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Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  a  bioreactor  of  the  double-cylinder  type,  and  in  particular,  to  a 
bioreactor  of  the  double-cylinder  type  in  which  the  heat-transfer  surface  is  enlarged  at  the  pre-reaction 
portion  of  the  reaction  tank,  and  in  which  the  gas  removal  is  performed  to  the  maximum  extent  possible, 
and  which  has  a  simple  structure  and  good  operability. 

70  BACKGROUND  ART 

Conventionally,  cells,  enzymes  that  include  cells,  other  types  of  substances  that  include  cells,  and 
bacteria  (hereinafter  termed  the  biological  catalyst)  have  been  used  as  catalysts  in  bioreactors  where  a 
reaction  chamber  is  used  to  obtain  a  predetermined  biological  substance,  and  in  general,  the  filled-tank 

75  reactors  have  been  used,  as  the  plug-flow  type  reactors. 
FIG.  3  indicates  a  mock  reaction  that  occurs  in  a  plug-flow  reactor  of  this  type,  and  there  are  many 

situations  where  the  reaction  becomes  complex  because  of  resistance  accompanying  secondary  reactions 
and  metastasis  caused  by  the  reaction  system.  However,  basically,  these  reactions  are  according  to  the 
Michaelis-Menten  equation  shown  below. 

20 

r  =  . . .   ( l )  
Km  +  [ S ]  

25 

Here,  r  is  the  reaction  speed,  Vmax  is  the  maximum  reaction  speed,  [S]  is  the  substance  concentration 
and  Km  is  a  constant. 

However,  the  following  approximation  holds  for  any  reaction  system. 
30 

[S]  =  So(l-e-i)  (2) 

Here,  So  is  the  initial  substance  concentration,  t  is  the  time,  and  A  is  a  constant. 
In  this  manner,  there  is  a  large  amount  of  reaction  at  the  pre-reaction  portion  and  around  the  periphery 

35  of  the  reactor  and  because  of  this,  the  heat  response  increases  the  amount  of  heat  generated  by  the  heat 
response  and  so  there  is  a  large  cooling  load  at  these  portions. 

In  addition,  the  gas  generation  system  has  a  large  gas  hold  up  in  the  later  stages  as  a  result  of  the 
larger  amount  of  gas  generation  in  the  pre-reaction  portion,  and  this  is  a  cause  of  lowered  efficiency. 
Moreover,  this  also  makes  it  easier  for  the  carriers  to  block  in  the  post  reaction  portion. 

40  One  method  of  alleviating  these  problems  is  to  provide  reactors  a  which  is  provided  with  a  plural 
number  of  stages  a,  each  of  which  is  provided  with  a  carrier  b  which  is  provided  with  a  built-in  gas  removal 
chamber  c,  as  indicated  in  FIG.  4.  (see  for  example  JP-U-61-7  7800)  Moreover,  the  stages  of  the  reactors  a 
are  mutually  connected  at  their  top  portions  and  their  bottom  portions  by  a  pipe  d  and  pump  e,  and  in 
addition,  the  stages  of  the  reactors  a  are  also  mutually  connected  by  a  separate  pump  f  along  a  pipe  d  so 

45  that  gas  removal  from  the  reactors  a  can  be  performed  and  so  that  there  is  no  gas  hold-up  in  the  later 
stages. 

However,  in  such  a  structure,  there  is  another  pump  f  between  each  of  the  reactors  a  and  so  it  is 
necessary  to  perform  flow  adjustment  for  the  pumps  e  and  f  to  control  the  level  of  the  liquid  between  the 
tanks  a  and  a  and  in  addition,  because  there  are  a  plural  number  of  tanks  a,  there  is  also  the  problem  of 

50  there  being  a  large  heat-conductive  surface. 
In  the  light  of  these  problems,  the  present  invention  has  as  an  object  the  provision  of  a  bioreactor  of  the 

double-cylinder  type  in  which  the  heat-transfer  surface  is  enlarged  at  the  pre-reaction  portion  of  the  reaction 
tank,  and  in  which  the  gas  removal  is  performed  to  the  maximum  extent  possible,  and  which  has  a  simple 
structure  and  good  operability. 

55 
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DISCLOSURE  OF  INVENTION 

The  present  invention  is  for  an  upright  type  of  cylindrical  reactor  which  has  a  double-layered  structure 
divided  into  an  internal  cylinder  inside  an  outer  tank  forming  an  outer  communicating  path  and  an  inner 

5  communicating  path.  Then  a  liquid  inlet  at  a  lower  portion  of  the  outer  communicating  path  is  provided 
along  with  a  liquid  outlet  at  a  lower  portion  of  an  inner  side  communicating  path.  Moreover,  an  outer 
periphery  of  said  outer  cylinder  is  provided  with  a  cooling  jacket  and  an  upper  surface  of  an  inner-outer  side 
communicating  path  in  the  vicinity  of  the  top  of  an  outer  cylinder  forms  a  gas  removal  chamber,  with  outer 
side  communicating  path  and  inner  side  communication  path  being  filled  with  carriers  to  which  the 

io  biological  catalyst  adheres. 

BRIEF  DESCRIPTION  OF  DRAWINGS 

FIG.  1  is  a  longitudinal  sectional  view  of  a  first  embodiment  of  a  double-cylinder  type  of  bioreactor 
75  according  to  the  present  invention. 

FIG.  2  is  a  longitudinal  sectional  view  of  a  variation  of  the  first  embodiment  of  a  double-cylinder  type  of 
bioreactor  according  to  the  present  invention. 

FIG.  3  is  a  diagram  describing  the  characteristics  of  the  bioreactor. 
FIG.  4  is  a  diagram  describing  a  conventional  bioreactor. 

20 
BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

The  following  is  a  description  of  the  embodiments  indicated  in  FIG.  1  and  FIG.  2  for  the  double-cylinder 
type  of  bioreactor  according  to  the  present  invention. 

25  FIG.  1  and  FIG.  2  indicate  a  longitudinal  sectional  view  of  a  first  embodiment  of  a  double-cylinder  type 
of  bioreactor  according  to  the  present  invention,  in  which  the  reactor  is  a  reactor  for  aerophobic  enzymes. 
Therefore,  the  reactor  has  an  outer  tank  1  and  an  inner  cylinder  2  standing  inside  the  outer  tank  1  . 

The  outer  tank  1  has  an  upright,  sealed  cylindrical  shape  and  comprises  a  middle  cylinder  portion  1A,  a 
bottom  portion  1B  having  the  shape  of  an  inverted  cone  in  section  and  sealed  at  its  bottom  portion,  and  a 

30  lid  1C  sealing  a  top  portion  of  the  middle  cylinder  portion  1A.  These  for  bolt  connected  at  flanges  (not 
indicated  in  the  figure)  to  form  a  sealed  structure. 

The  inner  cylinder  2  stands  on  the  bottom  portion  1  B  and  because  of  this  inner  cylinder  2,  the  inside  of 
the  tank  is  divided  into  an  outer  communicating  path  3  formed  with  the  inner  surface  of  the  outer  tank  1  , 
and  an  inner  communicating  path  4  formed  with  the  inside  of  the  inner  cylinder  2.  The  upper  end  of  the 

35  inner  cylinder  2  extends  to  a  height  so  that  there  is  a  gap  of  a  predetermined  size  with  respect  to  the  lower 
surface  of  the  lid  1C,  and  the  edge  at  the  upper  end  of  the  inner  cylinder  2  is  formed  with  a  sawtooth  shape 
to  that  it  forms  a  weir  5. 

The  contact  surface  between  the  bottom  portion  1B  and  the  middle  cylinder  portion  1A  of  the  outer  tank 
1  and  the  position  where  the  surfaces  of  the  inner  cylinder  2  come  into  contact  is  provided  with  plate  6  of 

40  punched  metal  or  mesh  or  the  like  and  having  many  holes,  and  is  filled  with  carriers  7  to  which  the 
biological  catalyst  is  made  to  adhere. 

The  outer  periphery  of  the  middle  cylinder  portion  1A  of  the  outer  tank  1  is  formed  into  a  cooling  jacket 
8  and  the  lower  portion  is  provided  with  a  cooling  medium  inlet  9  while  the  upper  portion  is  provided  with  a 
cooling  medium  outlet  10.  This  cooling  medium  outlet  10  is  provided  with  a  valve  apparatus  12  to  adjust  the 

45  amount  of  flow  of  the  cooling  medium,  and  the  temperature  inside  the  outer  communicating  path  3  is 
detected  by  a  temperature  control  means  11  and  controlled. 

In  addition,  the  bottom  portion  1B  of  the  outer  tank  1  is  provided  with  a  liquid  inlet  13  to  the  outer 
communicating  path  3,  and  a  liquid  outlet  14  from  the  inner  communicating  path  4. 

The  inside  at  the  upper  portion  of  the  outer  tank  1  is  formed  into  a  gas  removal  chamber  15  and  this  is 
50  connected  to  a  gas  removal  tube  17.  Along  this  gas  removal  tube  17  is  provided  a  valve  18  in  order  to 

adjust  the  amount  of  gas  removal  and  therefore  adjust  the  pressure  inside  the  tank  1  . 
The  following  is  a  description  of  the  operation  of  a  first  embodiment  of  a  double-cylinder  type  of 

bioreactor  according  to  the  present  invention. 
First,  the  liquid  the  flows  in  through  the  liquid  inlet  13  enters  the  outer  communicating  path  3  and  the 

55  reaction  proceeds  while  the  liquid  passes  through  the  carriers  7  filled  inside  the  outer  communicating  path 
3,  and  the  heat  generated  by  this  reaction  causes  undergoes  heat  exchange  due  to  the  cooling  jacket  8  on 
the  outer  periphery  of  the  outer  tank  1  and  is  sufficiently  cooled. 

3 
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The  liquid  that  rises  through  the  outer  communicating  path  3  overflows  over  the  spin  chuck  5  and  into 
the  inner  communicating  path  4  at  the  upper  end  of  the  inner  cylinder  2  so  that  it  is  exposed  to  the  air  in 
the  space  inside  the  gas  removal  chamber  15  and  separated  into  air  and  liquid,  with  only  the  liquid  flowing 
into  the  inner  communicating  path  4.  In  addition,  the  reactions  proceeds  to  the  post-stage  while  the  liquid 

5  flows  down  inside  the  inner  communicating  path  4  and  the  liquid  flows  from  the  liquid  outlet  14  when  the 
reaction  has  finished. 

On  the  other  hand,  the  air  that  is  separated  in  the  gas  removal  chamber  15  is  discharged  from  the 
mounting  table  16  and  via  the  gas  removal  tube  17  and  the  valve  18. 

FIG.  2  is  an  embodiment  for  processing  in  cases  where  the  reaction  temperature  inside  the  inner 
io  communicating  path  4  becomes  hot  because  of  an  insufficient  heat-conductive  area  afforded  by  only  the 

cooling  jacket  8  being  provided  on  the  outer  periphery  of  the  outer  tank  1  .  In  this  embodiment,  the  inner 
cylinder  2  is  formed  into  a  two-layered  structure  having  a  cooling  jacket  8'  on  the  inside,  to  and  from  which 
cooling  medium  is  supplied  and  discharged.  The  other  parts  of  the  configuration  are  as  indicated  in  FIG.  1, 
are  indicated  with  the  same  numerals,  and  the  description  of  them  is  omitted. 

is  In  addition,  in  cases  where  it  is  difficult  to  adjust  the  level  of  the  liquid  in  the  inner  communicating  path 
4,  the  periphery  of  the  upper  portion  of  the  inner  cylinder  2  can  be  provided  with  many  holes  of  small 
diameter,  and  the  outer  communicating  path  3  and  the  inner  communicating  path  4  linked  so  that  it  is  easier 
to  maintain  the  status  where  the  liquid  is  filled  up  to  the  overflow  line. 

Furthermore,  to  make  the  reactor  into  an  aerophilic  reactor,  an  air  feed  pipe  can  be  introduced  into  the 
20  bottom  portion  of  the  plate  6  with  many  holes  and  air  fed  in  the  direction  of  the  carriers  7. 

As  has  been  described  above,  according  to  the  present  invention,  it  is  possible  to  greatly  increase  the 
heat-conductive  area  in  an  outer  side  communicating  path  of  a  pre-stage  reaction  and  therefore  effectively 
perform  the  removal  of  reaction  heat.  Moreover,  liquid  is  made  to  overflow  from  the  outer  communicating 
path  to  an  inner  communicating  path  and  so  by  selecting  the  ratio  of  areas  between  the  inner  communicat- 

25  ing  path  and  the  outer  communicating  path,  it  is  possible  to  easily  achieve  a  balance  of  flow  between  the 
inside  and  the  outside.  Because  of  this,  it  is  not  necessary  to  perform  the  difficult  flow  control  that  was 
conventionally  necessary  and  the  operation  becomes  extremely  simple. 

INDUSTRIAL  APPLICABILITY 
30 

A  double-cylinder  bioreactor  according  to  the  present  invention  can  have  a  heat-conductive  area  equal 
to  the  size  of  the  pre-stage  reaction  portion  of  the  reactor  and  for  gas  removal  to  be  performed  for  the 
prestage  reaction  portion,  and  also  have  a  simple  structure  and  operation.  For  these  reasons,  the  present 
invention  can  be  applied  to  bioreactors  that  have  a  reactor  that  produces  a  predetermined  biological 

35  substance  through  catalysis  with  a  biological  catalyst.  The  range  of  application  of  the  present  invention  is 
diverse,  and  includes  reactors  for  either  aerophobic  or  aerophilic  enzymes. 

Claims 

40  1.  An  upright  type  double  cylinder  bioreactor,  comprising: 
a  double-wall  structure  having  an  inner  cylinder  (2)  inside  an  outer  tank  (1)  forming  an  outer 

communicating  path  (3)  and  an  inner  communicating  path  (4),  the  lower  portion  of  said  outer 
communicating  path  (3)  being  provided  with  a  liquid  inlet  (13)  and  the  lower  portion  of  said  inner 
communicating  path  (4)  being  provided  with  a  liquid  outlet  (14),  an  outer  periphery  of  said  outer  tank  (1) 

45  being  provided  with  a  cooling  jacket  (8)  and  an  upper  surface  of  said  inner  and  outer  communicating 
paths  (3,  4)  in  the  vicinity  of  the  top  of  said  outer  tank  (1)  forming  a  gas  removal  chamber  (15)  and  said 
outer  communicating  path  (3)  and  said  inner  communicating  path  (4)  being  filled  with  carriers  (7)  to 
which  a  biological  catalyst  adheres. 

50  2.  An  upright  type  double  cylinder  bioreactor  of  claim  1,  wherein: 
an  inner  portion  of  said  inner  cylinder  (2)  is  formed  as  a  cooling  jacket  (8')  to  produce  a  double-wall 

structure. 

3.  An  upright  type  double  cylinder  bioreactor  of  claim  1,  wherein: 
55  a  weir  (5)  is  formed  with  a  sawtooth  shape  around  the  upper  edge  of  said  inner  cylinder  (2). 

4.  An  upright  type  double  cylinder  bioreactor  of  claim  1,  wherein: 
a  plural  number  of  small-diameter  holes  are  provided  around  the  upper  end  portion  of  said  inner 

4 
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cylinder  (2). 

Patentanspruche 

5  1.  Doppelzylinder-Bioreaktor  aufrechter  Bauart,  enthaltend: 
eine  Doppelwandstruktur,  die  einen  inneren  Zylinder  (2)  innerhalb  eines  auBeren  Tanks  (1)  unter 

Ausbildung  eines  auBeren  kommunizierenden  Pfads  (3)  und  eines  inneren  Kommunizierenden  Pfads  (4) 
aufweist,  wobei  der  untere  Abschnitt  des  auBeren  kommunizierenden  Pfads  (3)  mit  einem  Flussigkeits- 
einlaB  (13)  versehen  ist  und  der  untere  Abschnitt  des  inneren  kommunizierenden  Pfads  (4)  mit  einem 

io  FltissigkeitsauslaB  (14)  versehen  ist,  am  AuBenumfang  des  auBeren  Tanks  (1)  ein  Kuhlmantel  (8) 
vorgesehen  ist  und  eine  obere  Oberflache  des  inneren  und  auBeren  kommunizierenden  Pfads  (3,4)  in 
der  Nahe  des  oberen  Endes  des  auBeren  Tanks  (1)  eine  Gasentfernungskammer  (15)  bildet  und  der 
auBere  kommunizierende  Pfad  (3)  und  der  innere  kommunizierende  Pfad  (4)  mit  Tragern  (7)  gefullt 
sind,  an  denen  ein  biologischer  Katalysator  haftet. 

15 
2.  Doppelzylinder-Bioreaktor  aufrechter  Bauart  nach  Anspruch  1,  bei  dem: 

ein  innerer  Abschnitt  des  inneren  Zylinders  (2)  als  ein  Kuhlmantel  (8')  ausgebildet  ist,  urn  eine 
Doppelwandstruktur  vorzusehen. 

20  3.  Doppelzylinder-Bioreaktor  aufrechter  Bauart  nach  Anspruch  1,  bei  dem: 
ein  Wehr  (5)  sagezahnformiger  Gestalt  rund  urn  den  oberen  Rand  des  inneren  Zylinders  (2) 

ausgebildet  ist. 

4.  Doppelzylinder-Bioreaktor  aufrechter  Bauart  nach  Anspruch  1,  bei  dem: 
25  eine  Vielzahl  Locher  kleinen  Durchmessers  rund  urn  den  oberen  Endabschnitt  des  inneren 

Zylinders  (2)  vorgesehen  ist. 

Revendicatlons 

30  1.  Bioreacteur  vertical  du  type  a  double  cylindre,  comprenant  : 
une  structure  a  double  paroi  comprenant  un  cylindre  interieur  (2)  a  I'interieur  d'une  cuve  exterieure 

(1)  formant  un  trajet  exterieur  de  communication  (3)  et  un  trajet  interieur  de  communication  (4),  la  partie 
inferieure  dudit  trajet  exterieur  de  communication  (3)  etant  dotee  d'une  entree  pour  des  liquides  (13)  et 
la  partie  inferieure  dudit  trajet  interieur  de  communication  (4)  etant  dotee  d'une  sortie  (14)  pour  des 

35  liquides,  une  peripherie  exterieure  de  ladite  cuve  exterieure  (1)  etant  equipee  d'une  enveloppe  de 
refroidissement  (8)  et  une  surface  superieure  desdits  trajets  interieur  et  exterieur  de  communication  (3, 
4)  au  voisinage  du  sommet  de  ladite  cuve  exterieure  (1)  constituant  une  chambre  d'elimination  des  gaz 
(15)  et  ledit  trajet  exterieur  de  communication  (3)  ainsi  que  ledit  trajet  interieur  de  communication  (4) 
etant  remplis  de  porteurs  (7)  auxquels  un  catalyseur  biologique  adhere. 

40 
2.  Bioreacteur  vertical  du  type  a  double  cylindre  selon  la  revendication  1  ,  dans  lequel  : 

une  partie  interieure  dudit  cylindre  interieur  (2)  est  constitute  comme  une  enveloppe  de  refroidis- 
sement  (8')  pour  creer  une  structure  a  double  paroi. 

45  3.  Bioreacteur  vertical  du  type  a  double  cylindre  selon  la  revendication  1  ,  dans  lequel  : 
un  deversoir  (5)  est  constitue  avec  une  forme  en  dents  de  scie  autour  du  bord  superieur  dudit 

cylindre  interieur  (2). 

4.  Bioreacteur  vertical  du  type  a  double  cylindre  selon  la  revendication  1  ,  dans  lequel  : 
50  un  grand  nombre  d'orifices  de  petit  diametre  sont  formes  autour  de  la  partie  de  I'extremite 

superieure  dudit  cylindre  interieur  (2). 

55 
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