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Description 

The  present  invention  is  directed  to  alloys  that  contain  sulfur  to  improve  their  machinability,  but  are 
thereby  rendered  susceptible  to  cracking  upon  working. 

5  It  will  be  described  more  particularly  in  relation  to  sulfur-containing  alloys  of  nickel  and  copper,  and 
provides,  inter  alia,  a  novel  nickel-copper  alloy  characterized  by  a  desired  sulfide  morphology  by  virtue  of 
which  the  alloy  resists  detrimental  cracking  upon  subsequent  hot  and/or  cold  working,  the  alloy  also  being 
characterized  by  enhanced  maleability. 

As  is  well  known  in  the  art,  nickel-copper  alloys  have  been  used  in  sundry,  diverse  applications  for 
10  decades.  A  number  of  such  materials  contain  sulfur,  a  constituent  often  deemed  subversive  depending 

upon  the  intended  application.  However,  recourse  is  found  in  the  use  of  sulfur  where  excellent 
machinability  characteristics  are  required,  an  operation  which  can  be  otherwise  markedly  expensive  if 
difficult  to  perform.  As  a  consequence,  there  are  specifications,  including  specifications  of  Defense 
Procurement  Agencies,  e.g.,  QQ-N-281  (Class  B),  which  require  the  presence  of  minimum  sulfur  levels,  e.g., 

15  0.025%. 
As  above  indicated,  sulfur  can  detract  from  poperties  since  in  nickel-copper  alloys  it  is  causative  of 

forming  nickel  sulfide,  an  embrittling  phase.  To  offset  this,  magnesium  is  used  to  transform  the  sulfur  from 
an  embrittling  NiS  grain  boundary  film  into  a  less  harmful  globular  magnesium  sulfide  (MgS)  precipitate. 
However,  as  beneficial  as  magnesium  may  be,  MgS  tends  to  be  excessively  plastic  at  conventional  hot 

20  working  temperatures,  say  980  to  1200°C.  Apparently,  the  magnesium  sulfide  results  in  the  formation  of 
what  are  termed  in  the  art  as  elongated  "stringers".  Put  another  way,  upon  hot  working  these  elongated 
stringers  form  as  opposed  to  discrete  particles,  i.e.,  the  hot  rolling  does  not  sufficiently  break  up  the 
stringers  into  particles.  By  reason  of  this,  during  hot  working  and/or  upon  subsequent  cold  working, 
undesirable  cracking  ensues  leading  to  "material  rejects". 

25  The  problem  has  manifested  itself,  for  example,  in  the  production  of  fasteners  such  as  hexagonal  nuts. 
In  the  production  of  such  end  products  alloy  material  is  upset  forged,  sliced  to  short  lengths,  hole  punched 
and  then  threaded.  In  forming  the  hexagonal  nuts  troublesome  cracking  has  been  encountered  on  the 
outside  diameter  of  the  nuts  leading  to  excessive  rejects  which,  in  turn,  lead  to  unnecessarily  higher 
production  costs. 

30  Sulfur  removal  might  prove  a  panacea  and  this  could  possibly  be  accomplished  by,  inter  alia,  flux 
smelting.  But  the  presence  of  sulfur  is  necessary  for  machinability  applications.  Accordingly,  the  problem 
was  one  of  retaining  the  benefits  of  sulfur  in  respect  of  the  machinability  of  nickel-copper  alloys  while 
minimizing  the  "stringers"  adverse  affect  such  that  the  alloys  could  be  both  hot  and  cold  worked  without 
excessive  cracking. 

35  It  has  now  been  found  that  the  problem  above-described  can  be  substantially  minimized,  if  not 
completely  eliminated,  through  the  co-addition  of  cerium  and  magnesium  to  sulfur-containing  copper 
nickel  alloys  as  set  forth  infra.  It  would  appear  that  greatly  less  elongated  sulfide  stringers  result  which 
markedly  reduce  or  obviate  the  cause  of  cracking  during  working. 

Generally  speaking,  the  present  invention  contemplates  minimizing  cracking  in  copper-nickel  alloys 
40  containing  sulfur  in  an  amount  of  at  least  0.01%  and  being  effective  to  improve  machinability,  through  the 

co-presence  of  magnesium  and  cerium.  In  accordance  herewith,  the  magnesium  and  cerium  are  present  in 
small  but  effective  amounts  sufficient  to  enhance  cracking  resistance  when  the  alloy  is  hot  and  cold 
worked.  The  cerium  content  may  be  as  low  as  0.005%,  but  it  is  preferred  that  at  least  0.01%, 
advantageously,  0.02%,  cerium  be  present  together  with  at  least  0.01  or  0.015%,  advantageously  0.025%, 

45  magnesium.  All  percentages  in  this  specification  and  claims  are  by  weight.  It  is  not  necessary  that  the 
retained  levels  of  cerium  and  magnesium  exceed  0.05%  and  0.1%,  respectively.  Good  results  have  been 
achieved  on  commercial  size  heats  with  percentages  not  exceeding  0.025%  cerium  and  0.05%  magnesium. 
Put  another  way,  in  terms  of  the  cerium  content  enough  should  be  present  to  otherwise  convert  an 
appreciable  amount  of  stringers  that  would  have  formed  in  the  absence  of  cerium  to  a  more  globular-like 

so  form. 
Apart  from  the  foregoing,  magnesium  together  with  cerium  confers  enhanced  malleability  to  the  alloy 

under  consideration  in  contrast  to  magnesium  or  cerium  singularly.  Moreover,  it  has  been  further  found 
that  in  terms  of  deoxidation  the  combined  presence  of  these  two  constituents  renders  cerium  recovery 
easier  to  control  since  it  has  better  solubility  in  the  liquid  metal  than  magnesium. 

55  The  sulfur  content  may  for  example  be  0.02%  or  more,  but  there  is  no  need  to  use  sulfur  levels  higher 
than  0.075%.  While  the  invention  is  primarily  directed  to  nickel-base,  copper-containing  alloys,  for  example 
e.g.,  20  to  40%  copper,  it  is  deemed  that  alloys  containing  10  to  50%  nickel  with  copper  being  the  balance 
would  also  benefit  from  the  co-presence  of  cerium  and  magnesium. 

Carbon,  manganese,  silicon  and  iron,  elements  often  found  in  nickel-copper  (and  copper-nickel)  alloys, 
60  can  be  present  in  amounts  up  to  0.3%,  2.5%,  1%  and  5%,  respectively. 

A  most  satisfactory  alloy  contains  25  to  35%  copper,  0.02  to  0.06%  sulfur,  0.01  to  0.03%  cerium,  0.015 
to  0.05%  magnesium,  up  to  0.2%  carbon,  up  to  2%  manganese,  up  to  0.5%  silicon,  up  to  2.5%  iron,  balance 
essentially  nickel. 

To  give  those  skilled  in  the  art  a  better  understanding  of  the  invention  the  following  information  is 
65  given: 
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Example  I 
A  13,600  kg  commercial  size  heat  (approximately  0.028%  Mg,  0.01  %  Ce,  32.6%  Cu,  0.1  2%  C,  1  .04%  Mn, 

0.02%  S,  1.32%  Fe,  bal.  Ni)  was  air  induction  melted  and  cast  into  three  51  x51  x230  cm  ingots  which  were 
then  heated  to  about  1150°C  and  rolled  to  billets  which  were  cut  into  6  pieces  15x17.5  cm  per  ingot.  The 

5  billets  were  ground  and  rolled  to  18  mm  rod  (coiled).  Hexagonal  nuts  were  produced  therefrom  on  a 
commercial  nut-making  machine.  The  hexagonal  nuts  so  produced  where  found  most  satisfactory  in 
comparison  with  similar  alloys  devoid  of  cerium  (Example  III). 

Example  II 
10  A  31,750  kg  commercial  size  heat  was  electric  arc  melted  and  processed  as  in  Example  I.  Again,  the 

hexagonal  nuts  produced  were  found  quite  satisfactory.  The  alloy  so  produced  contained  (ladle  analysis) 
0.024%  magnesium,  0.012%  cerium,  0.027%  sulfur,  30.75%  copper,  0.14%  carbon,  0.93%  manganese, 
0.13%  silicon,  1.39%  iron  and  the  balance  nickel  and  impurities. 

15  Example  III 
Two  31,750  kg  commercial  size  heats  processed  as  in  Examples  I  and  II  did  exhibit  an  undue  and 

.  unsatisfactory  amount  of  cracking  in  the  production  of  hexagonal  nuts,  neither  alloy  composition 
containing  cerium.  The  compositions  of  these  alloys  were  as  follows: 

20  Mq  0.054  and  0.093%  Mn  1.05  and  1.03% Mg  0.054  and  0.093%  Mn  1.05  and  1.03% 

Ce  none  added  Si  0.19  and  0.39% 

S  0.045  and  0.048%  Fe  1.53  and  1.59% 

Cu  30.18  and  32.09%  Ni  balance 

C  0.15  and  0.15% 

25 

30  Example  IV 
A  series  (3)  of  22.7  kg  laboratory  size  heats  were  also  prepared  principally  to  assess  malleability.  In  one 

instance  magnesium  was  omitted.  The  chemistries  are  given  below: 

Alloy  A  (%)  Alloy  B  (%)  Alloy  C  (%) 

Mg  none  added  0.062  0.026 

Ce  0.026  0.051  0.024 

S  0.05  0.057  0.061 

Cu  32.48  32.40  32.44 

C  0.16  0.17  0.17 

Mn  0.97  0.98  0.98 

Si  0.01  0.01  0.01 

Fe  1.31  1.30  1.30 

35 

40 

45 

50 

Note:  Ce=  amount  added. 

Alloys  A,  B  and  C  were  heated  to  1120°C  and  hot  worked  (forged)  to  5  cm  square  bar  which  was  then 
forged  and  cut  to  1.25x2.5x15  cm  lengths.  Alloy  "A",  no  magnesium  addition,  severely  cracked  on  forging 
and  was  not  further  tested.  Using  a  180°  bend  test  at  various  temperatures  over  a  test  range  of  705  to 
1205°C  it  was  found  that  Alloy  "B",  while  it  forged  satisfactorily,  was  lacking  in  good  malleability  whereas 
Alloy  "C"  performed  very  well.  It  is  deemed  that  the  level  of  the  cerium  addition  in  "B",  0.069%,  was 
excessive  for  good  malleability.  As  indicated  previously  herein,  cerium  should  preferably  be  held  to  0.05% 
or  less.  It  might  be  added  that  the  bend  test  temperature  range  was  selected  to  assess  workability  and  with 
the  view  that  "splitting"  would  be  likely  induced.  Alloys  B  and  C  manifested  a  much  greater  degree  of 
resistance  to  splitting  then  might  have  been  otherwise  expected. 

The  alloy  of  the  present  invention  can  be  used  in  a  number  of  applications,  including  water  meter 
components,  screw  machine  products,  and  valve  seat  inserts.  It  is  deemed  particularly  useful  in  the 
fastener  field,  e.g.,  for  producing  nuts  where  cold  working  is  a  critical  processing  step. 

55 

60 

65 
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Although  the  present  invention  has  been  described  in  conjunction  with  preferred  embodiments,  it  is 
not  limited  thereto.  In  this  connection  it  is  deemed  that  the  co-addition  of  cerium  and  magnesium  can  be 
made  in  alloys  in  general,  irrespective  of  the  nickel  and  copper  contents,  where  excessive  plasticity  and 
cracking  upon  working  would  otherwise  be  a  problem.  The  cerium  can  be  added,  as  will  be  recognized  by 

5  the  artisan,  in  the  form  of  mischmetal  containing  about  50%  cerium  and  balance  other  rare  earths.  If  the 
cerium  content  of  the  mischmetal  varies  greatly  from  50%,  adjustments  have  to  be  made  to  compensate 
for  the  effect  of  other  rare  earths. 

Claims 
10 

1  .  A  copper-nickel  alloy  that  contains  sulfur  in  an  amount  of  at  least  0.01  %  and  being  effective  to  confer 
improved  machinability  and  also  contains  both  cerium  and  magnesium  in  small  amounts  of  up  to  about 
0.1%  by  weight  each,  effective  to  increase  resistance  to  cracking  upon  working. 

2.  An  alloy  according  to  claim  1  that  contains  from  about  0.01  to  0.075%  sulfur. 
is  3.  An  alloy  according  to  claim  1  or  claim  2  having  good  machinability,  malleability  and  resistance  to 

cracking  upon  working,  said  alloy  containing,  by  weight,  from  20  to  40%  copper,  sulfur  from  about  0.01  to 
0.075%,  cerium  and  magnesium  in  small  amounts,  up  to  about  0.1  %  each,  effective  to  enhance  resistance 
to  cracking,  up  to  0.3%  carbon,  up  to  about  2.5%  manganese,  up  to  1%  silicon,  and  up  to  5%  iron,  the 
balance,  apart  from  impurities,  being  nickel. 

20  4.  An  alloy  according  to  claim  3  that  contains  from  25  to  35%  copper. 
5.  An  alloy  according  to  any  preceding  claim  wherein  the  cerium  content  is  from  about  0.01  %  to  about 

0.05%  and  the  magnesium  content  is  from  about  0.01%  to  about  0.1%. 
6.  An  alloy  according  to  any  preceding  claim  that  contains  from  25  to  35%  copper,  0.02  to  0.06%  sulfur, 

0.01  to  0.03%  cerium,  0.015  to  0.05%  magnesium,  up  to  0.2%  carbon,  up  to  2%  manganese,  up  to  0.5% 
25  silicon,  and  up  to  2.5%  iron,  the  balance,  apart  from  impurities,  being  nickel. 

7.  A  fastener  made  of  a  copper-nickel-sulfur  alloy  according  to  any  preceding  claim. 

Patentanspriiche 

30  1.  Kupfer-Nickel-Legierung  mit  mindestens  0,01%  Schwefel  zur  Verbesserung  der  Bearbeitbarkeit 
sowie  Cer  und  Magnesium  in  geringen  Mengen  bis  jeweils  etwa  0,1  Gew.-%  zur  Verbesserung  der 
RiSbestandigkeit  beim  Verformen. 

2.  Legierung  nach  Anspruch  1  mit  0,01  bis  0,075%  Schwefel. 
3.  Legierung  nach  Anspruch  1  oder  2  mit  guter  Bearbeitbarkeit,  Verformbarkeit  und  Rifcbestandigkeit 

35  beim  Verformen  mit  20  bis  40%  Kupfer  etwa  0,01  bis  0,075%  Schwefel,  Cer  und  Magnesium  in  geringen 
Mengen  bis  etwa  je  0,1%  zur  Verbesserung  der  RilSbestandigkeit,  bis  0,3%  Kohlenstoff,  bis  etwa  2,5% 
Mangan,  bis  1%  Silizium  und  bis  5%  Eisen,  Rest  einschlieBlich  erschmelzungsbedingterVerunreinigungen 
Nickel. 

4.  Legierung  nach  Anspruch  3  mit  25  bis  35%  Kupfer. 
40  5.  Legierung  nach  einem  der  Anspriiche  1  bis  4  mit  etwa  0,01  %  bis  etwa  0,05%  Cer  und  etwa  0,01  %  bis 

etwa  0,1%  Magnesium. 
6.  Legierung  nach  einem  der  Anspruche  1  bis  5  mit  25  bis  35%  Kupfer,  0,02  bis  0,06%  Schwefel,  0,01 

bis  0,03%  Cer,  0,015  bis  0,05%  Magnesium,  bis  0,2%  Kohlenstoff,  bis  2%  Mangan,  bis  0,5%  Silizium  und 
bis  2,5%  Eisen,  Rest  einschlielSlich  erschmelzungsbedingter  Verunreinigungen  Nickel. 

45  7.  Befestigungselement  aus  einer  Kupfer-Nickel-Schwefel-Legierung  nach  einem  der  Anspruche  1  bis 
6. 

Revendications 

so  1  .  Alliage  de  cuivre  et  de  nickel  contenant  du  souf  re  selon  une  quantite  d'au  moins  0,01  %  efficace  pour 
ameliorer  I'usinabilite  et  contenant  egalement  du  cerium  ainsi  que  du  magnesium  en  faibles  quantites 
allant  jusqu'a  environ  0,1%  en  poids  pour  chacun,  efficaces  pour  accrottre  la  resistance  a  la  fissuration  au 
fagonnage. 

2.  Alliage  selon  la  revendication  1,  contenant  d'environ  0,01  a  0,075%  de  soufre. 
55  3.  Alliage  selon  la  revendication  1  ou  2  ayant  de  bonnes  usinabilite,  malleabilite  et  resistance  a  la 

fissuration  au  fagonnage,  cet  alliage  contenant,  en  poids,  de  20  a  40%  de  cuivre,  d'environ  0,01  a  0,075%  de 
soufre,  du  cerium  et  du  magnesium  en  faibles  quantites  allant  jusqu'a  environ  0,1  %  pour  chacun,  efficacent 
pour  accroitre  la  resistance  a  la  fissuration,  jusqu'a  0,3%  de  carbone,  jusqu'a  environ  2,5%  de  manganese, 
jusqu'a  1%  de  silicium  et  jusqu'a  5%  de  fer,  le  reste,  a  I'exception  des  impuretes,  consistant  en  nickel. 

60  4.  Alliage  selon  la  revendication  3,  contenant  de  25  a  35%  de  cuivre. 
5.  Alliage  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  teneur  en  cerium  est 

d'environ  0,01%  a  environ  0,05%  et  dans  lequel  la  teneur  en  magnesium  est  d'environ  0,01%  a  environ 
0,1%. 

6.  Alliage  selon  I'une  quelconque  des  revendications  precedentes,  contenant  de  25  a  35%  de  cuivre,  de 
65  0,02  a  0,06%  de  soufre,  de  0,01  a  0,03%  de  cerium,  de  0,015  a  0,05%  de  magnesium,  jusqu'a  0,2%  de 
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carbone,  jusqu'a  2%  de  manganese,  jusqu'a  0,5%  de  silicium  et  jusqu'a  2,5%  de  fer,  le  reste,  a  I'exception 
des  impuretes,  consistant  en  nickel. 

7.  Moyen  de  liaison  realise  en  un  alliage  de  cuivre,  de  nickel  et  de  soufre  selon  I'une  quelconque  des 
revendications  precedentes. 
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