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Background  of  the  invention 
The  present  invention  deals  with  the 

provision  of  cast  structures  having  good  hot 
rollability. 

The  commercial  production  of  wrought 
copper  base  alloys  is  naturally  seriously  affected 
by  edge  cracking  of  the  alloys  during  hot  rolling 
or  hot  working.  Silicon-tin  bronzes  in  particular 
have  been  found  to  be  susceptible  to  this  edge 
cracking  phenomenon.  This  is  naturally  a 
serious  problem  commercially.  Ternary  copper 
base  alloys  which  contain  silicon  and  tin  are 
even  more  susceptible  to  the  edge  cracking 
phenomenon,  but  these  ternary  alloys  are  none- 
theless  desirable  for  commercial  production 
because  they  provide  a  good  combination  of 
stress  corrosion  resistance,  high  strength  and 
formability. 

Various  means  have  been  suggested  in  the 
art  in  order  to  counteract  the  edge  cracking 
problem,  especially  in  silicon  and  tin  containing 
copper  base  alloys.  Such  means  have  included 
both  different  combinations  of  elemental 
additions  and  ways  to  vary  the  hot  working 
process.  For  example,  copper  base  alloys  con- 
taining  silicon  and  tin  together  with  misch- 
metal  are  taught  in  U.S.  Patent  4,148,633. 
While  this  patent  does  provide  improvement  in 
the  edge  cracking  phenomenon,  it  is  naturally 
desirable  to  provide  even  greater  improvement 
and  to  provide  such  improvement  without  the 
necessity  for  adding  alloying  additions.  Of 
further  interest  is  "A  Preliminary  Assessment  of 
the  Value  of  Minor  Alloy  Additions  in  Counter- 
acting  the  Harmful  Effect  of  Impurities  on  the 
Hot  Workability  of  Some  Copper  Alloys"  by  R.  J. 
Jackson  et  al.  in  the  Journal  of  the  Institute  of 
Metals,  Volume  98  (1970),  Pages  1 9 3 - 1 9 8 .  
This  article  discusses  copper  alloys  which 
contain  impurities  such  as  lead  and  bismuth. 
These  metals  may  have  their  tendencies  to 
crack  during  hot  working  reduced  by  the 
addition  of  such  materials  as  thorium,  uranium 
and  mischmetal.  Other  patents  of  interest 
include  U.S.  1,881,257,  U.S.  1,956,251, 
German  756,035,  U.S.  2,257,437,  U.S. 
2,062,448  and  U.S.  3,923,555. 

It  is  therefore,  a  principal  object  of  the 
present  invention  to  provide  a  method  of  pro- 
cessing  silicon-tin  bronzes  to  provide  cast 
structures  having  good  hot  rollability. 

It  is  a  still  further  object  of  the  present 
invention  to  provide  such  a  method  which 
yields  a  copper  base  alloy  which  is  resistant  to 
edge  cracking  during  hot  working. 

It  is  a  further object  of  the  present  invention 
to  provide  a  method  as  aforesaid  which  does 
not  rely  on  expensive  processing  variations  or 
alloying  additions. 

It  is  a  still  further  object  of  the  present 
invention  to  provide  improved  cast  copper 

alloys  which  are  resistant  to  edge  cracking 
during  hot  rolling. 

Further  objects  and  advantages  of  the 
present  invention  will  appear  from  a  con- 
sideration  of  the  following  specification. 

Summary  of  the  invention 
The  foregoing  objects  and  advantages  are 

readily  accomplished  in  accordance  with  the 
method  of  the  present  invention.  The  method  of 
the  present  invention  is  a  method  for  pro- 
cessing  copper  base  alloys  especially  those 
containing  silicon  and  tin  to  provide  cast  struc- 
tures  having  good  hot  workability.  Hot  rolling  is 
the  preferred  processing  practice,  however,  any 
hot  working  step  is  contemplated  in  accord- 
ance  with  the  process  of  the  present  invention, 
such  as  drawing  or  extrusion.  Throughout  the 
present  specification,  however,  hot  rolling  will 
be  discussed  as  the  preferred  hot  working  step. 

In  accordance  with  the  method  of  the 
present  invention  ingots  are  direct  chill  cast, 
preferably  of  silicon-tin  bronzes,  in  a  mold  from 
liquid  metal  wherein  the  melt  temperature 
entering  the  mold  is  100  to  350°C  in  excess  of 
the  liquidus  temperature.  This  simple,  con- 
venient  and  expeditious  practice  provides  a 
copper  base  alloy  which  is  resistant  to  edge 
cracking  during  hot  rolling. 

The  present  invention  also  provides 
improved  cast  structures  which  exhibit  sur- 
prisingly  good  hot  rollability.  The  cast  copper 
base  alloys  comprise  a  first  external  inversely 
segregated  surface  zone,  a  second  bulk  ingot 
zone  and  a  subsurface  denuded  zone  bridging 
said  first  and  second  zones  exhibiting  a  uniform 
coarse  grain  structure  which  is  devoid  of  second 
phases.  Although  the  improved  cast  structures 
are  preferably  present  in  silicon-tin  bronzes  as 
aforesaid,  it  is  a  finding  of  the  present  invention 
that  the  present  process  preferentially  provides 
said  structures  with  resultant  improved  hot  roll- 
ability  in  copper  alloys  generally,  as,  for 
example,  in  aluminum  bronzes,  tin  bronzes  and 
tin  brasses.  In  view  of  the  remarkable  improve- 
ment  effected  by  the  present  invention  with 
regard  to  the  particularly  troublesome  silicon- 
tin  bronzes,  the  present  invention  will  be  dis- 
cussed  hereinbelow  with  regard  to  this  alloy 
system. 

Brief  description  of  the  drawings 
Figure  1  is  a  photograph  of  a  DC  cast  silicon- 

tin  bronze  showing  the  subsurface  region 
thereof  produced  using  conventional  pro- 
cessing  with  the  photograph  taken  at  a  magnifi- 
cation  of  12x; 

Figure  2  is  a  photograph  of  a  heavily  cracked 
plate  produced  from  the  casting  of  Figure  1  by 
hot  rolling  said  casting,  with  the  photograph  at 
a  magnification  of  0.6x; 

Figure  3  is  a  photograph  of  a  DC  cast  silicon- 



tin  bronze  of  substantially  the  same  com- 
position  as  in  Figure  1  produced  in  accordance 
with  the  present  invention  showing  the  sub- 
surface  region  thereof  with  the  photograph  at  a 
magnification  of  12x;  and 

Figure  4  is  a  photograph  of  a  crack-free  plate 
produced  by  hot  rolling  the  casting  of  Figure  3, 
with  the  photograph  taken  a  a  magnification  of 
0.6x. 

Detailed  description 
In  preparing  castings  for  molten  metal,  it  i s  

necessary  to  superheat  the  liquid  metal  in  order 
to  provide  sufficient  fluidity  to  fill  the  mold.  In 
accordance  with  conventional  practice,  an 
excess  superheat  is  avoided  in  order  to 
maximize  utilization  of  energy,  minimize  pickup 
of  harmful  gases,  minimize  the  loss  of  volatile 
elements  and  minimize  wear  on  refractory 
parts. 

Hence,  normal  pouring  practices  for  silicon- 
tin  bronzes  provide  for  a  30  to  70°C  superheat 
at  the  point  where  the  liquid  metal  enters  the 
casting  mold. 

In  accordance  with  the  process  of  the 
present  invention,  surprisingly  improved  cast 
structures  are  obtained  utilizing  higher  than 
normal  superheats  in  direct  chill  casting.  The 
process  of  the  present  invention  superheats  the 
liquid  metal  to  a  temperature  of  from  100  to 
350°C  in  excess  of  the  liquidus  temperature, 
and  preferably  150  to  250°C  in  excess  of  the 
liquidus  temperature.  Ingots  are  then  cast  in  a 
mold  from  the  liquid  metal  wherein  the  melt 
temperature  entering  the  mold  is  in  said  higher 
superheated  range.  It  is  surprising  and 
unexpected  to  find  that  this  simple  and  expe- 
ditious  practice  yields  the  improvements  of  the 
present  invention. 

Ingots  cast  by  the  DC  or  direct  chill  casting 
method  exhibit  characteristic  structural  features 
that  are  inherent  in  the  modes  of  heat 
extraction  effected  by  this  technique.  Thus,  a 
typical  DC  casting  arrangement  provides  for  the 
transfer  of  molten  metal  into  a  water  cooled 
copper  mold  via  a  downspout  distributor  or 
similar  distribution  means.  Solidification  of  the 
liquid  metal  is  effected  by  heat  transfer  through 
the  water  cooled  mold  and  by  the  direct 
impingement  of  water  onto  the  ingot  as  it 
emerges  from  the  mold.  The  ingot  shell  with 
associated  fine  grained  structure  is  formed 
rapidly  under  high  rates  of  heat  extraction  when 
the  molten  metal  and  mold  are  in  contact.  After 
reaching  some  critical  thickness  the  ingot  shell 
shrinks  away  from  the  mold  wall.  Solidification 
continues  but  under  lower  heat  transfer  con- 
ditions.  Accordingly,  the  subsurface  region  so 
formed  exhibits  a  coarser  structure.  Solidifi- 
cation  of  the  major  part  of  the  ingot  section  is 
achieved  by  the  direct  impingement  of  the  sub- 
mold  coolant  onto  the  ingot  surface.  The 
resultant  structure  is  fine  adjacent  to  the  above 
subsurface  region,  and  coarsens  gradually  on 
approaching  the  ingot  center.  Typically,  the  high 

growth  rate  conditions  operative  during  this 
solidification  of  the  bulk  realizes  formation  of 
columnar  grains. 

The  formation  of  the  subsurface  region  is  of 
particular  relevance  to  the  present  invention.  In 
solidifying  alloys,  solute  rich  phases  are  formed 
in  the  dendrite  arms  and  at  grain  boundaries. 
These  phases  possess  lower  melting  tem- 
peratures  than  the  primary  dendrites.  Accord- 
ingly,  during  formation  of  the  above  discussed 
subsurface  region,  when  the  heat  extraction 
process  is  diminished  the  temperature  of  the 
ingot  shell  increases  and  these  solute  rich 
phases  tend  to  remelt.  As  a  result,  inverse 
segregation  and  seams  or  spikes  of  these 
phases  form  along  grain  boundaries  in  these 
reheated  regions.  These  features  can  and  fre- 
quently  are  detrimental  to  the  hot  rolling  per- 
formance  of  the  resultant  cast  silicon-tin 
bronze. 

In  accordance  with  the  present  invention,  it 
has  now  been  found  that  in  preparing  direct 
chill  castings,  particularly  of  silicon-tin  bronzes, 
that  the  structural  features  in  the  subsurface 
region  can  be  controlled  by  manipulating  the 
superheat  as  discussed  hereinabove.  When 
using  conventional  practice  with  superheats  of 
30  to  70°C,  the  subsurface  regions  contain 
spikes  or  grain  boundary  films  of  low  melting 
point  silicon-tin  rich  phases  as  clearly  shown  in 
Figure  1.  The  hot  rollability  of  such  structures  is 
very  poor.  Cracking  initiated  at  these  grain 
boundary  features  propagates  extensively  into 
the  bulk  of  the  ingot  as  clearly  shown  in  the 
heavily  cracked  plate  produced  by  hot  rolling 
the  material  of  Figure  1,  shown  clearly  in  Figure 
2. 

However,  the  use  of  higher  superheats  in 
accordance  with  the  practice  of  the  present 

invention  surprisingly  and  unexpectedly  avoids 
formation  of  these  seams  of  low  melting  point 
phases  as  clearly  shown  in  Figure  3.  In  addition, 
the  subsurface  region  exhibits  a  uniform  coarse 
grain  structure  which  is  devoid  of  second  phase. 
The  associated  hot  rollability  is  exceptionally 
good  as  shown  in  Figure  4. 

Cracks  which  may  be  initiated  in  the  exterior 
inversely  segregated  surface  zone  are  blunted  in 
this  subsurface  region  so  that  the  hot  rollability 
of  the  resultant  ingot  is  excellent. 

Thus,  as  clearly  shown  in  Figure  3,  the  cast 
copper  alloys  of  the  present  invention  are 
characterized  by  a  first  external  inversely  segre- 
gated  surface  zone,  a  second  internal  bulk  ingot 
zone,  a  subsurface  denuded  zone  bridging  said 
first  and  second  zone  exhibiting  a  uniform 
coarse  grain  structure  which  is  devoid  of  second 
phases.  Thus,  in  accordance  with  the  present 
invention  there  are  no  distinctive  phases that 
bridge  the  zone  between  the  outside  (inversely 
segregated  region)  and  the  bulk  of  the  casting, 
i.e.,  the  casting  is  characterized  by  the  presence 
of  a  denuded  zone  as  clearly  shown  in  Figure  3. 
This  should  be  contrasted  to  the  continuum  of 
second  phases  which  characterize  conven- 



tional  processing  as  claerly  shown  in  Figure  1. 
Hence,  cracks  initiated  in  the  ingot  of  Figure  3 
would  be  blunted  by  the  denuded  zone,  but 
would  propagate  through  the  continuum  of  the 
ingot  of  Figure  1.  Naturally,  the  thickness  of  the 
zones  will  depend  upon  the  particular  alloy 
composition  and  exact  processing  conditions. 

As  indicated  hereinabove,  the  process  of  the 
present  invention  preferably  deals  with  silicon 
and  tin  containing  copper  base  alloys.  The  pre- 
ferred  silicon  content  is  from  1  to  6%  and  the 
preferred  tin  content  is  from  0.2  to  5%. 
Naturally,  if  desired  for  particular  properties, 
alloying  additions  may  readily  be  added  to  the 
silicon-tin  bronze,  such  as  mischmetal, 
chromium,  manganese,  iron,  nickel  and  the  like. 
Chromium  is  a  particularly  preferred  addition  in 
an  amount  of  at  least  0.03%  and  preferably  in 
an  amount  from  0.03  to  1.0%.  Also,  conven- 
tional  impurities  may  be  readily  tolerated. 

The  process  of  the  present  invention  and 
improvements  obtained  thereby  may  be  readily 
seen  from  a  consideration  of  the  following 
illustrative  example. 

Example  I 
DC  castings  6"x30"  in  cross  section  were 

prepared  from  alloys  having  the  following 
compositions: 

These  alloys  exhibit  a  liquidus  temperature  of 
about  1050°C.  An  ingot  was  direct  chill  cast 
from  Alloy  A  such  that  the  melt  temperature 
entering  the  casting  mold  was  1130°C,  that  is, 
superheat  conditions  of  80°C  in  excess  of 
liquidus  were  utilized.  The  resultant  cast 
structure  is  shown  in  Figure  1.  As  clearly  shown 
in  Figure  1,  the  subsurface  regions  contain 
spikes  or  grain  boundary  films  of  lower  melting 
point  tin  rich  phases.  The  hot  rollability  of  this 
casting  was  poor  as  clearly  shown  in  Figure  2 
wherein  the  ingot  was  hot  rolled  from  840°C  at 
two  passes  with  a  15%  reduction  in  each  pass. 
When  hot  rolling  was  attempted,  cracking  was 
initiated  at  the  aforesaid  grain  boundaries  and 
propagated  extensively  into  the  bulk  of  the 
ingot. 

When  the  aforesaid  casting  practice  was 
modified  to  Alloy  B  in  accordance  with  the 
process  of  the  present.  invention  with  all  con- 
ditions  remaining  comparable  except  that  the 
melt  temperature  entering  the  casting  mold 
was  increased  to  1225°C  in  accordance  with 
the  practice  of  the  present  invention,  i.e.,  super- 
heat  conditions  of  175°C  in  excess  of  liquidus, 
a  preferred  coarse  subsurface  region  was 
obtained  free  from  grain  boundary  films  as 

clearly  shown  in  Figure  3.  The  subsurface 
region  was  a  denuded  zone  which  exhibited  a 
uniform  coarse  grain  structure'devoid  of  second 
phases.  As  a  result,  when  the  ingot  was  hot 
rolled  in  the  same  manner  as  indicated  above 
for  alloy  A,  the  hot  rollability  of  Alloy  B  was 
excellent  as  clearly  shown  in  Figure  4. 

This  invention  may  be  embodied  in  other 
forms  or  carried  out  in  other  ways  without 
departing  from  the  spirit  or  essential  charac- 
teristics  thereof.  The  present  embodiment  is 
therefore  to  be  considered  as  in  all  respects 
illustrative  and  not  restrictive,  the  scope  of  the 
invention  being  indicated  by  the  appended 
claims,  and  all  changes  which  come  within  the 
meaning  and  range  of  equivalency  are  intended 
to  be  embraced  therein. 

1.  A  method  of  processing  copper  base 
alloys  to  provide  cast  structures  having  good 
hot  workability  by  direct  chill  casting  ingots  of 
said  alloys  in  a  mold  from  liquid  metal  charac- 
terized  in  that  the  melt  temperature  entering 
the  mold  is  100  to  350°C  in  excess  of  the 
liquidus  temperature. 

2.  A  method  according  to  claim  1  charac- 
terized  in  that  the  melt  temperature  entering 
the  mold  is  150  to  250°C  in  excess  of  the 
liquidus  temperature. 

3.  A  method  according  to  claim  1  or  2 
characterized  in  that  the  liquid  metal  is 
superheated  to  said  temperature  prior  to 
entering  the  mold. 

4.  A  method according  to  any  one  of  claims 
1  to  3  characterized  in  that  said  ingot  is  hot 
rolled. 

5.  A  method  according  to  any  one  of  claims 
1  to  4  characterized  in  that  said  alloy  is  a 
copper  base  alloy  containing  silicon  and  tin. 

6.  A  method  according  to  claim  5  charac- 
terized  in  that  said  copper  base  alloy  contains 
from  1  to  6%  silicon  and  from  0.2  to  5%  tin. 

7.  Cast  copper  base  alloys  having  good  hot 
workability  characterized  by  comprising  a  first 
external  inversely  segregated  surface  zone,  a 
second  internal  bulk  ingot  zone,  and  a  sub- 
surface  denuded  zone  bridging  said  first  and 
second  zones  exhibiting  a  uniform  coarse  grain 
structure  which  is  devoid  of  second  phases. 

8.  Cast  alloys  according  to  claim  7  charac- 
terized  in  that  said  alloy  is  a  copper  base  alloy 
containing  silicon  and  tin. 

9.  Cast  alloys  according  to  claim  8  charac- 
terized  in  that  said  silicon  content  is  1  to  6% 
and  said  tin  content  is  0.2  to  5%. 

1.  Verfahren  zum  Verarbeiten  von  Kupfer- 
basislegierungen  zur  Schaffung  von  Gußer- 
zeugnissen  mit  guter  Warmverformbarkeit,  bei 
dem  aus  flüssigem  Metall  in  einer  Kokille  Gieß- 
linge  aus  diesen  Legierungen  stranggegossen 



werden,  dadurch  gekennzeichnet,  daß  die 
Schmelzentemperatur  beim  Eintritt  in  die  Kokil- 
le  100  bis  350°C  oberhalb  der  Liquidustem- 
peratur  liegt. 

2.  Verfahren  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daß  die  Schmelztemperatur 
beim  Eintritt  in  die  Kokille  150  bis  250°C  ober- 
halb  der  Liquidustemperatur  liegt. 

3.  Verfahren  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet,  daß  das  flüssige 
Metall  vor  dem  Eintritt  in  die  Kokille  auf  die 
genannte  Temperatur  überhitzt  wird. 

4.  Verfahren  nach  einem  der  Ansprüche  1  bis 
3,  dadurch  gekennzeichnet,  daß  der  genannte 
Gießling  warmgewalzt  wird. 

5.  Verfahren  nach  einem  der  Ansprüche  1  bis 
4,  dadurch  gekennzeichnet,  daß  die  genannte 
Legierung  eine  Kupferbasislegierung  ist,  die 
Silicium  und  Zinn  enthält. 

6.  Verfahren  nach  Anspruch  5,  dadurch 
gekennzeichnet,  daß  die  genannte  Kupfer- 
basislegierung  1  bis  6%  Silicium  und  0,2  bis  5% 
Zinn  enthält. 

7.  Kupferbasis-Gußlegierungen  mit  guter 
Warmverformbarkeit,  dadurch  gekennzeichnet, 
daß  sie  eine  erste,  äußere,  umgekehrt  segre- 
gierte  Zone  an  der  Oberfläche,  eine  zweite,  in- 
nere  Zone  des  Großteils  des  Gießlings,  sowie 
unterhalb  der  Oberfläche  eine  denudierte  bzw.  
verarmte  Zone  aufweisen,  die  zwischen  der 
ersten  und  der  zweiten  Zone  ist  und  eine  gleich- 
mäßige  Grobkornstruktur  frei  von  Zweitphasen 
aufweist. 

8.  Gußlegierungen  nach  Anspruch  7, 
dadurch  gekennzeichnet,  daß  diese  Legierung 
eine  Kupferbasislegierung  ist,  die  Silicium  und 
Zinn  enthält. 

9.  Gußlegierungen  nach  Anspruch  8, 
dadurch  gekennzeichnet,  daß  der  genannte  Sili- 
ciumgehalt  1  bis  6%  und  der  genannte  Zinn- 
gehalt  0,2  bis  5%  beträgt. 

1.  Procédé  pour  traiter  des  alliages  à  base  de 
cuivre  dans  le  but  de  créer  des  structures  de 
coulée  se  laissant  bien  travailler  à  chaud  par  la 
coulée  à  refroidissement  direct  de  lingots  de  ces 
alliages  dans  une  lingotière  à  partir  de  métal 
liquide,  caractérisé  en  ce  que  la  température  du 
métal  liquide  entrant  dans  la  lingotière  est  de 
100  à  350°C  supérieure  au  liquidus. 

2.  Procédé  selon  la  revendication  1,  carac- 
térisé  en  ce  que  la  température  du  métal  liquide 
entrant  dans  la  lingotière  est  de  150  à  250°C 
supérieure  au  liquidus. 

3.  Procédé  selon  la  revendication  1  ou  2, 
caractérisé  en  ce  que  l'on  surchauffe  le  métal 
liquide  à  ladite  température  avant  de  le  faire 
entrer  dans  la  lingotière. 

4.  Procédé  selon  l'une  quelconque  des 
revendications  1  à  3,  caractérisé  en  ce  que  le 
lingot  est  laminé  à  chaud. 

5.  Procédé  selon  l'une  quelconque  des 
revendications  1  à  4,  caractérisé  en  ce  que 
l'alliage  est  un  alliage  à  base  de  cuivre  con- 
tenant  du  silicium  et  de  l'étain. 

6.  Procédé  selon  la  revendication  5,  carac- 
térisé  en  ce  que  l'alliage  à  base  de  cuivre  con- 
tient  1  à  6%  de  silicium  et  0,2  à  5%  d'étain. 

7.  Alliage  coulé  à  base  de  cuivre  se  laissant 
bien  travailler  à  chaud,  caractérisé  en  ce  qu'il 
possède  une  première  zone  de  surface  externe  à 
ségrégation  inverse,  une  seconde  zone  interne 
formant  le  gros  du  lingot  et  une  zone  dénudée 
située  sous  la  surface,  qui  relie  la  première  à  la 
seconde  zone  et  présente  une  structure  à  gros 
grain  uniforme  et  exempte  de  secondes  phases. 

8.  Alliage  coulé  selon  la  revendication  7, 
caractérisé  en  ce  qu'il  est  un  alliage  à  base  de 
cuivre  contenant  du  silicium  et  de  l'étain. 

9.  Alliage  coulé  selon  la  revendication  8, 
caractérisé  en  ce  que  la  teneur  en  silicium  est 
de  1  à  6%  et  la  teneur  en  étain  est  de  0,2  à  5%. 
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