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Descr ipt ion  

Ti t le  o f  Invent ion  

CHEMICAL REACTION METHOD, CHEMICAL 

REACTION APPARATUS AND PRODUCTION METHOD

5 

Technica l  F ie ld  

[0001]  

The present invent ion re lates to  a chemica l  react ion

dev ice and a  chemical  react ion method each causing a 

chemica l  react ion for  obta in ing  a  product  f rom a source 10 

mater ia l  gas to  proceed in a  gaseous phase wi th use  o f  a  

cata lyst .  

Background Art  

[0002]  15 

Patent L i terature 1  d isc loses  ( i )  a  method for  

synthes i z ing  methanol  by  causing a  source  mater ia l  gas ,  

which conta ins hydrogen and carbon monoxide  or  carbon 

d iox ide  as  main components ,  to  react  in  the  presence  of  a  

cata lyst ,  and ( i i )  a  dev ice  for  the  method.  In the  method,  20 

methanol  l iquef ied  on a  coo l ing sur fa ce  is  taken out o f  a  

react ion system so that  a methanol  synthes is  react ion 

exceeding an equi l ibr ium convers ion rate  proceeds.  

C i tat ion L is t  

[Patent  L i terature ]  25 
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[0003]  

[Patent  L i terature  1 ]  

Japanese  Patent  Appl icat ion Publ icat ion,  Tokukai ,  

No.  2005-298413 (Publ icat ion date :  October  27,  2005)  

5 

Summary o f  Invent ion  

Technica l  Problem 

[0004]  

In  a  react ion method that  causes  a  react ion to 

proceed in  a gaseous phase  wi th use  o f  a  cata lyst ,  10 

inc luding a  react ion method wi th  use  o f  a  react ion dev ice  

as  d isc losed in  Patent  L i terature  1 ,  i t  i s  known that  

changing condi t ion parameters  such as  a  pressure  in a  

react ion system,  a  temperature in the  react ion system, and 

a rat io  (W/F)  between a cata lyst  amount and a source 15 

mater ia l  f eed rate  in  the  react ion system contr ib utes  to  a 

react ion y ie ld  o f  a  product .  

[0005]  

An aspect  o f  the  present  invent ion has an object  to  

prov ide  a  chemica l  react ion method and a  chemica l  20 

react ion device  each o f  which improves a y ie ld o f  a  product 

by  changing an internal  s t ructure  o f  a  react ion  dev ice ,  

wi thout  changing the  above  condi t ion parameters .  

So lut ion to  Problem 

[0006]  25 
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In  order  to  at ta in  the  object ,  a  chemica l  react ion 

method in  accordance wi th an aspect  of  the present  

invent ion is  a  chemica l  react ion method that  causes  a  

react ion,  a  product  o f  which conta ins  a  component  hav ing 

a  bo i l ing  po int  h igher  than a  component  o f  a  source 5 

mater ia l  gas ,  and progress  o f  which in  a  gaseous phase  is  

restr ic ted by  a  chemica l  equi l ibr ium between a  source  

mater ia l  and the  product,  to  proceed,  where in  a  chemical  

react ion dev ice  inc luding:  a  cata lyst  layer  which conta ins  

a  catalyst  that  promotes  the  react ion;  a  coo l ing  sur face 10 

which is  prov ided apart  f rom the cata lyst  layer wi th  a 

space  between the  coo l ing  sur face  and the  cata lyst  layer ,  

which is  mainta ined at  a  temperature not  h igher than a  

dew po int  o f  a  reactant  gas produced by  the react ion,  and 

which extends in  a  predetermined di rect ion;  and  a  15 

t ransmiss ion wal l  which is  prov ided at  a  boundary  between 

the  cata lyst  layer  and the  space  and which a l lows the  

reactant  gas to  pass  therethrough,  a cumulat ive va lue 

be ing not  less than 500 mm 2 ,  the  cumulat ive  va lue be ing  

obta ined by  cumulat ive ly  adding,  f rom one end to  the  other 20 

end o f  the  coo l ing sur face in the predetermined d i rect ion,  

products  o f  ( i )  a  d is tance  between (a )  a  sur face  of  the  

cata lyst  layer which sur face  is  in  contact  wi th the  

t ransmiss ion wal l  and (b )  the  coo l ing  surface  and ( i i )  a  

he ight  o f  the  cata lyst  layer corresponding to the coo l ing 25 
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sur face  hav ing  the  d istance ,  i s  used to  cause a  chemica l  

react ion to  proceed by  supply ing  the  source  mater ia l  gas  

to  the  cata lyst  layer ,  and to  condense,  on the  coo l ing  

sur face  and in  the space ,  some o f  a  product  produced by 

the  chemica l  react ion.  5 

[0007]  

A  chemica l  react ion dev ice  in  accordance wi th  an 

aspect  o f  the  present invent ion is  a  chemica l  react ion 

dev ice that  causes  a react ion,  a  product  o f  which conta ins 

a  component  hav ing  a  bo i l ing  po int  higher  than a  10 

component  o f  a  source  mater ia l  gas ,  and progress  o f  which 

in  a  gaseous phase  is  restr ic ted by  a  chemica l  equi l ibr ium 

between a  source  mater ia l  and the  product ,  to  proceed,  the  

chemica l  react ion dev ice  inc luding:  a  cata lyst  layer  to  

which the  source  mater ia l  gas  is  suppl ied and which 15 

conta ins  a  catalyst  that  promotes  the  react ion;  a coo l ing  

sur face  which is  p rov ided apart  f rom the  cata lyst  layer 

wi th a  space  between the  coo l ing  surface  and the  cata lyst  

layer ,  which is  maintained at  a  temperature  not  h igher 

than a  dew po int  o f  the  reactant  gas ,  and which extends 20 

in  a  predetermined d i rect ion;  and a  t ransmiss ion wal l  

which is  prov ided at  a  boundary  between the  cata lyst  layer  

and the  space  and which al lows the  reactant  gas  that  has  

been produced by  the  react ion to  pass  therethrough,  a  

cumulat ive  va lue  be ing  not  less  than 500 mm 2 ,  the  25 
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cumulat ive  va lue  be ing  obta ined  by  cumulat ive ly  adding,  

f rom one end to  the  other  end o f  the  coo l ing  sur face  in  the  

predetermined d i rect ion,  products  of  ( i )  a  d is tance  between 

(a ) a  sur face  o f  the  cata lyst  layer  which surface  is  in

contact  wi th the  t ransmiss ion wal l  and (b )  an outer  sur face  5 

o f  the  coo l ing  sur face  and ( i i )  a  he ight  o f  the  cata lyst  layer  

corresponding to  the outer  sur face  hav ing  the  d is tance ,  

and the  chemica l  react ion dev ice  condensing some o f  a  

product  on a  sur face o f  the  coo l ing sur face  and in  the  

space .  10 

[0008]  

A  chemica l  react ion dev ice  in  accordance wi th  an 

aspect  o f  the  present invent ion is  a  chemica l  react ion 

dev ice  inc luding a  react ion conta iner  inc luding at  least  

one react ion tube that  has  a mult iple  s t ructure and that  15 

causes a  react ion,  a  product  o f  which conta ins  a 

component  hav ing a  bo i l ing  po int  h igher  than a  component  

o f  a  source  mater ia l  gas ,  and progress  o f  which in  a 

gaseous phase is  restr ic ted by  a  chemical  equi l ibr ium 

between a  source  mater ia l  and the  product ,  to  proceed 20 

ins ide  the  at  l east  one react ion tu be,  the  at  l east  one 

react ion tube each inc luding:  an inner  cyl inder  which 

a l lows a  reactant  gas  produced by the  react ion to  pass  

therethrough;  an outer  cy l inder ins ide which the inner  

cy l inder  is  prov ided;  a  coo l ing  tube which i s  prov ided 25 
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ins ide  the  inner  cy l inder  and which extends in  a  

predetermined d i rect ion;  and  a  cata lyst  layer  which is  

prov ided between the  inner  cy l inder  and the  outer  

cy l inder ,  a  cumulat ive  va lue  be ing  not  less  than 500 mm 2 ,  

the cumulat ive  va lue  be ing obta ined by  cumulat ive ly  5 

adding,  f rom one end to the  other end o f  the  coo l ing tube 

in  the  predetermined d i rect ion,  products  o f  ( i )  a  d is tance  

between (a )  a  sur face o f  the cata lyst  layer which sur face  

is  in  contact  wi th the inner  cy l inder  and (b )  an outer  

sur face  o f  the  coo l ing  tube and ( i i )  a  he ight  o f  the  cata lyst  10 

layer  corresponding to  the  outer  sur face  hav ing  the  

d is tance ,  a  temperature  o f  the  outer  sur face  o f  the  coo l ing 

tube be ing  mainta ined at  a  temperature  not  h igher  than a 

dew po int  o f  the  reactant  gas ,  and the  chemica l  react ion 

dev ice  condensing some o f  the  product  in  a  space  prov ided 15 

between the  coo l ing  tube and the  inner cy l inder .  

[0009]  

A  chemica l  react ion dev ice  in  accordance wi th  an 

aspect  o f  the  present invent ion is  a  chemica l  react ion 

dev ice  inc luding a  react ion conta iner  i nc luding at  l east  20 

one react ion tube that  has  a mult iple  s t ructure and that  

causes a  react ion,  a  product  o f  which conta ins a 

component  hav ing a  bo i l ing  po int  h igher  than a  component  

o f  a  source  mater ia l  gas ,  and progress  o f  which in  a 

gaseous phase is  restr ic ted by  a  chemical  equi l ibr ium 25 
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between a  source  mater ia l  and the  product ,  to  proceed 

ins ide  the  at  least  one react ion tube,  the  at  least  one 

react ion tube each inc luding:  an inner  cyl inder  which 

a l lows a  reactant  gas  produced by the  react ion to  pass  

therethrough;  an outer  cy l inder ins ide which the inner  5 

cy l inder  is  prov ided and which extends in  a  predetermined 

d i rect ion;  and  a  cata lyst  layer  which is  prov ided ins ide  the  

inner  cyl inder ,  a  cumulat ive  va lue  be ing  not  less  than 500 

mm2 ,  the  cumulat ive va lue  be ing  obta ined by cumulat ive ly  

adding,  f rom one end to  the  other  end o f  an inner  sur face  10 

o f  the  outer  cy l inder  in  the  predetermined d i rect ion,  

products  o f  ( i )  a  d is tance  between (a )  a  sur face  of  the  

cata lyst  layer  which sur face  is  in  contact  with  the  inner 

cy l inder  and (b )  the  inner  sur face  and ( i i )  a  he ight  o f  the 

cata lyst  layer  corresponding to  the  inner  sur face  hav ing  15 

the  dis tance ,  a  temperature  o f  the  inner  sur face  of  the 

outer  cy l inder  be ing  mainta ined at  a  temperature  not  

h igher than a  dew po int  o f  the reactant gas ,  and the  

chemica l  react ion dev ice condensing some o f  the product  

in a  space  prov ided between the outer  cy l inder  and the 20 

inner  cy l inder .  

[0010]  

A  methanol  product ion method in  accordance wi th  an 

aspect  o f  the  present  invent ion is  a  methanol  product ion  

method that  causes  a  react ion,  a  product  o f  which conta ins 25 
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a  component  hav ing  a  bo i l ing  po int  higher  than a  

component  o f  a  source  mater ia l  gas ,  and progress  o f  which 

in  a  gaseous phase  is  restr ic ted by  a  chemica l  equi l ibr ium 

between a  source mater ia l  and the  product ,  to  proceed,  

where in  a chemica l  react ion dev ice conta in ing carbon 5 

ox ide and hydrogen as  the  source mater ia l  gas ,  the 

chemica l  react ion dev ice  inc luding:  a  cata lyst  layer  which 

conta ins  a  cata lyst  for  methanol  synthes is ;  a  cool ing 

sur face  which is  prov ided apart  f rom the  cata lyst  layer 

wi th a  space  between the  coo l ing  surface  and the  cata lyst  10 

layer ,  which is  maintained at  a  temperature  not  h igher 

than a  dew po int  o f  a  reactant gas produced by  the  

react ion,  and which extends in a predetermined d i rect ion;  

and a  t ransmiss ion wal l  which is  prov ided at  a  boundary  

between the cata lyst  layer and the space and which a l lows 15 

the  reactant  gas  to  pass  th erethrough,  a  cumulat ive  va lue 

be ing not  less than 500 mm 2 ,  the  cumulat ive  va lue be ing  

obta ined by  cumulat ive ly  adding,  f rom one end to  the  other 

end o f  the  coo l ing sur face in the predetermined d i rect ion,  

products  o f  ( i )  a  d is tance  between (a )  a  sur face  of  the  20 

cata lyst  layer which sur face  is  in  contact  wi th the  

t ransmiss ion wal l  and (b )  the  coo l ing  surface  and ( i i )  a  

he ight  o f  the  cata lyst  layer corresponding to the coo l ing 

sur face  hav ing  the  d istance ,  i s  used to  cause a  chemica l  

react ion to  proceed by  supp ly ing  the  source  mater ia l  gas  25 
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to  the  cata lyst  layer ,  and to  condense,  on the  coo l ing  

sur face  and in the  space ,  some o f  a reactant  gas  produced  

by  the chemica l  react ion.  

Advantageous Ef fects o f  Invent ion  

[0011]  5 

An aspect  of  the  present  invent ion makes i t  poss ib le  

to  improve  a  y ie ld  o f  a  product  by changing an internal  

s t ructure  o f  a  react ion dev ice  that  causes  a  react ion,  

progress  o f  which in  a  gaseous phase  is  restr ic ted by  a  

chemica l  equi l ibr ium between a  source  mater ia l  and the 10 

product ,  to  proceed.  

Br ie f  Descr ipt ion o f  Drawings  

[0012]  

F ig .  1  is  a  cross -sect ional  v iew o f  a  react ion dev ice  in 15 

accordance wi th  Embodiment  1 .  

F ig .  2  is  a  part ia l  cross -sect ional  v iew schemat ical ly  

i l lustrat ing  the  react ion dev ice  in  accordance wi th  

Embodiment  1 .  

F ig .  3  is  a  cross-sect ional  v iew o f  a  react ion dev ice  in 20 

accordance wi th  Embodiment  2 .  

F ig .  4  is  a  cross -sect ional  v iew o f  a  react ion tube inc luded 

in  the react ion dev ice in  accordance wi th  Embodiment 2 .  

F ig .  5  is  a  cross -sect ional  v iew o f  a  react ion dev ice  in 

accordance  wi th  Embodiment  3 .  25 
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F ig .  6  is  a  cross -sect ional  v iew o f  a  react ion tube inc luded 

in  the react ion dev ice in  accordance wi th  Embodiment 3 .  

F ig .  7  is  a  graph showing a  d iagram of  re lat ionship 

between a  dis tance L  and a  he ight H for  Comparat ive  

Example  and Examples 1  to  5 .  5 

F ig .  8  is  a  graph showing a  re lat ionship  between (a )  a  

cumulat ive  va lue  o f  products  o f  the  d is tance  L  and the  

he ight  H and (b )  a  methanol  product ion rat io  for  

Comparat ive  Example  and Examples  1 to  5 .  

10 

Descr ipt ion o f  Embodiments  

[0013]  

Embodiment  1  

(Conf igurat ion o f  react ion dev ice  100)

The fo l lowing descr ipt ion wi l l  d iscuss  an 15 

embodiment  o f  the present invent ion in deta i l .  F ig .  1  is  a  

cross-sect ional  v iew o f  a  react ion dev ice  100 (chemica l  

react ion dev ice )  in  accordance wi th  Embodimen t  1 ,  the  

cross-sect ional  v iew be ing  taken a long a  p lane 

perpendicular  to  a  bot tom sur face  of  the  react ion dev ice 20 

100. The react ion dev ice  100 is  a  chemica l  react ion dev ice

that  causes  a  react ion,  a  product  of  which conta ins  a 

component  having a  boi l ing  po i nt  h igher than a  main 

component  o f  a  source  mater ia l  gas  31,  and progress  o f  

which in  a  gaseous phase  is  restr ic ted by  a  chemical  25 
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equi l ibr ium between a  source  mater ia l  and the  product,  to  

proceed.  Note  that  the  X -ax is ,  the  Y -ax is ,  and the  Z -ax is  

in  the  drawings  de f ine  di rect ions  in  a  three -d imensional  

space  in  each o f  the  drawings .  The term "he ight "  as  used 

here in  corresponds to  the  length in  the  Z -ax is  d i rect ion in  5 

the  drawings .  Here inaf ter ,  a  d i rect ion in  which each o f  the  

X-ax is ,  the  Y -ax is ,  and the  Z -ax is  extends is  here in

constant .  

[0014]  

In  the  react ion dev ice  100,  the  product  is  condensed 10 

and co l lec ted out  o f  a  react ion conta iner .  This  causes  the 

chemica l  equi l ibr ium to  be  shi f ted  toward the  product and 

thus enables  the  react ion to  proceed.  In  part ic ular ,  the  

react ion dev ice  100 can be  sui tab ly used as  a dev ice for  

carry ing  out  chemica l  react ions which are  represented by  15 

the  respect ive  fo l lowing formulas  (1 )  to  (3 ) ,  in  which the 

source  mater ia l  gas  31 conta ins  a  carbon ox ide  and 

hydrogen,  and the  product  o f  which conta ins  methanol .  

[0015]  

CO + 2H 2  <->  CH3 OH . . .  (1 )  20 

CO2  +  3H2  <-> CH3 OH + H2 O . . .  (2 )  

CO2  +  H2  <->  CO + H2 O . . .  (3 )  

In a  case where methanol  is  produced by the  

chemica l  react ions represented by  the  respect ive  above 

formulas  (1 )  to  (3 ) ,  a  cata lyst  conta in ing  copper  and z inc  25 
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can be  used as  a  cata lyst  for  methanol  synthes is  (cata lyst  

30 descr ibed be low in  deta i l ) .  Examples  o f  the  carbon ox ide 

used in  the  chemica l  react ions inc lude carbon d iox ide and 

carbon monoxide .  In the  chemical  react ions,  a  gas  

conta in ing  hydrogen and at  least  one kind se lected f rom 5 

the  group cons is t ing  o f  carbon d iox ide  and carbon 

monoxide  can be  used as  the  source  mater ia l  gas .  

[0016]  

The react ion dev ice 100 can be used not  only  for  the 

above-descr ibed react ions  by  which methanol  i s  10 

synthes ized but  for  carry ing out  a react ion that  y ie lds  

d imethy l  e ther  or  ammonia  as  a  product .  

[0017]  

As  i l lustrated in  F ig .  1 ,  the  react ion dev ice  100 

inc ludes  a  reac t ion conta iner  1 ,  a  f i rs t  heat  exchange 15 

sect ion 22,  a  cata lyst  layer  3  th at  is  in  contact  wi th  the  

f i rs t  heat  exchange sect ion 22,  a  t ransmiss ion wal l  40,  and 

a  second heat  exchange sect ion 52 that  is  prov ided apart  

f rom the  t ransmiss ion wal l  40 wi th  a space  4  between the 

second heat  exchange sect ion 52 and the  t ransmiss ion wal l  20 

40. The t ransmiss ion wal l  40 is  prov ided on a  s ide o f  the

cata lyst  layer  3  which s ide  faces  away f rom the  f i rs t  heat  

exchange sect ion 22.  The reac t ion container  1  is ,  for  

example ,  a  meta l l i c  conta iner  made o f  pressure -res istant  

s ta in less  s tee l .  25 
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[0018]  

The f i rs t  heat  exchange sect ion 22 is  a  heat  

exchanger  that  is  const i tuted by  an inner wal l  sur face o f  

the  react ion conta iner  1  and a  f i rs t  heat  exchange wal l  20 

and that  has  a  heat  t ransfer  sur face 23 on the  cata lyst  5 

layer  3  s ide .  Ins ide  the  f i rs t  heat  exc hange sect ion 22,  a  

f i rs t  heat ing  medium region 2  is  prov ided through which a  

f i rs t  heat ing  medium 21 f lows.  The  f i rs t  heat  exchange 

sect ion 22 is  prov ided wi th ( i )  a  f i rs t  heat ing medium feed 

opening 25 through which the f i rs t  heat ing  medium 21 is  10 

to  be  suppl ied  to  the  f i rs t  heat ing  medium reg ion 2  and ( i i )  

a  f i rs t  heat ing  medium co l lect ion opening 26 through 

which the  f i rs t  heat ing medium 21 is  to  be d ischarged f rom 

the  f i rs t  heat ing  medium reg ion 2 .  The f i rs t  heat  exchange  

wal l  20 is  made o f  a  member  tha t  does  not  a l low any f luid  15 

to  pass  therethrough.  The heat  t ransfer  sur face  23 o f  the  

f i rs t  heat  exchange wal l  20 acts  as  a  f i rs t  heat  exchange 

sur face .  In  F ig .  1 ,  the  f i rst  heat  exchange wal l  20 is  

i l lustrated as  a  p late - l ike  member .  Note ,  however ,  that  th e  

f i rs t  heat  exchange wal l  20 may have a  shape which is  not  20 

l imi ted to  a  p late - l ike  shape.  The f i rs t  heat  exchange wal l

20 may have  a  sur face  formed into  a  wavy shape or  the 

l ike .  The f i rs t  heat  exchange sect ion 22 may a lso  have  a

shape that  is  not  l imi ted  to  the  shape i l lustrated in  F ig .  1 

but  may be  any o f  var ious shapes  which a l low an increase 25 
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in e f f i c iency o f  heat  exchange,  such as a  mult i -p ipe  

conf igurat ion and a  spira l  shape.  

[0019]  

The f i rs t  heat  exchange sect ion 22 can maintain  the  

heat  t ransfer  sur face 23 at  a  temperature  h igher  than a 5 

dew po int  o f  a  reactant gas  32 by  a l lowing the  f i rs t  heat ing  

medium 21 to  f low through the  f i rs t  heat ing  medium region 

2 . In  a  case  where  a  react ion that  occurs  in  the  cata lyst

layer 3  is  an exothermic  react ion,  the  f i rs t  heat ing  medium 

21 acts  as  a  heat ing  medium for  coo l ing  heat  o f  react ion 10 

which heat  is  generated by  the  exothermic  react ion.  In  a  

case  where  the  react ion that  occurs  in  the  cata lyst  layer  3  

is  an endothermic  react ion,  the  catalyst  layer  3  is  

maintained at  a  temperature  not  lower  than the  dew po int  

o f  the  reactant  gas  32  by  the  f i rs t  heat ing  medium act ing 15 

as  a  heat ing  medium for  heat ing  the  cata lyst  layer  3 .  

[0020]  

Note that  the wording "dew po int  o f  the  reactant  gas 

32" means a  temperature  at  which co ndensat ion s tar ts  in  

a  case  where  the  reactant  gas  32 is  coo led in  a  s tate  where  20 

a  react ion in  a  gaseous phase  has reached a  chemica l  

equi l ibr ium at  a  temperature  and a  pressure  at  which the  

reactant  gas  32 is  present  in  the  catalyst  layer  3 .  

[0021]  

In  a  case  where  a  composi t ion o f  the  gaseous phase  25 
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and the  pressure  are  g iven,  the  dew po int  o f  the  reactant 

gas  32 can be  ca lculated s imultaneously  wi th  a  

composi t ion o f  a  condensate  by  us ing  a  vapor - l iquid  

equi l ibr ium model  to  carry  out  an appropr iate  vapor - l iquid  

equi l ibr ium ca lculat ion.  In  a  case  where  the  pressure  is  a  5 

h igh pressure  exceeding 1  MPa,  the vapor - l iquid  

equi l ibr ium model  can be ,  for  example ,  an extended cubic 

equat ion o f  s tate  such as  Peng -Robinson equat ion or  

Redich-Kwong-Soave  equat ion.  

[0022]  10 

The heat  t ransfer  sur face  23 more  pre ferably  has  a 

temperature  that  a l lows the  cata lyst  layer  3  as  a  whole  to  

be  mainta ined at  a  temperature  h igher  than the  dew po int  

o f  the  reactant  gas  32.  The react ion dev ice 100 that  

inc ludes  the  heat  t ransfer  sur fac e  23 can mainta in the 15 

cata lyst  layer 3  at  a  temperature  sui tab le  for  the  react ion.  

This  a l lows an increase  in  e f f i c iency  o f  the  react ion.  In  a 

case  where  the  product  is  methanol ,  examples  o f  the  f i rs t  

heat ing  medium 21 inc lude h igh -pressure  bo i ler  water  

(e .g .  saturated water  at  2 .2  MPaG to  5 .0  MPaG)  at  220°C 20 

to 265°C,  a  mol ten meta l  sa l t  ( e .g .  a  mixture  o f  sodium 

ni t r i te  and potass ium ni t rate ) ,  and heat  transfer  o i l .  Note  

that  numer ica l  express ions such as  "A to  B"  here in mean 

"not  less  than A and not  more  than B".  

[0023]  25 
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The second heat  exchange sect ion 52 is  a  heat  

exchanger  that  is  const i tuted by  an inner wal l  sur face o f  

the  react ion conta iner  1  and a  second heat  exchange wal l  

50. Ins ide  the  second heat  exchange sect ion 52,  a  second

heat ing  medium reg ion 5  is  prov ided th rough which a  5 

second heat ing  medium 51 f lows.  The second heat  

exchange sect ion 52 is  prov ided wi th  ( i )  a  second heat ing 

medium feed opening 55 through which the second heat ing 

medium 51 is  to  be  suppl ied  to  the  second heat ing  medium 

reg ion 5  and ( i i )  a  second heat ing  medium co l lect ion  10 

opening 56 through which the  second heat ing  medium 51 

is  to  be  d ischarged f rom the  second heat ing medium reg ion 

5 . The second heat  exchange wal l  50 is  made o f  a  member

that  does  not  a l low any f lu id to  pass  therethrough.  The  

second heat  exchange sect ion 52 has a  coo l ing  sur face  53 15 

on the  space 4  s ide .  The coo l ing  sur face  53 extends in  the 

Z-ax is  d i rect ion,  and mainta ins a  temperature  not  higher

than the  dew po int  o f  the  reactant  gas  32 so  as  to  coo l  the 

reactant  gas  32 in  the  space  4  and condense the  product  

on a  sur face  o f  the  coo l ing  sur face  53 and in  the  space  4 .  20 

In  F ig .  1 ,  the  second heat  exchange wal l  50 is  i l lustrated 

as a  p late - l ike  member.  Note ,  however ,  that  the second 

heat  exchange wal l  50 may have  a  shape which is  not  

l imi ted to  a  p late - l ike  shape.  That  is ,  the  coo l ing  sur face

53 may be formed into  a wavy shape or  the l ike .  The second 25 
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heat  exchange sect ion 52 may a lso  have  a  shape that  is  

not  l imi ted to  the  shape i l lustrated in  F ig .  1  but  may be 

any of  var ious shapes wh ich a l low an increase  in  e f f i c iency  

o f  heat  exchange,  such as  a  mult i -pipe  conf igurat ion and 

a  sp ira l  shape.  5 

[0024]  

The second heat  exchange sect ion 52 can mainta in 

the coo l ing sur face 53 at  a temperature  not  h igher than 

the  dew po int  o f  the  reactant  gas  32 by  a l lowing the  second 

heat ing  medium 51 to  f low through the  second heat ing  10 

medium reg ion 5 .  In a  case  where  the product  is  methanol ,  

examples  o f  the  second heat ing  medium 51 inc lude low -

pressure  bo i ler  water  (e .g .  saturated water  at  -0 .05 MPaG 

to  0 .4  MPaG)  at  80°C to  150°C,  cool ing  water  (e .g .  

methanol  water ,  e thy lene g lycol  water )  a t  -20°C to  100°C,  15 

industr ia l  water ,  an aqueous ammonia  so lut ion,  a 

hydrocarbon compound such as  pentane,  and a  

chlorof luorocarbon compound such as 1 ,1 ,1 ,3 ,3 -

penta f luoropropane.  

[0025]  20 

More spec i f i cal ly ,  in  a case  where  a react ion 

cata lyzed by  the  cata lyst  30 is  an exothermic  react ion 

carr ied  out  at  a  temperature  h igher  than the  dew po int  o f  

the  reactant  gas  32 by  not  l ess  than 80°C,  i t  i s  pre ferable  

that  the  f i rs t  heat ing  medium 21 have  a  temperature  lower 25 
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than an average  temperature  o f  the  cata lyst  layer  3 by  5°C 

to 30°C and that  the  second heat ing medium 51 have  a  

temperature  lower  than the dew point  o f  the  reactant gas 

32 by  not  less  than 20°C.  Note  here that  the temperatu re  

o f  the  f i rs t  heat ing  medium and the  temperature  o f  the  5 

second heat ing  medium each mean an average o f  a  

temperature  at  a  corresponding feed opening and a  

temperature  at  a  corresponding co l lec t ion opening.  

[0026]  

Note  that ,  in  F ig .  1 ,  the  f i rs t  heat ing m edium feed 10 

opening 25 and the  f i rs t  heat ing  medium co l lect ion 

opening 26 are  prov ided in  a  lower  part  and an upper  part ,  

respect ive ly ,  o f  the  react ion conta iner 1 ,  and the  second 

heat ing  medium feed opening 55 and the  second heat ing  

medium co l lect ion opening 56 are  prov ided in  the  lower  15 

part  and the  upper  part ,  respect ive ly ,  o f  the  react ion 

conta iner  1 .  I t  should  be  understood,  however ,  that  each 

o f  the  above co l lec t ion openings and feed openings  can be  

prov ided at  an appropr iate pos i t ion in an appropr iate  

manner  in  accordance wi th  a  pressure  o f  a  corresponding 20 

heat ing  medium to  be  used.  Furthermore ,  a  temperature  

and a  pressure  at  which each o f  the  f i rs t  heat ing  medium 

21 and the  second heat ing medium 51 is  suppl ied can be  

set  to  respect ive  appropriate  va lu es  in  accordance wi th  a  

temperature  o f  the  react ion carr ied out  in the  react ion 25 
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conta iner  1  and the  dew po int  o f  the  reactant  gas  32  in  the  

react ion conta iner  1 .  

[0027]  

The cata lyst  layer  3  is  f i l l ed  wi th  the  cata lyst  30 that  

is  sui tab le  for  the  react ion.  The cata lyst  layer  3  is  a  reg ion 5 

which conta ins  the cata lyst  30 and in which the source  

mater ia l  gas  31 and the  cata lyst  30 come into  contact  wi th 

each other ,  and the react ion proceeds.  The cata lyst  30 can 

be ,  for  example ,  a  cata lyst  conta in ing  copper  and  z inc  

ox ide as  main components .  A space between the  cata lyst  10 

layer  3  and the  react ion conta iner  1  may be  f i l l ed  wi th  a 

f i l l ing  300.  Furthermore ,  in order to  support  the cata lyst  

30,  the cata lyst  layer 3  may have a  bot tom part  that  is  

prov ided wi th  a  suppor t ing  p late  (not  i l lustrated )  made o f  

a  porous member .  15 

[0028]  

F ig .  2  is  a  part ia l ly  en larged cross -sect ional  v iew o f  

the  react ion dev ice  100 in  accordance with  Embodiment  1 ,  

the  cross -sect ional  v iew be ing  taken a long the  p lane 

perpendicular to  the  bot tom s ur face o f  the  react ion dev ice  20 

100. F ig .  2  shows an example  o f  a  case  where  a  p lura l i ty

o f  protrus ions are  prov ided in  the  Z -ax is  di rect ion o f  the  

coo l ing  sur face  53.  As i l lustrated in  F ig .  2 ,  the  catalyst  

layer  3  has  a  he ight  HX (x  =  1,  2 ,  . . . )  corresponding to  the  

coo l ing  sur face 53 hav ing a d is tance L X  (x  =  1 ,  2 ,  . . . ) .  The 25 
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d is tance  L X  is  a  dis tance  between the  coo l ing  sur face 53 

and a  sur face  o f  the  cata lyst  layer  3  which sur face  is  in 

contact  wi th the  t ransmiss ion wal l  40.  Spec i f i ca l ly ,  the  

cata lyst  layer  3  has a  he ight  H 1  corresponding to  a 

d is tance  L 1 ,  a  he ight  H2  corresponding to  a  d is tance  L 2  . . .  5 

a  he ight  Hn  corresponding to a  d is tance  L n .  In  th is  case ,  

the he ight H o f  the cata lyst  layer  3  can be  represented by  

a  sum tota l  o f  he ights  H X (H1  +  H2  + . . .  +  Hn) .  In a  case  

where the  coo l ing sur face  53 and the  surface  o f  the  

cata lyst  layer 3  which sur face  is  in  contact  with  the  10 

t ransmiss ion wal l  40 are  f la t  in  the  Z -ax is  d i rect ion,  the 

d is tance  L X  is  an ident ica l  d istance  throughout  the  coo l ing  

sur face  53.  Thus,  a  d is tance  at  a  predetermined pos it ion 

in  this  case  can be  s imply  expressed as  the  d is tance  L.  

[0029]  15 

In  a  case  where  the  cata lyst  layer  3  is  conf igured as 

a  co l lec t ion o f  a  p lura l i ty  o f  non -cont inuous cata lyst  

layers as  i l lustrated in  F ig .  2 ,  the  he ight  H o f  the  cata lyst  

layer  3  can be  represented by  the  sum tota l  o f  the  he ights 

HX (H1  +  H2  + . . .  +  H n) .  20 

[0030]  

In  some cases ,  due to  a  degree  o f  f i l l ing  o f  the  

cata lyst  30,  an upper  end sur face  or  a  lower  end sur face  

o f  the  cata lyst  layer  3  is  not  f la t ,  or  the  upper  end sur face  

and the  lower  end sur face  are  not  para l le l  to  each other .  25 



- 21 -

In  such a  case ,  the  he ight  H o f  the  cata lyst  layer  3  here in 

means the  he ight  o f  the  cata lyst  layer  3  on a  sur face  o f  the  

cata lyst  layer 3  which sur face  is  in  contact  with  the  

t ransmiss ion wal l  40.  In  a  case  where  the  sur face  o f  the  

cata lyst  layer 3  which sur face  is  in  contact  with  the  5 

t ransmiss ion wal l  40 is  not  f la t ,  the  dis tance L X  and the  

he ight H X are  de f ined as in  a case where the  protrusions 

ment ioned ear l ier  are prov ided on the  coo l ing  sur face  53.  

[0031]  

From the v iewpoint  o f  the  amount o f  t reatment per  10 

react ion device ,  the  sum tota l  o f  the  heights H X is  

pre ferably  not  less  than 1,000 mm. Furthermore ,  f rom an 

economic  v iewpoint ,  the  sum tota l  o f  the  he ights  H X is  

pre ferably  not  more  than 20,000 mm.  

[0032]  15 

The t ransmiss ion wal l  40 is  prov ided at  a  boundary  

between the  cata lyst  layer  3  and the  space  4 ,  and is  a  

member that  a l lows the  reactant gas  32 to pass 

therethrough.  The t ransmiss ion wal l  40 is  made o f ,  for  

example ,  a  meta l  member  that  is  made o f  s ta in less s tee l .  20 

The t ransmiss ion wal l  40 is  made o f  a  member  that  a l lows 

the  reactant  gas  32 to  pass therethrough but  does not  

a l low the  catalyst  30 to  pass  therethrough.  Examples  o f  

such a  member inc lude a  meta l  mesh that  has  an 

appropr iate  pore  s ize .  The reactant  gas  32 conta ins  an 25 
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unreacted source  mater ia l  gas  and an uncondensed 

react ion product  gas .  

[0033]  

The space  4  is  a  space  that  is  prov ided between the  

t ransmiss ion wal l  40 and the  coo l ing sur face  53.  In  a lower  5 

part  o f  the  space 4 ,  a condensate s tor ing sect ion 47 is  

prov ided in  which a product that  has  been condensed and 

l iquef ied  on the  coo l ing  sur face 53 and/or  in a  v ic in i ty  o f

the coo l ing  sur face 53 can be  s tored.  A  condensate 41 is  

co l lected through a  condensat e  co l lect ion opening 46 that  10 

is  prov ided in a  bot tom part  o f  the  condensate  stor ing  

sect ion 47.  

[0034]  

Note  here  that  the  d is tance  L X  between the  coo l ing 

sur face  53 and the sur face o f  the cata lyst  layer 3  which 15 

sur face  is  in contact  wi th  the  t ransmiss ion wal l  40 is  

pre ferably  not  less  than 0.5  mm and not  more  than 500  

mm. The above  range o f  the  d is tance  L X is  pre ferably

achieved in  a reg ion o f  not  less  than 80%, and more  

pre ferably  not  less  than 95% of  a ver t ica l  l ength o f  an 20 

ent i re  reg ion obta ined by  a  sum of  part ia l  reg ions of  the 

coo l ing  sur face  53 which face  the  cata lyst  layer  3 .  The  

d is tance  L X  is  des i rably  not  less  than 0.5  mm in o rder  to 

secure  a  space  for  a  condensed droplet  to  drop by  grav i ty .  

Furthermore ,  the  d is tance  L X  that  is  l ess than 0.5  mm may 25 
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cause condensat ion o f  a product in the  catalyst  layer 3 .  In 

contrast ,  the  d is tance  L X  that  is  more  than 500 mm may 

increase  var ious  costs due to  an increase  in  s ize  o f  the 

react ion conta iner 1 .  This  may lead to economic  

inconvenience .  Thus,  the  d is tance  L X  is  pre ferably  not  less  5 

than 0.5  mm and not  more  than 500 mm.  

[0035]  

(Cumulat ive  va lue )  

According to  the  react ion dev ice  100 o f  E mbodiment 

1 ,  a  cumulat ive va lue  is  not  less  than 500 mm 2,  the  10 

cumulat ive  va lue  be ing  obta ined by  cumulat ive ly  adding,  

f rom one end to  the  other  end o f  the  coo l ing  sur face  53 in  

the  Z-ax is  d i rect ion,  products  o f  ( i )  the d is tance L X  

between the  coo l ing sur fa ce  53 and the  surface  o f  the  

cata lyst  layer 3  which sur face  is  in  contact  with  the  15 

t ransmiss ion wal l  40 and ( i i )  the  he ight  H X o f  the  cata lyst  

layer  3  corresponding to  the  coo l ing  surface  hav ing  the  

d is tance  L X .  

[0036]  

In the  present  invent ion,  " a  cumulat ive va lue  20 

obta ined by  cumulat ive  addi t ion f rom one end to  the  other 

end o f  the  coo l ing  sur face  53 in  a  predetermined d i rect ion 

is  500 mm2 "  means that  a  cumulat ive  va lue  obta ined by 

cumulat ive  addi t ion  f rom one end to the  other  end o f  the 

coo l ing  sur face  53  in the  Z-ax is  d i rect ion only  needs to  be 25 
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not  less  than 500 mm 2  at  one or  more  predetermined 

p laces.  In  a  case  where  the  cumulat ive  va lue  var ies  in  

va lue  depending on a  predetermined posi t ion in  the  X -axis  

d i rect ion,  the  cumulat ive  va lue  obta ined by  cumulat ive  

addi t ion  f rom one end to the  other end o f  the coo l ing 5 

sur face  53 in  the  Z -axis  d i rect ion can be  500 mm 2  in  not  

less than 50%,  pre ferably  not  less  than 80%,  more  

pre ferably  not  less than 95%,  and part icular ly  pre ferably 

100% of  a  reg ion in  the  X -ax is  d i rect ion.  

[0037]  10 

According to  the  react ion dev ice  100,  the  cumulat ive 

va lue obta ined by cumulat ive addi t ion f rom one end to  the  

other end of  the  coo l ing  sur face  53 in  the Z -ax is  d i rect ion 

is  not  less  than 500 mm 2 at  one or  more  predetermined  

p laces in  the  X -ax is  d i rect ion.  Thus,  as  compared wi th  a  15 

react ion dev ice  in  which the  cumulat ive  va lue  is  l ess  than 

500 mm2  in  100% of  a  region in  the  X -axis  d i rect ion,  the  

react ion dev ice  100 can further  improve  a  react ion y i e ld  o f  

the product  a lso  in the  case  o f  us ing condi t ion parameters  

ident ica l  to  those  used in  the  react ion dev ice .  The 20 

condi t ion parameters  include a  pressure  in  a  react ion 

system,  a  temperature in  the  react ion system,  and a rat io  

(W/F)  between a cata lyst  amount and a source  mater ia l  

f eed rate  in  the  react ion system.  

[0038]  25 
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In  the  above  react ion,  in  which the  product  is  

condensed and co l lected out  o f  a  react ion conta iner  so  that  

the  chemical  equi l ibr ium is  sh i f ted  toward the  product ,  

any o f  ( i )  a  react ion rate  o f  a  react ion that  occurs  in  the  

cata lyst  layer  3 ,  ( i i )  a  d i f fus ion rate at  which the product 5 

d i f fuses  toward the  cool ing  sur face  53,  and ( i i i )  a  

condensat ion rate  on the  coo l ing  sur face  53 governs an 

ent i re  react ion rate .  Increas ing  the  dis tance  L X  is  

cons idered to  reduce a  dr iv ing  force  by  which the  chemical  

equi l ibr ium is  sh i f ted  toward the  product .  Thus,  a  change  10 

to  increase  the  dis tance  L X is  commonly  not  made.  

However ,  the inventors o f  the  present invent ion have found 

that  the  react ion dev ice  100  the  internal  s t ructure  o f  

which is  conf igured such that  the cumulat ive va lue is  not  

less  than 500 mm 2  can rather  improve  the  react ion y ie ld  15 

o f  the product .  

[0039]  

As  descr ibed ear l ier ,  f rom the economic  v iewpoint ,  

the  d is tance  L X  is  pre ferably  no t  more  than 500 mm, and 

the  sum tota l  o f  the  he ights  H X is  pre ferably  not  more  than 20 

20,000 mm. The  cumulat ive va lue is  there fore pre ferably  

not  more  than 10,000,000 mm 2 .  S ince  the  react ion dev ice 

100 is  conf igured such that  the  cumulat ive  va lue  is  not  

less than 500 mm2  and not  more than 10,000,000 mm 2 ,  

the  react ion dev ice  100 and a  chemical  react ion method in  25 
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which the  react ion dev ice  100 is  used can improve  the  

react ion y ie ld  o f  the  product .  Furthermore ,  i t  i s  possib le  

to  prov ide  the  react ion device  100 and the  ch emica l  

react ion method that  are  pre ferable  a lso  f rom the  economic 

v iewpoint .  5 

[0040]  

(F low o f  react ion)  

The source  mater ia l  gas  31 is  suppl ied  through a  

source  mater ia l  gas  in le t  35 which is  prov ided in  an upper 

part  o f  the  cata lyst  layer  3 ,  and comes int o  contact  wi th  10 

the  cata lyst  30 which f i l l s  the  cata lyst  layer  3 ,  so  that  a  

react ion proceeds.  The reactant  gas  32 that  has  been 

produced by  the  react ion passes  through the  t ransmission 

wal l  40 and trave ls  to  the  space  4 ,  and is  coo led,  on the  

coo l ing  sur face 53,  to  a  temperature not  h igher  than the  15 

dew po int  o f  the  reactant  gas 32,  so  that  a product is  

condensed.  The product  that  has  been condensed and 

l iquef ied  drops into  the  condensate  stor ing  sect ion 47 and

is  co l lec ted,  as  the  condensate  41,  through the  condensate  

co l lect ion opening 46.  20 

[0041]  

The reactant gas 32 that  passes through the  

t ransmiss ion wal l  40 f rom the  cata lyst  layer  3  s ide  also 

inc ludes  the unreacted source  mater ia l  gas.  However,  a  

main component conta ined in  the  unreacted source 25 
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mater ia l  gas  is  not  condensed on the coo l ing  sur face 53.  

Furthermore ,  s ince  the  condensate s tor ing  sect ion 47 is  

prov ided in  the  lower part  o f  the  space  4 ,  the  unreacted 

source mater ia l  gas  returns to  the  cata lyst  layer  3  instead 

o f  be ing  d ischarged through the  co ndensate  co l lect ion 5 

opening 46 together  wi th  the  condensate  41.  

[0042]  

Note  here  that  a  f low rate  o f  gas  that  passes  through 

the t ransmiss ion wal l  40 is  pre ferably  kept  in  an 

appropr iate  range so  that  a  rat io  o f  the unreacted source  10 

mater ia l  gas  which passes  through the  space  4  and heads 

toward an ex i t  o f  the cata lyst  layer 3 is  not  excess ive ly  

h igh.  In  order  to  keep the  f low rate  o f  the  gas  in  the  

appropr iate  range,  i t  i s  poss ib le  to ,  for  example ,  ad just  a 

vo id area  rat io  of  the porous member  o f  which the  15 

t ransmiss ion wal l  40 is  formed.  A l ternat ive ly ,  in  order  to 

keep the f low rate o f  the  gas in the appropr iate  range ,  i t  

i s  poss ib le  to  inser t ,  into  the  space  4 ,  a  member  that  

serves as  a  res is tance  to  the  f low o f  the  gas .  

[0043]  20 

The reactant gas 32 that  conta ins the source  

mater ia l  which has not  been reacted in  the  cata lyst  layer 

3  is  co l lec ted through a  reactant  gas co l lec t ion opening 

36.  

[0044]  25 
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(Co l lect ion o f  heat  o f  react ion and heat  of  

condensat ion)  

The f i rs t  heat ing  medium 21 is  suppl ied ,  as,  for  

example ,  bo i ler  water  at  2.2  MPaG to  5 .0  MPaG,  through 

the  f i rs t  heat ing  medium feed opening 25.  In  a  case  where  5 

the react ion is  an exothermic react ion,  the heat  o f  react ion 

which heat  has  been generated in  the  cata lyst  layer  3  is  

heat  exchanged through the  f i rs t  heat  exchange wal l  20 

and co l lec ted by the  f i rs t  heat ing medium 21.  The f i rst  

heat ing  medium 21 passes  through the  f i rs t  heat ing 10 

medium co l lect ion opening 26 and is  co l lected into a  h igh -

pressure  s team separator  drum (not  i l lustrated ) .  Then,  

h igh-pressure  s team obta ined by  gas - l iquid  separat ion is  

used as ,  for  example ,  a  power  source  for  compress ing the 

source mater ia l .  15 

[0045]  

The second heat ing  medium 51 is  suppl ied ,  as ,  for  

example ,  bo i ler  water  at  0 .05 MPaG,  through the  second 

heat ing  medium feed opening 55.  The second heat ing  

medium 51 co l lec ts  there in  heat  o f  the  reactant gas  32 by  20 

heat  exchange through the  second heat  exchange wal l  50 

in  order  to  reduce a  temperature  o f  the  reactant  gas  32 in  

the  space  4  to  not  h igher  than the  dew po int  on the  s ur face  

o f  the coo l ing sur face 53.  The second heat ing medium 51 

passes through the  second heat ing medium co l lect ion 25 
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opening 56 and is  co l lec ted into a  low -pressure s team 

separator  drum (not  i l lustrated ) .  Then,  low -pressure s team 

obta ined by  gas - l iquid separat ion is  used as ,  for  example ,  

a  heat  source  in  a  s tep o f  pur i fy ing  the  product .  

[0046]  5 

(E f fect  o f  Embodiment 1 )  

As  descr ibed above ,  the  react ion dev ice  100 o f  

Embodiment  1 is  a  chemica l  react ion dev ice that  causes  a 

react ion,  a  product  o f  which conta ins  a  component  hav ing 

a bo i l ing po int  h igher  than a  component o f  the source 10 

mater ia l  gas  31,  and progress  of  which in  a  gaseous phase  

is  restr ic ted by  a  chemica l  equi l ibr ium between a  source  

mater ia l  and the  product ,  to  proceed.  A  chemica l  react ion 

method of  Embodiment  1  is  a  method in  which the  react ion  

dev ice  100 is  used.  The react ion dev ice  100 inc ludes :  the  15 

cata lyst  layer 3  to  which the  source mater ia l  gas 31 is  

suppl ied  and which conta ins  the  cata lyst  30 that  promotes 

the react ion;  the  coo l ing  sur face 53  which is  prov ided 

apart  f rom the  cata lyst  layer  3  wi th  the  space 4 between 

the  cool ing  sur face  53 and the  cata lyst  layer  3 ,  which is  20 

maintained at  a  temperature  not  h igher  than a  dew po int  

o f  the  reactant  gas  32,  and which extends in  a 

predetermined d i rec t ion;  and the  t ransmiss ion wal l  40 

which is  prov ided at  a  boundary  between the  cata lyst  layer  

3  and the  space  4  and which a l lows the  reactant  gas  32 25 



- 30 -

that  has  been produced by  the  react ion to  pass  

therethrough.  A  cumulat ive  value  is  not  less  than 500 

mm2 ,  the  cumulat ive va lue  be ing  obta ined by cumulat ive ly  

adding,  f rom one end to the  other end o f  the  coo l ing  

sur face  53 in  a  he ight  d i rect ion,  products  o f  ( i )  the 5 

d is tance  L X  between the  cool ing  sur face  53 and the  sur face  

o f  the  cata lyst  layer  3  which sur face  i s  in  contact  wi th  the 

t ransmiss ion wal l  40 and ( i i )  the  he ight  H X o f  the  cata lyst  

layer corresponding to  the  coo l ing  sur face  53 hav ing the 

d is tance  L X .  The react ion dev ice  100 condenses  some o f  10 

the  product  on the  sur face  o f  the  coo l ing  sur face  53 and 

in  the space  4 .  

[0047]  

According to the react ion dev ice 100 and the  

chemica l  react ion method in  which the  react ion dev ice 100 15 

is  used,  the  product  is  co l lec ted,  as  the  condensate  41,  

out  o f  the  react ion conta iner  1 .  This  a l lows a  react ion in  a 

react ion system,  in  which progress  o f  the  react ion in  a 

gaseous phase  is  restr ic ted by a  chemica l  equi l ibr ium, to  

proceed beyond an equi l ibr ium conversion rate .  20 

[0048]  

Furthermore ,  accord ing to the react ion dev ice  100,  

the  cumulat ive  va lue  obtained by  cumulat ive  addi t ion f rom 

one end to  the  other  end o f  the  coo l ing  sur face  53 in  the  

Z-ax is  d i rect ion is  not  less  than 500 mm 2  at  one or  more25 



- 31 -

predetermined p laces in  the  X -ax is  d i rect ion.  Thus,  the 

react ion dev ice  100 and the  chemica l  react ion method in  

which the  react ion dev i ce  100 is  used can improve a 

react ion y ie ld o f  the  product  a lso in  the case  of  us ing 

condi t ion parameters  ident ica l  to  those  used in  a  react ion 5 

dev ice  in  which the  cumulat ive  va lue  is  less  than 500 mm 2  

in  100% of  a  reg ion in the  X -ax is  d i rect ion.  

[0049]  

In  the  react ion dev ice  100 and the  chemica l  react ion 

method in  which the  react ion dev ice 100 is  used,  i t  i s  10 

poss ible  to  improve  a  react ion y ie ld  o f  methanol  according  

to a  methanol  product ion method in  which a carbon ox ide  

and hydrogen are  conta ined as  the  source  mater ia l  gas  31 

and a  cata lyst  for  methanol  synthes is  is  used as  the 

cata lyst  30.  15 

[0050]  

Embodiment  2  

The fo l lowing descr ipt ion wi l l  d iscuss  another  

embodiment  o f  the  present  invent ion.  Note  that  for  

convenience ,  members hav ing  funct ions ident ica l  to  those 20 

o f  the  respect ive  members  descr ibed in  Embodiment  1  are  

g iven respect ive  ident ica l  re ference numerals ,  and a 

descr ipt ion o f  those  members  is  omit ted.  

[0051]  

F ig .  3  is  a  cross -sect ional  v iew o f  a  react ion dev ice 25 
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100A in  accordance wi th  Embodiment  2 ,  the  cross -

sect ional  v iew be ing taken a long a p lane perpendicular  to  

a  bot tom sur face  o f  the  react ion dev ice  100A.  F ig .  4  is  a  

cross-sect ional  v iew o f  a  react ion tube 10A inc luded in  the  

react ion dev ice  100A,  the  cross -sect ional  v iew be ing  taken 5 

a long a  p lane perpendicular  to  a  long ax is  o f  the  react ion  

tube 10A.  The react ion dev ice  100A has a  bas ic  pr inc ip le  

ident ica l  to  that  o f  the  react ion dev ice  100.  The react ion 

dev ice  100A d i f fers  f rom the  react ion device  100 in  that  

cy l indr ica l  react ion tubes  are  used in  the  react ion dev ice 10 

100A.  

[0052]  

As  in  the  case  o f  the  react ion dev ice  100,  the  react ion 

dev ice 100A can be sui tab ly  used as a  dev ice for  carry ing  

out  a chemica l  react ion in  which a  source  mater ia l  gas  31 15 

conta ins  a  carbon oxide  and hydro gen and a  product  o f  

which conta ins methanol .  In addi t ion,  the react ion dev ice  

100A can be  used a lso for  carry ing out a  react ion that  

y ie lds d imethy l  e ther  or  ammonia  as  a product .  

[0053]  20 

In  the  source  mater ia l  gas  31,  impur i t ies ,  examples 

o f  which are  l i s ted below,  are  pre ferably  reduced to an 

extent that  do  not  excess ive ly  a f fec t  methanol  product ion.  

Examples  o f  the  impur i t ies inc lude sul fur compounds and 

sul fur e lements  (e .g .  hydrogen sul f ide ,  carbonyl  sul f ide ,  25 
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carbon d isul f ide ,  sul fur  oxide ,  th iophene,  and methy l  

th iocyanate ) ,  ha logen compounds and halogen e lements  

(e .g .  hydrogen chlor ide  and hydrocarbon chlor ide ) ,  metal  

carbonyls  (e .g .  Fe  carbonyl  and Ni  carbonyl ) ,  meta l l i c  

compounds (e .g .  meta l l i c  compounds conta in ing  vanadium 5 

and a lka l i  meta l s ) ,  n i t rogen compounds (e .g .  ammonia ,  

amine,  n i t rogen ox ide ,  n i t r i l e ,  and hydrogen cyanide ) ,  

substances  in  l iquid  form and so l id form (e .g .  tar ,  carbon 

b lack,  soot ,  ash,  f ine meta l  powder ) ,  and unsaturated 

hydrocarbons.  The cata lyst  30 is  not  part icular ly  l imi ted 10 

prov ided that  the  cata lyst  30 is  a  cata lyst  for  promoting  

the  react ion.  Note ,  however ,  that  the  cata lyst  30 may be  a  

cata lyst  conta in ing Cu and/or  Zn,  or  may be  a  cata lyst  

fur ther  contain ing A l ,  Mg,  Cr ,  Mn, V,  Ti ,  Zr ,  Ta ,  Mo,  W, S i ,  

a  rare ear th,  Ga,  or  the  l ike .  15 

[0054]  

(React ion dev ice  100A)  

As  i l lustrated in  F ig .  3 ,  the  react ion dev ice  100A 

inc ludes  a  p lura l i ty  o f  react ion tubes  10A that  are 

prov ided ins ide  a  react ion conta iner  1A and that  extend in 20 

the Z-ax is  d i rect ion.  The number  o f  the react ion tubes  10A 

that  are  prov ided ins ide  the  react ion conta iner  1A is  not  

part icular ly  l imi ted,  prov ided that  the number  is  at  least  

one.  In  cons iderat ion o f  react ion e f f i c iency ,  the  number o f  

the  react ion tubes  10A is  pre ferably  more  than one.  On an 25 
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upper  s ide  o f  the  p lural i ty  o f  react ion tubes  10A,  a  source  

mater ia l  gas supply ing  sect ion 37A is  prov ided which is  

f i l l ed  wi th  the  source  mater ia l  gas  31 to  be  suppl ied  to  

each o f  the react ion tubes 10A.  On a  lower  s ide o f  the 

p lura l i ty  o f  react ion tubes 10A,  a  s tor ing  s ect ion 48A is  5 

prov ided which stores  there in  a l iquid that  has  been 

condensed ins ide  each o f  the  react ion tubes  10A and gas  

that  has  passed through a  cata lyst  layer  3A.  On a lower  

s ide o f  the  stor ing  sect ion 48A,  a  second heat ing  medium 

co l lect ing  sect ion 58A is  prov ided which stores  there in  a 10 

second heat ing  medium 51 that  has  been d ischarged f rom 

a second heat  exchange sect ion 52A (cool ing  tube,  

descr ibed la ter ) .  Furthermore,  on a lower s ide o f  the  

second heat ing  medium col lect ing  sect ion 58A,  a  second 

heat ing  medium supply ing  sect ion 57A is  prov ided which 15 

stores therein  the second heat ing medium 51 to  be  

suppl ied  to  the  second heat  exchange sect ion 52A.  The  

above sect ions are formed by us ing a  meta l  p late (e .g .  a  

p late  made o f  s ta in less  s tee l )  to  part i t ion an internal  space 

o f  the react ion conta iner  1A.  20 

[0055]  

A  react ion tube 10A is  open to ( i )  a  meta l  plate  11A 

that  is  located in  an upper  part  o f  the  react ion tube 10A 

and ( i i )  a  meta l  p late  12A that  is  located in  a  lower  part  o f  

the  react ion tube 10A.  An outer  cy l inder  20A o f  the  25 
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react ion tube 10A is  jo ined to  the  meta l  p lates  11A and 

12A by weld ing .  

[0056]  

As  i l lustrated in  F igs .  2  and 4 ,  the  react ion tube 10A 

inc ludes ,  in  th is  order  f rom outs ide,  the  outer  cy l inder 5 

20A,  the  cata lyst  layer  3A that  has  a c y l indr ical  shape and 

is  in  contact  wi th  an inner  wal l  sur face  o f  the  outer  

cy l inder  20A,  an inner  cy l inder  40A that  is  prov ided on an 

inner  s ide  o f  the  catalyst  layer  3A,  and the  second heat  

exchange sect ion 52A (coo l ing  tube ) .  The second heat  10 

exchange sec t ion 52A is  prov ided apart  f rom the  inner  

cy l inder  40A wi th a  space  4A ( f i rst  space )  between the 

second heat  exchange sect ion 52A and the  inner  cy l inder 

40A.  

[0057]  15 

A f i rs t  heat  exchange sect ion 22A is  a  heat  exchanger  

that  is  const i tuted by  ( i )  some o f  a n inner  wal l  sur face  o f  

the react ion conta iner 1A,  ( i i )  an outer  wal l  sur face o f  the  

outer  cy l inder  20A,  and ( i i i )  the meta l  p lates  11A and 12A 

and that  has  a heat  t ransfer  sur face 23A on the cata lyst  20 

layer  3A s ide .  Ins ide  the  f i rs t  heat  exchange sect ion 2 2A,  

a  f i rs t  heat ing  medium reg ion 2A is  prov ided which is  

common among the  p lural i ty  o f  react ion tubes  10A.  

Through the  f i rs t  heat ing  medium reg ion 2A,  a  f i rs t  heat ing  

medium 21 (heat ing  medium)  f lows.  The f i rs t  heat ing  25 
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medium 21 is  a  heat ing  medium for  ma inta ining  the outer  

cy l inder  20A at  a temperature h igher than a  dew po int  o f  

a  reactant  gas  32.  The outer  cy l inder  20A is  made of  a 

member  that  does  not  a l low any f lu id  to  pass  therethrough.  

The heat  t ransfer  sur face  23A o f  the  outer  cy l inder  20A 5 

acts  as  a  f i rs t  heat  exchange sur face .  

[0058]  

The react ion conta iner  1A has a  s ide  wal l  that  is  

prov ided wi th  ( i )  a  f i rs t  heat ing  medium feed opening 25A 

through which the f i rs t  heat ing medium 21 is  to  be  10 

suppl ied  to the  f i rs t  heat ing medium reg ion 2A and ( i i )  a  

f i rs t  heat ing  medium co l lect ion opening 26A through which 

the  f i rs t  heat ing  medium 21 is  to  be  discharged f rom the 

f i rs t  heat ing  medium reg ion 2A.  The f i rs t  heat  exchange 

sect ion 22A can maintain  the heat  t ransfer  sur face 23A at  15 

a  temperature  h igher  than the  dew po int  o f  the  reactant  

gas  32 by  a l lowing the  f i rs t  heat ing  medium 21 to  f low 

through the  f i rs t  heat ing  medium region 2A.  The react ion 

dev ice  100A that  inc ludes  the  heat  t ransfer  sur face  23A 

can mainta in  the  catalyst  layer  3A at  a  temperature  20 

sui table  for  the react ion.  This a l lows an increase in 

e f f i c iency  o f  the  react ion.  

[0059]  

As  i l lustrated in  F igs .  3  and 4 ,  the  second heat  

exchange sect ion 52A inc ludes  a  second heat  exchange 25 
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wal l  50A and an inner  tube 59A.  Between the  second heat  

exchange wal l  50A and the  inner tube 59A,  a second 

heat ing  medium reg ion 5A is  prov ided.  The second heat ing  

medium reg ion 5A is  a reg ion through which the second 

heat ing  medium 51 f lows.  The second heat  exchange 5 

sect ion 52A has a  double  cy l inder s tructure .  The second 

heat ing  medium 51 in  the  second heat ing  medium 

supplying  sect ion 57A is  suppl ied into  the second heat  

exchange sect ion 52A through the  inner  tube 59A.  A  f low 

passage  between an outer  wal l  sur face  o f  the inner tube 10 

and an inner  wal l  sur face o f  the  second heat  e xchange wal l  

50A communicates  wi th  an ins ide  o f  the  second heat ing 

medium co l lect ing  sect ion 58A.  The second heat ing 

medium 51 that  has  ex i ted  f rom the  second heat ing 

medium supply ing  sect ion 57A and reached an upper end 15 

o f  the  inner  tube passes  through th e  f low passage  and is  

d ischarged to  the  second heat ing medium co l lect ing 

sect ion 58A through an out f low port  54A that  is  prov ided 

in an upper  wal l  sur face o f  the second heat ing medium 

co l lect ing  sect ion 58A.  20 

[0060]  

The second heat  exchange wal l  50A is  mad e o f  a  

member  that  does  not  a l low any f lu id  to  pass  therethrough.  

A  coo l ing  surface  53A (outer  sur face o f  the coo l ing tube )  

o f  the  second heat  exchange wal l  50A acts  as  a  second heat  25 
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exchange sur face .  The second heat  exchange sect ion 52A 

can mainta in the  s econd heat  exchange wal l  50A and the  

coo l ing  sur face  53A at  a  temperature not  h igher  than the  

dew po int  o f  the  reactant  gas  32 by  a l lowing the  second 

heat ing  medium 51 to  f low through the  second heat ing  5 

medium reg ion 5A.  

[0061]  

The cata lyst  layer 3A is  f i l l ed  wi th the cata lyst  30 

that  is  suitab le  for  the  react ion.  An area o f  an upper end 

o f  the  react ion tube 10A which area  exc ludes  an upper end  10 

o f  the  catalyst  layer 3A is  covered wi th  a meta l l i c  cap and 

is  prov ided so  that  gas  cannot  f low through the  area .  In  an 

upper  part  o f  the  cata lyst  layer  3A,  an opening 38A is  

prov ided,  through which the  source mater ia l  gas 31 is  

suppl ied  to the  cata lyst  layer 3A.  An upper  end o f  the  15 

cata lyst  layer  3A and the  opening 38A need not  be  f lush 

wi th  each other .  A  space  betw een the  upper  end o f  the 

cata lyst  layer  3A and the  opening 38A may be  f i l l ed  wi th  a 

f i l l ing  300A. In  a  lower  part  o f  the cata lyst  layer 3A,  an 

opening 39A is  prov ided.  A lower end o f  the cata lyst  layer 20 

3A and the  opening 39A need not  be  f lush wi th each oth er.  

A  space  between the  lower  end o f  the  cata lyst  layer  3A and 

the opening 39A may be  f i l l ed  wi th the  f i l l ing  300A. The  

lower end o f  the  cata lyst  layer  3A is  provided wi th  a  

support ing  member  that  is  made o f ,  for  example ,  a  meta l  25 
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mesh.  The support ing member  carr ies  out  a funct ion to 

prevent  dropping o f  the  cata lyst  30.  

[0062]  

The cata lyst  layer 3A extends in  the  Z -ax is  d irect ion 

and has a  he ight  H A  corresponding to  the  coo l ing  sur face 5 

53A hav ing a d is tance L A .  The d is tance  L A  is  a  d is tance  

between the coo l ing sur face 53A and a sur face o f  the  

cata lyst  layer  3A which sur face  is  in  contact  wi th  the  inner 

cy l inder  40A.  In  a  case  where  the  coo l ing  sur face  53A is  

an even curved sur face  in the Z -ax is  d i rect ion,  a length o f  10 

the cata lyst  layer 3A f rom i ts  upper end to i ts  lower end 

can be  s imply  represented by the he ight  H A .  In  contrast ,  

in a  case  where  the d is tance L A  is  not  constant ,  e .g .  in  a 

case where  the  coo l ing  sur face 53A has i r regular i t ies  in  

the Z-ax is  d i rect ion,  the cata lyst  layer 3A has a he ight H X 15 

corresponding to each d is tance L X .  Spec i f i ca l ly ,  the 

cata lyst  layer  3  has a  he ight  H 1  corresponding to  a 

d is tance  L 1 ,  a  he ight  H2  corresponding to  a  d is tance  L 2  . . .  

a  he ight  Hn  corresponding to a  d is tance  L n .  In  th is  case ,  

the length o f  the cata lyst  layer 3A f rom i ts  upper end to 20 

i ts  lower  end can be  represented by  a  sum tota l  o f  he ights 

HX (H1  +  H2  + . . .  +  H n) .  

[0063]  

The d is tance L X  is  preferably  not  less  than 0.5  mm 

and not  more  than 500 mm. The above  range o f  the 25 
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d is tance  L X  is  pre ferably  achieved in  a  reg ion o f  not  less  

than 80%, and more pre ferably  not  less  than 95% of  a  

ver t ica l  l ength o f  an ent i re  reg ion obta ined by  a  sum of  

part ia l  reg ions o f  the  coo l ing sur face 53A which face  the  

cata lyst  layer  3A.  5 

[0064]  

The sum tota l  o f  the  he ights H X is  pre ferably not  less 

than 1,000 mm and not  more  than 20,000 mm. In  a  case  

where  the  sum tota l  i s  l ess  than 1,000 mm, i t  i s  necessary 

to  increase  the  number  o f  the  react ion tubes  10A in  order  10 

to  achieve  a  suf f ic ient  amount  o f  cata lyst  c harged in  the  

react ion dev ice  100A.  An increase  in  number  o f  the  

react ion tubes  10A leads to ,  for  example ,  an increase  in  

manufactur ing  cost .  Thus,  the  above  sum tota l  i s  

pre ferably  not  less than 1,000 mm from an economic  15 

v iewpoint .  In  a  case  where  the  abo ve  sum tota l  i s  more  

than 20,000 mm, i t  i s  necessary  to  manufacture  the 

react ion tubes 10A that  are  very long and the  react ion 

dev ice 100A that  is  h igh.  Such react ion tubes  10A and 

such a react ion device  100A lead to ,  for  example ,  an 20 

increase  in manufactur ing  cost .  Thus,  the above  sum tota l  

i s  pre ferably  not  more  than 20,000 mm from the  economic  

v iewpoint .  

[0065]  

The inner  cy l inder  40A is  made o f  a  porous member  25 
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that  a l lows gas  to  pass  therethrough .  The inner  cy l inder  

40A a l lows gas  conta in ing  ( i )  a  produc t  produced in the 

cata lyst  layer  3A and ( i i )  an unreacted source  mater ia l  to  

pass  therethrough to  the  second heat  exchange sect ion 

52A s ide .  5 

[0066]  

The space  4A is  prov ided between the  inner  cy l inder 

40A and the  second heat  exchange wal l  50A.  In 

Embodiment  2 ,  a  condensate  f low tube (communicat ing  

tube )  42A is  prov ided on a ver t ica l ly  lower  s ide  o f  the space  10 

4A.  The condensate f low tube 42A is  conf igured to extend 

the  space  4A ver t ica l ly  downward,  and is  made o f  a  member  

that  does  not  a l low any l iquid  to  pa ss  therethrough.  More 

spec i f i ca l ly ,  the  condensate  f low tube 42A forms,  between 

the  condensate  f low tube 42A and a  sur face  o f  the  second 15 

heat  exchange sect ion 52A,  a space  (second space )  6A that  

is  cont inuous wi th  the space  4A.  

[0067]  

On a  lower  s ide  o f  a  react ion tube 10A,  the  s tor ing 

sect ion 48A is  prov ided which stores  there in ,  on the 20 

ver t ica l ly  lower  s ide  of  the  space  4A,  the  condensate  41 

that  has  been produced in  the  space 4A and the  gas  that  

has  passed through the  cata lyst  layer  3A.  The  condensate 

f low tube 42A is  prov ided ins ide  the  s tor ing  sect ion 48A,  

and a lower  end o f  the  condensate f low tube 42A is  25 
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pos i t ioned so  as  to  be  immersed in  the  condensate  41 that  

is  s tored in  a  bot tom part  ( re ferred to  as  a  "condensate  

s tor ing  sect ion 47A" )  o f  the  s tor ing  sect ion 48A.  

[0068]  

In  a space  (re ferred to  as  a "gas  co l lec t ion reg ion 5 

49A" )  on an upper  s ide  ins ide the  s tor ing  sect ion 48A,  an 

uncondensed gas  32A that  has  passed through the  cata lyst  

layer 3A is  s tored.  The uncondensed gas  32A is  a part  o f  

the  reactant  gas  32 which part  i s  d ischarged a f ter  passing  

through the  cata lyst  layer  3A wi thout  be ing condensed,  10 

f lowing through the  gas  co l lec t ion reg ion 49A (s tor ing 

sect ion 48A) ,  and coming into  contact  wi th the  condensate 

s tor ing  sect ion ( l iquid  s tor ing sect ion)  47A.  The stor ing  

sect ion 48A is  prov ided wi th  an uncondensed gas 

co l lect ion opening 36A (exhaust  part )  through which the 15 

uncondensed gas  32A that  is  s tored in  the  gas  co l lect ion 

reg ion 49A is  d ischarged.  The uncondensed gas  co l lect ion 

opening 36A is  p rov ided at  a  pos i t ion vert ica l ly  above  the 

lower end o f  the  condensate  f low tube 42A.  

[0069]  20 

The condensate  41,  which is  a  product  that  has  been 

condensed in  the  space  4A,  passes  through an ins ide  o f  

the  condensate  f low tube 42A and is  d ischarged to  the  

condensate  s tor ing sect ion 47A.  The condensate 41 in  the  

condensate  s tor ing sect ion 47A is  co l lec ted through a 25 
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condensate  co l lec t ion opening 46A that  is  prov ided near  

the  bot tom part  o f  the  s tor ing  sect ion 48A.  In  so  do ing ,  

d ischarge  o f  a  f lu id through the  condensate  co l lect ion 

opening 46A is  control led  so that  the  reactant  gas 32 is  

prevented f rom be ing co l lec ted through the  condensate  5 

co l lect ion opening 46A.  

[0070]  

(Cumulat ive  va lue )  

According to  the react ion dev ice  100A of  Embodiment  

2 ,  a  cumulat ive va lue is  not  less  than 500 mm 2,  the  10 

cumulat ive  va lue  be ing  obta ined by cumulat ive ly  adding 

products  o f  the  d is tance  L X  and the  he ight  H X f rom one end 

to  the  other  end o f  the  coo l ing  sur face  53A in  a  he ight  

d i rect ion.  In  a  case  where  the  react ion dev ice  100A i s  a  

mult i tube reactor  inc luding the  p lura l i ty  o f  react ion tubes  15 

10A,  the  cumulat ive  va lue  is  not  less  than 500 mm 2  for  

each of  the  p lura l i ty  o f  react ion tubes  10A.  

[0071]  

In the  present  invent ion,  " a  cumulat ive va lue  

obta ined by  cumulat ive  addi t ion f rom one end to  the  other 20 

end o f  the  coo l ing  sur face  53A in  a  predetermined d i rect ion 

is  500 mm2 "  means that  a  cumulat ive  va lue  obta ined by 

cumulat ive  addi t ion  f rom one end to the  other  end o f  the 

coo l ing  sur face  53A in  the  Z -ax is  d i rect ion only  needs to  

be  not  less  than 500 mm 2  at  one or  more  predetermined 25 
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p laces.  In  a  case  where  the  cumulat ive  va lue  var ies  in  

va lue  depending on a  predetermined posi t ion in  the  X -axis  

d i rect ion,  the  cumulat ive  va lue  obta ined by  cumulat ive  

addi t ion  f rom one end to the  other end o f  the coo l ing 

sur face  53A in  the Z -ax is  di rect ion can be 500 mm 2  in not  5 

less than 50%,  pre ferably  not  less  than 80%,  more  

pre ferably  not  less than 95%,  and part icular ly  pre ferably 

100% of  a  reg ion in the  X -ax is  d i rect ion.  Note that  the  X -

ax is  d i rect ion in  Embodiment  2  means a  c i rcumferent ia l  

d i rect ion o f  the  coo l ing  sur face  53A that  is  cy l indr ica l .  10 

[0072]  

The inventors  o f  the  present  invent ion have 

exper imenta l ly  found the  fo l lowing.  Spec i f i cal ly ,  in  a case  

where a  cumulat ive va lue  obta ined by  cumulat ive  addi t ion 

f rom one end to  the  other  end o f  the coo l ing  sur face 53A 15 

in  the  Z-ax is  d i rect ion is  not  l ess  than 500 mm2  at  one or  

more  predetermined p laces  in  the  c i rcumferent ia l  d i rect ion 

o f  the  coo l ing  sur face  53A that  is  cy l indr ica l ,  the  react ion 

dev ice 100A can further improve a  react ion y ie ld o f  a  

product  as compared wi th a  react ion dev ice in  which the  20 

cumulat ive  va lue  is  less  than 500 mm 2  in 100% of  a  

c i rcumferent ia l  reg ion o f  the coo l ing sur face  53A that  is  

cy l indr ica l ,  a lso  in  the  case  o f  us ing  condi t ion parameters  

ident ica l  to  those  used in  the  react ion dev ice .  The 

condi t ion parameters  include a  pressure  in  a  react ion 25 
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system,  a  temperature in  the  react ion system,  and a rat io  

(W/F)  between a cata lyst  amount and a source  mater ia l  

f eed rate  in  the  react ion system.  

[0073]  

In a  case  where an internal  s t ructure o f  a  5 

convent ional  react ion dev ice is  changed so  that  the  

cumulat ive  va lue  is  not  less  than 500 mm 2,  such a  change 

can be  achieved by ,  for  example ,  increas ing a  d iameter o f  

the  inner  cy l inder  40A wi thout  changing a  d iameter  o f  the 

outer  cy l inder  20A.  F irs t ,  a  case  is  cons idered where an 10 

amount  of  the  cata lyst  30 charged and a  dens i ty  o f  the  

cata lyst  30 (d i lut ion rat io  o f  the cata lyst  30 )  in  the  

cata lyst  layer  3A are  constant.  In  th is  case ,  in  a  react ion 

tube 10A,  increas ing the  d iameter o f  the  inner  cy l inder 

40A accord ing ly  increases the  sum tota l  o f  the he ights  H X 15 

o f  the  cata lyst  l ayer  3A.  This  makes i t  poss ible  to  achieve 

the  react ion dev ice  100A in  which the  cumulat ive  va lue  is  

not  less  than 500 mm 2 .  Such a  change is ,  in  other  words,  

a change that  increases  an area o f  a  part  in which the  

cata lyst  layer  3A and the  inner  cy l inder  40A are in contact  20 

wi th  each other .  

[0074]  

In  the  above  react ion,  in  which the  product  is  

condensed and  co l lected out  o f  a  react ion conta iner  so  that  

the  chemical  equi l ibr ium is  sh i f ted  toward the  product ,  25 
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any o f  ( i )  a  react ion rate  o f  a  react ion that  occurs  in  the  

cata lyst  layer  3 ,  ( i i )  a  d i f fus ion rate at  which the product 

d i f fuses  toward the  cool ing  sur f ace  53,  and ( i i i )  a  

condensat ion rate  on the  coo l ing  sur face  53 governs an 

ent i re  react ion rate .  In  a  case  where the  ent i re  react ion 5 

rate  is  contro l l ed  by  the  d i f fus ion rate ,  increas ing  the 

d is tance  L X  is  cons idered to  reduce a  dr iv ing  force  by  

which the  chemica l  equi l ibr ium is  sh i f ted  toward the 

product ,  and reduce the ent i re  react ion rate .  Thus,  a 

change to  increase  the  dis tance  L X  is  commonly  not  made.  10 

However ,  the inventors  o f  the  present  invent ion have  

exper imenta l ly  found that  the  react ion dev ice  100A  the 

internal  s t ructure o f  which is  conf igured such that  the  

cumulat ive  va lue  is  not  less  than 500 mm 2  can rather 

improve  the  react ion y ie ld  o f  the product .  15 

[0075]  

Furthermore ,  a  change in  internal  s t ructure  such 

that  the  cumulat ive  va lue  is  not  less  than  500 mm2  can be  

achieved a lso by  increas ing the  sum tota l  o f  the  he ights  

HX.  I t  i s  poss ib le  to  increase  the sum total  o f  the he ights 20 

HX by ,  for  example ,  d i lut ing  the  cata lyst  30 in the  cata lyst  

layer  3A.  In  order  to  fur ther  increase  the  cumulat ive  va lue ,  

i t  i s  poss ib le  to  increase  the d iameter o f  the  inner cy l inder 

40A and d i lute  the  cata lyst  30.  

[0076]  25 
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As  descr ibed ear l ier ,  f rom the economic  v iewpoint ,  

the  d is tance  L X  is  pre ferably  no t  more  than 500 mm, and 

the  sum tota l  o f  the  he ights  H X is  pre ferably  not  more  than 

20,000 mm. The  cumulat ive va lue is  there fore pre ferably  

not  more  than 10,000,000 mm 2 .  5 

[0077]  

(F low o f  react ion)  

The source  mater ia l  gas  31 is  suppl ied  through a  

source  mater ia l  gas  in le t  35A,  and is  suppl ied  to  the 

cata lyst  l ayer  3A in  the  react ion tube 10A through the  10 

opening 38A.  The source  mater ia l  gas  31 comes into 

contact  wi th  the  cata lyst  30 in  the cata lyst  layer  3A,  so  

that  a  react ion proceeds.  The reactant  gas 32 that  has  

been produced by  the  react ion passes  through th e  inner  

cy l inder  40A and trave ls  to  the space 4A,  and is  coo led,  on 15 

the coo l ing  sur face 53A,  to a  temperature  not  h igher than 

the  dew po int  o f  the reactant gas  32,  so  that  a  product  is  

condensed.  The product  that  has  been condensed and 

l iquef ied  passes  through the  space  4A and the  condensate

f low tube 42A,  and drops into  the  condensate  s tor ing  20 

sect ion 47A.  The condensate  41 that  is  s tored in the 

condensate  s tor ing  sect ion 47A is  co l lec ted through the 

condensate  co l lec t ion opening 46A.  

[0078]  

The reactant  gas  32 that  passes  through the  inner 25 
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cy l inder  40A f rom the  cata lyst  layer 3A s ide  also inc ludes  

an unreacted source mater ia l  gas .  However ,  a  main 

component  conta ined in the  unreacted source mater ia l  gas  

is  not  condensed on the  coo l ing  sur face  53A.  Furthermo re ,  

s ince  the  lower  end o f  the  condensate  f low tube 42A is  5 

immersed in  the  condensate  41 that  is  s tored in  the 

condensate  s tor ing sect ion 47A,  the  unreacted source  

mater ia l  gas that  moves ins ide  the  condensate  f low tube 

42A is  prevented by  a  l iquid  sur face  o f  the  condensate  41 

f rom moving forward,  and returns to  the  catalyst  layer  3A.  10 

The gas  co l lec t i on reg ion 49A is  under  a  predetermined 

pressure  due to  inject ion of  the  source  mater ia l  gas  31,  

and the  l iquid  sur face  o f  the  condensate  41 in  the  

condensate  s tor ing sect ion 47A is  a lso under the  

predetermined pressure .  As  such,  the  l iquid  sur face  15 

prevents  the  unreacted source  mater ia l  gas  f rom be ing 

d ischarged f rom the  lower  end o f  the  condensate  f low tube 

42A wi thout re turning to  the  cata lyst  layer 3A.  Note he re 

that  a  l iquid  leve l  h A  in  the  condensate  s tor ing  sect ion 47A 

is  des i rably  mainta ined in  a  range that  sat is f ies  the 20 

fo l lowing re lat ionship .  

[0079]  

hA  =  αΔP/ρg  

1 .0  <  α  <  10  

hA :  L iquid leve l  in  s tor ing  sect ion [m]  25 
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ΔP:  Pressure  loss  o f  reactant  gas  pass ing  

through cata lyst  layer [Pa ]  

ρ :  Densi ty  o f  condensate  [kg/m 3 ]  

g :  Grav i tat ional  acce lerat ion (=  9 .8  [m/s 2 ] )  

α :  Coe f f i c ient  [ - ]  5 

In  a  case  where  h A  is  too  low,  some o f  the  reactant  gas  may 

pass  through the  space  4A and the  condensate  s tor ing  

sect ion 47A and f low out  through the  condensate  co l lect ion 

opening 46A together wi th  the  condensate .  This  may 

reduce an ef f i c iency  o f  contact  wi th  the  cata lyst  30.  In  a  10 

case  where  hA  is  too  great ,  the  react ion conta iner  may have 

a greater  he ight ,  and the  space  4A may have  a  h igher  

pressure  than the  cata lyst  layer  3A.  This  may prevent  

t ransfer  o f  the product  f rom the  cata lyst  layer  3A to the  

space  4A.  15 

[0080]  

The uncondensed gas  32A that  conta ins  a  source  

mater ia l  which has not  been reacted in  the  cata lyst  layer

3A is  co l lec ted into  the gas co l lect ion region 49A and 

co l lected through the  uncondensed gas  co l lec t ion opening 20 

36A that  is  prov ided in  an upper  part  o f  the  s tor ing  sect ion 

48A.  

[0081]  

(Co l lect ion o f  heat  o f  react ion and heat  of  

condensat ion)  25 
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The f i rs t  heat ing  medium 21 is  suppl ied  to  the  f i rs t  

heat  exchange sect ion 22A through the f i rs t  heat ing  

medium feed opening 25A.  Heat o f  react ion which heat  has  

been generated in  the  cata lyst  layer  3A is  heat  exchanged 

through the outer  cy l inder 20A and co l lec ted b y  the  f i rs t  5 

heat ing  medium 21.  The f i rs t  heat ing  medium 21 passes 

through the  f i rs t  heat ing  medium co l lect ion opening 26A 

and is  co l lec ted into  a  h igh -pressure  s team separator  drum 

(not  i l lustrated ) .  Then,  h igh -pressure  s team obta ined by  

gas- l iquid  separat ion is  used as ,  for  example ,  a  power 10 

source for  compress ing  the  source  mater ia l .  

[0082]  

The second heat ing medium 51 is  suppl ied to  the  

second heat ing medium supply ing sect ion 57A through a 

second heat ing  medium feed opening 55A,  and then is  15 

suppl ied  to  the  second heat  exchange sect ion 52A.  The  

second heat ing  medium 51 carr ies out heat  exchange 

through the second heat  exchange wal l  50A so as  to  

reduce,  on the coo l ing sur face  53A,  a  temperature o f  the  

reactant  gas  32 in  the space  4A to  not  h igher  than the d ew 20 

po int  and co l lec t  heat  o f  the reactant gas  32.  The second 

heat ing  medium 51 passes  through a  second heat ing 

medium co l lect ion opening 56A and is  co l lec ted into  a low -

pressure  s team separator  drum (not  i l lustrated ) .  Then,  

low-pressure  s team obtained by  g as- l iquid  separat ion is  25 
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used as ,  for  example ,  a  heat  source in  a s tep o f  pur i fy ing 

the  product .  

[0083]  

(E f fect  o f  Embodiment 2 )  

As  descr ibed above ,  the  react ion dev ice  100A 5 

inc ludes  the react ion conta iner  1A inc luding at  least  one 

react ion tube 10A that  has  a mult iple  s t ructure and that  

causes a  react ion,  a  product  o f  which conta ins a 

component  hav ing a  bo i l ing  po int  h igher  than a  component  

o f  a  source  mater ia l  gas ,  and progress  o f  which in  a 10 

gaseous phase is  restr ic ted by  a  chemical  equi l ibr ium 

between a  source  mater ia l  and the  product ,  to  proceed 

ins ide the at  least  one react ion tube.  Each o f  the at  l east  

one react ion tube 10A inc ludes :  the  inner  cy l inder 40A 

which extends in  the  Z -ax is  d i rect ion and which a l lows the 15 

reactant  gas  32 that  has  been produce d by  the  react ion to  

pass therethrough;  the  outer  cy l inder 20A ins ide  which the 

inner cy l inder  40A is  prov ided;  the  second heat  exchange 

sect ion 52A (coo l ing tube )  which is  prov ided ins ide the 

inner  cy l inder  40A;  and the  cata lyst  layer  3A which is  20 

prov ided  between the  inner  cy l inder  40A and the  outer  

cy l inder  20A.  A  cumulat ive  va lue  is  not  less  than 500 mm 2 ,  

the cumulat ive  va lue  be ing obta ined by  cumulat ive ly  

adding,  f rom one end to the  other end o f  the  coo l ing  

sur face  53 in  the  he ight  di rect ion,  products  o f  ( i )  the  25 
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d is tance  L X  between the  cool ing  sur face  53 and the  sur face  

o f  the  cata lyst  layer  3A which sur face is  in  contact  wi th  

the  inner  cy l inder  40A and ( i i )  the  height  H X o f  the  cata lyst  

layer 3A corresponding to  the coo l ing  sur face 53 hav ing  

the d is tance LX .  A  temperature o f  the  coo l ing  sur face 53 is  5 

maintained at  a temperature  not  h igher than the dew po int  

o f  the  reactant  gas  32,  and some o f  the  product  is  

condensed in  the  space  4A that  is  prov ided between the  

second heat  exchange sect ion 52A and the  in ner  cy l inder 

40A.  10 

[0084]  

According to  the react ion dev ice  100A and a  chemica l  

react ion method in which the  react ion dev ice 100A is  used,  

the  product  is  co l lected,  as  the  condensate  41,  out  o f  the 

react ion dev ice  100A. This  a l lows the  react ion to proceed 15 

beyond an equi l ibr ium convers ion rate.  

[0085]  

Furthermore ,  accord ing to  the  react ion dev ice  100A, 

the  cumulat ive  va lue  obtained by  cumulat ive  addi t ion f rom 

one end to  the  other  end o f  the  coo l ing  sur face  53A in  the  20 

Z-ax is  d i rect ion is  not  less  than 500 mm 2  at  one or  more

predetermined p laces in  the  c i rcumferent ia l  d i rect ion o f  

the  coo l ing  sur face  53A that  is  cy l indr ica l .  Thus,  the  

react ion dev ice  100A and the  chemical  react ion method in 

which the react ion dev ice 100A is  used can further improve  25 
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the  react ion  y ie ld  of  the  product  as  compared wi th  a 

react ion dev ice  in  which the  cumulat ive  va lue  is  l ess  than 

500 mm 2  in  100% of  a  reg ion in the  c i rcumferent ia l  

d i rect ion o f  the  coo l ing  sur face  53A that  is  cy l indr ica l .  

[0086]  5 

Embodiment  3  

The fo l lowing descr ipt ion  wi l l  d iscuss  a  further 

embodiment  o f  the  present  invent ion.  In  Embodiment  2 ,  as  

understood f rom Fig .  3 ,  the f i rs t  heat ing medium 21 for  

co l lect ing  heat  o f  react ion can be  used in a  greater  amount  10 

as  compared wi th  the  second heat ing  medium 51 for  

co l lect ing  heat  o f  condensat ion.  That  is ,  the  react ion 

dev ice  100A o f  Embodiment  2  has  a  conf igurat ion that  is  

advantageous in  a react ion system in  which removal  o f  

heat  of  react ion is  important .  15 

[0087]  

In  contrast ,  a  react ion dev ice  100B o f  Embodiment  3 

(descr ibed be low in deta i l )  has  a conf igurat ion that  is  

advantageous in  a react ion system in  which removal  o f  

heat  o f  condensat ion is  important .  The react ion dev ice 20 

100B has a  bas ic  pr inc ip le  ident ica l  to  that  o f  the  react ion 

dev ice 100A.  

[0088]  

As  in  the  case  o f  the  react ion dev ice  100,  the  react ion 

dev ice  100B can be  sui tab ly  used as  a  dev ice  for  carry ing 25 
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out  a chemica l  react ion in  which a  source  mater ia l  gas  31 

conta ins  a  carbon oxide  and hydrogen and a  product  o f  

which conta ins methanol .  In addi t ion,  the react i on dev ice  

100B can be  used a lso  for  carry ing  out  a  react ion that  

y ie lds d imethy l  e ther  or  ammonia  as  a product .  5 

[0089]  

F ig .  5  is  a  cross -sect ional  v iew o f  the  react ion dev ice 

100B,  the  cross -sect ional  v iew be ing  taken a long a  p lane 

perpendicular  to  a  bot t om sur face  of  the  react ion dev ice 

100B.  F ig.  6  is  a  cross -sect ional  v iew o f  a  react ion tube 10 

10B inc luded in  the react ion dev ice  100B,  the  cross -

sect ional  v iew be ing  taken a long a  para l le l  p lane 

perpendicular  to  a  long ax is  o f  the  react ion tube 10B.  

[0090]  

(React ion dev ice  100B)  15 

As i l lustrated in F igs .  5 and 6 ,  the  react ion dev ice 

100B inc ludes a  p lura l i ty  o f  react ion tubes 10B that  are  

prov ided ins ide  a react ion conta iner 1B.  The number o f  the  

react ion tubes  10B that  are  prov ided ins ide  the  react ion 

conta iner  1B is  not  part icular ly  l imi ted,  provided that  the 20 

number  is  at  l east  one.  In  cons iderat ion o f  react ion  

e f f i c iency ,  the  number  o f  the  react ion tubes  10B is  

pre ferably  more  than one.  On an upper  s ide  o f  the  p lura l i ty  

o f  react ion tubes  10B,  a  source  mate r ia l  gas  supply ing 

sect ion 37B is  prov ided which is  f i l l ed wi th the source  25 
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mater ia l  gas  31 to  be suppl ied to  each o f  the  react ion tubes  

10B.  On a  lower  s ide  o f  the  p lura l i ty  o f  react ion tubes  10B, 

a  condensate  s tor ing  sect ion 47B ( l iquid  s tor ing  sect ion)  

i s  prov ided which stores  there in  a  l iquid  that  has  been 

condensed ins ide  each o f  the  react ion tubes  10B.  On a  5 

lower s ide o f  the condensate s tor ing sect ion 47B, a  gas 

co l lect ing  sect ion 48B is  prov ided which stores  there in  gas  

that  has  passed through a  cata l yst  layer  3B.  On a  lower  

s ide o f  the  gas  co l lec t ing sect ion 48B, a  f i rs t  heat ing  

medium co l lect ing  sect ion 28B is  prov ided which stores 10 

there in  a  f i rs t  heat ing medium 21 that  has  been d ischarged 

f rom a f i rs t  heat  exchange sect ion 22B (descr ibed la ter ) .  

Furthermore ,  on a  lower  s ide o f  the  f i rs t  heat ing  medium 

co l lect ing  sect ion 28B,  a  f i rst  heat ing medium supplying  

sect ion 27B is  prov ided which stores  there in  the  f i rs t  15 

heat ing  medium 21 to be  suppl ied  to  the  f i rst  heat  

exchange sect ion 22B.  The above  sect ion s are  formed by 

us ing  a  meta l  p late  (e .g .  a  p late  made o f  sta in less  s tee l )  to  

part i t ion an internal  space  o f  the  react ion conta iner  1B.  

[0091]  20 

The react ion tube 10B inc ludes ,  in th is  order f rom 

outs ide ,  an outer  cy l inder  50B,  an inner  cy l inder  40B that  

is  prov ided apart  f rom an inner  wal l  sur face o f  the outer  

cy l inder  50B wi th a space  4B ( f i rst  space )  between the  

inner cy l inder  40B and the  inner wal l  sur face  o f  the  outer  25 
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cy l inder  50B,  the  cata lyst  layer  3B that  has  a  cy l indrica l  

shape and is  in contact  wi th an inner wal l  sur face o f  the 

inner  cy l inder  40B,  and the  f i rs t  heat  exchange sect ion 

22B (heat  source )  that  is  prov ided ins ide  the  cata lyst  layer 

3B.  The cata lyst  layer  3B and the  cata lyst  layer  3A are  5 

s imi lar  in  mater ia l  and structure .  The inner  cy l inde r  40B, 

which al lows a  reactant  gas  32 to  pass  therethrough,  and 

the  inner  cy l inder  40A are  s imi lar  in  mater ia l  and 

structure .  

[0092]  10 

A second heat  exchange sect ion 52B is  a  heat  

exchanger  that  is  const i tuted by  ( i )  some o f  an inner wal l  

sur face  o f  the  react ion conta iner  1A,  ( i i )  an outer  wal l  

sur face  o f  the  outer  cyl inder  50B,  and ( i i i )  meta l  p lates  

11B and 12B.  Ins ide  the  second heat  exchange sect ion  15 

52B,  a  second heat ing  medium reg ion 5B is  prov ided which 

is  common among the  p lura l i ty  o f  react ion tubes  1 0B. 

Through the  second heat ing  medium reg ion 5B,  the  second 

heat ing  medium 51 f lows.  The outer  cy l inder  50B is  made 

o f  a  member  that  does  not  a l low any f luid  to pass  20 

therethrough.  A  cool ing  sur face  53B o f  the outer  cyl inder  

50B (an inner  sur face o f  the  outer  cy l inder  50B)  acts  as  a 

second heat  exchange sur face .  

[0093]  

The react ion conta iner  1B has a s ide  wal l  that  is  25 
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prov ided wi th  ( i )  a  second heat ing  medium feed opening 

55B through which the  second heat ing  medium 51 is  to  be  

suppl ied  to  the  second heat ing  medium reg ion 5B and ( i i )  

a  second heat ing medium co l lect ion opening 56B through 

which the  second heat ing  medium 51 is  to  be  d ischarged  5 

f rom the  second heat ing  medium reg ion 5B.  The second 

heat  exchange sect ion 52B can maintain  the outer  cy l inder 

50B and the  coo l ing sur face  53B at  a  temperature not  

h igher  than a  dew po int  o f  the  reactant  gas  32 by  a l lowing 

the second heat ing  medium 51 to  f low through the  second 10 

heat ing  medium reg ion 5B.  

[0094]  

As i l lustrated in F igs .  5  and 6 ,  the f i rs t  heat  

exchange sect i on 22B is  a heat  exchanger  that  inc ludes  a  

f i rs t  heat  exchange wal l  20B and an inner tube 29B and 15 

that  has  a  heat  t ransfer  sur face  23B on the  cata lyst  layer 

3B s ide .  Between the  f i rst  heat  exchange wal l  20B and the  

inner tube 29B, a  f i rst  heat ing medium re g ion 2B is  

prov ided.  The  f i rs t  heat ing  medium reg ion 2B is  a  reg ion 

through which the  f i rs t  heat ing  medium 21 f lows.  20 

[0095]  

The f i rs t  heat  exchange sect ion 22B has a  double  

cy l inder  s tructure .  The f i rs t  heat ing  medium 21 in  the  f i rs t  

heat ing  medium supply ing  sect ion 27B is  suppl ied  into  the 

f i rs t  heat  exchange sect ion 22B through the  inner  tube 25 



- 58 -

29B.  A f low passage  between an outer  wal l  sur face  o f  the  

inner  tube 29B and an inner  wal l  sur face  o f  the  f i rs t  heat  

exchange wal l  20B communicates  with  an ins ide  o f  the  f i rs t  

heat ing  medium co l lect ing  sect ion 28B.  The f i r s t  heat ing  

medium 21 that  has passed through an ins ide  of  the  inner  5 

tube 29B passes  through the  f low passage ,  and is  

d ischarged to  the  f i rs t  heat ing  medium co l lect ing  sect ion 

28B through an out f low port  24B that  is  prov ided in  an 

upper wal l  sur face o f  the  f i rs t  heat ing  medium co l lect ing 

sect ion 28B.  10 

[0096]  

The cata lyst  layer  3B extends in  the Z -ax is  d i rect ion 

and has a  height  H B  corresponding to  the  coo l ing  sur face  

53B hav ing a  d is tance LB.  The d is ta nce  LB  is  a  d is tance 

between the  coo l ing sur face  53B and a  sur face  o f  the 15 

cata lyst  layer  3B which sur face  is  in  contact  wi th  the  inner  

cy l inder  40B.  The d is tance  L B ,  a  d istance  L X ,  the  height 

HB ,  and a  length from an upper  end to  a lower  end o f  the 

cata lys t  layer 3B (a  sum tota l  o f  he ights  H X )  are s imi lar  to  

those  o f  Embodiment  2.  The d is tance  L X  is  pre ferably not  20 

less  than 0.5  mm and not  more  than 500 mm. The above  

range o f  the  d is tance L X  is  pre ferably achieved in  a reg ion 

o f  not  less  than 80%,  and more  p re ferably  not  less  than 

95% of  a  ver t ica l  l ength o f  an ent i re  reg ion obta ined by a  

sum of  part ia l  reg ions o f  the  coo l ing  sur face  53B which 25 
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face  the  cata lyst  layer 3B.  

[0097]  

The space 4B is  prov ided between the  inner  cyl inder  

40B and the outer  cy l inder 50 B. In  Embodiment 3 ,  the  

condensate  s tor ing  sect ion 47B is  prov ided on a  ver t ica l ly  5 

lower s ide o f  the  space  4B.  Furthermore,  a condensate f low 

tube 42B (extens ion tube )  i s  prov ided ins ide the  

condensate  s tor ing  sect ion 47B so  as  to  extend the  outer  

cy l inder  50B ver t ical ly  downward.  A  lower  end o f  the  

condensate  f low tube 42B is  pos i t ioned so  as  to  be  10 

immersed in  a  condensate  41 that  is  stored in  the  

condensate  s tor ing  sect ion 47B.  The condensate  f low tube 

42B forms,  ins ide the  condensate s tor ing sect ion 47B,  a 

space  (second space )  6B that  is  cont inuous wi th  the  space  

4B.  15 

[0098]  

A  l iquid  that  has  been condensed in the  space  4B 

( the  condensate  41)  passes  through the  space  6B on an  

inner s ide o f  the condensate f low tube 42B and is  s tored 

in  the  condensate  s tor ing  sect ion 47B.  The condensate 41 20 

that  is  s tored in  the  condensate  s tor in g  sect ion 47B is  

co l lected through a  condensate  co l lect ion opening 46B.  In  

so  do ing ,  d ischarge o f  a  f lu id  through the condensate  

co l lect ion opening 46B is  contro l led  so  that  the  reactant 

gas  32 is  prevented f rom be ing col lec ted through the 25 
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condensate  co l le c t ion opening 46B.  

[0099]  

On a  ver t ica l ly  lower  s ide  o f  the  cata lyst  layer  3B,  

the gas  co l lec t ing sect ion 48B (gas  s tor ing  sect ion)  i s  

prov ided into which gas that  has  passed through the 5 

cata lyst  layer  3B f lows.  The gas  co l lec t ing  sect ion 48B is  

prov ided wi th an uncondensed gas co l lec t ion opening 36B 

(exhaust  part ) .  

[0100]  

The condensate  s tor ing  sect ion 47B and the  gas  10 

co l lect ing  sect ion 48B thus form respect ive  spaces .  The  

condensate  s tor ing  sect ion 47B forms a  c losed space wi th  

respect  to  gas .  As  such,  the  source  mater ia l  gas  31 that  

has  descended through the  space  4B has nowhere  to  go 

and consequent ly  re turns to  the  cata lyst  layer  3B.  This  15 

makes i t  poss ib le  to  reduce the poss ibi l i ty  that  the source  

mater ia l  gas  31 wi l l  pass  through the  space  4B and be 

d ischarged external ly  as  i t  i s .  

[0101]  

The f i rs t  heat  exchange sect ion 22B is  through the 20 

gas  co l lec t ing  sect ion 48B,  and the  inner  tube 29B of  the  

f i rs t  heat  exchange sect ion 22B has a  lower  end that  is  

open to  an internal  space  of  the  f i rs t  heat ing  mediu m 

supplying  sect ion 27B.  The f low passage  between the outer  

wal l  surface  o f  the  inner  tube 29B and the  inner  wal l  25 
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sur face  o f  the  f i rs t  heat  exchange wal l  20B communicates  

wi th  the  ins ide  o f  the  f i rs t  heat ing  medium co l lect ing  

sect ion 28B. The f i rs t  heat ing  medium 21 that  has  exi ted  

f rom the  f i rst  heat ing  medium supply ing  sect ion 27B and 

reached an upper  end o f  the  inner  tube 29B passes  through 5 

the  f low passage  and is  d ischarged to  the  f i rs t  heat ing 

medium co l lect ing  sect ion 28B through the  out f low port  

24B that  is  prov ided in  the upper  wal l  sur face  o f  the  f i rs t  

heat ing  medium co l lect ing  sect ion 28B.  

[0102]  10 

(Cumulat ive  va lue )  

According to  the  react ion dev ice  100B o f  Embodiment 

3 ,  a  cumulat ive va lue  is  not  less  than 500 mm 2,  the  

cumulat ive  va lue  be ing  obta ined by cumulat ive ly  adding 

products  o f  the  d is tance  L X  and a  he ight  H X f rom one end 15 

to the other  end o f  the  coo l ing  sur face 53B in  a  he ight  

d i rect ion.  In a case where the  react ion dev ice  100B is  a  

mult i tube reactor  inc luding the  p lura l i ty  o f  re act ion tubes  

10B, the  cumulat ive va lue  is  not  less  than 500 mm 2  for  

each of  the  p lura l i ty  o f  react ion tubes  10B.  20 

[0103]  

In the  present  invent ion,  " a  cumulat ive va lue  

obta ined by  cumulat ive  addi t ion f rom one end to  the  other 

end o f  the coo l ing  sur face  53B in  a  predetermined d i rect ion 

is  500 mm2 "  means that  a  cumulat ive  va lue  obta ined by 25 
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cumulat ive  addi t ion  f rom one end to the  other  end o f  the 

coo l ing  sur face  53B in  the  Z -ax is  d i rect ion only  needs to  

be  not  less  than 500 mm 2  at  one or  more  predetermined 

p laces.  In  a  case  where  the  cumulat ive  va lue  var ies  in  

va lue  depending on a  predetermined posi t ion in  the  X -axis  5 

d i rect ion,  the  cumulat ive  va lue  obta ined by  cumulat ive  

addi t ion  f rom one end to the  other end o f  the coo l ing 

sur face  53B in  the  Z -ax is  d i rect ion can be  500 mm2  in  not  

less than 50%,  pre ferably  not  less  than 80%,  more  

pre ferably  not  less than 95%,  and part icular ly  pre ferably 10 

100% of  a  reg ion in the  X -ax is  d i rect ion.  Note that  the  X -

ax is  d i rect ion in  Embodiment  3  means a  c i rcumferent ia l  

d i rect ion o f  the  coo l ing  sur face  53B that  is  cy l indr ical .  

[0104]  

In a  case  where an internal  s t ructure o f  a  15 

convent ional  react ion dev ice is  changed so  that  the  

cumulat ive  va lue  is  not  less  than 500 mm 2,  such a  change 

can be  achieved by ,  for  example ,  decreas ing a  d iamete r o f  

the  inner  cy l inder  40B.  F i rs t ,  a  case  is  cons idered where 

an amount  o f  the  cata lyst  30 charged and a dens i ty  o f  the 20 

cata lyst  30 (d i lut ion rat io  o f  the cata lyst  30 )  in  the  

cata lyst  layer 3B are  constant .  In th is  case ,  in a  react ion 

tube 10B,  decreas ing  the  d iameter  o f  the  inner  cy l inder 

40B accord ing ly  increases  the  sum tota l  o f  the  he ights  H X 

o f  the  catalyst  layer 3B.  This  makes i t  poss ib le  to achieve 25 
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the  react ion dev ice  100B in  which the  cumulat ive  va lue  is  

not  less  than 500 mm 2 .  Such a  change is ,  in  other  words,  

a change that  increases  an area o f  a  part  in which the  

cata lyst  layer  3B and the  inner  cy l inder  40B are  in  contact  

wi th  each other .  5 

[0105]  

Furthermore ,  a  change in  internal  s t ructure  such 

that  the  cumulat ive  va lue  is  not  less  than 500 mm 2  can be  

achieved a lso by ,  for  example ,  d i lut ing  the cata lyst  30 in 

the  cata lyst  layer  3B.  In  order  to fur ther  increase the  10 

cumulat ive  va lue ,  i t  i s  poss ib le  to  increase  the  d iameter  o f  

the  inner  cy l inder  40A and d i lute  the  cata lyst  30.  

[0106]  

As  descr ibed ear l ier ,  f rom the economic  v iewpoint ,  

the  d is tance  L X  is  pre ferably  no t  more  than 500 mm, and 15 

the  sum tota l  o f  the  he ights  H X is  pre ferably  not  more  than 

20,000 mm. The  cumulat ive va lue is  there fore pre ferably  

not  more  than 10,000,000 mm 2 .  

[0107]  

(F low o f  react ion)  20 

The source  mater ia l  gas  31 is  suppl ied  through a  

source mater ia l  gas  in let  35B,  and is  suppl ied to  the 

cata lyst  layer 3B in  the react ion tube 10B through an 

opening 38B. The source  mater ia l  gas  31 comes into  

contact  wi th  the  cata lyst  30 in  the  cata lyst  layer  3B,  so 25 
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that  a  react ion proceeds.  The reactant  gas 32 that  has  

been produced by  the  react ion passes  through the  inner  

cy l inder  40B and trave ls  to  the  space  4B,  and is  coo led,  

on the  inner wal l  sur face  (second heat  exchange sur face )  

o f  the  outer  cyl inder  50B,  to  a temperature  not  h igher  than 5 

the  dew po int  o f  the react ant gas  32,  so  that  a  product  is  

condensed.  The product  that  has  been condensed and 

l iquef ied  passes  through the  space  4B and drops into  the

condensate  s tor ing sect ion 47B.  The condensate 41 that  is  

s tored in  the  condensate  s tor ing  sect ion 47B is  co l lec ted 10 

through the  condensate  co l lec t ion opening 46B.  

[0108]  

The reactant  gas  32 that  passes  through the  inner 

cy l inder  40B f rom the  cata lyst  layer  3B s ide  toward the 

outer  cy l inder 50B a lso  inc ludes an unreacted source  15 

mater ia l  gas .  However,  a  main component  cont a ined in  the  

unreacted source mater ia l  gas is  not  condensed in  the  

outer  cy l inder 50B. Furthermore ,  s ince  the  condensate  

s tor ing  sect ion 47B forms a  c losed space  wi th respect  to  

gas ,  the  unreacted source  mater ia l  gas  that  has  descended  20 

through the  space  4B  has nowhere  to  go  and is  prevented 

by  a  l iquid  sur face  of  the  condensate  41 f rom moving 

forward.  Thus,  the  unreacted source  mater ia l  gas  re turns 

to  the  cata lyst  layer 3B.  Note here  that  a  l iquid  leve l  h B  in  

the  condensate  s tor ing  sect ion 47B is  des i rably  25 
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maintained in  a  range that sat is f ies  the  fo l lowing 

re lat ionship .  

[0109]  

hB =  αΔP/ρg  

1 .0  <  α  <  10  5 

hB:  Liquid  leve l  in  s tor ing  sect ion [m]  

ΔP:  Pressure  loss  o f  reactant  gas  pass ing  

through cata lyst  layer [Pa ]  

ρ :  Densi ty  o f  condensate  [kg/m 3 ]  

g :  Grav i tat ional  acce lerat ion (=  9 .8  [m/s 2 ] )  10 

α :  Coe f f i c ient  [ - ]  

In  a  case  where  hB  is  too  low,  some o f  the  reactant  gas  32 

may pass  through the  space  4B and the  condensate  s tor ing  

sect ion 47B and f low out  through the  condensate  

co l lect ion opening 46B together wi th the condensate .  This  15 

may reduce an e f f i c iency  o f  contact  wi th  the  cata lyst  30.  

In  a case  where  h B  is  too  great ,  the  react ion conta iner may 

have  a  greater  he ight ,  and the space  4B may have  a h igher  

pressure  than the  catalyst  layer  3B.  This  may preve nt  

mass transfer  o f  the  product  f rom the  cata lyst  layer  3B to 20 

the  space  4B.  

[0110]  

An uncondensed gas  32B that  conta ins  a  source  

mater ia l  which has descended through the  cata lyst  layer  

3B wi thout  be ing  reacted in  the  cata lyst  layer  3B is  25 
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co l lected into  the  gas co l lec t ion sect ion 48B and co l lec ted 

through the  uncondensed gas  co l lec t ion opening 36B that  

is  prov ided in  the  gas  co l lec t ing  sect ion 48B.  

[0111]  

(Co l lect ion o f  heat  o f  react ion and heat  of  5 

condensat ion)  

The f i rs t  heat ing  medium 21 is  suppl ied  to  the  f i rs t  

heat ing  medium supply ing  sect ion 27B through a  f i rs t  

heat ing  medium feed opening 25B,  and then is  suppl ied  to  

the f i rs t  heat  exchange sect ion 22B. Heat o f  react ion which 10 

heat  has  been generated in  the  cata lyst  layer  3B is  heat  

exchanged through the  f i rs t  heat  exchange wal l  20B and 

co l lected by  the  f i rs t  heat ing  medium 21.  The f i rs t  heat ing  

medium 21 passes through a  f i rs t  heat ing  medium 

co l lect ion opening 26B and is  co l lec ted into  a h igh -15 

pressure  s team separator  drum (not  i l lustrated ) .  Then,  

h igh-pressure  s team obta ined by  gas - l iquid  separat ion is  

used as ,  for  example ,  a  power  source  for  compress ing the 

source mater ia l .  

[0112]  20 

The second heat ing medium 51 is  suppl ied to  the  

second heat  exchange sect ion 52B through the second 

heat ing  medium feed opening 55B. The second heat ing  

medium 51 carr ies out heat  exchange through the outer  

cy l inder  50B so  as  to  reduce a  temperature  o f  the  reactant  25 
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gas 32 in  the space 4B to  not  h igher than the  dew point  

and co l lec t  heat  o f  the  reactant  gas  32.  The second heat i ng  

medium 51 passes through the  second heat ing  medium 

co l lect ion opening 56B and is  co l lec ted into a  low -pressure  

s team separator  drum (not  i l lustrated ) .  Then,  low -pressure  5 

s team obtained by  gas - l iquid  separat ion is  used as ,  for  

example ,  a  heat  source in  a  s tep o f  pur i fy ing  the  product .  

[0113]  

(E f fect  o f  Embodiment 3 )  

As  descr ibed above ,  the  react ion dev ice  100B 10 

inc ludes  the  react ion conta iner 1B inc luding at  least  one  

react ion tube 10B that  has  a mult iple  s t ructure  and that  

causes a  react ion,  a  product  o f  which conta ins a 

component  hav ing a  bo i l ing  po int  h igher  than a  component  

o f  the  source  mater ia l  gas 31,  and progress o f  which in  a 15 

gaseous phase is  restr ic ted by  a  chemical  equi l ibr ium 

between a  source  mater ia l  and the  product ,  to  proceed 

ins ide the at  least  one react ion tube.  Each o f  the at  l east  

one react ion tube 10B inc ludes :  the  inner  cy l inder  40B 

which extends in  the  Z -ax is  d i rect ion and which a l lows the 20 

reactant  gas  32 that  has  been produced by  the  react ion to  

pass  therethrough;  the  outer  cy l inder  50B ins ide  which the 

inner  cy l inder  40B is  prov ided;  and the  cata lyst  layer  3B 

which is  prov ided ins ide the  inner  cy l inder 40B.  A 

cumulat ive  va lue  is  not  less  than 500 mm 2 ,  the  cumulat ive  25 
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va lue be ing obta ined by  cumulat ive ly  adding ,  f rom one end 

to  the  other end o f  the  cool ing  sur face 53B in the  Z -ax is  

d i rect ion,  products o f  ( i )  the  dis tance  L X between the 

coo l ing  sur face  53B and the  sur face  of  the  cata lyst  layer 

3B which sur face  is  in  contact  wi th  the  inner  cy l inder  40B 5 

and ( i i )  the  he ight  H X o f  the  cata lyst  layer  3B 

corresponding to  the coo l ing  sur face  53B hav ing the 

d is tance  L X .  A temperature  o f  the coo l ing sur face 53B o f  

the outer  cyl inder  50B is  mainta ined at  a temperature not  

h igher  than the  dew po int  o f  the  reactant  gas  32,  and some 10 

o f  the product  is  condensed in  the space  4A that  is  

prov ided between the  outer  cy l inder 50B and the inner 

cy l inder  40B.  

[0114]  

According to  the  react ion dev ice  100B and a  chemica l  15 

react ion method in  which the  react ion dev ice  100B is  used,  

the  product  is  co l lected,  as  the  c ondensate  41,  out  o f  the 

react ion dev ice 100B. This  a l lows the  react ion to  proceed 

beyond an equi l ibr ium convers ion rate.  

[0115]  20 

Furthermore ,  accord ing to  the  react ion dev ice  100B, 

the  cumulat ive  va lue  obtained by  cumulat ive  addi t ion f rom 

one end to  the  o ther end o f  the  coo l ing sur face 53B in  the  

Z-ax is  d i rect ion is  not  less  than 500 mm 2  at  one or  more

predetermined p laces in  the  c i rcumferent ia l  d i rect ion o f  25 



- 69 -

the  coo l ing  sur face  53B that  is  cy l indr ica l .  Thus,  the  

react ion dev ice  100B and the  chemical  react i on method in 

which the  react ion dev ice  100B is  used can improve  a  

react ion y ie ld o f  the  product  a lso in  the case  of  us ing 

condi t ion parameters  ident ica l  to  those  used in  a  react ion 5 

dev ice  in  which the  cumulat ive  va lue  is  less  than 500 mm 2  

in 100% of  a  reg ion in  the c i rcumferent ia l  d i rect ion o f  the 

coo l ing  sur face  53B that  is  cy l indr ical .  

[0116]  

(Comparat ive  Example  and Examples  1 to  5 )  10 

(Ver i f i cat ion test )  

In  the  present ver i f icat ion test ,  the react ion dev ice  

100A descr ibed in Embodiment  2 was used to carry out a  

methanol  synthes is  react ion in  order  to invest igate  a 

re lat ionship  between the  cumulat ive  va lue  and a  methanol  15 

product ion rat io .  An example  in  which an internal  

conf igurat ion was employed such that  the cumulat ive  

va lue is  l ess  than 500 mm 2 in 100% of  a reg ion in  a  

c i rcumferent ia l  d i rect ion o f  a  cy l indr ica l  coo l ing  sur face  is  

regarded as  a  comparat ive  example .  Table  1  shows 20 

condi t ions  of  internal  conf igurat ions o f  Comparat ive  

Example  and Examples 1  to  5  and obta ined resul ts .  F ig .  7  

is  a  graph showing a  re lat ionship  between a  d is tance  L A  

and a he ight  H A  for  Comparat ive  Example  and Examples 1 

to  5 .  F ig .  8  is  a  graph showing a  re lat ionship  between the  25 
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cumulat ive  va lue  and a  methanol  product ion rat io  for  

Comparat ive  Example and Examples  1  to  5 .  Condi t ion 

parameters  uni f ied between Comparat ive  Example and 

Examples  1  to  5  in  the  present  ver i f i cat ion test  are  as  

fo l lows.  5 

[0117]  

Source mater ia l  f low rate  . . .  115 [Ncc/min]

Source  mater ia l  gas  composi t ion:  H 2  72%,  CO2  24%, 

N2  4% 

Cata lyst :  "Copper  based methanol  synthes is  10 

cata lyst "  purchased f rom Al fa  Aesar

Amount o f  cata lyst  charged . . .  122 [g ]

Rat io (W/F)  between cata lyst  amount and source  

mater ia l  f eed rate . . .  412 [g/ (mol/h) ]  

Pressure  . . .  0 .85 [MPaG]  15 

React ion temperature  . . .  240 [ °C]  

Coo l ing  water  temperature  . . .  -10 [ °C]  

Table  1  below shows condi t ions o f  Comparat ive  

Example  and Examples.  

20 
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[Table  1 ]  
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In  Examples  1  and 3 ,  the  cumulat ive  va lue  was 

increased by  increasing  the  he ight H by  d i lut ing the 

cata lyst  30,  as  compared wi th  Comp arat ive  Example .  In 

Example  2 ,  the  cumulat ive  va lue  was increased by 

increas ing  the d is tance  L ,  as  compared wi th Example 1 .  In  5 

Examples  4 and 5 ,  the cumulat ive  va lue was further  

increased by  not  only  increas ing  the  d is tance  L  but  a lso 

increas ing  the  he ight  H by  di lut ing  the  cata lyst  30,  as  

compared wi th  Example 1 .  

[0118]  10 

As i l lustrated in  F ig.  8 ,  i t  i s  understood that  

Examples  in  which the  cumulat ive  value  is  not  less  than 

500 mm2  each have achieved a  h igher methanol  product ion 

rat io  as  compared wi th  Comparat ive  Example  in  which the  

cumulat ive  va lue  is  less  than 500 mm 2  in  100% of  a  region 15 

in the  c i rcumferent ia l  d i rect ion o f  the  cy l indr ica l  coo l ing  

sur face .  I t  i s  a lso  understood f rom Fig .  7  that  a  h igher 

cumulat ive  va lue  results  in  a  h igher  methanol  product ion 

rat io .  

[0119]  20 

That  is ,  i t  has been ver i f i ed that ,  a lso in  a case where  

the condi t ion parameters  are uni f ied,  a  y ie ld  o f  a  product  

can be  increased by  changing an internal  s t ructure  so  that  

the  cumulat ive  va lue  is  not  less  than 500 mm2 .  

[0120]  25 
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(Other  Examples )  

Examples  6  and 7  be low,  in  which condi t ion 

parameters  di f fer  f rom those in  Examples  1 to  5 ,  are wi th in 

the scope o f  the  present  invent ion.  In  Examples  6 and 7 ,  

the  cumulat ive  va lue  is  greater  than in Examples  1  to 5 .  5 

[0121]  

(Example  6 )  

The condi t ion parameters  in Example  6 are  as  

fo l lows.  Source  mater ia l  f low rate :  1,000 [Ncc/min] ;  

Source mater ia l  gas  composi t ion:  H 2  71%,  CO2  25%,  N 2  4%; 10 

Cata lyst :  Purchased f rom Al fa Aesar  "Copper based 

methanol  synthes is  ca ta lyst " ;  Amount  o f  cata lyst  charged:  

1 ,746 [g ] ;  Cata lyst  d i lut ion rat io :  1 .0  [ fo ld ] ;  Rat io  (W/F)  

between cata lyst  amount  and source  mater ia l  f eed rate :  

679 [g/(mol/h) ] ;  Pressure :  0 .85 [MPaG] ;  React ion 15 

temperature :  200 [ °C] ;  Coo l ing  water  temperature :  -10 

[ °C] ;  Dis tance  L :  7 .8  [mm];  He ight H:  1 ,500 [mm];  

Cumulat ive  va lue :  11,700 [mm 2 ]  The methanol  product ion 

rat io  was 87.3% in  Example  6 .  

[0122]  20 

(Example  7 )  

The condi t ion parameters  in Example  7 are  as  

fo l lows.  Source  mater ia l  f low rate :  1,000 [Ncc/min] ;  

Source mater ia l  gas  composi t ion:  H 2  71%,  CO2  25%,  N 2  4%; 

Cata lyst :  Purchased f rom Al fa Aesar  "Copper based 25 
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methanol  synthes is  cata lyst " ;  Amount  o f  cata lyst  charged:  

2 ,580 [g ] ;  Cata lyst  d i lut ion rat io :  1 .0  [ fo ld ] ;  Rat io  

(W/F)between cata lyst  amount  and source  mater ia l  f eed 

rate :  1 ,003 [g/ (mol/h) ] ;  Pressure :  0 .85 [MPaG] ;  React ion 

temperature :  200 [ °C] ;  Coo l ing  water  temperature :  -10 5 

[ °C ] ;  Dis tance  L :  3 .8  [mm];  He ight H:  1 ,500 [mm];  

Cumulat ive  va lue :  5 ,700 [mm 2 ]  The methanol  product ion 

rat io  was 88.1% in  Example  7 .  

Re ference  S igns L is t  10 

[0123]  

1 ,  1A,  1B . . .  React ion conta iner  

3 ,  3A,  3B . . .  Cata lyst  layer  

4 ,  4 ,  4B . . .  Space  

10A,  10B . . .  React ion tube  15 

20A . . .  Outer  cy l inder  

23,  23A,  23B . . .  Heat  t ransfer  sur face

30 . . .  Cata lyst  

31 . . .  Source  mater ia l  gas  

32 . . .  Reactant  gas  20 

40 . . .  Transmiss ion wal l  

40A,  40B . . .  Inner  cyl inder  

50B . . .  Outer  cy l inder  

53,  53A,  53B . . .  Coo l ing  sur face  

100,  100A,  100B . . .  React ion dev ice  25 



- 75 -

300,  300A,  300B . . .  F i l l ing  
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Cla ims 

Cla im 1  

A chemica l  react ion method that  causes  a react ion,  

a product  o f  which conta ins a  component  hav ing a bo i l ing 

po int  h igher  than a component  o f  a  source  mater ia l  gas ,  5 

and progress  o f  which in  a  gaseous phase  is  restr ic ted by  

a  chemical  equi l ibr ium between a  source  mater ia l  and the  

product ,  to  proceed,  where in  

a  chemica l  react ion dev ice  inc luding:

a  cata lyst  layer  which conta ins a  cata lyst  that  10 

promotes  the  react ion;  

a  coo l ing  surface  which is  prov ided apart  f rom 

the  cata lyst  layer  wi th  a  space  between the  coo l ing  sur face  

and the  cata lyst  layer ,  which is  mainta ined at  a  

temperature  not  h igher  than a  dew po int  o f  a  reactant  gas  15 

produced by  the  react ion,  and which extends in  a 

predetermined d i rect ion;  and  

a  t ransmiss ion wal l  which is  prov ided at  a 

boundary  between the  cata lyst  layer  and the  space  and 

which a l lows the  reactant  gas  to  pass  therethrough,  20 

a cumulat ive va lue  be ing not  less than 500 mm 2 ,  the  

cumulat ive  va lue  be ing  obta ined by  cumulat ive ly  adding,  

f rom one end to  the  other  end o f  the  coo l ing  sur face  in  the  

predetermined d i rect ion,  products  of  ( i )  a  d is tance  between 

(a ) a  sur face  o f  the  cata lyst  layer  which surface  is  in25 
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contact  wi th  the  t ransmission wal l  and (b )  the  coo l ing 

sur face  and ( i i )  a  he ight  o f  the  cata lyst  layer  corresponding 

to  the coo l ing  sur face hav ing  the  d istance ,  i s  used  

to cause a chemica l  react ion to  proceed by  supply ing 

the  source  mater ia l  gas  to  the  cata lyst  layer ,  and  5 

to condense,  on the coo l ing sur face and in the  space ,  

some of  a  product  produced by  the  chemica l  react ion.  

C la im 2  

The chemica l  react ion method as  set  forth  in  c la im 10 

1 ,  wherein  the  source  mater ia l  gas  conta ins  a  carbon ox ide  

and hydrogen,  and the product  conta ins  methanol .  

C la im 3  

The chemica l  react ion method as set  for th  in c la im 1 15 

or  2 ,  where in  the  cumulat ive  va lue  is  not  more  than 

10,000,000 mm 2 .  

Cla im 4  

A chemica l  react ion dev ice that  causes a  react ion,  a  20 

product  o f  which conta ins  a  component  hav ing  a  bo i l ing  

po int  h igher  than a component  o f  a  source  mater ia l  gas ,  

and progress  o f  which in  a  gaseous phase  is  restr ic ted by  

a  chemical  equi l ibr ium between a  source  mater ia l  and the  

product ,  to  proceed,  25 
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sa id  chemica l  react ion dev ice  compr is ing :

a  cata lyst  layer  to  which the  source  mater ia l  gas  is  

suppl ied  and which contains  a  cata lyst  that  promotes  the  

react ion;  

a  cool ing  sur face  which is  provided apart  f rom the 5 

cata lyst  layer  wi th  a space  between the  coo l ing sur face and  

the  cata lyst  layer ,  which is  mainta ined at  a  temperature  

not  h igher than a dew po int  of  the reactant gas ,  and which 

extends in  a  predetermined d i rect ion;  and  

a  t ransmiss ion wal l  which is  prov ided at  a  boundary 10 

between the cata lyst  layer and the space and which a l lows 

the  reactant  gas  that  has  been produced by  the  react ion to  

pass  therethrough,  

a cumulat ive va lue  be ing not  less than 500 mm 2 ,  the  

cumulat ive  va lue  be ing  obta ined by  cumulat ive ly  adding,  15 

f rom one end to  the  other  end o f  the  coo l ing  sur face  in  the  

predetermined d i rect ion,  products  of  ( i )  a  d is tance  betw een 

(a ) a  sur face  o f  the  cata lyst  layer  which surface  is  in

contact  wi th the  t ransmiss ion wal l  and (b )  an outer  sur face  

o f  the  coo l ing  sur face  and ( i i )  a  he ight  o f  the  cata lyst  layer  20 

corresponding to  the outer  sur face  hav ing  the  d is tance ,  

and 

the  chemica l  react ion dev ice  condensing  some o f  a 

product  on a  sur face o f  the  coo l ing sur face  and in  the  

space .  25 
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Cla im 5  

The chemica l  react ion dev ice  as  set  for th  in  c la im 4,  

where in  the  source  mater ia l  gas  conta ins  a  carbon ox ide  

and hydrogen,  and the product  conta ins  methanol .  5 

Cla im 6  

The chemica l  react ion dev ice  as  set  for th  in  c la im 4 

or  5 ,  where in  the  cumulat ive  va lue  is  not  more  than 

10,000,000 mm 2 .  10 

Cla im 7  

A chemica l  react ion device  as  set  for th  in  any one o f  

c la ims 4  through 6,  fur ther  compr is ing  a  heat  t ransfer  

sur face  on an oppos i te  s ide f rom the  t ransmiss ion wal l  15 

wi th the cata lyst  interposed between the heat  t ransfer  

sur face  and the  t ransmiss ion wal l ,  the  heat  t ransfer  

sur face  be ing  mainta ined at  a  h igher  temperature  than the 

coo l ing  sur face .  

20 

Cla im 8 

The chemica l  react ion dev ice  as  set  for th  in  any one 

o f  c la ims 5  through 7,  wherein  the  d is tance  is  not  less 

than 0.5  mm and not  more  than 500 mm, and the  he ight  

o f  the  catalyst  layer is  not  less  than 1,000 mm and not  25 
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more  than 20,000 mm.  

Cla im 9  

A chemica l  react ion dev ice compr is ing  a react ion 

conta iner  inc luding at  least  one react ion tube that  has  a 5 

mult iple  s t ructure  and that  causes  a  react ion,  a  product 

o f  which conta ins a  component hav ing  a bo i l ing po int  

h igher  than a  component  o f  a  source  mater i a l  gas ,  and 

progress  o f  which in  a  gaseous phase  is  restr ic ted by  a  

chemica l  equi l ibr ium between a  source  mater ia l  and the 10 

product ,  to  proceed ins ide  the  at  least  one react ion tube,  

the  at  l east  one react ion tube each including:

an inner  cy l inder  which a l lows a  reactant  gas 

produced by  the  react ion to  pass  therethrough;  

an outer  cy l inder ins ide  which the  inner  15 

cy l inder  is  prov ided;  

a  cool ing  tube which is  prov ided ins ide  the 

inner  cyl inder  and which extends in  a  predetermined 

d i rect ion;  and  

a  cata lyst  layer  which is  provided between the  20 

inner  cy l inder  and the outer  cy l inder ,  

a  cumulat ive va lue  be ing not  less than 500 mm 2 ,  the  

cumulat ive  va lue  be ing  obta ined by  cumulat ive ly  adding,  

f rom one end to  the  other  end o f  the  cool ing  tube in  the  

predetermined d i rect ion,  products  of  ( i )  a  d is tance  between 25 
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(a ) a  sur face  o f  the  cata lyst  layer  which surface  is  in

contact  wi th  the  inner  cy l inder  and (b )  an outer  sur face  o f  

the  coo l ing  tube and ( i i )  a  height  o f  the  cata lyst  layer  

corresponding to  the  outer  su r face  hav ing  the  d is tance ,  

a  temperature  o f  the  outer  sur face  o f  the  coo l ing  tube 5 

be ing mainta ined at  a  temperature  not  h igher  than a dew 

po int  o f  the  reactant  gas ,  and  

the  chemica l  react ion dev ice  condensing some o f  the  

product  in  a  space  prov ided between the  coo l ing  tube and 

the  inner  cy l inder .  10 

Cla im 10  

The chemica l  react ion dev ice  as  set  for th  in  c la im 9,  

where in  the cumulat ive  va lue is  not  more  than 10,000,000 

mm2 .  15 

Cla im 11  

A chemica l  react ion dev ice  as  set  for th  in  c la im 9 or  

10,  fur ther compr i s ing  a heat ing medium in  a space  

de f ined by  an inner  wal l  o f  the  react ion conta iner  and an 20 

outer  wal l  o f  the  react ion tube.  

C la im 12  

The chemica l  react ion dev ice  as  set  for th  in  any one 

o f  c la ims 9 through 11,  wherein  the  d is tance is  not  less  25 
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than 0.5  mm and not  more  than 500 mm, and the  he ight  

o f  the  catalyst  layer is  not  less  than 1,000 mm and not  

more  than 20,000 mm.  

Cla im 13  5 

A chemica l  react ion dev ice compr is ing  a react ion 

conta iner  inc luding at  least  one react ion tube that  has  a 

mult iple  s t ructure  and that  causes  a  react ion,  a  product 

o f  which conta ins a  component hav ing  a bo i l ing po int  

h igher  than a  component  o f  a  source  mater ia l  gas ,  and 10 

progress  o f  which in  a  gaseous phase  is  restr ic ted by  a  

chemica l  equi l ibr ium between a  source  mater ia l  and th e 

product ,  to  proceed ins ide  the  at  least  one react ion tube,  

the  at  l east  one react ion tube each including:

an inner  cy l inder  which a l lows a  reactant  gas 15 

produced by  the  react ion to  pass  therethrough;  

an outer  cy l inder ins ide  which the  inner  

cy l inder  is  prov ided and which extends in  a  predetermined 

d i rect ion ;  and 

a cata lyst  layer  which is  provided ins ide the  20 

inner  cy l inder ,  

a  cumulat ive va lue  be ing not  less than 500 mm 2 ,  the  

cumulat ive  va lue  be ing  obta ined by  cumulat ive ly  adding,  

f rom one end to  the  other  end o f  an inner  sur face  o f  the  

outer  cy l inder  in  the  predetermined d irect ion,  products  o f  25 
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( i )  a  d is tance  between (a )  a  sur face  o f  the  cata lyst  layer 

which sur face  is  in  contact  wi th  the  inner  cy l inder  and (b )  

the inner  sur face and ( i i )  a  he ight  o f  t he  cata lyst  layer  

corresponding to  the  inner  sur face  hav ing  the  d is tance ,  

a temperature  o f  the inner sur face o f  the outer  5 

cy l inder  be ing maintained at  a  temperature not  h igher  

than a dew po int  o f  the  reactant  gas ,  and  

the  chemica l  react ion dev ice  condens ing some o f  the  

product  in  a space  prov ided  between the  outer  cy l inder and 

the  inner  cy l inder .  10 

Cla im 14  

The chemica l  react ion dev ice  as set  for th  in  c la im 13,  

where in  the cumulat ive  va lue is  not  more  than 10,000,000 

mm2 .  15 

Cla im 15  

A chemica l  react ion device  as  set  for th  in  c la im 13 

or  14,  fur ther  compr is ing  a  heat  source ins ide the  cata lyst  

layer .  20 

Cla im 16  

The chemica l  react ion dev ice  as  set  for th  in  any one 

o f  c la ims 13 through 15,  wherein  the  d is tance  is  not  less 

than 0.5  mm and not  more  than 500 mm, and the  he ight  25 
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o f  the  catalyst  layer is  not  less  than 1,000 mm and not  

more  than 20,000 mm.  

Cla im 17  

A methanol  product ion method that  causes  a 5 

react ion,  a  product  o f  which conta ins  a  component  hav ing 

a  bo i l ing  po int  h igher  than a  component  o f  a  sou rce 

mater ia l  gas ,  and progress  o f  which in  a  gaseous phase  is  

restr ic ted by  a  chemica l  equi l ibr ium between a  source  

mater ia l  and the  product ,  to  proceed,  where in  10 

a chemica l  react ion dev ice  conta in ing carbon ox ide 

and hydrogen as  the  source  mater ia l  gas ,  

the  chemica l  react ion dev ice  inc luding:  

a  cata lyst  layer  which conta ins  a  cata lyst  for  

methanol  synthes is ;  15 

a  coo l ing  surface  which is  prov ided apart  f rom 

the  cata lyst  layer  wi th  a  space  between the  coo l ing  sur face  

and the  cata lyst  layer ,  which is  maint a ined at  a  

temperature  not  h igher  than a  dew po int  o f  a  reactant  gas  

produced by  the  react ion,  and which extends in  a 20 

predetermined d i rect ion;  and  

a  t ransmiss ion wal l  which is  prov ided at  a 

boundary  between the  cata lyst  layer  and the  space  and 

which a l lows the  reactant  gas  to  pass  therethrough,  

a cumulat ive va lue  be ing not  less than 500 mm 2 ,  the  25 
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cumulat ive  va lue  be ing  obta ined by  cumulat ive ly  adding,  

f rom one end to  the  other  end o f  the  coo l ing  sur face  in  the  

predetermined d i rect ion,  products  of  ( i )  a  d i s tance  between 

(a ) a  sur face  o f  the  cata lyst  layer  which surface  is  in

contact  wi th  the  t ransmission wal l  and (b )  the  coo l ing 5 

sur face  and ( i i )  a  he ight  o f  the  cata lyst  layer  corresponding 

to  the coo l ing  sur face hav ing  the  d istance ,  i s  used  

to cause a chemica l  react ion to  proceed by  supply ing 

the  source  mater ia l  gas  to  the  cata lyst  layer ,  and  

to condense,  on the coo l ing sur face and in the  space ,  10 

some o f  a  reactant  gas  produced by  the  chemica l  react ion.


