   s t r e a m  

to  a  d e s i r e d   s h a p e .  

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

k i n d   s p e c i f i e d   is   d e s c r i b e d   in  t he   S p e c i f i c a t i o n   of  o u r  

I n t e r n a t i o n a l   P a t e n t   A p p l i c a t i o n   No.  WO  8 0 / 0 0 5 4 4 .  

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

s u p p l e m e n t a r y   s t r e a m   or  s t r e a m s   is  a i r   u n d e r   p r e s s u r e .  

A c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e   is   p r o v i d e d   a  

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

u t i l i s i n g   a  m e t a l   s p r a y i n g   d e v i c e   in  w h i c h   an  e l e c t r i c  

p o t e n t i a l   is  a p p l i e d   a c r o s s   two  m e t a l l i c   w i r e s   t o  

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

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

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

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

m e t a l   d r o p l e t s   p r o d u c e d   by  t h e   a r c   to  be  c a r r i e d   a w a y  



from  the   a r c i n g   zone   t o w a r d s   t he   s u r f a c e   to  be  s p r a y e d ,  

and  o p t i o n a l l y   one  or  more   s u p p l e m e n t a r y   s t r e a m s   s u c h   a s  

may  be  o p e r a t i v e   to  c o n s t r a i n   t h e   c a r r i e r   s t r e a m   to  a  

d e s i r e d   s h a p e ,   in  w h i c h   t h e   or  one  of  t h e   s t r e a m s   of  g a s  
f ed   t o w a r d s   t he   a r c i n g   zone   i n c l u d e s ,   or  is   p r o v i d e d   by  a  

m o d i f y i n g   a g e n t   o t h e r   t h a n   a i r .  

By  the   t e rm  " m o d i f y i n g   a g e n t "   we  mean  a  s u b s t a n c e   o r  

c o m p o s i t i o n   w h i c h   is   e f f e c t i v e   to  m o d i f y   t h e   c o a t i n g  

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

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

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

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

t he   v i c i n i t y   of  t he   a r c i n g   z o n e ,   a n d / o r   a  c h e m i c a l l y   o r  

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

s p r a y e d   o n t o   t he   w o r k p i e c e .  

The  m o d i f y i n g   a g e n t   may  be  e f f e c t i v e   to  m o d i f y   t h e  

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

d e c r e a s e   s a i d   t e m p e r a t u r e .  

The  m o d i f y i n g   a g e n t   may  a l t e r n a t i v e l y   or  a d d i t i o n -  

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

as  to  make  t he   a r c i n g   a t m o s p h e r e   o x i d i s i n g   or  r e d u c i n g .  

The  m o d i f y i n g   a g e n t   may  be  o p e r a t i v e   to  m o d i f y   t h e  

c o a t i n g   o b t a i n e d   by  t he   use   of  t he   a p p a r a t u s ,   s u c h   as  b y  

c a u s i n g   a d d i t i o n a l   m a t e r i a l s   to  be  c a r r i e d   on  t h e   or  o n e  

of  t he   s t r e a m s   of  gas   t o w a r d s   t he   s u r f a c e   to  be  c o a t e d ,  

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

The  m o d i f y i n g   a g e n t   may  be  g a s e o u s ,   or  l i q u i d ,   o r  

s o l i d   ( p r e f e r a b l y   in  t h e   form  of  a  f i n e   p o w d e r )   or  may  b e  

a  c o m b i n a t i o n   of  any  of  t h e s e .   The  m o d i f y i n g   a g e n t   m a y  
be  i n c l u d e d   in  t h e   c a r r i e r   s t r e a m   w h i c h   is   d i r e c t e d  

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

of  t he   a r c i n g   t e m p e r a t u r e   is   r e q u i r e d ,   or  t h e   c a r r i e r  

s t r e a m   may  be  p r o v i d e d   by  a  m o d i f y i n g   a g e n t   in  g a s e o u s  



f o r m .   The  m o d i f y i n g   a g e n t   may  be  i n c l u d e d   in  or  m a y  

p r o v i d e   one  or  more   of  t h e   s u p p l e m e n t a r y   s t r e a m   o r  

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

be  m o d i f i e d ,   or  t he   c o a t i n g   is   to  be  m o d i f i e d .  

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

a g e n t s   in  g a s e o u s ,   l i q u i d   or  s o l i d   ( p o w d e r )   f o r m ,  

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

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

c o p p e r   a l l o y ,   p l a s t i c s   m a t e r i a l .  

T h i s   i n v e n t i o n   a l s o   p r o v i d e s   a p p a r a t u s   for"  use   i n  

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

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

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

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

c o n n e c t i n g   means   w h i c h   may  be  c o n n e c t e d   to  a  s u p p l y   o f  

e l e c t r i c i t y   to  c a u s e   an  a r c   to  be  e s t a b l i s h e d   b e t w e e n   t h e  

w i r e s   w h e r e   t h e y   e m e r g e   from  s a i d   g u i d e   p a s s a g e s   so  as  t o  

m e l t   t h e   w i r e s ,   f i r s t   d e l i v e r y   means   f o r   d e l i v e r i n g   a  
s t r e a m   of  gas  u n d e r   p r e s s u r e   to  t he   a r c i n g   zone   so  as  t o  

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

a r c i n g   zone   on  t he   c a r r i e r   s t r e a m   from  t h e   d e v i c e   t o w a r d s  

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

d e l i v e r y   means   to  d e l i v e r   a  s t r e a m   of  gas  u n d e r   p r e s s u r e  
t o w a r d s   t he   v i c i n i t y   of  t h e   a r c i n g   z o n e ,   to  c o n s t r a i n   t h e  

c a r r i e r   s t r e a m   to  a  d e s i r e d   s h a p e ,   t he   f i r s t   and  s e c o n d  

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

may  be  a d d e d   t o ,   or  may  p r o v i d e   one  o f ,   s a i d   s t r e a m s   o f  

gas  u n d e r   p r e s s u r e   s e p a r a t e l y   from  t h e   o t h e r .  

T h e r e   w i l l   now  be  g i v e n   a  d e t a i l e d   d e s c r i p t i o n ,   t o  

be  r e a d   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s ,   of  a  
m e t a l   s p r a y i n g   a p p a r a t u s   f o r   use   in  c a r r y i n g   ou t   t h i s  

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

i n v e n t i o n .  



In  t he   a c c o m p a n y i n g   d r a w i n g s : -  

FIGURE  1  i s   a  v e r t i c a l   s e c t i o n a l   v iew  of  t h e   d e v i c e  

w h i c h   is  t he   p r e f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,  

t a k e n   a l o n g   a  l o n g i t u d i n a l   c e n t r e   l i n e   t h e r e o f ;  

FIGURE  2  is   a  p a r t   p l a n   v iew  of  t he   d e v i c e ,   p a r t  

b e i n g   shown  in  h o r i z o n t a l   s e c t i o n ;   a n d  

FIGURE  3  is   a  f r o n t   e l e v a t i o n   of  t he   head   of  t h e  

d e v i c e ,   as  v i e w e d   in  t h e   d i r e c t i o n   of  t h e   a r r o w   A  i n  

F i g u r e   2 .  

The  d e v i c e   w h i c h   is   t h e   p r e f e r r e d   e m b o d i m e n t  o f   t h i s  

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

k i n d   i l l u s t r a t e d   by  way  of  e x a m p l e   in  t h e   S p e c i f i c a t i o n  

of  our   I n t e r n a t i o n a l   P a t e n t   A p p l i c a t i o n   No.  WO  8 0 / 0 0 5 4 4 ,  

to  w h i c h   r e f e r e n c e   may  be  made  f o r   f u r t h e r   d e t a i l s   n o t  

d i s c l o s e d   h e r e i n .  

The  d e v i c e   c o m p r i s e s   a  h o u s i n g   6,  a  m a n i f o l d  

a s s e m b l y   8  s e c u r e d   to  a  f o r w a r d   end  of  t h e   h o u s i n g ,   a  

s tem  p o r t i o n   14  s e c u r e d   to  an  e x t e n d i n g   f o r w a r d l y   f r o m  

the   m a n i f o l d   a s s e m b l y ,   and  a  head   16  s e c u r e d   to  a  f o r w a r d  

end  of  t h e   s tem  p o r t i o n   14.   The  d e v i c e   a l s o   c o m p r i s e s  

two  s u p p l y   c o n d u i t s   18,  in  t h e   form  of  r u b b e r   h o s e   o f  

10mm  d i a m e t e r ,   e a c h   of  w h i c h   d e f i n e s   an  i n t e r i o r   s u p p l y  

p a s s a g e   and  w h i c h   is   c o n n e c t e d   to   t h e   m a n i f o l d   a s s e m b l y   8 

by  s c r e w   f i t t i n g s .  

In  t h e   use   of  t he   a p p a r a t u s ,   a i r   u n d e r   p r e s s u r e   i s  

d e l i v e r e d   t h r o u g h   t h e   c o n d u i t s   18  to  t h e   m a n i f o l d  

a s s e m b l y   8  and  by  way  of  a  c o n d u i t   32  to  an  a i r   m o t o r   4 2 .  

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

9 ,  f r o m   t he   two  c o n d u i t s   18  to  a  p a s s a g e   34  in  t he   s t e m  

p o r t i o n   1 4 .  



The  head   16  is  f o r m e d   in  one  p i e c e   from  an  i n s u l a t -  

ing   m a t e r i a l ,   p r e f e r a b l y   a  c e r a m i c   m a t e r i a l ,   by  a  

m a c h i n i n g   o p e r a t i o n .   E x t e n d i n g   t h r o u g h   t h e   h e a d   is   a n  

a i r   p a s s a g e   60  w h i c h   c o n s i t u t e s   f i r s t   d e l i v e r y   m e a n s ,  

t h r o u g h   w h i c h   c o m p r e s s e d   a i r   may  be  fed   f rom  t he   p a s s a g e  

34  of  t h e   s tem  p o r t i o n .  

E x t e n d i n g   t h r o u g h   t h e   h e a d ,   l y i n g   in  an  a x i a l   p l a n e  

t h e r e o f ,   a r e   two  g u i d e   p a s s a g e s   62,  62,  s a i d   g u i d e  

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

f o r w a r d l y   p r e s e n t e d   end  f a c e   58  of  t h e   h e a d .  

E x t e n d i n g   t h r o u g h   t he   h o u s i n g   6  a r e   two  g u i d e   t u b e s  

36,  e a c h   d e f i n i n g   an  i n t e r i o r   g u i d e   p a s s a g e   38.  At  t h e  

f o r w a r d   end  r e g i o n   of  t he   a p p a r a t u s ,   t he   g u i d e   t u b e s  

c o n v e r g e ,   and  a t   a  p o i n t   a d j a c e n t   to  t he   head   16,  t h e  

g u i d e   p a s s a g e s   38  a r e   e a c h   in  a l i g n m e n t   w i t h   one  of  t h e  

g u i d e   p a s s a g e s   62  of  t h e   h e a d .  

In  t he   use   of  t h e   a p p a r a t u s ,   o p e r a t i o n   of  an  a i r  

m o t o r   42  may  be  t r i g g e r e d   by  a  t r i g g e r   l e v e r   43,  t h e   a i r  

m o t o r   d r i v i n g   g e a r   w h e e l s   44  and  46  to  a x i a l l y   r o t a t e   a  

c e n t r a l   s p i n d l e   48.   T h e s e   in  t u r n   a r e   c o n n e c t e d   to  f e e d  

w h e e l s   50  w h i c h   e x t e n d   t h r o u g h   s l o t s   in  t he   g u i d e   t u b e s  

36,  t h e   a i r   m o t o r ,   t o g e t h e r   w i t h   t h e   g e a r   w h e e l s   44  a n d  

46,  t h e   c e n t r a l   s p i n d l e   48  and  t he   f e e d   w h e e l s   50  c o n s t i -  

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

In  t he   use   of  t he   a p p a r a t u s ,   m e t a l l i c   w i r e s   in  t h e  

form  of  e l o n g a t e   r o d s   of  c i r c u l a r   c r o s s - s e c t i o n   W  a n d  

W2,  a r e   f ed   t h r o u g h   t he   g u i d e   p a s s a g e s   38  in  t h e   g u i d e  

t u b e s   36,  and  i n t o   t h e   g u i d e   p a s s a g e s   62  of  t h e   head   1 6 .  

By  o p e r a t i o n   of  t he   a i r   m o t o r   42,  t h e   f e e d   w h e e l s   50  g r i p  

t he   m e t a l l i c   w i r e s   and  f e e d   them  a l o n g   t he   g u i d e   t u b e s   36 

in  t he   d i r e c t i o n   of  f o r w a r d   c o n v e r g e n c e   of  t he   g u i d e  

t u b e s   and  i n t o   t he   h e a d .  



E x t e n d i n g   t h r o u g h   e a c h   of  t he   s u p p l y   c o n d u i t s   18  i s  

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

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

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

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

m e t a l l i c   w i r e s .  

C o n n e c t e d   to  t he   head   16  is  a  s e c o n d   d e l i v e r y  m e a n s ,  

c o m p r i s i n g   a  c o n d u i t   l10   c o n n e c t e d   to  t h e   h e a d   a t   a  

f i t t i n g   112 .   The  f i t t i n g   112  c o n n e c t s   t h e   c o n d u i t   110  t o  

a  p e r i p h e r a l   b o r e   114 ,   f rom  w h i c h   gas  u n d e r   p r e s s u r e   m a y  
be  d e l i v e r e d   f i r s t l y   to  two  f o r w a r d l y   e x t e n d i n g   p a s s a g e s  

118 ,   118 ,   and  s e c o n d l y   to  a  f r u s t o - c o n i c a l   c h a m b e r   1 2 4  

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

F i g u r e   2 ) .   T h u s ,   gas   u n d e r   p r e s s u r e   d e l i v e r e d   to  t h e .  

head   16  t h r o u g h   t h e   c o n d u i t   110  w i l l   f i r s t l y   be  d u c t e d   t o  

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

a r o u n d   t h e   a r c i n g   z o n e ,   to  c o n s t r a i n   t he   c a r r i e r   s t r e a m  

e x i t i n g   f rom  t h e   d u c t   60  to  a  d e s i r e d   . s h a p e ,   v i z ,   t o  

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

e m e r g i n g   f rom  t h e   two  p a s s a g e s   118  on  e i t h e r   s i d e   of  t h e  

a r c i n g   zone   ( s e e   F i g u r e   3)  w i l l   t e n d   to  c a u s e   t he   c a r r i e r  

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

s h a p e ,   as  is  d e s c r i b e d   in  more   d e t a i l   in  t h e   S p e c i f i -  

c a t i o n   of  our   U.K.  P a t e n t   No.  1 , 5 4 0 , 8 1 0 .  

H o w e v e r ,   by  t h e   use   of  t he   p r e s e n t   i n v e n t i o n ,   s i n c e  

t h e   d e l i v e r y   m e a n s   a f f o r d e d   by  t h e   two  c o n d u i t s   18  i s  

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

110 ,   t h e   c o n s t i t u t i o n   of  t h e   p r i m a r y ,   c a r r i e r   gas  s t r e a m  

may  d i f f e r   from  t h a t   of  t h e   s e c o n d a r y ,   s h a p i n g   g a s  
s t r e a m s .   In  t h i s   m a n n e r ,   one  or  b o t h   of  t he   s t r e a m s   m a y  
be  m o d i f i e d ,   to  a c h i e v e   d e s i r a b l e   a r c i n g   a n d / o r   s p r a y i n g  

c o n d i t i o n s ,   a n d / o r   to  m o d i f y   t h e   c o m p o s i t i o n   or  c h a r a c -  

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

w i r e   r o d s .  



EXAMPLE  1 

The  c a r r i e r   s t r e a m   d u c t e d   to  t he   a p p a r a t u s   t h r o u g h  

t h e   c o n d u i t s   18  is   p r o v i d e d   by  a  h y d r o c a r b o n   g a s ,   or  b y  

c a r b o n   m o n o x i d e ,   e i t h e r   t o t a l l y   or  in  a d m i x t u r e   w i t h   a i r ,  

to  m a i n t a i n   t h e   a t m o s p h e r e   a t   t he   a r c i n g   zone  r e d u c i n g ,  

to  p r e v e n t   or  m i n i m i s e   t h e   t e n d e n c y   of  t he   m e t a l l i c  

m a t e r i a l   p r o d u c e d   to  o x i d i s e .  

The  g a s e s   w h i c h   may  be  u t i l i s e d   as  or  as  p a r t   o f  t h e  

c a r r i e r   s t r e a m   a r e   as  f o l l o w s : -  

C a r b o n   m o n o x i d e  

H y d r o g e n  

M e t h a n e  

E t h a n e  

P r o p a n e  

B u t a n e  

A c e t y l e n e  

EXAMPLE  2 

The  c a r r i e r   s t r e a m   d u c t e d   to  t he   a p p a r a t u s   t h r o u g h  

t he   c o n d u i t s   18  may  be  o x y g e n - e n r i c h e d ,   and  t he   s h a p i n g  

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

110  may  be  a f f o r d e d   by  a  c o m b u s t i b l e   g a s ,   s u c h   as  one  o f  

t h o s e   l i s t e d   in  E x a m p l e   1.  In  t h i s   m a n n e r ,   no t   o n l y   m a y  
t h e   t e m p e r a t u r e   of  t h e   m a t e r i a l s   b e i n g   s p r a y e d   o n t o   t h e  

s u r f a c e   be  i n c r e a s e d ,   bu t   a l s o   o x i d a t i o n   of  t he   m a t e r i a l s  

m a y  b e   a s s i s t e d ,   w h e r e   t h i s   is  d e s i r e d .  

EXAMPLE  3 

E i t h e r   t he   c a r r i e r   s t r e a m   or  t he   s h a p i n g   gas  s t r e a m s  

may  be  e n r i c h e d   w i t h   h y d r o g e n   p e r o x i d e .   In  l i q u i d   f o r m ,  

t h i s   may  e n s u r e   h i g h   o x y g e n   c o n t e n t   a t   t he   a r c i n g   z o n e ,  
w h i l s t   t he   h e a t   r e q u i r e d   to  b o i l   t h e   l i q u i d   t e n d s   t o  

r e d u c e   t he   t e m p e r a t u r e   at   t he   a r c i n g   z o n e .  



EXAMPLE  4 

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

s m a l l e r   i n c r e a s e   in  t e m p e r a t u r e   t h e r e a t   may  be  a c h i e v e d  

by  i n c l u d i n g   a  r e d u c i n g   m a t e r i a l   in  s o l i d   ( p u l v e r a n t )  

form  in  t h e   c a r r i e r   gas  s t r e a m .   T h u s ,   p u l v e r a n t   m a t e r i a l  

may  be  i n t r o d u c e d   in  a i r   u n d e r   p r e s s u r e ,   p r i o r   t o  

a d m i s s i o n   to  t he   c o n d u i t s   18.   Such  s o l i d   m a t e r i a l s   a r e  

c o n v e n i e n t l y   of  t he   t y p e   w h i c h   w i l l   have   an  i m p r o v i n g  

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

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

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

i n c l u d e   I r o n   c a r b i d e   ( F e 3 C ) ;   A l u m i n i u m   c a r b i d e   ( A l 4 C 3 ) ;  
Chromium  c a r b i d e   ( C r 3 C 2 ) ;   N i c k e l   c a r b i d e   ( N i 3 C ) ;  
T u n g s t e n   c a r b i d e   (WC) .  

EXAMPLE  5 

I m p r o v e m e n t   in  t he   p h y s i c a l   p r o p e r t i e s   of  t h e  

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

a n d / o r   a b r a s i v e   r e s i s t a n c e   t h e r e o f ,   may  be  o b t a i n e d   b y  

i n c l u d i n g   a  p u l v e r a n t   m e t a l l i c   m a t e r i a l   in  one  or  o t h e r  

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

d i v i d e d   form  may  be  i n t r o d u c e d   i n t o   a  s t r e a m   of  a i r   u n d e r  

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

n o t ,   p r i o r   to  e n t r y   i n t o   t he   c o n d u i t s   18  or  110 .   S u c h  

m e t a l l i c   b o r i d e s   may  i n c l u d e   Chromium  b o r i d e   ( C r B ) ;  

M o l y b d e n u m   b o r i d e   (M02B);   T i t a n i u m   b o r i d e   ( T i B 2 ) ;  

T u n g s t e n   b o r i d e   (W2B;  WB;  W2B5).   A d d i t i o n a l   m e t a l l i c  

m a t e r i a l s   may  be  a d d e d   to  t he   c o a t i n g   by  i n c l u s i o n   in  t h e  

c a r r i e r   s t r e a m ;   s u c h   m a t e r i a l s   may  a f f o r d   m e t a l l i c  

f i l l e r s ,   and  may  i n c l u d e   M a n g a n e s e   b r o n z e ;   S i l i c a n  

b r o n z e ;   P h o s p h u r   b r o n z e ;   A l u m i n i u m   b r o n z e ;   C u p r o - n i c k e l .  



EXAMPLE  6 

C e r a m i c   m a t e r i a l   in  d u s t - l i k e   form  may  be  i n c l u d e d  

in  one  o r  o t h e r   or  b o t h   of  t he   gas  s t r e a m s ,   s u c h   a s  

A l u m i n i u m   o x i d e   ( A l 2 O 3 ) ;   Z i r c o n i u m   d i o x i d e   ( Z r 0 2 ) ;   a  

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

d i o x i d e   ( Z r 0 2 )   and  S i l i c o n   d i o x i d e   ( S i O 2 ) ;   a  c e r a m i c s  

m a t e r i a l   c o m p r i s i n g   a  m i x t u r e   of  A l u m i n i u m   o x i d e   ( A 1 2 0 3 )  
and  S i l i c o n   d i o x i d e   ( S i 0 2 ) .  

EXAMPLE  7 

P l a s t i c s   m a t e r i a l   may  be  i n c o r p o r a t e d   in  t h e  

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

p l a s t i c s   f i l l e r   m a t e r i a l   in  f i n e l y   d i v i d e d   form  in  one  o f  

t he   a i r   s t r e a m s   d e l i v e r e d   to  t he   a p p a r a t u s .   Such  p l a s t i c  

f i l l e r s   may  i n c l u d e   N y l o n ,   P o l y e t h y l e n e ,   P o l y t e t r o f l u o r o  

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

EXAMPLE  8 

A  r e d u c t i o n   in  t he   a r c i n g   t e m p e r a t u r e   may  b e  

o b t a i n e d   b y . t h e   a d d i t i o n   of  w a t e r   ( e . g .   w a t e r   v a p o u r )   t o  

one  or  b o t h   of  t he   gas   s t r e a m s ;   s u c h   a d d i t i o n   may  be  u s e d  

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

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

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

of  such   w a t e r   i n ,   f o r   e x a m p l e ,   t he   p r i m a r y   c a r r i e r  

s t r e a m .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   a b o v e   e x a m p l e s   m a y  
be  u t i l i s e d   w i t h   m e t a l l i c   w i r e s   of  w i d e l y   d i f f e r i n g  

c o m p o s i t i o n s   and  t h i s ,   in  c o n j u n c t i o n   w i t h   t he   d i v e r s i t y  

of  p o s s i b l e   a d d i t i v e s ,   p r o v i d e s   a  means   of  c o n s i d e r a b l y  

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

p r o d u c e .  



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

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

d e v i c e   in  w h i c h   an  e l e c t r i c   p o t e n t i a l   is   a p p l i e d   a c r o s s  

two  m e t a l l i c   w i r e s   to  e s t a b l i s h   an  a r c   t h e r e b e t w e e n ,   t h e  

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

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

t o w a r d s   t he   a r c i n g   z o n e ,   s u c h   gas  i n c l u d i n g   a  c a r r i e r  

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

to  be  c a r r i e d   away  from  t h e   a r c i n g   zone  t o w a r d s   t h e  

s u r f a c e   to  be  s p r a y e d ,   and  o p t i o n a l l y   one  or  m o r e  s u p p l e -  

m e n t a r y   s t r e a m s   such   as  may  be  o p e r a t i v e   to  c o n s t r a i n   t h e  

c a r r i e r   s t r e a m   to  a  d e s i r e d   s h a p e ,   in  w h i c h   t h e   or  one  o f  

t h e   s t r e a m s   of  gas  fed   t o w a r d s   t h e   a r c i n g   zone   i n c l u d e s ,  

or  is   p r o v i d e d   by,  a  m o d i f y i n g   a g e n t   o t h e r   t h a n   a i r .  

2.  A  m e t h o d   a c c o r d i n g   to  Cla im  1  w h e r e i n   t h e   m o d i f y i n g  

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

a r c i n g   z o n e .  

3.  A  m e t h o d   a c c o r d i n g   to  one  of  C l a i m s   1  and  2  w h e r e i n  

t he   m o d i f y i n g   a g e n t   is   e f f e c t i v e   to  m o d i f y   t he   a r c i n g  

a t m o s p h e r e .  

4.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   1,  2  and  3 

w h e r e i n   t he   m o d i f y i n g   a g e n t   is   o p e r a t i v e   to  m o d i f y   t h e  

c o a t i n g   o b t a i n e d   by  the   u se   of  t he   s p r a y i n g   d e v i c e .  

5.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

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

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

6.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   1  to  5 

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

the   c a r r i e r   s t r e a m .  



7.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   1  to  6 

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

one  or  more   of  t he   s u p p l e m e n t a r y   s t r e a m s .  

8.  A  m e t h o d   a c c o r d i n g   to  Cla im  1  w h e r e i n   t he   m o d i f y i n g  

a g e n t   is  s e l e c t e d   from  one  or  more   of  t h e   f o l l o w i n g : -  

(a)   r e d u c i n g   a g e n t s   in  g a s e o u s ,   l i q u i d   or  s o l i d  

p o w d e r   f o r m ;  

(b)  o x i d i z i n g   a g e n t s   in  g a s e o u s ,   l i q u i d   or  s o l i d  

p o w d e r   f o r m ;  

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

(e)   w a t e r ;  

( f )   c e r a m i c   m a t e r i a l s   in  f i n e l y   d i v i d e d   f o r m ;  

(g)  m e t a l l i c   m a t e r i a l s   in  f i n e l y   d i v i d e d   f o r m ;  

(h)  m e t a l l i c   f i l l e r s   in  f i n e l y   d i v i d e d   f o r m ;  

( i )  m e t a l l i c   c a r b i d e s   in  f i n e l y   d i v i d e d   f o r m ;  

( j )   m e t a l l i c   b o r i d e s   in  f i n e l y   d i v i d e d   f o r m ;  

(k)  m e t a l l i c   o x i d e s   in  f i n e l y   d i v i d e d   f o r m ;  

(1)  c o p p e r   a l l o y s   in  f i n e l y   d i v i d e d   f o r m ;  

(m)  p l a s t i c s   m a t e r i a l s   in  f i n e l y   d i v i d e d   f o r m .  

9.  A p p a r a t u s   f o r   use   in  t he   s p r a y i n g   of  a  m e t a l l i c  

c o a t i n g ,   c o m p r i s i n g   a  body  ( 6 ) ,   f e e d i n g   m e c h a n i s m   ( 5 0 )  

f o r   s i m u l t a n e o u s l y   f e e d i n g   two  m e t a l l i c   w i r e s   (W1,  W2)  o r  

r o d s   t h r o u g h   two  g u i d e   p a s s a g e s   (62)   w h i c h   c o n v e r g e  

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

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

c a u s e   an  a r c   to  be  e s t a b l i s h e d   b e t w e e n   the   w i r e s   (W1,  W2) 

w h e r e   t h e y   e m e r g e   from  t he   g u i d e   p a s s a g e s   (62)   so  as  t o  

m e l t   t he   w i r e s ,   f i r s t   d e l i v e r y   m e a n s   (18 ,   34,  60)  f o r  

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

zone  so  as  to  c a u s e   m o l t e n   m e t a l   d r o p l e t s   to  be  c a r r i e d  

away  from  t h e   a r c i n g   zone   on  t h e   c a r r i e r   s t r e a m   from  t h e  

d e v i c e   t o w a r d s   t he   s u r f a c e   to  w h i c h   a  c o a t i n g   is  to  b e  

a p p l i e d ,   and  s e c o n d   d e l i v e r y  m e a n s   ( 1 1 0 ,   124;   114 ,   1 1 8 )  

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



v i c i n i t y   of  t he   a r c i n g   z o n e ,   to  c o n s t r a i n   t he   c a r r i e r  

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

means   b e i n g   s e p a r a t e ,   w h e r e b y   m o d i f y i n g   a g e n t s   may  b e  

a d d e d   t o ,   or  may  p r o v i d e   one  o f ,   s a i d   s t r e a m s   of  g a s  
u n d e r   p r e s s u r e   s e p a r a t e l y   f rom  t h e   o t h e r .  
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