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taught  of  processing  copper  base  alloys  to  provide  cast 
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containing  silicon  and  tin.  In  accordance  with  the  method 
of  the  invention,  ingots  are  direct  chill  cast  in  a  mold 
from  liquid  metal  wherein  the  melt  temperature  entering 
the  mold  is  100  to  350°C  in  excess  of  the  liquidus  tem- 
perature. 



BACKGRDUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   dea ls   with  the  p r o v i s i o n  o f   c a s t  

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

The  commercial   p r o d u c t i o n   of  wrought  c o p p e r  b a s e   a l l o y s  

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

a l l o y s   dur ing   hot  r o l l i n g   or  hot  working.   S i l i c o n - t i n   b r o n z e s  

in  p a r t i c u l a r   have  been  found  to  be  s u s c e p t i b l e   to  t h i s   edge  

c r a c k i n g   phenomenon.  This  is  n a t u r a l l y   a  s e r i o u s   p r o b l e m  

commerc i a l l y .   Ternary  copper  base  a l l o y s   which  c o n t a i n  

s i l i c o n   and  t in   are  even  more  s u s c e p t i b l e   to  the  edge  c r a c k i n g  

phenomenon,  but  these   t e r n a r y   a l l o y s  a r e   n o n e t h e l e s s   d e s i r a b l e  

for  commercial   p r o d u c t i o n   because  they  p rov ide   a  good 

combina t ion   of  s t r e s s   c o r r o s i o n  r e s i s t a n c e ,   h i g h  s t r e n g t h   a n d  

f o r m a b i l i t y .  

Var ious   means  have  been  s u g g e s t e d   in  the  art   in  o r d e r  

to  c o u n t e r a c t   the  edge  c r a c k i n g   problem,   e s p e c i a l l y   i n  

s i l i c o n   and  t in   c o n t a i n i n g   copper  base  a l l o y s .   Such  means 

have  i n c l u d e d   both  d i f f e r e n t   combina t ions   of  e l e m e n t a l  

a d d i t i o n s   and  ways  t o  v a r y   the  hot  working  p r o c e s s .   F o r  

example,   copper  base  a l l o y s   c o n t a i n i n g   s i l i c o n   and  t i n  

t o g e t h e r   with  mischmeta l   are  t augh t   in  U.S.  Pa ten t   4 , 1 4 8 , 6 3 3 .  

While  t h i s   pa t en t   does  p rov ide   improvement  in  the  edge  

c r a c k i n g   phenomenon,  i t   is  n a t u r a l l y   d e s i r a b l e   to  p r o v i d e  

even  g r e a t e r   improvement  and  to  p rov ide   such  improvement  

wi thout   the  n e c e s s i t y   for  adding  a l l o y i n g   a d d i t i o n s . . O f  

f u r t h e r   i n t e r e s t   is  "A  P r e l i m i n a r y   Assessment  of  the  Value  o f  

Minor  Alloy  Add i t ions   in  C o u n t e r a c t i n g   the  Harmful  E f fec t   o f  

I m p u r i t i e s   on  the  Hot  W o r k a b i l i t y   of  Some  Copper  Alloys"  by 

R.J.  Jackson   et  al.  in  the  J o u r n a l   of  the  I n s t i t u t e   of  M e t a l s ,  

Volume  98  (1970) ,   Pages  193-198.  This  a r t i c l e   d i s c u s s e s  



copper  a l l o y s   which  c o n t a i n   i m p u r i t i e s   such  as  lead  and  b i s m u t h .  

These  meta ls   may  have  t h e i r   t e n d e n c i e s   to  crack  dur ing   h o t  

working  reduced  by  the  a d d i t i o n   of  such  m a t e r i a l s   as  t h o r i u m ,  

uranium  and  mischmeta l .   Other  p a t e n t s   of  i n t e r e s t   i n c l u d e  

U.S.  1 , 8 8 1 , 2 5 7 ,   U.S.  1 , 956 ,251 ,   German  756,035,   U.S.  2 , 2 5 7 , 4 3 7 ,  

U.S.  2 ,062 ,448   and  U.S.  3 , 9 2 3 , 5 5 5 .  

It  i s ,   t h e r e f o r e ,   a  p r i n c i p a l   ob jec t   of  the  p r e s e n t  

i n v e n t i o n   to  p rov ide   a  method  of  p r o c e s s i n g   s i l i c o n - t i n  

bronzes   to  p rovide   cast   s t r u c t u r e s   having  good  hot  r o l l a b i l i t y .  

It  is  a  s t i l l   f u r t h e r   ob jec t   of  the  p r e s e n t   i n v e n t i o n   t o  

p rov ide   such  a  method  which  y i e l d s   a  copper  base  a l loy   which  i s  

r e s i s t a n t   to  edge  c r ack ing   dur ing   hot  w o r k i n g .  

It  is  a  f u r t h e r   ob jec t   of  the  p r e s e n t   i n v e n t i o n   t o  

p rov ide   a  method  as  a f o r e s a i d   which  does  not  r e ly   on  e x p e n s i v e  

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

It  i s  a   s t i l l   f u r t h e r   ob jec t   of  the  p r e s e n t   i n v e n t i o n   t o  

p rov ide   improved  cast  c o p p e r  a l l o y s   which  are  r e s i s t a n t   t o  

edge.  c r a c k i n g   dur ing  hot  r o l l i n g .  

F u r t h e r   o b j e c t s   and  advan tages   of  the  p r e s e n t   i n v e n t i o n  

w i l l   appear   from  a  c o n s i d e r a t i o n   of  the  f o l l o w i n g   s p e c i f i c a t i o n .  

SUMMARY  OF  THE  INVENTION 

The  f o r e g o i n g   o b j e c t s   and  advan tages   are  r e a d i l y  

accompl i shed   in  accordance   with  the  method  of  the  p r e s e n t  

i n v e n t i o n .   The  method  of  the  p r e s e n t   i n v e n t i o n . i s   a  me thod  

for   p r o c e s s i n g   copper  base  a l l o y s   e s p e c i a l l y   those   c o n t a i n i n g  

s i l i c o n   and  t i n   to  p rov ide   cast  s t r u c t u r e s   having  good  h o t  

w o r k a b i l i t y .   Hot  r o l l i n g   is  the  p r e f e r r e d   p r o c e s s i n g   p r a c t i c e ,  

however,   any  hot  working  step  is  con templa t ed   in  a c c o r d a n c e  

with  the  p r o c e s s  o f   the  p r e s e n t   i n v e n t i o n ,   such  as  drawing  o r  

e x t r u s i o n .   Throughout  the  p r e s e n t   s p e c i f i c a t i o n ,   h o w e v e r ,  
I 



hot  r o l l i n g  w i l l   be  d i s c u s s e d   as  the  p r e f e r r e d   hot  w o r k i n g  

s t e p .  

In  accordance   with  the  method  of  the  p r e s e n t   i n v e n t i o n  

ingo t s   are  d i r e c t   c h i l l   c a s t ,   p r e f e r a b l y   of  s i l i c o n - t i n  

b ronzes ,   in  a  mold  from  l i q u i d   metal   wherein   the  melt  t e m p e r -  

a tu re   e n t e r i n g  t h e   mold  is  100  to  350°C  in  excess  of  t h e  

l i q u i d u s   t e m p e r a t u r e .   This  s imple ,   conven ien t   and  e x p e d i t i o u s  

p r a c t i c e  p r o v i d e s   a  copper  base  a l loy   which  is  r e s i s t a n t   t o  

edge  c r a c k i n g   during  hot  r o l l i n g .  

The  p r e s e n t   i n v e n t i o n   also  p r o v i d e s   i m p r o v e d _ c a s t  

s t r u c t u r e s   which  e x h i b i t   s u r p r i s i n g l y   good  hot  r o l l a b i l i t y .  

The  cast  copper  base  a l l o y s   comprise  a  f i r s t   e x t e r n a l  

i n v e r s e l y   s e g r e g a t e d   su r f ace   zone,  a  second  bulk  ingot   zone 

and  a  s u b s u r f a c e   denuded  zone  b r i d g i n g   sa id   f i r s t   and  s e c o n d  

zones  e x h i b i t i n g   a  un i form  coarse   gra in   s t r u c t u r e   which  i s  

devoid  of  second  phases .   Although  the  improved  cast  s t r u c t u r e s  

are  p r e f e r a b l y   p r e s e n t   in  s i l i c o n - t i n   bronzes   as  a f o r e s a i d ,  

it   is  a  f i n d i n g  o f   the  p r e s e n t   i n v e n t i o n  t h a t   the  p r e s e n t  

p rocess   p r e f e r e n t i a l l y   p rov ides   said  s t r u c t u r e s   with  r e s u l t a n t  

improved  hot  r o l l a b i l i t y   in  copper  a l l oys   g e n e r a l l y ,   as,  f o r  

example,   in  aluminum  b ronzes ,   t i n   bronzes   and  t i n   b r a s s e s .   I n  

view  of  the  r emarkab le   improvement  e f f e c t e d   by  the  p r e s e n t  

i n v e n t i o n   with  r ega rd   to  the  p a r t i c u l a r l y   t roub lesome   s i l i c o n -  

t i n   b ronzes ,   the  p r e s e n t   i n v e n t i o n   w i l l   be  d i s c u s s e d  

h e r e i n b e l o w   with  regard   to  t h i s ' a l l o y   s y s t e m .  

BRIEF DESCRIPTION  OF  THE  DRAWINGS 

Figure   1  is  a  pho tograph   of  a  DC  cast   s i l i c o n - t i n   b r o n z e  

showing  the  s u b s u r f a c e   r eg ion   t h e r e o f   produced  u s i n g  

c o n v e n t i o n a l   p r o c e s s i n g   with  the  pho tograph   taken  at  a 

m a g n i f i c a t i o n   of  12X; 



Figure   2 'is  a  pho tograph   of  a  h e a v i l y   cracked  p l a t e  

produced  from  the  c a s t i n g   of  F i g u r e  1   by  hot  r o l l i n g   s a i d  

c a s t i n g ,   w i t h  t h e   pho tograph   at  a  m a g n i f i c a t i o n   of  0 .6X;  

Figure   3 ' i s   a  pho tog raph   of  a  DC  cast   s i l i c o n - t i n   b r o n z e  

of  s u b s t a n t i a l l y   the  same  compos i t ion   as  in  Figure  1  p r o d u c e d  

in  accordance   with  the  p r e s e n t   i n v e n t i o n   showing  the  s u b s u r f a c e  

reg ion   t h e r e o f   with  the  pho tograph   at  a  m a g n i f i c a t i o n   of  12X; 

a n d  

Figure   4  is  a  pho tograph   of  a  c r a c k - f r e e   p l a t e   p r o d u c e d  

by  hot  r o l l i n g   the  c a s t i n g   of  Figure   3,  with  the  p h o t o g r a p h  

taken  at  a  m a g n i f i c a t i o n   of  0 .6X.  

DETAILED  DESCRIPTION 

In  p r e p a r i n g   c a s t i n g s   for  molten  meta l ,   i t   is  n e c e s s a r y  

to  s u p e r h e a t   the  l i q u i d   metal   in  order   to  p rov ide   s u f f i c i e n t  

f l u i d i t y   to  f i l l   the  mold.  In  accordance   with  c o n v e n t i o n a l  

p r a c t i c e ,   an  excess  supe rhea t   is  avoided  in  order   to  maximize  

u t i l i z a t i o n   of  energy,   minimize  pickup  of  harmful   g a s e s ,  

minimize  the  loss  of  v o l a t i l e   e lements   and  minimize  wear  on 

r e f r a c t o r y   p a r t s .  

Hence,  normal  pour ing   p r a c t i c e s   for  s i l i c o n - t i n   b r o n z e s  

p rov ide   for  a  30  to  70°C  s u p e r h e a t   at  the  poin t   where  t h e  

l i q u i d   metal   e n t e r s   the  c a s t i n g   mold .  

In  accordance   with  the  p rocess   of  the  p r e s e n t   i n v e n t i o n ,  

s u r p r i s i n g l y   improved  cast   s t r u c t u r e s   are  o b t a i n e d   u t i l i z i n g  

h ighe r   than  normal  s u p e r h e a t s   in  d i r e c t   c h i l l   c a s t i n g .   The 

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

to  a  t e m p e r a t u r e   of  from  100  to  350°C  in  excess  of  t h e  

l i q u i d u s   t e m p e r a t u r e ,   and  p r e f e r a b l y   150  to  250°C  in  e x c e s s  

of  the  l i q u i d u s   t e m p e r a t u r e .   Ingots   are  then  cast  in  a  mold 

from  the  l i q u i d   metal   wherein  the  melt  t e m p e r a t u r e   e n t e r i n g  



the  mold  is  in  said  h igher   s u p e r h e a t e d   range..  It  i s  

s u r p r i s i n g   and  unexpec ted   t o  f i n d   tha t   t h i s   simple  and  

e x p e d i t i o u s   p r a c t i c e   y i e l d s   the  improvements  of  the  p r e s e n t  

i n v e n t i o n .  

Ingo ts   cast   by  the  DC  or  d i r e c t   c h i l l   c a s t i n g   method 

e x h i b i t   c h a r a c t e r i s t i c   s t r u c t u r a l   f e a t u r e s   tha t   are  i n h e r e n t  

in  the  modes  of  heat  e x t r a c t i o n   e f f e c t e d   by  t h i s   t e c h n i q u e .  

Thus,  a  t y p i c a l   DC ca s t i ng   a r rangement   p rov ides   for  t h e  

t r a n s f e r   o f  m o l t e n   metal   i n to   a  w a t e r  c o o l e d   copper  mold  v i a  

a  downspout  d i s t r i b u t o r   or  s i m i l a r   d i s t r i b u t i o n   means .  

S o l i d i f i c a t i o n   of  the  l i q u i d   meta l   is  e f f e c t e d   by  heat  t r a n s f e r  

through  t h e  w a t e r   cooled  mold  and  by  the  d i r e c t   impingement  

of  water  onto  the  ingot   as  i t   emerges  from  the  mold.  The 

ingot   s h e l l   with  a s s o c i a t e d   f ine  g r a ined   s t r u c t u r e   is  fo rmed  

r a p i d l y   under  high  r a t e s   of  heat   e x t r a c t i o n   when  the  m o l t e n  

metal   and  mold  are  in  c o n t a c t .   After   r e a c h i n g   some  c r i t i c a l  

t h i c k n e s s   the  ingot   s h e l l   s h r i n k s   away  from  the  mold  w a l l .  

S o l i d i f i c a t i o n   con t inues   but  under  lower  heat  t r a n s f e r  

c o n d i t i o n s .   Acco rd ing ly ,   the  s u b s u r f a c e   r eg ion   so  f o rmed  

e x h i b i t s   a  c o a r s e r   s t r u c t u r e .   S o l i d i f i c a t i o n   of  the  m a j o r  

par t   of  the  ingot   s e c t i o n   is  ach ieved   by  the  d i r e c t   impingement  

of  the  s u b - m o l d - c o o l a n t   onto  the  ingot   s u r f a c e .   The  r e s u l t a n t  

s t r u c t u r e   is  f ine   a d j a c e n t   to  the  above  s u b s u r f a c e   r e g i o n ,  

and  coarsens   g r a d u a l l y   on  a p p r o a c h i n g   the  ingot   c e n t e r .  

T y p i c a l l y ,   the  high  growth  r a t e   c o n d i t i o n s   o p e r a t i v e   d u r i n g  

t h i s   s o l i d i f i c a t i o n   of  the  bulk  r e a l i z e s   fo rma t ion   of  c o l u m n a r  

g r a i n s .  

. The  fo rma t ion   of  the  s u b s u r f a c e   reg ion   is  of  p a r t i c u l a r  

r e l e v a n c e   to  the  p r e s e n t   i n v e n t i o n .   In  s o l i d i f y i n g   a l l o y s ,  

s o l u t e   r i ch   phases  are  formed  in  the  d e n d r i t e   arms  and  a t  



gra in   b o u n d a r i e s .   These  phases   p o s s e s s   lower  me l t i ng   t e m p e r -  

a t u r e s   than  the  p r imary   d e n d r i t e s .   A c c o r d i n g l y ,   d u r i n g  

f o r m a t i o n   of  the  above  d i s c u s s e d   s u b s u r f a c e   r e g i o n ,   when  t h e  

heat   e x t r a c t i o n   p rocess   is  d imin i shed   the  t e m p e r a t u r e   of  t h e  

ingot   s h e l l   i n c r e a s e s   and  these   so lu t e   r i ch   phases  tend  t o  

r e m e l t .   As  a  r e s u l t ,   i nve r se   s e g r e g a t i o n   and  seams  or  s p i k e s  

of  these   phases  form  along  g ra in   b o u n d a r i e s   in  these   r e h e a t e d  

r e g i o n s .   These  f e a t u r e s   can  and  f r e q u e n t l y   are  d e t r i m e n t a l   t o  

the  hot  r o l l i n g   p e r f o r m a n c e  o f   the  r e s u l t a n t   cast  s i l i c o n - t i n  

b r o n z e .  

In  accordance   with  the  p r e s e n t   i n v e n t i o n ,   i t   has  now 

been  found  t ha t   in  p r e p a r i n g   d i r e c t   c h i l l   c a s t i n g s ,   p a r t i c u l a r l y  

of  s i l i c o n - t i n   b ronzes ,   tha t   the  s t r u c t u r a l   f e a t u r e s   in  t h e  

s u b s u r f a c e   r eg ion   can  be  c o n t r o l l e d   by  m a n i p u l a t i n g   t h e  

s u p e r h e a t   as  d i s c u s s e d   h e r e i n a b o v e .   When  us ing  c o n v e n t i o n a l  

p r a c t i c e   with  s u p e r h e a t s   of  30  to  70°C,  the  s u b s u r f a c e   r e g i o n s  

con ta in   sp ikes   or  gra in   boundary  f i lms  of  low  me l t ing   p o i n t  

s i l i c o n - t i n   r i ch   phases  as  c l e a r l y   shown  in  F igure   1.  The 

hot  r o l l a b i l i t y   of  such  s t r u c t u r e s   is  very  poor.   C r a c k i n g  

i n i t i a t e d   at  these   g ra in   boundary  f e a t u r e s   p r o p a g a t e s  

e x t e n s i v e l y   in to   the  bulk  of  the  ingot   as  c l e a r l y   shown  i n  

the  h e a v i l y   cracked  p l a t e   produced  by  h o t - r o l l i n g   the  m a t e r i a l  

of  Figure   1,  shown  c l e a r l y   in  Figure   2 .  

However,  the  use  of  h i g h e r   s u p e r h e a t s   in  accordance   w i t h  

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

u n e x p e c t e d l y   avoids  fo rma t ion   of  these   seams  of  low  m e l t i n g  

po in t   phases  as  c l e a r l y   shown  in  Figure  3.  In  a d d i t i o n ,   t h e  

s u b s u r f a c e   r eg ion   e x h i b i t s   a  uniform  coarse   g ra in   s t r u c t u r e  

which  is  devoid  of  second  phase.   The  a s s o c i a t e d   h o t  

r o l l a b i l i t y   is  e x c e p t i o n a l l y   good  as  shown  in  Figure  4. 



Cracks  which  may  be  i n i t i a t e d   in  the  e x t e r i o r   i n v e r s e l y  

s e g r e g a t e d   s u r f a c e  z o n e   are  b lun ted   in  t h i s   s u b s u r f a c e  

reg ion   so  that   the  hot  r o l l a b i l i t y   of  the  r e s u l t a n t   ingot   i s  

e x c e l l e n t .  

Thus,  as  c l e a r l y   shown  in  Figure   3,  the  cast   copper  a l l o y s  

of  the  p r e s e n t   i n v e n t i o n   are  c h a r a c t e r i z e d   by  a  f i r s t   e x t e r n a l  

i n v e r s e l y   s e g r e g a t e d   s u r f a c e   zone,  a  second  i n t e r n a l   bulk  i n g o t  

zone,  a  s u b s u r f a c e   denuded  zone  b r i d g i n g   sa id   f i r s t   and  s e c o n d  

zone  e x h i b i t i n g   a  uniform  coarse  g ra in   s t r u c t u r e   which  is  d e v o i d  

of  second  phases .   Thus,  in  accordance   with  the  p r e s e n t  

i n v e n t i o n   the re   are  no  d i s t i n c t i v e   phases  tha t   b r idge   t h e  

zone  between  the  o u t s i d e   ( i n v e r s e l y   s e g r e g a t e d   reg ion)   and 

the  bulk  of  the  c a s t i n g ,   i . e . ,   the  c a s t i n g   is  c h a r a c t e r i z e d  

by  the  p r e sence   of  a  denuded  zone  as   c l e a r l y   shown  in  F i g u r e .  

3.  This  should  be  c o n t r a s t e d   to  the  continuum  of  s e c o n d  

phases  which  c h a r a c t e r i z e   c o n v e n t i o n a l   p r o c e s s i n g   as  c l e a r l y  

shown, in  Figure  1.  Hence,  cracks   i n i t i a t e d   in  the  ingot   o f  

Figure  3  would  be  b l u n t e d   by  the  denuded  zone,  but  wou ld  

p ropaga t e   th rough  the  continuum  of  the  ingot   of  Figure  1.  

N a t u r a l l y ,   the  t h i c k n e s s   of  the  zones  w i l l   depend  upon  t h e  

p a r t i c u l a r  a l l o y   compos i t i on   and  exact  p r o c e s s i n g   c o n d i t i o n s .  

As  i n d i c a t e d   h e r e i n a b o v e ,   the  p roces s   of  the  p r e s e n t  

i n v e n t i o n   p r e f e r a b l y   deals   with  s i l i c o n   and  t i n   c o n t a i n i n g  

copper  base  a l l o y s .   The  p r e f e r r e d   s i l i c o n   conten t   i s  f r o m   1 

to  6%  and  the  p r e f e r r e d   t i n   con ten t   is  from  0.2  to  5%. 

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

a d d i t i o n s   may  r e a d i l y   be  added  to  the  s i l i c o n - t i n   b r o n z e ,  

such  as  m i schme ta l ,   chromium,  manganese,   i r o n ,   n i c k e l   and  t h e  

l ike .   Chromium  is  a  p a r t i c u l a r l y   p r e f e r r e d   a d d i t i o n   in  an 

amount  of  at  l e a s t   0.03%  and  p r e f e r a b l y   in  an  amount  f rom 



0.03  to  1.0%.  Also,  c o n v e n t i o n a l   i m p u r i t i e s   may  be  r e a d i l y  

t o l e r a t e d .  

The  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   and  i m p r o v e m e n t s  

o b t a i n e d   t h e r e b y   may  be  r e a d i l y   seen  from  a  c o n s i d e r a t i o n   o f  

the  f o l l o w i n g   i l l u s t r a t i v e   e x a m p l e .  

EXAMPLE  I  

DC  c a s t i n g s   6"  x  30"  in  c ross   s e c t i o n   were  p r e p a r e d   f rom 

a l l o y s   having  the  f o l l o w i n g   c o m p o s i t i o n s :  

These  a l l o y s   e x h i b i t   a  l i q u i d u s   t e m p e r a t u r e   of  about  1050°C. 

An  ingot   was  d i r e c t   c h i l l   cast  from  Alloy  A  such  t ha t   t h e  

melt  t e m p e r a t u r e   e n t e r i n g   the  c a s t i n g   mold  was  1130°C,  t h a t  

i s ,   s u p e r h e a t   c o n d i t i o n s   of  80°C  in  excess  of  l i q u i d u s   were  

u t i l i z e d .   The  r e s u l t a n t   cast   s t r u c t u r e   is  shown  in  Figure   1 .  

As  c l e a r l y   shown  in  F igure   1,  the  s u b s u r f a c e   reg ions   c o n t a i n  

sp ikes   or  g r a in   boundary  f i lms  of  lower  me l t ing   point   t in   r i c h  

phases .   The  hot  r o l l a b i l i t y   of  t h i s   c a s t i n g   was  poor  as 

c l e a r l y   shown  in  Figure  2  where in   the  ingot  was  hot  r o l l e d  

.from  840°C  at  two  passes   with  a  15%  r e d u c t i o n   in  each  p a s s .  

When  hot  r o l l i n g   was  a t t e m p t e d ,   c r a c k i n g   was  i n i t i a t e d   at  t h e  

a f o r e s a i d   g ra in   boundar ie s   and  p r o p a g a t e d   e x t e n s i v e l y   i n t o  

the  bulk  of  the  i n g o t .  

When  the  a f o r e s a i d   c a s t i n g   p r a c t i c e   was  m o d i f i e d  t o   A l l o y  

B  in  accordance   with  the  p rocess   of  the  p r e sen t   i n v e n t i o n  

with  a l l   c o n d i t i o n s   r ema in ing   comparable  except  tha t   the  m e l t  

t e m p e r a t u r e   e n t e r i n g   the  c a s t i n g   mold  was  i n c r e a s e d   to  1225°C 

in  accordance   with  the  p r a c t i c e   of  the  p r e s e n t   i n v e n t i o n ,   i . e . ,  

s upe rhea t   c o n d i t i o n s   of  175°C  in  excess  of  l i q u i d u s ,   a  



p r e f e r r e d   coarse   subsu r f ace   reg ion   was  o b t a i n e d   f ree   f rom 

gra in   boundary  fi lms  as  c l e a r l y   shown  in  F igure   3:  The 

s u b s u r f a c e   r eg ion   was  a  denuded  zone  which  e x h i b i t e d   a  u n i f o r m  

coarse   g ra in   s t r u c t u r e   devoid  of  second  phases .   As  a  r e s u l t ,  

when  the  ingot   was  h o t  r o l l e d   in  the  same  manner  as  i n d i c a t e d  

a b o v e  f o r   Alloy  A,  the  hot  r o l l a b i l i t y   of  Alloy  B  was  e x c e l l e n t  

.  as  c l e a r l y   shown  in  Figure  4.  

The  p a t e n t s   set  f o r th   in  t h i s   a p p l i c a t i o n   are  i n t e n d e d  

to  be  i n c o r p o r a t e d   by  r e f e r e n c e  h e r e i n .  

This  i n v e n t i o n   may  be  embodied  in  o the r   forms  or  c a r r i e d  

out  in  o ther   ways  wi thout   d e p a r t i n g   from  the  s p i r i t   o r  

e s s e n t i a l   c h a r a c t e r i s t i c s   t h e r e o f .   The  p r e s e n t   embodiment  i s  

t h e r e f o r e   to  be  c o n s i d e r e d   as  in  a l l   r e s p e c t s   i l l u s t r a t i v e   and  

not  r e s t r i c t i v e ,   the  s c o p e  o f   the  i n v e n t i o n   being  i n d i c a t e d   by 

the  appended  c la ims ,   and  a l l   changes  which  come  wi th in   t h e  

meaning  and  range  of  e q u i v a l e n c y   are  i n t e n d e d   to  be  embraced  

t h e r e i n .  



1.  A  method  of  p roces s ing   copper  base  a l loys   to  p r o v i d e  

cast   s t r u c t u r e s   having  good  hot  w o r k a b i l i t y   which  i s  

c h a r a c t e r i z e d   in  tha t   i t   comprises  d i r e c t   c h i l l   c a s t i ng   i n g o t s  

of  said  a l loys   in  a  mold  from  l i qu id   metal  wherein  the  m e l t  

t empera tu re   e n t e r i n g   the  mold  is  100  to  350°C  in  excess  of  t h e  

l i qu idus   t empera tu re ,   to  provide  a  copper  base  a l loy  which  i s  

r e s i s t a n t   to  edge  cracking  during  hot  work ing .  

2.  A  method  according  to  claim  1  c h a r a c t e r i z e d   in  t h a t  

said  a l loy  is  a  copper  base  a l loy  c o n t a i n i n g   s i l i c o n   and  t i n .  

3.  A  method  according  to  claim  1  or  2  c h a r a c t e r i z e d   in  t h a t  

the  l i qu id   metal  is  superhea ted   to  said  t empera ture   p r io r   t o  

e n t e r i n g   the  mold. 

4.  A  method  according  to  any one  of  claims  1  to  3  c h a r a c -  

t e r i z e d   in  tha t   said  r e s i s t a n t   cast   s t r u c t u r e   has  good  h o t  

r o l l a b i l i t y   and  inc lud ing   the  step  of  hot  r o l l i n g   said  i n g o t  

to  provide  a  hot  r o l l ed   m a t e r i a l   free  from  edge  c r a c k i n g .  

5.  A  method  according  to  claim  2  c h a r a c t e r i z e d   in  t h a t  

said  copper  base  a l loy  con ta ins   from  1  to  6%  s i l i c o n   and 

from  0.2  to  5%  t i n .  

6.  A  method  according  to  any one  of  claims  1  to  5 

c h a r a c t e r i z e d   in  tha t   the  melt  t empera tu re   en t e r ing   the  mold 

is  150  to  250°C  in  excess  of  the  l i qu idus   t e m p e r a t u r e .  



7.  A  method  according  to  any one  of  claims  1  to  6 

c h a r a c t e r i z e d   in  tha t   the  r e s u l t i n g   cast   ingot  e x h i b i t s   a 

subsur face   region  having  a  uniform  coarse  grain  s t r u c t u r e  

which  is  devoid  of  second  p h a s e .  

8.  A  cast   copper  base  al loy  c h a r a c t e r i z e d   in  that   i t   i s  

produced  in  accordance  with  the  method  of  any one  of  c l a i m s  

1  to  7. 

9.  Cast  copper  base  a l loys   having  good  hot  w o r k a b i l i t y  

c h a r a c t e r i z e d   by  comprising  a  f i r s t  e x t e r n a l   i n v e r s e l y  

segrega ted   sur face   zone,  a  second  i n t e r n a l   bulk  ingot  zone ,  

and  a  subsur face   denuded  zone  b r idg ing   said  f i r s t   and  second 

zones  e x h i b i t i n g   a  uniform  coarse  grain  s t r u c t u r e   which  i s  

devoid  of  second  p h a s e s .  

10.  Cast  a l loys   according  to  claim  9  c h a r a c t e r i z e d   i n  

tha t   said  a l loy  is  a  copper  base  al loy  con t a in ing   s i l i c o n  

and  t i n .  

11.  Cast  a l loys   according  to  claim  10  c h a r a c t e r i z e d   i n  

tha t   said  s i l i c o n   content   is  1  to  6%  and  said  t in  c o n t e n t  

is  0.2  to  5%. 
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