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Description 

This  invention  relates  to  a  process  and  appara- 
tus  for  producing  particles  from  hafnium,  and  more 
particularly  to  a  process  and  apparatus  for  crushing 
a  hafnium  crystal  bar  in  order  to  produce  a  starting 
material  for  the  production  of  a  high-purity  fine 
powder  of  hafnium  of  superior  toughness  and  heat 
resistance. 

Recently,  hafnium  (Hf)  has  been  remarked  in 
various  fields  for  its  superior  toughness  and  heat 
resistance.  For  instance,  in  the  field  of  precision 
casting,  unidirectionally  solidified  materials  of  super 
heat-resistant  nickel-base  alloys  with  Hf  contained 
therein  are  being  commercialized.  In  the  field  of 
powder  metallurgy,  not  only  Hf-containing  heavy 
alloys  and  dispersion-strengthened  alloys  but  also 
HfC-  or  HfN-containing  composite  carbides  are  be- 
ing  commercialized. 

In  the  former  case,  hafnium  has  been  added  in 
the  form  of  crystal  bars  in  the  production  of  a 
master  ingot  as  a  starting  material  or  a  raw  ma- 
terial.  The  Hf  crystal  bars  in  their  uncrushed  state 
have  led  to  low  yields  or  have  caused  segregation. 

In  the  latter  case,  however,  it  has  been  com- 
mon  practice  to  reduce  a  hafnium  salt  by  hydrogen 
to  form  Hf  or  to  subsequently  form  a  carbide  there- 
from.  In  the  process  of  production  of  alloys  or 
carbides,  however,  the  decomposition  or  escape  of 
unrequired  elements  or  groups  contained  in  the  Hf 
salt  has  often  resulted  in  the  formation  of  vacancies 
and  in  a  disordered  crystal  structure  in  the  final 
product. 

The  above-mentioned  problems  can  be  solved 
by  a  crushed  product  of  Hf  crystal  bars  of  maxi- 
mum  purity  as  the  starting  or  raw  material.  Be- 
cause  of  the  high  hardness,  high  toughness,  and 
the  close-packed  hexagonal  crystal  structure  of  the 
Hf  crystal  bars,  however,  there  has  not  been  a 
conventional  technique  to  crush  the  Hf  crystal  bars, 
and  commercialization  has  therefore  been  carried 
out  simply  by  crushing  Hf  sponge. 

When  the  Hf  sponge  is  crushed  for  being  var- 
iously  used  as  a  raw  material,  the  physical  prop- 
erties  and  workability  of  the  final  product  are  lower- 
ed  because  of  the  high  nitrogen  and  oxygen  con- 
tents  of  the  raw  material  and  the  susceptibility  of 
hafnium  to  the  effects  of  interstitial  impurities  such 
as  nitrogen  and  oxygen. 

In  addition,  in  the  process  of  producing  the  Hf 
sponge,  chlorine  and  magnesium  are  left  in  the  Hf 
sponge.  Therefore,  the  Hf  sponge  has  a  high  con- 
tent  of  chlorine  and  magnesium  resulting  in  a  dete- 
rioration  of  the  physical  properties  of  the  final  prod- 
uct. 

GB-A-1  140  468  describes  a  method  and  ap- 
paratus  for  producing  small  particles  by  grinding 
larger  masses  of  metals  including  hafnium. 

It  accordingly  is  the  problem  to  be  solved  by 
this  invention  to  provide  a  process  and  apparatus 
for  crushing  a  hafnium  crystal  bar  by  which  it  is 
possible  to  obtain  a  crushed  product  of  Hf  crystal 

5  bars  of  maximum  purity  as  a  raw  material. 
The  invention  solves  this  problem  by  a  process 

according  to  claim  1  and  by  an  apparatus  accord- 
ing  to  claim  4.  Advantageous  further  developments 
are  specified  in  the  subclaims. 

io  Because  of  the  high  hardness,  high  toughness, 
and  the  close-packed  hexagonal  crystal  structure  of 
the  hafnium  crystal  bars,  it  has  not  hitherto  been 
contemplated  to  crush  the  hafnium  crystal  bars  by 
utilizing  low-temperature  brittleness.  One  aspect  of 

75  the  present  invention  therefore  is  that  the  embritt- 
ling  effect  of  low  temperature  on  hafnium  can  be 
positively  used,  which  effect  has  heretofore  been 
considered  to  be  minor. 

One  mode  of  the  process  for  crushing  a  haf- 
20  nium  crystal  bar  according  to  this  intention  com- 

prises  the  steps  of  maintaining  the  Hf  crystal  bar  at 
an  extremely  low  temperature  by  holding  the  cry- 
stal  bar  in  contact  with  a  cryogenic  refrigerant,  and 
crushing  the  Hf  crystal  bar  at  the  extremely  low 

25  temperature  by  clamping  and  compressing  the  cry- 
stal  bar  between  nickel  (Ni)-base  superalloy  mem- 
bers.  In  this  process,  with  the  Hf  crystal  bar  main- 
tained  at  the  extremely  low  temperature  by  holding 
the  crystal  bar  in  contact  with  the  cryogenic  refrig- 

30  erant,  the  low-temperature  embrittlement  effect  is 
enhanced,  and  the  heat  generation  upon  applica- 
tion  of  pressure  to  the  crystal  bar  is  restrained.  In 
this  condition,  the  Hf  crystal  bar  is  clamped  and 
compressed  between  the  Ni-base  superalloy  mem- 

35  bers,  whereby  the  Hf  crystal  bar  is  crushed  through 
the  generation  of  permanent  strain,  because  the  Ni- 
base  superalloy  is  superior  to  hafnium  in  hardness 
and  toughness  and  is  insusceptible  to  low-tempera- 
ture  embrittlement. 

40  One  embodiment  of  the  apparatus  for  crushing 
a  hafnium  crystal  bar  according  to  this  invention 
comprises  a  container  made  of  a  Ni-base  superal- 
loy  for  containing  a  cryogenic  refrigerant,  the  con- 
tainer  having  a  bottom  portion  adapted  to  be 

45  opened  and  closed  as  required,  a  heat  insulator  for 
covering  the  container  filled  with  the  cryogenic 
refrigerant  so  as  to  maintain  the  interior  of  the 
container  at  an  extremely  low  temperature,  press- 
ing  terminals  made  of  a  Ni-base  superalloy  for 

50  clamping  the  Hf  crystal  bar  therebetween  in  the 
container,  and  pressing  means  for  exerting  a  pres- 
sure  on  the  pressing  terminals  to  compress  and 
crush  the  Hf  crystal  bar.  In  this  apparatus,  the 
container  is  formed  of  the  Ni-base  alloy,  whereby 

55  the  cryogenic  refrigerant  is  safely  contained.  With 
the  container  covered  by  the  heat  insulator,  the 
interior  of  the  container  filled  with  the  cryogenic 
refrigerant  is  maintained  at  the  extremely  low  tem- 
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perature.  The  Hf  crystal  bar  is  clamped  between 
the  Ni-base  superalloy-made  pressing  terminals  in 
the  interior  of  the  container  maintained  at  the  ex- 
tremely  low  temperature,  and  a  pressure  is  exerted 
on  the  pressing  terminals  by  the  pressing  means  to 
compress  the  Hf  crystal  bar,  whereby  the  Hf  crystal 
bar  is  crushed  by  the  generation  of  permanent 
strain  therein.  Since  the  bottom  portion  of  the  con- 
tainer  is  adapted  to  be  opened  and  closed  as 
required,  it  is  easy  to  remove  the  crushed  Hf 
crystals  from  the  container. 

As  described  above,  according  to  this  inven- 
tion,  it  is  possible  to  obtain  a  crushed  product  of  Hf 
crystal  bars  of  maximum  purity  as  a  raw  material. 

The  invention  will  be  further  described  with 
reference  to  the  drawings  in  which 

Fig.  1  is  a  side  view  showing  one  embodi- 
ment  of  an  apparatus  for  crushing  a 
hafnium  crystal  bar  according  to  this 
invention; 

Fig.  2  is  a  view  taken  along  the  line  ll-ll  of 
Fig.  1  ;  and 

Fig.  3  is  a  flowchart  of  one  embodiment  of 
the  process  for  crushing  a  hafnium 
crystal  bar  according  to  this  invention. 

Firstly  referring  to  figures  1  and  2,  the  present 
description  concerns  one  embodiment  of  the  ap- 
paratus  for  crushing  a  hafnium  crystal  bar  accord- 
ing  to  this  invention.  As  shown  in  the  figures, 
disposed  on  a  base  1  is  a  crushing  container  3  for 
containing  a  cryogenic  refrigerant  2  therein.  The 
cryogenic  refrigerant  2  may  be,  for  example,  liquid 
argon.  The  container  3  is  formed  of  a  Ni-base 
superalloy  and  comprises  a  side  wall  consisting  of 
a  tubular  cylinder  4a  and  a  circular  disk-like  bottom 
portion  4b.  The  cylinder  4a  is,  for  example,  100 
mm  in  diameter  and  180  mm  in  height.  The  cyl- 
inder  4a  is  detachably  fixed  to  the  bottom  portion 
4b.  The  outer  periphery  of  the  side  portion  of  the 
container  3  is  covered  with  a  heat  insulator  5  so  as 
to  maintain  the  interior  of  the  container  3  at  an 
extremely  low  temperature.  A  hafnium  crystal  bar  7 
to  be  crushed  is  disposed  in  the  container  3.  A  pair 
of  circular  disk-like  pressing  terminals  8  for  clamp- 
ing  the  Hf  crystal  bar  7  therebetween  are  provided 
in  the  container  3.  The  pressing  terminals  8  are 
formed  of  a  Ni-base  superalloy.  As  shown,  the 
pressing  terminals  8  are  located  respectively  on 
the  upper  and  lower  sides  of  the  Hf  crystal  bar  7. 
The  pressing  terminal  8  on  the  lower  side  is  dis- 
posed  on  the  bottom  portion  4b  of  the  container  3, 
whereas  the  pressing  terminal  8  on  the  upper  side 
is  contacted  by  pressing  means  9  which  exerts  a 
pressure  on  the  upper  pressing  terminal  8  to  com- 
press  and  crush  the  Hf  crystal  bar  7  clamped 
between  the  upper  and  lower  pressing  terminals  8. 
Pressing  means  9  is  employed  including  a  press 
head  10  of  a  300-ton  press  (300-T  press)  which  is 

98  mm  in  diameter.  Numeral  11  in  the  figure  de- 
notes  a  pressing  guide  as  an  aid  to  vertical  com- 
pression  and  stroke  in  the  container. 

The  process  for  crushing  a  hafnium  crystal  bar 
5  according  to  this  invention,  as  carried  out  by  using 

the  apparatus  constructed  as  described  above,  will 
now  be  explained  in  detail  with  reference  to  fig.  3. 
First,  the  Hf  crystal  bar  7  with  a  35  mm  diameter  is 
cut  (20)  to  a  size  of  40  ±  5  mm  by  a  high-speed 

io  cutter.  Next,  the  such  cut  Hf  crystal  bar  7  is  mixed 
with  dry  ice  within  a  heat-insulated,  hermetically 
sealed  container  (not  shown)  separately  prepared, 
followed  by  the  sealing-off  of  the  heat-insulated, 
hermetically  sealed  container  to  perform  primary 

is  cooling  (21)  to  a  temperature  of  -50  degress  C 
(°C).  The  Hf  crystal  bar  7  subjected  to  primary 
cooling  (21)  then  undergoes  secondary  cooling 
(22)  to  a  temperature  of  about  -150°C  or  below  by 
placing  the  crystal  bar  7  in  another  heat-insulated, 

20  hermetically  sealed  container  filled  with  liquid  ar- 
gon  and  by  sealing-off  the  liquid  argon-filled  con- 
tainer.  After  the  secondary  cooling  (22),  the  lower 
pressing  terminal  8  is  disposed  on  the  bottom 
portion  4b  in  the  crushing  container  3.  The  Hf 

25  crystal  bar  7  which  had  been  subjected  to  the 
second  cooling  (22)  is  then  placed  on  the  lower 
pressing  terminal  8,  and  the  upper  pressing  termi- 
nal  8  is  located  on  the  Hf  crystal  bar  7  to  clamp  the 
Hf  crystal  bar  7  between  the  pressing  terminals  8. 

30  Simultaneously,  liquid  argon  is  poured  into  the  con- 
tainer  3  to  bring  the  Hf  crystal  bar  7  into  contact 
with  the  cryogenic  refrigerant  2,  thereby  maintain- 
ing  the  Hf  crystal  bar  7  at  an  extremely  low  tem- 
perature  not  higher  than  -150°C.  The  container  3  is 

35  made  of  the  Ni-base  superalloy,  whereby  the  cryo- 
genic  refrigerant  2  is  safely  contained.  Further- 
more,  with  the  container  3  covered  with  the  heat 
insulator  5,  the  interior  of  the  container  3  filled  with 
the  cryogenic  refrigerant  2  is  maintained  at  the 

40  extremely  low  temperature  of  -150°C  or  below. 
Thereafter,  a  pressure  of  about  9  kg/mm2  is  ex- 
erted  on  the  upper  pressing  terminal  8  by  the 
press  head  10  of  the  300-T  press  used  as  the 
pressing  means  9,  thereby  compressing  the  Hf 

45  crystal  bar  7  in  a  single  direction  by  the  upper  and 
lower  pressing  terminals  8,  resulting  in  the  crushing 
(23)  of  the  Hf  crystal  bar  7.  When  the  Hf  crystal  bar 
7  is  maintained  at  the  extremely  low  temperature 
by  contacting  the  cryogenic  refrigerant  2  such  as 

50  liquid  argon,  the  low-temperature  embrittlement  ef- 
fect  is  enhanced,  and  the  heat  generation  upon 
application  of  the  pressure  to  the  crystal  bar  7  is 
restrained.  When  the  Hf  crystal  bar  7  in  this  con- 
dition  is  clamped  and  compressed  between  the 

55  upper  and  lower  pressing  terminals  8  made  of  the 
Ni-base  superalloy,  the  Hf  crystal  bar  7  is  crushed 
by  the  generation  of  permanent  strain,  because  the 
Ni-base  superalloy  is  superior  to  Hf  in  hardness 

3 
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and  toughness  and  is  insusceptible  to  low-tempera- 
ture  embrittlement.  The  cylinder  4a  of  the  container 
3  not  only  contains  the  cryogenic  refrigerant  2  but 
serves  to  support  the  vertical  compression  and 
prevent  the  scattering  of  the  crushed  Hf  crystals. 
The  steps  of  primary  cooling  (21),  secondary  cool- 
ing  (22),  and  low-temperature  crushing  (23)  are 
repeated  in  series  three  or  four  times.  It  is  possible 
to  perform  a  continuous  crushing  of  three  or  four 
pieces  of  the  cut  Hf  crystal  bars  7.  Subsequently, 
the  cylinder  4a  of  the  container  3  is  detached  from 
the  bottom  portion  4b,  and  the  crushed  Hf  crystals 
are  swiftly  taken  out  and  stored  (24)  in  a  circulating 
type  desiccator  (not  shown). 

The  characteristic  values  in  this  invention  are 
optimal  values  obtained  from  various  experimental 
results.  The  basic  feature  of  the  values  is  that  the 
Hf  crystal  bar  7  is  cooled  to  and  maintained  at  a 
temperature  not  higher  than  -150°C  to  embrittle 
the  crystal  bar  7  and  to  cool  the  large  quantity  of 
heat  generated  upon  release  of  the  bonding  energy 
of  the  Hf  crystal,  thereby  enhancing  the  crushing 
efficiency  so  as  to  enable  crushing  of  the  Hf  crystal 
bar  under  a  compressive  pressure  of  about  9 
kg/mm2.  A  temperature  higher  than  -150°C  pre- 
vents  the  enhancement  of  the  embrittling  effect  and 
makes  it  impossible  to  crush  the  Hf  crystal  bar  with 
a  compressive  pressure  less  than  about  9  kg/mm2. 

The  crushed  Hf  crystal  product  thus  obtained 
has  the  following  advantages. 

When  the  crushed  product  is  used  as  an  al- 
loying  additive  in  the  production  of  a  master  ingot 
for  obtaining  precision  castings,  such  as  direc- 
tionary  solidified  castings  or  single  crystal  castings, 
or  in  the  production  of  an  electrode  alloy  for  obtain- 
ing  a  forging  alloy,  a  high  yield  can  be  expected  in 
comparison  with  the  prior  approach  of  adding  Hf 
crystal  bars,  i.e.,  the  yield  obtained  by  adding  the 
Hf  crystal  bars  is  70  to  80%,  whereas  the  yield 
obtained  by  adding  the  crushed  Hf  crystal  product 
produced  according  to  this  invention  is  99  to  100%. 
For  this  purpose,  Hf  sponge  with  a  high  N.O.CI  or 
Mg  content  is  not  usable. 

In  addition,  the  crushed  Hf  crystal  product  pro- 
duced  according  to  this  invention  may  be  used  as 
a  raw  material  in  a  process  for  producing  high- 
purity  fine  powder  of  reactive  metal.  When  the 
crushed  Hf  crystal  product  is  used  after  being 
pulverized  by  this  process,  the  fine  powder  ob- 
tained  is  adapted  to  be  variously  used  as  a  raw 
material.  It  is  impossible  to  compare  such  a  use 
with  a  corresponding  use  according  to  the  prior  art 
because  there  is  not  any  conventional  use  of  the  Hf 
crystal  material  in  the  pulverized  form  as  a  raw 
material.  The  use  of  the  crushed  Hf  crystal  product 
obtained  according  to  this  invention  after  pulveriza- 
tion  as  a  raw  material,  however,  definitely  leads  to 
markedly  suppressed  penetration  of  impurity  ele- 

ments  into  the  atomic  arrangement  of  the  final 
product,  as  compared  with  the  case  in  which  haf- 
nium  carbide  (HfC)  is  used  as  a  raw  material, 
namely,  the  case  in  which  a  Hf  compound  is  re- 

5  duced  by  hydrogen  to  the  one  in  which  Hf  and  HfC 
are  produced  therefrom.  Moreover,  when  the  crush- 
ed  Hf  crystal  product  obtained  according  to  this 
invention  is  used  after  pulverization  as  a  raw  ma- 
terial,  the  final  product  obtained  is  free  of  disorder 

io  in  the  arrangement  of  atoms  arising  from  the  es- 
cape  of  impurity  elements  or  formation  of  vacan- 
cies  and  has  stable  qualities  and  properties  with 
good  reproducibility. 

15  Claims 

1.  A  process  for  producing  hafnium  particles  suit- 
able  for  use  in  a  process  for  producing  super 
heat  resistant  nickel  based  alloys,  which  com- 

20  prises  the  steps  of: 
(A)  cooling  and  maintaining  a  hafnium  cry- 
stal  bar  (7)  at  a  temperature  of  -150°C  or 
below;  and 
(B)  crushing  the  hafnium  crystal  bar  (7)  at 

25  said  temperature  by  clamping  and  com- 
pressing  the  hafnium  crystal  bar  (7)  be- 
tween  nickel-base  superalloy  members  (8). 

2.  The  process  according  to  claim  1,  where  liquid 
30  argon  is  used  as  cryogenic  refrigerant  (2). 

3.  The  process  according  to  claim  1  or  2,  which 
further  includes  subjecting  the  hafnium  crystal 
bar  (7)  to  primary  cooling  preferably  to  a  tem- 

35  perature  of  about  -50  °  C  by  mixing  the  hafnium 
crystal  bar  (7)  with  dry  ice;  and  subjecting  the 
hafnium  crystal  bar  (7)  after  being  cooled  to 
secondary  cooling  by  bringing  the  hafnium 
crystal  bar  (7)  into  contact  with  said  cryogenic 

40  refrigerant  (2)  so  as  to  cool  the  hafnium  crystal 
bar  (7)  to  said  temperature  of  -150°C  or  be- 
low. 

4.  An  apparatus  for  producing  hafnium  particles 
45  suitable  for  use  in  a  process  for  producing 

super  heat  resistant  nickel  based  alloys,  which 
comprises  a  container,  made  from  a  nickel 
based  superalloy  of  high  toughness  and  low- 
temperature  embrittlement  resistance  for  con- 

50  taining  said  cryogenic  refrigerant  (2); 
a  heat  insulator  (5)  which  covers  said  container 
(3)  filled  with  the  cryogenic  refrigerant  (2)  so 
as  to  maintain  the  interior  of  said  container  (3) 
at  a  temperature  of  -150  °  C  or  below; 

55  pressing  terminals  (8)  for  clamping  a  hafnium 
crystal  bar  (7)  therebetween  in  said  container 
(3),  said  pressing  terminals  (8)  being  made  of 
the  same  metal  as  said  container  (3);  and 

4 
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pressing  means  (9)  for  exerting  pressure  on 
said  pressing  terminals  (8)  to  compress  and 
crush  the  hafnium  crystal  bar  (7). 

5.  The  apparatus  according  to  claim  4,  where  the 
bottom  portion  (4b)  of  said  container  (3)  is 
adapted  to  be  selectively  opened  and  closed. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  von  fur  die  Verwen- 
dung  in  einem  Verfahren  zur  Herstellung  von 
besonders  warmebestandigen  Nickelbasisle- 
gierungen  geeigneten  Hafniumpartikeln,  das 
folgende  Verfahrensschritte  umfaBt: 

(A)  Abkuhlen  eines  Hafniumkristallstabs  (7) 
auf  eine  Temperatur  von  -150°C  oder  dar- 
unter  und  Beibehalten  dieser  Temperatur 
und 
(B)  Zerkleinern  des  Hafniumkristallstabs  (7) 
bei  dieser  Temperatur,  indem  der  Hafnium- 
kristallstab  (7)  zwischen  Elementen  (8)  aus 
einer  Nickelbasis-Superlegierung  festge- 
klemmt  und  zusammengedruckt  wird. 

2.  Verfahren  nach  Anspruch  1,  bei  welchem  flus- 
siges  Argon  als  Tiefkuhlmittel  verwendet  wird. 

3.  Verfahren  nach  Anspruch  1  oder  2,  bei  wel- 
chem  ferner  der  Hafniumkristallstab  (7)  durch 
Mischen  desselben  mit  Trockeneis  einer  pri- 
maren  Abkuhlung  auf  vorzugsweise  eine  Tem- 
peratur  von  etwa  -50  °C  und  danach  einer  se- 
kundaren  Abkuhlung  unterzogen  wird,  indem 
der  Hafniumkristallstab  (7)  mit  dem  Tiefkuhl- 
mittel  (2)  in  Kontakt  gebracht  und  dadurch  auf 
die  genannte  Temperatur  von  -150°C  oder 
darunter  abgekuhlt  wird. 

4.  Vorrichtung  zur  Herstellung  von  fur  die  Ver- 
wendung  in  einem  Verfahren  zur  Herstellung 
von  besonders  warmebestandigen  Nickelbasis- 
legierungen  geeigneten  Hafniumpartikeln,  die 
einen  aus  einer  Nickelbasis-Superlegierung  ho- 
her  Zahigkeit  und  Kaltesprodigkeits-Bestandig- 
keit  hergestellten  Behalter  zur  Aufnahme  des 
Tiefkuhlmittels  (2)  aufweist,  ferner  einen  den 
mit  dem  Tiefkuhlmittel  (2)  gefullten  Behalter 
(3)  umgebenden  Warmeschutzmantel  (5),  der 
den  Innenraum  des  Behalters  (3)  auf  einer 
Temperatur  von  -150°C  oder  darunter  halt, 
Druckklemmen  (8)  zur  klemmenden  Aufnahme 
eines  Hafniumkristallstabs  (7)  zwischen  sich  in 
dem  Behalter  (3),  wobei  die  Druckklemmen  (8) 
aus  dem  gleichen  Metall  wie  der  Behalter  (3) 
hergestellt  sind,  und  ein  Element  (9)  zur 
Druckbeaufschlagung  der  Druckklemmen  (8) 
derart,  dal3  der  Hafniumkristallstab  (7)  zusam- 

mengedruckt  und  zerkleinert  wird. 

5.  Vorrichtung  nach  Anspruch  4,  bei  welcher  der 
Bodenbereich  (4b)  des  Behalters  (3)  so  ausge- 

5  bildet  ist,  dal3  er  wahlweise  geoffnet  und  ge- 
schlossen  werden  kann. 

Revendicatlons 

io  1.  Procede  de  production  de  particules  d'hafnium 
aptes  a  etre  utilisees  dans  un  procede  de 
production  d'alliages  a  base  de  nickel  hyper- 
resistants  a  la  chaleur,  qui  comprend  les  eta- 
pes  consistant  a  : 

is  (A)  refroidir  et  maintenir  une  barre  de  cristal 
d'hafnium  (7)  a  une  temperature  de  -150°C 
ou  plus  basse  ;  et 
(B)  broyer  la  barre  de  cristal  d'hafnium  (7)  a 
ladite  temperature  en  serrant  et  en  compri- 

20  mant  la  barre  de  cristal  d'hafnium  (7)  entre 
des  elements  (8)  en  superalliage  a  base  de 
nickel. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
25  on  utilise  de  I'argon  liquide  comme  refrigerant 

cryogenique  (2). 

3.  Procede  selon  la  revendication  1  ou  2,  qui 
comprend  en  outre  une  etape  consistant  a 

30  soumettre  la  barre  de  cristal  d'hafnium  (7)  a  un 
refroidissement  primaire,  de  preference  a  une 
temperature  d'environ  -50  °  C  en  melangeant  la 
barre  de  cristal  d'hafnium  (7)  avec  de  la  glace 
seche  ;  et  a  soumettre  la  barre  de  cristal 

35  d'hafnium  (7),  une  fois  celle-ci  refroidie,  a  un 
refroidissement  secondaire  en  mettant  la  barre 
de  cristal  d'hafnium  (7)  en  contact  avec  ledit 
refrigerant  cryogenique  (2)  de  maniere  a  refroi- 
dir  la  barre  de  cristal  d'hafnium  (7)  a  ladite 

40  temperature  de  -150°C  ou  plus  basse. 

4.  Machine  pour  produire  des  particules  d'haf- 
nium  aptes  a  etre  utilisees  dans  un  procede  de 
production  d'alliages  a  base  de  nickel  hyper- 

45  resistants  a  la  chaleur,  comprenant  : 
-  un  conteneur  fait  d'un  superalliage  a 

base  de  nickel  a  haute  tenacite  et  a 
haute  resistance  a  la  fragilisation  a  basse 
temperature,  pour  contenir  ledit  refrige- 

50  rant  cryogenique  (2)  ; 
-  un  isolant  thermique  (5)  qui  recouvre  le- 

dit  conteneur  (3)  rempli  du  refrigerant 
cryogenique  (2),  de  maniere  a  maintenir 
I'interieur  dudit  conteneur  (3)  a  une  tem- 

55  perature  de  -150°C  ou  plus  basse  ; 
-  des  blocs  terminaux  de  pression  (8)  pour 

serrer  entre  ceux-ci  une  barre  de  cristal 
d'hafnium  (7)  dans  ledit  conteneur  (3), 

5 
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lesdits  blocs  terminaux  de  pression  (8) 
etant  faits  du  meme  metal  que  ledit 
conteneur  (3)  ;  et 

-  des  moyens  de  pression  (9)  destines  a 
exercer  une  pression  sur  lesdits  blocs  5 
terminaux  de  pression  (8)  pour  compri- 
mer  et  broyer  la  barre  de  cristal  d'haf- 
nium  (7). 

5.  Machine  selon  la  revendication  4,  dans  laquelle  10 
la  partie  de  fond  (4b)  dudit  conteneur  (3)  est 
agencee  pour  pouvoir  etre  selectivement  ou- 
verte  et  fermee. 
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Hf  CRYSTAL  P R O D U C T   I S  

C R U S H I N G   AT  PUT  I N T O   C R U S H I N G  

E X T R E M E L Y   C O N T A I N E R ,   I N T O   W H I C H   L I Q U I D  

LOW  T E M P E -   ARGON  IS  I M M E D I A T E L Y   P O U R E D ,  

R A T U R E   F O L L O W E D   BY  P R E S S I N G   BY  3 0 0 - T  

P R E S S   FOR  C R U S H I N G  

* 

C R U S H E D   Hf  P R O D U C T   I S  
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