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Description 

The  present  invention  relates  to  an  apparatus 
for  steam  reforming  to  convert  hydrocarbons  such 
as  methane  into  hydrogen,  ammonia,  methanol, 
oxo  gas,  town  gas,  etc.  More  particularly,  it  is 
concerned  with  a  hydrocarbon  reforming  apparatus 
which  has  a  high  thermal  efficiency,  is  compact  in 
size,  and  reduces  the  cost  of  reforming  catalysts. 

There  are  several  known  reforming  ap- 
paratuses  for  converting  hydrocarbons  (such  as 
fuel  oil,  naphtha,  and  natural  oil)  into  reformed  gas 
(which  is  a  combustible  gas  composed  of  hydrogen 
as  a  principal  component  and  carbon  monoxide, 
carbon  dioxide,  and  methane)  by  mixing  the  feed- 
stock  with  steam  and  passing  the  mixture  through  a 
catalyst  layer.  They  are  disclosed  in  Japanese  Pat- 
ent  Laid-open  Nos.  78992/1978,  79766/1978, 
90862/1981,  and  63783/1983,  and  Japanese  Patent 
Publication  No.  7538/1982.  They  are  of  double-pipe 
structure  in  which  the  hydrocarbon  feedstock  for 
reforming  is  passed  through  a  reaction  tube  which 
is  filled  with  a  catalyst  and  heated  externally  by  a 
combustion  gas  from  a  burner.  The  double-pipe 
structure  improves  the  thermal  efficiency  and 
makes  the  apparatus  compact. 

There  is  another  known  reforming  apparatus 
disclosed  in  Japanese  Patent  Laid-open  No. 
102801/1984.  It  is  made  up  of  a  reactor  of  triple- 
pipe  structure  and  a  combustion  chamber  sur- 
rounding  the  reactor.  It  is  designed  such  that  the 
combustion  gas  from  the  combustion  chamber 
passes  through  the  central  tube  of  the  reactor  and 
the  feedstock  passes  through  the  middle  tube  and 
then  the  outer  tube  in  the  direction  opposite  to  that 
in  which  the  combustion  gas  flows.  While  passing 
through  the  reactor,  the  feedstock  receives  heat 
necessary  for  steam  reforming  which  is  an  en- 
dothermic  reaction. 

The  above-mentioned  reforming  apparatus, 
however,  is  not  satisfactory  in  performance.  It  is 
poor  in  thermal  efficiency  as  indicated  by  the  fact 
that  it  discharges  the  exhaust  gas  at  a  considerably 
high  temperature.  It  does  not  heat  the  reactor  uni- 
formly,  nor  does  it  utilize  the  heat  of  the  combus- 
tion  gas  efficiently.  Furthermore,  it  is  not  compact 
because  it  needs  a  thick  insulation  layer. 

EP-A-1  95688  discloses  a  reforming  apparatus 
comprising  a  reactor  including  catalyst  compart- 
ments  for  holding  a  given  volume  of  the  steam 
reforming  catalyst  suitable  for  receiving  through  the 
compartment  walls  by  indirect  heat  exchange  the 
necessary  heat  for  heating  the  process  gas  and  for 
endothermic  reactions  occurring  in  the  process  gas 
during  its  passage  therethrough; 

one  or  more  passageways  for  passing  the  feed 
stream  from  an  inlet  extending  through  the  pres- 
sure  shell  to  the  catalyst  compartments,  and,  as 

the  process  gas,  further  through  a  first  portion  of 
the  volume  constituting  25%  to  75%  thereof,  and 
still  further  through  a  final  portion  of  the  volume 
constituting  the  remainder  thereof; 

5  one  or  more  passageways  for  passing  the 
product  stream  from  the  final  portion  to  and  in 
indirect  heat  exchange  contact  with  such  part  of 
the  compartments,  which  holds  the  first  portion,  for 
supply  of  heat  from  the  product  stream  to  the 

io  process  gas  passing  therethrough  and  for  further 
passing  the  product  stream  to  an  outlet  through  the 
pressure  shell; 

a  burner  for  generating  a  hot  flue  gas  by 
combustion; 

75  passageways  for  passing  the  hot  flue  gas  from 
the  burner  to  and  in  indirect  heat  exchange  contact 
with  such  part  of  the  compartments,  which  holds 
the  final  portion,  for  supply  of  heat  from  the  hot  flue 
gas  to  the  process  gas  passing  therethrough  and 

20  thereby  being  cooled  to  form  a  moderately  hot  flue 
gas; 

passageways  for  passing  the  moderately  hot 
flue  gas  to  and  in  indirect  heat  exchange  contact 
with  such  part  of  the  compartments,  which  holds 

25  the  first  portion,  for  supply  of  heat  from  the  mod- 
erately  hot  flue  gas  to  the  process  gas  passing 
therethrough  and  thereby  being  cooled  to  form  a 
cooled  flue  gas;  and 

passageways  for  passing  the  cooled  flue  gas 
30  to  an  outlet  extending  through  the  pressure  shell. 

We  will  describe  a  hydrocarbon  reforming  ap- 
paratus  which  utilizes  the  catalyst  effectively  and 
performs  the  reforming  reaction  efficiently. 

We  will  describe  a  hydrocarbon  reforming  ap- 
35  paratus  which  has  a  compact  size  on  account  of  its 

simplified  insulation  structure. 
We  will  describe  a  hydrocarbon  reforming  ap- 

paratus  which  has  an  improved  thermal  efficiency 
(owing  to  the  improved  insulation  structure)  and 

40  hence  has  an  improved  reforming  efficiency. 
According  to  the  present  invention  there  is 

provided  a  hydrocarbon  reforming  apparatus  hav- 
ing  a  furnace  casing,  a  combustion  gas  passage 
formed  in  the  furnace  casing,  a  cylindrical  reactor 

45  which  is  made  up  of  multilayered  passages  ar- 
ranged  concentrically  around  the  combustion  gas 
passage,  with  the  multilayered  passages  being 
filled  with  catalysts,  a  combustion  gas  discharge 
passage  communicating  with  the  combustion  gas 

50  passage,  and  a  feedstock  gas  intake  passage  com- 
municating  with  any  one  of  the  multilayered  pas- 
sages,  characterised  in  that  the  combustion  gas 
discharge  passage  is  arranged  on  the  inside  of 
either  of  the  outer  passage  of  the  multilayered 

55  passages  or  the  feedstock  gas  intake  passage,  so 
that  the  combustion  gas  discharge  passage  is  sep- 
arated  from  the  furnace  casing  and  such  that  the 
feedstock  gas  intake  passage  acts  as  a  gas-phase 
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heat  insulation  layer. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1,  4,  and  5  are  sectional  views  showing 
the  embodiments  of  the  present  invention.  Figs.  2 
and  3  are  graphs  showing  the  temperature  distribu- 
tion  of  the  combustion  gas  and  feedstock  gas  in 
the  reforming  apparatuses  of  parallel  flow  type  and 
countercurrent  flow  type.  Fig.  6  is  a  graph  showing 
the  temperature  distribution  in  the  apparatus  as 
shown  in  Fig.  5. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

The  preferred  hydrocarbon  reforming  appara- 
tus  of  the  present  invention  has  a  reactor  made  up 
of  concentric  multilayered  passages,  a  combustion 
gas  passage  adjacent  to  the  innermost  passage  of 
the  reactor,  and  a  combustion  gas  discharge  pas- 
sage  which  communicates  with  said  combustion 
gas  passage  and  is  adjacent  to  the  outermost  pas- 
sage  of  the  reactor.  This  structure  causes  the  com- 
bustion  gas  to  heat  the  reactor  at  the  innermost 
layer  thereof  and  then  to  pass  through  the  combus- 
tion  gas  discharge  passage.  Therefore,  this  struc- 
ture  dispenses  with  the  thick  insulation  required  by 
the  conventional  reforming  apparatus  in  which  the 
combustion  gas  flows  from  the  outside  to  the  in- 
side.  In  addition,  this  structure  permits  a  feedstock 
intake  passage  to  be  formed  on  the  periphery  of 
the  combustion  gas  discharge  passage.  The  thus 
formed  outer  passage  functions  as  a  gas-phase 
insulation  layer,  contributing  to  the  simplified  in- 
sulation  structure.  (In  other  words,  in  the  case 
where  the  feedstock  intake  passage  is  formed  ar- 
ound  the  combustion  gas  discharge  passage,  the 
heat  of  the  combustion  gas  being  exhausted  is 
insulated  by  the  feedstock  gas  which  is  not  yet 
preheated.) 

The  above-mentioned  structure  offers  an  ad- 
vantage  that  the  feedstock  gas  enters  the  mul- 
tilayered  passages  of  the  reactor  after  it  has  been 
preheated  during  its  passage  through  the  feedstock 
intake  passage  formed  around  the  combustion  gas 
discharge  passage.  This  prevents  the  feedstock 
gas  from  being  heated  rapidly  in  the  reactor  and 
hence  prevents  the  carbon  deposition. 

An  alternative  structure  in  which  the  combus- 
tion  gas  discharge  passage  is  formed  between  the 
outer  passage  and  inner  passage  of  the  reactor, 
offers  an  advantage  that  the  outer  passage  func- 
tions  as  a  gas-phase  insulation  layer  for  the  com- 
bustion  gas  discharge  passage,  thereby  reducing 
the  thermal  load  of  the  insulation  layer.  This  leads 
to  the  effect  of  increasing  the  thermal  efficiency, 
reducing  the  thickness  of  the  insulation  layer  con- 

stituting  the  furnace  casing,  and  making  the  entire 
apparatus  compact.  In  addition,  this  structure  per- 
mits  the  heat  of  the  combustion  gas  to  be  trans- 
ferred  sufficiently  to  the  reactor,  with  the  result  that 

5  the  exhaust  gas  has  such  a  low  temperature  that 
the  flue  can  be  made  of  general-purpose  refractory. 
This  contributes  to  the  reduction  of  installation  cost. 
Moreover,  supplying  the  sensible  heat  of  the  com- 
bustion  gas  to  both  the  inner  layer  passage  and  the 

io  outer  layer  passage  improves  the  efficiency  of  heat 
utilization. 

In  the  meantime,  there  are  two  systems  for  the 
introduction  of  feedstock  gas  into  the  reactor.  One 
is  the  parallel  flow  system  in  which  the  feedstock 

is  gas  and  the  combustion  gas  flow  in  the  same 
direction.  (In  other  words,  the  feedstock  gas  flows 
from  the  inner  layer  to  the  outer  layer  of  the 
multilayered  passages.)  The  other  is  the  counter- 
current  flow  system  in  which  the  feedstock  gas  and 

20  the  combustion  gas  flow  in  the  opposite  directions. 
(In  other  words,  the  feedstock  gas  flows  in  the 
direction  opposite  to  that  in  which  the  combustion 
gas  flows.)  In  the  case  of  the  countercurrent  flow 
system,  the  feedstock  gas  and  combustion  gas 

25  change  in  temperature  as  they  flow  along  the  pas- 
sages,  as  shown  in  Fig.  3.  (The  curve  MG  repre- 
sents  the  feedstock  gas  and  the  curve  BG  repre- 
sents  the  combustion  gas.)  It  is  noted  that  the 
feedstock  gas  increases  in  temperature  while  it 

30  passes  through  the  reactor's  outer  passage  adja- 
cent  to  the  combustion  gas  discharge  passage. 
However,  the  temperature  rise  in  the  countercurrent 
flow  system  is  gentler  than  that  in  the  parallel  flow 
system,  because  the  gas  temperature  in  the  com- 

35  bustion  gas  discharge  passage  is  lower  than  that  in 
the  combustion  gas  passage,  as  mentioned  above. 
The  feedstock  gas  comes  into  contact  with  the 
high-temperature  combustion  gas  only  when  it  has 
reached  the  inner  passage  of  the  reactor.  There- 

40  fore,  the  temperature  difference  between  the  feed- 
stock  gas  (or  reformed  gas)  and  the  combustion 
gas  at  the  feedstock  gas  inlet  is  smaller  than  that  in 
the  parallel  flow  system.  This  inevitably  leads  to  a 
low  efficiency  in  the  utilization  of  the  heat  of  the 

45  combustion  gas.  On  the  other  hand,  the  combus- 
tion  gas  in  the  combustion  gas  discharge  passage 
has  a  comparatively  low  temperature,  and  the  re- 
formed  gas  being  discharged  has  a  considerably 
high  temperature  because  the  outlet  of  the  inner 

50  passage  of  the  reactor  is  in  contact  with  the  com- 
bustion  gas  having  a  comparatively  high  tempera- 
ture.  This  makes  it  necessary  to  install  a  cooler  or 
heat-exchanger  to  cool  the  reformed  gas  to  a  pre- 
scribed  temperature. 

55  By  contrast,  in  the  case  of  the  parallel  flow 
system  in  which  the  feedstock  gas  flows  through 
the  inner  passage  of  the  reactor  and  then  through 
the  outer  passage  of  the  reactor,  the  feedstock  gas 

3 
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and  combustion  gas  change  in  temperature  as  they 
flow  along  the  passages,  as  shown  in  Fig.  2.  In  the 
parallel  flow  system,  the  feedstock  gas  is  intro- 
duced  into  the  inner  passage  which  is  in  contact 
with  the  high-temperature  region  of  the  combustion 
gas  passage;  therefore,  the  temperature  difference 
between  the  feedstock  gas  and  the  combustion  gas 
at  the  feedstock  gas  inlet  is  considerably  large. 
This  leads  to  a  higher  efficiency  of  the  utilization  of 
the  heat  of  the  combustion  gas  than  in  the  above- 
mentioned  countercurrent  flow  system.  The  feed- 
stock  gas  (reformed  gas)  which  has  passed 
through  the  inner  passage  and  then  the  outer  pas- 
sage  comes  into  contact  with  the  combustion  gas 
which  is  being  discharged  and  has  a  comparatively 
low  temperature,  at  the  outlet  of  the  reactor.  This 
leads  to  a  lower  temperature  of  the  reformed  gas 
than  in  the  above-mentioned  countercurrent  flow 
system.  Therefore,  the  parallel  flow  system  does 
not  need  the  cooler  or  heat-exchanger  to  cool  the 
reformed  gas.  This  is  desirable  from  the  standpoint 
of  making  the  apparatus  compact. 

Regardless  of  whether  the  parallel  flow  system 
or  countercurrent  flow  system  is  employed,  the 
reforming  reaction  should  be  carried  out  slowly 
because  any  abrupt  reaction  causes  carbon  depo- 
sition  harmful  to  the  catalyst.  According  to  the 
present  arrangement,  therefore,  the  far  upstream 
part  of  the  reactor  is  filled  with  a  low-activity  cata- 
lyst  so  that  the  feedstock  gas  undergoes  preheat- 
ing  and  reforming  reaction  slowly  there.  The  reac- 
tor's  middle  part  adjacent  to  the  far  upstream  part 
is  filled  with  a  high-activity  catalyst  so  that  the 
preheated  feedstock  gas  undergoes  the  reforming 
reaction  there  on  a  full  scale.  The  far  downstream 
part  is  filled  with  a  low-activity  catalyst,  in  which 
the  reforming  reaction  is  near  completion  and  a 
high-activity  catalyst  is  not  necessary  any  longer. 
Distributing  the  catalysts  of  different  activities  to 
adequate  parts  in  the  reactor  lowers  the  cost  of  the 
catalyst  and  prevents  the  carbon  deposition. 

It  is  desirable  from  the  standpoint  of  manufac- 
turing  and  thermal  efficiency  that  the  multilayered 
passages  of  the  reactor,  the  feedstock  gas  intake 
passage,  and  the  combustion  gas  discharge  pas- 
sage  should  be  of  concentric  circular  structure. 
However,  they  may  also  be  constructed  in  coil  form 
or  in  any  other  forms. 

For  reasons  mentioned  above,  it  is  desirable 
that  the  feedstock  gas  intake  passage  should  be 
formed  on  and  in  contact  with  the  periphery  of  the 
reactor  pipe.  However,  in  the  case  where  a  com- 
pact  apparatus  is  preferred,  it  is  possible  that  the 
feedstock  gas  may  be  introduced  directly  into  the 
multilayred  passages  of  the  reactor  without  being 
brought  into  contact  with  the  periphery  of  the  reac- 
tor. 

EXAMPLE  1 

The  first  embodiment  of  the  present  invention 
is  shown  in  section  in  Fig.  1.  It  is  a  hydrocarbon 

5  reforming  apparatus  for  fuel  cells.  There  are  shown 
a  cylindrical  reactor  at  /,  a  feedstock  intake  pas- 
sage  at  2,  a  burner  at  3,  a  combustion  gas  pas- 
sage  at  4,  a  furnace  casing  at  5,  and  a  combustion 
gas  discharge  passage  at  42. 

io  The  cylindrical  reactor  /  is  made  up  of  an 
inner  cylinder  //,  a  middle  cylinder  12,  and  an 
outer  cylinder  13,  which  are  arranged  concentri- 
cally  at  certain  intervals.  An  inner  passage  14  is 
formed  between  the  inner  cylinder  /  /  and  the 

is  middle  cylinder  12,  and  an  outer  passage  15  is 
formed  between  the  middle  cylinder  12  and  the 
outer  cylinder  13.  The  inner  passage  14  and  the 
outer  passage  15  communicate  with  each  other, 
with  the  inner  cylinder  /  /  and  the  outer  cylinder  13 

20  connected  to  each  other  at  their  bottom  and  the 
middle  cylinder  12  having  its  lower  end  a  little 
raised.  The  inner  passage  14  and  the  outer  pas- 
sage  15  are  filled  with  alumina-nickel  reforming 
catalysts  Si  and  S2,  respectively.  The  upper  end  of 

25  the  inner  cylinder  /  /  is  extended  and  fixed  to  the 
cover  51  so  that  the  cylindrical  reactor  /  is  sus- 
pended  in  the  furnace  casing  5. 

The  feedstock  intake  passage  2  is  formed 
along  the  inside  wall  of  the  furnace  casing  5.  The 

30  lower  end  of  the  feedstock  intake  passage  2  is 
connected  to  the  inlet  pipe  21  passing  through  the 
furnace  casing  5.  The  upper  end  of  the  feedstock 
intake  passage  2  is  connected  to  the  inner  passage 
14  of  the  cylindrical  reactor  /  through  a  pipe  22.  A 

35  manifold  61  is  arranged  over  and  concentrically 
with  the  cylindrical  reactor  /.  To  the  manifold  61 
are  connected  branch  pipes  62  coming  from  the 
outer  passage  15  of  the  cylindrical  reactor  /.  The 
manifold  61  leads  to  a  reformed  gas  outlet  pipe  63 

40  which  passes  through  the  furnace  casing  5. 
The  central  space  of  the  cylindrical  reactor  / 

functions  as  the  combustion  gas  passage  4.  In  the 
upper  part  of  the  central  space  is  the  burner  3 
which  is  supported  downwardly  by  the  cover  51. 

45  The  end  of  the  burner  31  is  covered  with  refractory 
tiles  31.  The  space  between  the  cylindrical  reactor 
/  and  the  feedstock  gas  intake  passage  2  functions 
as  the  combustion  gas  discharge  passage  42, 
which  communicates  with  the  combustion  gas  pas- 

50  sage  4  at  its  lower  part.  The  intermediate  part  of 
the  combustion  gas  discharge  passage  42  is  filled 
with  alumina  balls  B  or  Raschig  rings  B,  so  that  the 
combustion  gas  has  an  extended  residence  time 
and  performs  efficient  heat  transfer.  The  upper  end 

55  of  the  combustion  gas  discharge  passage  42  com- 
municates  with  the  combustion  gas  exhaust  pipe 
43  passing  through  the  cover  51.  Incidentally,  the 
furnace  casing  5  and  the  cover  51  are  made  of  a 

4 
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heat  insulating  material. 
The  reforming  apparatus  constructed  as  men- 

tioned  above  is  operated  in  the  following  manner.  A 
fuel  (such  as  methane)  and  air  are  fed  to  the 
burner  3  to  generate  a  high-temperature  combus- 
tion  gas.  The  combustion  gas  flows  downward 
through  the  combustion  gas  passage  4  which  is  at 
the  center  of  the  apparatus.  It  turns  around  the 
lower  end  of  the  cylindrical  reactor  /  and  then 
flows  upward  through  the  combustion  gas  dis- 
charge  passage  42,  leaving  the  combustion  gas 
exhaust  pipe  43. 

On  the  other  hand,  a  feedstock  gas  composed 
of  gaseous  hydrocarbons  (such  as  natural  gas)  and 
steam  is  fed  through  the  feedstock  gas  intake 
passage  2.  It  flows  through  the  pipe  22  and  then 
flows  downward  through  the  inner  passage  14  of 
the  cylindrical  reactor  /.  It  turns  around  the  lower 
part  and  flows  upward  through  the  outer  passage 
15.  The  feedstock  gas  receives  heat  and  under- 
goes  reforming  reaction  (yielding  a  reformed  gas 
composed  mainly  of  hydrogen  and  carbon  monox- 
ide)  while  it  passes  through  the  catalyst  layers  in 
the  inner  passage  14  and  the  outer  passage  15. 
The  reformed  gas  enters  the  manifold  61  through 
the  branch  pipe  62  from  the  upper  end  of  the  outer 
passage  15.  It  finally  leaves  the  reformed  gas 
outlet  pipe  63.  Incidentally,  the  feedstock  gas  re- 
ceives  heat  from  the  combustion  gas  passage  4 
and  the  combustion  gas  discharge  passage  42  by 
radiation  and  conduction  through  the  filler. 

In  the  case  of  this  embodiment,  the  feedstock 
gas  and  the  combustion  gas  flow  in  the  parallel 
directions,  as  will  be  understood  from  the  above 
explanation  and  Fig.  1.  Therefore,  there  is  a  big 
difference  in  temperature  between  the  two  gases  at 
the  feedstock  gas  inlet,  as  shown  in  Fig.  2.  This 
leads  to  a  high  efficiency  of  heat  utilization.  In 
addition,  the  high-temperature  combustion  gas  pro- 
duced  immediately  after  combustion  provides  heat 
which  increases  the  activity  of  the  catalyst  layer. 
This  leads  to  an  improved  reforming  efficiency  per 
unit  volume  of  catalyst.  As  the  result,  the  reactor  in 
this  embodiment  can  be  run  with  a  less  amount  of 
catalyst  than  the  conventional  one,  and  hence  it 
can  be  compact  in  size.  The  apparatus  as  shown  in 
Fig.  1  will  be  able  to  generate  several  thousand 
cubic  meters  of  hydrogen  per  hour. 

The  reforming  apparatus  in  this  example  has 
another  advantage.  The  upper  part  of  the  inner 
passage  14  of  the  cylindrical  reactor  /  is  filled  with 
a  low-activity  catalyst  Si  ,  so  that  the  feedstock  gas 
undergoes  sufficient  preheating  and  slow  reforming 
reaction  there.  And  the  remaining  part  of  the  inner 
passage  14  is  filled  with  a  high-activity  catalyst  S2, 
so  that  the  feedstock  gas  undergoes  reforming 
reaction  on  a  full  scale  there.  The  feedstock  gas 
which  has  already  undergone  partial  reforming  re- 

action  is  not  subject  to  the  abrupt  reaction  which 
causes  carbon  deposition.  Incidentally,  the  layer  of 
the  low-activity  catalyst  should  preferably  be  100- 
300  mm  long  to  avoid  the  rapid  temperature 

5  change  and  to  permit  the  sufficient  preheating  of 
the  feedstock  gas. 

The  reforming  apparatus  in  this  example  has 
further  another  advantage  resulting  from  the  fact 
that  the  combustion  gas  and  the  feedstock  gas  flow 

10  in  the  parallel  directions.  In  other  words,  the  feed- 
stock  gas  which  has  not  yet  received  heat  from  the 
combustion  gas  flows  through  the  upper  part  of  the 
inner  passage  14  which  is  adjacent  to  the  fresh 
combustion  gas.  Therefore,  the  wall  of  the  inner 

15  cylinder  /  /  is  cooled,  so  that  the  wall  of  the  cylin- 
drical  reactor  /  has  the  temperature  distribution  as 
indicated  by  the  broken  line  (W)  in  Fig.  2.  That  is, 
the  wall  temperature  (W)  is  lower  than  that  in  the 
reforming  apparatus  of  countercurrent  flow  type 

20  mentioned  later.  This  suggests  that  the  cylindrical 
reactor  /  can  be  made  of  a  low-grade  material  to 
reduce  the  installation  cost. 

The  reforming  apparatus  in  this  example  has 
another  feature  in  that  the  feedstock  gas  in  the 

25  feedstock  gas  intake  passage  2  is  preheated  by 
heat  exchange  with  the  combustion  gas  in  the 
combustion  gas  discharge  passage  42  and  the 
combustion  gas  is  cooled  as  the  result  of  this  heat 
exchange.  In  other  words,  the  temperature  of  the 

30  combustion  gas  is  lower  than  in  the  case  where  the 
feedstock  gas  is  introduced  directly  into  the  cylin- 
drical  reactor  /  instead  of  being  introduced  through 
the  feedstock  gas  intake  passage.  As  the  result,  the 
temperature  of  the  reformed  gas  is  low  at  the  exit 

35  of  the  outer  passage  15. 
The  most  important  advantage  of  the  reforming 

apparatus  in  this  example  is  that  the  insulation  (P) 
of  the  furnace  casing  5  can  be  made  thin  for 
reasons  that  follow.  The  combustion  gas  discharge 

40  passage  4  on  the  periphery  of  the  cylindrical  reac- 
tor  passes  the  combustion  gas  having  a  lower 
temperature  than  the  fresh  combustion  gas  emerg- 
ing  from  the  burner,  and  the  combustion  gas  dis- 
charge  passage  42  is  surrounded  by  the  feedstock 

45  gas  intake  passage  2,  which  functions  as  an  insula- 
tion  layer.  This  structure  greatly  reduces  the  ther- 
mal  load  applied  to  the  furnace  casing  compared 
with  the  conventional  one.  Thus,  the  thickness  of 
the  insulation  material,  which  is  necessary  to  keep 

50  the  outside  of  the  furnace  casing  below  60  °C  for 
safety,  can  be  reduced  to  about  one-half  to  two- 
thirds  of  that  in  the  case  where  the  combustion  gas 
discharge  passage  is  not  surrounded  by  the  gas 
intake  passage  2.  The  thinner  the  insulation  ma- 

55  terial,  the  compacter  the  reforming  apparatus. 
In  the  meantime,  the  filler  (B)  in  the  combustion 

gas  discharge  passage  4  varies  the  residence  time 
of  the  combustion  gas  and  hence  adjusts  the  de- 

5 
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gree  of  heat  exchange  depending  on  its  amount 
and  kind.  However,  the  filler  (B)  is  not  essential. 

The  above-mentioned  reforming  apparatus  may 
be  modified  such  that  the  feedstock  gas  inlet  pipe 
21  is  connected  directly  to  the  inner  layer  14.  In 
this  case,  the  apparatus  would  be  made  much 
compacter. 

EXAMPLE  2 

The  second  embodiment  of  the  present  inven- 
tion  is  shown  in  section  in  Fig.  4.  It  is  of  counter- 
current  flow  type,  with  the  feedstock  gas  and  the 
combustion  gas  flowing  in  the  opposite  directions. 
The  apparatus  shown  in  Fig.  4  is  similar  in  struc- 
ture  to  that  shown  in  Fig.  1.  The  upper  end  of  the 
feedstock  gas  intake  passage  2  is  connected  to  the 
outer  passage  15a  of  the  cylindrical  reactor  /  via 
the  pipe  22a,  and  the  manifold  61a  is  connected  to 
the  upper  end  of  the  inner  passage  14a  via  the 
branch  pipes  62a.  Therefore,  the  feedstock  gas  fed 
from  the  feedstock  gas  intake  passage  flows  down- 
ward  through  the  outer  passage  15a  adjacent  to 
the  combustion  gas  discharge  passage  14,  and  it 
turns  around  the  lower  part  and  flows  upward 
through  the  inner  passage  14a.  As  the  result,  the 
feedstock  gas  (or  reformed  gas)  flows  in  the  direc- 
tion  opposite  to  that  in  which  the  combustion  gas 
flows. 

The  reforming  apparatus  in  this  example  pro- 
duces  the  fundamental  effect  of  the  present  inven- 
tion.  In  other  words,  the  thickness  of  the  insulation 
material  (P)  can  be  reduced  to  a  great  extent 
because  the  combustion  gas  having  a  compara- 
tively  low  temperature  flows  outside  the  cylindrical 
reactor  and  the  combustion  gas  is  insulated  by  the 
feedstock  gas  flowing  along  the  outside  of  the 
combustion  gas. 

Incidentally,  the  reforming  apparatuses  shown 
in  Figs.  1  and  4  may  be  used  in  any  position- 
vertical,  horizontal,  inclined,  or  inverted.  In  addition, 
the  combustion  gas  passage  at  the  center  may  be 
filled  with  an  alumina-based  combustion  catalyst. 

EXAMPLE  3 

The  third  embodiment  of  the  present  invention 
is  shown  in  section  in  Fig.  5.  This  reforming  ap- 
paratus  is  enclosed  in  the  container  formed  by  the 
insulation  material  (P).  It  has  an  inner  reactor  /  - 
(which  is  a  cylindrical  inner  passage)  and  an  outer 
reactor  2  (which  is  a  cylindrical  outer  passage), 
which  are  arranged  concentrically,  with  a  cylindrical 
gap  interposed  between  them.  The  cylindrical  gas 
functions  as  the  combustion  gas  discharge  pas- 
sage  42.  The  inner  reactor  /  forms  the  central 
space  which  functions  as  the  combustion  gas  pas- 
sage  4.  The  combustion  gas  passage  4  commu- 

nicates  with  the  combustion  gas  discharge  passage 
42  at  its  lower  end.  In  the  upper  part  of  the 
combustion  gas  passage  4  is  the  burner  3  which  is 
supported  downwardly  by  the  cover  51.  The  inner 

5  reactor  /  and  the  outer  reactor  2  are  of  double 
layered  structure.  The  inside  of  the  reactors  /  and 
2  is  divided  into  the  feedstock  gas  downward  pas- 
sages  la  and  2a  (which  are  of  cylindrical  shape) 
and  the  feedstock  gas  upward  passages  lb  and  2b 

io  (which  are  of  cylindrical  or  tubular  shape).  They 
communicate  with  each  other  at  their  lower  end. 
The  feedstock  gas  downward  passages  la  and  2a 
are  filled  with  a  nickel-alumina  reforming  catalyst 
(S).  In  the  case  of  this  embodiment,  the  feedstock 

is  gas  downward  passage  2a  of  the  outer  reactor  2  is 
connected  to  the  feedstock  gas  intake  passage  21 
and  the  feedstock  gas  upward  passage  lb  of  the 
inner  reactor  /  is  connected  to  the  reformed  dis- 
charge  pipe  63.  Moreover,  the  feedstock  gas  up- 

20  ward  passage  2b  of  the  outer  reactor  2  and  the 
feedstock  gas  downward  passage  la  of  the  inner 
reactor  /  are  connected  to  each  other  through  the 
pipe  22.  The  waste  combustion  gas  discharge  pas- 
sage  42  is  filled  with  a  heat  transfer  material  such 

25  as  alumina  balls  and  Raschig  rings  D,  and  the 
upper  end  of  the  combustion  gas  discharge  pas- 
sage  42  is  connected  to  the  combustion  gas  ex- 
haust  pipe  43. 

When  the  reforming  apparatus  of  this  example 
30  is  in  operation,  the  feedstock  gas  fed  through  the 

feedstock  gas  inlet  pipe  21  flows  downward 
through  the  feedstock  gas  downward  passage  2a 
of  the  outer  reactor  2  and  flows  upward  through  the 
upward  passage  2a  of  the  outer  reactor  2  and  then 

35  passes  through  the  pipe  22  to  enter  the  feedstock 
gas  downward  passage  la  of  the  inner  reactor  /.  It 
flows  downward  through  the  feedstock  gas  down- 
ward  passage  la  and  flows  upward  through  the 
upward  passage  lb.  On  the  other  hand,  the  com- 

40  bustion  gas  emerging  from  the  burner  3  passes 
through  the  combustion  gas  passage  4,  turns  ar- 
ound  the  lower  part  of  the  inner  reactor  /,  flows 
upward  through  the  combustion  gas  discharge  pas- 
sage  42,  and  leaves  the  combustion  gas  exhaust 

45  pipe  43.  While  the  feedstock  gas  and  the  waste 
combustion  gas  flow  as  mentioned  above,  the  heat 
of  the  waste  combustion  gas  is  transferred  to  the 
reactor. 

In  the  reforming  apparatus  of  this  example,  the 
50  combustion  gas  discharge  passage  is  in  contact 

with  the  outside  of  the  inner  reactor  /  and  also  with 
the  inside  of  the  outer  reactor  2.  Therefore,  the 
heat  transfer  from  the  combustion  gas  discharge 
passage  to  the  reactors  /  and  2  is  performed 

55  efficiently.  As  the  result,  the  catalyst  layer  is  suffi- 
ciently  heated  and  the  feedstock  gas  undergoes 
the  reforming  reaction  efficiently  in  the  downward 
passages  la  and  2a  filled  with  the  catalyst  (S).  The 

6 
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feedstock  gas  is  converted  into  a  reformed  gas 
composed  mainly  of  hydrogen  and  carbon  monox- 
ide,  and  the  reformed  gas  is  discharged  from  the 
reformed  gas  outlet  pipe  63.  In  addition,  the  com- 
bustion  gas  discharge  passage  42  is  surrounded 
by  the  outer  reactor  2  and  this  prevents  the  hot 
combustion  gas  from  coming  into  direct  contact 
with  the  furnace  casing.  Therefore,  the  thickness  of 
the  insulation  material  (P)  can  be  reduced. 

In  this  embodiment,  the  heat  transfer  from  the 
combustion  gas  passage  4  to  the  reactor  is  by 
radiation,  whereas  the  heat  transfer  from  the  com- 
bustion  gas  discharge  passage  42  to  the  reactor  is 
mainly  by  conduction  via  the  heat  transfer  material 
(D)  filled  into  the  combustion  gas  discharge  pas- 
sage  42.  This  greatly  improves  the  efficiency  of 
heat  transfer  from  the  combustion  gas  discharge 
passage  42.  The  heat  transfer  material  varies  the 
residence  time  of  the  combustion  gas  and  the 
amount  of  heat  transfer  and  hence  controls  the 
degree  of  heat  exchange  depending  on  its  quantity 
and  kind.  This  embodiment,  which  is  of  countercur- 
rent  flow  type,  with  the  combustion  gas  and  the 
feedstock  gas  flowing  in  the  opposite  directions, 
performs  efficient  preheating  of  the  feedstock  gas 
which  flows  through  the  outer  reactor  2. 

This  example  achieves  the  high  efficiency  of 
heat  utilization  as  demonstrated  by  the  graph  Fig.  6 
showing  the  temperature  distribution  of  the  feed- 
stock  gas  in  the  reactor  and  on  the  surface  of  the 
reactor. 

Claims 

1.  A  hydrocarbon  reforming  apparatus  having  a 
furnace  casing  (5),  a  combustion  gas  passage 
(4)  formed  in  the  furnace  casing,  a  cylindrical 
reactor  (1)  which  is  made  up  of  multilayered 
passages  (14,15;1a,1b)  arranged  concentrically 
around  the  combustion  gas  passage,  with  the 
multilayered  passages  (14,15;1a)  being  filled 
with  catalysts  (Si  ,  S2),  a  combustion  gas  dis- 
charge  passage  (42)  communicating  with  the 
combustion  gas  passage  (4),  and  a  feedstock 
gas  intake  passage  (2;2a)  communicating  with 
any  one  of  the  multilayered  passages  (14;2b), 
characterised  in  that  the  combustion  gas  dis- 
charge  passage  (42)  is  arranged  on  the  inside 
of  either  of  the  outer  passage  (2a)  of  the 
multilayered  passages  or  the  feedstock  gas 
intake  passage  (2),  so  that  the  combustion  gas 
discharge  passage  is  separated  from  the  fur- 
nace  casing  and  such  that  the  feedstock  gas 
intake  passage  (2;2a,2b)  acts  as  a  gas-phase 
heat  insulation  layer. 

2.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  Claim  1,  which  further  comprises  a  means 

(3)  to  generate  a  high-temperature  gas  which 
is  installed  at  one  end  of  the  combustion  gas 
passage  (4). 

5  3.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  Claim  1  or  Claim  2,  which  further  comprises 
a  solid-phase  heat-insulation  material  arranged 
outside  the  feedstock  gas  intake  passage 
(2;2b). 

10 
4.  A  hydrocarbon  reforming  apparatus  as  claimed 

in  any  one  of  Claims  1  to  3  wherein  the  feed- 
stock  gas  intake  passage  (2;2a)  is  arranged  on 
the  periphery  of  the  combustion  gas  discharge 

15  passage  (42). 

5.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  Claim  4  wherein  the  feedstock  gas  intake 
passage  (2;2a,2b)  is  a  cylindrical  passage. 

20 
6.  A  hydrocarbon  reforming  apparatus  as  claimed 

in  Claim  4,  which  is  constructed  such  that  the 
feedstock  gas  flows  through  the  feedstock  gas 
intake  passage  (2)  in  the  direction  parallel  to 

25  that  in  which  the  combustion  gas  flows  through 
the  combustion  gas  discharge  passage  (42). 

7.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  Claim  1,  wherein  the  combustion  gas  dis- 

30  charge  passage  (42)  is  arranged  between  adja- 
cent  ones  of  the  multilayered  passages. 

8.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  Claim  1,  wherein  the  feedstock  gas  intake 

35  passage  (2;2b)  communicates  with  the  inner- 
most  passage  of  the  multilayered  passages. 

9.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  Claim  1  ,  which  is  constructed  such  that  the 

40  combustion  gas  flows  through  the  combustion 
gas  passage  (4)  in  the  direction  parallel  to  that 
in  which  the  feedstock  gas  flows  through  the 
innermost  passage  (14;1a)  of  the  multilayered 
passages. 

45 
10.  A  hydrocarbon  reforming  apparatus  as  claimed 

in  Claim  1  ,  which  is  constructed  such  that  the 
outermost  passage  (2b)  communicates  with  the 
inner  passage  (2a)  of  the  multilayered  pas- 

50  sages,  and  the  feedstock  gas  passes  through 
the  inner  passage  (2a),  the  outermost  passage 
(2b),  and  the  innermost  passage  (1a)  consecu- 
tively. 

55  11.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  Claim  1  ,  which  is  constructed  such  that  the 
combustion  gas  flows  through  the  combustion 
gas  passage  (4)  in  the  direction  opposite  to 

7 
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that  in  which  the  feedstock  gas  flows  through 
the  innermost  passage  (14a)  of  the  multilayer- 
ed  passages,  and  the  passage  communicating 
with  the  outlet  of  the  multilayered  passage  is 
proved  with  a  means  to  cool  the  reformed  gas. 

12.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  any  preceding  claim  wherein  the  catalyst 
(Si  S2)  filled  into  the  multilayered  passage  is 
one  which  is  composed  of  two  or  more  cata- 
lysts,  one  having  a  low  activity  (Si)  and  the 
other  having  a  high  activity  (S2). 

13.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  Claim  12,  wherein  the  low-activity  catalyst 
(Si)  is  filled  into  the  feedstock  gas  inlet  and 
the  reformed  gas  outlet  of  the  multilayered 
passages  and  the  high-activity  catalyst  (S2)  is 
filled  into  the  intermediate  part  of  the  inlet  and 
outlet. 

14.  A  hydrocarbon  reforming  apparatus  as  claimed 
in  any  preceding  Claim,  wherein  the  combus- 
tion  gas  discharge  passage  (42)  is  filled  with 
an  alumina-based  insulation  material  (B). 

Patentanspruche 

1.  Kohlenwasserstoff-Reformiervorrichtung  mit  ei- 
nem  Ofenmantel  (5),  mit  einem  in  dem  Ofen- 
mantel  ausgebildeten  Verbrennungsgaskanal 
(4),  mit  einem  zylindrischen  Reaktor  (1),  der 
aus  Mehrfach-Kanalen  (14,  15;  1a,  1b)  aufge- 
baut  ist,  welche  konzentrisch  urn  den  Verbren- 
nungsgaskanal  herum  angeordnet  sind,  wobei 
die  Mehrfach-Kanale  (14,  15;  1a)  mit  Katalysa- 
toren  (Si  ,  S2)  angefullt  sind,  mit  einem  Abgas- 
AuslaBkanal  (42),  der  mit  dem  Verbrennungs- 
gaskanal  (4)  in  Verbindung  steht,  und  mit  ei- 
nem  Einsatzgas-Zufuhrkanal  (2;  2a),  der  mit 
irgendeinem  der  Mehrfach-Kanale  (14;  2b)  in 
Verbindung  steht,  dadurch  gekennzeichnet, 
daB  der  Abgas-AuslaBkanal  (42)  an  der  Innen- 
seite  von  entweder  dem  AuBenkanal  (2a)  der 
Mehrfach-Kanale  oder  dem  Einsatzgas-Zufuhr- 
kanal  (2)  derart  angeordnet  ist,  daB  der  Abgas- 
AuslaBkanal  vom  Ofenmantel  getrennt  ist  und 
daB  der  Einsatzgas-Zufuhrkanal  (2;  2a,  2b)  als 
eine  Gasphasen-lsolierschicht  wirkt. 

2.  Kohlenwasserstoff-Reformiervorrichtung  nach 
Anspruch  1,  die  ferner  eine  Einrichtung  (3)  zur 
Erzeugung  von  Gas  hoher  Temperatur  enthalt, 
welche  am  einen  Ende  des  Verbrennungsgas- 
kanals  (4)  eingebaut  ist. 

3.  Kohlenwasserstoff-Reformiervorrichtung  nach 
Anspruch  1  oder  Anspruch  2,  die  ferner  ein 

festphasiges  Warmeisoliermaterial  enthalt,  das 
auBenseitig  des  Einsatzgas-Zufuhrkanals  (2; 
2b)  angeordnet  ist. 

5  4.  Kohlenwasserstoff-Reformiervorrichtung  nach 
einem  der  Anspruche  1  bis  3,  in  welcher  der 
Einsatzgas-Zufuhrkanal  (2;  2a)  an  der  Periphe- 
rie  des  Abgas-AuslaBkanals  (42)  angeordnet 
ist. 

10 
5.  Kohlenwasserstoff-Reformiervorrichtung  nach 

Anspruch  4,  in  welcher  der  Einsatzgas-Zufuhr- 
kanal  (2;  2a,  2b)  ein  zylindrischer  Kanal  ist. 

15  6.  Kohlenwasserstoff-Reformiervorrichtung  nach 
Anspruch  4,  die  derart  konstruiert  ist,  daB  das 
Einsatzgas  durch  den  Einsatzgas-Zufuhrkanal 
(2)  in  der  Richtung  stromt,  die  parallel  zu  der- 
jenigen  ist,  in  welcher  das  Abgas  durch  den 

20  Abgas-AuslaBkanal  (42)  stromt. 

7.  Kohlenwasserstoff-Reformiervorrichtung  nach 
Anspruch  1  ,  in  welcher  der  Abgas-AuslaBkanal 
(42)  zwischen  benachbarten  der  Mehrfach-Ka- 

25  nale  angeordnet  ist. 

8.  Kohlenwasserstoff-Reformiervorrichtung  nach 
Anspruch  1,  in  welcher  der  Einsatzgas-Zufuhr- 
kanal  (2;  2b)  mit  dem  innersten  Kanal  der 

30  Mehrfach-Kanale  in  Verbindung  steht. 

9.  Kohlenwasserstoff-Reformiervorrichtung  nach 
Anspruch  1,  die  derart  konstruiert  ist,  daB  das 
Verbrennungsgas  durch  den  Verbrennungsgas- 

35  kanal  (4)  in  der  Richtung  stromt,  die  parallel  zu 
derjenigen  ist,  in  welcher  das  Einsatzgas  durch 
den  innersten  Kanal  (14;  1a)  der  Mehrfach- 
Kanale  stromt. 

40  10.  Kohlenwasserstoff-Reformiervorrichtung  nach 
Anspruch  1,  die  derart  konstruiert  ist,  daB  der 
auBerste  Kanal  (2b)  mit  dem  inneren  Kanal 
(2a)  der  Mehrfach-Kanale  in  Verbindung  steht 
und  das  Einsatzgas  nacheinander  durch  den 

45  inneren  Kanal  (2a),  den  auBersten  Kanal  (2b) 
sowie  den  innersten  Kanal  (1a)  stromt. 

11.  Kohlenwasserstoff-Reformiervorrichtung  nach 
Anspruch  1,  die  derart  konstruiert  ist,  daB  das 

50  Verbrennungsgas  durch  den  Verbrennungsgas- 
kanal  (4)  in  der  Richtung  stromt,  die  zu  derje- 
nigen  entgegengesetzt  ist,  in  welcher  das  Ein- 
satzgas  durch  den  innersten  Kanal  (14a)  der 
Mehrfach-Kanale  stromt,  und  daB  der  mit  dem 

55  AuslaB  der  Mehrfach-Kanale  in  Verbindung 
stehende  Kanal  mit  Mitteln,  urn  das  Reformat- 
gas  zu  kuhlen,  versehen  ist. 

8 
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12.  Kohlenwasserstoff-Reformiervorrichtung  nach 
irgendeinem  vorhergehenden  Anspruch,  in  wel- 
cher  der  in  die  Mehrfach-Kanale  gefullte  Kata- 
lysator  (Si  ,  S2)  ein  solcher  ist,  der  aus  zwei 
oder  mehr  Katalysatoren,  von  denen  einer  (Si) 
eine  geringe  Aktivitat  und  der  andere  (S2)  eine 
hohe  Aktivitat  hat,  zusammengesetzt  ist. 

13.  Kohlenwasserstoff-  Reformiervorrichtung  nach 
Anspruch  12,  in  welcher  der  Katalysator  (Si) 
mit  geringer  Aktivitat  in  den  EinsatzgaseinlaB 
sowie  den  ReformatgasauslaB  der  Mehrfach- 
Kanale  gefullt  und  der  Katalysator  (S2)  mit 
hoher  Aktivitat  in  den  zwischenliegenden  Teil 
des  Einlasses  sowie  Auslasses  gefullt  ist. 

14.  Kohlenwasserstoff-Reformiervorrichtung  nach 
irgendeinem  vorhergehenden  Anspruch,  in  wel- 
cher  der  Abgas-AuslaBkanal  (42)  mit  einem 
Isoliermaterial  (B)  auf  Aluminiumoxidbasis  ge- 
fullt  ist. 

Revendicatlons 

1.  Un  appareil  de  reforming  d'hydrocarbures  pos- 
sedant  un  carter  de  four  (5),  un  passage  du 
gaz  de  combustion  (4)  forme  dans  le  carter  du 
four,  un  reacteur  cylindrique  (1)  constitue  de 
passages  en  multi-couches  (14,  15,  1a,  1b) 
disposes  concentriquement  autour  du  passage 
du  gaz  de  combustion,  les  passages  en  multi- 
couches  (14,  15,  1a)  etant  remplis  avec  des 
catalyseurs  (Si  ,  S2),  un  passage  d'evacuation 
du  gaz  de  combustion  (42)  communiquant 
avec  le  passage  du  gaz  de  combustion  (4),  et 
un  passage  d'admission  du  gaz  d'alimentation 
(2,  2a)  communiquant  avec  n'importe  lequel 
des  passages  en  multi-couches  (14,  2b),  ca- 
racterise  en  ce  que  le  passage  d'evacuation  du 
gaz  de  combustion  (42)  est  dispose  sur  I'inte- 
rieur  soit  du  passage  externe  (2a)  des  passa- 
ges  en  multi-couches,  soit  du  passage  d'en- 
tree  du  gaz  d'alimentation  (2),  de  fagon  que  le 
passage  d'evacuation  du  gaz  de  combustion 
soit  separe  du  carter  du  four  et  que  le  passage 
d'admission  du  gaz  d'alimentation  (2,  2a,  2b) 
agisse  comme  une  couche  d'isolation  a  la  cha- 
leur  a  phase  gazeuse. 

2.  Appareil  de  reforming  d'hydrocarbures  selon  la 
revendication  1,  qui  comprend  de  plus  un 
moyen  (3)  pour  generer  un  gaz  a  haute  tempe- 
rature  qui  est  installe  a  I'une  des  extremites  du 
passage  du  gaz  de  combustion  (4). 

3.  Appareil  de  reforming  d'hydrocarbures  selon  la 
revendication  1  ou  2,  qui  comprend  de  plus  un 
materiau  d'isolation  a  la  chaleur  a  phase  solide 

dispose  a  I'exterieur  du  passage  d'admission 
du  gaz  d'alimentation  (2,  2b). 

4.  Appareil  de  reforming  d'hydrocarbures  selon 
5  I'une  quelconque  des  revendications  1  a  3, 

caracterise  en  ce  que  le  passage  d'admission 
du  gaz  d'alimentation  (2,  2a)  est  dispose  sur  la 
peripherie  du  passage  d'evacuation  du  gaz  de 
combustion  (42). 

10 
5.  Appareil  de  reforming  d'hydrocarbures  selon  la 

revendication  4,  caracterise  en  ce  que  le  pas- 
sage  d'admission  du  gaz  d'alimentation  (2,  2a, 
2b)  est  un  passage  cylindrique. 

15 
6.  Appareil  de  reforming  d'hydrocarbures  selon  la 

revendication  4,  qui  est  construit  de  fagon  que 
le  gaz  d'alimentation  s'ecoule  a  travers  le  pas- 
sage  d'admission  du  gaz  d'alimentation  (2) 

20  dans  la  direction  parallele  a  celle  dans  laquelle 
le  gaz  de  combustion  s'ecoule  a  travers  le 
passage  d'evacuation  du  gaz  de  combustion 
(42). 

25  7.  Appareil  de  reforming  d'hydrocarbures  selon  la 
revendication  1,  caracterise  en  ce  que  le  pas- 
sage  d'evacuation  du  gaz  de  combustion  (42) 
est  dispose  entre  des  passages  adjacents  des 
passages  en  multi-couches. 

30 
8.  Appareil  de  reforming  d'hydrocarbures  selon  la 

revendication  1,  caracterise  en  ce  que  le  pas- 
sage  d'admission  du  gaz  d'alimentation  (2, 
2b)  communique  avec  le  passage  le  plus  inter- 

35  ne  des  passages  en  multi-couches. 

9.  Appareil  de  reforming  d'hydrocarbures  selon  la 
revendication  1  ,  qui  est  construit  de  fagon  que 
le  gaz  de  combustion  s'ecoule  a  travers  le 

40  passage  du  gaz  de  combustion  (4)  dans  la 
direction  parallele  a  celle  dans  laquelle  le  gaz 
d'alimentation  s'ecoule  a  travers  le  passage  le 
plus  interne  (14,  1a)  des  passages  en  multi- 
couches. 

45 
10.  Appareil  de  reforming  d'hydrocarbures  selon  la 

revendication  1  ,  qui  est  construit  de  fagon  que 
le  passage  le  plus  externe  (2b)  communique 
avec  le  passage  interne  (2a)  des  passages  en 

50  multi-couches,  et  que  le  gaz  d'alimentation 
passe  a  travers  le  passage  interne  (2a),  le 
passage  le  plus  externe  (2b),  et  le  passage  le 
plus  interne  (1a)  consecutivement. 

55  11.  Appareil  de  reforming  d'hydrocarbures  selon  la 
revendication  1  ,  qui  est  construit  de  fagon  que 
le  gaz  de  combustion  s'ecoule  a  travers  le 
passage  du  gaz  de  combustion  (4)  dans  la 

9 
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direction  opposee  a  celle  dans  laquelle  le  gaz 
d'alimentation  s'ecoule  a  travers  le  passage  le 
plus  interne  (14a)  des  passages  en  multi-cou- 
ches,  et  que  le  passage  communiquant  avec  la 
sortie  des  passages  en  multi-couches  est  5 
pourvu  d'un  moyen  de  refroidissement  du  gaz 
reforme. 

12.  Appareil  de  reforming  d'hydrocarbures  selon 
I'une  quelconque  des  revendications  preceden-  10 
tes,  caracterise  en  ce  que  le  catalyseur  (Si  , 
S2)  rempli  dans  le  passage  en  multi-couches 
est  compose  de  deux  ou  plus  catalyseurs,  I'un 
possedant  une  faible  activite  (Si)  et  I'autre 
possedant  une  forte  activite  (S2).  is 

13.  Appareil  de  reforming  d'hydrocarbures  selon  la 
revendication  12,  caracterise  en  ce  que  le  ca- 
talyseur  a  faible  activite  (Si)  est  rempli  dans 
I'orifice  d'admission  du  gaz  d'alimentation  et  20 
I'orifice  de  sortie  du  gaz  reforme  des  passages 
en  multi-couches,  et  le  catalyseur  a  haute  acti- 
vite  (S2)  est  rempli  dans  la  partie  intermediate 
des  orifices  d'entree  et  de  sortie. 

25 
14.  Appareil  de  reforming  d'hydrocarbures  selon 

I'une  quelconque  des  revendications  preceden- 
tes,  caracterise  en  ce  que  le  passage  d'eva- 
cuation  du  gaz  de  combustion  (42)  est  rempli 
avec  un  materiau  d'isolation  a  base  d'alumine  30 
(B). 
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