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A I R - L I F T  B I O R E A C T O R  

1.  FIELD OF THE INVENTI ON 

[0001]  The present  invent ion  re la tes  to  a  b io reactor ,  par t icu lar ly to  an  

a i r - l i f t  bioreactor .  

2.  DESCRIPTION OF THE PRIOR ART  5 

[0002]  In  genera l ,  b ioreactors  are  used  to  cu l t iva te  micro -organisms,  p lan t  

ce l l s  and  animal  ce l l s .   Aerat ion  s t i r red- type b ioreactors  may be  appl ied  

to  the  fermenta t ion  of  micro -organisms and  the  cu l ture  of  plan t  ce l l s .   

Whi le  an  a i r- l i f t  b ioreactor  i s  used  to  cu l t iva te  micro -organisms,  i t  i s  

ca l led  the  a i r- l i f t  f erment er.   In  the  a i r- l i f t  fermenter,  the  ae ra t ion  ra te  10 

thereof  i s  genera l ly 1vvm (a i r  volume/cul ture  volume/min) .   As  the  

cu l t iva t ion  of  an imal  ce l l s  needs  a  smal ler  ae ra t ion  ra te ,  the  aera t ion  ra te  

thereof  i s  usual ly as  low as  0 .05vvm .   In  such  a  low aera t ion  ra te ,  th e  

f lowrates  o f  a i r  and  l iquid  are  too  low to  genera te  a  s tab le  c i rcu la t ion  

sys tem.   Thus ,  the  mass t ransfer  ra tes  of  ox ygen and  nut r ien t  are  too  low 15 

to  achieve  a  bet ter  cu l t iva t ion  eff ic iency.   There fore ,  an imal  ce l l s  a re  

normal ly cu l t iva ted  in  agi t a t ion  type  b ioreactors .  

[0003]  An ai r- l i f t  b ioreactor  may be  d iv ided  in to  four  sec t ions :  the  r i ser,  

the  downcomer,  the  base  and  the  gas  separa to r .   While  an  a i r - l i f t  

b ioreactor  i s  used  in  suspens ion  cel l  cu l ture ,  i t  may ach ieve  a  scale  of  20 

20000 l i t ers .   Whi le  an a i r- l i f t  b ioreactor  i s  used  in  micro -o rganism 

cul ture ,  i t  can  even  achieve  a  scale  of  1500000 l i t ers .   However,  i t  i s  

unsui tab le  to  cu l t iva te  more  v i scous  medium in  a i r- l i f t  bioreactors  when  
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cons ider ing the  h igher  energy d iss ipat ion ra te  and  lower  c i r cu la t ion  ra te  

thereof .   In  the  an imal  ce l l  cu l t iva t ion  process ,  the  a i r  f low  ra te  i s  too  low 

to dr ive  more  v i scous  cu l ture  med ium and to  genera te  a  su i tab le  

rec i rcu la t ion  envi ronment .   The h igher  the  f low  ra te  of  the  l iqu id  in  the  

downcomer  i s ,  the  more  the  gas  bubbles  carr ied  by the  l iqu id  and  the  more  5 

the  a i r  ho ldup form in  the  downcomer  and  r i ser.  

[0004]  A China  patent  CN 202297606U disc loses  a  b ioreactor  su i tab le  fo r  

se l f -suspens ion  cul ture  of  an imal  ce l l s  or  suspens ion  cul ture  of  

micro-carr ie rs ,  wherein  agi ta t io n ,  aera t ion  and  f i l t ra t ion  are  i n tegra ted  to  

reduce the  shear- induced  damage of  the  cu l tured  animal  ce l ls  which  i s  10 

caused  b y the  impe l ler  and  the  deep  aera t ion  process  of  t he  s t i r red- type 

b ioreactor.   A Taiwan patent  M531483 d isc loses  a  b io logical  r eact ion  

sys tem,  which  can  enhan ce the  c i rcu la t ion  eff ic iency of  t he  cu l ture  l iqu id  

medium,  and  which  has  an  arc -shaped  inner  bot tom surface ,  a  mani fo ld  

d i sposed  outs ide  the  co lumn,  and  an  aera t ion  device  connected  wi th  the  15 

column,  whereb y to  achieve  a i r - l i f t  c i rcu la t ion and  enhance the  growth  

eff ic iency of  the  cu l tured  objects .  

 

SUMMARY OF THE INVENTION  

[0005]  In  order  to  so lve  the  abovement ioned  problems,  the  present  20 

invent ion  provides  an  a i r - l i f t  b ioreac tor  sui tab le  for  low -aera t ion  ra te  

rec i rcu la t ion  sys tems,  wherein  an  a i r  sparger  and  a  f low am pl i f ier  are  used  

to  form the  d ynamic  force  for  dr iv ing  gas  bubbles  and  cul ture  medium,  

whereb y to  perform  the  c i rcu la t ion  eff i c iency o f  a i r- l i f t  b ioreactors .  
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[0006]  In  order  to  so lve  t he  abovement ioned  problems,  th e  present  

invent ion  provides  an  a i r - l i f t  b ioreac tor  inc luding a  f low ampli f ier  to  

accele ra te  the  f low of  the  cu l ture  medium such  tha t  the  inner  draf t  tube  

which  i s  used  to  par t i t ion  the  c i rcu la t ion  f lows  of  the  cu l ture  medium may 

be  omi t ted ,  so as  to  make the  a i r- l i f t  b ioreactor  use  f lex ib ly and  sca le  up 5 

eas i l y,  wherefo re  the  eff ic iency o f  cu l t iva t ing animal  ce l l s  i s  enhanced .  

[0007]  An ai r- l i f t  b ioreactor  i s  p rovided  here in ,  which  inc ludes  a  vesse l  

having a  f i rs t  space  a l lowing  a  cu l ture  medium to  f low there in ;  a  f low 

ampli f ier  d i sposed  inside  the  f i rs t  space  of  the  vesse l  and  including an  

annular  body,  a  f l u id in le t  d i sposed  on the  annular  body,  and  a  gap ,  10 

wherein  a  por t ion  of  the  cu l ture  medium enter  the  annular  body f rom the  

f lu id in le t  and  f low to the  f i rs t  space  through the  gap ;  and  a  sparger  

d i sposed  inside  the  f i rs t  space  of  the  vesse l  and  genera t ing a  p lura l i t y of  

gas  bubbles  in  the  cu l ture  medium,  wherein  the  f low di rec t ion  of  the  gas  

bubbles  i s  d i fferent  f rom th e  f low di rec t ion  of  the  por t ion  of  the  cu l ture  15 

medium f lowing in to  the  f i rs t  space  through the  gap .  

[0008]  In  one embodiment ,  a  f i r s t  end  of  the  vesse l  i s  oppos i te  to  a  second 

end of  the  vesse l ,  the  f low ampl i f ier  i s  di sposed  in  the  v ic ini t y of  the  f i rs t  

end ,  and  the  sparger  i s  d i sposed  in  the  v ic ini t y of  the  second end.  

[0009]  In  one embodiment ,  the  a i r- l i f t  b ioreactor  f ur ther  inc ludes  an  inner  20 

draf t  tube  di sposed  inside  the  f i rs t  space  of  the  vesse l ,  wherein  the  cu l ture  

medium f low through a  second space  p rovided  b y the  inner  draf t  tube ,  the  

annular  body of  the  f low ampli f ier  i s  d i sposed  between the  inner  draf t  tube  

and  the  vesse l ,  and  the  sparger  i s  d i sposed  inside  the  second space  of  the  
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inner  draf t  tube .  

[0010]  In  one embodiment ,  the  a i r - l i f t  b ioreactor  fu r ther  inc ludes  an  inner  

draf t  tube  di sposed  inside  the  f i rs t  space  of  the  vesse l ,  wherein  the  cu l ture  

medium f low through a  second space  p rovided  by the  inner  draf t  tube ,  the  

annular  body of  the  f low ampl i f ier  i s  d i sposed  ins ide  the  inner  draf t  tube ,  5 

and the  sparger  i s  d i sposed  between the  inner  draf t  tube  and  the  vesse l .  

[0011]  In  one embodim ent ,  the  annula r  body of  the  f low ampl i f ier  i s  

c loser  to  a  s idewal l  of  the  vesse l  than  the  sparger.  

[0012]  In  one embodiment ,  the  sparger  i s  c lose r  to  a  s idewal l  of  the  vesse l  

than  the  annular  body of  the  f low ampl i f ier.  10 

[0013]  In  one  embodiment ,  th e  sparger  inc ludes  a  p lura l i t y of  annul ar  

tubes ,  a  p lura l i t y o f  interconnect io n  channels  in terconnec t ing wi th  an  a i r  

inle t ,  the  p lura l i t y  of  the  in terconnect ion channels  interconnects  the  

p lura l i t y of  the  an nular  tubes ,  and  a  plura l i t y o f  bubble  v ia -holes  i s  formed  

on  the  annular  tubes .  15 

[0014]  In  one embodiment ,  the  annula r  tubes  are  ar ran ged concent r ica l ly.  

[0015]  In  one embodiment ,  the  sparger  i s  made of  meta l l i c  mater ia l  or  

p las t ic  mater ia l .  

[0016]  In  one embodiment ,  the  f low  ampl i f ier  i s  used  to  accele ra te  the 

por t ion  of  cu l ture  medium f lowing there through .  20 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017]  Fig.  1  i s  a  perspect ive  v iew schemat ica l ly showing an  assembled  

a i r- l i f t  b ioreactor  according  to  a  f i r s t  embodiment  of  the  present  invent io n.  

[0018]  Fig.  2  i s  an  exploded v iew schemat i ca l l y showing the  a i r - l i f t  

b ioreactor  according to  the  f i rs t  embodimen t  of  the  present  invent ion .  5 

[0019]  Fig.  3  i s  a  perspect ive top  view schemat ica l ly showing a  sparger  

according to  the  f i r s t  embodiment  of  the  present  invent ion .    

[0020]  Fig.  4  i s  a  perspect ive  s ide  v iew schematica l ly showing a  sparger  

according to  the  f i rs t  embodiment  o f  the  present  invent ion .  

[0021]  Fig.  5  i s  a  perspect ive  top  v iew schemat ica l ly showing a  f low 10 

ampli f ier  according  to  the  f i rs t  embodiment  of  the  present  in vent ion .  

[0022]  Fig.  6  i s  a  pe rspec t i ve  s ide  v iew  schemat ica l ly showing a  f low 

ampli f ier  acco rding  to  the  f i rs t  embodiment  of  the  present  invent ion .    

[0023]  Fig.  7  i s  a  par t ia l  c ross -sect ional  v iew schemat ica l ly showing a  

f low ampli f i er  according to  the  f i rs t  embodimen t  of  the  present  invent ion .  15 

[0024]  Fig.  8  i s  a  pe rspect ive  v iew schemat ica l ly showing an  asse mbled  

a i r- l i f t  b ioreac tor  according to  a  second embodiment  of  the  present  

invent ion .  

[0025]  Fig.  9  i s  a  perspect ive  v iew schemat ica l ly showing  an  assembled  

a i r- l i f t  b ioreactor  a ccording to  a  thi rd  embodiment  of  the  present  20 

invent ion .  

[0026]  Fig.  10  i s  a  perspec t ive  v iew  schemat ica l ly showing  an  assembled 
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ai r- l i f t  b ioreactor  according to  a  four th  embodiment  of  the  present  

invent ion .  

 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0027]  Fig.  1  i s  a  pe rspect ive  v iew schemat ica l ly showi ng an  as sembled  5 

ai r- l i f t  b ioreactor  according  to  a  f i r s t  embodiment  of  the  present  invent ion .   

Fig.  2  i s  an  exploded v iew schemat ica l ly showing the  a i r - l i f t  bioreactor  

according to  the  f i rs t  embodiment  of  the  present  inven t ion .   Refer r ing to  

Fig.  1  and  Fig.  2 ,  the  a i r- l i f t  b ioreactor  1  of  the  present  invent ion  inc ludes  

a  vesse l  10 ,  an  inner  draf t  tube  20 ,  a  sparger  30 ,  and  a  f low ampli f ier  40 .   10 

The vessel  10  provides  a  f i r s t  space  11  to  accommodate  the  inner  draf t  tube  

20 ,  the  sparger  30 and  the  f low ampl i f ier  40 ,  and  the  medium for  

cu l t iva t ing ce l l s  f lows  ins ide  the  vesse l  10 .   The l iquid level  19  of  the  

medium is  h igher  than  the  f low ampl i f ier  40 .   In  the  f i rs t  embodiment ,  the  

inner  draf t  tube  20  provides  a  second space  21  where  the  cu l ture  medium 15 

may pass .   The vessel  10  enci rc les  the  inner  draf t  tube  20  l ike  a  s leeve  

and  a  por t ion  of  the  f i rs t  space  11  may be  kept  between the  s idewal l  of  the  

vesse l  10  and  the  s idewal l  of  the  inner  draf t  tube  20 ,  and  the  f i rs t  space  11  

interconnects  wi th  the  second  space  21 .   An open f i rs t  end  22  of  the  inner  

draf t  tube  20  i s  in  the  vic in i t y o f  a  f i r s t  end  12  of  the  vesse l  10 .   An open 20 

second end 24  of  the  inner  draf t  tube  20  neighbors  a  second end 14  of  the  

vesse l  10 .   The f low ampl i f ier  40  i s  d i sposed  on  the  inne r  draf t  tube  20  

and  in  the  v ic in i ty o f  the  open  f i rs t  end  22  o f  the  inner  draf t  tube  20 .   The 

sparger  30  is  d isposed  between the  vesse l  10  and the  inner  draf t  tube 20  
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and in  the  v ic ini ty of  the  open  second end 24  of  the  inner  draf t  tube  20 .   

The f i rs t  ends  are  opposi te  to  the second ends .   The vessel  10  ma y be  

equipped with  one o r  more  in terconnect ion  channel s  (not  shown in  

drawings)  to  connect  wi th  ex ternal  tubes  and  ex ternal  dev ices  (not  shown 

in the  drawings) .   A cover  (not  shown  in  the  d rawings)  may be  d i s posed  5 

on the  f i rs t  end  12  of  the  vesse l  10  or  des igned  to  have an y channels  

connected  wi th ex te rnal  tubes  and  ex ternal  dev ices .   Thereby,  the  cu l ture  

medium may f low back  to  the  a i r - l i f t  b ioreactor  1  th rough the  ex ternal  

tubes  and  ex ternal  devices  which  are  connected  wi th  the  vesse l  10 .   In  

order  to  expla in  conven ient ly,  the  f i rs t  end s are  ca l led  the  to ps of  the  10 

ai r- l i f t  b ioreactor  1 ,  and  the  second ends  are  ca l led  the  bot toms of  the  

a i r- l i f t  b ioreactor  1 ,  there inaf te r.   In  o rder  to  descr ibe  the  character i s t ics  

of  the  present  inven t ion  c lea r ly,  the  channels  through  which  the  vesse l  10  

i s  connected  wi th  t he  ex ter ior  are  s impli f ied  or  omi t ted  in  the  drawings .   

However,  the  present  invent ion  i s  not  l imi ted  b y the  drawings .  15 

[0028]  Fig.  3  i s  a  perspect ive top  view schemat ica l ly showing a  sparger  

according to  the  f i r s t  embodimen t  of  the  present  inve nt ion .   Fig .  4  i s  a  

perspect ive  s ide  v i ew  schemat ica l l y showing a  sparger  according  to  the  

f i rs t  embodiment  of  the present  invent ion .   Refer r ing to  Figs .  1 -4 ,  by 

increas ing the  a rea  of  the  a i r  f low and reducing the  s ize  of  the  gas  bubb les ,  20 

the  sparger  30  ma y enhance a i r /ox ygen  t ransfer  and  cont r ibute  the  dr iv ing  

force  to  rec i rcu la t ion  of  the  a i r - l i f t  b ioreactor  1 .   The sparger  30  may 

include a  plura l i t y of  hol low tubes  3 2  ar ranged concent r ica l ly.   One or  

more  in terconnect ion  channels  34  may be  d i sposed  betw een the  tubes  32  to  
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interconnect  the  tubes  32  and  s tab i l ize  the  s t ructure  of  the  sparger  30 .   An 

a i r  in le t  36  i s  di spos ed  in  one of  t he  tubes  32  and  used  to  connect  wi t h  an  

ex ternal  a i r  pumping device  (not  shown in  the  drawings)  and  f i l l  a i r  f rom 

the  a i r  pumping device  in to  the  interconnected  tub es  32 .   The f i l l ed  a i r  

en ters  each  tube  32  through the  in terconnect ion  channe l s  34 .   In  one  5 

embodiment ,  the  wa l l  of  each  tube  3 2  has  a  p lura l i t y of  bubb le  v ia -holes  38 .   

The a i r  ins ide  the  tu be  32  i s  d iss ipated  thro ugh the  bubb le  v ia -holes  38  

into  the  cu l t ure  medium between the  vesse l  10  and  the  inner  draf t  tube  20  

to  genera te  upward  f lows .   The tubes  32  may be  made of  meta l l i c  mater ia l ,  

p las t ic  mater ia l  or  appropr ia te  mater ia l .   The present  i nvent ion  does  not  10 

l imi t  the  number  of  the  concent r ic  annular  tube s  32.   The more  the  number  

of  the  concent r ic  annular  tubes  32  i s ,  the  larger  t he  area  avai lab le  for  the  

bubble  v ia -holes  38  i s .   The bubble  via -holes  38 may be  d i s t r ibuted  on  the  

tubes  in  a  r egular  mode or  an  i r regu lar  mode.   For  example ,  in  the  regular  

mode,  the  bubble  v ia -holes  38  may be  d i s t r ibuted  a long the  c i rcumference  15 

of  the  tube  32  equid i s tan t ly;  in  the  i r regular  mode,  the  bubble  via -holes  38  

may be  d i s t r ibuted  in  d i fferent  pos i t ions  o f  the  tube  32 ,  and  the  d ens i t ies  

of  the  bubble  v ia -holes  38 are  d i fferent  in  d i fferent  tubes  32 .   Bes ides ,  

the s izes  of  the  bubble v ia -holes  38  may be  ident i ca l  or  d i ffer ent .   The 

smal ler  bubble  v ia -holes  38  may genera te  smal ler  gas  bubbles .  20 

[0029]  Fig.  5  i s  a  pe rspect ive  top  v iew schem at ica l ly showing a  f low 

ampli f ier  according to  the  f i rs t  embodiment  of  the  present  invent ion .   Fig.  

6  i s  a  perspect ive  s ide  v iew schematica l ly showing a  f low ampli f ie r  

according to  the  f i r s t  embodiment  of  the  present  invent ion .   Fig .  7  i s  a  
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sect ional  view schematica l ly showing a  f low ampli f ier  ac cording to  the  

f i rs t  embodiment  of  the  present  invent ion .   Refer r ing to  Fig.  1 ,  Fig.  2 ,  and  

Figs .  5 -7 ,  the  f low ampli f ier  40  includes  a  hol low annular  body 42  and  a  

f lu id in le t  46  in terconnec t ing wi th  a  space  45  enc i rc led  by t he  annular  

body 42 .   The heigh t  h  of  the  space  45  may be  ad jus ted  according to  5 

requi rement .   The inner  s idewal l  44  of  the  annular  body 42  has  a  gap  47  

interconnect ing wi th  the  space  45  enci rc led  by the  annular  body 42 .   

Fur thermore ,  the  in ner  s idewal l  44  of  t he  annul ar  bod y 42  may be  t i l t  and  

pro t rud ing towards  the  second space  21  of  the  inner  draf t  tube  20  to  form a  

path longer  than  the  outer  s idewal l  o f  the annular  body 42 when medium 10 

passes  through the  space  45 ,  so  as  to  fo rm negat ive  pressure  area  tha t  ma y 

dr ive  the  medium on  the  top  of  the  f low ampl i f ier  40  to  f low downward .   

As  shown in Fig.7 ,  such  a  conf igura t ion  of  the  annual  body 42  may form 

thicker  area  neighbor ing the  gap  47  than  the  one  neighbor ing the  c losed  

end  of  the  annual  body 42  for  the  space  45 .   Nex t ,  the  f lu id  in le t  46 a l lows 15 

the  cu l ture  medium which  f lows  back  f rom the  ex terna l  tube(not  shown in 

f igures )  to  en ter  the  f low ampl i f ier  40 .   Through the  ar rangement  of  the  

space  45  enci rc led  by the  annular  body 45  and  the  gap  47 ,  the  f low 

ampli f ier  40  pressur izes  the  c u l ture  medium there through wi th  pushing  

force  to  form a  negat ive  pressure  area .   The negat ive  pressure  area  20 

accele ra tes  in termedia te  f low 15  in  the  v ic in i t y of  the  f i rs t  end  12  and  

outs ide  the  inner  draf t  tube  20  to  f low into  the  space  21  of  the  inner  draf t  

tube  20 .   Bes ides ,  the  push ing fo rce  f rom the  f low ampli f ier  40  

accele ra tes  the  cu l ture  medium ins ide  the  space  21  of  the  inner  draf t  tube  
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20 to  genera te  a  h igher-speed  downward  f low 17  to  reach  the  bot toms of  

the  inner  dra f t  tube  20  and  the  vesse l  10  ( the  second  end 14) ,  which  favors  

the  rec i rcu la t ion  of  the  cu l ture  medium.   The des ign  o f  the  f low ampl i f ier  

enables  the  present  invent ion  to  achieve  the  e ffec t  of  accelera t ing 

h igher-v iscos i ty cu l ture  medium.  5 

[0030]  Fig.  8  i s  a  perspect ive  v iew schema t ica l ly showing an  assembled  

a i r- l i f t  b ioreactor  according to  a  second embodim ent  of  the  present  

invent ion .   Refer r ing to  Fig.  1 ,  Fig.  2  and  Fig.  8 ,  in  compar i son  wi th  the  

f i rs t  embodiment  shown i n  Fig.  1 ,  the  s parger  30  of  the  a i r- l i f t  b ioreactor  3  

of  the  second embodiment  i s  d isposed  ins ide  the  inner  draf t  tube  20 and  in  10 

the  vic in i t y of  the  open  second end 24  of  the  inner  draf t  tube  20;  the  f low 

ampli f ier  40  i s  d i spos ed  between the  vesse l  10  and  the  inner  draf t  tube  20  

and  in  the  v ic in i t y of  the  open  f i r s t  end  22  of  the  inner  draf t  tube  20  and  

the  f i rs t  end  12  of  the  vesse l  10;  and  the  o ther  components  of  the  second  

embodiment  are  s imi lar  to  those  of  the  f i rs t  embodiment  and  wi l l  no t  15 

repeat  here in .   Thus ,  in  the  a i r- l i f t  b ioreactor  3 ,  the  upward  f lo w 13 i s  

inside  the  inner  draf t  tube  10;  the  intermedia te  f low 15  f lows  f rom the  

inside  of  the  inner  draf t  tube  20  to  the  outs ide  of  the  inner  draf t  tube  20;  

and  the  downward  f low 17 i s  between the  vesse l  10  and  the  i nner  draf t  tube  

20 .  20 

[0031]  According to  the  above descr ip t ion ,  the  a i r - l i f t  bioreactor  of  the  

present  invent ion  i s  provided  wi th  the  sparger  and  the  f low ampli f ier  to  

es tab l ish  a  super ior,  s tab le  and  f ree  of  b l ind  spots  c i rcu la t ion  sys tem .   

The cul ture  medium is  c i rcu la ted  in  a  s tab le  and  uni form f lowrate  in  a l l  the  
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regions  of  t he  inner  draf t  tube  and  the  vesse l .   The sparger  may increase  

the  area  of  a i r  f low and decrease  the  s ize  of  gas  bubbles  to  enhance the   

a i r /ox ygen  t ransfe r  in  the  a i r - l i f t  b ioreac tor  and  cont r ibute  rec i rcu la t ion  

dr iv ing force  to  the  a i r- l i f t  bioreacto r.   The f low ampli f ier  makes  use  of  

the  d i fferenc e  of  f lu id  f lows  to  form nega t ive  pressure  area  to  increase  the  5 

f low ra te  of  the  f lu id .  

[0032]  Fig.  9  i s  a  perspect ive  v iew schemat ica l ly show ing an  assembled  

a i r- l i f t  b ioreac tor  according to  a  th i rd  embodiment  of  the  present  invent ion .   

Refer  to  Fig.  1 ,  Fig .  2 ,  Fig.  5 ,  Fig.  7 ,  Fig.  8 ,  and  Fig.  9 .   In  compar i son  

wi th the f i rs t  embodime nt  and the  second embodiment ,  the a i r - l i f t  10 

bioreactor  2  of  th e  th i rd embodiment  i s  f ree  of  the  inner  dra f t  tube ,  and the  

height  h  of  the  annular  body of  the  f low ampl i f ier  50  i s  l a rger  in  the  th i rd  

embodiment .  The re la t ive  s izes  of  the  sparg er  30  and  the  f low ampl i f ier  50  

may be  specia l ly des igned  to  d is t ingu ish the  regions  where  the  upward  

f low 13 and  the  downward  f low  17 are  d i s t r ibuted  ins ide  the  vesse l  10 .   15 

Viewed f rom the  top ,  tha t  the  pro ject ion  area  of  the  sparger  30  i s  l a rger  

than  that  of  the  f low ampli f ier  50  may make the  upward  f low 13 c loser  to  

the  s idewal l  of  the  vesse l  10  than  the  downw ard  f low 17 .   In  o ther  words ,  

the  upward  f low 13 of  the  cu l ture  medium surrounds  the  dow nward  f low 17 

in  the  f i rs t  space  11  of  the  vesse l  10;  the  intermedia te  f low 15  in  the 20 

vic ini ty of  the  top  ( the  f i rs t  end  12)  runs  f rom the  s idewal l  of  the  vesse l  to  

the  center  of  the vesse l ;  and  the in termedia te  f low 15  in  the  v ic ini t y of  the  

bot tom ( the  s econd end 14)  f lows  f rom the  center  o f  the  vesse l  to  the  

s idewal l  of  the  ves se l ,  whereb y the  cu l ture  medium ci rcu la tes  in  the  f i rs t  
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space  11  of  the  vesse l  10 wi thout  b l ind  spot s .   On the  o ther  hand,  

increas ing the  height  h  of  the  annular  body of  the  f low ampl i f ie r  50  not  

only enables  the  space  45  of  the  f low ampli f ier  50  to  accelera te  the  

downward  f low 17  but  a l so  forms  a  boundary betwe en  the  downward  f low 

17 and  the  upward  f low 13 to  avoid  the  mix ture  of  the  f lows .   Therefore ,  5 

the  f low ampl i f ier  50  c an  rep lace  th e  inner  draf t  tube  of  the  ord inar y 

a i r- l i f t  b ioreactors  and  s impl i fy the  s t ructure  of  a i r - l i f t  bioreactors .   

Fur ther,  omi t t ing  the  inner  draf t  tube  can  make the  a i r- l i f t  b ioreactor  use 

f lex ib ly and  sca le  up  eas i l y.   Therefo re ,  the  s impli f ied  s t ructure  of  the  

a i r- l i f t  b ioreactor  i s  more  su i tab le  for  an imal  ce l l  cu l ture  and  o ther  10 

suspension  cel l  cu l tures .  

[0033]  Fig.  10  i s  a  perspec t i ve  v iew schemat ica l ly showing an  assemb led 

a i r- l i f t  b ioreactor  according to  a  four th  e mbodiment  o f  the  present  

invent ion .   Refer  to  Fig.  1 ,  Fig.  2 ,  Fig .  5 ,  Fig.  7 ,  Fig .  8 ,  Fig.  9 ,  and  Fig.  

10 .   In  compar i son  wi th  the  th i rd embodiment ,  the  a i r - l i f t  b ioreact or  4  of  15 

the  four th  embodiment  i s  a l so  f ree  of  t he  inner  dra f t  tube .   Viewed f rom 

the  top ,  the  pro ject ion area  of  the  sparger  30  i s  smal ler  than  that  of  the  

f low ampl i f ie r  50 .   The upward  f low 13 i s  c loser  to  the  center  of  the  

vesse l  10 .   In  o the r  words ,  th e  downward  f low 17 of  the  cu l ture  medium 

surrounds the  upward  f low 13 in  the  f i rs t  space  11  of  the  vesse l  10;  the  20 

intermedia te  f low 15  near  the  top  runs  f rom to  the  cente r  of  the  vesse l  to  

the  s idewal l  of  the  vesse l ;  and  the  in termedia te  f low 15  near  the  bot tom 

runs  f rom the  s idewal l  of  the  vesse l  to  the  center  of  the  ves se l ,  whereb y the  

cu l ture  medium ci rcu la tes  in  the  f i rs t  space  11  of  the  vesse l  10 wi thout  
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bl ind  spot s .   It  i s  no ted  tha t  the  a i r- l i f t  bioreactor  4  ma y inc lude  the  f low 

ampli f ier  of  the  f i r s t  and  second embodiments  whose  annular  bodies  have  

d i fferen t  height  h .   In  the  embodiments  withou t  inner  draf t  tube ,  the  

posi t ion  of  the  f low ampl i f ier  d i sposed  in  the  vesse l  may be  ad jus ted  

according to  the  l iqu id  level  of  the  cu l ture  medium as  long as  the  l iqu id  5 

l evel  of  the  cu l ture  medium i s  higher  than  the  f low ampl i f ier.   It  i s  

unders tood  tha t  the  a i r- l i f t  b ioreacto r  of  the  present  invent ion  i s  not  

l imi ted  to  use  the  abovement ioned  sparger  but  may match  wi th  the 

convent ional  bubble  d i s t r ibut ion  co mponent /device .   In  t he  embodiments  

wi thout  inner  draf t  tube ,  the  amount  of  cu l ture  medium may be  not  l imi ted  10 

by the  height  of  an  ord inary inner  dra f t  tube ,  whereby the  f lex ib i l i t y of  

des igning cul ture  envi ronments  i s  increased .  

[0034]  The embodiments  descr ibed  a re  onl y to  demonst ra te  the  technical  

thought s  and  charac ter i s t ics  of  the  present  invent io n  to  enable  the  pers ons  

sk i l led  in  the  a r t  to  und ers tand ,  make,  and  use  the  present  invent ion .   15 

However,  these  embodiments  are  not  intended to  l imit  the  scope of  the  

present  invent ion .   Any equivalent  modi f ica t i on  or  var ia t ion  according to  

the  sp i r i t  o f  the  present  invent ion i s  to  be  a l so included by the  scope of  t he  

present  invent ion .  

20 
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CLAIMS 

What  i s  c la imed i s :  

1 .  An ai r- l i f t  b ioreactor  compris ing :  

a  vesse l  having a  f i r s t  space  a l lowing a  cu l ture  medium to  f low 

there in ;  5 

a  f low ampl i f ier  d i sposed  ins ide  the  f i rs t  space  of  the  vesse l  and  

including  an  annular  body,  a  f lu id  inle t  d isposed  on  the  annual  body 

and  a  gap ,  wherein  a  por t ion  of  the  cu l ture  medium enters  the  annular  

body through the  f lu id  in le t  and  f lows  thro ugh the  gap  to  the  f i rs t  

space;  and  10 

a  sparger  d i sposed  ins ide  the  f i rs t  space  of  the  vesse l  and  

genera t ing  a  p lura l i t y of  gas  bubbles  in  the  cu l ture  medium ,  wherein  a  

f low di rec t ion  of  the  gas  bubb les  is  d i fferent  f rom a  f lowing  d i rec t  of  

the  por t ion  of  th e  cu l ture  medium that  f lows  through the  gap  in to  the  

f i rs t  space .  15 

2.  The a i r- l i f t  b ioreactor  a ccording to  c la im  1 ,  wherein  a  f i rs t  end  of  the  

vesse l  i s  oppos i te  to  a  second end of  the  vesse l ,  the  f low ampl i f ier  i s  

d i sposed  in  the  v ic in i t y of  the  f i rs t  end ,  and  the  sparger  i s  d i sposed  in  

the  v ic ini t y of  the  second end.  

3 .  The a i r- l i f t  b ioreactor  accord ing to  c la im 2 ,  fur the r  compri s ing an  20 

inner  draf t  tube  d i sposed  ins ide  the  f i rs t  space  of  the  vesse l ,  wherein  

the  cu l ture  medium f low through a  second space  prov ided  by the  inner  

draf t  tube ,  the  annular  body of  the  f low ampli f ier  i s  d i sposed  between 

the  inner  dra f t  tube  and  the  vesse l ,  and  the  sparger  i s  d i sposed  inside  
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the  second space  of  the  inner  dra f t  tube .    

4 .  The a i r- l i f t  b ioreactor  according to  c la im 2 ,  fur th er  compri s ing an  

inner  draf t  tube  d i sposed  ins ide  the  f i rs t  space  of  the  vesse l ,  wherein  

the  cu l ture  medium f low through a  second space  provided  by the  inner  

draf t  tube ,  the  annular  body of  the  f low ampli f ier  i s  d i sposed  ins ide  the 5 

inner  draf t  tube ,  and  the  sparger  i s  d i sposed  between the  inner  draf t  

tube  and  the  vesse l .  

5 .  The a i r- l i f t  b ioreactor  acco rding to  c la im 2 ,  wherein  the  annular  body 

of  the  f low ampli f ie r  i s  c loser  to  a  s idewal l  of  the  vesse l  than  the  

sparge r.    10 

6.  The a i r- l i f t  b ioreactor  according to  c la im 2 ,  wherein  t he  sparger  i s  

c loser  to  a  s idewal l  o f  the  vesse l  than  the  annular  body of  the  f low 

ampli f ier.    

7 .  The a i r- l i f t  b ioreactor  according to  c la im 1 ,  c la im 2 ,  c la im 3 ,  c la im 4 ,  

c la im 5  or  c la im 6 ,  wherein  the  sparger  inc ludes  a  p lura l i t y  of  annular  15 

tubes ,  a  p lura l i t y of  interconnect io n  channels ,  and  an  a i r  in le t  

interconnect ing wi th  the  in t erconnect ion  channels  and  the  annular  

bodies;  the  p lura l i ty of  in terconnect ion  channels  in terconnects  the  

annular  tubes ;  and  a  p lura l i t y bubble  v ia -holes  i s  fo rmed on  the  

p lura l i t y of  annular  tubes .  20 

8.  The a i r- l i f t  b ioreactor  according to  c la im 7 ,  wherein  the  p lura l i t y of  

annular  bodies  i s  d i sposed  concent r ica l ly.  

9 .  The a i r- l i f t  b ioreact or  according to  c la im 7 ,  wherein  the  spa rger  i s  

made of  a  meta l l i c  mater ia l  or  a  p las t i c  mater ia l .  
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10.  The a i r- l i f t  b ioreacto r  according to  c la im 1 ,  c la im 2 ,  c la im 3 ,  c la im 4 ,  

c la im 5  or  c la im 6 ,  wherein  the  f low ampl i f ier  i s  used  to  accelera te  the 

cu l ture  medium f lowing through the  f low ampli f ier.  


