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Description 

BACKGROUND  OF  THE  INVENTION 

5  (i)  Field  of  the  Invention 

The  present  invention  relates  to  a  method  for  preparing  a  gaseous  fluoride  by  reacting  the  element  or 
its  oxide  with  a  fluorine  gas  or  nitrogen  trifluoride  gas. 

io  (ii)  Description  of  the  Prior  Art 

A  gaseous  fluoride  of  the  present  invention  means  a  fluoride  which  is  in  a  gaseous  state  in  the  vicinity 
of  a  temperature  at  which  a  element  or  its  oxide  is  reacted  with  a  fluorine  gas  or  nitrogen  trifluoride  gas. 

Typical  examples  of  the  gaseous  fluorides  include  compounds  such  as  tungsten  hexafluoride  (WFG), 
75  molybdenum  hexafluoride  (MoFG),  antimony  pentafluoride  (SbF5),  niobium  pentafluoride  (NbF5),  tantalum 

pentafluoride  (TaF5),  titanium  tetrafluoride  (TiF+),  silicon  tetrafluoride  (SiF+),  germanium  tetrafluoride  (GeF+) 
and  arsenic  trifluoride  (AsF3). 

These  compounds  are  utilizable  in  a  variety  of  industrial  fields.  For  example,  WFG,  MoFG  and  the  like 
are  expected  as  raw  materials  of  electrodes  for  semiconductors.  In  particular,  tungsten  silicide  (WSi2)  and 

20  molybdenum  silicide  (MoSi2)  which  can  be  prepared  from  WFG  and  MoFG  as  raw  materials  are  noticed  as 
wire  materials  for  large  scale  integrated  circuits  (LSI).  In  addition,  the  above-mentioned  gaseous  metallic 
fluorides,  inclusive  of  WFG  and  MoFG,  are  used  as  various  fluorinating  agents  and  as  optical  materials. 

Heretofore,  the  gaseous  fluoride  has  been  generally  prepared  by  a  method  which  comprises  contact- 
ing/reacting  an  element  or  its  oxide  with  a  fluorine  (F2)  gas  or  nitrogen  trifluoride  (NF3)  gas  at  a  high 

25  temperature  of  some  hundreds  degree  centigrade.  In  this  case,  when  the  high-purity  gas  is  desired,  the 
element  is  preferably  used  as  the  raw  material.  However,  in  usual  cases,  the  oxide  is  employed  as  the  raw 
material  because  of  being  inexpensive  and  thus  economical. 

Due  to  the  strong  toxicity  and  very  high  activity,  the  F2  gas  is  diluted  with  an  inert  gas  such  as  a 
nitrogen  (N2)  gas  or  argon  (Ar)  gas  so  that  the  concentration  of  the  F2  gas  may  be  in  the  range  of  about  10 

30  to  30%  by  volume,  when  used  in  the  above-mentioned  contact  reaction. 
As  described  above,  the  F2  gas  is  very  toxic,  and  therefore  it  is  advantageous  to  use  NF3  from  the 

viewpoint  of  safety,  though  there  is  a  little  cost  increase 
Hereinafter,  the  element  or  its  oxide  will  be  called  "element  or  the  like"  inclusively. 
In  the  above-mentioned  reaction  between  the  element  or  the  like  and  F2  or  NF3,  the  produced  gaseous 

35  fluoride  is  led  out  of  the  reaction  system  and  is  then  cooled  at  a  temperature  less  than  its  boiling  point  in 
order  to  collect  the  product.  Therefore,  a  carrier  gas  is  necessary  in  the  reaction.  Since  the  carrier  gas  is 
introduced  together  with  the  F2  gas  or  NF3  gas  into  a  reactor,  an  inert  gas  such  as  a  nitrogen  (N2)  gas, 
helium  (He)  gas  or  argon  (Ar)  gas  is  usually  used  as  the  carrier  gas. 

When  the  element  or  the  like  is  reacted  with  the  F2  gas  or  NF3  gas  (hereinafter  referred  to  sometimes 
40  as  "F2  gas  or  the  like"),  the  element  or  the  like  is  usually  used  in  the  form  of  powder  so  as  to  promptly  and 

effectively  perform  the  contact  of  the  element  or  the  like  with  the  F2  gas  or  the  like.  This  reaction  is  carried 
out  by  introducing  the  F2  gas  or  NF3  gas  into  the  powder  layer  of  the  oxide  on  a  fluidized  bed  or  fixed  bed 
disposed  in  the  reactor. 

However,  in  such  a  method,  there  is  the  following  problem. 
45  That  is,  in  the  fluidized  bed  system,  the  diluted  F2  gas  or  the  like  passes  through  the  layer  of  the 

element  powder  or  the  like  being  fluidized,  and  therefore  the  fine  powder  of  the  element  or  the  like  is 
entrained  in  the  produced  gaseous  fluoride,  with  the  result  that  the  purity  of  the  product  deteriorates. 
Furthermore,  the  yield  of  the  product  is  limited  to  about  80%  or  so  based  on  the  F2  gas,  and  also  in  this 
point,  the  above-mentioned  method  is  insufficient. 

50  On  the  other  hand,  in  the  case  of  the  fixed  bed  system,  the  reaction  of  the  element  powder  or  the  like 
and  the  F2  gas  or  the  like  is  performed  only  on  the  surface  of  the  layer  of  the  element  powder  or  the  like, 
and  thus  the  contact  area  of  the  element  powder  or  the  like  with  the  F2  gas  or  the  like  is  restricted,  so  that 
the  yield  is  inconveniently  low.  In  addition,  there  is  also  the  problem  that  the  produced  gaseous  fluoride  is 
contaminated  with  plenty  of  the  unreacted  F2  gas  or  the  like.  Moreover,  as  the  reaction  proceeds  the 

55  element  powder  or  the  like  is  more  and  more  finely  ground,  and  the  finely  ground  metal  powder  is  entrained 
in  the  produced  gas,  which  leads  to  the  deterioration  in  the  product  purity.  In  order  to  increase  the  yield  in 
the  fixed  bed  system,  it  is  necessary  to  increase  the  contact  area  of  the  element  powder  or  the  like  and  the 
F2  gas  or  the  like,  which  requires  a  fairly  large  reactor.  In  this  reaction,  the  F2  gas  or  NF3  used  as  the  raw 

2 
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material,  are  very  corrosive  and  for  this  reason,  expensive  nickel  is  usually  used  as  the  construction 
material  of  the  reactor,  which  results  in  the  noticeable  increase  of  the  costs. 

SUMMARY  OF  THE  INVENTION 
5 

An  object  of  the  present  invention  is  to  provide  a  method  for  preparing  a  gaseous  fluoride  by  which  the 
contamination  of  the  gaseous  fluoride  with  the  element  powder  is  prevented  and  by  which  the  desired 
gaseous  fluoride  can  be  manufactured  in  high  yield  and  at  low  cost. 

The  present  invention  is  directed  to  a  method  for  preparing  a  gaseous  fluoride  of  a  metal  or  of  arsenic, 
io  phosphorous,  sulfur,  silicon  or  boron  by  reacting  the  element  or  its  oxide  with  a  fluorine  gas  or  nitrogen 

trifluoride  gas,  said  method  being  characterized  by  comprising  the  steps  of  mixing  said  element  or  its  oxide 
with  a  molding  auxiliary  comprising  a  solid  metallic  fluoride  which  does  not  react  with  fluorine  and  nitrogen 
trifluoride;  molding  the  resulting  mixture  under  pressure;  and  contacting  the  molded  pieces  with  said 
fluorine  gas  or  nitrogen  trifluoride  gas,  while  said  molded  pieces  are  heated. 

is  The  gaseous  fluoride  is  a  compound  represented  by  MFm  wherein  M  is  at  least  one  simple  element 
selected  from  the  group  consisting  of  elements  in  the  groups  IIIA,  1MB,  IVA,  IVB,  VA,  VB,  VIA  and  VIB  of  the 
periodic  table,  and  m  is  an  integer  of  3  to  6.  Typically,  the  gaseous  fluoride  is  at  least  one  compound 
selected  from  the  group  consisting  of  tungsten  hexafluoride  (WFG),  molybdenum  hexafluoride  (MoFG), 
antimony  trifluoride  (SbF3),  antimony  pentafluoride  (SbF5),  niobium  pentafuoride  (NbF5),  arsenic  trifluoride 

20  (AsF3),  phosphorus  trifluoride  (PF3),  boron  trifluoride  (BF3),  tantalum  pentafuoride  (TaF5),  titanium 
tetrafluoride  (TiF+),  silicon  tetrafluoride  (SiF+),  germanium  tetrafluoride  (GeF+),  sulfur  hexafluoride  (SFG)  and 
uranium  hexafluoride  (UFG). 

The  solid  metallic  fluoride  as  the  molding  auxiliary  which  does  not  react  with  fluorine  and  nitrogen 
trifluoride  is  at  least  one  compound  selected  from  the  group  consisting  of  fluorides  of  metals  in  the  groups 

25  IA,  IIA  and  1MB  of  the  periodic  table. 
Typically,  the  solid  metallic  fluoride  is  at  least  one  compound  selected  from  the  group  consisting  of 

lithium  fluoride  (LiF),  sodium  fluoride  (NaF),  potassium  fluoride  (KF),  rubidium  fluoride  (RbF),  cesium 
fluoride  (CsF),  beryllium  fluoride  (BeF2),  magnesium  fluoride  (MgF2),  calcium  fluoride  (CaF2),  strontium 
fluoride  (SrF2),  barium  fluoride  (BaF2),  aluminum  fluoride  (AIF3),  gallium  fluoride  (GaF3),  indium  fluoride 

30  (lnF3),  thallium  fluoride  (TIF3)  and  aluminum  sodium  fluoride  (Na3AIFG). 
The  simple  element  or  its  oxide  which  is  the  raw  material  is  a  simple  element  or  its  oxide  correspond- 

ing  to  the  above-mentioned  gaseous  fluoride. 
The  element  or  its  oxide  which  is  the  raw  material  is  mixed  with  the  molding  auxiliary,  the  amount  of  the 

element  or  its  oxide  being  in  the  range  of  30  to  70%  by  weight.  Afterwards,  the  mixture  is  molded  in  a 
35  shape  of  cylinder,  ring  or  chrysanthemum  having  a  typical  diameter  of  about  5  to  15  mm  under  a  pressure 

of  500  to  10000  bar  (0.5  to  10  t/cm2). 
The  reaction  of  the  thus  molded  pieces  with  the  fluorine  gas  or  nitrogen  trifluoride  gas  is  carried  out  at 

a  temperature  of  150  to  700  °C  under  a  pressure  of  1  to  10  bar  (1  to  10  kg/cm2)for  a  period  of  1  to  20 
hours.  At  this  time,  it  is  preferred  that  the  molded  pieces  are  disposed  as  a  filler  layer  in  a  reactor  and  the 

40  fluorine  gas  or  nitrogen  trifluoride  gas  is  caused  to  pass  through  this  layer. 
It  is  also  preferred  that  prior  to  the  reaction,  the  molded  pieces  are  subjected  to  a  heating  treatment  in  a 

reducing  gas  atmosphere  at  a  temperature  of  500  to  850  °  C  for  a  period  of  1  to  500  hours. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
45 

A  gaseous  fluoride  which  can  be  prepared  in  the  present  invention  is  a  fluoride  which  can  be 
synthesized  by  usually  reacting  fluorine  or  nitrogen  trifluoride  (hereinafter  referred  to  simply  as  "fluorine  or 
the  like")  with  an  element  or  its  oxide  (hereinafter  referred  to  simply  as  element  or  the  like"),  and  the 
above-mentioned  fluoride  is  in  a  gaseous  state  at  a  reaction  temperature  at  which  the  simple  element  or  the 

50  like  is  reacted  with  the  F2  gas  or  the  like,  for  example,  at  a  temperature  of  300  °  C  or  more.  Examples  of 
such  a  fluoride  compound  include  tungsten  hexafluoride  (WFG),  molybdenum  hexafluoride  (MoFG),  antimony 
pentafluoride  (SbF5),  antimony  trifluoride  (SbF3),  niobium  pentafluoride  (NbF5),  tantalum  pentafluoride 
(TaF5),  titanium  tetrafluoride  (TiF+),  silicon  tetrafluoride  (SiF+),  silicon  hexafluoride  (SiFG),  germanium 
tetrafluoride  (GeF+),  arsenic  trifluoride  (AsF3),  uranium  hexafluoride  (UFG),  phosphorus  trifluoride  (PF3), 

55  boron  trifluoride  (BF3)  and  sulfur  hexafluoride  (SFG). 
Needless  to  say,  the  element  used  in  the  present  invention  is  a  element  constituting  the  above- 

mentioned  gaseous  fluoride. 
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This  element  is  selected  from  elements  in  the  groups  IIIA,  NIB,  IVA,  IVB,  VA,  VB,  VIA  and  VIB  of  the 
periodic  table,  and  preferable  typical  examples  of  the  simple  element  include  tungsten  (W),  molybdenum 
(Mo),  antimony  (Sb),  niobium  (Nb),  arsenic  (As),  phosphorus  (P),  boron  (B),  tantalum  (Ta),  titanium  (Ti), 
silicon  (Si),  germanium  (Ge),  sulfur  (S)  and  uranium  (U). 

5  The  oxide  used  in  the  present  invention  is  the  oxide  of  each  element  mentioned  above  and  can  provide 
the  gaseous  fluoride  through  the  reaction  with  the  F2  gas  or  the  like.  Typical  examples  of  the  oxide  include 
tungsten  oxide  (WO3),  molybdenum  oxide  (M0O3),  uranium  oxide  (UO,  UO2  and  U3Os),  arsenic  oxide 
(AS2O5),  antimony  oxide  (Sb2  05),  niobium  oxide  (Nb2  05),  tantalum  oxide  (Ta2  05),  titanium  oxide  (TiCfe)  and 
germanium  oxide  (GeCfe). 

10  With  regard  to  the  raw  material  element  used  in  the  present  invention,  its  shape  is  not  particularly 
limited,  but  it  is  preferably  in  a  powdery  state  having  a  particle  diameter  of  1  to  50  urn,  preferably  3  to  20 
linn.  This  reason  is  as  follows:  In  the  present  invention,  it  is  necessary  that  the  element  is  mixed  with  a 
molding  auxiliary  and  the  resulting  mixture  is  then  molded  under  pressure  to  form  molded  pieces.  In  this 
case,  in  order  to  obtain  the  product  in  high  yield,  it  is  preferable  that  the  element  and  molding  auxiliary  in 

15  the  molded  pieces  are  mixed  as  uniformly  as  possible,  and  hence  the  element  is  conveniently  in  the  state 
of  the  powder.  In  addition,  when  the  element  is  in  the  state  of  the  powder,  the  molding  under  pressure  is 
also  easy. 

Next,  reference  will  be  made  to  the  molding  auxiliary. 
In  the  present  invention,  a  solid  fluoride  which  does  not  react  with  the  fluorine  or  the  like  is  used  as  the 

20  molding  auxiliary.  This  solid  fluoride  is  preferably  in  the  state  of  a  solid  even  at  a  temperature  at  which  the 
element  or  the  like  reacts  with  the  F2  gas  or  the  like.  Typical  examples  of  such  a  solid  fluoride  include 
metallic  fluorides  of  the  group  IA  such  as  lithium  fluoride  (LiF),  sodium  fluoride  (NaF),  potassium  fluoride 
(KF),  rubidium  fluoride  (RbF)  and  cesium  fluoride  (CsF);  metallic  fluorides  of  the  group  IIA  such  as  beryllium 
fluoride  (BeF2),  magnesium  fluoride  (MgF2),  calcium  fluoride  (CaF2),  strontium  fluoride  (SrF2)  and  barium 

25  fluoride  (BaF2);  metallic  fluorides  of  the  group  1MB  such  as  aluminum  fluoride  (AIF3),  gallium  fluoride  (GaF3), 
indium  fluoride  (lnF3)  and  thallium  fluoride  (TIF3);  and  a  double  salt  such  as  aluminum  sodium  fluoride 
(Na3AIFG).  They  may  be  used  singly  or  in  combination. 

Since  the  solid  metallic  fluoride  is  mixed  with  the  metal  or  the  like  and  is  then  molded  under  pressure,  it 
preferably  takes  a  powdery  state  having  a  particle  diameter  of  about  1  to  20  urn,  as  in  the  case  of  the 

30  element  or  the  like. 
In  the  present  invention,  the  element  is  mixed  with  the  solid  metallic  fluoride  which  is  the  molding 

auxiliary,  and  the  resulting  mixture  is  then  molded  under  pressure.  In  this  case,  the  amount  of  the  element 
or  the  like  in  the  mixture  is  in  the  range  of  30  to  70%  by  weight  based  on  the  total  weight  of  both  the 
element  and  the  molding  auxiliary.  When  the  content  of  the  element  or  the  like  is  too  high,  the  reactivity  is 

35  improved,  but  the  strength  of  the  molded  pieces  deteriorates,  so  that  the  molded  pieces  tend  to  break  into 
powder  unpreferably.  Inversely,  when  the  element  content  is  too  low,  the  reactivity  drops,  though  the 
strength  of  the  molded  pieces  is  sufficient. 

In  the  present  invention,  the  mixture  of  the  element  or  the  like  and  the  solid  metallic  fluoride  is 
preferably  molded  under  pressure  by  the  use  of  a  tableting  machine,  and  in  this  case,  tableting  pressure  is 

40  in  the  range  of  about  500  to  10000  bar  (0.5  to  10  t/cm2),  preferably  about  1  to  3000  bar  (1  to  3  t/cm2).  The 
molded  pieces  may  take  any  shape,  so  long  as  the  the  shape  can  be  obtained  by  the  use  of  the  usual 
tableting  machine,  and  preferable  examples  are  shapes  of  cylinder,  ring,  cubic,  sphere,  gear  wheel  shape 
and  ribbed  shape.  Moreover,  the  size  of  the  molded  pieces  is  not  particularly  limited,  either,  and  it  depends 
upon  the  size  of  the  reactor  and  the  handling  ease  of  the  molded  pieces  themselves.  In  effect,  the  molded 

45  piecess  can  take  any  size,  so  long  as  they  can  be  obtained  by  the  use  of  the  tableting  machine.  Preferebly, 
the  molded  pieces  have  an  effective  diameter  of  1/5  to  1/20  of  the  diameter  of  the  reactor.  For  example,  in 
the  case  that  the  shape  of  the  molded  pieces  is  cylindrical,  it  is  preferred  that  the  diameter  of  the  molded 
pieces  is  1/5  to  1/20  of  the  diameter  of  the  reactor  and  the  height  thereof  is  1/2  of  this  diameter,  i.e.,  about 
1/10  to  1/40  of  the  diameter  of  the  reactor.  Therefore,  when  the  diameter  of  the  reactor  is  10  cm,  the 

50  diameter  and  height  of  the  molded  pieces  are  preferaably  in  the  range  of  5  mm0  to  2  cm0  and  in  the  range 
of  2.5  mmh  to  1  cmh,  respectively.  Also  with  regard  to  the  molded  pieces  having  other  shapes,  these 
standards  can  be  applied. 

In  the  preferable  molded  pieces,  the  content  of  water  is  low,  and  therefore  it  is  preferred  that  the 
element  and  solid  fluorine  compound  are  dried  to  remove  water  therefrom  prior  to  the  molding. 

55  Next,  reference  will  be  made  to  a  method  for  preparing  the  gaseous  metallic  fluoride  by  the  use  of  the 
thus  prepared  molded  pieces  and  the  F2  gas  or  the  like. 

In  the  present  invention,  the  material  for  the  reactor,  in  which  the  metal  or  the  like  will  be  reacted  with 
the  F2  gas  or  the  like,  is  usually  nickel  in  consideration  of  anticorrosion  to  the  fluorine  or  the  like.  The  shape 

4 
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10 

of  the  reactor  is  not  particularly  limited,  but  a  cylindrical  shape  is  preferable  from  the  viewpoint  of  the  ease 
of  manufacture.  The  convenient  usage  of  the  reactor  is  as  follows:  Under  the  reactor  uprightly  stood,  a 
perforated  plate  is  disposed,  and  the  reactor  is  then  filled  with  the  above-mentioned  molded  pieces  so  that 
these  pieces  may  be  put  on  the  perforated  plate.  Afterward,  the  F2  gas  or  the  like  is  introduced  into  the 
reactor  through  the  perforated  plate  from  its  underside.  In  this  case,  heating  of  the  reactor  is  easily  carried 
out  by  disposing  a  heater  or  the  like  on  the  outer  periphery  of  the  cylindrical  reactor. 

In  the  present  invention,  the  reactor  is  filled  with  the  molded  pieces  comprising  the  element  or  the  like 
and  the  molding  auxiliary,  as  described  above.  While  the  molded  pieces  are  heated  at  a  predetermined 
temperature,  the  F2  gas  or  the  like  is  introduced  into  the  reactor  from  its  underside,  so  that  the  element  in 
the  molded  pieces  is  reacted  with  the  F2  gas  or  the  like,  thereby  preparing  the  desired  gaseous  fluoride. 
Needless  to  say,  a  reaction  temperature  depends  upon  the  kind  of  gaseous  fluoride  and  the  kinds  of  raw 
materials.  Usually,  the  reaction  temperature  is  in  the  range  of  150  to  700  °C,  preferably  200  to  600  °C. 
Typically,  the  reaction  temperatures  for  the  kinds  of  gaseous  fluorides  are  as  shown  in  Table  1  . 

15 Table  1 

20 

25 

Gaseous  Fluorides  Reaction  Temperature  (  °  C) 

Tungsten  hexafluoride  (WFG)  250-500 
Molybdenum  hexafluoride  (MoFG)  250-500 
Antimony  pentafluoride  (SbF5)  300-500 
Niobium  pentafluoride  (NbF5)  300-550 
Tantalum  pentafluoride  (TaF5)  300-550 
Titanium  tetrafluoride  (TiF+)  300-550 
Germanium  tetrafluoride  (GeF+)  250-500 
Arsenic  trifluoride  (AsF3)  250-500 
Uranium  hexafluoride  (UFG)  250-500 
Arsenic  tetrafluoride  (AsF5)  250-500 

30 

35 

40 

45 

50 

55 

The  F2  gas  introduced  into  the  reactor,  when  having  a  high  concentration,  is  toxic,  and  therefore  it  is 
preferred  that  the  F2  gas  is  diluted  with  an  inert  gas  such  as  an  N2  gas  or  Ar  gas  so  as  to  be  used  at  a 
concentration  of  about  5  to  40%  by  volume. 

In  the  case  of  the  NF3  gas,  it  may  be  directly  used  without  dilution,  but  for  the  ease  of  handling,  the 
NF3  gas,  when  used,  may  be  conveniently  introduced  thereinto  together  with  a  carrier  gas  of  an  inert  gas 
such  as  N2  or  Ar.  In  this  case,  the  NF3  gas  and  carrier  gas  may  be  introduced  into  the  reactor  separately  or 
in  the  form  of  a  mixture  thereof.  The  heating  of  the  reactor  is  easily  carried  out  by  disposing  a  heater  or  the 
like  on  the  outer  periphery  of  the  cylindrical  reactor,  as  described  above. 

At  the  time  of  the  reaction,  the  pressure  is  not  particularly  limited,  and  needless  to  say,  reduced 
pressure  is  also  acceptable,  but  usually  the  pressure  is  in  the  range  of  atmospheric  pressure  to  about  10 
bar  (10  kg/cm2).  A  reaction  time  depends  upon  the  above-mentioned  temperature,  but  it  is  usually  in  the 
range  of  1  to  20  hours,  preferably  about  2  to  10  hours.  The  gaseous  fluoride  obtained  through  the  reaction 
contains  some  of  the  inert  gas  used  to  dilute  the  F2  gas  or  the  like  and  the  unreacted  F2  gas  or  the  like, 
and  therefore  the  fluoride  is  cooled  below  its  liquefaction  temperature  to  remove  the  inert  gas  and  F2  gas  or 
the  like  therefrom. 

In  a  preferable  embodiment  of  the  present  invention,  the  molded  pieces  are  previously  heated  in  a 
reducing  gas  atmosphere  and  are  then  brought  into  contact  with  the  fluorine  gas  or  the  like  under  heating. 
This  procedure  permits  preventing  a  white  solid,  which  would  comprise  high-boiling  compounds,  from 
adhering  to  or,  in  an  awful  case,  clogging  pipes,  valves  and  the  like  attached  to  the  reactor.  Therefore,  the 
above-mentioned  embodiment  enables  the  stable  operation  of  the  reactor  for  a  long  period  of  time. 

Now,  reference  will  be  made  to  the  heating  treatment  of  the  molded  pieces  in  the  reducing  gas 
atmosphere. 

While  the  reactor  filled  with  the  molded  pieces  is  heated,  the  reducing  gas  is  introduced  into  the 
reactor. 

As  the  reducing  gas,  a  usual  gas  such  as  an  H2  gas,  NH3  gas  or  CO  gas  can  be  used.  The  reducing 
gas  can  be  used  at  a  concentration  of  100%,  but  it  is  preferably  diluted  with  an  inert  gas  such  as  an  N2  gas 
or  He  gas  in  consideration  of  safety. 

A  heating  temperature  depends  slightly  upon  the  kind  of  element  but  is  usually  in  the  range  of  500  to 
850  °C.  When  the  heating  temperature  is  less  than  500  °C,  the  formation  of  the  white  solid  cannot  be 
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inhibited  perfectly  during  the  reaction  with  the  F2  gas  or  NF3  gas  which  will  be  described  hereinafter. 
Inversely,  when  it  is  in  excess  of  850  °C,  energy  is  only  wasted  and  the  reactor  filled  with  the  molded 
pieces  must  be  made  from  a  more  expensive  material,  though  the  purpose  of  this  invention  can  be 
achieved. 

5  The  heating  time  is  in  the  range  of  1  to  100  hours  in  the  case  that  the  metal  is  used,  and  it  is  in  the 
range  of  about  2  to  500  hours  in  the  case  that  the  metallic  oxide  is  used. 

The  completion  of  the  heating  operation  can  be  considered  to  be  at  the  point  of  time  when  the  water 
content  in  the  reducing  gas  at  the  outlet  of  the  reactor  drops  to  several  ppm  or  less. 

In  the  present  invention,  it  is  preferred  that  the  water  content  in  the  molded  pieces  is  low,  but  additional 
io  heating  to  remove  water  therefrom  is  not  particularly  necessary,  since  the  water  in  the  molded  pieces  is 

removed  therefrom  by  the  above-mentioned  heating. 
The  molded  pieces  which  have  been  heated  in  the  reducing  gas  atmosphere  in  this  manner  are  then 

brought  into  contact  with  the  F2  gas  or  NF3  gas,  thereby  preparing  the  gaseous  fluoride.  In  this  case,  the 
molded  pieces  which  have  undergone  the  heating  treatment  are  preferably  handled  not  to  be  exposed  to  an 

is  oxidizing  atmosphere  such  as  air. 
Consequently,  it  is  preferred  that  the  heating  treatment  of  the  molded  pieces  is  carried  out  while  they 

are  placed  in  the  reactor,  and  after  the  heating  treatment,  the  molded  pieces  are  brought  into  contact  with 
the  F2  gas  or  NF3  gas  while  still  placed  in  the  reactor. 

20  EXAMPLES 

Now,  the  present  invention  will  be  described  in  detail  in  reference  to  examples,  but  it  should  not  be 
limited  to  these  examples. 

25  Example  1 

Metallic  tungsten  powder  (iron  content  =  50  ppm)  of  99.9%  purity  which  had  been  previously  dried  at 
120°C  for  2  hours  in  an  N2  gas  atmosphere  was  mixed  sufficiently  with  NaF  powder  (first  class  grade 
chemical)  which  had  been  previously  dried  in  like  manner,  in  a  weight  ratio  of  1:1,  and  the  resulting  mixture 

30  was  then  tableted  under  a  tableting  pressure  of  2000  bar  (2  t/cm2)  by  the  use  of  a  small-sized  tableting 
machine  to  obtain  cylinder-shaped  pieces  each  having  a  diameter  of  5  mm  and  a  height  of  5  mm. 
Compressive  strength  of  the  molded  pieces  was  extremely  high  270  bar  (270  kg/cm2)  in  terms  of  an 
average  value. 

Next,  a  vertical  reactor  made  of  nickel  and  having  an  inner  diameter  of  19  mm  and  a  height  of  600  mm 
35  was  filled  in  the  central  portion  thereof  with  the  molded  pieces.  Afterward,  an  N2  gas  having  atmospheric 

pressure  was  introduced  into  the  reactor  from  its  underside  at  a  flow  rate  of  300  Nml/minute  for  about  2 
hours,  while  the  filler  layer  of  the  molded  pieces  was  heated  at  about  100°C.  After  the  stop  of  the 
introduction  of  the  N2  gas,  an  F2  gas  diluted  with  an  N2  gas  and  having  a  concentration  of  about  30%  by 
volume  and  atmospheric  pressure  was  introduced  into  the  reactor  from  its  underside  at  a  flow  rate  of  300 

40  Nml/minute  for  3  hours,  while  the  filler  layer  of  the  molded  pieces  was  heated  at  a  temperature  of  380  to 
400  °C,  whereby  reaction  was  performed.  A  WFG  -containing  gas  generated  in  the  reactor  was  led  into  a 
refrigerant  trap  cooled  to  a  temperature  of  -80  °C,  so  that  the  gas  was  liquefied  and  collected  therein.  After 
the  reaction,  the  trap  was  evacuated  by  a  vacuum  pump  to  remove  the  N2  gas  used  to  dilute  the  F2  gas 
and  the  unreacted  F2  gas. 

45  The  yield  amount  of  WFG  was  69  g,  and  its  yield  ratio  is  high,  96%  based  on  fluorine.  In  addition,  the 
molded  pieces  in  the  reactor  maintained  the  predetermined  shape  without  breaking. 

Since  it  was  difficult  to  quantitatively  analyze  the  content  of  the  metal  tungsten  present  in  the  collected 
WFG  ,  the  content  of  iron  (Fe)  which  was  present  in  a  relatively  great  amount  as  an  impurity  in  tungsten  was 
instead  measured  by  high-frequency  induction  combination  plasma  (ICP)  analysis.  As  a  result,  it  was 

50  apparent  that  the  content  of  iron  was  0.05  ppm  or  less.  This  result  indicates  that  metal  tungsten  which  was 
the  raw  material  was  prevented  substantially  from  flying  about. 

Examples  2  to  8 

55  The  same  procedure  as  in  Example  1  was  repeated  with  the  exception  that  tungsten  as  the  element 
was  replaced  with  each  metal  shown  in  Table  2  and  sodium  fluoride  as  the  molding  auxiliary  was  also 
replaced  with  each  solid  metal  fluoride  shown  in  Table  2  in  each  amount  shown  in  Table  2,  in  order  to 
obtain  molded  pieces  in  each  amount  shown  in  Table  2  (prior  to  the  molding,  each  element  and  molding 
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auxiliary  were  dried  as  in  Example  1). 
The  same  reactor  as  used  in  Example  1  was  filled  with  the  molded  pieces  in  each  amount  shown  in 

Table  2,  and  an  F2  gas  was  introduced  thereinto  under  reaction  conditions  shown  in  Table  2.  Afterward, 
following  the  same  procedure  as  in  Example  1,  a  variety  of  gaseous  fluorides  were  prepared. 

5  In  this  case,  conditions  of  drying  the  molded  pieces  prior  to  the  introduction  of  the  F2  gas  into  the 
reactor  were  the  very  same  as  in  Example  1  . 

Yield  amounts,  yield  ratios  and  Fe  contents  of  the  thus  obtained  gaseous  fluoride  products  are  set  forth 
in  Table  2.  The  yields  in  the  respective  examples  were  as  high  as  in  Example  1  ,  and  the  elements  did  not 
fly  about  as  in  Example  1.  Additionally,  in  all  the  examples,  after  the  completion  of  the  reaction,  it  was 

io  confirmed  that  the  molded  pieces  did  not  break. 

7 



r-l  i-H 
E  r-  4-)  •  cn  :  
rd  c  0  0  h  Vi  in  n  0  in  -P  CD  . 
X  njcftcom  K-nr-   cn  cn  w  -d 
H  4J  n-i  ro  »—  J-t  (0 

m  cn 

•-1  0  _  £2 
a  0 0   cn-p  *o  « 
E  kD  -H  ■  ti  «  C O  
aj  H  ffi  0  0  CP  l-i  0  n o o   id  «-< 
X  .HC^otn  S - h o   0 0   0 
W  cn  ro  m-i  r-  r o r - s  

CO  03 

a  -H  ON  CN4J  <D  "w 
g  in  J2  •  « 
nj  0  o>  0  in  n)  V4  0  m o m   s  »o 
X  - n c n ^ r -   ca-Htn  co  cn  c 
[J  c  1-1  CN  r-  >•  (0 

<D  3 
i-H  <0  Tj 
(X  (0  CTi  (N-P  -P  c 
e  -«r  cx>  •  w  c  <g 
(0  c c r i o i n   <n  S-i  0  r o o m   <0  t  
X  pcri inr-   u  -h  m  in  cn  4->  w 

0)  =  * 
<H  *  E 
a  £3  cn  rsi-P  w  3 
Em  >,  •  few  2*^ 
m  h  <n  0  0  fov-io  cn  0  0  c m  
X  0  oi  in  CJ  -h  m  co  0  3-P 
(y  E  CN  t—  4-)  C 

r  (0 
4-> 

CD 
>-l  -  * 
Q,  Xi  CTl  -P  '  C 
E  cn  >,  •  cn  -Q  «{ 
ro  .h  cn  0  0  rcs-iin  cn  0  in  ><-p  . 
X  OCTlVDLT!  2  •H  f>  O  CN  H  10  >  
M  C  «H  CO  «—  0  CP<-i 

cn  *  4J O  Cn  -  O ~  —  C  E  CD 
—  —  CN  -H  O  D-i 
E  cn  E  0  C  in 
a  >J  E  O  Cn  0)  CD 
a  U  O  CD  T3  U 

~  —  m  Cn   ̂ -0 
<#>  -H  4J£D^i  O  >•  - 
4-14J-^  ^  U)  —  >  «—  4-i,H,_| 
5  C  D"'  *H  CP  CD  CP  -h  —  -  O  rrj 
—  a)  ^  x  —  0  c  m  inr  cp  <u  £  0 

-p  3  >,  <d-h>-(W4j— 
>  c  4j  <  4j4j  -h  4-)  3  cd  ct>  4 - i c e  
4-)  O  C  -H  C  CUCDUlJ-iCTi  <o  cd 

,  T3  -H  U  3  a"D ' -"3   H  U  a i l H   C  J)  z  
e  C  W  0  C C r O O   TJ  .£  0)  E  !-i  CD  M E U  
m  'H  3  HI  £  -H-H3E  CD  rrj  S-4  O  4-1  -H 
E  C  ft,  <  O  <  'CH  1U  !«>< 

8 



EP  0  333  084  B1 

w 

20 

25 

CD  S-l H  O a  
£  co  cno  o  e o o v o o   irir-  in  to 
f0  2 C N O 4 - J O O 0 0   v o c n o c o  
X  ro  rd  »-  ro  l  •  CD 
W  O H  

CD  l-l H  0 a  
£  r-  cno  o  e o o i d o   r-  cn  men 
CO  Z r - O + J O O C N   T  CO  O  W 
X  ro  rd  i-  ^  •  CD W  O  H 

CD  M H  O a  
E  ic  cno  o  E o o r ^ v o   cn^t  m m  co  Z r o o - u o o o - i   co  cn  o  en 
X  ro  cd  «-  ro  i-  •  CD 
W  1  O  H 

CD  U H  0  CD a  •  s-j "   Em  cno  o  g o o v o o   cn  >—  men  3 TI  cd  2  ro  O  4->  O  O  ro  cn  C7\  O  CO  to C D X   ro  rd  «-  ^  •  CD  CO a w   o h   a) 
-h  a, 4-J  CD  l-l C  "  —  I  0  o o n .   •  -h U  E  cno  o  E o o m o   cam  men  S-i —  «j  z r o o - p o m o o   ^  cn  o  en  cd X  ro  to  »-  ro  i  •  CD  x; cn  w  o  h  a  

03 CD  0 H  CD  U S  -Q  .  —  I  0  -P m a .   •  ro E-i  £  ro  cno  o  £  o  o  <43  o  in  id  men 
m  s c N o - P o m o o   looi  o  in  oi X  cn  rcj  t-  ro  i  •  CD  C £3  O  H  rO 

CD c: 
CD  M 
H  O r  a  •  • E  cn  cno  o  E o o t o   cncn  men  E rd  2 C O O - P O O O O   vx>  cn  o  en  +j X  ro  rd  t-  ro  1  •  CD  rd W  OH  Z 

T3 

40 

—  CD 
d<>  —  C 

C  H  U  —  0 
O  O  —  -  o  —  CJ  -h 

01  -H  >  Cn  ~—  -Co  ■  —  ■  4-1 
C  -P  ~  —  —  —  E  C 
0  3  •  Q.  CD - H H C N   01  Qj  CD  •  —  0-i  E 
- P - H f n   —  C)  g  E  a  CD  -~  1 
•H  Q  CD  •  U  CD  -H  E  C  CD 
Xi  1+-J4JCCUCD-P4JCD  -H  4J  > 
c  i-4  o  m  -h  m  -h  -p  ^ ~ m c   o O  O  S - i E 3 a . d C   Cn  <*>  0  CD  £} U  i + ^ . ^ t O   OOCP  w  ^  3  4J  ro 01  CJ  S  H  M  tj  M  H  c  H C  
CmoiCOECDCD4J4J-H  TJ'D'w  0  CD 0 U m 0 H 2 S - i T 3 O O H   4-1  <  —  i  •  —  I  U  jc 
•H  U U h - f t H f l   B0  OCDCD0  Eh 
4-JCN  0CDCD0  3-H-H4JCD 
CJ  S K K U   TS  I*  ><  —  fc. 
(0  0 
0)  S-i 

55  Comparative  Example  1 

In  the  bottom  portion  of  a  lateral  reactor  made  from  nickel  and  having  a  diameter  of  38  mm  and  a 
length  of  600  mm  was  placed  100  g  of  the  same  previously  dried  metallic  tungsten  powder  as  used  in 
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Example  1  as  uniformly  as  possible,  and  the  reactor  was  then  heated  up  to  about  100°C.  Afterward,  an  N2 
gas  was  introduced  into  the  reactor  from  the  left  end  portion  thereof  at  a  flow  rate  of  300  Nml/minute  for 
about  2  hours,  followed  by  drying  metallic  tungsten. 

After  the  stop  of  the  introduction  of  the  N2  gas,  an  F2  gas  diluted  with  an  N2  gas  was  introduced  into 
5  the  reactor  from  the  left  end  portion  thereof  under  the  same  conditions  as  in  Example  1  ,  while  the  metallic 

tungsten  layer  was  heated  at  a  temperature  of  380  to  400  °C  as  in  Example  1,  and  a  WFG  -containing  gas 
generated  in  the  reactor  was  cooled,  thereby  collecting  WFG. 

The  yield  amount  of  WFG  was  33  g,  and  its  yield  ratio  was  46%  based  on  fluorine,  which  values  were 
so  low  that  they  did  not  reach  even  the  half  levels  of  the  values  in  Example  1.  In  addition,  the  content  of  Fe 

io  in  WFG  was  0.9  ppm,  which  was  indicative  that  the  product  was  not  a  little  contaminated  with  the  metallic 
tungsten  powder. 

Example  9 

is  Metallic  tungsten  powder  (iron  content  =  50  ppm)  of  99.9%  purity  which  had  been  previously  dried  at 
120°C  for  2  hours  in  an  N2  gas  atmosphere  was  mixed  sufficiently  with  NaF  powder  (first  class  grade 
chemical)  which  had  been  previously  dried  in  like  manner,  in  a  weight  ratio  of  1:1,  and  the  resulting  mixture 
was  then  tableted  under  a  tableting  pressure  of  2000  bar  (2  t/cm2)  by  the  use  of  a  small-sized  tableting 
machine  to  obtain  cylinder-shaped  pieces  each  having  a  diameter  of  5  mm  and  a  height  of  5  mm. 

20  Compressive  strength  of  the  molded  pieces  was  extremely  high,  280  bar  (280  kg/cm2)  in  terms  of  an 
average  value. 

Next,  a  vertical  reactor  made  of  nickel  and  having  an  inner  diameter  of  19  mm  and  a  height  of  600  mm 
was  filled  in  the  central  portion  thereof  with  the  molded  pieces.  Afterward,  an  N2  gas  having  atmospheric 
pressure  was  introduced  into  the  reactor  from  its  underside  at  a  flow  rate  of  300  Nml/minute  for  about  2 

25  hours,  while  the  filler  layer  of  the  molded  pieces  was  heated  at  about  100°C.  The  flow  rate  of  the  N2  gas 
was  then  lowered  to  100  Nml/minute,  and  while  the  filler  layer  of  the  molded  pieces  was  heated  at  a 
temperature  of  380  to  400  °C,  an  NF3  gas  having  atmospheric  pressure  was  introduced  into  the  reactor  at  a 
flow  rate  of  80  Nml/minute,  whereby  reaction  was  performed  for  2  hours.  A  WFG  -containing  gas  generated 
in  the  reactor  was  led  into  a  refrigerant  trap  cooled  to  a  temperature  of  -80  °  C,  and  the  gas  was  liquefied 

30  and  collected  therein.  After  the  completion  of  the  reaction,  the  trap  was  evacuated  by  a  vacuum  pump  to 
remove  the  N2  gas  used  as  a  carrier  gas,  a  secondarily  formed  N2  gas  and  the  unreacted  NF3  gas. 

The  yield  amount  of  WFG  was  60  g,  and  its  yield  ratio  was  as  high  as  94%  based  on  WFG.  In  addition, 
the  molded  pieces  in  the  reactor  maintained  the  predetermined  shape  without  breaking. 

Since  it  was  difficult  to  quantitatively  analyze  the  content  of  the  metal  tungsten  present  in  the  collected 
35  WFG  ,  the  content  of  iron  (Fe)  which  was  present  in  a  relatively  great  amount  as  an  impurity  in  tungsten  was 

instead  measured  by  high-frequency  induction  combination  plasma  (ICP)  analysis.  As  a  result,  it  was 
apparent  that  the  content  of  iron  was  0.05  ppm  or  less.  This  result  indicates  that  metal  tungsten  which  was 
the  raw  material  was  prevented  from  flying  about. 

40  Examples  10  to  16 

The  same  procedure  as  in  Example  9  was  repeated  with  the  exception  that  tungsten  as  the  metal  was 
replaced  with  each  element  shown  in  Table  3  and  sodium  fluoride  as  the  molding  auxiliary  was  replaced 
with  each  solid  metal  fluoride  shown  in  Table  3  in  each  amount  shown  in  Table  3,  in  order  to  obtain  molded 

45  pieces  in  each  amount  shown  in  Table  3  (prior  to  the  molding,  each  element  and  molding  auxiliary  were 
dried  as  in  Example  1). 

The  same  reactor  as  used  in  Example  9  was  filled  with  the  molded  pieces  in  each  amount  shown  in 
Table  3,  and  the  molded  pieces  were  dried  under  the  same  conditions  as  in  Example  9.  Afterward,  an  NF3 
gas  and  carrier  gas  were  introduced  thereinto  under  reaction  conditions  shown  in  Table  3,  and  following  the 

50  same  procedure  as  in  Example  9,  a  variety  of  gaseous  fluorides  were  prepared. 
In  this  case,  conditions  of  drying  the  molded  pieces  prior  to  the  introduction  of  the  NF3  gas  into  the 

reactor  were  the  very  same  as  in  Example  9. 
Yield  amounts,  yield  ratios  and  Fe  contents  of  the  thus  obtained  gaseous  fluoride  products  are  set  forth 

in  Table  3.  The  yields  of  the  respective  examples  were  as  high  as  in  Example  9,  and  the  metals  did  not  fly 
55  about  as  in  Example  9.  Additionally,  in  all  the  examples,  after  the  completion  of  the  reaction,  it  was 

confirmed  that  the  molded  pieces  did  not  break. 
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Comparative  Example  2 

In  the  bottom  portion  of  a  lateral  reactor  made  of  nickel  and  having  a  diameter  of  25  mm  and  a  length 
of  600  mm  was  placed  100  g  of  the  same  previously  dried  metallic  tungsten  powder  as  used  in  Example  9 
as  uniformly  as  possible,  and  the  reactor  was  then  heated  up  to  about  100°C.  Afterward,  an  N2  gas  having 
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atmospheric  pressure  was  introduced  into  the  reactor  from  the  left  end  portion  thereof  at  a  flow  rate  of  300 
Nml/minute  for  about  2  hours,  followed  by  drying  metallic  tungsten. 

Afterward,  the  flow  rate  of  the  N2  gas  was  lowered  to  100  Nml/minute  and  an  NF3  gas  having 
atmospheric  pressure  was  introduced  into  the  reactor  from  the  left  end  portion  thereof  at  a  flow  rate  of  80 

5  Nml/minute  under  the  same  conditions  as  in  Example  9,  while  the  metallic  tungsten  layer  was  heated  at  a 
temperature  of  380  to  400  °C  as  in  Example  9,  whereby  reaction  was  performed  for  2  hours.  Afterward,  a 
WFG  -containing  gas  generated  in  the  reactor  was  cooled  to  collect  WFG  in  the  same  manner  as  in  Example 
9. 

The  yield  amount  of  WFG  was  28  g,  and  its  yield  ratio  was  44%  based  on  fluorine,  which  values  were 
io  so  low  that  they  did  not  reach  even  the  half  levels  of  the  values  in  Example  9.  In  addition,  the  content  of  Fe 

in  WFG  was  1.2  ppm,  which  was  indicative  that  the  product  was  not  a  little  contaminated  with  the  metallic 
tungsten  powder. 

Example  16 
15 

Tungsten  oxide  (W03)  powder  (iron  content  =  55  ppm)  of  99.9%  purity  which  had  been  previously 
dried  at  120°C  for  2  hours  in  an  N2  gas  atmosphere  was  mixed  sufficiently  with  NaF  powder  (first  class 
grade  chemical)  which  had  been  previously  dried  in  like  manner,  in  a  weight  ratio  of  1:1,  and  the  resulting 
mixture  was  then  tableted  under  a  tableting  pressure  of  2000  bar  (2  t/cm2)  by  the  use  of  a  small-sized 

20  tableting  machine  to  obtain  cylinder-shaped  pieces  each  having  a  diameter  of  5  mm  and  a  height  of  5  mm. 
Compressive  strength  of  the  molded  pieces  was  extremely  high,  260  bar  (260  kg/cm2  )  in  terms  of  an 
average  value. 

Next,  a  vertical  reactor  made  of  nickel  and  having  an  inner  diameter  of  19  mm  and  a  height  of  600  mm 
was  filled  in  the  central  portion  thereof  with  the  molded  pieces.  Afterward,  an  N2  gas  having  atmospheric 

25  pressure  was  introduced  into  the  reactor  from  its  underside  at  a  flow  rate  of  300  Nml/minute  for  about  2 
hours,  while  the  filler  layer  of  the  molded  pieces  was  heated  at  about  120°C.  After  the  stop  of  the 
introduction  of  the  N2  gas,  while  the  filler  layer  of  the  molded  pieces  was  heated  at  a  temperature  of  380  to 
400  °C,  an  F2  gas  diluted  with  the  N2  gas  and  having  a  concentration  of  about  20%  by  volume  and 
atmospheric  pressure  was  introduced  into  the  reactor  from  its  underside  at  a  flow  rate  of  300  Nml/minute  for 

30  3  hours,  whereby  reaction  was  performed.  A  WFG  -containing  gas  generated  in  the  reactor  was  led  into  a 
refrigerant  trap  cooled  to  a  temperature  of  -80  °C,  and  the  gas  was  liquefied  and  collected  therein.  After  the 
completion  of  the  reaction,  the  trap  was  evacuated  by  a  vacuum  pump  to  remove  the  N2  gas  used  to  dilute 
the  F2  gas,  the  unreacted  F2  gas  and  a  secondarily  formed  02  gas  which  slightly  remained  in  the  liquefied 
WFG. 

35  The  yield  amount  of  WFG  was  45  g,  and  its  yield  ratio  was  as  high  as  94%  based  on  fluorine.  In 
addition,  the  molded  pieces  in  the  reactor  maintained  the  predetermined  shape  without  breaking. 

Since  it  was  difficult  to  quantitatively  analyze  the  content  of  the  metal  tungsten  present  in  the  collected 
WFG  ,  the  content  of  iron  (Fe)  which  was  present  in  a  relatively  great  amount  as  an  impurity  in  tungsten  was 
instead  measured  by  high-frequency  induction  combination  plasma  (ICP)  analysis.  As  a  result,  it  was 

40  apparent  that  the  content  of  iron  was  0.05  ppm  or  less.  This  result  indicates  that  tungsten  oxide  which  was 
the  raw  material  was  prevented  substantially  from  flying  about. 

Examples  17  to  23 

45  The  same  procedure  as  in  Example  16  was  repeated  with  the  exception  that  tungsten  oxide  as  the 
oxide  was  replaced  by  each  of  the  oxides  shown  in  Table  4  and  sodium  fluoride  as  the  molding  auxiliary 
was  replaced  with  each  solid  metal  fluoride  shown  in  Table  4  in  each  amount  shown  in  Table  4,  in  order  to 
obtain  molded  pieces  in  each  amount  shown  in  Table  4  (prior  to  the  molding,  each  oxide  and  molding 
auxiliary  were  dried  as  in  Example  16). 

50  The  same  reactor  as  used  in  Example  16  was  filled  with  the  molded  pieces  in  each  amount  shown  in 
Table  4,  and  an  F2  gas  was  introduced  thereinto  under  reaction  conditions  shown  in  Table  4,  and  following 
the  same  procedure  as  in  Example  16,  a  variety  of  gaseous  fluorides  were  prepared. 

In  this  case,  conditions  of  drying  the  molded  pieces  prior  to  the  introduction  of  the  F2  gas  into  the 
reactor  were  the  very  same  as  in  Example  16. 

55  Yield  amounts,  yield  ratios  and  Fe  contents  of  the  thus  obtained  gaseous  fluoride  products  are  set  forth 
in  Table  4.  The  yields  of  the  respective  examples  were  as  high  as  in  Example  16,  and  the  oxide  did  not  fly 
about  as  in  Example  16.  Additionally,  in  all  the  examples,  after  the  completion  of  the  reaction,  it  was 
confirmed  that  the  molded  pieces  did  not  break. 
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Comparative  Example  3 

In  the  bottom  portion  of  a  lateral  reactor  made  from  nickel  and  having  a  diameter  of  25  mm  and  a 
length  of  600  mm  was  placed  100  g  of  the  same  previously  dried  tungsten  oxide  powder  as  used  in 
Example  16  as  uniformly  as  possible,  and  the  reactor  was  then  heated  up  to  about  100°C.  Afterward,  an  N2 
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gas  was  introduced  into  the  reactor  from  the  left  end  portion  thereof  at  a  flow  rate  of  300  Nml/minute  for 
about  2  hours,  followed  by  drying  tungsten  oxide. 

After  the  stop  of  the  introduction  of  the  N2  gas,  an  F2  gas  diluted  with  an  N2  gas  was  introduced  into 
the  reactor  from  the  left  end  portion  thereof  under  the  same  conditions  as  in  Example  16,  while  the  tungsten 

5  oxide  layer  was  heated  at  a  temperature  of  380  to  400  °C  as  in  Example  16,  and  a  WFG  -containing  gas 
generated  in  the  reactor  was  then  cooled  to  collect  WFG  . 

The  yield  amount  of  WFG  was  22  g,  and  its  yield  ratio  was  46%  based  on  fluorine,  which  values  were 
so  low  that  they  did  not  reach  even  the  half  levels  of  the  values  in  Example  16.  In  addition,  the  content  of 
Fe  in  WFG  was  0.8  ppm,  which  was  indicative  that  the  product  was  not  a  little  contaminated  with  the 

io  tungsten  oxide  powder. 

Example  23 

Tungsten  oxide  powder  (iron  content  =  50  ppm)  of  99.9%  purity  which  had  been  previously  dried  at 
is  120°C  for  2  hours  in  an  N2  gas  atmosphere  was  mixed  sufficiently  with  NaF  powder  (first  class  grade 

chemical)  which  had  been  previously  dried  in  like  manner,  in  a  weight  ratio  of  1:1,  and  the  resulting  mixture 
was  then  tableted  under  a  tableting  pressure  of  2000  bar  (2  t/cm2)by  the  use  of  a  small-sized  tableting 
machine  to  obtain  cylinder-shaped  pieces  each  having  a  diameter  of  5  mm  and  a  height  of  5  mm. 
Compressive  strength  of  the  molded  pieces  was  extremely  high,  265  bar  (265  kg/cm2)in  terms  of  an 

20  average  value. 
Next,  a  vertical  reactor  made  of  nickel  and  having  an  inner  diameter  of  25  mm  and  a  height  of  600  mm 

was  filled  in  the  central  portion  thereof  with  the  molded  pieces.  Afterward,  an  N2  gas  having  atmospheric 
pressure  was  introduced  into  the  reactor  from  its  underside  at  a  flow  rate  of  300  Nml/minute  for  about  2 
hours,  while  the  filler  layer  of  the  molded  pieces  was  heated  at  about  100°C.  The  flow  rate  of  the  N2  gas 

25  was  then  lowered  to  100  Nml/minute,  and  while  the  filler  layer  of  the  molded  pieces  was  heated  at  a 
temperature  of  380  to  400  °C,  an  NF3  gas  having  atmospheric  pressure  was  introduced  into  the  reactor  at  a 
flow  rate  of  70  Nml/minute,  whereby  reaction  was  performed  for  2  hours.  A  WFG  -containing  gas  generated 
in  the  reactor  was  led  into  a  refrigerant  trap  cooled  to  a  temperature  of  -80  °  C,  and  the  gas  was  liquefied 
and  collected  therein.  After  the  completion  of  the  reaction,  the  trap  was  evacuated  by  a  vacuum  pump  to 

30  remove  the  N2  gas  used  as  a  carrier  gas,  a  secondarily  formed  N2  gas  and  02  gas  and  the  unreacted  NF3 
gas. 

The  yield  amount  of  WFG  was  52  g,  and  its  yield  ratio  was  as  high  as  93%  based  on  fluorine.  In 
addition,  the  molded  pieces  in  the  reactor  maintained  the  predetermined  shape  without  breaking. 

Since  it  was  difficult  to  quantitatively  analyze  the  content  of  tungsten  oxide  present  in  the  collected 
35  WFG,  the  content  of  iron  (Fe)  which  was  present  in  a  relatively  great  amount  as  an  impurity  in  tungsten 

oxide  was  instead  measured  by  high-frequency  induction  combination  plasma  (ICP)  analysis.  As  a  result,  it 
was  apparent  that  the  content  of  iron  was  0.05  ppm  or  less.  This  result  indicates  that  metal  tungsten  oxide 
which  was  the  raw  material  was  prevented  from  flying  about. 

40  Examples  24  to  30 

The  same  procedure  as  in  Example  23  was  repeated  with  the  exception  that  tungsten  oxide  as  the 
oxide  was  replaced  with  each  oxide  shown  in  Table  5  and  sodium  fluoride  as  the  molding  auxiliary  was 
replaced  with  each  solid  metal  fluoride  shown  in  Table  5  in  each  amount  shown  in  Table  5,  in  order  to 

45  obtain  molded  pieces  in  each  amount  shown  in  Table  5  (prior  to  the  molding,  each  metallic  oxide  and 
molding  auxiliary  were  dried  as  in  Example  23). 

The  same  reactor  as  used  in  Example  23  was  filled  with  the  molded  pieces  in  each  amount  shown  in 
Table  5,  and  the  molded  pieces  were  dried  under  the  same  conditions  as  in  Example  23.  Afterward,  an  NF3 
gas  and  carrier  gas  were  introduced  thereinto  under  reaction  conditions  shown  in  Table  5,  and  following  the 

50  same  procedure  as  in  Example  23,  a  variety  of  gaseous  fluorides  were  prepared. 
In  this  case,  conditions  of  drying  the  molded  pieces  prior  to  the  introduction  of  the  NF3  gas  into  the 

reactor  were  the  very  same  as  in  Example  23. 
Yield  amounts,  yield  ratios  and  Fe  contents  of  the  thus  obtained  gaseous  metallic  fluoride  products  are 

set  forth  in  Table  5.  The  yields  of  the  respective  examples  were  as  high  as  in  Example  23,  and  the  oxides 
55  did  not  fly  about  as  in  Example  23.  Additionally,  in  all  the  examples,  after  the  completion  of  the  reaction,  it 

was  confirmed  that  the  molded  pieces  did  not  break. 
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Comparative  Example  4 

In  the  bottom  portion  of  a  lateral  reactor  made  of  nickel  and  having  a  diameter  of  25  mm  and  a  length 
of  600  mm  was  placed  100  g  of  the  same  previously  dried  tungsten  oxide  powder  as  used  in  Example  23 
as  uniformly  as  possible,  and  the  reactor  was  then  heated  up  to  about  100°C.  Afterward,  an  N2  gas  having 
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atmospheric  pressure  was  introduced  into  the  reactor  from  the  left  end  portion  thereof  at  a  flow  rate  of  300 
Nml/minute  for  about  2  hours,  followed  by  drying  tungsten  oxide. 

The  flow  rate  of  the  N2  gas  was  then  lowered  to  100  Nml/minute  and  an  NF3  gas  having  atmospheric 
pressure  was  introduced  into  the  reactor  from  the  left  end  portion  thereof  at  a  flow  rate  of  70  Nml/minute 

5  under  the  same  conditions  as  in  Example  23,  while  the  tungsten  oxide  layer  was  heated  at  a  temperature  of 
380  to  400  °C,  whereby  reaction  was  performed  for  4  hours.  Afterward,  a  WFG  -containing  gas  generated  in 
the  reactor  was  cooled  to  collect  WFG  in  the  same  manner  as  in  Example  23. 

The  yield  amount  of  WFG  was  48  g,  and  its  yield  ratio  was  43%  based  on  fluorine,  which  values  were 
so  low  that  they  did  not  reach  even  the  half  levels  of  the  values  in  Example  23.  In  addition,  the  content  of 

io  Fe  in  WFG  was  1.0  ppm,  which  was  indicative  that  the  product  was  not  a  little  contaminated  with  the 
tungsten  oxide  powder. 

Example  30 

is  First,  1.5  kg  of  metallic  tungsten  powder  of  99.9%  purity  was  mixed  sufficiently  with  1.5  kg  of  NaF 
powder  (first  class  grade  chemical),  and  the  resulting  mixture  was  then  tableted  under  a  tableting  pressure 
of  2000  bar  (2  t/cm2)  by  the  use  of  a  small-sized  tableting  machine  to  obtain  3  kg  of  cylinder-shaped  pieces 
each  having  a  diameter  of  15  mm  and  a  height  of  5  mm.  Compressive  strength  of  the  molded  pieces  was 
extremely  high,  270  bar  (270  kg/cm2)  in  terms  of  an  average  value. 

20  Next,  a  vertical  reactor  made  of  nickel  and  having  an  inner  diameter  of  75  mm  and  a  height  of  1  ,000 
mm  was  filled  in  the  central  portion  thereof  with  the  molded  pieces.  Afterward,  an  N2  gas  (diluent  gas)  and 
H2  gas  (reducing  gas)  having  atmospheric  pressure  were  both  introduced  into  the  reactor  from  its  underside 
at  a  flow  rate  of  300  Nml/minute  for  about  10  hours,  while  the  filler  layer  of  the  molded  pieces  was  heated 
at  about  700  °C,  whereby  the  molded  pieces  were  thermally  treated.  Next,  the  H2  gas  in  the  reactor  was 

25  perfectly  replaced  with  the  N2  gas. 
Afterward,  the  flow  rate  of  the  N2  gas  was  lowered  to  100  Nml/minute,  and  while  the  filler  layer  of  the 

molded  pieces  was  heated  at  a  temperature  of  380  to  400  °C,  an  NF3  gas  having  atmospheric  pressure  was 
introduced  into  the  reactor  at  a  flow  rate  of  100  Nml/minute,  whereby  reaction  was  performed  for  50  hours. 
A  WFG  -containing  gas  generated  in  the  reactor  was  led  into  a  collector  vessel  cooled  to  a  temperature  of 

30  -80  °C,  so  that  the  gas  was  liquefied  and  collected  therein.  After  the  completion  of  the  reaction,  the  collector 
vessel  was  evacuated  by  a  vacuum  pump  to  remove  the  N2  gas  used  as  a  carrier  gas,  a  secondarily 
formed  N2  gas  and  the  unreacted  NF3  gas.  The  yield  amount  of  WFG  was  1,960  g,  and  its  yield  ratio  was  as 
high  as  98%  based  on  the  NF3  gas. 

Furthermore,  WFG  was  removed  from  the  collector  vessel  by  distillation  at  a  little  higher  temperature 
35  than  the  boiling  point  of  WFG,  and  the  interior  of  the  collector  vessel  was  then  observed.  However,  it  was 

confirmed  that  neither  the  white  solid  nor  metallic  tungsten  were  present  therein. 

Examples  31  to  37 

40  The  same  procedure  as  in  Example  30  was  repeated  with  the  exception  that  metallic  tungsten  was 
replaced  with  each  simple  element  shown  in  Table  6,  and  NaF  as  the  molding  auxiliary  was  replaced  with 
each  solid  metallic  fluoride  shown  in  Table  6  in  each  amount  shown  in  Table  6  by  the  use  of  each  tableting 
pressure  shown  in  Table  6,  in  order  to  obtain  molded  pieces. 

The  same  reactor  as  used  in  Example  30  was  filled  with  the  molded  pieces,  and  a  reducing  gas  and 
45  dilute  gas  shown  in  Table  6  were  introduced  into  the  reactor  under  reaction  conditions  shown  in  Table  6  as 

in  Example  30  to  thermally  treat  the  molded  pieces. 
Afterward,  an  F2  gas  or  NF3  gas  and  a  carrier  gas  were  introduced  into  the  reactor  under  reaction 

conditions  shown  in  Table  6,  and  following  the  same  procedure  as  in  Example  30,  a  variety  of  gaseous 
fluorides  were  prepared. 

50  In  this  case,  yield  amounts  and  yield  ratios  of  the  thus  obtained  gaseous  fluoride  products  are  set  forth 
in  Table  6,  and  the  yields  in  the  respective  examples  were  as  high  as  in  Example  30.  Additionally,  in  the 
same  manner  as  in  Example  30,  it  was  inspected  whether  or  not  the  simple  metal  and  a  white  solid  were 
present  in  the  collected  gaseous  fluorides.  As  a  result,  their  presence  was  not  confirmed. 

55 
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55  Comparative  Example  5 

The  reactor  used  in  Example  30  was  filled  with  3  kg  of  the  molded  pieces  obtained  in  the  same  manner 
as  in  Example  30,  and  while  the  filler  layer  of  the  molded  pieces  was  heated  at  a  temperature  of  700  °  C,  an 

21 



EP  0  333  084  B1 

N2  gas  as  an  inert  gas  having  atmospheric  pressure  was  then  introduced  into  the  reactor  at  a  flow  rate  of 
300  Nml/minute  until  the  water  content  in  the  gas  at  an  outlet  of  the  reactor  had  reached  5  ppm,  whereby 
the  water  in  the  molded  pieces  was  removed  therefrom. 

Next,  an  NF3  gas  and  N2  gas  were  introduced  into  the  reactor  under  the  same  conditions  as  in  Example 
5  30,  in  order  to  prepare  WFG  . 

However,  30  hours  after  the  introduction  of  these  gases  had  been  commenced,  the  pressure  in  the 
reactor  rose,  and  the  amount  of  the  gas  coming  from  the  outlet  of  the  reactor  decreased  extremely,  so  that 
it  became  impossible  to  successively  feed  the  NF3  gas  and  N2  gas.  At  this  point  of  time,  therefore,  the 
reaction  was  brought  to  an  end. 

io  After  the  stop  of  the  reaction,  this  cause  was  inspected.  As  a  result,  it  was  found  that  a  pipe  disposed 
between  the  outlet  of  the  reactor  and  a  collector  vessel  was  clogged  with  a  white  solid.  In  addition,  the  thus 
collected  WFG  was  distilled  off  as  in  Example  30,  and  the  interior  of  the  collector  vessel  was  observed,  and 
the  presence  of  the  white  solid  was  confirmed. 

15  Claims 

1.  A  method  for  preparing  a  gaseous  fluoride  of  a  metal  or  of  arsenic,  phosphorous,  sulfur,  silicon  or 
boron  by  reacting  the  element  or  its  oxide  with  a  fluorine  gas  or  nitrogen  trifluoride  gas,  said  method 
being  characterized  by  comprising  the  steps  of  mixing  said  element  or  its  oxide  with  a  molding 

20  auxiliary  comprising  a  solid  metallic  fluoride  which  does  not  react  with  fluorine  and  nitrogen  trifluoride; 
molding  the  resulting  mixture  under  pressure;  and  contacting  the  molded  pieces  with  said  fluorine  gas 
or  nitrogen  trifluoride  gas,  while  said  molded  pieces  are  heated. 

2.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  gaseous  fluoride  is 
25  represented  by  MFm  in  which  M  is  at  least  one  element  selected  from  the  group  consisting  of  elements 

in  the  groups  IIIA,  NIB,  IVA,  IVB,  VA,  VB.VIA  and  VIB  of  the  periodic  table,  and  m  is  an  integer  of  3  to  6. 

3.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  2  wherein  said  gaseous  fluoride  is  at 
least  one  compound  selected  from  the  group  consisting  of  tungsten  hexafluoride  (WFG),  molybdenum 

30  hexafluoride  (MoFG),  antimony  trifluoride  (SbF3),  antimony  pentafluoride  (SbF5),  niobium  pentafluoride 
(NbF5),  arsenic  trifluoride  (AsF3),  phosphorus  trifluoride  (PF3),  boron  trifluoride  (BF3),  tantalum  pen- 
tafluoride  (TaF5),  titanium  tetrafluoride  (TiF+),  silicon  tetrafluoride  (SiF+),  germanium  tetrafluoride 
(GeF+),  sulfur  hexafluoride  (SFG)  and  uranium  hexafluoride  (UFG). 

35  4.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  solid  metallic  fluoride 
which  does  not  react  with  fluorine  and  nitrogen  trifluoride  is  at  least  one  compound  selected  from  the 
group  consisting  of  fluorides  of  metals  in  the  groups  IA,  NA  and  NIB  of  the  periodic  table. 

5.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  4  wherein  said  solid  metallic  fluoride 
40  which  does  not  react  with  fluorine  and  nitrogen  trifluoride  is  at  least  one  compound  selected  from  the 

group  consisting  of  lithium  fluoride  (LiF),  sodium  fluoride  (NaF),  potassium  fluoride  (KF),  rubidium 
fluoride  (RbF),  cesium  fluoride  (CsF),  beryllium  fluoride  (BeF2),  magnesium  fluoride  (MgF2),  calcium 
fluoride  (CaF2),  strontium  fluoride  (SrF2),  barium  fluoride  (BaF2),  aluminum  fluoride  (AIF3),  gallium 
fluoride  (GaF3),  indium  fluoride  (lnF3),  thallium  fluoride  (TIF3)  and  aluminum  sodium  fluoride  (Na3AIFG). 

45 
6.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  element  is  at  least  one 

selected  from  metals  in  the  groups  IIIA,  NIB,  IVA,  IVB,  VA,  VB,  VIA  and  VIB  of  the  periodic  table. 

7.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  6  wherein  said  element  is  at  least  one 
50  selected  from  the  group  consisting  of  tungsten  (W),  molybdenum  (Mo),  antimony  (Sb),  niobium  (Nb), 

arsenic  (As),  phosphorus  (P),  boron  (B),  tantalum  (Ta),  titanium  (Ti),  silicon  (Si),  germanium  (Ge),  sulfur 
(S)  and  uranium  (U). 

8.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  oxide  is  at  least  one 
55  selected  from  the  group  consisting  of  tungsten  oxide  (W03),  molybdenum  oxide  (Mo03),  uranium  oxide 

(UO,  U02  and  U3Os),  arsenic  oxide  (As205),  antimony  oxide  (Sb205),  niobium  oxide  (Nb205),  tantalum 
oxide  (Ta205),  titanium  oxide  (Ti02)  and  germanium  oxide  (Ge02). 
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9.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  the  amount  of  said  element  or 
its  oxide  in  the  mixture  is  in  the  range  of  30  to  70%  by  weight  based  on  said  mixture  of  said  element  or 
its  oxide  and  said  molding  auxiliary. 

5  10.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  mixture  of  said  element 
or  its  oxide  and  said  molding  auxiliary  is  molded  under  a  pressure  of  0.5  to  10  t/cm2. 

11.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  molded  pieces  have  a 
shape  of  a  cylinder,  ring,  cubic  sphere,  gear  wheel  shape  or  ribbed  shape. 

10 
12.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  reaction  of  said  molded 

pieces  with  said  fluorine  gas  or  nitrogen  trifluoride  is  performed  at  a  temperature  of  150  to  700  °C. 

13.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  reaction  of  said  molded 
is  pieces  with  said  fluorine  gas  or  nitrogen  trifluoride  is  performed  under  a  pressure  of  1  to  10  kg/cm2. 

14.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  reaction  of  said  molded 
pieces  with  said  fluorine  gas  or  nitrogen  trifluoride  is  performed  for  a  period  of  1  to  20  hours. 

20  15.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  when  the  molded  pieces  are 
brought  into  contact  with  said  fluorine  gas  or  nitrogen  trifluoride  gas,  said  molded  pieces  are  present  in 
the  form  of  a  filler  layer. 

16.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  after  thermally  treated  in  a 
25  reducing  gas  atmosphere,  said  molded  pieces  are  brought  into  contact  with  said  fluorine  gas  or 

nitrogen  trifluoride  gas  under  heating. 

17.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  1  wherein  said  heating  treatment  in  said 
reducing  gas  atmosphere  is  performed  at  a  temperature  of  500  to  850  °  C. 

30 
18.  A  method  for  preparing  a  gaseous  fluoride  according  to  Claim  16  wherein  said  heating  treatment  in  said 

reducing  gas  atmosphere  is  performed  for  a  period  of  1  to  100  hours  in  the  case  that  the  raw  material 
is  said  element,  or  for  a  period  of  2  to  500  hours  in  the  case  that  the  raw  material  is  said  oxide. 

35  Patentanspruche 

1.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  von  einem  Metall  oder  von  Arsen,  Phosphor, 
Schwefel,  Silizium  oder  Bor  durch  Umsetzen  des  Elements  oder  seines  Oxids  mit  einem  Fluorgas  oder 
einem  Stickstofftrifluoridgas,  wobei  das  Verfahren  dadurch  gekennzeichnet  ist,  dal3  es  die  Schritte 

40  umfaBt,  dal3  das  Element  oder  sein  Oxid  mit  einem  Formhilfsstoff,  der  ein  testes  Metallfluorid  umfaBt, 
das  nicht  mit  Fluor  und  Stickstofftrifluorid  reagiert,  gemischt  wird;  das  entstehende  Gemisch  unter 
Druck  ausgeformt  wird;  und  die  ausgeformten  Teile  mit  dem  Fluorgas  oder  dem  Stickstofftrifluoridgas 
kontaktiert  werden,  wahrend  die  ausgeformten  Teile  erhitzt  werden. 

45  2.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  das  gasformige 
Fluorid  durch  MFm  dargestellt  wird,  wobei  M  wenigstens  ein  Element  ist,  das  aus  der  Gruppe 
ausgewahlt  ist,  die  aus  Elementen  in  den  Gruppen  IIIA,  NIB,  IVA,  IVB,  VA,  VB,  VIA  und  VIB  des 
periodischen  Systems  besteht,  und  m  eine  ganze  Zahl  von  3  bis  6  ist. 

50  3.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  2,  bei  dem  das  gasformige 
Fluorid  wenigstens  eine  Verbindung  ist,  die  aus  der  Gruppe  ausgewahlt  ist,  die  aus  Wolframhexafluorid 
(WFG),  Molybdanhexafluorid  (MoFG),  Antimontrifluorid  (SbF3),  Antimonpentafluorid  (SbF5),  Niobpenta- 
fluorid  (NbF5),  Arsentrifluorid(AsF3),  Phosphortrifluorid  (PF3),  Bortrifluorid  (BV3),  Tantalpentafluorid 
(TaF5),  Titantetrafluorid  (TiF+),  Siliziumtetrafluorid  (SiF+),  Germaniumtetrafluorid  (GeF+),  Schwefelhexa- 

55  fluorid  (SFG)  und  Uranhexafluorid  (UFG)  besteht. 

4.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  das  feste 
Metallfluorid,  das  nicht  mit  Fluor  und  Stickstofftrifluorid  reagiert,  wenigstens  eine  Verbindung  ist,  die  aus 
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der  Gruppe  ausgewahlt  ist,  die  aus  Fluoriden  von  Metallen  in  den  Gruppen  IA,  IIA  und  NIB  des 
periodischen  Systems  besteht. 

5.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  4,  bei  dem  das  feste 
5  Metallfluorid,  das  nicht  mit  Fluor  und  Stickstofftrifluorid  reagiert,  wenigstens  eine  Verbindung  ist,  die  aus 

der  Gruppe  ausgewahlt  ist,  die  aus  Lithiumfluorid  (LiF),  Natriumfluorid  (NaF),  Kaliumfluorid  (KF), 
Rubidiumfluorid  (RbF),  Casiumfluorid  (CsF),  Berylliumfluorid  (BeF2),  Magnesiumfluorid  (MgF2),  Calci- 
umfluorid  (CaF2),  Strontiumfluorid  (SrF2),  Bariumfluorid  (BaF2),  Aluminiumfluorid  (AIF3),  Galliumfluorid 
(GaF3),  Indiumfluorid  (lnF3),  Thalliumfluorid  (TIF3)  und  Aluminiumnatriumfluorid  (Na3AIFG)  besteht. 

10 
6.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  das  Element 

wenigstens  eines  ist,  das  aus  Metallen  in  den  Gruppen  IIIA,  NIB,  IVA,  IVB,  VA,  VB,  VIA  und  VIB  des 
periodischen  Systems  ausgewahlt  ist. 

is  7.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  6,  bei  dem  das  Element 
wenigstens  eines  ist,  das  aus  der  Gruppe  ausgewahlt  ist,  die  aus  Wolfram  (W),  Molybdan  (Mo), 
Antimon  (Sb),  Niob  (Nb),  Arsen  (As),  Phosphor  (P),  Bor  (B),  Tantal  (Ta),  Titan  (Ti),  Silizium  (Si), 
Germanium  (Ge),  Schwefel  (S)  und  Uran  (U)  besteht. 

20  8.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  das  Oxid 
wenigstens  eines  ist,  das  aus  der  Gruppe  ausgewahlt  ist,  die  aus  Wolframoxid  (W03),  Molybdanoxid 
(Mo03),  Uranoxid  (UO,  U02  und  U308),  Arsenoxid  (As205),  Antimonoxid  (Sb205),  Nioboxid  (Nb205), 
Tantaloxid  (Ta205),  Titanoxid  (Ti02)  und  Germaniumoxid  (Ge02)  besteht. 

25  9.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  die  Menge  dieses 
Elementes  oder  seines  Oxids  in  dem  Gemisch  in  dem  Bereich  von  30  bis  70  Gew.-%,  bezogen  auf  das 
Gemisch  aus  dem  Element  oder  seinem  Oxid  und  dem  Formhilfsstoff,  liegt. 

10.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  das  Gemisch  aus 
30  dem  Element  oder  seinem  Oxid  und  dem  Formhilfsstoff  unter  einem  Druck  von  0,5  bis  10  t/cm2 

ausgeformt  wird. 

11.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  die  ausgeformten 
Teile  die  Form  eines  Zylinders,  eines  Ringes,  eines  Wurfels,  einer  Kugel,  eines  Getrieberades  oder 

35  eine  mit  Rippen  versehene  Form  haben. 

12.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  die  Reaktion  der 
ausgeformten  Teile  mit  dem  Fluorgas  oder  dem  Stickstofftrifluorid  bei  einer  Temperatur  von  150  bis 
700  °  C  durchgefuhrt  wird. 

40 
13.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  die  Reaktion  der 

ausgeformten  Teile  mit  dem  Fluorgas  oder  dem  Stickstofftrifluorid  unter  einem  Druck  von  1  bis  10 
kg/cm2  durchgefuhrt  wird. 

45  14.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  die  Reaktion  der 
ausgeformten  Teile  mit  dem  Fluorgas  oder  dem  Stickstofftrifluorid  uber  eine  Zeitdauer  von  1  bis  20 
Stunden  durchgefuhrt  wird. 

15.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  dann,  wenn  die 
50  ausgeformten  Teile  mit  dem  Fluorgas  oder  dem  Stickstofftrifluoridgas  in  Kontakt  gebracht  werden,  die 

ausgeformten  Teile  in  der  Form  einer  Fullmittelschicht  vorliegen. 

16.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  die  ausgeformten 
Teile,  nachdem  sie  in  einer  reduzierenden  Gasatmosphare  thermisch  behandelt  worden  sind,  mit  dem 

55  Fluorgas  oder  dem  Stickstofftrifluoridgas  unter  Erhitzung  in  Kontakt  gebracht  werden. 

17.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  1,  bei  dem  die  Heizbehand- 
lung  in  der  reduzierenden  Gasatmosphare  bei  einer  Temperatur  von  500  bis  850  °C  durchgefuhrt  wird. 
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18.  Ein  Verfahren  zum  Herstellen  eines  gasformigen  Fluorids  nach  Anspruch  16,  bei  dem  die  Heizbehand- 
lung  in  der  reduzierenden  Gasatmosphare  uber  eine  Zeitperiode  von  1  bis  100  Stunden  dann 
durchgefuhrt  wird,  wenn  das  Rohmaterial  das  besagte  Element  ist,  oder  uber  eine  Zeitperiode  von  2  bis 
500  Stunden  durchgefuhrt  wird,  wenn  das  Rohmaterial  das  besagte  Oxid  ist. 

5 
Revendicatlons 

1.  Un  procede  pour  preparer  un  fluorure  gazeux  d'un  metal  ou  d'arsenic,  de  phosphore,  de  soufre,  de 
silicium  ou  de  bore,  par  reaction  de  I'element  ou  de  son  oxyde  avec  du  fluor  gazeux  ou  du  trifluorure 

io  d'azote  gazeux,  ledit  procede  etant  caracterise  en  ce  qu'il  comprend  les  etapes  de  melange  dudit 
element  ou  de  son  oxyde  avec  un  auxiliaire  de  moulage,  comprenant  un  fluorure  metallique  solide  qui 
ne  reagit  pas  avec  le  fluor  ni  le  trifluorure  d'azote  ;  le  moulage  sous  pression  du  melange  obtenu  ;  et  le 
contact  des  pieces  moulees  avec  ledit  fluor  gazeux  ou  ledit  trifluorure  d'azote  gazeux,  alors  que 
lesdites  pieces  moulees  sont  chauffees. 

15 
2.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1  ,  dans  lequel  ledit  fluorure  gazeux 

est  represente  par  MFm  ou  M  est  au  moins  un  element  choisi  dans  I'ensemble  constitue  par  les 
elements  des  groupes  IIIA,  NIB,  IVA,  IVB,  VA,  VB,  VIA  et  VIB  de  la  classification  periodique  et  m  est  un 
entier  de  3  a  6. 

20 
3.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  2,  dans  lequel  ledit  fluorure  gazeux 

est  au  moins  un  compose  choisi  dans  I'ensemble  constitue  par  I'hexafluorure  de  tungstene  (WFG), 
I'hexafluorure  de  molybdene  (MoFG),  le  trifluorure  d'antimoine  (SbF3),  le  pentafluorure  d'antimoine 
(SbF5),  le  pentafluorure  de  niobium  (NbF5),  le  trifluorure  d'arsenic  (AsF3),  le  trifluorure  de  phosphore 

25  (PF3),  le  trifluorure  de  bore  (BF3),  le  pentafluorure  de  tantale  (TaF5),  le  tetrafluorure  de  titane  (TiF+),  le 
tetrafluorure  de  silicium  (SiF+),  le  tetrafluorure  de  germanium  (GeF+),  I'hexafluorure  de  soufre  (SFG)  et 
I'hexafluorure  d'uranium  (UFG). 

4.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dans  lequel  ledit  fluorure 
30  metallique  solide  qui  ne  reagit  pas  avec  le  fluor  ni  avec  le  trifluorure  d'azote,  est  au  moins  un  compose 

choisi  dans  I'ensemble  constitue  par  les  fluorures  des  metaux  des  groupes  IA,  IIA  et  NIB  de  la 
classification  periodique. 

5.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  4,  dans  lequel  ledit  fluorure 
35  metallique  solide,  qui  ne  reagit  pas  avec  le  fluor  ni  avec  le  trifluorure  d'azote,  est  au  moins  un  compose 

choisi  dans  I'ensemble  constitue  par  le  fluorure  de  lithium  (LiF),  le  fluorure  de  sodium  (NaF),  le  fluorure 
de  potassium  (KF),  le  fluorure  de  rubidium  (RbF),  le  fluorure  de  cesium  (CsF),  le  fluorure  de  beryllium 
(BeF2),  le  fluorure  de  magnesium  (MgF2),  le  fluorure  de  calcium  (CaF2),  le  fluorure  de  strontium  (SrF2), 
le  fluorure  de  baryum  (BaF2),  le  fluorure  d'aluminium  (AIF3),  le  fluorure  de  gallium  (GaF3),  le  fluorure 

40  d'indium  (lnF3),  le  fluorure  de  thallium  (TIF3)  et  le  fluorure  d'aluminium  et  de  sodium  (Na3AIFG). 

6.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1  ,  dans  lequel  ledit  element  est  au 
moins  un  des  metaux  des  groupes  IIIA,  NIB,  IVA,  IVB,  VA,  VB,  VIA  et  VIB  de  la  classification 
periodique. 

45 
7.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  6,  dans  lequel  ledit  element  est  au 

moins  un  element  choisi  dans  I'ensemble  constitue  par  le  tungstene  (W),  le  molybdene  (Mo), 
I'antimoine  (Sb),  le  niobium  (Nb),  I'arsenic  (As),  le  phosphore  (P),  le  bore  (B),  le  tantale  (Ta),  le  titane 
(Ti),  le  silicium  (Si),  le  germanium  (Ge),  le  soufre  (S)  et  I'uranium  (U). 

50 
8.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1  ,  dans  lequel  ledit  oxyde  est  au 

moins  un  oxyde  choisi  dans  I'ensemble  constitue  par  I'oxyde  de  tungstene  (W03),  I'oxyde  de 
molybdene  (Mo03),  un  oxyde  d'uranium  (UO,  U02  et  U3Os),  I'oxyde  d'arsenic  (As205),  I'oxyde 
d'antimoine  (Sb205),  I'oxyde  de  niobium  (Nb205),  I'oxyde  de  tantale  (Ta205),  I'oxyde  de  titane  (Ti02) 

55  et  I'oxyde  de  germanium  (Ge02). 

9.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1  ,  dans  lequel  la  proportion  dudit 
element  ou  de  son  oxyde  dans  le  melange  est  dans  la  gamme  de  30  a  70  %  en  poids  relativement 
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audit  melange  dudit  element  ou  de  son  oxyde  et  dudit  auxilaire  de  moulage. 

10.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dans  lequel  ledit  melange  dudit 
element  ou  de  son  oxyde  et  dudit  auxiliaire  de  moulage  est  moule  sous  une  pression  de  0,5  a  10  t/cm2. 

5 
11.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dans  lequel  lesdites  pieces 

moulees  ont  la  forme  d'un  cylindre,  d'un  anneau,  d'un  cube,  d'une  sphere  ou  d'une  roue  dentee  ou  une 
forme  nervuree. 

io  12.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dan  lequel  ladite  reaction 
desdites  pieces  moulees  avec  ledit  fluor  gazeux  ou  ledit  trifluorure  d'azote  est  realisee  a  une 
temperature  de  150  a  700  °C. 

13.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dans  lequel  ladite  reaction 
is  desdites  pieces  moulees  avec  ledit  fluor  gazeux  ou  ledit  trifluorure  d'azote  est  realisee  sous  une 

pression  de  1  a  10  kg/cm2. 

14.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dans  lequel  ladite  reaction 
desdites  pieces  moulees  avec  ledit  fluor  gazeux  ou  ledit  trifluorure  d'azote  est  realisee  pendant  une 

20  periode  de  1  a  20  heures. 

15.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dans  lequel,  lorsque  lesdites 
pieces  moulees  sont  mises  en  contact  avec  ledit  fluor  gaseux  ou  ledit  trifluorure  d'azote  gazeux, 
lesdites  pieces  moulees  sont  presentes  sous  forme  d'une  couche  de  remplissage. 

25 
16.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dans  lequel,  apres  traitement 

thermique  dans  une  atmosphere  de  gaz  reducteur,  lesdites  pieces  moulees  sont  mise  en  contact  avec 
ledit  fluor  gazeux  ou  ledit  trifluorure  d'azote  gazeux  avec  chauffage. 

30  17.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  1,  dans  lequel  ledit  traitement 
thermique  dans  ladite  atmosphere  de  gaz  reducteur  est  effectue  a  une  temperature  de  500  a  850  °  C. 

18.  Un  procede  pour  preparer  un  fluorure  gazeux  selon  la  revendication  16,  dans  lequel  ledit  traitement 
thermique  dans  ladite  atmosphere  de  gaz  reducteur  est  effectue  pendant  une  periode  de  1  a  100 

35  heures  dans  le  cas  ou  la  matiere  premiere  est  ledit  element  ou  pendant  une  periode  de  2  a  500  heures 
dans  le  cas  ou  la  matiere  premiere  est  ledit  oxyde. 

40 
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