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Description 

The  present  invention  relates  generally  to  the  preparation  and  purification  of  fluorozirconate  glasses  utilizing 
reactive  atmospheres.  More  particularly,  the  present  invention  relates  to  the  treating  of  molten  mixtures  of 

5  fluorozirconate  glasses  with  reactive  atmospheres  containing  oxygen  and  fluorine  to  form  melts  which  are 
essentially  free  of  anion  impurities  and  impurities  due  to  reduction  or  disassociation  of  ZrF4. 

Fluorozirconate  and  fluorohafnate  glasses  are  unique  nonoxide  materials  which  include  zirconium  tetraflu- 
oride  (ZrF4)  or  hafnium  tetrafluoride  (HfF4),  respectively,  as  major  constituents.  These  multi-component  glasses 
are  commonly  referred  to  as  the  heavy-metal  fluoride  glasses. 

W  The  heavy-metal  fluoride  glasses  have  been  found  to  have  certain  desirable  physical  characteristics  which 
make  them  ideally  suited  for  a  wide  variety  of  applications  in  optical  systems.  Heavy-metal  fluoride  glasses  are 
prime  candidates  for  use  as  optical  fibers  for  communications  or  transmission  of  optical  power.  A  survey  of  the 
development  of  heavy-metal  fluoride  glasses,  their  properties  and  their  uses  is  set  forth  by  Martin  G.  Drexhage 
in  Chapter  4  of  the  Treatise  on  Materials  Science  and  Technology,  Vol.  26  (1985),  pages  151-243. 

!5  The  heavy-metal  fluoride  glasses  based  on  the  zirconium  tetrafluoride-barium  difluoride  (BaF2)  -  X  system 
(ZrF4-BaF2-X),  where  X  is  thorium  tetrafluoride  (ThF4)  or  one  of  several  rare  earth  trifluorides  such  as  LaF3  or 
GdF3,  have  been  intensely  studied  due  to  desirable  optical  and  physical  properties.  This  new  class  of  material 
was  reported  first  by  N.  M.  Chanthanasinh  in  his  doctoral  thesis  for  the  University  of  Rennes  (France)  in  July  of 
1976  and  later  by  Poulain  et  al.  in  the  Materials  Research  Bulletin  12,  151  (1977).  The  vitreous  domain  for  ZrF4  - 

20  BaF2  -  ThF4  was  described  as  an  area  of  a  triangle  on  the  ternary  diagram  bounded  by  the  following  maxima:  63 
mole  percent  ZrF4;  38  mole  percent  BaF2  and  15  mole  percent  ThF4. 

The  preparation  technique  typically  used  by  these  earlier  workers  consisted  of  reacting  highly  purified 
components  at  800°  to  900°  C  in  an  argon  or  other  inert  gas  atmosphere.  The  starting  materials  used  in  the 
above  system  were  contained  in  a  platinum  crucible  and  the  glass  produced  by  the  system  was  formed  by 

25  pouring  the  fully  reacted  melt  into  a  mold  residing  in  a  nitrogen-filled  glove  box. 
A  problem  experienced  with  the  above  basic  preparation  technique  and  other  processes  involving  the  use  of 

inert  atmospheres  is  that  internal  bulk  defects  were  manifested  as  a  black-opaque  secondary  phase.  Initially, 
the  defects  were  thought  to  be  due  to  reduced  trace  impurities  present  in  the  raw  materials  and  thought  to 
require  exposure  of  the  melts  to  air  during  processing.  (Poulain,  M.  and  Lucas,  J.  (1978);  Verres,  Refract,  32, 

30  505).  However,  the  use  of  air  as  the  melt  processing  atmosphere  has  been  inadvisable  due  to  the  formation  of 
hydroxyl  (OH  )  and  oxide  (0=)  impurities  resulting  from  moisture  which  is  present  in  air.  These  impurities 
absorb  strongly  in  the  mid  IR  portion  of  the  spectrum,  thus  making  the  glass  unsuitable  for  IR  optic 
applications. 

More  recently,  electron  microprobe  analysis  of  the  secondary  phase  indicates  that  the  black-opaque 
35  substance  contains  only  one-half  the  fluorine  content  of  the  transparent  phase  and  therefore  is  believed  to  be 

ZrF2or  ZrF3  resulting  from  the  disassociation  of  ZrF4  (Robinson  et  al.  Material  Research  Bulletin  15,  (1980)  735). 
These  black  opaque  impurities  are  referred  to  herein  collectively  as  disassociation  impurities. 

A  process  utilizing  carbon  tetrachloride  and  hydrogen  fluoride  reactive  atmospheric  (RAP)  processing  to 
prevent  formation  of  disassociation  impurities  in  fluorozirconate  glass  melts  is  disclosed  in  U.S.  Patent  No.  4 

40  341  873  which  is  assigned  to  the  same  assignee  as  the  present  invention. 
The  above  mentioned  RAP  method  is  not  only  useful  in  preventing  disassociation  impurities  from  forming, 

but  is  also  effective  in  removing  OH-  and  O-  impurities.  The  method  basically  involves  a  final  treating  step  in 
which  the  ZrF4-BaF2-X  melt  is  treated  with  a  reactive  atmosphere  or  rectification  mixture  of  He/CCI4  to  rectify 
any  color  formation  resulting  from  ZrF4  disassociation.  Although  this  procedure  has  been  used  successfully  to 

45  produce  fluorozirconate  glasses  with  enhanced  optical  transmission,  mechanical  strength  and  hardness;  the 
procedure  does  have  a  few  drawbacks.  For  example,  the  use  of  CCI4  will  result  in  the  introduction  of  Cl- 
impurities  into  the  melt  by  the  replacement  of  trace  quantities  of  OH-  with  CI-  so  that  the  anion  stoichiometry  is 
unknown.  In  other  words,  the  glass  fluoride  stoichiometry  would  then  be  incomplete.  The  added  CI-  also 
produces  a  higher  crystallization  tendency  and,  in  extreme  cases,  may  lead  to  reduced  resistance  to  attack 

50  from  environmental  moisture. 
EP-A-0  170  380  and  EP-A-0  161  999,  which  both  are  published  after  the  priority  date  of  the  present  patent 

applications  disclosed  the  treatment  of  the  glass  melt  with  oxygen  only.  I.E.E.E.  Electro,  Vol.  8,  1983  and  the 
document  "Sixth  Topical  Meeting  on  Optical  Fiber  Communication,  Digest  of  Technical  Papers,  page  7,  1983 
TRAN  et  al.,  minimization  of  OH  absorption  and  scattering  losses  in  zirconium  fluoride  glasses"  disclose  the 

55  use  of  active  atmosphere  processing  of  zirconium  fluoride-based  glasses  using  SF6  and  CF4  to  remove  OH  to 
eliminate  transmission  losses. 

It  would  be  desirable  to  provide  a  method  for  treating  melts  of  ZrF4-BaF2-X  to  prevent  or  reverse  the 
formation  of  disassociation  impurities  while,  at  the  same  time,  providing  known  and  complete  fluorine 
stoichiometry  of  the  final  melt  material.  By  providing  complete  fluorine  stoichiometry,  the  above  referenced 

60  problems  due  to  the  presence  of  trace  amounts  of  CI-  in  the  melt  are  eliminated. 
In  accordance  with  the  present  invention,  a  method  is  provided  for  treating  fluorozirconate  glass  melts 

prepared  from  high  purity  starting  materials  to  prevent  the  formation  of  disassociation  impurities  without 
introducing  anion  impurities,  such  as  Cl\  into  the  melt  to  thereby  provide  a  melt  having  complete  fluorine 
stoichiometry.  The  present  invention  also  provides  a  method  for  treating  fluorozirconate  glasses  which  already 

65  contain  disassociation  impurities  to  reverse,  remove  or  otherwise  rectify  the  prior  formation  of  the 

2 
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disassociation  impurities.  Rectification  of  the  disassociation  impurities  is  also  accomplished  without  in- 
troducing  CI-  or  other  anion  impurities  into  the  melt. 

According  to  the  present  invention  a  process  for  treating  a  molten  mixture  of  fluorozirconate  or 
fluorohafnate  glass  to  form  high  purity  infrared  transparent  glass  which  is  free  of  zirconium  fluoride 

5  disassociation  impurities  or  fluorohafnate  disassociation  impurities  is  provided,  which  comprises  the  steps  of: 
-  forming  a  melt  of  fluorozirconate  or  fluorohafnate  glass  in  the  presence  of  an  oxygen  reactive  atmosphere 

consisting  of  moisture-free  oxygen  which  may  contain  an  inert  gas,  said  oxygen  being  present  well  in  excess  of 
the  amount  necessary  to  prevent  formation  of  opaque-black  disassociation  impurities  in  said  melt  or  remove 
any  of  said  impurities  already  present  in  said  melt  and  wherein  oxygen  anion  impurities  are  introduced  into 

10  said  glass; 
-  contacting  said  melt  with  an  excess  of  a  fluorine  species  reactive  gas  atmosphere  for  a  sufficient  time  to 

replace  all  of  said  oxygen  anion  impurities,  said  fluorine  species  reactive  gas  being  selected  from  the  group 
consisting  of  CF4,  BF3  and  SF6; 

-  cooling  said  melt  in  the  presence  of  said  fluorine  species  reactive  gas  atmosphere  to  form  said  high  purity 
15  infrared-transparent  glass  which  is  free  of  disassociation  and  anion  impurities. 

For  purposes  of  this  application,  a  fluorine  species  reactive  gas  is  one  in  which  the  essential  constituent 
contains  a  reactive  fluoride  ion  capable  of  replacing  oxygen  anion  impurities  in  molten  glass. 

Preferred  embodiments  of  the  process  of  the  invention  are  disclosed  in  claims  2  to  20. 
The  above  discussed  and  many  other  features  and  attendant  advantages  of  the  present  invention  will 

20  become  apparent  as  the  invention  becomes  better  understood  by  reference  to  the  following  detailed 
description. 

The  present  invention  may  be  used  in  general  to  treat  a  wide  variety  of  fluorozirconate  glasses  in  which 
disassociation  impurities  are  known  to  form  during  melt  formation  under  inert  reactive  atmospheres  or  reactive 
atmospheres  including  hydrogen  fluoride  (HF)  diluted  with  an  inert  gas  such  as  nitrogen,  helium,  or  argon.  For 

25  the  purposes  of  this  detailed  description,  the  term  "fluorozirconate  glass"  means  any  heavy-metal  fluoride 
glass  in  which  ZrF4  or  HfF4  is  a  major  ingredient.  Such  glasses  include  mixtures  including  one  or  more  of  the 
following  compounds  in  addition  to  ZrF4  or  HfF4:  ThF4,  BaF2,  LaF3,  AIF3,  NaF  and/or  LiF.  The  treatment  of  ZrF4  - 
BaF2  -  X  glass  melts,  where  X  is  ThF4,  or  rare  earth  trifiuoride  as  previously  described,  is  preferred  with  it  being 
understood  that  the  method  may  be  applied  to  other  fluorozirconate  glasses  in  which  disassociation  impurities 

30  (i.e.,  ZrF3  or  ZrF2)  are  formed  during  melt  processing. 
The  method  of  the  present  invention  has  two  basic  applications.  The  first  application  involves  treating 

molten  reactant  mixtures  during  the  preparation  of  fluorozirconate  glass  from  powdered  or  granular  reactive 
mixture  ingredients  to  preclude  the  formation  of  disassociation  impurities.  The  second  application  involves 
treating  previously  formed  glass  which  exhibits  disassociation  impurities  by  remelting  the  contaminated  glass 

35  and  treating  it  to  remove  any  disassociation  impurities  present  in  the  glass.  The  method  used  in  these  two 
applications  is  the  same  except  for  the  fact  that  the  starting  material  in  the  first  application  is  the  various  glass 
forming  ingredients  which  are  mixed  together  and  heated  to  form  the  desired  glass  melt,  whereas,  in  the 
second  application,  the  melt  is  formed  by  remelting  previously  prepared  fluorozirconate  glass  which  is  already 
contaminated  with  disassociation  impurities. 

40  The  basic  method  for  producing  fluorozirconate  glasses  are  well  known.  Typically,  the  various  reactants  are 
mixed  in  preselected  molar  proportions  to  form  powder  or  granular  compositions  or  reactant  mixtures  which 
fall  within  the  vitreous  domain.  For  example,  for  ThF4  -  ZrF4  -  BaF2,  this  domain  can  be  described  as  an  area  of  a 
triangle  on  the  ternary  diagram  bounded  by  the  following  maxima:  63  mole  percent  ZrF4,  15  mole  percent  ThF4 
and  38  mole  percent  BaF2.  Preferably,  the  molar  ratios  for  these  three  main  components  will  range  from  55 

45  mole  percent  to  62  mole  percent  ZrF4,  5  mole  percent  to  10  mole  percent  ThF4,  and  30  mole  percent  to  40  mole 
percent  BaF2.  One  preferred  composition  is  0.58  moles  ZrF4;  0.33  moles  BaF2;  and  0.09  moles  ThF4. 

Other  ingredients  which  are  typically  added  to  the  reactant  mixture  prior  to  formation  of  the  melt  include 
NaF  or  LiF,  AIF3  or  GdF3. 

The  reactant  mixture  is  placed  in  a  gold,  iridium  or  platinum  crucible.  Preferably  the  surface  area  of  the 
50  reactant  mixture  is  as  low  as  possible  to  reduce  hydrolysis  from  trace  quantities  of  water.  Accordingly,  granular 

or  pelletized  reactant  mixtures  are  preferred  over  powdered  reactant  mixtures.  The  crucible  which  has  been 
filled  with  reactant  mixture  is  placed  inside  of  a  silica  envelope  or  other  inert  container  which  is  evacuated  by 
vacuum  pump.  Inert  gas  allowed  to  bleed  into  a  pressure  of  about  one  atmosphere.  Then  the  flow  of  the  gas  is 
regulated  to  provide  a  flow  rate  through  the  envelope  of  up  to  about  200  cm3/min.  The  reactant  mixture  is  then 

55  heated  to  a  temperature  of  about  800°  to  900°  C  to  permit  reaction  and  formation  of  the  fluorozirconate  glass 
melt.  At  melting  temperatures,  the  fluorozirconate  glasses  are  particularly  susceptible  to  attack  by  moisture.  As 
previously  mentioned,  the  usual  practice  was  to  maintain  the  melt  in  an  inert  atmosphere  such  as  argon,  helium 
or  nitrogen  during  melt-down  formation  and  glass  formation.  In  accordance  with  the  present  invention,  the 
heating  and  meltdown  formation  of  the  reactive  mixture  is  carried  out  under  an  atmosphere  which  contains 

60  moisture-free  oxygen  which  may  be  used  alone  or  in  addition  to  an  inert  gas.  This  atmosphere  is  referred  to 
hereinafter  as  the  "oxygen  reactive"  atmosphere.  The  oxygen  used  to  form  the  oxygen  reactive  atmosphere 
must  be  moisture  free.  It  is  preferred  that  the  oxygen  be  of  the  highest  purity  available  and  that  the  moisture 
content  of  the  oxygen  be  below  about  1.0  part  per  million.  The  amount  of  oxygen  present  in  the  oxygen 
reactive  atmosphere  should  be  well  in  excess  of  the  amount  necessary  to  prevent  any  formation  of 

65  disassociation  impurities  and  is  preferably  as  high  as  possible.  The  formation  of  disassociation  impurities  is 

3 



oxygen  has  a  purity  of  above  99.99  volume  perce  nt.  
continua„y  flowing  the  combined  moisture-free 

following  reaction: 

FIGOO/20 

1  The  oxygen  anion  impunnes  «r(4_x)  .  t|on  bv  treating  the  melt  with  a  fluorine 
contaminated  melt  are  removed  in  accordance  with  the  P ™ ; 6 " ^ * " *   °n  Siw  envelope  at  the  same  time  as 
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?  reactive  atmosphere  to  the  melt  containe;.^0Ppfhdp  Qas  atm0SDhere  may  include  an  inert  gas  such  as  argon. 
In  addition  to  the  fluorine  spec.es  reactive  gas,  *e  9fls  "mos  P ^ e   may  '™ua  y  

h  anion 
helium  and/or  nitrogen.  TheJ.uorine  spec.es  re_ahf  from  the  group 

0  ^ t ^ X Z ^ X ^ ^ ™ ^   -   ^   water  which 

is  the  source  of  the  oxy  anion  impurities  atmosDhere  may  be  varied  so  long  as  it  is 
The  amount  of  fluorine  species  reactive  gas  S X h ^ X o M e   This  provides  a  melt 

sufficient  to  replace  all  of  the  oxygen  anion  .mpum.es  > J ^ ^ ^ ^ ^ ^ J ^ ^ B   complete 
15  S u M   -   P - n t   invention  which 

provides  a  pure  fluoride  network  upon  glass  for™atlon-  .  of  this  gas  win  be  present  in  the 
A  preferred  fluorine  species  react.vej  ga,  '  »  ^ J ^ ™ ^   gas  relative  to  inert  gas 

^ . o S  

course  be  varied  depending  upon  the  amount  of  ^ ^ ^ ^ ^ ^ ^ ^ ^ P ^ ^   ^  

60  that  the  melt  is  formed  by  remelt.ng  prev.ously  formed  glass  .nstead  °y;rh9'n„e,f t '   :he  oxvgen  reactive 

65  impurities  during  treatment  of  the  melt  with  the  oxygen  react.ve  atmosphere. 
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After  the  glass  melt  has  been  treated  with  the  oxygen  and  fluorine  species  reactive  atmospheres,  the  melt 
can  be  cast,  annealed  or  cooled  in  situ  in  accordance  with  conventional  and  well-known  procedures.  Cooling  is 
carried  out  in  the  fluorine  reactive  species  atmosphere  to  prevent  introduction  of  contaminants  into  the  melt. 

In  order  to  fully  illustrate  the  invention,  examples  of  practice  are  set  forth  below. 
5 

Example  1 

10  15.16  g  of  a  reactant  mixture  having  the  following  composition  was  prepared:  10.1  g  ZrF4,  3.3  g  BaF2,  0.99  g 
LaF3,  0.25  g  AIF3  and  0.52  g  LiF. 

The  mixture  was  placed  in  a  platinum  crucible  and  the  crucible  was  placed  into  a  standard  silica  (Si02) 
envelope  having  standard  Teflon  Swagelok  gas  introduction  fittings  and  an  internal  volume  of  about  400  cm3. 
99.96  °/o  purity  oxygen  (AIRCO  Corp)  was  used  to  purge  the  envelope.  A  flow  rate  of  about  100  cc/min  was 

15  maintained  during  heating  of  the  mixture  to  a  temperature  of  850°  C.  At  the  same  time  a  flow  of  99.7  %  purity 
CF4  (Matheson  Corp)  was  introduced  into  the  envelope.  The  oxygen  flow  was  stopped  approximately  30  min. 
after  the  mixture  melted.  The  CF4flow  was  continued  about  1/2  hour  after  the  oxygen  flow  was  stopped. 

The  melt  was  then  cooled  to  form  a  clear  transparent  glass  which  is  free  of  any  black  disassociation 
impurities  and  which  also  has  complete  fluoride  stoichiometry  and  annealed  at  250°  C  for  3  hours,  then  cooled 

20  slowly  to  room  temperature  under  the  CF4  atmosphere. 

Example  2 
25 

15.6  g  of  ZBLAN  glass  (AIB51254)  received  from  Naval  Research  Labs  (NRL)  which  was  black  in  color  was 
placed  in  a  platinum  crucible  and  remelted  in  the  same  envelope  using  the  same  gases  as  in  Ex.  1.  The 
approximate  composition  of  the  ZBLAN  glass  is  53  mole  °/o  ZrF4,  5  mole  °/o  LaF3  19  mole  BaF2,  3  mole  AIF3  and 
20  mole  °/o  NaF. 

30  The  remelted  glass  was  maintained  at  a  temperature  of  between  800  -  850°  C  for  approximately  1/2  hr.  with 
only  02  flowing  into  the  envelope.  During  this  time,  all  of  the  black-opaque  impurities  disappeared.  A  CF4  flow 
was  started  and  then  the  02  flow  was  stopped.  The  CF4  flow  was  maintained  for  1/2  hr.  The  melt  was  then 
quenched  and  a  transparent  ingot  resulted  which  was  annealed  at  255°  C. 

35 

Example  3 

A  second  sample  of  ZB  LA-  11  05  glass  which  was  black  in  color  was  treated  in  the  manner  as  Ex.  2.  The 
40  resulting  ingot  was  also  clear  and  transparent.  The  approximate  composition  of  the  ZBLA-1  105  glass  is  58  mole 

o/o  ZrF4,  5  mole  °/o  LaF3  and  37  mole  °/o  BaF2. 

45  Example  4 

16  g  of  a  mixture  of  ZrF4,  BaF2  and  ThF4is  prepared  according  to  the  following  proportions:  0.58  mole  of  ZrF4, 
0.33  mole  of  BaF2  and  0.09  mole  of  ThF4.  The  starting  materials  are  ultra  pure  with  each  being  at  least  99.9 
weight  percent  pure.  The  mixture  is  treated  according  to  Example  1  to  give  the  desired  clear  transparent  glass 

50  which  is  free  of  disassociation  impurities  and  anion  impurities. 

Claims 
55 

1.  A  process  for  treating  a  molten  mixture  of  fluorozirconate  or  fluorohafnate  glass  to  form  high  purity 
infrared  transparent  glass  which  is  free  of  zirconium  fluoride  disassociation  impurities  or  fluorohafnate 
disassociation  impurities  and  anion  impurities,  said  process  comprising  the  steps  of: 

-  forming  a  melt  of  fluorozirconate  or  fluorohafnate  glass  in  the  presence  of  an  oxygen  reactive  atmosphere 
60  consisting  of  moisture-free  oxygen  which  may  contain  an  inert  gas,  said  oxygen  being  present  well  in  excess  of 

the  amount  necessary  to  prevent  formation  of  opaque-black  disassociation  impurities  in  said  melt  or  remove 
any  of  said  impurities  already  present  in  said  melt  and  wherein  oxygen  anion  impurities  are  introduced  into 
said  glass; 

-  contacting  said  melt  with  an  excess  of  a  fluorine  species  reactive  gas  atmosphere  for  a  sufficient  time  to 
65  replace  all  of  said  oxygen  anion  impurities,  said  fluorine  species  reactive  gas  being  selected  from  the  group 

5 
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consisting  of  CF4,  BF3  and  SF6; 
-  cooling  said  melt  in  the  presence  of  said  fluorine  species  reactive  gas  atmosphere  to  form  said  high  purity 

infrared-transparent  glass  which  is  free  of  disassociation  and  anion  impurities.. 
2.  A  process  according  to  claim  1  wherein  said  fluorine  species  reactive  gas  is  CF4. 

5  3.  A  process  according  to  claim  1  and/or  2  wherein  said  moisture-free  oxygen  and  said  fluorine  species 
reactive  gas  are  combined  with  argon  or  helium. 

4.  A  process  according  to  any  of  claims  1  to  3  wherein  said  fluorozirconate  glass  comprises  ZrF4,  BaF2  and  X 
where  X  is  ThF4or  a  rare  earth  tri-fluoride. 

5.  A  process  according  to  claim  4  wherein  said  melt  consists  essentially  of  ZrF4,  BaF2  and  ThF4. 
10  6.  A  process  according  to  any  of  claims  1  to  5  wherein  the  oxygen  reactive  atmosphere  and  the  fluorine 

species  reactive  gas  atmosphere  are  contacted  simultaneously  with  said  melt. 
7.  A  process  according  to  any  of  claims  1  to  5  wherein  said  oxygen  reactive  atmosphere  contains  an  inert  gas 

in  an  amount  such  that  the  amount  of  moisture-free  oxygen  relative  to  the  inert  gas  is  above  about  50  volume 
percent,  and  said  oxygen  reactive  atmosphere  is  subsequently  replaced  by  said  fluorine  species  reactive 

15  atmosphere. 
8.  A  process  according  to  any  of  claims  1  to  7  wherein  said  oxygen  reactive  atmosphere  contains  more  than 

90  volume  percent  oxygen. 
9.  A  process  according  to  any  of  claims  1  to  8  wherein  said  fluorine  species  reactive  atmosphere  contains 

more  than  90  volume  percent  of  said  fluorine  species  reactive  gas. 
20  10.  A  process  according  to  claim  1  wherein  said  melt  consists  essentially  of  ZrF4,  BaF2,  LiF  and  AIF3. 

Revendications 
25 

1.  Procede  pour  le  traitement  d'un  melange  fondu  de  verre  au  fluorozirconate  ou  fluorohafnate  pour  former 
un  verre  de  haute  purete,  transparent  aux  infrarouges,  exempt  d'impuretes  de  dissociation  du  type  fluorure  de 
zirconium  ou  d'impuretes  de  dissociation  du  type  fluorohafnate  et  d'impuretes  anioniques  qui  comprend  les 
etapes  consistant: 

30  -  a  former  un  bain  de  fusion  de  verre  au  fluorozirconate  ou  au  fluorohafnate  en  presence  d'une  atmosphere 
reactive  oxygenee  constitute  d'oxygene  exempt  d'humidite,  pouvant  contenir  un  gaz  inerte,  ledit  oxygene 
etant  present  en  un  exces  bien  superieur  a  la  quantite  necessaire  pour  empecher  la  formation  d'impuretes  de 
dissociation  opaques  et  noires  dans  ledit  bain  de  fusion,  ou  eliminer  toutes  impuretes  de  ce  genre  deja 
presentes  dans  ledit  bain  de  fusion,  et  ou  des  impuretes  anioniques  oxygenees  sont  introduites  dans  ledit 

35  verre; 
-  a  mettre  en  contact  ledit  bain  de  fusion  avec  un  exces  d'une  atmosphere  gazeuse  reactive  contenant  une 

espece  fluoree,  pendant  un  temps  suffisant  pour  remplacer  la  totalite  desdites  impuretes  anioniques 
oxygenees,  ledit  gaz  reactif  a  base  d'une  espece  fluoree  etant  choisi  dans  le  groupe  comprenant  CF4,  BF3  et 
SF6; 

40  -  a  refroidir  ledit  bain  de  fusion  en  presence  de  ladite  atmosphere  gazeuse  reactive  a  base  d'une  espece 
fluoree,  pour  former  ledit  verre  de  haute  purete,  transparent  aux  infrarouges,  qui  est  exempt  d'impuretes  de 
dissociation  et  d'impuretes  anioniques. 

2.  Procede  selon  la  revendication  1,  dans  lequel  ledit  gaz  reactif  a  base  d'une  espece  fluoree  est  CF4. 
3.  Procede  selon  la  revendication  1  et/ou  2,  dans  lequel  ledit  oxygene  exempt  d'humidite  et  ledit  gaz  reactif  a 

45  base  d'une  espece  fluoree  sont  combines  a  I'argon  ou  a  1'helium. 
4.  Procede  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  ledit  verre  au  fluorozirconate 

comprend  ZrF4,  BaF2  et  X,  oil  X  est  ThF4  ou  un  trifluorure  de  terre  rare. 
5.  Procede  selon  la  revendication  4,  dans  lequel  ledit  bain  de  fusion  est  constitue  essentiellement  de  ZrF4, 

BaF2etThF4. 
50  6.  Procede  selon  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  I'atmosphere  reactive  oxygenee  et 

I'atmosphere  de  gaz  reactif  a  base  d'une  espece  fluoree  sont  mis  en  contact  simultanement  avec  ledit  bain  de 
fusion. 

7.  Procede  selon  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  ladite  atmosphere  reactive  oxygenee 
contient  un  gaz  inerte  en  une  quantite  telle  que  la  quantite  d'oxygene  exempt  d'humidite  soit,  par  rapport  au 

55  gaz  inerte,  superieure  a  environ  50  en  volume,  et  ladite  atmosphere  reactive  oxygenee  est  ensuite  remplacee 
par  ladite  atmosphere  reactive  a  base  d'une  espece  fluoree. 

8.  Procede  selon  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  ladite  atmosphere  reactive  oxygenee 
contient  plus  de  90  en  volume  d'oxygene. 

9.  Procede  selon  I'une  quelconque  des  revendications  1  a  8,  dans  lequel  ladite  atmosphere  reactive  a  base 
60  d'une  espece  fluoree  contient  plus  de  90  en  volume  dudit  gaz  reactif  a  base  d'une  espece  fluoree. 

10.  Procede  selon  la  revendication  1,  dans  lequel  ledit  bain  de  fusion  est  constitue  essentiellement  de  ZrF4, 
BaF2,  LiF  et  AIF3. 

65 
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,  .  v 

»i„1"«I:£l,Ve.?hrMn-ZU-r  Behandlun9  einer  geschmolzenen  Mischung  aus  Fluorzirkonat-  oder  Fluorhafnatqlas  um 
5  „  l r r H   «'96K  ?'3S  n°her  Reinh6it  ZU  bHden<  Welches  frei  ist  von  Zirkonfluorid-Dissozla^ionsverun 5  und  Anionenverunreinigungen.  wobei  b e s a X  

-  B.lden  einer  Schmelze  aus  Fluorzirkonat-  oder  Fluorhafnatglas  in  der  Gegenwart  einer  reaktiven Sauerstoffatmosphare,  die  aus  feuchtigkeitsfreiem  Sauerstoff  besteht  und  die  ein  Inertgas  enthalten  kann wobe.  besagter  Sauerstoff  in  groBem  UberschuB  uber  die  Menge  vorhanden  ist  d^notwendtg  i2  um  SilSma 
rn0nbesaatCe  *  t h m e t ^ T   D^ozia^-verunreinigungen  in'  besagter  Schmelze  ^ ^ g e m ^ r   ^  
r l n t   9  •  

S°nmelze  v°rhandene  Verunreinigungen  zu  entfernen  und  worin  Sauerstoffanionenverun- remigungen  in  besagtes  Glas  eingefuhrt  werden;  ucaiundmonenverun 

ff,r"  LTnl0^?;8 ' '"96"  befa9ter  Schmelze  mit  einem  UberschuB  einer  reaktiven  Fluorspezies-Gasatmosphare 
15  £ Z Z ~ L   e  a"Sre,chte  unlalle  der  besagten  Sauerstoffanionenverunreinigungen  zu  ersetzen  wobei 15  besagtes  reaktives  Fluorspez.es-Gas  aus  der  aus  CF4,  BF3  und  SF6  bestehenden  Gruppe  ausgewahlt  wkd 

b ^ n f p ,   f"  bef9t^. .Schme,zf   i"  der  Gegenwart  besagter  reaktiver  Fluorspezies-Gasatmosphire  um 
S S ^ ^   G,8S  h°her  R6inheit  2U  bi,den'  Welches  ™  von  DissoziaSons-'  und 

m  I  Y,er!f  huen  nach  AnsPruch  1  .  worin  besagtes  reaktives  Fluorspezies-Gas  CF4  ist 
r e a ^ e s ^   Sauerstoff  und  besagtes 

enthfl't"  1  ^   3'  WOri"  beS39teS  ^orzirkonatg.as  ZrF4,  BaF2  und  X 

m  l'  cm  we?iren  nach  AnsPruch  4-  worin  besagte  Mischung  im  wesentlichen  aus  ZrF4.  BaF,  und  ThF4  besteht 
J m Z   Verfahren  nach  .rgendeinem  der  Anspruche  1  bis  5.  worin  die  reaktive  Saue'stoffa'tmosphlre  unS  S e  
reaktive  Fluorspeziesgasatmosphare  gleichzeitig  mit  besagter  Schmelze  in  Kontakt  gebracht  werden 
I n L l l   ^ t l T ^   i r?f   deinem  der  Anspruche  1  bis  5.  worin  besagte  reaktive  Sauerstoffatmosphare  ein 
Z Z n l l   1 !   S0Ce"Mf(n?e  entnalt'  daB  die  Menge  an  feuchtigkeitsfreiem  Sauerstoff  in  bezug  auf  das 

0  S ^ l ^ ^   Sauerstoffatmosphare  nac^folgend 

- i B i » e * o . h « ^   1  ?'  bSSagte  Sauerstoffatmosphare 

m^hr^cQrTl3?'6"  n8Qh  ir9ene!nem  der  Anspruche  1  bis  8,  worin  besagte  reaktive  Fluorspeziesatmosphare mehr  als  90  Volumenprozent  an  besagtem  reaktivem  Fluorspeziesgas  enthalt  o*pnare 

b  1?'  ht"  Verf3hren  "ach  AnsPruch  1-  worin  besagte  Schmelze  im  wesentlichen  aus  ZrF4,  BaF2  LiF  und  AIF3 
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