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 C L O S E D  C E L L  S E PA R AT I O N  O P E R AT I O N  

A P PA R AT U S  

B A C K G R O U N D  O F  T H E  I N V E N T I O N  

1 .  F i e l d  o f  t h e  I n v e n t i o n :  

The presen t  invent ion  re la tes  to  cen t r i fuga l  separa t ion ,  and  more 5  

par t icu la r ly  to  a  c losed  ce l l  separa t ion  opera t ion  appara tus  wi th  a  

des ign  tha t  p rovides  a  c losed ,  contamina t ion- f ree  envi ronment  for  bo th 

cen t r i fuga t ion and  pos t -cen t r i fuga t ion  superna tan t  separa t ion .  The 

c losed  ce l l  separa t ion  opera t ion  appara tus  i s  par t icu la r ly  usefu l  in ,  fo r  

example ,  ce l l  separa t ion  and  i so la t ion .  10  

 

2 .  D e s c r i p t i o n  o f  t h e  R e l a t e d  A r t :  

Cent r i fuga t ion  has  been  ex tens ive ly  used  in  ce l l - re la ted  s tud ies  and  

assays  to  sor t  ce l l s  in  such as  bone  marrow asp i ra te  concent ra te  

(BMAC),  cerebrosp ina l  f lu id  (CSF) ,  per iphera l  b lood ,  u r ine ,  asc i tes ,  15  

ce l l  cu l ture  media ,  e tc .  

As  an  essen t ia l  t oo l  for  cen t r i fuga l  separa t ion ,  a  convent iona l  

cen t r i fuge tube  i s  made as  a  capped  tes t  tube .  Examples  may be  those 

t raded  under  the  name of  Nunc  (Thermo Fisher  Sc ien t i f ic ,  the  US) .  In  

use  of  such  an ex is t ing  cen t r i fuge  tube ,  a  f lu id  to  be  subjec t  to  20  

cen t r i fuga l  p rocess ing  i s  t ransfe r red in to  i t ,  and  then  the  cen t r i fuge  tube  
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i s  sea led  and  p laced  in to  a  cen t r i fuge  for  p rocess ing .  Af te r  

cen t r i fuga t ion ,  for  removing  the  resu l t ing  superna tan t  (e .g . ,  p lasma for  

whole  b lood  cent r i fuga t ion)  and  harves t ing  the  sed iment  (e .g . ,  b lood  

ce l l s  for  whole  b lood  cent r i fuga t ion) ,  o r  v ice  versa ,  an  opera tor  has  to  

separa te  the  two  par t s  by unsea l ing  the  tube and  t ransfe r r ing the  5  

superna tan t  to  a  spear  vesse l .  However ,  th i s  opera t ion  unavoidably  

exposes  the  superna tan t  and  sed iment  to  the  ambient  envi ronment  and  

br ings  about  r i sks  of  contamina t ion .  One  so lu t ion  to  address  the  concern  

i s  to  per form the  whole  opera t ion  in  a  c lean  room or  a  b iosafe ty  cab ine t  

(BSC) ,  which  i s  usua l ly  cos t ly  and  re la t ive ly  immobi le ,  thus  unsu i tab le  10  

for  c l in ica l  use .  

 

S U M M A R Y  O F  T H E  I N V E N T I O N  

TECHNICAL PROBLEM 

Another  problem of  the  convent iona l  p rac t ice  for  pos t -15  

cen t r i fuga t ion  superna tan t  separa t ion  i s  tha t  sp i l l  t ends  to  happen  in  the  

process  of  t ransfe r r ing  the  conten t  o f  the  cen t r i fuge  tube  and  reduce  the  

vo lume of  the  ava i lab le  spec imen.  This  may have  adverse  e f fec t s  on  the  

in tended  s tudy  or  assay ,  o r  in  the  wors t  case ,  makes  i t  imposs ib le  to  

per form the  in tended  s tudy  or  assay .  20  

Hence ,  there  i s  a  need  for  a  nove l  appara tus  tha t  a l lows  pos t -
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cen t r i fuga t ion  superna tan t  separa t ion  to  be  per formed ef f ic ien t ly  and 

e f fus ive ly  in  a  contamina t ion- f ree  manner  whi le  e l imina t ing  the  r i sks  

of  sp i l l  and  the  needs  for  cos t ly  labora tory  equipment .   

SOLUTION TO PROBLEMS 

TECHNICAL SOLUTION 5 

In  v iew of  the  a forement ioned  need ,  the  pr imary  objec t ive  of  the  

presen t  invent ion  i s  to  provide  a  c losed  ce l l  separa t ion  opera t ion  

appara tus  tha t  i s  des igned  to  provide  a  c losed ,  contamina t ion- f ree  

envi ronment  for  bo th  cen t r i fuga t ion  and  pos t -cen t r i fuga t ion 

superna tan t  separa t ion  whi le  e l imina t ing  the  r i sks  of  sp i l l s  and  the  10  

needs  for  cos t ly  labora tory  equipment .   

In  order  to  ach ieve th i s  and  o ther  ob jec t ives  of  the  presen t  

invent ion ,  the  d i sc losed  c losed  ce l l  separa t ion  opera t ion  appara tus  

compr ises :  a  f i r s t  tube  body,  be ing  a  cy l inder - l ike  conta iner  def ined  by  

a  per iphera l  wal l ,  the  f i r s t  tube  body having a  c losed top  tha t  sea lab ly 15  

communica tes  wi th  the  ex te r ior  th rough a  vent  and  an  in le t ,  where in  the  

vent  i s  for  a l lowing  an  a i r  to  pass  and  en te r  o r  ex i t  the  f i r s t  tube  body  

and  the  in le t  i s  fo r  a l lowing  a  f lu id  f rom an  ex te rna l  f lu id  source  to  

en te r  the  f i r s t  tube  body;  and  the  f i r s t  tube  body having  a  c losed bot tom 

tha t  sea lab ly  communica tes  wi th  the  ex te r ior  th rough a  cen t ra l ly  formed 20  

ou t le t ;  a  second  tube  body,  be ing  a  cy l inder - l ike  conta iner  def ined  by  
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a  per iphera l  wal l ,  the  second tube  body having  a  c losed  top  tha t  sea lab ly  

communica tes  wi th  the  ex te r ior  th rough a  vent  and  an  in le t ,  where in  the  

vent  i s  for  a l lowing  an  a i r  to  pass  and  en te r  o r  ex i t  the  second tube  body 

and  the  in le t  i s  fo r  a l lowing  a t  l eas t  one  par t  o f  the  f lu id  f rom the  ou t le t  

o f  the  f i r s t  tube  body to  en te r  the  second tube  body and  the  second tube  5  

body  having  a  c losed  bot tom tha t  sea lab ly communica tes  wi th  the  

ex te r ior  th rough a  cen t ra l ly  formed out le t ;  and a  connec t ing  p ipe ,  be ing  

a r ranged  be tween  the  ou t le t  o f  the  f i r s t  tube  body and  the  in le t  o f  the  

second tube  so  as  t o  connec t  the  f i r s t  tube  body and  a  second tube  body.  

Fur ther ,  the  per iphera l  wal l s  o f  the  f i r s t  tube  body and  the  second 10  

tube  body  each  ex tend  downward  beyond the  bo t tom so  the  per iphera l  

wal l  and  the  bo t tom form a  p ipe- rece iv ing  space  around the  ou t le t ,  and  

a t  l eas t  one  of  the  connec t ing  p ipe and  an  ex tens ion  p ipe  i s  conf igured 

to  be  a t  l eas t  par t ia l ly  co i led  a round the  ou t le t  o f  the  tube  body and 

rece ived  in  the  p ipe- rece iv ing  space  of  tube  body.  15  

Fur ther ,  in  the  c losed  ce l l  separa t ion  opera t ion  appara tus ,  there  i s  

fur ther  an  ex tens ion  p ipe  a t tached  to  the  ou t le t  o f  the  second tube  body 

for  connec t ing the  second tube  body to  a  fur ther  sa id  f i r s t  tube body of  

a  fur ther  sa id  c losed  ce l l  separa t ion  opera t ion  appara tus .  

Fur ther ,  in  the  c losed  ce l l  separa t ion  opera t ion appara tus ,  a t  l eas t  20  

one  of  the  per iphera l  wal l s  o f  the  f i r s t  tube  body and  the  second tube 
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body  has  a  lower  edge  formed wi th  a  no tch  for  the  connec t ing  p ipe  to  

pass  therethrough,  so  tha t  when the  f i r s t  tube  body and  the  second tube 

body s tands on  a  p lane ,  an  access  to  the  p ipe- rece iv ing  space  of  the  

f i r s t  tube body and  the  second tube  body i s  l e f t  fo r  the  connec t ing p ipe 

to  pass  there through.  5  

Fur ther ,  in  the  c losed  ce l l  separa t ion  opera t ion appara tus ,  a t  l eas t  

one  of  the  connec t ing  p ipes  and the  ex tens ion  p ipe i s  equipped  wi th  a  

va lve  for  c los ing  or  opening  the  p ipe ,  and  the  va lve  i s  a  tube  c lamp,  a  

f low cont ro l  va lve ,  a  mul t i -way tap  connec tor  or  an  on-of f  f lu id  va lve .  

Fur ther ,  in  the  c losed  ce l l  separa t ion  opera t ion  appara tus ,  where in  10  

a t  l eas t  one of  the  bo t toms of  the  f i r s t  tube  body and the  second tube  

body has  a  downward  conica l  s t ruc ture  wi th  a  d iameter  g radua l ly  

reduces  and  reaches  a  smal les t  ex ten t  thereof  a t  a  per iphery  of  the  ou t le t  

o f  the  f i r s t  tube  body and  the  second tube  body.  

Fur ther ,  in  the  c losed  ce l l  separa t ion  opera t ion appara tus ,  a t  l eas t  15  

one  of  the  vents  of  the  f i r s t  tube  body and  the  second tube  body  i s  

equipped  wi th  a  f i l t e r  for  f i l t e r ing  the  a i r  pass ing  through the  vent .  

Fur ther ,  in  the  c losed  ce l l  separa t ion  opera t ion  appara tus ,  there  i s  

fur ther  an  a i r -pressure  source  a t tached  to  a t  leas t  one  of  the  vents  of  

the  f i r s t  tube  body and  the  second tube  body for  push ing  a i r  in to  or  20  

drawing  a i r  f rom the  f i r s t  tube  body and  the  second tube  body.  
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The  a i r -pressure  source  i s  an  a i r  pump or  an  a i r  in jec tor .  

Fur ther ,  in  the  c losed  ce l l  separa t ion  opera t ion  appara tus ,  where in  

a t  l eas t  one  of  the  in le t s  and  the  vents  of  the  f i r s t  tube  body and  the  

second tube  body  i s  conf igured  to  be  de tachably  sea led  by  a  sea l  in  an  

a i r t igh t  manner .   5  

Fur ther  in  the  c losed  ce l l  separa t ion  opera t ion  appara tus ,  a t  l eas t  

one  of  the  in le t s  and  the  vents  of  the  f i r s t  tube  body and  the  second tube 

body i s  fur ther  provided  wi th  a  p ipe  tha t  i s  equipped  wi th  a  va le .  

The  va lve  i s  a  tube  c lamp,  a  f low cont ro l  va lve ,  a  mul t i -way tap 

connec tor  or  an  on-of f  f lu id  va lve .  10  

BENEFICIAL EFFECTS OF THE INVENTION 

BENEFICIAL EFFECTS 

The benef ic ia l  e f fec t s  o f  the  presen t  invent ion  a re  as  fo l lows:  

The  c losed  ce l l  separa t ion  opera t ion  appara tus  of  the  presen t  

invent ion  provides  a  c losed ,  contamina t ion- f ree  envi ronment  for  bo th 15  

cen t r i fuga t ion and  pos t -cen t r i fuga t ion  superna tan t  separa t ion whi le  

e l imina t ing  the  r i sks  of  sp i l l s  and  the  needs  for  cos t ly  labora tory 

equipment .  

 

B R I E F  D E S C R I P T I O N  O F  T H E  D R AW I N G S  20 

Fig .  1  i s  a  perspec t ive  v iew of  a  c losed  ce l l  separa t ion  opera t ion 
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appara tus  accord ing  to  one  embodiment  of  the  presen t  invent ion ;  

Fig .  2  th rough Fig .  4  a re  appl ied ,  c ross - sec t iona l  v iew of  the  c losed  

ce l l  separa t ion  opera t ion  appara tus  of  the  presen t  invent ion ,  i l lus t ra t ing 

the  opera t ion  of  the  c losed  ce l l  separa t ion  opera t ion  appara tus  dur ing  

cen t r i fuga t ion  and  pos t -cen t r i fuga t ion  superna tan t  separa t ion ;  5  

Fig .  3  i s  a  schemat ic  v iew of  the  fo l lowing  opera t ion  sys tem,  

i l lus t ra t ing  the  vehic le  body  moving  in  the  manual  mode .  

Fig .  5 i s  a  perspec t ive  v iew of  an  a l t e rna t ive  implementa t ion  of  the  

c losed  ce l l  separa t ion  opera t ion  appara tus ,  where in  two c losed  ce l l  

separa t ion opera t ion  apparatus  of  the  presen t  invent ion  a re  connec ted 10  

in  se r ies ;  and  

Fig .  6 i s  a  perspec t ive  v iew of  a  c losed  ce l l  separa t ion  opera t ion 

appara tus  accord ing  to  another  embodiment  of  the  presen t  invent ion .  

D E TA I L E D  D E S C R I P T I O N  O F  T H E  I N V E N T I O N  

While  a  prefe r red  embodiment  provided  here inaf te r  for  i l lus t ra t ing 15  

the  concept  o f  the  presen t  invent ion  has  been  descr ibed  above ,  i t  i s  to  

be  unders tood  tha t  the  components  of  the  embodiment  shown in  the  

accompanying  drawings  a re  depic ted  for  the  sake  of  easy  explana t ion  

and  need  not  to  be  made  to  exac t  sca le .  

For  the  descr ip t ions  here in ,  the  s ingular  forms “a” ,  and “an”  20  

inc lude  p lura l  re fe ren ts  un less  the  contex t  c lear ly  ind ica tes  o therwise .   
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Refer r ing  f i r s t  to  Fig .  1  and  Fig .  2 ,  accord ing to  one  embodiment  

of  the  presen t  invent ion ,  a  c losed  ce l l  separa t ion  opera t ion  appara tus  

pr imar i ly  compr ises  a  f i r s t  tube body 10  capped  by  a  f i r s t  cap  13 ,  a  

second  tube  body 20  capped  by a  second cap 23 ,  and  a  connec t ing p ipe  

24  connec t ing  the  two tube  bodies  10 ,  20 .   5  

As  the  f i r s t  tube  body 10  and  the  second tube  body 20  a re  

subs tan t ive ly  ident ica l  in  te rms  of  s t ruc ture ,  the  fo l lowing  descr ip t ion  

i s  d i rec ted  to  on ly  one of  them for  succ inc tness .  The f i r s t  tube  body 10  

o r  the  second tube body 20  i s  a  cy l inder- l ike  conta iner  def ined  by a  

per iphera l  wal l  122  o r  222 .  The  f i r s t  tube  body 10  o r  the  second tube  10  

body  20  has  an  open  top fu l ly  open  to  the  ex te r ior  th rough an  opening 

11  o r  21  and a  c losed  bot tom 12  o r  22  tha t  sea lab ly  communica tes  wi th  

the  ex te r ior  th rough a  cen t ra l ly  formed out le t  121  o r  221 .  Par t icu la r ly,  

the  bo t tom 12  o r  22  has  a  funne l - l ike ,  o r  downward  conica l  s t ruc ture  

wi th  a  d iameter  tha t  g radua l ly  reduces  and  reaches  i t s  smal les t  ex ten t  15  

a t  the  per iphery  of  the  ou t le t  121  o r  221 .  The  per iphera l  wal l  122  o r  

222  o f  the  tube  body 10  o r  20  ex tends  downward  beyond the  c losed 

bot tom 12  o r  22  so  tha t  i t  works  wi th  the  funne l - l ike  bo t tom 12  o r  22  

to  form a  p ipe- rece iv ing  space 123  o r  223  a round the  ou t le t  121  o r  221 .  

The  lower  edge  of  the  per iphera l  wal l  122  o r  222  i s  fu r ther  formed wi th  20  

a  no tch  124  o r  224 ,  so  tha t  when  the  f i r s t  tube  body 10  o r  the  second 
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tube  body 20  s tands  on a  p lane ,  an  access  to  the  p ipe - rece iv ing space 

123  o r  223  i s  c rea ted .  I t  i s  to  be  no ted  tha t  the  f i r s t  tube  body 10  o r  the  

second tube  body 20  i s  s ized  s imi la r  to  the  ex is t ing  cen t r i fuge  tubes  or  

b lood  co l lec t ion  tubes ,  so  as  to  be  compat ib le  wi th  ex i s t ing  cen t r i fuges .  

S imi la r ly,  s ince the  f i r s t  cap  13 ,  a  second  cap 23  a re  subs tan t ive ly  5  

iden t ica l  in  te rms of  s t ruc ture ,  the  fo l lowing  descr ip t ion  i s  d i rec ted to  

on ly  one  for  succ inc tness .  The  f i r s t  cap  13  o r  the  second cap  23  i s  

conf igured  to  cap  the  f i r s t  tube  body 10  o r  the  second tube  body 20  

f rom top  and  has  a  vent  131  o r  231  and  an  in le t  132  o r  232 .  As  de ta i led 

be low,  each  of  the  vent  131  o r  231  and  the  in le t  132  o r  232  i s  conf igured 10  

to  be  removably  connec ted  to  p ipes  in  used  and/or  de tachably  capped  

by  a  sea l  80  in  an  a i r t igh t  manner  when  not  in  use .   

I t  i s  to  be  unders tood  tha t  whi le  the  presen t  embodiment  has  the  

f i r s t  tube  body 10  o r  the  second tube  body 20  capped  by  the  cap  13  or  

23  fo rmed wi th  the  vent  131  o r  231  and  the  in le t  132  o r  232 ,  the  15  

d i sc losed  c losed  ce l l  separa t ion  operat ion  appara tus  in  another  

embodiment  may have  the  vent  131  o r  231  and  the  in le t  132  o r  232  

d i rec t ly  formed on  a  c losed  top  sur face  of  the  f i r s t  tube  body 10  o r  the  

second tube  body 20  ins tead  of  us ing  the  cap  13  o r  23  to  c lose  the  f i r s t  

tube  body 10  o r  the  second tube  body 20 .   20  

The  connec t ing  p ipe  24  i s  a r ranged  be tween  the  ou t le t  121  o f  the  
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f i r s t  tube  body 10  and  the  in le t  232  o f  the  second  tube  body 20  to  

connec t  the  f i r s t  tube  body 10  and  the  second tube  body 20  fo r  l iqu id 

communica t ion .  The  connec t ing  p ipe  24  can  be  par t ia l ly  co i led  a round 

the  ou t le t  121  o f  the  f i r s t  tube  body 10  to  be  wel l  rece ived  in  the  p ipe-

rece iv ing  space  123  o f  the  f i r s t  tube  body 10 .  Wi th  the  no tch  124  fo rmed  5  

on  the  per iphera l  wal l  122  o f  the  f i r s t  tube  body 10 ,  the  connec t ing  p ipe 

24  can  ex tend  between  the  f i r s t  tube body 10  and the  second tube body 

20  wi thout  prevent ing  the  f i r s t  tube  body 10  f rom s tanding  on  any  p lane  

s tab ly.  The  connec t ing  p ipe  24  i s  fu r ther  equipped  wi th  a  va lve  60  fo r  

c los ing  or  opening  the  connec t ing  p ipe  24 .   10  

In  use ,  wi th  the  connec t ing  p ipe  24  c losed  by  the  va lve  60 ,  a  feed ing  

p ipe  40  communica ted  wi th  a  source  of  a  f lu id  to  be  processed  (no t  

shown) ,  such  as  a  f i l l ed  b lood  bag ,  a  b lood  gas  syr inge  or  a  spec imen 

tube ,  i s  connec ted  to  the  in le t  132  o f  the  f i r s t  tube  body 10 .  At  th i s  t ime ,  

the  vent  131  o f  the  f i r s t  tube  body 10  r emains  open ,  so  tha t  the  f lu id  to  15  

be  processed  (e .g . ,  whole  b lood)  can  be t ransfe r red  to  the  f i r s t  tube  

body 10 ,  a s  shown in  Fig .  2 .  Here in ,  the  vent  131  o f  the  f i r s t  tube  body 

10  may  be  fur ther  provide  wi th  a  f i l t e r  31  fo r  p revent ing  fore ign  objec ts  

f rom ente r ing  the  of  the  f i r s t  tube  body 10  and  the reby  ensur ing  a  

contamina t ion- f ree  opera t ion envi ronment .  Spec i f ica l ly,  as  shown in  20  

Fig .  2 ,  a  ven t ing  p ipe  30  equ ipped  wi th  a  f i l t e r  31  i s  a t tached  to  the  
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ven t  131  o f  the  f i r s t  tube  body 10 .  The  vent ing p ipe  30  may be  a l so 

opened  or  re leased  by  a  va lve  60 .  Af te r  the  f lu id  i s  f i l l ed  in to  the  f i r s t  

tube  body 10 ,  the  in le t  132  o f  the  f i r s t  tube  body 10  can  be  capped  us ing  

a  sea l  80  d i rec t ly  in  an a i r t igh t  manner,  o r  the  feed ing  p ipe  40  r emained  

connec ted  wi th  the  in le t  132  o f  the  f i r s t  tube  body 10  i s  capped  us ing  a  5  

sea l  80  in  an  a i r t i gh t  manner,  as  shown Fig .  1 .  S imi l a r ly,  the  vent  131  

o f  the  f i r s t  tube body 10  can  be  capped  us ing a  sea l  80  d i rec t ly  in  an 

a i r t igh t  manner,  o r  the  vent ing  p ipe  30  r emained  connec ted  wi th  the  

vent  131  i s  capped  us ing  a  sea l  80  in  an  a i r t igh t  manne r,  as  shown Fig .  

1 .  10  

I t  i s  to  be  no ted  tha t  when  the  connec t ing  p ipe  24 ,  the  vent ing  p ipe  

30 ,  and  the  feed ing  p ipe  40  a re  c losed  by  the i r  respec t ive  va lves  60 ,  the  

in te r ior  o f  the  f i r s t  tube  body 10  i s  sea led  f rom the  ex te r ior  and  forms  

a  c losed  envi ronment .  Also ,  the  second tube  body 20  i s  now wi th  i t s  

ven t  231  and  out le t  221  sea led  and  i so la ted  f rom the  ex te r ior.  15  

Then  the  en t i re  c losed  ce l l  separa t ion  opera t ion  appara tus  can  be 

moved  in to  a  cen t r i fuge  (no t  shown)  for  cen t r i fuga t ion .  There in ,  the  

f i r s t  tube body 10  and  the  second  tube  body 20  a re  sea ted in  two 

ad jacent  p laces  in  the  cen t r i fuge ,  wi th  the  connec t ing  p ipe  24  pa r t ia l ly  

co i led  a round the  ou t le t  121  and  rece ived  in  the  p ipe- rece iv ing  space  20  

123  o f  the  f i r s t  tube  body 10 .  This  prevents  the  connec t ing  p ipe  24  f rom 
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undes i red  excess ive  movement  dur ing  cen t r i fuga t ion .   

Now refe r r ing  to  Fig .  3 ,  the  f lu id  in  the  f i r s t  tube  body 10  has  

separa ted  in to  a  superna tan t  (e .g . ,  p lasma for  whole  b lood 

cent r i fuga t ion)  and  a  sed iment  (e .g . ,  b lood  ce l l s  for  whole  b lood 

cent r i fuga t ion) .  Then ,  for  the  sed iment  to  move  in to  the  second tube 5  

body  20 ,  the  va lve  60  on  the  connec t ing  p ipe 24  i s  open  and  the  caps  

80  a re  removed f rom the vent ing  p ipe  30  o f  the  f i r s t  tube  body 10  and  

the  vent  231  o f  the  second tube body 20 ,  r espec t ive ly.  Opt iona l ly,  an 

a i r-pressure  source  70  may  be  removably  connec ted  to  the  vent  231  o f  

the  second tube  body 20  fo r  acce le ra ted  migra t ion  of  t he  sed iment  wi th  10  

a  drawing  force .  

S ince  the  bo t tom 12  o f  the  f i r s t  tube  body 10  has  the  funne l - l ike ,  

o r  downward  conica l ,  s t ruc ture ,  and  the  ou t le t  121  i s  a t  the  bo t tom-most  

pos i t ion  of  the  bo t tom 12  o f  the  f i r s t  tube body 10 ,  the  migra t ion  of  the  

sed iment  can  be  per formed prec ise ly  wi thout  having  the  superna tan t  15  

un in ten t iona l ly  move  in to  the  second tube  body 20 .  Bes ides ,  as  the  

sed iment  d i rec t ly  f lows  in to  the  second tube  body 20 ,  the  r i sk  of  sp i l l s  

can  be  comple te ly  e l imina ted .  Af te r  the  sed iment  en te rs  the  second tube 

body 20 ,  the  connec t ing  p ipe  24  i s  c losed  by  i t s  va lve 60  aga in ,  and the  

vent  231  o f  the  second tube  body 20  wi th  the  a i r-pressure  source  70  20  

having  been  de tached  i s  capped  aga in ,  so  as  to  sea l  the  superna tan t  and  
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the  sed iment  in  the  f i r s t  tube  body 10  and  the  second tube  body 20 ,  

r espec t ive ly.  Consequent ly,  a l l  these  enable  e ffec t ive  and e ff ic ien t  

i so la t ion  of  the  sed iment  form the  superna tan t ,  as  shown in  Fig .  4 .   

Refer r ing  to  Fig .  5 ,  fo r  var ious  appl icat ions  where  mul t ip le  

separa t ions  a re  r equi red ,  another  c losed  ce l l  separa t ion  opera t ion 5  

appara tus  of  the  presen t  invent ion  may be  connec ted  in  se r ies  to  the  

f i r s t  c losed  ce l l  separa t ion  opera t ion  appara tus .  Spec i f ica l ly,  an  

ex tens ion  p ipe  50  may  be  used  to  connec t  the  f i r s t  tube  body 10  o f  the  

fur ther  c losed  ce l l  separa t ion  opera t ion  appara tus .  In  th i s  case ,  the  

ex tens ion  p ipe  50  may  be  co i led  a round the  ou t le t  221  and  rece ived  in  10  

the  p ipe- rece iv ing  space  223  o f  the  second tube  body 20  dur ing  

cen t r i fuga t ion  as  descr ibed  wi th  respec t  to  the  connec t ing  p ipe  24 .  

Fig .  6  dep ic t s  another  embodiment  of  the  c losed  ce l l  separa t ion 

opera t ion  appara tus  of  the  presen t  invent ion .  As  shown in  Fig .  6 ,  the  

c losed  ce l l  separa t ion  opera t ion  appara tus  i s  fur ther  provided  wi th  a  15  

second vent ing p ipe 90  a t t ached to  the  vent  231  o f  the  second tube body 

20 .  The  second vent ing  p ipe  90  i s  equipped  wi th  a  fur ther  va lve  60  fo r  

c los ing  or  opening  i t .  The  second vent ing  p ipe  90  i s  connec ted to  an  

addi t iona l  f i l t e r  91  fo r  p revent ing  fore ign  objec ts  f rom ente r ing  the  

second tube  body 20  and  fur ther  ensur ing  a  contamina t ion- f ree  20  

opera t ion  envi ronment .  In  th i s  case ,  an  a i r-pressure  source  70 ,  a s  
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descr ibed  prev ious ly  may be  a t tached  to  the  vent  131  o f  the  f i r s t  tube  

body 10  fo r  push ing  the  conten t  in  the  f i r s t  tube  body 10  in to  the  second 

tube  body 20 .  

The  foregoing  va lves  60  may  each  independent ly  be  a  tube  c lamp,  

a  f low cont ro l  va lve ,  a  mul t i -way connec tor  or  an  on-off  f lu id  va lve ,  5  

wi thout  l imi ta t ion .  

The  a i r-pressure  source  70  a t t ached  to  the  vent  131  o f  the  f i r s t  tube 

body 10  and /or  the  vent  231  o f  the  second tube  body 20  may  be  an  a i r  

pump or  an  a i r  in j ec tor  or  any  o ther  device  tha t  can  change  the  pressure  

in  the  f i r s t  tube  body 10  and  the  second tube body 20  to  fac i l i t a te  f lu id  10  

f low f rom the  f i r s t  tube  body 10  to  the  second tube  body 20 .  

At  las t ,  cen t r i fuga t ion  i s  wide ly  used  in  var ious  medica l  and 

b io logica l  appl ica t ions  and wel l  known to  those  sk i l led  in  the  a r t ,  so  

the  re la ted  opera t ion  and  pr inc ip le  a re  no t  descr ibed  in  de ta i l  fo r  the  

sake  of  succ inc tness .  L ikewise ,  the  ce l l  i so la t ion  technology  involv ing  15  

in  the  use  of  the  d i sc losed  c losed  ce l l  separa t ion  opera t ion  appara tus  i s  

a l so  known in  the  a r t  and  not  d i scussed  here in .  

Wi th  the  conf igura t ions  descr ibed  above ,  the  c losed  ce l l  separa t ion 

opera t ion  appara tus  ach ieves  the  ob jec t ives  of  the  presen t  invent ion  by 

provid ing  a  c losed ,  contamina t ion- f ree  envi ronment  for  bo th  20  

cen t r i fuga t ion and  pos t -cen t r i fuga t ion  superna tan t  separa t ion whi le  
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e l imina t ing  the  r i sks  of  sp i l l s  and  the  needs  for  cos t ly  labora tory 

equipment .  

The  presen t  invent ion  has  been  descr ibed  regard ing  the  pre fe r red 

embodiments  and  i t  i s  unders tood  tha t  the  embodiments  a re  no t  in tended 

to  l imi t  the  scope  of  the  presen t  invent ion .  Moreover,  a l l  modi f ica t ions ,  5  

equiva len t  changes  or  improvements  which  do  not  depar t  f rom the  

concept  o f  the  presen t  invent ion  should  be encompassed  by  the  

appended  c la ims .  
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W h a t  i s  c l a i m e d  i s :  

1.  A c losed  ce l l  separa t ion  opera t ion  appara tus ,  compr is ing :  

a  f i r s t  tube  body,  be ing  a  cy l inder- l ike  conta iner  def ined  by  a  

per iphera l  wal l ,  the  f i r s t  tube  body having  a  c losed  top  tha t  sea lab ly  

communica tes  wi th  the  ex te r ior  th rough a  vent  and  an  in le t ,  where in  the  

vent  i s  for  a l lowing  a i r  to  pass  and  en te r  o r  ex i t  the  f i r s t  tube  body and  

the  in le t  i s  fo r  a l lowing  f lu id  f rom an  ex te rna l  f lu id  source  to  en te r  the  

f i r s t  tube body;  and  the  f i r s t  tube  body having  a  c losed  bot tom tha t  

sea lab ly  communica tes  wi th  the  ex te r ior  th rough a  cen t ra l  ou t le t ;   

a  second  tube  body,  be ing  a  cy l inder- l ike  conta iner  def ined by  a  

per iphera l  wal l ,  the  second tube  body having  a  c losed  top  tha t  sea lab ly  

communica tes  wi th  the  ex te r ior  th rough a  vent  and  an  in le t ,  where in  the  

vent  i s  for  a l lowing  an  a i r  to  pass  and  en te r  o r  ex i t  the  second tube  body 

and  the  in le t  i s  fo r  a l lowing  a t  l eas t  one  par t  o f  the  f lu id  f rom the  ou t le t  

o f  the  f i r s t  tube  body to  en te r  the  second tube  body and  the  second tube  

body having  a  c losed  bot tom tha t  sea lab ly communica tes  wi th  the  

ex te r ior  th rough a  cen t ra l ly  formed out le t ;  and   

a  connec t ing p ipe ,  be ing a r ranged  be tween  the  ou t le t  o f  the  f i r s t  

tube  body and  the  in le t  o f  the  second tube  body,  so  as  to  l ink  the  f i r s t  

tube  body and  the  second tube  body.  

2 .  The c losed ce l l  separa t ion  opera t ion  appara tus  of  c la im 1 ,  
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where in  the  per iphera l  wal l  o f  the  f i r s t  tube  body ex tends  downward the  

bo t tom of  the  f i r s t  tube  body so  the  per iphera l  wal l  and  the  bo t tom form 

a  p ipe- rece iv ing  space  a round the  ou t le t  o f  the  f i r s t  tube  body.  

3 .  The c losed ce l l  separa t ion  opera t ion  appara tus  of  c la im 2 ,  

where in  the  per iphera l  wal l  o f  the  f i r s t  tube  body has  a  lower  edge 

formed wi th  a  no tch  for  the  connec t ing  p ipe  to  pass  there through.  

4 .  The c losed ce l l  separa t ion  opera t ion  appara tus  of  c la im 1 ,  

fur ther  compr is ing  an  ex tens ion p ipe  a t tached  to  the  ou t le t  o f  the  second 

tube  body for  connec t ing  the  second tube  body to  a  fur ther  sa id  f i r s t  

tube  body of  a  fur ther  sa id  c losed  ce l l  separa t ion  opera t ion  appara tus .  

5 .  The c losed ce l l  separa t ion  opera t ion  appara tus  of  c la im 4 ,  

where in  the  per iphera l  wal l  o f  the  second tube  body ex tends  downward  

the  bo t tom of  the  second tube  body so  the  per iphera l  wal l  and  the  bo t tom 

form a  p ipe- rece iv ing  space  a round the  ou t le t  o f  the  second tube  body.  

6 .  The c losed ce l l  separa t ion  opera t ion  appara tus  of  c la im 5 ,  

where in  the  per iphera l  wal l  o f  the  second tube  body has  a  lower  edge  

formed wi th  a  no tch  for  the  connec t ing  p ipe  to  pass  there through.  

7 .  The c losed ce l l  separa t ion  opera t ion  appara tus  of  c la im 1 ,  

where in  the  connec t ing  p ipe  i s  equipped  wi th  a  va lve  for  c los ing  or  

opening  the  connec t ing  p ipe .  

8 .  The c losed ce l l  separa t ion  opera t ion  appara tus  of  c la im 4 ,  
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where in  the  ex tens ion  p ipe i s  equipped  wi th  a  va lve for  c los ing or  

opening  the  ex tens ion  p ipe .  

9 .  The c losed ce l l  separa t ion  opera t ion  appara tus  of  c la im 2 ,  

where in  the  bo t tom of  the  f i r s t  tube  body has  a  downward  conica l  

s t ruc ture  wi th  a  d iameter  g radua l ly  reduces  and  reaches  a  smal les t  

ex ten t  thereof  a t  a  per iphery  of  the  ou t le t  o f  the  f i r s t  tube  body.  

10 .  The c losed ce l l  separa t ion  operat ion  appara tus  of  c la im 5,  

where in  the  bo t tom of  the  second tube  body has  a  downward  conica l  

s t ruc ture  wi th  a  d iameter  g radua l ly  reduces  and  reaches  a  smal les t  

ex ten t  thereof  a t  a  per iphery  of  the  ou t le t  o f  the  second tube  body.  

11 .  The c losed ce l l  separa t ion  operat ion  appara tus  of  c la im 1,  

where in  a t  l eas t  one  of  the  vents  of  the  f i r s t  tube  body and the  second 

tube  body i s  equipped  wi th  a  f i l t e r  for  f i l t e r ing the  a i r  pass ing  through 

the  vent .  

12 .  The c losed ce l l  separa t ion  operat ion  appara tus  of  c la im 1,  

where in  a t  l eas t  one  of  the  vents  of  the  f i r s t  tube  body and the  second 

tube  body i s  equipped  wi th  an  a i r -pressure  source  for  push ing  an  a i r  

in to  or  d rawing  an  a i r  f rom the  f i r s t  t ube  body and  the  second tube  body.  

13 .  The c losed ce l l  separa t ion  operat ion  appara tus  of  c la im 1,  

where in  a t  l eas t  one  of  the  in le t s  and  the  vents  of  the  f i r s t  tube  body 

and  the  second tube  body i s  conf igured  to  be  de tachably  sea led  by  a  
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sea l  in  an  a i r t igh t  manner .  

14 .  The c losed ce l l  separa t ion  operat ion  appara tus  of  c la im 1,  

where in  a t  l eas t  one  of  the  in le t s  and  the  vents  of  the  f i r s t  tube  body 

and  the  second tube  body i s  fur ther  p rovided  wi th  a  p ipe  tha t  i s  equipped  

wi th  a  va le .  

 


