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Description 

The  invention  relates  to  a  method  of  manufacturing  an  optical  fibre  having  a  hermetic  coating  of  amorphous 
carbon,  in  which  the  optical  fibre  is  formed  by  drawing  from  a  preform  after  which  it  is  immediately  brought 

5  into  contact  with  a  carbon-containing  gas  in  a  reactor  at  high  temperature. 
Optical  fibre  is  to  be  understood  to  mean  herein,  a  fibre  of  glass  or  quartz  glass  as  used  in,  for  example, 

telecommunications.  To  preclude  mechanical  damage,  such  fibres  are  generally  covered  with  a  synthetic  resin 
coating  which  comprises  various  layers.  When  the  fibres  are  used  in  an  aggressive  environment  it  is  desirable 
to  use  an  additional  hermetic  coating.  The  purpose  hereof  is  to  prevent  both  water  and  hydrogen  from  con- 

10  tacting  the  glass  fibre.  It  is  known  that  for  this  reason  a  first  layer  of  carbon  is  directly  applied  to  the  glass 
fibre.  This  first  layer,  and  the  first  synthetic  resin  coating,  are  applied  immediately  after  the  glass  fibre  has 
been  drawn,  i.e.  before  the  fibre  is  led  over  a  pulley  or  stored. 

Amethod  of  providing  a  hermetic  coating  of  amorphous  carbon  on  a  glass  fibre  is  described  in  PCT  Patent 
Application  WO  87/05831,  with  an  additional  description  by  the  inventors  S.  Ray  Chaudhuri  and  P.C.  Schultz 

15  being  published  in  Proceedings  of  SPIE,  717,  pages  27  to  32  (1986).  According  to  said  method,  a  fibre  of  quartz 
glass  is  drawn  from  a  preform  in  a  drawing  furnace.  As  is  customary  in  this  technique,  the  thickness  of  the 
fibre  is  subsequently  measured  and  the  result  is  used  to  control  the  drawing  process.  Said  measurement  is 
usually  carried  out  by  means  of  a  moving  beam  of  laser  light  and  one  or  more  detectors.  To  carry  out  the  meas- 
urement,  the  fibre  is  in  air  over  a  distance  from  10  to  15  cm  and  cools  considerably.  By  means  of  chemical 

20  deposition  from  the  vapour  phase  (CVD)  a  layer  of  amorphous  carbon  is  deposited  in  e  heated  reactor  at  a 
temperature  from  1000  to  1,100°C.  Butane  having  a  flow  rate  from  50  to  100  cm3/min.  is  used  as  the  carbon- 
containing  gas  with  a  fibre  transport  rate  of  20  m/min.  The  thickness  of  the  carbon  layer  formed  is  20  to  25 
nm  and  it  is  determined  that  the  layer  is  not  completely  hermetical.  Further  layer  of  titanium  carbide  is  applied 
to  the  carbon  layer  after  which  the  fibre  is  provided  with  a  synthetic  resin  coating  in  a  customary  manner. 

25  The  known  method  has  the  disadvantage  that  carbon  deposition  does  not  only  take  place  on  the  glass 
fibre  but  also  on  the  wall  of  the  furnace.  This  causes  the  furnace  to  become  clogged.  Moreover,  carbon  is 
formed  in  excess,  so  that  also  more  by-products  are  formed,  in  particular  hydrogen,  whereas  one  of  the  objects 
of  the  use  of  a  hermetical  coating  comprising  amorphous  carbon  is  to  arrest  hydrogen. 

It  is  an  object  of  the  invention,  inter  alia,  to  provide  a  method  of  coating  an  optical  fibre  with  a  carbon  layer 
30  at  a  high  velocity  by  means  of  a  decomposition  reaction,  in  such  a  manner  that  the  wall  of  the  furnace  remains 

clean.  Afurther  object  is  to  provide  an  amorphous  carbon  layer,  so  that  no  diffusion  along  the  grain  boundaries 
can  take  place.  The  carbon  layer  must  not  have  a  crystalline  or  diamond-like  structure.  For  this  reason,  a  plas- 
ma  deposition  method  as  described  in  United  States  Patent  Specif  ication  US  4402993  and  an  immersion  meth- 
od  using  a  colloidal  suspension  as  described  in  United  States  Patent  Specif  ication  US  41  83621  are  considered 

35  unsuitable  for  the  intended  purpose.  Moreover,  such  methods  are  too  slow  to  be  used  at  the  customary  drawing 
rates  of  at  least  5  meters  per  second.  A  particular  object  of  the  invention  is  to  provide  a  carbon  layer  of  such 
quality  that  even  diffusion  of  hydrogen  towards  the  glass  fibre  is  strongly  suppressed.  Hydrogen  may  be 
formed  in  cables  which  are  exposed  to  moisture  as  a  result  of  a  reaction  of  water  with  metals  used  in  cable 
sheaths.  The  presence  of  hydrogen  in  the  quartz  glass  fibre  leads  to  a  strong  increase  of  the  attenuation  of 

40  the  optical  signal. 
According  to  the  invention,  these  objects  are  achieved  by  a  method  as  described  in  the  opening  paragraph, 

which  is  characterized  in  that  the  fibre  is  in  contact  with  the  carbon-containing  gas  at  a  location  where  the 
temperature  of  the  fibre  is  1,100  to  1,500°C,  in  that  the  temperature  of  the  wall  of  the  reactor  is  below  800°C, 
and  in  that  the  carbon-containing  gas  comprises  an  inert  carrier  gas  whose  coefficient  of  heat  conductivity  is 

45  less  than  0.04  J/m.s.°C  at  27°C  and  1  atmosphere. 
The  high  temperature  of  the  fibre  immediately  after  it  has  been  drawn  is  used  to  initiate  the  decomposition 

reaction.  The  reactor  serves  to  supply  the  carbon-containing  gas  and  to  preclude  cooling  of  the  fibre,  but  it  is 
not  necessary  to  supply  additional  heat  via  the  furnace,  which  is  an  additional  advantage  of  the  method  ac- 
cording  to  the  invention.  By  virtue  of  the  relatively  low  wall  temperature  of  the  reactor  almost  no  carbon  is  de- 

50  posited  on  the  wall.  To  preclude  excessive  cooling  of  the  fibre  before  it  is  introduced  into  the  reactor  it  is  effi- 
cacious  to  measure  the  diameter  of  the  glass  fibre  at  the  location  where  the  glass  fibre  leaves  the  deposition 
reactor. 

In  French  Patent  Application  FR  2493302  a  description  is  given  of  a  method  of  applying  a  carbon  layer  on 
a  glass  fibre  by  using  the  high  temperature  of  the  fibre,  however,  the  carbon-containing  gas  is  supplied  to  or 

55  in  the  vicinity  of  the  location  where  the  preform  is  heated  to  enable  the  fibre  to  be  drawn.  The  majority  of  the 
carbon  deposition  takes  place  in  the  hottest  spot  near  the  conical  portion  of  the  preform  at  a  temperature  of 
approximately  2000°C.  Consequently,  a  crystalline  layer  of  pyrographite  is  formed.  Another  disadvantage  is 
that  at  said  location  the  fibre  diameter  has  not  yet  reached  the  ultimate  smallest  value,  so  that  the  carbon  layer 
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formed  may  be  subject  to  cracking. 
It  is  desirable  to  preclude  cooling  of  the  glass  fibre  in  the  reactor  to  the  extent  possible  in  order  to  achieve 

that  a  sufficient  quantity  of  amorphous  carbon  can  be  deposited  on  the  glass  fibre  at  a  high  fibre-transport 
5  rate  and  a  limited  length  of  the  reactor.  For  this  reason,  it  is  necessary  that  the  carbon-containing  gas  com- 

prises  an  inert  carrier  gas  having  a  coefficient  of  heat  conductivity  smaller  than  0.04  J/m.s.°C  at  27°C.  The 
following  Table  lists  the  coefficients  of  heat  conductivity  in  J/m.s.°C  at  27°C  and  1  atmosphere  of  a  number  of 
inert  gases  and  carbon  compounds: 
nitrogen  0.026 

10  argon  0.018 
carbon  dioxide  0.017 
methane  0.034 
ethane  0.021 
propane  0.018 

15  n-butane  0.016 
i-butane  0.016 

Carbon  compounds  which  can  suitably  be  used  to  form  carbon  by  means  of  pyrolysis  are,  for  example, 
benzene,  acetylene  and  acetone.  In  a  preferred  embodiment  of  the  method  according  to  the  invention,  the 
carbon-containing  gas  comprises  one  or  more  alkanes  having  1  to  6  carbon  atoms.  Mixtures  of  butane  with, 

20  for  example,  butene  and/or  butadiene  can  also  suitably  be  used  in  the  method  according  to  the  invention. 
In  order  to  attain  a  simple  transport  and  a  simple  control  of  the  supply,  it  is  efficacious  to  use  carbon  com- 

pounds  which  are  gaseous  at  room  temperature.  It  is  useful  to  select  compounds  which  provide  many  carbon 
atoms  in  a  given  gas  volume.  In  this  respect,  butane  and  other  carbon  compounds  having  four  carbon  atoms 
are  a  suitable  compromise,  also  because  of  their  poor  heat  conduction. 

25  If  desirable,  the  carbon  layer  may  be  doped  in  order  to  adapt  the  properties  of  the  relevant  layer  to  various 
needs,  for  example,  it  may  be  doped  with  a  few  percent  of  boron  by  adding  borane  to  the  carbon-containing 
gas. 

The  invention  will  be  explained  by  means  of  exemplary  embodiments  and  with  reference  to  the  accompa- 
nying  drawing,  in  which 

30  Figure  1  is  a  diagrammatic  representation  of  an  arrangement  which  can  suitably  be  used  in  the  method 
according  to  the  invention,  and  in  which 
Figure  2  shows  the  temperature  of  the  glass  fibre  at  different  locations  and  as  a  function  of  the  fibre-trans- 
port  rate. 

35  Example  1. 

A  glass  fibre  10  is  formed  in  known  manner  by  drawing  from  a  preform  12  in  a  furnace  14,  see  Figure  1  . 
Glass  fibre  is  to  be  understood  to  mean  herein  a  fibre  of  glass  or  quartz  glass.  The  fibre  comprises  a  core 
glass  and  a  cladding  glass  having  different  refractive  indices  (not  shown  in  Figure  1).  It  is  alternatively  possible 

40  to  use  a  fibre  whose  core  is  composed  of  glass  having  a  graded  refractive  index  from  the  inside  outwards.  The 
fibre  shown  by  way  of  example  in  Figure  1  has  a  circular  cross  section  with  a  diameter  of  125  urn. 

Immediately  afterthe  glass  fibre  10  has  been  drawn  it  is  led  through  a  carbon  deposition  reactor  16  which 
may  comprise  an  insulated  wall  1  8  or  a  heating  device  which  is  not  shown  in  Figure  1  ,  in  order  to  preclude  that 
the  glass  fibre  cools  too  rapidly.  According  to  the  invention,  the  wall  temperature  of  the  reactor  16  is  maximally 

45  8  00°C.  The  distance  between  the  bottom  side  of  the  drawing  furnace  24  and  the  reactor  16  is  approximately 
5  cm,  the  length  of  the  reactor  is  90  cm.  The  distance  from  the  conical  portion  of  the  preform  20  to  the  bottom 
side  of  the  drawing  furnace  24  is  approximately  16  cm.  The  reactor  comprises  an  inlet  aperture  22  for  the  car- 
bon-containing  gas.  It  is  advantageous  to  supply  a  hot  carbon-containing  gas  because  this  permits  the  use  of 
a  deposition  reactor  having  a  smaller  length  than  in  the  case  that  a  gas  is  used  which  has  not  been  heated 

so  previously. 
Subsequently,  the  fibre  is  led  through  a  diameter-measuring  device  26  into  a  pipe  28  having  an  inlet  aper- 

ture  30  for  an  inert  gas,  for  example  nitrogen,  argon  or  helium,  to  preclude  the  burning  of  carbon.  The  glass 
fibre  is  cooled  in  a  cooling  pipe  32  comprising  a  water-cooled  jacket  34.  Subsequently,  the  glass  fibre  is  pro- 
vided  with  one  or  more  coatings  in  a  known  manner,  which  are  composed  of,  for  example,  UV-light  curable 

55  synthetic  resin  compositions,  by  means  of  fibre-coating  devices  not  shown  in  Figure  1;  reference  is  made  to, 
for  example,  United  States  Patent  Specification  US  4758447. 

Figure  2  shows  the  temperature  T  of  the  glass  fibre  as  a  function  of  the  fibre-transport  rate  v,  at  two  dif- 
ferent  locations.  Location  A  is  at  a  distance  of  5  cm  from  the  drawing  furnace,  location  B  is  at  a  distance  of  25 
cm,  for  example  a  diameter-measuring  device  possibly  being  arranged  between  the  drawing  furnace  and  lo- 
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cation  B.  Figure  2  shows  that  when  the  fibre-transport  rate  is  sufficiently  high  the  fibre  temperature  at  location 
A  suffices  (exceeds  1100°C)  to  obtain  carbon  deposition  at  a  useful  rate. 

In  this  example  a  fibre-transport  rate  of  3.7  m/s  is  used.  Argon  with  9%  n-butane  is  used  as  the  carbon- 
5  containing  gas,  the  supply  rate  being  2.5  l/min.  Acarbon  layer  is  deposited  in  a  quantity  of  25  ng/m  and  a  thick- 

ness  of  approximately  45  nm.  The  electric  resistance  of  the  carbon  layer  measured  in  the  longitudinal  direction 
of  the  glass  fibre  is  10  kQ/cm. 

To  test  the  hermeticity  of  the  carbon  layer  the  fibre  was  subjected  to  a  treatment  in  an  autoclave.  The  glass 
fibre  was  stored  for  100  hours  in  a  hydrogen  atmosphere  at  a  pressure  of  14  MPa  and  a  temperature  of  125°C. 

10  The  increase  of  the  optical  attenuation  was  measured  at  wavelengths  of  light  from  1100  to  1250  nm  and  was 
less  than  0.05  dB/km.  In  a  comparative  test  in  which  a  glass  fibre  was  used  having  a  carbon  layer  which  was 
half  as  thick  (electric  resistance  20  kQ/cm)  the  increase  of  the  attenuation  was  20  dB/km  at  1240  nm  after  the 
fibre  had  been  stored  only  for  24  hours  in  a  hydrogen  atmosphere  at  a  pressure  of  14  MPa  and  a  temperature 
of  125°  C.  In  the  case  of  a  fibre  which  was  not  coated  with  carbon  the  transmission  could  no  longer  be  measured 

15  after  such  a  test. 

Example  2. 

Fibres  were  manufactured  according  to  the  method  described  in  the  preceding  example,  the  distance  be- 
20  tween  the  drawing  furnace  24  and  the  beginning  of  the  carbon  deposition  reactor  16  being  varied  from  4  to 

12  cm.  It  was  found  that  the  quantity  of  carbon  deposited  decreases  according  as  the  distance  to  the  conical 
portion  increases.  This  can  be  attributed  to  the  reduction  in  temperature  as  the  distances  increase.  The  de- 
crease  of  the  electric  conductivity  of  the  carbon  layer  is  more  than  proportional  to  the  quantity  by  weight  of 
carbon,  which  indicates  a  reduced  hermeticity  of  the  carbon  layer. 

25 
Example  3. 

Fibres  were  manufactured  according  to  the  method  described  in  example  1  ,  both  argon  and  nitrogen  being 
used  as  the  carrier  gas.  At  a  fibre-transport  rate  of  2.6  m/s  and  a  supply  of  butane  of  0.27  l/min  to  1  to  2.5 

30  l/min  of  the  carrier  gas  it  was  established  that  the  quantity  of  carbon  formed  decreases  slightly  according  as 
the  quantities  of  carrier  gas  increase.  When  argon  is  used,  the  quantity  of  carbon  which  is  deposited  is  ap- 
proximately  5  to  1  0%  greater  than  when  nitrogen  is  used,  which  can  be  attributed  to  the  smaller  heat  conduc- 
tivity  of  argon  and  the  higher  temperature  of  the  glass  fibre  when  argon  is  used.  The  use  of  nitrogen  or  argon 
does  not  lead  to  a  difference  in  electric  conductivity  or  hermeticity  of  the  carbon  layer  formed.  However,  when 

35  helium  is  used  as  the  carrier  gas  hardly  any  carbon  is  deposited.  In  this  case,  the  electric  resistance  is  8500 
kQ/cm  instead  of  10  kQ/cm.  This  is  brought  about  by  the  substantial  heat  conduction  in  helium.  The  coefficient 
of  heat  conductivity  of  helium  is  0.151  J/m.s.°C  at  27°C  and  1  atmosphere. 

Example  4. 
40 

Fibres  were  manufactured  according  to  the  method  described  in  example  3,  the  fibre-transport  rate  being 
4  m/s  and  the  gas  supply  2.5  l/min.,  the  butane  content  ranging  from  4  to  20%  by  volume,  argon  and  nitrogen 
being  used  as  the  carrier  gases.  The  results  are  the  same  as  in  the  preceding  example.  The  quantity  of  carbon 
deposited  largely  depends  on  the  butane  content.  In  this  manner,  it  becomes  possible  to  accurately  control 

45  the  deposition  process.  The  electric  resistance  of  the  layer  deposited  by  using  4%  by  volume  of  butane  was 
20  kQ/cm,  and  at  20%  by  volume  of  butane  the  electric  resistance  was  7  kQ/cm. 

Example  5. 

so  Fibres  were  manufactured  according  to  the  method  described  in  example  1  ,  the  fibre-transport  rate  being 
varied  from  2  to  9  m/s.  The  quantity  of  carbon-containing  gas  supplied,  being  argon  with  25%  by  volume  of 
butane,  was  2.5  l/min.  At  low  transport  rates  the  fibre  has  cooled  before  it  is  introduced  into  the  reactor  such 
that  the  carbon  deposition  is  small.  At  high  transport  rates  the  residence  time  of  the  fibre  in  the  reactor  is  so 
short  that  also  a  small  carbon  deposition  is  attained  which,  however,  is  of  high  quality,  i.e.,  the  layer  exhibits 

55  a  high  hermeticity.  Under  the  conditions  indicated,  an  optimum  result  was  obtained  at  fibre-transport  rates  from 
5  to  6  m/s. 
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Example  6. 

Fibres  were  manufactured  according  to  the  method  described  in  example  1  ,  the  fibre  diameter  being  varied 
5  from  120  to  1  30  p.m.  The  fibre-transport  rate  was  3  to  4  m/s,  the  quantity  of  carbon-containing  gas  was  1  .25 

to  2.5  l/min.  The  carbon-containing  gas  was  argon  with  10  to  25%  by  volume  of  butane.  Under  all  these  different 
conditions  it  was  found  that  an  approximately  1  0%  larger  quantity  of  carbon  was  deposited  on  the  thicker  fibre. 
This  was  attributed  to  the  larger  heat  content  of  the  thicker  fibre  which,  consequently,  has  a  somewhat  higher 
temperature  for  an  extended  period  of  time. 

10 
Example  7. 

Fibres  were  manufactured  according  to  the  method  described  in  example  1,  the  wall  temperature  of  the 
deposition  reactor  being  varied  from  600  to  900°  C.  The  fibre-transport  rate  was  4  m/s,  the  quantity  of  carbon- 

15  containing  gas  was  2.5  l/min.  The  carbon-containing  gas  consisted  of  argon  with  5  to  10%  by  volume  of  butane. 
When  the  wall  temperature  increases  from  600  to  800°C  the  quantity  of  carbon  deposited  on  the  glass  fibre 
increases  slightly.  At  higher  temperatures,  however,  the  quantity  of  carbon  on  the  glass  fibre  decreases  sub- 
stantially  as  a  result  of  the  deposition  of  carbon  on  the  wall  of  the  furnace.  Owing  to  this  the  concentration  of 
butane  decreases  and  the  quantity  of  hydrogen  increases.  The  presence  of  hydrogen  adversely  affects  the 

20  quality  of  the  glass  fibre  and,  moreover,  leads  to  an  increased  heat  conduction  of  the  carbon-containing  gas. 
The  coefficient  of  heat  conductivity  of  hydrogen  is  0.187  J/m.s.°C  at  27°C  and  1  atmosphere. 

Example  8. 

25  Fibres  were  manufactured  according  to  the  method  described  in  example  1,  n-butane  or  propane  being 
used  in  the  carbon-containing  gas.  The  fibre-transport  rate  was  4.6  m/s,  the  quantity  of  carbon-containing  gas 
was  2.5  l/min.  The  carbon-containing  gas  consisted  of  argon  with  4  to  25%  by  volume  of  butane  or  propane. 
As  a  result  of  the  larger  quantity  of  carbon  atoms  per  unit  of  volume  of  butane,  the  quantity  of  carbon  formed 
under  otherwise  equal  conditions  is  approximately  30%  larger  when  butane  is  used. 
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Claims 

1.  A  method  of  manufacturing  an  optical  fibre  having  a  hermetic  coating  of  amorphous  carbon,  in  which  the 
35  optical  fibre  is  formed  by  drawing  from  a  preform  after  which  it  is  immediately  brought  into  contact  with 

a  carbon-containing  gas  in  a  reactor  at  high  temperature,  characterized  in  that  the  fibre  is  in  contact  with 
the  carbon-containing  gas  at  a  location  where  the  temperature  of  the  fibre  is  1100  to  1500°  C,  in  that  the 
temperature  of  the  wall  of  the  reactor  is  below  800°  C  and  in  that  the  carbon-containing  gas  comprises 
an  inert  carrier  gas  whose  coefficient  of  heat  conductivity  is  less  than  0.04  J/m.s.°C  at  27°C  and  1  at- 

40  mosphere. 

2.  A  method  as  claimed  in  Claim  1  ,  characterized  in  that  the  carbon-containing  gas  comprises  one  or  more 
alkanes  with  1  to  6  carbon  atoms. 

45  3.  A  method  as  claimed  in  Claim  1  ,  characterized  in  that  the  carbon-containing  gas  comprises  one  or  more 
of  the  compounds  butadiene,  butene,  n-butane  and  i-butane. 

4.  A  method  as  claimed  in  any  one  of  the  Claims  1  up  to  and  including  3,  characterized  in  that  the  carbon 
layer  is  doped  with  boron. 
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Patentanspruche 

1.  Verfahren  zum  Herstellen  einer  optischen  Faser  mit  einer  hermetisch  abschlielienden  Bedeckung  aus 

55  amorphem  Kohlenstoff,  wobei  nach  diesem  Verfahren  die  optische  Faser  in  einem  Ziehvorgang  aus  einer 
Vorform  gebildet  und  unmittelbar  danach  in  einem  Reaktor  bei  hoher  Temperatur  mit  einem  kohlenstoff- 
haltigen  Gas  in  Kontakt  gebracht  wird,  dadurch  gekennzeichnet,  dali  die  Faser  mit  dem  kohlenstoff  halti- 
gen  Gas  an  einer  solchen  Stelle  in  Beruhrung  ist,  wo  die  Temperatur  der  Faser  1100  bis  1500°C  betragt, 
dali  die  Wand  des  Reaktors  eine  Temperatur  aufweist  von  weniger  als  800°C,  und  dali  das  kohlenstoff- 
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haltige  Gas  ein  inertes  Tragergas  aufweist,  dessen  Warmeleitkoeff  izient  niedriger  ist  als  0,04  J/m.s.  °C 
bei  27°C  und  1  at. 

2.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  das  kohlenstoff  haltige  Gas  ein  oder  mehrere 
Alkane  mit  1  bis  6  Kohlenstoffatomen  aufweist. 

3.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  das  kohlenstoff  haltige  Gas  eine  oder  mehrere 
der  Verbindungen  Butadien,  Buten,  n-Butan  und  i-Butan  aufweist. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3,  dadurch  gekennzeichnet,  dali  die  Kohlenstoffschicht  mit 
Bor  dotiert  ist. 

Revendications 

1.  Precede  de  fabrication  d'une  fibre  optique  presentant  un  revetement  hermetique  en  carbone  amorphe, 
suivant  lequel  la  fibre  optique  est  formee  par  etirage  a  partir  d'une  preforme  pour  etre  immediatement 
mise  en  contact  avec  un  gaz  contenant  du  carbone  dans  un  reacteur  a  haute  temperature,  caracterise  en 
ce  que  la  fibre  est  en  contact  avec  le  gaz  contenant  du  carbone  dans  une  position  ou  la  temperature  de 
la  fibre  est  comprise  entre  1  1  00  et  1  500°C,  en  ce  que  la  temperature  de  la  paroi  du  reacteur  est  inferieure 
a  800°C,  et  en  ce  que  le  gaz  contenant  du  carbone  comporte  un  gaz  porteur  inerte  dont  le  coefficient  de 
conductivity  thermique  est  inferieur  a  0,04  J/m.s.  °C  a  27°C  et  a  1  atmosphere. 

2.  Precede  selon  la  revendication  1  ,  caracterise  en  ce  que  le  gaz  contenant  du  carbone  comporte  un  ou  plu- 
sieurs  alcanes  renfermant  1  jusqu'a  6  atomes  de  carbone. 

3.  Precede  selon  la  revendication  1  ,  caracterise  en  ce  que  le  gaz  contenant  du  carbone  comporte  un  ou  plu- 
sieurs  composes  de  butadiene,  de  butene,  de  n-butane  et  de  i-butane. 

4.  Precede  selon  I'une  quelconque  des  revendications  1  a  3,  caracterise  en  ce  que  la  couche  de  carbone 
est  dopee  de  bore. 
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