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Description 

This  invention  pertains  to  practices  for  the  hot- 
pressing  of  rare  earth  element-containing  powder  al- 
loys.  More  particularly,  this  invention  pertains  to  a  lu- 
brication  practice  for  forming  a  cold-pressed  compact 
body  as  specified  in  the  preamble  of  claim  1. 

Rare  earth  element-containing  alloys  composed 
so  as  to  form  a  RE2TM14B  tetragonal  crystal  phase 
have  been  melt-spun  under  carefully  controlled  proc- 
essing  to  produce  useful  permanent  magnet  materi- 
als  as  disclosed  in  US-A-4,802,931  and  US-A- 
4,851,058.  Such  melt-spun  materials  either  as 
quenched  or  in  an  overquenched  and  annealed  con- 
dition  consist  essentially  and  predominantly  of  a  tet- 
ragonal  crystal,  prototype  Nd2Fe14B  phase.  The  tetra- 
gonal  crystal-containing  grains  are  very  small,  typi- 
cally  less  than  a  few  hundred  nanometres  on  the 
average  in  grain  size,  and  are  surrounded  by  one  or 
more  secondary  grain  boundary  phases  which  contri- 
bute  to  the  permanent  magnet  characteristics  of  the 
composition.  This  fine  grain  material  is  magnetically 
isotropic,  and  the  melt-spun  ribbon  fragments  can  be 
pulverized  to  a  suitable  powder,  combined  with  a  suit- 
able  binder  material  and  moulded  into  useful  bonded 
isotropic  permanent  magnets  as  disclosed  in  US-A- 
4,902,361. 

Where  permanent  magnets  of  higher  energy 
product  are  desired,  it  is  known  that  the  melt-spun 
powder  material  can  be  hot-pressed  to  form  a  fully- 
densified  permanent  magnet  body  and  that,  where 
desired,  such  a  fully-densified  body  can  be  further 
hot-work-deformed  into  a  magnetically  very  strong, 
anisotropic  magnet.  These  practices  are  disclosed, 
for  example,  in  US-A-4,792,367and  US-A-4,844,754. 

The  fine-grain,  melt-spun,  rare  earth  element- 
containing  material  is  initially  in  the  form  of  ribbon 
particles  ora  powder  produced  by  comminution  of  the 
ribbon  fragments.  In  order  to  hot-press  or  otherwise 
hot-work  the  material,  it  is  necessary  that  it  should  be 
heated  to  a  suitable  hot  working  temperature  typically 
in  the  range  of  700°C  to  800°C.  As  disclosed  in  the 
aforesaid  U.S.  patents,  it  is  prudent  to  heat  the  pow- 
der  in  vacuum  or  a  suitable  inert  gas  that  provides  a 
dry  and  substantially  oxygen-free  environment  in  or- 
der  to  preventthe  powder  from  burning.  In  attempting 
to  work  with  such  readily  oxidizable  rare  earth  ele- 
ment-containing  materials,  it  has  been  necessary  to 
provide  a  suitable  protective  atmosphere  in  which  the 
rare  earth  and  other  constituents  are  not  oxidized  and 
the  permanent  magnetic  properties  of  the  materials 
are  not  degraded. 

In  our  co-pending  European  application  number 
EP-A-92201  203.4  is  disclosed  a  two-step  cold- 
pressing-hot-pressing  process  for  producing  hot- 
pressed  rare  earth-transition  metal-boron  (RE-TM-B) 
magnets  in  an  open-to-t  he-air  press.  In  the  first  step 
of  that  process,  fine-grain  RE-TM-B  material  in  pow- 

der  form  is  compacted  at  ambient  temperature  in 
open-to-the-air  presses.  The  cold-pressed  compact 
body  that  is  formed  has  a  density  of  about  5  to  5.5 
grams  per  cm3,  which  is  about  70  percent  of  the  den- 

5  sity  of  a  fully-densified  body  of  the  same  composition. 
In  accordance  with  such  two-step  practice,  the  cold 
compact  bodies  are  then  suitably  hot-pressed  in  an 
open-to-the-air  hot  press  in  which  the  die  cavity  is 
heated  and  flooded  wit  h  a  dry  inert  gas  such  as  argon 

10  to  protect  the  compact  body  from  burning  or  from 
other  oxidation  which  would  degrade  the  magnetic 
properties  of  the  product. 

GB-A-2235  700  discloses  the  preparation  of  pre- 
forms  of  magnet  alloy  powder  without  lubrification  of 

15  the  die. 
The  rare  earth  element-containing  powder  and 

cold-pressed  compact  body  are  both  susceptible  to 
reaction  with  moisture  and  with  certain  chemical  spe- 
cies  such  as  the  chloride  ion.  Therefore,  in  order  to 

20  prevent  chemical  reaction  of  the  constituents  of  the 
powder  or  the  compact  body,  it  has  been  necessary 
to  take  precautions  in  addition  to  the  use  of  dry  inert 
gas  during  the  hot-pressing  operation.  For  example, 
in  the  cold-press-hot-press  practice  referred  to 

25  above,  a  lubricant  is  used  in  the  cold-pressing  oper- 
ation  to  facilitate  compaction  of  the  powder  and  re- 
moval  of  the  compact  body  from  the  die  without  abra- 
sion  of  t  he  d  ie  or  t  he  compact  body  and  wit  hout  caus- 
ing  the  compact  body  to  split  apart.  In  order  to  accom- 

30  plish  this  successful  cold-pressing,  it  was  determined 
that  a  solid  lubricant  film,  such  as  a  film  of  polytetra- 
f  luoroethane  orf  luorinated  ethylene-propylene  copo- 
lymers  (Teflontm),  should  be  applied  to  the  die  wall.  No 
lubricant  should  be  mixed  with  the  powdered  material 

35  added  to  the  die  for  compaction.  If  the  compact  was 
to  be  ring-shaped  or  the  like  and  to  require  a  core 
piece  as  part  of  the  press  tooling,  a  film  of  solid  lubri- 
cant  could  also  be  suitably  applied  to  the  surface  of 
such  a  core  piece. 

40  Tef  lontm  powder  is  a  preferred  solid  lubricant  film. 
The  application  of  the  powder  to  the  die  or  core  sur- 
face  is  accomplished  using  a  suspension  of  Teflontm 
in  a  volatile  vehicle,  preferably  a  liquid  of  relatively 
high  density,  so  as  to  better  suspend  the  Teflontm 

45  powder  particles.  Volatile  chlorine-fluorine  containing 
aliphatic  hydrocarbon  liquids  have  been  used  in  the 
above-described  process  to  suspend  the  Teflontm 
particles.  However,  some  liquid  remains  in  the  lubri- 
cant  film  after  drying  and  is  transferred  to  the  cold 

so  compact  body.  In  some  operations,  it  is  necessary  or 
desirable  to  store  cold  compact  bodies  for  hours  or 
days  before  they  are  hot-pressed.  During  such  time, 
trace  amounts  of  chlorine-containing  liquids  or  other 
reactive  liquids,  particularly  humid  atmospheres,  can 

55  react  with  the  rare  earth  element-containing  powder. 
Such  reaction  degrades  the  permanent  magnet  prop- 
erties  of  the  resultant  product  such  as  by  reducing  its 
magnetic  coercivity. 
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Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  provide  a  suitable  liquid  vehicle  for  suspending 
solid  lubricant  materials  such  as  Teflontm  powder  for 
die  lubrication  in  the  making  of  rare  earth  element- 
containing  cold  compact  bodies  for  subsequent  hot 
pressing. 

A  method  of  cold-pressing  a  rare  earth  element- 
containing  alloy  powder  according  to  the  present  in- 
vention  is  characterised  by  the  features  specified  in 
the  characterising  portion  of  claim  1. 

In  accordance  with  preferred  embodiments  of  the 
invention,  the  above  and  other  objects  are  accom- 
plished  as  follows. 

The  starting  material  forthe  practice  of  the  inven- 
tion  is  suitably  a  melt-spun  ribbon  particle  or  powder 
composition  composed  so  as  to  ultimately  form  a 
magnet  body  consisting  essentially  of  the  tetragonal 
phase  RE2TM14B  and  a  minor  portion  of  a  grain 
boundary  phase(s)  of  higher  rare  earth  element  con- 
tent.  Whilst  RE  stands  for  rare  earth  elements  gener- 
ally,  it  is  preferred  that  the  rare  earth  constituent  of 
this  material  be  made  up  of  at  least  60  percent  of  neo- 
dymium  and/or  praseodymium.  The  transition  metal 
element  (TM)  is  preferably  iron  or  mixtures  of  iron  with 
cobalt  and/orwith  minor  portions  of  other  metals.  This 
rapidly-solidified  starting  material  will  suitably  be  of 
very  fine  grain  size  (e.g.,  less  than  50  nm)  or  almost 
amorphous.  The  hot-pressing  process  and  any  addi- 
tional  hot-working  process  will  then  densify  and  work 
the  material  and  simultaneously  effect  a  growth  in 
grain  size  such  that  the  average  grain  size  is  larger 
but  still  less  than  about  500  nm  in  largest  dimension. 
The  product  has  useful  permanent  magnet  proper- 
ties. 

The  practice  of  the  present  invention  is  suitably 
carried  out  in  an  open-air  press  of  the  type  having  a 
die(s)  with  a  die  wall  defining  a  die  cavity  of  suitable 
cross-sectional  configuration.  In  such  presses,  the 
workpiece  material  or  body  is  inserted  in  the  die  cav- 
ity  and  compacted  or  worked  by  opposing  machine 
members,  typically  lower  and  upper  punches.  In  the 
operation  of  such  a  two-punch  press,  the  upper 
punch  is  initially  raised  out  of  the  die  cavity  and  the 
lower  punch  is  initially  in  a  low  position  so  as  to  open 
the  cavity  to  receive  the  material  to  be  worked.  The 
upper  punch  is  then  lowered  to  close  the  cavity,  and 
the  two  punches  are  then  mechanically  or  hydrauli- 
cally  actuated  so  as  to  press  and  compact  the  work- 
piece  material  between  them.  The  punches  closely  fit 
the  die  wall  so  as  to  confine  the  material  being 
worked  but  are  slightly  spaced  from  the  die  wall  so  as 
to  reduce  friction  and  wear.  After  the  material  is  com- 
pacted,  the  upper  punch  is  raised  out  of  the  cavity 
and  the  lower  punch  is  raised  so  as  to  elevate  the 
compacted  workpiece  above  the  top  edge  of  the  die 
or  so  that  the  worked  piece  can  be  removed.  This 
process  is  repeated  on  a  more  or  less  continuous  ba- 
sis. 

In  accordance  with  the  broad  context  of  the  in- 
vention,  a  hot-pressed,  fully-densified,  permanent 
magnet  body  is  produced  in  two  pressing  steps  ~  a 
cold-pressing  step  followed  by  a  hot-pressing  step. 

5  The  present  invention  is  practiced  in  the  cold- 
pressing  step. 

Powder  material  of  an  above-described  composi- 
tion,  in  an  amount  based  on  the  dimensions  of  the  de- 
sired  workpiece,  is  first  compacted  to  a  green  com- 

10  pact  body  at  ambient  temperature  and  in  air.  This 
pressing  can  be  called  cold-pressing.  The  cold- 
pressed  compact  body  suitably  has  a  density  of  about 
five  grams  per  cubic  centimetre  or  higher,  preferably 
about  5.3  to  5.5  grams  per  cubic  centimetre.  In  this 

15  cold-pressing  operation,  a  film  of  a  solid  die  lubricant, 
such  as  Teflontm  powderjs  formed  on  the  die  wall  of 
the  press.  No  lubricant  or  binder  is  mixed  with  the  rare 
earth  element-containing  powder. 

The  Teflontm  or  the  like  material  is  preferably  ap- 
20  plied  in  the  form  of  a  liquid  suspension  of  powder  in 

a  non-flammable,  highly  volatile  liquid  vehicle.  In  this 
regard,  it  is  preferable  to  use  fully  f  luorinated  aliphatic 
hydrocarbons  of  about  two  to  eight  carbon  atoms  per 
molecule.  The  fluid  Teflontm-containing  mixture  is  pre- 

25  ferably  applied  to  the  die  cavity  wall  through  suitable 
small  holes  in  the  lower  punch  after  the  previously- 
formed  compact  body  has  been  ejected  from  the  die 
and  the  punch  is  being  moved  to  its  lowest  position  to 
receive  the  next  charge  of  melt-spun  powder.  The  up- 

30  per  punch  is  actuated  to  cold-press  the  powder  into  a 
porous  green  compact  body.  The  dried  lubricant  film 
on  the  die  wall  facilitates  the  compaction  and  the  re- 
moval  of  the  compact  body  from  the  die  without  dam- 
age  to  the  die  or  to  the  compact  body. 

35  After  the  green  compact  body  has  been  formed, 
it  is  then  ready  to  be  hot-worked  in  another  open-air 
press.  Usually,  a  different  press  is  employed  because 
it  is  adapted  to  heat  the  die  to  facilitate  the  hot-press- 
ing  operation  and  requires  heat-resistant  tooling  ma- 

40  terials. 
Some  amount  of  liquid  vehicle  remains  on  the 

cold  compact  bodies.  Presumably,  this  is  due  to  the 
fact  that  no  heat  is  applied  to  the  press  tooling  and  the 
pressing  operation  is  carried  out  very  rapidly.  The  sol- 

45  id  lubricant  film  is  not  completely  free  of  the  liquid  ve- 
hicle.  Cold-pressed  parts  may  not  be  hot-pressed  im- 
mediately.  Temporary  storage  of  the  compact  bodies 
exposes  them  to  both  residual  liquid  vehicle  and 
moisture-laden  air.  By  using  suitable  volatile  fluorin- 

50  ated  hydrocarbon  liquids  as  a  vehicle  for  the  forma- 
tion  of  the  solid  lubricantfilm,  it  is  possible  to  efficient- 
ly  form  rare  earth-containing  compact  bodies  that  do 
not  degrade  on  storage. 

Other  objects  and  advantages  of  the  invention 
55  will  become  apparent  from  a  detailed  description 

thereof,  with  reference  to  the  accompanying  draw- 
ings,  in  which: 

Figures  1a  to  1d  are  schematic  views,  partly  in 
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section,  of  a  cold-forming,  open-air  press  illustrating 
the  sequence  of  cold  compact  forming-steps,  includ- 
ing  lubrication  of  the  die  cavity  wall  by  spraying  said 
wall  with  a  liquid  lubricant  mixture  supplied  through 
the  lower  punch. 

During  the  description  of  process  of  the  inven- 
tion,  reference  will  be  made  to  the  drawings  in  which 
only  a  small  portion  of  the  press  is  depicted,  namely 
that  depicting  the  die  and  the  upper  and  lower  punch- 
es  because  it  is  in  this  region  of  the  press  that  the 
special  features  of  process  of  the  invention  are  in- 
volved.  A  preferred  embodiment  of  the  invention  is  il- 
lustrated  showing  the  making  of  a  cold  compact  body 
intended  to  be  hot-pressed  into  a  sensor  magnet  in 
the  shape  of  a  circular  right  cylinder.  However,  it  is  to 
be  understood  that  other  magnet  shapes  can  be  pro- 
duced  by  changing  the  die  cross-section  and  punch 
shape.  It  is  also  to  be  understood  that  other  press 
tooling  constructions  may  be  employed  such  as  one 
punch  anvil  pressing,  the  pressing  of  ring  shapes  re- 
quiring  cores,  and  the  pressing  of  assemblies,  i.e., 
magnets  onto  rotors  or  shunts,  and  the  use  of  die 
shapes  like  shelf  dies  and  step  dies. 

Figures  1a  to  1d  thus  depict  a  small  portion  only 
of  an  open-to-the-air  operable-at-ambient-conditions 
cold  press  10.  Cold  press  10  has  a  die  member  12 
with  a  round  cylindrical  die  cavity  14.  Reciprocably 
operative  in  the  die  cavity  14  is  a  lower  punch  assem- 
bly  16.  Also  reciprocably  operable  in  the  die  cavity  is 
an  upper  punch  18.  Upper  punch  18  is  slidably  re- 
tained  and  guided  by  an  upper  punch  carrier  20.  Up- 
per  punch  18  has  a  round,  flat  punch  face  22.  As 
shown  in  Figures  1a  to  1c,  upper  punch  18  has  been 
raised  to  its  uppermost  position  to  facilitate  removal 
of  a  compacted  product  from  the  die  of  the  cold  press 
and  the  addition  of  a  new  particulate  starting  material. 

Lower  punch  16  comprises  a  head  24,  with  a  flat 
face  26,  that  is  circular  in  cross  section  and  adapted 
to  closely  fit  the  wall  of  die  cavity  14,  and  a  smaller 
diameter  shank  portion  28.  Lower  punch  16  also  in- 
cludes  an  enlarged  base  30  that  is  below  the  die  block 
12.  As  shown  in  Figure  1a,  the  lower  punch  is  elevat- 
ed  to  its  uppermost  position  with  face  26  just  flush 
with  an  upper  surface  32  of  die  block  12.  In  this  pos- 
ition,  the  lower  punch  has  raised  a  just-formed  cold 
compacted  body  of  RE-TM-B  particles  34.  This  cold 
compact  body  34  has  just  been  moved  aside  by  a  rake 
or  other  mechanical  means  (not  shown)  at  the  end  of 
the  compaction  cycle  of  the  press  operation. 

Typically  such  a  cold  compact  body  is  a  still  slight- 
ly  porous  green  compact  body  of  RE-TM-B  particles 
of  the  type  described  above.  It  has  a  density  in  ex- 
cess  of  5  grams  per  cubic  centimetre  and  is  very  use- 
ful  in  accordance  with  the  process  for  the  hot-press- 
ing  and,  if  necessary,  further  hot-working  of  this  com- 
pact  body  into  a  fully-densified  magnet  body  with  ex- 
ceptionally  good  permanent  magnet  properties  as 
disclosed  in  our  aforesaid  patent  application. 

Following  the  ejection  of  the  cold  compact  body 
34,  lower  punch  16  is  then  lowered  to  its  lowest  pos- 
ition  (as  shown  in  Figure  1b)  in  the  operation  of  the 
press.  It  is  during  this  lowering  process  that  this  lower 

5  punch  carries  out  an  important  part  of  the  practice  of 
the  present  invention.  Formed  in  lower  punch  16  is  a 
central  axial  duct  36  that  extends  from  the  base  30  of 
the  punch  16  the  length  of  the  shank  28  of  the  punch 
and  into  the  head  24.  Axial  duct  36  can  be  formed  by 

10  drilling  a  hole  through  the  base  30  up  through  the 
shank  28  into  the  head  24  and  then  closing  off  the 
outlet  in  the  base  with  a  plug  member  38.  Plug  mem- 
ber  38  is  preferably  flush  with  the  bottom  of  the  base 
member  30  so  that  the  mechanically-actuated  press 

15  can  operate  on  the  bottom  of  the  base  to  raise  and 
lower  the  lower  punch  16. 

Atransverse  duct  40  is  provided  in  the  base  mem- 
ber  30  that  intersects  axial  duct  36.  Duct  40  is  thread- 
ed  to  receive  fitting  42  and  a  supply  tube  44  that  is 

20  used  for  purposes  that  will  soon  be  described.  A 
small-diameter  second  transverse  duct  46  with  re- 
spect  to  axial  duct  36  is  drilled  in  the  head  24  of  the 
punch  16.  The  small  duct  46  extends  diametrically 
across  the  head  24  of  the  punch  and  has  outlets  in  a 

25  machined  annular  ring  48  that  is  parallel  to  the  face 
26  of  the  punch  but  slightly  below  it  at  the  upper  end 
of  axial  duct  36.  Thus,  lower  punch  16  contains  a  con- 
tinuous  internal  passage  leading  from  tube  44  into 
cross  duct  40  through  axial  duct  36  to  the  small  outlet 

30  duct  46  in  the  head  24  of  the  punch.  The  purpose  of 
this  passage  is  to  supply  a  suitable  lubricant  to  the 
wall  surface  of  die  cavity  14. 

The  use  of  a  Teflontm  lubricant  film  is  preferred. 
Teflontm  particles  are  applied  by  the  use  of  a  liquid 

35  carrier  vehicle.  The  mixture  is  suitably  about  90  per- 
cent  by  volume  of  the  liquid  vehicle  and  10  percent  by 
volume  of  Teflontm  particles.  The  liquid  vehicle  is  a 
material  that  can  suspend  the  Teflontm  particles  if  the 
liquid  mixture  is  agitated  and  then  carry  them  through 

40  the  tube  and  ductwork  of  the  lower  punch.  The  liquid 
vehicle  must  also  be  a  material  that  will  readily  vapor- 
ize  from  the  wall  of  the  die. 

A  suitable  liquid  vehicle  for  use  in  the  present  in- 
vention  is  a  fully  fluorinated  derivative  of  an  aliphatic 

45  hydrocarbon,  preferably  a  hydrocarbon  of  2  to  8  car- 
bon  atoms  in  the  molecule.  A  perfluorinated  hexane 
or  octane  is  suitable.  These  molecules  may  be  in  the 
form  of  either  molecular  chains  or  the  cyclo  com- 
pounds.  It  is  preferable  to  use  perfluorinated  hexane. 

so  Thus,  a  mixture  of  about  90  percent  by  volume  of 
liquid  fluorocarbon  and  10  percent  by  volume  of  Te- 
flontm  powder  is  mixed  and  prepared  in  a  separate 
container  not  shown  in  the  drawings.  The  mixture  is 
agitated  and  then  delivered  from  the  container 

55  through  tube  44  and  ducts  40,  36  and  46  to  the  die 
cavity  wall  14  of  die  12.  The  container  and  delivery 
system  (not  shown)  is  adapted  to  supply  the  fluid  un- 
der  pressure  as  required. 

4 
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Referring  now  to  Figures  1a  and  1b,  the  lubricant 
mixture  is  pressurized  at  the  time  that  the  lower 
punch  16  is  at  its  uppermost  point  as  depicted  in  Fig- 
ure  1a.  As  the  lower  punch  16  is  lowered  in  the  die 
cavity  14  until  it  reaches  its  position  as  shown  in  Fig- 
ure  1b,  pressure  is  applied  to  the  lubricant  mixture 
and  a  coating  film  50  of  the  lubricating  mixture  is  ap- 
plied  to  the  cavity  wall  14  of  the  die  as  depicted  in  Fig- 
ure  1b.  The  liquid  vehicle  vaporizes  very  rapidly  al- 
though  there  is  a  residual  amount  that  remains  in  the 
film.  Another  important  feature  of  the  invention  requir- 
ing  the  use  of  the  perfluorinated  compound  is  the  fact 
that  this  material,  if  it  remains  on  the  surface  of  the 
cold  compact  body,  does  not  adversely  affect  the  per- 
manent  magnet  properties  of  the  body  during  any 
storage  or  subsequent  hot-pressing  thereof. 

Thus,  with  the  lower  punch  16  in  its  down  position 
and  the  upper  punch  18  in  its  upper  position  and  the 
lubricant  film  applied  to  the  wall  of  the  die  cavity  (Fig- 
ure  1b),  the  cavity  14  is  now  ready  to  receive  the  pow- 
dered,  rapidly-solidified  iron-neodymium-boron  type 
material.  The  lower  punch  16  is  raised  to  a  fill  position 
(Figure  1c)  determined  bythe  volume  of  powderto  be 
added.  The  material  is  loaded  into  the  lower  die  in 
loose  particulate  form.  It  is  dropped  into  the  die  from 
a  hopper  (not  shown),  and  it  is  measured  by  any  suit- 
able  method  into  the  die  cavity.  As  seen  in  Figure  1c, 
the  powdered  material  52  is  now  in  the  die. 

The  upper  punch  18  then  comes  down  and  the 
two  punches  16,  18  and  die  wall  co-operate  with  one 
another  for  the  consolidation  of  the  powder  into  the 
green  compact  body  34.  Figure  1d  illustrates  the  pos- 
ition  of  the  upper  and  lower  punches  at  the  time  that 
the  particles  have  been  consolidated  into  the  green 
compact  body  34. 

As  soon  as  the  compaction  has  been  completed, 
the  upper  punch  18  is  raised  out  of  the  way  to  its  up- 
per  position  as  depicted  in  Figure  1a,  the  lower  punch 
1  6  is  raised  to  eject  the  compact  body  34  from  the  die 
1  2,  the  compact  body  34  is  removed,  and  the  process 
is  repeated.  This  cold-compaction  process  typically 
requires  about  one  to  six  seconds  per  cycle  and  is 
carried  out  at  ambient  conditions.  The  cold  compact 
body  will  likely  to  have  a  trace  of  Teflontm  powder  on 
its  outer  surfaces.  It  will  also  have  a  trace  of  the  flu- 
orinated  liquid  vehicle.  However,  the  composition  of 
the  liquid  vehicle  is  such  that  it  does  not  adversely  af- 
fect  the  permanent  magnet  properties  of  the  iron- 
neodymium  type  material,  even  though  the  compact 
body  is  stored  in  air  before  hot-pressing  of  the  com- 
pact  body  takes  place. 

Whilst  the  practice  of  the  invention  has  been  de- 
scribed  in  terms  of  a  few  specific  embodiments  there- 
of,  it  will  be  appreciated  that  otherforms  of  the  inven- 
tion  could  readily  be  adapted  by  those  skilled  in  the 
art.  As  described,  the  lubricant  film  was  formed  by 
spray  through  one  of  the  press  punches.  Obviously, 
the  fluorinated  liquid-powder  mixture  can  be  applied 

by  other  spray  techniques,  by  wiping  or  similar  coat- 
ing  procedure.  Accordingly,  the  scope  of  the  invention 
is  to  be  considered  limited  only  by  the  scope  of  the  fol- 
lowing  claims. 

5 

Claims 

1.  A  method  of  cold-pressing  a  rare  earth  element- 
10  containing  alloy  powder  (52)  of  RE2TM14B  precur- 

sor  composition  into  a  compacted  body  (34),  pre- 
paratory  to  a  hot-working  operation  on  the  com- 
pacted  body  (34),  characterised  in  that  the  meth- 
od  utilises  an  open-to-the-air  press  (10)  of  the 

15  type  comprising  at  least  one  die  member  (12)  de- 
fining  a  material-receiving  die  cavity  (14)  with  a 
die  wall  and  opposing  pressing  members  (16,18), 
at  least  one  of  which  is  adapted  to  move  recipro- 
cally  in  the  die  cavity  (14),  to  compress  material 

20  placed  therein;  said  method  comprises  applying 
a  solid  lubricant  film  (50)  to  the  cavity-defining 
wall  which  is  at  substantially  ambient  tempera- 
ture,  charging  a  predetermined  quantity  of  a  lubri- 
cant-and  binder-free  rare  earth  element-contain- 

25  ing  alloy  powder  (52)  into  the  lubricated  die  cavity 
(14),  and  consolidating  the  powder  (52)  in  the  die 
cavity  (14)  by  action  of  the  pressing  members 
(16,18)  at  ambient  temperature  to  form  a  green 
compact  body  (34)  of  generally  self-sustaining 

30  strength;  and  the  solid  lubricant  is  applied  as  a 
suspension  of  solid  lubricant  particles  in  a  vola- 
tile,  chlorine-free,  fluorinated  hydrocarbon  liquid. 

2.  A  method  according  to  claim  1  ,  in  which  the  pow- 
35  der  (52)  is  consolidated  into  a  green  compact 

body  (34)  of  a  density  of  about  five  grams  per  cu- 
bic  centimetre  or  higher. 

3.  A  method  according  to  claim  1  or  2,  in  which  the 
40  die  wall  of  the  material-receiving  die  cavity  (14) 

has  a  predetermined  cross-sectional  configura- 
tion,  the  opposing  pressing  members  are  upper 
and  lower  opposing  punches  (16,18)  adapted  to 
move  reciprocally  in  the  die  cavity  (14)  to  com- 

45  press  material  placed  therein,  said  predeter- 
mined  quantity  of  a  lubricant-  and  binder-free  rare 
earth  element-containing  metal  alloy  powder  (52) 
is  charged  into  the  lubricated  die  cavity  (14)  onto 
the  lower  punch  (16),  and  the  solid  lubricant  sus- 

50  pension  is  a  suspension  of  solid  lubricant  partic- 
les  in  a  liquid  consisting  essentially  of  a  fully  flu- 
orinated  aliphatic  hydrocarbon  of  two  to  eight  car- 
bon  atoms,  which  suspension  is  applied  by  spray- 
ing  the  suspension  onto  the  die  wall. 

55 
4.  A  method  according  to  claim  1  or  2,  in  which  the 

solid  lubricant  is  applied  to  the  die  wall  of  the  am- 
bient  temperature  press  (10)  by  spraying  partic- 

5 
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les  of  polytetrafluoroethane  or  fluorinated  ethy- 
lene-propylene  copolymers  dispersed  in  the  flu- 
orinated  hydrocarbon  liquid  through  a  duct 
(36,46)  in  the  lower  punch  (16). 

5.  A  method  according  to  claim  3,  in  which  the  solid 
lubricant  is  applied  to  the  die  wall  of  the  ambient 
temperature  press  (10)  by  spraying  particles  of 
polytetrafluoroethane  or  fluorinated  ethylene- 
propylene  copolymers  dispersed  in  the  fluorinat- 
ed  hydrocarbon  liquid  through  a  duct  (36,46)  in 
the  lower  punch  (16). 

Patentanspruche 

1.  Ein  Verfahren  des  Kaltpressens  eines  ein  Ele- 
ment  der  seltenen  Erden  enthaltenden  Legie- 
rungspulvers  (52)  von  RE2TM14B  -Vorlauferzu- 
sammensetzung  in  einen  verdichteten  Korper 
(34),  vorbereitend  zu  einem  Warmbearbeitungs- 
arbeitsgang  an  dem  verdichteten  Korper  (34), 
dadurch  gekennzeichnet, 
dali  das  Verfahren  eine  zur  Luft  offene  Presse 
(1  0)  des  Typus  verwendet,  der  zumindest  ein  Ge- 
senkglied  (12)  umfalit,  das  einen  Material  auf- 
nehmenden  Gesenkformhohlraum  (14)  mit  einer 
Gesenkformwand  und  sich  gegenuberliegenden 
Preligliedern  (16,  18)  festlegt,  von  welchen  zu- 
mindest  einer  dazu  ausgebildet  ist,  sich  in  dem 
Formhohlraum  (14)  hin  und  herzu  bewegen,  urn 
das  darin  angeordnete  Material  zu  komprimieren; 
wobei  das  Verfahren  es  umfalit,  dali  ein  fester 
Schmiermittelfilm  (50)  auf  die  hohlraumfestle- 
gende  Wand  aufgebracht  wird,  welche  bei  im  we- 
sentlichen  Umgebungstemperatur  ist,  eine  vor- 
bestimmte  Menge  eines  schmiermittel-  und  bin- 
derfreien  ein  Element  der  seltenen  Erden  enthal- 
tenden  Legierungspulvers  (52)  in  den  ge- 
schmierten  Formhohlraum  (14)  hinein  beschickt 
wird  und  das  Pulver  (52)  in  dem  Formhohlraum 
(14)  durch  die  Wirkung  der  pressenden  Glieder 
(16,  18)  bei  Umgebungstemperatur  verfestigt 
wird,  urn  einen  grunen  Kompaktkorper  (34)  von 
im  allgemeinen  selbsterhaltender  Starke  zu  bil- 
den;  und  das  feste  Schmiermittel  als  eine  Sus- 
pension  von  festen  Schmiermittelteilchen  in  einer 
fluchtigen,  chlorfreien,  fluorierten  Kohlenwas- 
serstoffflussigkeit  aufgebracht  wird. 

2.  Ein  Verfahren  nach  Anspruch  1,  in  welchem  das 
Pulver  (52)  in  einen  grunen  Kompaktkorper  (34) 
von  einer  Dichte  von  ungefahr  5  Gramm  pro  Ku- 
bikzentimeter  oder  hoher  verfestigt  wird. 

3.  Ein  Verfahren  nach  Anspruch  1  oder  2,  in  wel- 
chem  die  Formwand  des  Material  empfangenden 
Formhohlraumes  (14)  einen  vorbestimmten 

Querschnittsaufbau  hat,  die  sich  gegenuberlie- 
genden  pressenden  Glieder  untere  und  obere 
sich  gegenuberliegende  Stempel  (16,  18)  sind, 
die  dazu  ausgebildet  sind,  sich  in  dem  Formhohl- 

5  raum  (14)  hin  und  her  zu  bewegen,  urn  das  Ma- 
terial  zu  komprimieren,  das  darin  angeordnet 
wird,  wobei  die  vorbestimmte  Menge  eines 
schmiermittel-  und  binderfreien  ein  Element  der 
seltenen  Erden  enthaltenden  Metallegierungs- 

10  pulvers  (52)  in  den  geschmierten  Formhohlraum 
(14)  auf  den  unteren  Stempel  (16)  beschickt  wird, 
und  die  feste  Schmiermittelsuspension  eine  Sus- 
pension  von  festen  Schmiermittelteilchen  in  einer 
Flussigkeit  ist,  die  im  wesentlichen  aus  einem 

15  vollstandig  fluorierten  aliphatischen  Kohlenwas- 
serstoff  von  zwei  bis  acht  Kohlenstoffatomen  be- 
steht,  welche  Suspension  durch  Spruhen  der 
Suspension  auf  die  Formwande  aufgebracht 
wird. 

20 
4.  Ein  Verfahren  nach  Anspruch  1  oder  2,  in  wel- 

chem  das  feste  Schmiermittel  auf  die  Formwand 
der  Umgebungstemperaturpresse  (10)  aufge- 
bracht  wird,  indem  Teilchen  von  Polytetrafluoret- 

25  han  oder  fluorierten  Ethylen-Propylen-Copoly- 
meren,  die  in  der  fluorierten  Kohlenwasserstoff- 
flussigkeit  dispergiert  sind,  durch  einen  Kanal 
(36,  46)  in  dem  unteren  Stempel  (16)  gespruht 
werden. 

30 
5.  Ein  Verfahren  nach  Anspruch  3,  in  welchem  das 

feste  Schmiermittel  auf  die  Formwand  der  Umge- 
bungstemperaturpresse  (10)  aufgebracht  wird, 
indem  Teilchen  des  Polytetrafluorethan  oder  der 

35  fluorierten  Ethylen-Propylen-Copolymere,  die  in 
der  fluorierten  Kohlenwasserstoffflussigkeit  di- 
spergiert  sind,  durch  einen  Kanal  (36,  46)  in  dem 
unteren  Stempel  (16)  gespruht  werden. 

40 
Revendications 

1.  Procede  de  pressage  a  froid  d'une  poudre  d'allia- 
ge  (52)  contenant  un  element  des  terres  rares 

45  ayant  une  composition  de  precurseur  RE2TM14B 
sous  forme  d'un  corps  comprime  (34)  d'ebauche, 
avant  une  operation  de  travail  a  chaud  de  ce 
corps  comprime  (34),  caracterise  en  ce  que  le 
procede  met  en  oeuvre  une  presse  a  acces  at- 

50  mospherique  (1  0)  du  type  qui  comprend  au  moins 
un  organe  de  moule  (12)  delimitant  une  cavite 
(14)  de  moulage  destinee  a  recevoir  un  materiau 
et  ayant  une  paroi  de  moule,  et  des  organes  op- 
poses  de  pressage  (16,  1  8)  dont  I'un  au  moins  est 

55  destine  a  se  deplacer  en  translation  dans  la  cavite 
(14)  de  moulage  af  in  que  le  materiau  place  a  I'in- 
terieur  soit  comprime,  le  procede  comprenant 
I'application  d'un  film  (50)  d'un  lubrif  iant  solide  a 
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la  parol  delimitant  la  cavite  qui  est  a  une  tempe- 
rature  pratiquement  ambiante,  le  chargement 
d'une  quantite  predeterminee  d'une  poudre  (52) 
d'alliage  contenant  un  element  des  terres  rares, 
depourvue  de  liant  et  de  lubrif  iant,  dans  la  cavite 
lubrifiee  (14)  du  moule,  et  la  consolidation  de  la 
poudre  (52)  dans  la  cavite  (14)  du  moule  sous 
Taction  des  organes  de  pressage  (16,  18)  a  tem- 
perature  ambiante  pour  la  formation  d'un  corps 
(34)  d'ebauche  crue  ayant  une  resistance  meca- 
nique  tel  qu'il  est  coherent  de  facon  generale,  et 
le  lubrif  iant  solide  est  applique  sous  forme  d'une 
suspension  de  particules  de  lubrif  iant  solide  dans 
un  liquide  hydrocarbone  fluore  volatil  sans  chlo- 
re. 

2.  Procede  selon  la  revendication  1,  dans  lequel  la 
poudre  (52)  est  consolidee  sous  forme  d'un  corps 
d'ebauche  crue  (34)  dont  la  masse  volumique  est 
au  moins  d'environ  5  g/cm3. 

3.  Procede  selon  la  revendication  1  ou  2,  dans  le- 
quel  la  paroi  du  moule  de  la  cavite  (14)  de  mou- 
lage  destinee  a  recevoir  le  materiau  a  une  confi- 
guration  predeterminee  en  coupe,  les  organes 
opposes  de  pressage  sont  des  poincons  opposes 
superieur  et  inferieur  (16,18)  destines  a  se  depla- 
cer  en  translation  dans  la  cavite  (14)  du  moule 
pour  la  compression  du  materiau  place  a  I'inte- 
rieur,  la  quantite  predeterminee  de  la  poudre  (52) 
d'alliage  metallique  contenant  un  element  des 
terres  rares,  depourvu  de  liant  et  de  lubrif  iant,  est 
chargee  dans  la  cavite  lubrifiee  (14)  du  moule  sur 
le  poincon  inferieur  (16),  et  la  suspension  du  lu- 
brifiant  solide  est  une  suspension  de  particules 
d'un  lubrif  iant  solide  dans  un  liquide  constituees- 
sentiellement  d'un  hydrocarbure  aliphatique  en- 
tierement  fluore  contenant  deux  a  huit  atomes  de 
carbone,  cette  suspension  etant  appliquee  par 
pulverisation  sur  la  paroi  du  moule. 

4.  Procede  selon  la  revendication  1  ou  2,  dans  le- 
quel  le  lubrifiant  solide  est  applique  sur  la  paroi 
du  moule  de  la  presse  (10)  a  temperature  am- 
biante  par  pulverisation  de  particules  de  polyte- 
trafluorethylene  ou  de  copolymere  d'ethylene- 
propylene  fluore  dispersees  dans  le  liquide  hy- 
drocarbone  fluore  par  I'intermediaire  d'un 
conduit  (36,  46)  forme  dans  le  poincon  inferieur 
(16). 

5.  Procede  selon  la  revendication  3,  dans  lequel  le 
lubrifiant  solide  est  applique  a  la  paroi  du  moule 
de  la  presse  (1  0)  a  temperature  ambiante  par  pul- 
verisation  de  particules  de  polytetrafluorethane 
ou  de  copolymere  d'ethylene-propylene  fluore 
dispersees  dans  le  liquide  hydrocarbone  fluore 
par  I'intermediaire  d'un  conduit  (36,  46)  forme 

dans  le  poincon  inferieur  (16). 
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