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Description 

The  present  invention  relates  to  dispersion  strengthened  aluminum-base  alloys,  and  more  particularly  to 
methods  of  producing  forged,  extruded  and  rolled  rapidly  solidified  high  temperature  aluminum-base  alloys 

5  having  improved  ambient  and  elevated  temperature  mechanical  properties. 
In  recent  years  the  aerospace  industry  has  searched  for  high  temperature  aluminum  alloys  to  replace 

titanium  and  existing  aluminum-base  alloys  in  applications  requiring  operating  temperatures  approaching 
350  °  C.  While  high  strength  at  ambient  and  elevated  temperatures  is  a  primary  requirement,  certain  design 
applications  mandate  that  candidate  alloys  also  exhibit,  in  combination,  ductility,  toughness,  fatigue  and 

io  corrosion  resistance,  as  well  as  lower  density  than  the  materials  currently  being  used.  In  addition  to  the 
scientific  requirements  to  be  met  in  developing  such  alloys,  stringent  economic  requirements  must  be  met 
in  the  fabrication  of  such  alloys  into  useful  forms.  In  many  cases,  potential  savings  gained  by  direct  alloy 
substitution  are  offset  by  the  complexity  and  magnitude  or  forming  operations  necessary  for  fabricating 
desired  shapes.  It  would  be  particularly  advantageous  if  a  high  temperature  aluminum-base  alloy  could  be 

75  easily  shaped  into  desired  forms  with  existing  equipment,  thereby  eliminating  the  additional  expenses 
associated  with  retooling  or  re-designing  equipment  for  fabrication. 

For  any  forming  process  to  be  successful,  parts  fabricated  therefrom  must  demonstrate  mechanical 
properties  which  are  reproducible.  The  mechanical  properties  must  be  attainable  under  a  practical  range  of 
forming  conditions  and  are  substantially  affected  by  fabrication  parameters. 

20  To  date,  most  aluminum-base  alloys  being  considered  for  elevated  temperature  applications  are 
produced  by  rapid  solidification.  Such  processes  typically  produce  homogeneous  materials,  and  permit 
control  of  chemical  composition  by  providing  for  incorporation  of  strengthening  dispersoids  into  the  alloy  at 
sizes  and  volume  fractions  unattainable  by  conventional  ingot  metallurgy.  Processes  for  producing  chemical 
compositions  of  alumimum  base  alloys  for  elevated  temperature  applications  have  been  described  in  U.S.. 

25  2,963,780  to  Lyle,  et  al.;  U.S.P.  2,967,351  to  Roberts,  et  al.;  U.S.P.  3,462,248  to  Roberts,  et  al.;  U.S.P. 
4,379,719  to  Hildeman,  et  al.  U.S.P.  4,347,076  to  Ray,  et  al.,  U.S.P.  4,647,321  to  Adam,  et  al.,  EP  218,035 
and  U.S.P.  4,729,790  to  Skinner,  et  al.  The  alloys  taught  by  Lyle,  et  al.,  Roberts,  et  al.  and  Hildeman,  et  al. 
were  produced  by  atomizing  liquid  metals  into  finely  divided  droplets  by  high  velocity  gas  streams.  The 
droplets  were  cooled  by  convection  cooling  at  a  rate  of  approximately  10+  °C/sec.  Alternatively,  the  alloys 

30  taught  by  Adam,  et  al.,  Ray,  et  al.,  EP  218,035,  and  Skinner,  et  al.  were  produced  by  ejecting  and 
solidifying  a  liquid  metal  stream  onto  a  rapidly  moving  substrate.  The  produced  ribbon  is  cooled  by 
conductive  cooling  at  rates  in  the  range  of  105  to  107oC/sec.  In  general,  the  cooling  rates  achievable  by 
both  atomization  and  melt  spinning  greatly  reduce  the  size  of  intermetallic  dispersoids  formed  during  the 
solidification.  Furthermore,  engineering  alloys  containing  substantially  higher  quantities  of  transition  ele- 

35  ments  are  able  to  be  produced  by  rapid  solidification  with  mechanical  properties  superior  to  those 
previously  produced  by  conventional  solidification  processes. 

To  achieve  the  advantages  afforded  by  rapid  solidification  processing,  the  powders  must  be  fabricated 
into  a  final  shape  by  a  series  of  steps  including  degassing,  compaction,  consolidation  and  forming.  Sheet  or 
plate  is  fabricated  by  extrusion  or  forging,  followed  by  machining  prior  to  rolling.  Selection  of  conditions  for 

40  each  step  is  highly  critical  since  the  majority  of  candidate  aluminum  base-alloys  are  non-heat  treatable,  i.e. 
dispersoids  present  in  the  aluminum  matrix  may  not  be  completely  re-dissolved  and  subsequently  re- 
precipitated  during  a  suitable  thermal  treatment.  Thus,  excessive  processing  temperatures  and  times  will 
seriously  degrade  the  mechanical  properties  of  the  final  part. 

The  need  remains  in  the  art  for  a  process  for  forming  rapidly  solidified,  dispersion  strengthened  non 
45  heat  treatable  aluminum  base  alloys  into  useful  shapes 

The  present  invention  provides  according  to  claim  1,  a  process  for  producing  a  rolled  product 
composed  of  a  dispersion  strengthened,  non  heat  treatable,  aluminum  base  alloy,  comprising  the  steps  of: 

a.  compacting  under  vacuum  a  powder  composed  of  particles  produced  by  rapid  solidification  of  said 
alloy  to  obtain  a  compacted  billet  having  sufficient  density  to  be  formed  into  rolling  stock  of  substantially 

50  full  density,  said  alloy  having  a  composition  consisting  of  the  formula  Alba|FeaSibXc,  wherein  X  is  at  least 
one  element  selected  from  Mn,  V,  Cr,  Mo,  W,  Nb  and  Ta,  "a"  is  from  2.0  to  7.5  at%,  "b"  is  from  0.5  to 
3.0  at%,  "c"  is  from  0.05  to  3.5  at%  and  the  balance  is  aluminum  plus  incidental  impurities,  with  the 
proviso  that  the  ratio  [Fe  +  X]:Si  is  from  2.0:1  to  5.0:1; 
b.  forming  said  billet  into  rolling  stock  at  a  temperature  ranging  from  above  230  °  C  to  500  °  C;  and 

55  c.  rolling  said  stock  to  reduce  the  thickness  thereof  by  subjecting  the  stock  to  at  least  one  rolling  pass, 
said  stock  having  a  percent  thickness  reduction  per  pass  of  up  to  25  percent,  preferably  not  exceeding 
20%,  and  a  stock  temperature  of  from  230  °C  to  330  °C.  Preferred  embodiments  of  the  process 
according  to  claim  1  are  given  in  the  dependent  claims  2  to  7. 
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The  invention  also  provides  a  process  for  producing  a  forged  product  composed  of  dispersion 
strengthened,  non  heat  treatable  aluminum  base  alloy  comprising  step  a.  as  defined  above  and  b.  forging 
said  billet  at  a  stock  temperature  of  from  above  230  °  C  to  290  °  C  as  set  out  in  claim  8. 

The  invention  further  provides  according  to  claim  9,  a  process  for  producing  an  extruded  product 
5  composed  of  dispersion  strengthened,  non  heat  treatable  aluminum  base  alloy  comprising  step  a.  as 

defined  above  and  b.  extruding  said  billet  at  a  stock  temperature  of  from  above  230  °  C  to  340  °  C. 
In  accordance  with  the  invention  it  has  been  found  that  the  shaping  of  the  aluminum  base  alloys 

requires  selection  of  thermomechanical  processing  conditions  at  which  the  dispersed  strengthening  phase 
remains  thermodynamically  stable  and  does  not  result  in  loss  of  mechanical  properties.  Moreover,  selection 

io  of  processing  steps  that  may  be  performed  on  existing  equipment  will  greatly  improve  the  economy  in 
material  usage,  labor  and  time.  The  ability  to  roll  on  existing  mills  with  few,  if  any,  modifications  or  additions 
necessary,  e.g.  modifications  to  the  mill  to  handle  small  heated  rolling  preforms  or,  if  hot  rolling  on  a  mill 
with  heated  rolls  is  required,  machining  of  the  rolls  to  correct  for  uneven  expansion,  is  a  major  advantage  in 
reducing  costs. 

is  In  general,  the  products,  such  as  bars,  sheets,  plate,  profiled  extrusions  and  near  net  shape  forgings, 
produced  by  the  process  of  the  invention  maintain  excellent  mechanical  properties,  including  high  strength 
and  ductility  at  ambient  as  well  as  elevated  temperatures.  Advantageously,  the  products  produced  by  the 
process  of  the  invention  are  substantially  defect  free.  That  is  to  say,  the  rolled  products  exhibit  little  or  no 
rolling  defects  such  as  edge  cracking,  edge  waviness,  zipper  breaks,  center  split  and  alligatoring,  of  the 

20  type  described  in  the  Metals  Handbook,  8th  Ed.,  Vol.  4  (1969).  Forging  defects  such  as  edge  and  internal 
cracking  as  well  as  cold  shuts  are  substantially  reduced.  Extrusion  defects  such  as  surface  cracks,  center 
split  and  the  like  are  virtually  eliminated. 

Alloys  preferred  for  use  in  the  process  of  our  invention  are  the  high  temperature  aluminum  alloys 
disclosed  in  U.S.  patent  4,878,967. 

25  It  has  been  found,  in  accordance  with  the  invention,  that  defect  free  high  temperature  aluminum-iron- 
vanadium-silicon  alloys  may  be  fabricated  into  sheet  of  varying  thickness  characterized  by  improved 
strength  and  ductility  by  rolling  on  an  unmodified  rolling  mill  under  a  narrow  range  of  controlled  conditions. 
This  process  eliminates  the  additional  costs  associated  with  machining  the  rolls  to  correct  for  non-uniform 
expansion  of  heated  rolls  and  provision  that  the  rolls  be  parallel.  It  has  further  been  found  that  controlling 

30  the  extrusion  and/or  forging  conditions  of  the  rolling  preform  makes  possible  a  wider  range  of  conditions 
under  which  the  material  can  be  rolled  without  significant  affect  on  mechanical  properties.  This  substantially 
increases  the  number  of  alloys  that  can  be  processed  in  accordance  with  the  present  invention  and 
improves  the  reproducibility  of  the  rolled  sheet.  Surprisingly,  the  temperatures  at  which  the  alloys  can  be 
rolled  in  accordance  with  the  process  of  the  invention  have  a  lower  temperature  range  than  would  be 

35  expected  in  light  of  teaching  by  prior  art  on  the  rolling  of  rapidly  solidified  high  temperature  aluminum  base 
alloys. 

Brief  Description  of  the  Drawings 

40  The  invention  will  be  more  fully  understood  and  further  advantages  will  become  apparent  when 
reference  is  made  to  the  following  detailed  description  of  the  preferred  embodiment  of  the  invention  and  the 
accompanying  drawings,  in  which: 

Figures  1a  and  1b  are  X-ray  (111)  and  (200)  pole  figures,  respectively  of  an  aluminum-iron-vanadium- 
silicon  alloy  sheet  indicating  that  no  significant  texture  is  produced  by  rolling  at  400  °  C; 

45  Figure  2  is  a  photograph  of  typical  crack-free  edge  of  an  aluminum-iron-vanadium-silicon  alloy  sheet 
produced  by  rolling  at  300  °  C;  and 
Figure  3  is  a  photograph  of  a  defect  free  aluminum-iron-vanadium-silicon  alloy  sheet  produced  by  rolling 
at  300  °  C. 

In  the  process  of  the  invention  to  maximize  strength  the  extrusion  or  forging,  and  rolling  are  carried  out 
50  at  the  lower  end  of  the  extrusion  or  forging  and  rolling  temperature  ranges,  respectively.  The  rolling  may  be 

performed  on  mills  where  the  roll  temperature  is  below  the  stock  temperature  and  preferably  within  a  range 
of  25  °C  to  100  °C. 

In  contrast  to  conventional  practice,  wherein  degassing  is  performed  at  a  temperature  equal  to  or  higher 
than  any  temperature  to  be  subsequently  experienced  by  the  alloy,  the  degassing  step  of  the  process  of 

55  this  invention  is  conducted  at  a  substantially  lower  temperature,  preferably  of  from  300  °C  to  400  °C. 
Compaction  of  the  alloy  is  carried  out  at  least  to  the  extent  that  the  porosity  is  isolated,  and  preferably  to  at 
least  95%  of  full  density  and  higher. 

3 
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The  extrusion  ratio  is  at  least  3:1  and  may  range,  for  example,  to  20:1  and  higher.  The  percent 
reduction  per  forging  step  is  at  least  5%  and  may  range,  for  example,  to  40%  and  higher. 

In  describing  the  mill  practices  employed,  the  extrusion  ratio  referred  to  herein  represents  the  ratio  of 
the  starting  cross-sectional  area  of  the  compacted  billet  to  the  cross-sectional  area  of  the  extruded  product. 

5  The  percent  reduction  referred  to  herein  is  calculated  by  subtracting  the  reduced  thickness  from  the  original 
thickness  before  the  first  of  any  specific  reduction,  dividing  that  difference  by  the  original  thickness  and 
multiplying  by  one  hundred  to  obtain  the  percentage  of  reduction. 

To  provide  the  desired  levels  of  strength,  toughness  and  ductility  needed  for  commercially  useful 
applications,  the  alloys  of  the  invention  were  rapidly  solidified  at  cooling  rates  sufficient  to  greatly  reduce 

io  the  size  of  the  intermetallic  dispersoids  formed  during  the  solidification  as  well  as  allow  for  substantially 
higher  quantities  of  transition  elements  to  be  added  than  possible  by  conventional  solidification  processes. 
The  rapid  solidification  process  is  one  wherein  the  alloy  is  placed  into  a  molten  state  and  then  cooled  at  a 
quench  rate  of  at  least  105  to  107  °C/sec  to  form  a  solid  substance.  Preferably  this  method  should  cool  the 
molten  metal  at  a  rate  of  greater  than  10G  °C/sec,  i.e.  via  melt  spinning,  splat  cooling  or  planar  flow  casting, 

is  which  forms  a  solid  ribbon.  These  alloys  have  an  as-cast  microstructure  which  varies  from  a  microeutectic 
to  a  microcellular  structure,  depending  on  the  specific  alloy  chemistry.  In  the  present  invention,  the  relative 
proportions  of  these  structures  are  not  critical. 

Ribbons  of  said  alloy  are  formed  into  particles  by  conventional  comminution  devices  such  as  a 
pulverizer,  knife  mills,  rotating  hammer  mills  and  the  like.  Preferably,  the  comminuted  powder  particles  have 

20  a  size  ranging  from  -40  mesh  to  -200  mesh,  U.S.  standard  sieve  size. 
The  particles  may  then  be  canless  vacuum  hot  pressed  at  a  temperature  of  from  275  °C  to  550  °C, 

preferably  from  300  °C  to  500  °C,  in  a  vacuum  less  than  10_+  torr  (1.33  X  10-2  Pa),  preferably  less  than 
10-5  torr  (1.33  X  10-3  Pa),  and  then  compacted  in  a  blind  die.  Those  skilled  in  the  art  will  appreciate  that 
compaction  may  also  be  performed  by  placing  the  comminuted  powder  in  metal  cans,  such  as  aluminum 

25  cans  having  a  diameter  as  large  as  30  cm  or  more,  hot  degassed  in  the  can  under  the  aforementioned 
conditions,  sealed  therein  under  vacuum,  and  then  thereafter  re-heated  within  the  can  and  compacted  to  full 
density,  the  compacting  step  being  conducted,  for  example,  in  a  blind  die  extrusion  press.  In  general,  any 
technique  applicable  to  the  art  of  powder  metallurgy  which  does  not  invoke  liquefying  (melting)  or  partially 
liquefying  (sintering)  the  matrix  metal  can  be  used.  Representative  of  such  techniques  are  explosive 

30  compaction,  cold  isostatic  pressing,  hot  isostatic  pressing  and  conforming. 
Consolidation  in  the  present  invention  includes  initially  extruding  and/or  forging  a  compacted  billet  into  a 

suitable  rolling  preform  dimension  and  then  rolling  into  sheet.  Extrusion  and/or  forging  of  the  material  not 
only  ensures  that  the  billet  is  fully  dense,  but  also  breaks  up  surface  oxide  inherent  to  the  aluminum 
powder.  The  extrusion  and  forging  temperatures  are  critical  and  within  a  narrow  range.  Likewise,  extrusion 

35  ratio,  percent  reduction  per  forging  step,  lubrication  as  well  as  extrusion  and  forging  die  type,  (i.e.,  shear- 
faced  or  conical-faced  extrusion  die  type,  open  or  closed  die  forging),  and  die  temperature  are  critical  to 
realize  maximum  mechanical  properties. 

By  a  shear-faced  die  is  meant  a  die  in  which  the  transition  from  the  extrusion  liner  to  the  extrusion  die 
is  abrupt.  The  angle  of  the  head  of  the  die  with  the  liner  is  approximately  90  °  ,  with  the  exception  of  the 

40  small  radius  of  curvature  present  at  the  head  of  the  die  from  machining  and  normal  wear.  By  a  conical- 
faced  die  is  meant  a  die  in  which  the  transition  from  the  extrusion  liner  to  the  extrusion  die  is  gradual.  The 
angle  of  the  head  of  the  die  with  the  liner  is  less  than  about  60°,  and  preferably  it  is  about  45°.  In  general, 
the  amount  of  adiabatic  heating  that  occurs  during  extrusion,  i.e.,  heat  that  is  generated  due  to  friction  of  the 
compact  and  the  die  surface  as  well  as  that  generated  by  internal  friction  due  to  plastic  deformation,  is 

45  greater  for  extruding  through  a  shear-faced  die. 
The  extrusion  temperature  includes  the  rise  in  temperature  resulting  from  adiabatic  heating  in  the  die 

occurring  during  extrusion.  The  extrusion  is  carried  out  at  from  above  230  °C  to  500  °C,  preferably  from 
above  230  °C  to  380  °C,  and,  most  preferably  from  above  230  °C  to  340  °C.  The  slightly  broader  range  of 
temperatures  than  might  be  expected  is  based  on  extrusion  trials  performed  on  alloys  with  varying  amounts 

50  of  the  strengthening  dispersoid  which  result  in  significant  differences  in  mechanical  strength  and  resistance 
to  extrusion  at  elevated  temperatures.  In  general,  the  temperature  should  be  high  enough  to  allow  the 
extrusion  to  be  pushed  through  the  die  at  a  reasonable  pressure.  By  extruding  above  230  °C,  there  is 
greater  flexibility  in  conditions  which  may  be  employed  during  subsequent  rolling  operations.  This  flexibility 
is  decreased  as  extrusion  temperature  is  increased. 

55  Extrusion  may  be  carried  out  in  a  conical  -  or  shear-faced  die  as  defined  above.  Lubrication  is  applied 
to  the  die  and/or  the  compacted  billet.  The  lubricants,  which  aid  in  the  extrusion  operation,  must  be 
compatible  with  the  alloy  and  the  extrusion  press,  e.g.  liner  and  die.  The  lubricant  applied  to  the  billet 
protects  the  billet  from  the  lubricant  applied  to  the  extrusion  press.  Properly  formulated  lubricants  for 

4 
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specific  metals  are  well  known  to  those  familiar  with  the  art.  Such  lubricants  prevent  corrosion  or  oxidation 
or  the  billet  at  the  extrusion  temperatures  being  employed  and  may  largely  reduce  the  amount  of  break- 
through  and  running  pressure  required  to  initiate  and  maintain  extrusion  of  the  billet,  and  therefore, 
significantly  reduce  the  amount  of  adiabatic  heating  that  may  occur  during  extrusion,  and  thus,  mitigate  the 

5  degradation  of  mechanical  properties.  Examples  of  such  lubricants  for  aluminum-base  billets  are  kerosene, 
mineral  oil,  fat  emulsion  and  mineral  oil  containing  sulfurized  fatty  oils.  Filler  such  as  chalk,  sulfur  and 
graphite  may  be  added.  An  example  of  a  lubricant  for  an  extrusion  press  is  colloidal  graphite  carried  in  oil 
or  water,  molydisulfide,  boron  sulfide,  and  boron  nitride. 

The  extruded  bar  which  may  range  in  varying  thickness  and  width  is  then  in  a  condition  to  be  used  as  a 
io  rolling  preform.  To  improve  handling  during  rolling,  the  width  should  be  as  large  as  possible,  however,  not 

greater  than  5  centimeters  less  than  the  diameter  of  the  compacted  billet  to  assure  full  densification  and 
fracture  of  surface  oxide  of  the  aluminum-base  powder  particles  following  extrusion.  The  extruded  bar  may 
then  be  machined  to  any  desired  length  not  to  exceed  the  maximum  allowable  width  of  the  rolling  mill. 
Surface  imperfections  may  also  be  machined  off  if  necessary. 

is  As  defined  above,  forging  may  be  performed  in  addition  with  or  alternatively  to  extrusion  to  fabricate 
rolling  preforms.  Forging  of  the  compacted  billet  provides  the  principal  advantage  that  single  preforms  of 
much  larger  volumes  may  be  formed  directly  from  a  compacted  billet  and  one  skilled  in  the  art  of  rolling 
will,  therefore,  not  be  limited  to  the  size  of  the  sheet  one  may  produce  by  rolling,  by  the  size,  and  in 
particular,  the  width  of  the  rolling  preform  which  may  be  the  case  for  rolling  extruded  preform  bars.  If  a  final 

20  extruded  or  forged  product  is  to  be  fabricated,  extruding  is  carried  out  at  a  stock  temperature  from  above 
230  °  C  to  340  °  C  and  forging  at  a  stock  temperature  of  from  above  230  °  C  to  290  °  C,  respectively. 

In  general,  the  aluminum  base  alloys  used  in  the  process  of  the  present  invention  will  benefit  from 
forging  temperatures  being  as  low  as  possible  consistent  with  the  alloy  composition  and  equipment.  As  in 
the  extrusion  step,  high  strength  forging  should  be  performed  at  a  temperature  below  one  where  a  decrease 

25  in  strength  will  occur.  In  the  present  invention,  the  forging  will  be  performed  at  from  above  230  °C  to  to 
500  •C,  preferably  from  above  230  °C  to  450  °C,  more  preferably  from  above  230  °C  to  to  290  °C. 
Temperatures  slightly  higher  than  preferred  for  the  extrusion  practices  defined  above  are  required  to 
minimize  forging  defects  such  as  edge  and  internal  cracking  as  well  as  cold  shuts.  Despite  the  fact  that 
forgeability  may  increase  with  temperature,  the  higher  forging  temperatures  have  now  been  found  to  have 

30  an  adverse  effect  on  strength.  By  forging  at  temperatures  below  450  °C,  there  is  little  or  no  significant 
reduction  in  the  material's  mechanical  properties  and  subsequently,  there  is  greater  flexibility  in  conditions 
which  may  be  employed  during  rolling  operations.  This  flexibility  is  decreased  as  forging  temperature  is 
increased. 

Forging  is  typically  performed  in  a  multi-step  operation  where  the  percent  reduction  per  forging  step  is 
35  at  least  5%  and  may  range,  for  example,  to  40%  and  higher.  Forging  may  be  conducted  using  a  die  having 

a  die  temperature  substantially  the  same  as  the  temperature  of  stock  appointed  to  be  forged.  Generally  the 
die  is  a  closed  die  in  which  lateral  spreading  is  physically  constrained  by  an  encircling  die  wall.  The  forging 
step  may  also  be  conducted  using  an  open  die  in  which  there  is  no  physical  containment  of  lateral  spread. 
Edge  cracks  which  may  form  are  typically  small  and  may  be  machined  off  prior  to  rolling. 

40  Lubrication  is  applied  to  both  the  die  and  the  compacted  billet.  The  lubricants,  which  aid  in  the  forging 
operation,  must  be  compatible  with  the  alloy  and  the  forging  press,  e.g.  pistons  and  die.  The  lubricant 
applied  to  the  billet  protects  the  billet  from  the  lubricant  applied  to  the  forging  press.  Properly  formulated 
lubricants  for  specific  metals  are  well  known  to  those  familiar  with  the  art.  Such  lubricants  prevent  corrosion 
or  oxidation  of  the  billet  at  the  forging  temperatures  being  employed  and  may  largely  reduce  the  friction 

45  and  edge  cracking  that  results  from  significant  lateral  spreading  and  intimate  contact  between  the  billet  and 
the  top  and  bottom  pistons  during  forging.  Examples  of  such  lubricants  for  aluminum-base  billets  are 
kerosene,  mineral  oil,  fat  emulsion,  mineral  oil  containing  sulfurized  fatty  oils  and  graphite  foil.  Filler  such  as 
chalk,  sulfur  and  graphite  may  be  added.  An  example  of  a  lubricant  for  a  forging  press  is  colloidal  graphite 
carried  in  oil  or  water,  molydisulfide,  boron  sulfide,  and  boron  nitride. 

50  The  forging  may  have  a  wide  range  of  thickness  and  diameter  depending  on  the  shape  and  size  of  the 
forged  product.  Typically  forgings  produced  in  accordance  with  the  process  of  the  invention  have  thickness 
ranging  from  1  centimeter  to  1  meter  and  thicker.  The  diameter  and  thickness  of  the  forging  are  functions  of 
press  capacity.  Diameter  of  the  forging  can  range  from  1  centimeter  to  3  meters  and  more.  Following 
machining  into  a  rectangular  section,  the  forging  is  ready  to  be  rolled.  Surface  imperfections  may  also  be 

55  removed  by  machining,  if  necessary. 
Preferably,  rolling  preformed  billets  in  step  c.  of  the  process  of  the  present  invention  will  benefit  most 

by  rolling  at  temperatures  as  low  an  possible  consistent  with  the  alloy  composition  and  equipment.  As  in  the 
case  for  the  extrusion  and  forging  operations  defined  above,  rolling  temperature  is  selected  to  be  below  one 

5 
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where  a  decrease  in  strength  will  occur  and  in  a  lower  range  than  would  be  expected  from  conventional 
practices  known  in  the  art.  Typically  rolling  will  be  performed  in  the  range  of  230  °  C  to  330  °  C.  Despite  the 
fact  that  reliability  may  increase  with  temperature,  the  higher  rolling  temperatures  have  now  been  found  to 
have  an  adverse  affect  on  strength. 

5  Depending  on  required  thickness,  rolling  is  typically  performed  in  a  single  or  multi-step  operation  where 
for  the  latter  operation,  the  percent  reduction  per  rolling  step  is  at  least  5%  and  may  range,  for  example,  to 
25%.  Less  edge  cracking  is  observed  where  the  percent  reduction  per  pass  is  below  10%.  In  a  multi-step 
rolling  operation  it  has  been  found  that  it  is  the  initial  step  that  is  critical  in  initiating  material  flow  and 
spreading  deformation  throughout  the  thickness  of  the  rolling  preform.  If  necessary,  cross  rolling,  to  expand 

io  the  material's  width,  should  be  performed  in  the  first  few  passes  of  the  rolling  operation.  Adherence  to  this 
practice  will  greatly  reduce  the  propensity  to  form  zipper  cracks  or  center  split  in  the  rolled  sheet. 

Contrary  to  conventional  practice  in  the  art  of  rolling  rapidly  solidified  high  temperature  aluminum-base 
alloys,  rolling  may  be  performed  on  a  mill  having  roll  temperatures  below  the  stock  temperature  of  230  °  C 
to  330  °C  and,  preferably,  at  roll  temperatures  of  from  25  °C  to  100°C.  This  process  allows  rolling  to  be 

is  performed  on  conventional  rolling  mills  and  precludes  the  necessity  to  make  modifications  to  the  mill  to 
heat  the  rolls,  either  by  induction  or  convective  heating,  as  well  as  the  excessive  costs  associated  with  the 
complex  machining  of  the  rolls  to  correct  for  non-uniform  expansion  during  heating  and  the  provision  that 
the  rolls  gap  be  parallel. 

Depending  on  the  alloy  composition  and  rolling  temperature,  lubrication  may  be  applied  to  the  rolls.  The 
20  lubricants,  which  aid  in  the  rolling  process  must  be  compatible  with  the  alloy  and  the  rolling  mill.  The 

lubricant  applied  to  the  rolls  prevents  the  sheet  from  sticking  to  the  rolls  and  assists  material  flow  during  the 
rolling  pass.  Hence  the  propensity  for  edge  cracking  or  alligatoring  is  reduced.  Properly  formulated 
lubricants  for  specific  metals  are  well  known  to  those  familiar  with  the  art.  Examples  of  such  lubricants  for 
aluminum-base  sheet  are  kerosene,  mineral  oil,  fat  emulsion  and  mineral  oil  containing  sulfurized  fatty  oils. 

25  In  conversions  from  °  F  to  °  C,  the  temperatures  were  rounded  off,  as  were  the  conversions  from  psi  to 
MPa  and  inches  to  centimeters.  Also,  alloy  compositions  disclosed  herein  are  nominal.  With  respect  to 
conditions,  for  commercial  production  it  is  not  practical  or  realistic  to  impose  or  require  conditions  extant  in 
a  research  laboratory  facility.  Temperatures  may  vary,  For  example,  by  25  °C  of  the  target  temperature 
disclosed  herein.  Thus,  having  a  wider  window  For  processing  conditions  adds  to  the  practical  value  of  the 

30  process. 
This  invention  is  further  described  herein,  but  is  not  limited  by  the  examples  given  below.  In  all 

examples  the  test  samples  were  fabricated  from  dispersion  strengthened  alloys  comprising  aluminum,  iron, 
vanadium  and  silicon  in  the  concentrations  defined  in  US-A-4  878  976,  and  prepared  from  rapidly  solidified 
powders  by  the  compaction  and  fabrication  techniques  described  above.  The  specific  techniques,  con- 

35  ditions,  materials,  proportions  and  reported  data  set  forth  to  illustrate  the  principles  of  the  invention  are 
exemplary  and  should  not  be  construed  as  limiting  the  scope  of  the  invention. 

EXAMPLE  I 

40  Thirty-seven  hundred  grams  of  -40  mesh  (U.S.  standard  sieve)  powder  of  the  nominal  composition 
aluminum-balance,  2.73  at.  %  iron,  0.27  at.  %  vanadium,  1.05  at.  %  silicon,  (hereinafter  designated  alloy 
FVS0611),  aluminum-balance,  4.33  at.  %  iron,  0.73  at.  %  vanadium,  1.72  at.  %  silicon,  (hereinafter 
designated  alloy  FVS0812)  and  aluminum-balance,  6.06  at.  %  iron,  0.65  at.  %  vanadium,  2.47  at.  %  silicon, 
(hereinafter  designated  alloy  FVS1212)  were  produced  by  comminuting  rapidly  solidified  planar  flow  cast 

45  ribbon.  Each  batch  was  then  hot  pressed  at  about  400  °C  in  a  vacuum  less  then  about  10-5  torr  (1.33  X 
10-3  Pa)  into  a  billet  having  a  diameter  of  approximately  10.9  cm.  Billets  of  alloys  FVS0611  and  FVS0812 
were  heated  to  a  temperature  of  about  385  °  C  and  extruded  through  tool  steel  dies  heated  to  a  temperature 
of  about  300  °  C  to  form  0.95  cm  X  5.6  cm  flat  bar.  Extruded  bars  were  then  subjected  to  tensile  tests  at 
room  and  elevated  temperatures  to  determine  their  tensile  properties,  including  values  of  0.2%  yield 

50  strength  (Y.S.),  ultimate  tensile  strength  (U.T.S.)  and  percent  (%)  elongation  (ductility).  Testing  was 
performed  on  an  Instron  Model  1125  tensile  machine.  The  results  of  room  and  elevated  temperature  tensile 
tests  performed  on  specimens  conforming  to  ASTM  standard  #  B-557M  and  #  E-21  ,  respectively,  machined 
from  extruded  bar  are  set  forth  in  Table  I.  Each  data  value  listed  in  Table  I  represents  the  average  of 
duplicate  tests  performed  on  three  separate  extrusions  of  the  same  alloy,  i.e.,  six  total. 

55  As  shown  by  the  data  in  Table  I,  all  of  the  alloys  demonstrate  very  desirable  combinations  of  strength 
and  ductility. 
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TABLE  I 

AMBIENT  TEMPERATURE  TENSILE  PROPERTIES  FOR  EXTRUDED  BAR  OF  ALUMINUM-BASE 
ALLOYS  FVS0611,  FVS0812  AND  FVS1212 

Alloy  Designation  Test  Temp.  Y.S.  (MPa)  U.T.S.  (MPa)  Elong.  (%) 
CC) 

FVS0611  25  258  311  22 
149  223  248  14 
232  192  205  17 
316  160  163  17 

FVS0812  25  390  447  12 
149  337  369  9 
232  293  310  11 
316  231  238  12 

FVS1212  25  513  553  9 
149  436  457  6 
232  373  390  7 
316  272  290  9 

By  comparison  Alloy  FVS1212  demonstrates  the  highest  average  values  of  0.2%  yield  and  ultimate  tensile 
strengths,  yet  the  lowest  average  percent  ductility.  Variations  in  strength  among  the  three  alloys  examined 
are  solely  due  to  differences  in  chemical  composition  and  volume  fraction  of  the  strengthening  dispersoids, 

25  and  are  not  reflective  of  minor  differences  in  processing  conditions.  These  data  values  are  considered 
representative  of  base-line  mechanical  properties  to  which  any  further  mechanical  testing,  either  after 
thermal  exposure  or  thermomechanical  treatment,  e.g.  rolling  of  sheet,  should  be  compared. 

EXAMPLE  II 
30 

Flat  extruded  samples,  0.95  cm  X  5.6  cm  X  13  cm.  of  alloys  FVS0611,  FVS0812  and  FVS1212 
produced  in  Example  I  were  rolled  on  a  Stannett  rolling  mill  at  temperatures  of  about  300  °  C,  400  °  C  and 
500  °C.  The  rolls  were  maintained  at  similar  temperatures  to  within  10  °C  during  the  rolling  operation  by 
resistance  heaters  situated  within  the  rolls.  Prior  to  rolling  samples  were  heated  at  300  °C,  400  °C  and 

35  500  °  C  for  one  hour.  Rolling  was  performed  in  a  multi-step  operation  with  a  uniform  0.05  cm  reduction  per 
pass  until  a  final  thickness  of  0.25  cm  was  achieved.  These  reductions  correspond  to  percent  reductions  in 
the  range  of  5  to  15%.  Samples  were  re-heated  between  rolling  passes  for  0.25  hrs.  to  maintain  the  desired 
rolling  temperature. 

To  evaluate  the  effect  of  rolling  temperature  on  mechanical  properties,  tensile  tests  at  ambient 
40  temperature  of  rolled  sheet  were  performed.  Testing  was  performed  on  an  Instron  Model  1125  tensile 

machine.  The  results  of  tensile  tests  performed  on  specimens  oriented  normal  (long  transvere,  LT)  to  the 
rolling  direction  and  conforming  to  ASTM  standard  #  B-557M  are  set  forth  in  Table  II.  Each  data  value  listed 
in  Table  II  represents  an  average  of  duplicate  tests. 

50 

55 
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TABLE  II 

AMBIENT  TENSILE  PROPERTIES  FOR  ROLLED  SHEET  OF  ALLOYS  FVS061  1  ,  FVS081  2  AND  FVS1  21  2 
AFTER  ROLLING  AT  300  '  C,  400  '  C  AND  500  '  C 

Alloy  Condition  or  Rolling  Y.S.  (MPa)  U.T.S.  (MPa)  Elong.  (%) 
Temperature  (  °  C) 

FVS0611  As-Extruded  258  311  22 
300  289  324  23 
400  175  227  14 
500  113  188  33 

FVS0812  As-Extruded  390  447  17 
300  426  459  13 
400  398  421  17 
500  263  357  19 

FVS1212  As-Extruded  513  553  9 
300  500  530  9 
400  490  508  13 
500  420  453  13 

As  shown  by  the  data  of  Table  II,  rolling  temperature  has  a  very  large  influence  on  tensile  properties  of 
the  rolled  sheet.  Each  alloy  exhibits  a  comparable  decrease  in  strength  as  rolling  temperatures  are 
increased  from  300  °C  to  500  °C.  Rolling  performed  at  300  °C  is  observed  to  have  little,  if  any,  effect  on 

25  mechanical  properties  when  compared  to  the  mechanical  properties  produced  by  extrusion,  listed  in  Table 
II.  In  fact  rolling  at  300  °C  results  in  a  slight  increase  in  ultimate  tensile  strength  for  alloys  FVS0611  and 
FVS0812. 

Claims 
30 

1.  A  process  for  producing  a  rolled  product  composed  of  a  dispersion  strengthened,  non  heat  treatable, 
aluminum  base  alloy,  comprising  the  steps  of: 

a.  compacting  under  vacuum  a  powder  composed  of  particles  produced  by  rapid  solidification  of 
said  alloy  to  obtain  a  compacted  billet  having  sufficient  density  to  be  formed  into  rolling  stock  of 

35  substantially  full  density,  said  alloy  having  a  composition  consisting  of  the  formula  Alba|FeaSibXc, 
wherein  X  is  at  least  one  element  selected  from  Mn,  V,  Cr,  Mo,  W,  Nb  and  Ta,  "a"  is  from  2.0  to  7.5 
at%,  "b"  is  from  0.5  to  3.0  at%,  "c"  is  from  0.05  to  3.5  at%  and  the  balance  is  aluminum  plus 
incidental  impurities,  with  the  proviso  that  the  ratio  [Fe  +  X]:Si  is  from  2.0:1  to  5.0:1; 
b.  forming  said  billet  into  rolling  stock  at  a  temperature  ranging  from  above  230  °  C  to  500  °  C;  and 

40  c.  rolling  said  stock  to  reduce  the  thickness  thereof  by  subjecting  the  stock  to  at  least  one  rolling 
pass,  said  stock  having  a  percent  thickness  reduction  per  pass  of  up  to  25  percent  and  a  stock 
temperature  of  from  230  °  C  to  330  °  C. 

2.  A  process  according  to  claim  1,  wherein  said  forming  step  b.  is  an  extrusion  step  and  said  extrusion 
45  temperature  is  from  above  230  °  C  to  380  °  C. 

3.  A  process  according  to  claim  2,  wherein  said  extrusion  temperature  is  from  above  230  °  C  to  340  °  C. 

4.  A  process  according  to  claim  1,  wherein  said  forming  step  b.  is  a  forging  step  and  said  forging 
50  temperature  is  from  above  230  °  C  to  450  °  C. 

5.  A  process  according  to  claim  4,  wherein  said  forging  temperature  is  from  above  230  °  C  to  290  °  C. 

6.  A  process  according  to  any  one  of  the  preceding  claims  wherein  said  rolling  step  c.  is  conducted  at  a 
55  roll  temperature  below  said  stock  temperature. 

7.  A  process  according  to  claim  6,  wherein  said  rolling  step  is  conducted  at  a  roll  temperature  of  from 
25  °C  to  100  °C. 

8 
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8.  A  process  for  producing  a  forged  product  composed  of  dispersion  strengthened,  non  heat  treatable, 
aluminum  base  alloy,  comprising  the  steps  of: 

a.  compacting  under  vacuum  a  powder  composed  of  particles  produced  by  rapid  solidification  of 
said  alloy  to  obtain  a  compacted  billet  having  sufficient  density  to  be  formed  into  a  forging  of 

5  substantially  full  density,  said  alloy  having  a  composition  consisting  of  the  formula  Alba|FeaSibXc, 
wherein  X  is  at  least  one  element  selected  from  Mn,  V,  Cr,  Mo,  W,  Nb  and  Ta,  "a"  is  from  2.0  to  7.5 
at%,  "b"  is  from  0.5  to  3.0  at%,  "c"  is  from  0.05  to  3.5  at%  and  the  balance  is  aluminum  plus 
incidental  impurities,  with  the  proviso  that  the  ratio  (Fe  +  X]:Si  is-from  2.0:1  to  5.0:1;  and 
b.  forging  said  billet  at  a  stock  temperature  of  from  above  230  °  C  to  290  °  C. 

10 
9.  A  process  for  producing  an  extruded  product  composed  of  a  dispersion  strengthened,  non  heat 

treatable,  aluminum  base  alloy,  comprising  the  steps  of: 
a.  compacting  under  vacuum  a  powder  composed  of  particles  produced  by  rapid  solidification  of 
said  alloy  to  obtain  a  compacted  billet  having  sufficient  density  to  be  formed  into  an  extrusion  of 

is  substantially  full  density,  said  alloy  having  a  composition  consisting  of  the  formula  Alba|FeaSibXc, 
wherein  X  is  at  least  one  element  selected  from  Mn,  V,  Cr,  Mo,  W,  Nb  and  Ta,  "a"  is  from  2.0  to  7.5 
at%,  "b"  is  from  0.5  to  3.0  at%,  "c"  is  from  0.05  to  3.5  at%  and  the  balance  is  aluminum  plus 
incidental  impurities,  with  the  proviso  that  the  ratio  [Fe  +  X]:Si  is  from  2.0:1  to  5.0:1;  and 
b.  extruding  said  billet  at  a  stock  temperature  of  from  above  230  °  C  to  340  °  C. 

20 
Patentanspruche 

1.  Verfahren  zum  Herstellen  eines  Walzproduktes,  das  aus  einer  dispersionsverstarkten,  nicht-warmbehan- 
delbaren  Legierung  auf  Aluminiumbasis  besteht,  welches  die  folgenden  Verfahrensschritte  aufweist: 

25  a.  Kompaktieren  eines  aus  Partikeln  zusammengesetzten,  durch  Rasches  Erstarren  der  Legierung 
hergestellten  Pulvers  unter  Vakuum,  urn  einen  kompaktierten  Barren  zu  erhalten,  der  eine  ausrei- 
chende  Dichte  besitzt,  urn  zu  einem  Walzmaterial  von  im  wesentlichen  voller  Dichte  geformt  zu 
werden,  wobei  die  Legierung  eine  Zusammensetzung  nach  der  Formel  Alba|FeaSibXc  besitzt,  worin  X 
wenigstens  ein  aus  Mn,  V,  Cr,  Mo,  W,  Nb  und  Ta  gewahltes  Element  ist,  "a"  von  2,0  bis  7,5  Atom- 

30  %  betragt,  "b"  von  0,5  bis  3,0  Atom-%  betragt,  "c"  von  0,05  bis  3,5  Atom-%  betragt  und  die 
Ausgleichsmenge  von  Aluminium  plus  zufalliger  Verunreinigungen  unter  der  Voraussetzung  gebildet 
wird,  daf3  das  Verhaltnis  [Fe  +  X]:Si  von  2,0:1  bis  5,0:1  betragt; 
b.  Formen  des  Barrens  zu  einem  Walzmaterial  bei  einer  von  oberhalb  230  °  C  bis  500  °  C  reichenden 
Temperatur;  und 

35  c.  Walzen  des  Materiales,  urn  seine  Starke  zu  reduzieren,  indem  das  Material  mindestens  einer 
Walzpassage  unterworfen  wird,  wobei  das  Material  pro  Passage  eine  prozentuelle  Dickenreduktion 
von  bis  zu  25  Prozent  und  eine  Materialtemperatur  von  230  °  C  bis  330  °  C  erfahrt. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  der  Formungsschritt  b.  ein  Extrusionsschritt  ist  und  die  Extru- 
40  sionstemperatur  oberhalb  230  °  C  bis  380  °  C  liegt. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  die  Extrusionstemperatur  oberhalb  230  °  C  bis  340  °  C  liegt. 

4.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  Formungsschritt  b.  ein  Schmiedeschritt  ist  und  die  Schmiede- 
45  temperatur  oberhalb  230  °  C  bis  450  °  C  liegt. 

5.  Verfahren  nach  Anspruch  4,  bei  dem  die  Schmiedetemperatur  oberhalb  230  °  C  bis  290  °  C  liegt. 

6.  Verfahren  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  der  Walzschritt  c.  bei  einer  Walztem- 
50  peratur  unterhalb  der  Materialtemperatur  durchgefuhrt  wird. 

7.  Verfahren  nach  Anspruch  6,  bei  dem  der  Walzschritt  bei  einer  Walztemperatur  von  25  °C  bis  100°C 
durchgefuhrt  wird. 

55  8.  Verfahren  zum  Herstellen  eines  geschmiedeten  Produktes,  das  aus  einer  dispersionsverstarkten,  nicht- 
warmbehandelbaren  Legierung  auf  Aluminiumbasis  besteht,  welches  die  folgenden  Verfahrensschritte 
aufweist: 

9 
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a.  Kompaktieren  eines  aus  Partikeln  zusammengesetzten,  durch  Rasches  Erstarren  der  Legierung 
hergestellten  Pulvers  unter  Vakuum,  urn  einen  kompaktierten  Barren  zu  erhalten,  der  eine  ausrei- 
chende  Dichte  besitzt,  urn  zu  einem  Schmiedematerial  von  im  wesentlichen  voller  Dichte  geformt  zu 
werden,  wobei  die  Legierung  eine  Zusammensetzung  nach  der  Formel  Alba|FeaSibXc  bessitzt,  worin 

5  X  wenigstens  ein  aus  Mn,  V,  Cr,  Mo,  W,  Nb  und  Ta  gewahltes  Element  ist,  "a"  von  2,0  bis  7,5 
Atom-%  betragt,  "b"  von  0,5  bis  3,0  Atom-%  betragt,  "c"  von  0,05  bis  3,5  Atom-%  betragt  und  die 
Ausgleichsmenge  von  Aluminium  plus  zufalliger  Verunreinigungen  unter  der  Voraussetzung  gebildet 
wird,  dal3  das  Verhaltnis  [Fe  +  X]:Si  von  2,0:1  bis  5,0:1  betragt;  und 
b.  Schmieden  des  Barrens  bei  einer  Materialtemperatur  von  oberhalb  230  °  C  bis  290  °  C. 

10 
9.  Verfahren  zum  Herstellen  eines  extrudierten  Produktes,  das  aus  einer  dispersionsverstarkten,  nicht- 

warmbehandelbaren  Legierung  auf  Aluminiumbasis  besteht,  welches  die  folgenden  Verfahrensschritte 
aufweist: 

a.  Kompaktieren  eines  aus  Partikeln  zusammengesetzten,  durch  Rasches  Erstarren  der  Legierung 
is  hergestellten  Pulvers  unter  Vakuum,  urn  einen  kompaktierten  Barren  zu  erhalten,  der  eine  ausrei- 

chende  Dichte  besitzt,  urn  zu  einem  Extrusionsmaterial  von  im  wesentlichen  voller  Dichte  gebildet  zu 
werden,  wobei  die  Legierung  eine  Zusammensetzung  nach  der  Formel  Alba|FeaSibXc  besitzt,  worin  X 
wenigstens  ein  aus  Mn,  V,  Cr,  Mo,  W,  Nb  und  Ta  gewahltes  Element  ist,  "a"  von  2,0  bis  7,5  Atom- 
%  betragt,  "b"  von  0,5  bis  3,0  Atom-%  betragt,  "c"  von  0,05  bis  3,5  Atom-%  betragt  und  die 

20  Ausgleichsmenge  von  Aluminium  plus  zufalliger  Verunreinigungen  unter  der  Voraussetzung  gebildet 
wird,  dal3  das  Verhaltnis  [Fe  +  X]:Si  von  2,0:1  bis  5,0:1  betragt;  und 
b.  Extrudieren  des  Barrens  bei  einer  Materialtemperatur  von  oberhalb  230  °  C  bis  340  °  C. 

Revendicatlons 
25 

1.  Procede  de  production  d'un  produit  lamine  compose  d'un  alliage  a  base  d'aluminium,  a  renforcement 
par  phase  dispersee,  qui  n'est  pas  apte  au  traitement  thermique,  comprenant  les  etapes  de  : 

a.  compression  sous  vide  d'une  poudre  composee  de  particules  produite  par  solidification  rapide 
dudit  alliage  pour  obtenir  une  ebauche  comprimee  presentant  une  densite  suffisante  pour  etre  mise 

30  sous  forme  de  matiere  a  laminer  presentant  pratiquement  la  densite  theorique,  ledit  alliage  ayant 
une  composition  correspondant  a  la  formule  Alba|FeaSibXc,  dans  laquelle  X  represente  au  moins  un 
element  choisi  parmi  Mn,  V,  Cr,  Mo,  W,  Nb  et  Ta,  "a"  est  compris  entre  2,0  et  7,5  %  en  atomes, 
"b"  est  compris  entre  0,5  et  3,0  %  en  atomes,  "c"  est  compris  entre  0,05  et  3,5  %  en  atomes  et  le 
complement  est  constitue  par  de  I'aluminium  et  des  impuretes  accidentelles,  a  condition  que  le 

35  rapport  [Fe  +  X]:Si  soit  compris  entre  2,0:1  et  5,0:1; 
b.  mise  de  ladite  ebauche  sous  forme  d'une  matiere  a  laminer  a  une  temperature  comprise  entre 
plus  de  230  °  C  et  500  °  C;  et 
c.  laminage  de  ladite  matiere  pour  reduire  son  epaisseur  en  faisant  subir  a  la  matiere  au  moins  une 
passe  de  laminage,  ladite  matiere  presentant  un  pourcentage  de  reduction  d'epaisseur  par  passe 

40  pouvant  aller  jusqu'a  25  %,  et  une  temperature  de  la  matiere  comprise  entre  230  °  C  a  330  °  C. 

2.  Procede  selon  la  revendication  1,  dans  lequel  ladite  etape  de  mise  en  forme  b.  est  une  etape 
d'extrusion,  et  ladite  temperature  d'extrusion  est  comprise  entre  plus  de  230  °C  et  380  °C. 

45  3.  Procede  selon  la  revendication  2,  dans  lequel  ladite  temperature  d'extrusion  est  comprise  entre  plus  de 
230  •  C  et  340  •  C. 

4.  Procede  selon  la  revendication  1,  dans  lequel  ladite  etape  de  mise  en  forme  b.  est  une  etape  de 
forgeage,  et  ladite  temperature  de  forgeage  est  comprise  entre  plus  de  230  °  C  et  450  °  C. 

50 
5.  Procede  selon  la  revendication  4,  dans  lequel  ladite  temperature  de  forgeage  est  comprise  entre  plus 

de  230  •  C  et  290  •  C. 

6.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  on  met  en  oeuvre  ladite 
55  etape  de  laminage  c.  a  une  temperature  de  cylindres  inferieure  a  la  temperature  de  la  matiere. 

7.  Procede  selon  la  revendication  6,  dans  lequel  on  met  en  oeuvre  ladite  etape  de  laminage  a  une 
temperature  de  cylindres  comprise  entre  25  °C  et  100°C. 

10 
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Procede  de  production  d'un  produit  forge  compose  d'un  alliage  a  base  d'aluminium,  a  renforcement 
par  phase  dispersee,  qui  n'est  pas  apte  au  traitement  thermique,  comprenant  les  etapes  de  : 

a.  compression  sous  vide  d'une  poudre  composee  de  particules  produite  par  solidification  rapide 
dudit  alliage  pour  obtenir  une  ebauche  comprimee  presentant  une  densite  suffisante  pour  etre  mise 
sous  forme  d'un  produit  forge  presentant  pratiquement  la  densite  theorique,  ledit  alliage  ayant  la 
composition  correspondant  a  la  formule  Alba|FeaSibXc  dans  laquelle  X  represente  au  moins  un 
element  choisi  parmi  Mn,  V,  Cr,  Mo,  W,  Nb  et  Ta,  "a"  est  compris  entre  2,0  et  7,5  %  en  atomes, 
"b"  est  compris  entre  0,5  et  3,0  %  en  atomes,  "c"  est  compris  entre  0,05  et  3,5  %  en  atomes  et  le 
complement  est  constitue  par  de  I'aluminium  et  des  impuretes  accidentelles,  a  condition  que  le 
rapport  [Fe  +  X]:Si  soit  compris  entre  2,0:1  et  5,0:1;  et 
b.  forgeage  de  I'ebauche  a  une  temperature  de  la  matiere  comprise  entre  plus  de  230  °  C  et  290  °  C. 

Procede  de  production  d'un  produit  extrude  compose  d'un  alliage  a  base  d'aluminium,  a  renforcement 
par  phase  dispersee,  qui  n'est  pas  apte  au  traitement  thermique,  comprenant  les  etapes  de  : 

a.  compression  sous  vide  d'une  poudre  composee  de  particules  produite  par  solidification  rapide 
dudit  alliage  pour  obtenir  une  ebauche  comprimee  presentant  une  densite  suffisante  pour  etre  mise 
sous  forme  d'un  produit  extrude  presentant  pratiquement  la  densite  theorique,  ledit  alliage  ayant  la 
composition  correspondant  a  la  formule  Alba|FeaSibXc,  dans  laquelle  X  represente  au  moins  un 
element  choisi  parmi  Mn,  V,  Cr,  Mo,  W,  Nb  et  Ta,  "a"  est  compris  entre  2,0  et  7,5  %  en  atomes, 
"b"  est  compris  entre  0,5  et  3,0  %  en  atomes,  "c"  est  compris  entre  0,05  et  3,5  %  en  atomes  et  le 
complement  est  constitue  par  de  I'aluminium  et  des  impuretes  accidentelles,  a  condition  que  le 
rapport  [Fe  +  X]:Si  soit  compris  entre  2,0:1  et  5,0:1;  et 
b.  extrusion  de  ladite  ebauche  a  une  temperature  de  la  matiere  comprise  entre  plus  de  230  °C  et 
340  •  C. 
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F I G .   1 a  

F I G .   1 b  
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