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@  Process  and  apparatus  for  minimizing  foam  formation  during  free  falling  of  molten  metal  into  moulds,  launders  or  other 
containers. 

  A  process  for  minimizing  foam  formation  on  the  surface 
of  molten  metal  which  forms  a  foam  during  free  falling  of 
molten  metal,  such  as  molten  zinc,  into  moulds,  launders  or 
other  containers  is  disclosed.  The  process  comprises  main- 
taining  the  molten  metal  during  free  falling  thereof  under  an 
essentially  non-oxidizing  atmosphere  so  as  to  prevent  en- 
trainment  of  sufficient  oxygen  into  the  molten  metal  by  the 
falling  stream  to  form  an  excessive  amount  of  bubbles 
having  a  tenacious  oxidized  film  and  which  do  not  collapse 
when  they  float  to  the  surface  of  the  molten  metal  but  rather 
produce  undesirable  foam  on  the  surface.  The  process  is 
preferably  carried  out  on  a  continuous  casting  machine  by 
providing  a  cover  plate  mounted  at  a  predetermined  dis- 
tance  above  the  cover  plate  and  having  an  aperture  therein 
for  casting  molten  metal.  The  cover  plate  extends  before 
and  after  such  aperture  and  has  a  predetermined  number 
of  gas  inlet  ports  from  feeding  a  non-oxidizing  gas  through 
the  cover  plate  to  progressively  develop  a  non-oxidizing 
atmosphere  in  the  container  as  they  approach  the  aperture 
in  the  cover  and  to  maintain  such  atmosphere  in  the  con- 
tainers  as  they  pass  the  aperture. 



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

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

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

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

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

D u r i n g   p o u r i n g   o r   f r e e   f a l l i n g   of   m o l t e n   m e t a l ,  

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

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

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

m a n u a l l y .   The  t a s k   i s   a r d u o u s ,   r e q u i r e s   w o r k e r s   to   be  i n  

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

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

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

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

f o r m a t i o n   of   foam  was  due  to   t h e   e n t r a i n m e n t   o f   a i r   by  t h e  

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

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

t h e   m o l t e n   m e t a l .   Due  to   o x i d a t i o n ,   a  t h i n   b u t   t e n a c i o u s  

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

b u b b l e s .   T h e s e   b u b b l e s   r i s e   to   t h e   s u r f a c e   a n d ,   as  t h e y  

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

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

of   l a r g e   b u b b l e s   ( a p p r o x i m a t e l y   2 i n c h   d i a m e t e r ) ,   t h a t   p a r t  



of   t h e   u p p e r   s k i n   of   t h e   b u b b l e   may  f r e e z e   i m m e d i a t e l y  

a l t h o u g h   t h e   m e t a l   p o o l   b e n e a t h   i t   r e m a i n e d   l i q u i d  

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

H a v i n g   r e a l i z e d   t h a t   t h e   foam  f o r m e d   on  t o p   o f  

t h e   m o l t e n   m e t a l   i s   due   to   t h e   f o r m a t i o n   o f   a  z i n c   o x i d e  

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

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

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

i n v e s t i g a t i o n ,   a p p l i c a n t   h a s   d i s c o v e r e d ,   i n   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 ,   t h a t   foam  f o r m a t i o n   may  be  m i n i m i z e d   b y  

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

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

o r   o t h e r   c o n t a i n e r s ,   u n d e r   an  e s s e n t i a l l y   n o n - o x i d i z i n g  

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

o x y g e n   i n t o   t h e   m o l t e n   m e t a l   by  t h e   f a l l i n g   s t r e a m   to   f o r m  

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

f i l m   and   w h i c h   do  n o t   c o l l a p s e   when  t h e y   f l o a t   to   t h e  

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

foam  on  s u c h   s u r f a c e .  

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

by  an  i n e r t   g a s ,   s u c h   as  n i t r o g e n ,   and   i t   can   c o n t a i n  

a  s m a l l   q u a n t i t y   o f   o x y g e n ,   e . g .   up  to   2%  w i t h o u t   p r o d u c i n g  

e x c e s s i v e   q u a n t i t i e s   o f   b u b b l e s .  

The  a b o v e   d i s c l o s e d   m e t h o d   may  be  c a r r i e d   o u t   b y  

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

and   by  p r o v i d i n g   an  a p e r t u r e   t h e r e i n   f o r   p a s s a g e   of   t h e  

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

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



The  i n v e n t i o n   c o u l d   a l s o   be  c a r r i e d   o u t   on  a  c o n t i n u o u s  

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

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

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

s t a t i o n   and   i n t r o d u c i n g   a  n o n - o x i d i z i n g   gas   u n d e r   t h e   h o o d .  

S e a l s   w o u l d   be  r e q u i r e d   a t   t h e   h o o d   e n t r a n c e   and  e x i t   as  w e l l  

as  on  t h e   s i d e s   to   p r e v e n t   e x c e s s i v e   l o s s   o f   n o n - o x i d i z i n g  

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

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

o f .  

The  p r o c e s s   i s   p r e f e r a b l y   c a r r i e d   o u t   on  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   by  an  a p p a r a t u s   w h i c h   d o e s   n o t   r e q u i r e  

t h e   u s e   o f   any   s e a l s .   S u c h   a p p a r a t u s   c o m p r i s e s   a  c o v e r   p l a t e  

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

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

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

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

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

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

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

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

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

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

The  e n t r a n c e   l e n g t h   o f   t h e   c o v e r   p l a t e   b e f o r e   t h e  

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

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

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

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

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



c o n t a i n e r   to   c o v e r   gap   and   t h e   i n f l u e n c e   of   t h e s e   f a c t o r s  

on  t h e   v o l u m e   o f   p u r g i n g   gas   r e q u i r e d   to   o b t a i n   t h e  

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

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

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

At  a  c o n v e y o r   l i n e   s p e e d   of   2  i n / s e c .   and  w i t h   5 6  

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

l e s s   t h a n   0.5%  can   be  a c h i e v e d   w i t h   g a p s   up  to   0 .3   in   a n d  

g a s   f l o w r a t e s   l o w e r   t h a n   2000  SCFH,  u s i n g   a  p l a t e   h a v i n g  

a  l e n g t h   e q u a l   to   t h e   w i d t h   o f   f i v e   m o u l d s   ( t h r e e   b e f o r e  

and   two  a f t e r   t h e   m o u l d   f i l l i n g   a p e r t u r e ) .  

The  i n v e n t i o n   w i l l   now  be  d i s c l o s e d   by  way  o f  

e x a m p l e   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  

in   w h i c h :  

F i g u r e   1  i s   an  a p p a r a t u s   u s e d   to   c a r r y   o u t   l a b o r a t o r y  

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

F i g u r e   2  i s   an  e x a m p l e   o f   an  a p p a r a t u s   u s e d   in   t h e  

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

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

F i g u r e   3  i s   a  v i e w   t a k e n   a l o n g   l i n e   3-3  of   F i g u r e   2 ;  

F i g u r e   4  i s   a  v i e w   t a k e n   a l o n g   l i n e   4-4  of   F i g u r e   2 ;  

F i g u r e   5  i s   a  g r a p h   i l l u s t r a t i n g   t h e   e f f e c t   o f   v a r y i n g  

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

f i x e d   n i t r o g e n   c o n s u m p t i o n ;  

F i g u r e   6  i s   a  g r a p h   i l l u s t r a t i n g   t h e   e f f e c t   o f   v a r y i n g  

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

f o r   two  d i f f e r e n t   gap   d i m e n s i o n s ;  

F i g u r e s   7  and   8  show  m o u l d   r e f i n e m e n t s   to   r e d u c e   t h e  

g a s   f l o w   r e q u i r e m e n t ;   a n d  



F i g u r e   9  s h o w s   a n o t h e r   p o s s i b l e   r e f i n e m e n t   w h i c h  

r e d u c e s   gas   f l o w   b u t   i n v o l v e s   a  non  r u b b i n g   s e a l .  

R e f e r r i n g   to   F i g u r e   1,  t h e   l a b o r a t o r y   a p p a r a t u s  

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

f e e d   m o l t e n   z i n c   i n t o   a  s l a b   m o u l d   12  t h r o u g h   a  c o v e r   14  

c l o s i n g   t h e   t o p   of   t h e   m o u l d .   The  b o t t o m   of   t h e   t u n d i s h  

' i s   p r o v i d e d   w i t h   an  o p e n i n g   r e g i s t e r i n g   w i t h   a  c o r r e s p o n d -  

i n g   o p e n i n g   in   t h e   c o v e r   14  and  i s   s e a l e d   to   t h e   c o v e r   b y  

any   s u i t a b l e   m e a n s   s u c h   as  by  w e l d i n g .   The  o p e n i n g   i n  

t h e   b o t t o m   of   t h e   t u n d i s h  i s   c l o s e d   by  a  p l u g   v a l v e   1 6  

w h i c h   may  be  o p e n e d   when  i t   i s   d e s i r e d   to   p o u r   m o l t e n  

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

by  ' 0 '   r i n g   18.   A  m e t e r e d   n i t r o g e n   i n l e t   20  and   e x h a u s t  

v e n t   22  a r e   p r o v i d e d   t h r o u g h   t h e   c o v e r   to   m a i n t a i n   a  

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

of   t h e   m o u l d .  

A  p r e l i m i n a r y   e x p e r i m e n t a l   p r o c e d u r e   was  c a r r i e d   o u t  

i n v o l v i n g   f i l l i n g   t h e   t u n d i s h   w i t h   m o l t e n   z i n c   and  t h e n  

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

foam  was  f o r m e d   on  t h e   t o p   of   t h e   m o l t e n   m e t a l .   T h e  

same  p r o c e d u r e   was  r e p e a t e d   e x c e p t   t h a t   t h e   c o v e r e d   m o u l d  

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

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

b e f o r e   s o l i d i f i c a t i o n   to   a l l o w   f r e e z i n g   o f   m e t a l   in   a i r .  

No  foam  a p p e a r e d   on  t o p   of   t h e   m o l t e n   m e t a l .  

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

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

of   o x y g e n   in   n i t r o g e n .   The  e f f e c t s   of   v a r y i n g   m e t a l  



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

c a s t i n g   t e m p e r a t u r e   r a n g e   o f   4 4 0 - 5 3 0 ° C .   P u r g i n g   w a s  

c a r r i e d   o u t   a t   gas   f l o w   r a t e s   of   20  1 / m i n .   f o r   one   m i n u t e  

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

to   c o n c e n t r a t i o n s   o f   2%  o x y g e n .   F o a m - f r e e   s u r f a c e s   o n  

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

in   n i t r o g e n   v a r y i n g   f r o m   0  t o   a b o u t   2%.  I t   was  a l s o  

o b s e r v e d   t h a t   t h e   e f f e c t s   of   t e m p e r a t u r e   and  o x y g e n  

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

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

a c c e p t a b l e   s u r f a c e s   on  s l a b   i n g o t s   a r e   s u m m a r i z e d   b e l o w :  

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

l e s s   t h a n   4 5 0 ° C .   T h e s e   c o n d i t i o n s   p r o d u c e   a  b r i l l i a n t ,  

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

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

4 5 0 ° C   t h e   p h e n o m e n o n   c o m m o n l y   r e f e r r e d   to   a s  

" c o l o u r a t i o n "   in   w h i c h   c o l o u r s   r a n g i n g   f r o m   s t r a w   t o  

d a r k   p u r p l e   was  o b s e r v e d .  

(b)  O x y g e n   c o n c e n t r a t i o n s   o f   a p p r o x i m a t e l y   2%  a t  

t e m p e r a t u r e s   in   t h e   r a n g e   of   4 5 0 - 4 7 5 ° C .   T h e s e  

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

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

The  i n v e n t i o n   may  a l s o   be  c a r r i e d   o u t   on  a  c o n t i n u o u s  

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

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

c h a i n .   On  s u c h   m a h c i n e s ,   t h e   n o n - o x i d i z i n g   a t m o s p h e r e   m a y  

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

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



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

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

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

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

p r o v i d e   a  n o n - o x i d i z i n g   a t m o s p h e r e   in   t h e   h o o d .   T h e  

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

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

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

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

s e a l s   w o u l d   be  r e q u i r e d   a t   t h e   h o o d   e n t r a n c e   and   e x i t  

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

R e f e r r i n g   to  F i g u r e   2,  t h e r e   i s   shown  a  t r a i n   o f  

c l o s e l y   s p a c e d   o p e n   t o p   i n g o t   m o u l d s   30  m o u n t e d   on  a n  

e n d l e s s   c o n v e y o r   c h a i n   32  m o v i n g   a t   a  l i n e   s p e e d   o f  

a b o u t   2  i n / s e c .   in   t h e   d i r e c t i o n   i n d i c a t e d   by  a r r o w   A .  

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

c o v e r   p l a t e   34  i s   m o u n t e d   a d j a c e n t   to   b u t   s p a c e d   by  a  

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

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

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

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

i s   a  c o n v e n t i o n a l   d e s i g n   c o m p r i s i n g   a  l a u n d e r   36  w h i c h  

e n d s   w i t h   a  d o w n s p o u t   38  u s e d   to   f e e d   m o l t e n   m e t a l   i n t o  

a  l a d l e   40.  The  l a d l e   40  i s   i n t e r m i t t e n t l y   p i v o t e d   t o  

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



s l o t   42  in   t h e   c o v e r   p l a t e .   A  t r a p   44  i s   p o s i t i o n e d   a t  

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

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

As  shown   in   F i g u r e   3,  t h e   c o v e r   p l a t e   34  i s   p r o v i d e d  

w i t h   a  p r e d e t e r m i n e d   n u m b e r   of   g a s   i n l e t   p o r t s   46  a n d  

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

m a n i f o l d   48  and   a  m a i n   m a n i f o l d   50 .   I n e r t   g a s   i s   f e d   t o  

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

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

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

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

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

v a l u e .   An  a u x i l i a r y   m a n i f o l d   52  i s   a l s o   p r o v i d e d   f o r  

f e e d i n g   i n e r t   g a s   to   t h e   l a d l e   e n c l o s u r e   54  and   t h e  

d o w n s p o u t   e n c l o s u r e   56 .   C o v e r   s t r i p s   58  a r e   p l a c e d   o n  

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

l e a k a g e   o f   g a s   t h r o u g h   s u c h   g a p s .  

As  shown   in   F i g u r e   4,  t h e   w i d t h   o f   t h e   p l a t e   34  

i s   e q u a l   to   t h a t   o f   m o u l d s   30 .   I n e r t   gas   e n t e r s   t h e  

m o u l d s   a t   g a s   p o r t s   46  and   f l o w s   o u t   t h r o u g h   t h e   g a p s  

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

t h e   c o v e r   as  w e l l   as  t h e   w i d t h   o f   t h e   c o n t a i n e r   w i t h  

r e s p e c t   to   t h e   c o n t a i n e r   c a v i t y   a r e   d e p e n d e n t   on  t h e  

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

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

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

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

e m i s s i o n   p o r t s ,   t h e   gas   f l o w   r a t e   and  t h e   g a p  b e t w e e n  

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



a t m o s p h e r e   c an   be  m a i n t a i n e d   b e l o w   t h e   p o u r i n g   s l o t   4 2  

w i t h o u t   h a v i n g   to   u s e   c o n t a c t i n g   s e a l s .   To  f a c i l i t a t e  

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

and  i n e r t   g a s   ( n i t r o g e n )  f l o w   r a t e ,   an  a p p a r a t u s   w a s  

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

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

c o v e r   p l a t e   was  s e t   so  t h a t ,   a t   any  t i m e   t h e r e   was  a  

m i n i m u m   of   t h r e e   and   a  max imum  of   f o u r   g a s   p o r t s   a b o v e   a  

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

t h a t   a t   any   t i m e   f i v e   m o u l d s   ( t h r e e   b e f o r e   and   two  a f t e r  

p o u r i n g   s l o t   22)  w e r e   l o c a t e d   u n d e r   t h e   c o v e r   p l a t e .  

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

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

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

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

(2  i n / s e c . ) .   E a c h   m o u l d   was  p r o g r e s s i v e l y   p u r g e d   as  i t  

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

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

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

s l o t .  

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

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

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

f l o w   r a t e s   and   (b)  a t   v a r y i n g   n i t r o g e n   f l o w   r a t e s   a n d  

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

a r e   p r e s e n t e d   in   F i g u r e s   5  and   6.  The  f r o n t   m a n i f o l d  

f l o w r a t e   in   t h e   t e s t   shown  in   F i g u r e   5  was  a b o u t   200  SCFH 

and   t h e   m a i n   m a n i f o l d   f l o w r a t e   was  a b o u t   1500  S C F H .  



In  t h e   t e s t   shown  in   F i g u r e   6,  t h e   f r o n t   m a n i f o l d   f l o w r a t e  

was  f i x e d   a t   a b o u t   2Q0  SCFH  and   t h e   m a i n   m a n i f o l d   f l o w r a t e  

was  v a r i e d   f r o m   500  to   3000  S C F H .  

The  r e s u l t s   o f   t h e   t e s t s   p r e s e n t e d   in   F i g u r e   5  r e v e a l e d  

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

d i m e n s i o n s   g r e a t e r   t h a n   0 . 2 5   i n .   More   i m p o r t a n t l y ,   t h i s  

c u r v e   i l l u s t r a t e s   t h a t   l e s s   t h a n   0.5%  o x y g e n   can   be  a c h i e v e d  

w i t h   g a p s   up  to   0 .3   in   w i t h   e c o n o m i c a l l y   f e a s i b l e   g a s  

c o n s u m p t i o n   (-u2000  SCFH) .   The  e f f e c t   o f   v a r y i n g   n i t r o g e n  

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

i s   i l l u s t r a t e d   i n   F i g u r e   6  f o r   two  d i f f e r e n t   gap  d i m e n s i o n s  

o f   0 . 1 0   and   0 . 1 2 5   i n .   F rom  t h e s e   c u r v e s ,   i t   i s   e v i d e n t  

t h a t   no  g a i n   i s   a c h i e v e d   by  i n c r e a s i n g   a t m o s p h e r e   u s a g e  

b e y o n d   2000  SCFH  and   t h a t   a c c e p t a b l e   o x y g e n   l e v e l s   a r e  

e a s i l y   o b t a i n e d   w i t h   v e r y   low  (  1000  SCFH)  gas   c o n s u m p t i o n .  

The  gap  h e i g h t s   o f   0 . 1 0   and   0 . 1 2 5   i n .   u s e d   in   t h e s e   t e s t s  

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

on  p r e s e n t   c a s t i n g   m a c h i n e s .   C l o s e r   t o l e r a n c e s ,   w h i c h  

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

m a c h i n e s   c a n   r e s u l t   i n   l e s s   t h a n   0.1%  o x y g e n   w i t h  

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

F o l l o w i n g   c o m p l e t i o n   o f   t h e   a b o v e   p i l o t   p l a n t  

t e s t s ,   e q u i p m e n t   s u c h   as   shown  i n   F i g u r e   2  was  i n s t a l l e d  

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

Z i n c   L i m i t e d ,   V a l l e y f i e l d ,   Q u e b e c ,   C a n a d a   to   d e m o n s t r a t e ,  

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

s l a b s   c a n   be  p r o d u c e d   by  p o u r i n g   l i q u i d   z i n c   in   a  n i t r o g e n  

a t m o s p h e r e .  

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



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

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

be  m a i n t a i n e d   a t   t h e   p o u r i n g   s t a t i o n   in   t h e   r a n g e   o f  

0 . 3 - 0 . 5 %   and  t h a t   no  g a i n   c o u l d   be  a c h i e v e d   by  i n c r e a s i n g  

t h e   n i t r o g e n   f l o w   r a t e   a b o v e   2000  S C F H .  

L i q u i d   z i n c   was  t h e n   s t a r t e d   up  w i t h   p r e h e a t i n g  

f l a m e s   on  t h e   l a u n d e r   and   l a d l e .   N i t r o g e n   was  f i r s t  

d e l i v e r e d   a t   250  SCFH  to   t h e   f r o n t   m a n i f o l d   and  a t  

1500  SCFH  to   t h e   m a i n   m a n i f o l d   of   t h e   c o v e r   p l a t e   a n d  

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

a t   250  SCFH.  The  o x y g e n   l e v e l   m a i n t a i n e d   a t   t h e   p o u r i n g  

s t a t i o n   was  in   t h e   r a n g e   of   0 . 3 5 - 0 . 4 5 % .  

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

was  o b s e r v e d   e v e n   b e f o r e   s t a r t - u p   p r o c e d u r e s   w e r e  

c o m p l e t e d .   T o t a l   a b s e n c e   of   foam  was  a c h i e v e d   when  t h e  

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

w e r e   c o m p l e t e d .  

The  s l a b   i n g o t   s u r f a c e s   w e r e   s e e n   to   be  b r i g h t   a n d  

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

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

t h e   r a n g e   of   0 . 2 - 0 . 5 %   w e r e   o b s e r v e d   on  t h e   s l a b s .  

F i g u r e s   7,  8  and   9  show  r e f i n e m e n t s   to   r e d u c e   l o s s  

of   gas   in   b e t w e e n   t h e   m o u l d s   and   so  r e d u c e   t h e   gas   f l o w  

r e q u i r e m e n t s .   In  F i g u r e   7,  t h e   e d g e s   o f   t h e   m o u l d s  

a r e   t h i c k e r   t h a n   t h a t   shown  in   F i g u r e   2  and   t h i s   i n c r e a s e s  

t h e   r e s i s t a n c e   to   gas   f l o w   in   t h e   gap  60  b e t w e e n   t h e  

m o u l d s .   In  F i g u r e   8,  t h e   e d g e s   of   t h e   m o u l d s   a r e   d e s i g n e d  

so  t h a t   t h e   gap  62  i s   h o r i z o n t a l   in   o r d e r   to   p r e v e n t  



d i r e c t   f l o w   o f   t h e   gas   f r o m   t h e   c o v e r   p o r t s .   T h i s   d e s i g n  

i s   i n   a  way  e q u i v a l e n t   to   t h e   c o v e r   s t r i p s   58  of   F i g u r e   2 

b u t   i s   much  m o r e   r e s i s t a n t   to   w e a r   and  t e a r .   F i g u r e   9 

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

t h e   u s e   o f   a  s e a l   64  in   b e t w e e n   t h e   m o u l d s .   T h i s   a l t e r n a t i v e  

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

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

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

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

t y p e s   o f   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   and  t h a t   t h e   p r o c e s s   i s  

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

d i s c l o s e d .  



1.  A  p r o c e s s   f o r   m i n i m i z i n g   foam  f o r m a t i o n   on  t h e   s u r f a c e  

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

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

so  as   to   e l i m i n a t e   t h e   n e e d   f o r   s k i m m i n g ,   w h i c h  c o m p r i s e s  

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

u n d e r   an  e s s e n t i a l l y   n o n - o x i d i z i n g   a t m o s p h e r e   so  as  t o  

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

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

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

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

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

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

o x i d i z i n g   a t m o s p h e r e   i s   an  i n e r t   gas   a t m o s p h e r e .  

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

gas   i s   n i t r o g e n .  

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

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

of   o x y g e n .  

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

t h e   m o l t e n   m e t a l   i s   z i n c .  

6.  An  a p p a r a t u s   f o r   m i n i m i z i n g   foam  f o r m a t i o n   on  t h e  

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

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

c o n t a i n e r s   so  as  to   e l i m i n a t e   t h e   n e e d   f o r   s k i m m i n g ,  

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

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

o x i d i z i n g   a t m o s p h e r e   so  as  to   p r e v e n t   e n t r a i n m e n t  



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

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

t e n a c i o u s   o x i d i z e d   f i l m   and   w h i c h   do  n o t   c o l l a p s e   w h e n  

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

p r o d u c e   u n d e s i r a b l e   foam  on  s a i d   s u r f a c e .  

7.  An  a p p a r a t u s   as  d e f i n e d   in   c l a i m   6,  w h e r e i n   s a i d  

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

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

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

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

o x i d i z i n g   g a s   u n d e r   t h e   c o v e r .  

8.  An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   6,  u s e d   on  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   c o m p r i s i n g   a  t r a i n   o f   c l o s e l y  

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

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

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

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

t h e   m o l t e n   m e t a l   t h r o u g h   one   o f   t h e   w a l l s   o f   t h e   h o o d   f o r  

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

o x i d i z i n g   g a s   u n d e r   t h e   h o o d .  

9.  An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   6,  u s e d   on  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   c o m p r i s i n g   a  t r a i n   of   c l o s e l y  

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

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

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

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

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

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

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



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

p o r t s   t h e r e i n   f o r   f e e d i n g   a  n o n - o x i d i z i n g   gas   t h r o u g h  

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

a t m o s p h e r e   in   t h e   c o n t a i n e r s   as  t h e y   a p p r o a c h   t h e   a p e r t u r e  

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

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

10.   An  a p p a r a t u s   as  d e f i n e d   in   c l a i m   9,  w h e r e i n   s a i d  

a t m o s p h e r e   i s   an  i n e r t   a t m o s p h e r e .  
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