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Description 

Field  of  the  Invention 

5  This  invention  relates  to  a  novel  method  of  chlorinating  methane  comprising  two  reaction  steps 
operated  in  tandem:  oxychlorination  of  perchloroethylene  (CCI2CCI2)  to  obtain  hexachloroethane  (CCI3-CCI3) 
and  reaction  of  the  latter  as  the  chlorinating  agent  with  methane  to  obtain  methyl  chloride  (CH3CI),  and  by 
recycling,  the  partially  and  fully  chlorinated  methanes,  methylene  chloride  (CH2CI2),  chloroform  (CHCI3)  and 
carbon  tetrachloride  (CCU).  The  process  has  the  distinct  advantage  of  providing  high  yields  and  minimizing 

10  the  production  of  unwanted  by-products.  The  process  thus  offers  significant  cost  savings  over  existing 
technology. 

Description  of  the  Prior  Art 

15  The  conventional  method  of  producing  chlorinated  methanes  involves  the  reaction  of  methane  with 
chlorine  gas.  For  each  substitution  of  a  chlorine  atom  into  the  methane  molecule,  one  molecule  of  hydrogen 
chloride  is  produced.  Thus,  double  the  amount  of  chlorine  is  consumed  compared  with  the  quantity 
incorporated  into  the  desired  chlorinated  hydrocarbon.  In  other  words,  the  maximum  chlorine  efficiency  is 
50  percent.  Since  the  cost  of  chlorine  is  a  major  factor  in  the  cost  of  producing  chlorinated  methanes,  any 

20  inefficiency  in  its  use  is  a  severe  handicap. 
Alternative  chlorination  methods  have  been  tried  over  the  years  with  varying  success.  The  object  of 

these  methods  has  been  to  produce  chlorinated  methanes  without  the  coproduction  of  hydrogen  chloride. 
For  example,  by  starting  with  methyl  alcohol  (methanol)  and  hydrogen  chloride,  methyl  chloride  can  be 
produced.  This  produce  is  useful  by  itself,  or  in  turn  it  can  be  reacted  with  chlorine  to  give  methylene 

25  chloride  and  hydrogen  chloride.  Since  the  latter  can  be  recycled  to  the  methanol  reaction  step,  the  net 
production  of  hydrogen  chloride  is  zero. 

While  the  above  scheme,  which  starts  with  methanol,  is  used  commercially,  it  nevertheless  has  certain 
drawbacks.  To  begin  with,  methanol  is  more  expensive  than  methane  from  which  it  is  produced.  Further- 
more,  only  methyl  chloride  or  methylene  chloride  can  be  made  in  balanced  reactions.  If  the  more  highly 

30  chlorinated  methane  products,  namely,  chloroform  or  carbon  tetrachloride  are  desired,  excess  hydrogen 
chloride  must  be  disposed  of. 

In  order  to  circumvent  the  shortcomings  of  existing  technology,  numerous  attempts  have  been  made  to 
oxychlorinate  methane.  Methods,  for  example,  employing  oxyhalogenation  and  related  technology  are 
described  in  U.S.  Patent  Nos.  3,470,260,  2,334,033,  2,498,546,  3,173,962,  3,345,422,  4,000,205,  4,020,117, 

35  4,284,833,  4,386,28,  and  4,446,249. 
US.  Patent  No  2,447,410  discloses  a  process  for  the  manufacture  of  chlorinated  compounds  by  the 

pyrolysis  of  carbon  chlorides  and,  more  particularly,  a  process  for  the  concurrent  manufacture  of  tetrach- 
loroethylene  and  ethyl  chloride  by  combining  the  thermal  decomposition  of  hexachloroethane,  into  an 
admixture  of  chlorine  and  tetrachloroethylene,  and  the  reaction  of  ethane  with  chlorine.  In  this  process,  there 

40  occurs  a  net  production  of  hydrogen  chloride. 
U.S.  Patent  N°  3.420.901  discloses  the  catalytic  oxychlorination  of  alkanes  and  alkenes,  in  particular 

ethylene,  with  hydrogen  chloride  and  oxygen. 
Although  oxychlorination  appears  in  theory  to  offer  advantages,  there  are  many  technical  difficulties  with 

the  process.  For  example,  at  sufficiently  high  temperatures  which  are  required  for  chlorination,  some  of  the 
45  methane  begins  to  burn  with  the  air.  Such  combustion  may  lead  to  the  formation  of  hot  spots  in  the  catalyst 

bed  thereby  complicating  the  problem  of  temperature  control.  With  overheating,  the  catalyst  may  gradually 
lost  its  efficiency.  Also,  whatever  hydrocarbon  is  burned  reduces  the  yield  of  product.  Finally,  there  is  the 
ever  present  danger  of  explosions  should,  for  one  reason  or  another,  the  supply  of  hydrogen  chloride  to  the 
reactor  be  interrupted. 

50  It  is  therefore  an  object  of  the  present  invention  to  provide  a  method  for  the  chlorination  of  methane  that 
overcomes  the  disadvantages  of  the  conventional  methods. 

It  is  also  an  object  to  provide  a  method  of  the  kind  described  with  includes  endothermic  and  exothermic 
reactions,  namely  substitution  chlorination  and  dissociation,  that  are  carried  out  in  tandem  such  that  the 
overall  energy  requirements  can  be  closely  balanced. 

55  These  and  other  objects,  features  and  advantages  of  the  invention  will  be  apparent  from  the  following 
description  and  the  accompanying  drawing  in  which: 
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Brief  Description  of  the  Drawing 

The  FIGURE  is  a  diagrammatic  representation  of  preferred  means  for  operating  the  present  chlorination 
method  including  a  shell  and  tube  catalytic  reactor  in  series  with  a  thermal  reactor  with  means  for  recycling 

5  and  for  withdrawal  of  chlorinated  product  and  fractionation. 

Summary  and  Detailed  Description 

The  invention  concerns  a  process  for  the  chlorination  of  methane  using  hydrogen  chloride  as  the  source 
io  of  chlorine  and  avoiding  net  production  of  hydrogen  chloride,  said  process  including  steps  operated  in 

tandem: 
first,  subjecting  chlorinated  ethylene  consisting  essentially  of  perchloroethylene  to  oxychlorination  with 

hydrogen  chloride  and  oxygen  in  the  presence  of  an  oxychlorination  catalyst  to  give  reaction  products 
consisting  essentially  of  hexachloroethane  and  water; 

is  second,  isolating  said  hexachloroethane  from  the  reaction  products  of  the  first  step  and  reacting  it  with 
methane  feedstock  in  the  vapor  phase  to  produce  products  consisting  essentially  of  chlorinated  methane, 
perchloroethylene,  and  hydrogen  chloride;  and 

third,  isolating  perchloroethylene  and  hydrogen  chloride  from  hydrocarbon  products  of  the  second  step 
and  recycling  the  hydrogen  chloride  and  perchloroethylene  thus  isolated  to  the  first  step  whereby 

20  chlorination  forming  regenerated  hexachloroethane  is  accomplished,  the  process  is  operated  with  total 
utilization  of  hydrogen  chloride,  and  net  production  of  hydrogen  chloride  and  hexachloroethane  is  avoided. 

Problems  encountered  by  the  conventional  methods  are  avoided  by  the  method  of  the  present 
invention.  In  the  present  method  according  to  a  preferred  embodiment,  two  separate  reactions  are  carried 
out  in  tandem,  as  indicated.  First,  perchloroethylene  is  reacted  with  hydrogen  chloride  and  air  or  oxygen  to 

25  produce  hexachloroethane  and  water.  In  the  second  reaction  the  hexachloroethane  is  reacted  with  methane 
or  methane  feedstock  (including  chlorinated  methane  or  a  mixture  of  chlorinated  methanes)  to  give  the 
desired  chlorinated  hydrocarbon  plus  hydrogen  chloride.  The  latter  (hydrogen  chloride)  is  recycled  to  the 
first  reaction  so  that  there  is  no  net  production  of  hydrogen  chloride. 

The  reactions  in  the  present  invention  are  illustrated  by  the  following  equations  for  the  preparation  of 
30  methyl  chloride: 

c a t   . 
1.  CC12=CC12  +  2KC1  +  l / 2 0 2   »  C C I 3 C C I 3   +  H 2 0  

35  2a .   CCI3CCI3   +  CH4  
^   

}  CC12=CC12  +  CH3CI  +  H C I  

Therefore  the  net  reaction  is: 

40  3.  CH+  +  HCI  +  I/2O2  -  CH3CI  +  H20 

If,  in  a  preferred  embodiment,  chlorine  is  added  in  the  second  step,  the  following  reaction  will  occur: 

2b.  Cl2  +  CFU  -  CH3CI  +  HCI 
45 

The  first  reaction,  in  which  perchloroethylene  is  oxychlorinated  to  hexachloroethane  employing  an 
oxychlorination  catalyst  may  typically  be  carried  out  in  a  molten  salt  reactor,  fluidized  bed  reactor,  or  in  a 
shell  and  tube  reactor.  The  temperature  is  maintained  preferably  in  the  range  from  200°  to  375°  C.  The 
catalyst  of  choice  is  copper  chloride  deposited  on  an  inert  support.  This  is  the  well-known  Deacon  catalyst 

50  which  has  been  used  in  experimental  processes  to  produce  chlorine  from  hydrogen  chloride  and  air. 
Various  salts  may  be  mixed  with  the  copper  chloride  to  promote  its  effectiveness,  e.g.,  potassium  chloride, 
ferric  chloride,  and  lead  chloride. 

The  second  reaction  is  conducted  in  the  vapor  phase  at  an  elevated  temperature  preferably  in  the 
range  from  400  0  to  700  0  C.  The  probable  mechanism  by  which  methane  is  chlorinated  is  a  series  of  free- 

55  radical  reactions.  In  the  event  that  insufficient  hydrogen  chloride  is  available  to  produce  the  required 
hexachloroethane,  chlorine  can  be  added  to  supplement  the  hexachloroethane.  Thus,  various  predetermined 
proportions  of  hydrogen  chloride  and  chlorine,  depending  on  requirements,  can  be  used  in  the  overall 
process. 

3 
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In  preferred  embodiments,  by  adjusting  the  conditions  under  which  the  second  reaction  is  carried  out, 
chlorinated  methanes  other  than  methyl  chloride  may  be  produced.  Thus,  two  substitutions  of  chlorine  into 
the  methane  molecule  will  give  methylene  chloride,  three  substitutions  provide  chloroform,  and  the 
complete  replacement  of  hydrogen  atoms  by  chlorine  produces  carbon  tetrachloride.  In  addition,  some 

5  perchloroethylene  may  be  formed  beyond  what  is  produced  from  the  decomposition  of  hexachloroethane. 
The  mix  of  these  products  depends  on  such  factors  as  the  reaction  temperature  and  the  concentrations  of 
the  intermediates.  For  example,  by  recycling  methyl  chloride  to  the  second  reaction  step,  the  net  production 
of  methyl  chloride  will  be  nil. 

As  a  feature  of  the  invention,  temperature  control  of  the  second  reaction  is  facilitated  using  hexach- 
io  loroethane  instead  of  chlorine  as  the  chlorinating  agent.  Substitution  chlorination  such  as  the  formation  of 

methyl  chloride  from  methane  and  chlorine  releases  considerable  heat.  By  contrast,  dissociation  reactions 
such  as  the  instant  decomposition  of  hexachloroethane  to  perchloroethylene  and  chlorine  absorb  a 
substantial  quantity  of  heat.  Thus,  according  to  the  present  invention,  when  these  two  reactions,  substitution 
chlorination  and  dissociation,  are  conducted  in  an  intimate  manner,  the  heat  requirements  can  be  closely 

is  balanced. 
Operation  of  the  process  is  illustrated  in  the  attached  drawing.  Air,  hydrogen  chloride  and  perch- 

loroethylene  are  fed  to  the  shell  and  tube  reactor  which  contains  the  copper  chloride  catalyst.  The  effluent 
is  cooled  sufficiently  to  condense  the  liquids.  The  inert  gases  are  vented  to  a  scrubber  while  a  separator 
decants  the  water  from  the  chlorinated  organics.  Hexachloroethane  dissolved  in  unreacted  perch- 

20  loroethylene  is  pumped  to  the  thermal  reactor  where  it  chlorinates  methane.  The  hot  vapors  from  the 
reactor  are  cooled,  the  hydrogen  chloride  is  separated  for  recycle  to  the  catalytic  reactor,  and  the 
chlorinated  solvents  are  fractionated  in  a  distillation  column  and  the  fractions  recovered.  The  perch- 
loroethylene  still  bottoms  are  returned  to  the  oxychlorination  step. 

Although  the  process  as  described  seems  rather  straightforward,  successful  operation  depends  on  the 
25  strict  adherence  to  the  following  rules: 

1.  Hexachloroethane  produced  via  oxychlorination  must  be  isolated  from  the  reaction  products  before 
being  fed  to  the  thermal  reactor.  Any  impurities,  with  the  exception  of  perchloroethylene,  must  be 
separated  from  the  hexachloroethane  in  order  to  avoid  the  formation  of  byproducts,  which  are  difficult  to 
separate  and  which  reduce  the  hydrogen  chloride  efficiency.  The  thermal  reactor  must  be  kept  under 

30  anhydrous  conditions  or  above  the  dew  point  to  prevent  severe  corrosion  problems.  All  oxygen  has  to  be 
excluded  from  the  thermal  reactor  to  avoid  burning  and  to  prevent  the  formation  of  water. 
2.  Hydrogen  chloride,  before  being  recycled  to  the  oxychlorination  reactor,  must  be  freed  of  all 
hydrocarbons  to  prevent  combustion  reactions  and  to  avoid  pollution  problems  caused  by  the  release  of 
hydrocarbons  in  the  vent  gases. 

35  3.  Perchloroethylene  that  is  reformed  in  the  thermal  reactor  must  be  isolated  from  the  product  stream 
before  being  recycled  to  the  oxychlorination  reactor.  Any  saturated  hydrocarbons  which  are  fed  to  the 
oxychlorination  reactor  will  be  subject  to  burning.  Unsaturated  hydrocarbons,  other  than  perch- 
loroethylene,  will  be  chlorinated  in  the  oxychlorination  reactor  and  eventually  lead  to  unwanted  by- 
products.  Any  volatile  impurities  will  escape  in  the  vent  gases. 

40  The  necessary  separations  of  the  recycle  streams  cannot  be  taken  for  granted.  For  example,  hexach- 
loroethane  is  very  slightly  miscible  in  water  and  thus  presents  a  challenge  in  drying  it  completely.  The 
principles  of  azeotropic  distillation  are  used  to  separate  hydrogen  chloride.  And  finally,  in  isolating 
perchloroethylene  from  the  product  stream  the  differences  in  boiling  points  determine  its  ease  of  fractiona- 
tion. 

45  The  chlorinated  solvents  produced  by  the  method  of  the  invention  are  valuable  items  of  commerce. 
Methyl  chloride  is  an  intermediate  for  the  production  of  silicones.  Methylene  chloride  is  used  as  a  propellant 
in  aerosols.  It  also  is  an  effective  paint  remover.  Both  chloroform  and  carbon  tetrachloride  are  consumed  in 
large  quantities  in  the  production  of  fluorocarbons.  Perchloroethylene,  which  is  non-flammable,  is  a  safe  and 
effective  dry  cleaning  solvent. 

50 
Claims 

1.  A  process  for  the  chlorination  of  methane  using  hydrogen  chloride  as  the  source  of  chlorine  and 
avoiding  net  production  of  hydrogen  chloride,  said  process  including  steps  operated  in  tandem: 

55  first,  subjecting  chlorinated  ethylene  consisting  essentially  of  perchloroethylene  to  oxychlorination 
with  hydrogen  chloride  and  oxygen  in  the  presence  of  an  oxychlorination  catalyst  to  give  reaction 
products  consisting  essentially  of  hexachloroethane  and  water; 

second,  isolating  said  hexachloroethane  from  the  reaction  products  of  the  first  step  and  reacting  it 

4 
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with  methane  feedstock  in  the  vapor  phase  to  produce  products  consisting  essentially  of  chlorinated 
methane,  perchloroethylene,  and  hydrogen  chloride;  and 

third,  isolating  perchloroethylene  and  hydrogen  chloride  from  hydrocarbon  products  of  the  second 
step  and  recycling  the  hydrogen  chloride  and  perchloroethylene  thus  isolated  to  the  first  step  whereby 

5  chlorination  forming  regenerated  hexachloroethane  is  accomplished,  the  process  is  operated  with  total 
utilization  of  hydrogen  chloride,  and  net  production  of  hydrogen  chloride  and  hexachloroethane  is 
avoided. 

2.  A  process  according  to  claim  1  in  which  elemental  chlorine  is  added  to  the  second  step  such  that  the 
io  second  step  comprises  the  reaction  of  chlorine  and  methane  to  produce  chlorinated  methanes  and 

hydrogen  chloride. 

3.  A  process  according  to  claim  1  in  which  partially  chlorinated  methanes  produced  in  step  2  are  recycled 
to  step  2  for  further  chlorination. 

15 
4.  A  process  according  to  claim  1  in  which  the  methane  feedstock  to  step  2  comprises  a  chlorinated 

methane  or  a  mixture  of  chlorinated  methanes. 

5.  A  process  according  to  claim  1  in  which  the  catalyst  used  in  step  1  comprises  copper  chloride  on  an 
20  inert  support. 

6.  A  process  according  to  claim  5  where  the  catalyst  comprises  an  admixture  of  copper  chloride  with  a 
salt  selected  from  the  group  consisting  of  potassium  chloride,  ferric  chloride,  and  lead  chloride. 

25  7.  A  process  according  to  claim  1  in  which  the  oxychlorination  reaction  with  perchloroethylene  is  carried 
at  temperatures  in  the  range  from  200  °  to  375  °  C. 

8.  A  process  according  to  claim  1  in  which  the  vapor  phase  reaction  of  the  second  step  is  carried  out  at 
teperatures  in  the  range  from  400  °  to  700  °  C. 

30 
Patentanspruche 

1.  Verfahren  zur  Chlorierung  von  Methan  unter  Verwendung  von  Chlorwasserstoff  als  Quelle  fur  Chlor  und 
unter  Vermeidung  einer  Nettoproduktion  von  Chlorwasserstoff,  welches  Verfahren  die  nacheinander 

35  ausgefuhrten  Schritte  umfaBt: 
dal3  zuerst  chloriertes,  im  wesentlichen  aus  Perchlorathylen  bestehendes  Athylen  in  Gegenwart 

eines  Oxychlorierungskatalysators  einer  Oxychlorierung  mit  Chlorwasserstoff  und  Sauerstoff  unterwor- 
fen  wird,  urn  im  wesentlichen  aus  Hexachlorathan  und  Wasser  bestehende  Reaktionsprodukte  zu 
ergeben; 

40  dal3  zweitens  das  Hexachlorathan  aus  den  Reaktionsprodukten  des  ersten  Schrittes  isoliert  und  mit 
dem  Ausgangsmaterial  Methan  in  der  Dampfphase  umgesetzt  wird,  urn  im  wesentlichen  aus  chlorier- 
tem  Methan,  Perchlorathylen  und  Chlorwasserstoff  bestehende  Produkte  zu  erzeugen;  und 

dal3  drittens  das  Perchlorathylen  und  der  Chlorwasserstoff  aus  den  Kohlenwasserstoffprodukten  des 
zweiten  Schrittes  isoliert  und  der  so  isolierte  Chlorwasserstoff  bzw.  das  so  isolierte  Perchlorathylen  in 

45  den  ersten  Schritt  ruckgefuhrt  werden,  wodurch  die  Chlorierung  unter  Bildung  regenerierten  Hexachlo- 
rathans  bewerkstelligt  wird,  das  Verfahren  unter  totalem  Aufbrauch  von  Chlorwasserstoff  betrieben  wird 
und  eine  Nettoproduktion  von  Chlorwasserstoff  und  Hexachlorathan  vermieden  wird. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  elementares  Chlor  im  zweiten  Schritt  zugegeben  wird,  so  dal3  der 
50  zweite  Schritt  die  Reaktion  von  Chlor  und  Methan  zur  Produktion  von  chlorierten  Methanen  und 

Wasserstoffchlorid  umfaBt. 

3.  Verfahren  nach  Anspruch  1  ,  bei  dem  im  Schritt  2  produzierte,  teilweise  chlorierte  Methane  zur  weiteren 
Chlorierung  zu  Schritt  2  ruckgefuhrt  werden. 

55 
4.  Verfahren  nach  Anspruch  1,  bei  dem  die  Methanzufuhr  zu  Schritt  2  chloriertes  Methan  oder  eine 

Mischung  aus  chlorierten  Methanen  umfaBt. 

5 
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5.  Verfahren  nach  Anspruch  1  ,  bei  dem  der  in  Schritt  1  verwendete  Katalysator  Kupferchlorid  auf  einem 
inerten  Trager  umfaBt. 

6.  Verfahren  nach  Anspruch  5,  bei  dem  der  Katalysastor  eine  Mischung  aus  Kupferchlorid  mit  einem  Salz 
5  umfaBt,  das  aus  der  aus  Kaliumchlorid,  Ferrichlorid,  und  Bleichlorid  bestehenden  Gruppe  ausgewahlt 

wird. 

7.  Verfahren  nach  Anspruch  1  ,  bei  dem  die  Oxychlorierungs-Reaktion  mit  Perchlorathylen  bei  Temperatu- 
ren  im  Bereich  von  200  °C  bis  375  °C  durchgefuhrt  wird. 

10 
8.  Verfahren  nach  Anspruch  1  ,  bei  dem  die  Dampfphasenreaktion  des  zweiten  Schrittes  bei  Temperaturen 

im  Bereich  von  400  °C  bis  700  °C  ausgefuhrt  wird. 

Revendicatlons 
15 

1.  Procede  pour  la  chloration  du  methane  en  utilisant  le  chlorure  d'hydrogene  comme  source  de  chlore  et 
en  evitant  une  production  resultante  de  chlorure  d'hydrogene,  ledit  procede  comprenant  les  etapes 
effectuees  en  tandem  consistant  a  : 

premierement,  soumettre  I'ethylene  chlore  constitue  essentiellement  de  perchloroethylene  a  une 
20  oxychloration  avec  le  chlorure  d'hydrogene  et  I'oxygene  en  presence  d'un  catalyseur  d'oxychloration 

en  vue  d'obtenir  des  produits  de  reaction  constitues  essentiellement  d'hexachloroethane  et  d'eau, 
deuxiemement,  isoler  ledit  hexachloroethane  des  produits  de  reaction  de  la  premiere  etape  et  le 

faire  reagir  avec  une  alimentation  en  methane  en  phase  vapeur  pour  obtenir  des  produits  constitues 
essentiellement  de  methane  chlore,  de  perchloroethylene  et  de  chlorure  d'hydrogene,  et 

25  troisiemement,  isoler  le  perchloroethylene  et  le  chlorure  d'hydrogene  des  produits  hydrocarbones 
de  la  seconde  etape  et  recycler  le  chlorure  d'hydrogene  et  le  perchloroethylene  ainsi  isoles  a  la 
premiere  etape,  d'ou  il  resulte  que  la  chloration  formant  de  hexachloroethane  est  realisee,  que  Ton 
effectue  le  procede  en  utilisant  completement  le  chlorure  d'hydrogene  et  que  Ton  evite  une  production 
resultante  de  chlorure  d'hydrogene  et  d'hexachloroethane. 

30 
2.  Procede  selon  la  revendication  1  ,  dans  lequel  on  ajoute  du  chlore  naturel  a  la  seconde  etape  de  telle 

maniere  que  la  seconde  etape  comprenne  la  reaction  de  chlore  et  de  methane  pour  obtenir  des 
methanes  chlores  et  du  chlorure  d'hydrogene. 

35  3.  Procede  selon  la  revendication  1  ,  dans  lequel  les  methanes  partiellement  chlores  obtenus  dans  I'etape 
2  sont  recycles  a  I'etape  2  pour  une  chloration  supplemental. 

4.  Procede  selon  la  revendication  1,  dans  lequel  I'alimentation  en  methane  a  I'etape  2  comprend  un 
methane  chlore  ou  un  melange  de  methanes  chlores. 

40 
5.  Procede  selon  la  revendication  1  ,  dans  lequel  le  catalyseur  utilise  dans  I'etape  1  comprend  du  chlorure 

de  cuivre  sur  un  support  inerte. 

6.  Procede  selon  la  revendication  5,  dans  lequel  le  catalyseur  comprend  un  melange  de  chlorure  de 
45  cuivre  avec  un  sel  choisi  a  partir  du  groupe  constitue  de  chlorure  de  potassium,  de  chlorure  ferrique  et 

de  chlorure  de  plomb. 

7.  Procede  selon  la  revendication  1,  dans  lequel  on  effectue  la  reaction  d'oxychloration  avec  du 
perchloroethylene  a  des  temperatures  situees  dans  la  plage  comprise  entre  200  °  et  375  °  C. 

50 
8.  Procede  selon  la  revendication  1  ,  dans  lequel  on  effectue  la  reaction  en  phase  vapeur  de  la  seconde 

etape  a  des  temperatures  situees  dans  la  plage  comprise  entre  400  °  et  700  °  C. 
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