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Description 

The  invention  relates  to  a  process  for  the  separation  of  gas  mixtures  by  passing  them  over  an 
adsorbent  bed  which  adsorbs  a  first  component  of  the  gas  mixture  in  preference  to  a  second  component  of 

5  the  gas  mixture.  More  particularly,  the  invention  relates  to  separation  of  gas  mixtures  by  pressure  swing 
adsorption  (PSA)  wherein  a  gas  richer  than  the  feed  gas  in  the  stronger  adsorbed  components  is  utilized  to 
displace  the  less  adsorbable  components  from  the  feed  end  of  the  bed,  whereupon  the  bed  is  depres- 
surized  by  simultaneously  taking  out  gas  on  at  least  two  different  points  of  the  bed. 

First  applications  of  PSA  processes  were  performed  to  achieve  the  objective  of  removing  smaller 
io  quantities  of  adsorbable  components  from  substantially  non-adsorbable  gases.  Examples  of  such  processes 

are  the  removal  of  water  from  air,  also  called  heatless  drying,  or  the  removal  of  smaller  quantities  of 
impurities  from  hydrogen.  Later  this  technology  was  extended  to  bulk  separations  such  as  the  recovery  of 
pure  hydrogen  from  a  stream  containing  30  to  90  mol  percent  of  hydrogen  and  other  readily  adsorbable 
components  like  carbon  monoxide  or  dioxide,  or,  for  example,  the  recovery  of  oxygen  from  air  by 

75  selectively  adsorbing  nitrogen  onto  molecular  sieves. 
The  carrying  out  of  the  PSA  process  in  multi-bed  systems  is  illustrated  by  the  Wagner  patent,  U.S. 

Patent  Number  3,430,418,  relating  to  a  system  having  at  least  four  beds.  As  is  generally  known  and 
described  in  this  patent,  the  PSA  process  is  commonly  performed  in  a  cycle  of  a  processing  sequence  that 
includes  in  each  bed:  (1)  higher  pressure  adsorption  with  release  of  product  effluent  from  the  product  end  of 

20  the  bed;  (2)  cocurrent  depressurization  to  intermediate  pressure  with  release  of  void  space  gas  from  the 
product  end  thereof;  (3)  countercurrent  depressurization  to  a  lower  desorption  pressure;  (4)  purge;  and  (5) 
repressurization.  The  void  space  gas  released  during  the  cocurrent  depressurization  step  is  commonly 
employed  for  pressure  equalization  purposes  and  to  provide  purge  gas  to  a  bed  at  its  lower  desorption 
pressure. 

25  Similar  systems  are  known  which  utilize  3  beds  for  separations.  See,  for  example,  U.S.  Patent  3,738,087 
to  McCombs.  The  faster  the  beds  perform  steps  1  to  5  to  complete  a  cycle,  the  smaller  the  beds  can  be 
when  used  to  handle  a  given  hourly  feed  gas  flow.  If  two  steps  are  performed  simultaneously,  the  number 
of  beds  can  be  reduced  or  the  speed  of  cycling  increased;  thus,  reduced  costs  are  obtainable. 

Patent  US-A-4,589,888  to  Hiscock  et  al.  discloses  that  reduced  cycle  times  are  achieved  by  an 
30  advantageous  combination  of  specific  simultaneous  processing  steps.  The  gas  released  upon  cocurrent 

depressurization  from  higher  adsorption  pressure  is  employed  simultaneously  for  pressure  equalization  and 
purge  purposes.  Cocurrent  depressurization  is  also  performed  at  an  intermediate  pressure  level,  while 
countercurrent  depressurization  is  simultaneously  performed  at  the  opposite  end  of  the  bed  being  depres- 
surized. 

35  Patent  US-A-4,51  2,780  to  Fuderer  discloses  a  pressure  swing  adsorption  process  with  intermediate 
product  recovery.  Three  products  are  recovered  from  a  pressure  swing  adsorption  process  utilizing  a 
displacement  step  in  conjunction  with  pressure  equalization  between  beds  of  a  multi-bed  adsorption 
system.  This  process  is  not  cost  efficient  for  the  recovery  of  two  products. 

PSA  processes  were  first  used  for  gas  separations  in  which  only  one  of  the  key  components  was 
40  recovered  at  high  purity.  For  example,  from  100  moles  feed  gas  containing  80  moles  hydrogen  and  20 

moles  carbon  monoxide,  the  process  of  the  Wagner,  Patent  US-A-3,430,418,  or  of  the  Hiscock  et  al.,  Patent 
US-A-4,589,888,  could  separate  60  moles  of  hydrogen  at  99.999%  purity,  but  no  pure  carbon  monoxide 
could  be  recovered;  20  moles  of  carbon  monoxide  and  20  moles  of  hydrogen  remained  mixed  at  50% 
purity  each.  Neither  of  these  processes  can  make  a  complete  separation.  Only  the  less  adsorbable,  light 

45  component  is  recovered  at  high  purity. 
For  the  recovery  of  a  pure,  stronger  adsorbed,  "heavy"  component,  an  additional  step  is  necessary, 

namely,  rinsing  of  the  bed  with  a  heavy  component  to  displace  the  light  component  from  the  bed  prior  to 
depressurization.  The  rinsing  step  is  described  in  several  earlier  patents.  The  problems  with  these 
processes  are  the  following:  (a)  if  the  rinsing  is  complete  and  the  light  component  is  completely  displaced 

50  from  the  bed,  pure  heavy  component  can  be  obtained,  but  the  adsorption  front  of  the  heavy  component 
breaks  through  to  the  light  component  and  the  latter  cannot  be  recovered  at  high  purity;  (b)  if  the 
displacement  of  the  light  component  is  incomplete,  the  typical  concentration  profile  of  the  heavy  component 
in  the  bed  as  indicated  on  Figure  2  is  obtained,  and  if  such  bed  is  depressurized  countercurrently  to 
recover  the  heavy  key  component  at  the  feed  end,  the  light  component  still  present  in  the  bed  reaches  the 

55  feed  end  very  rapidly  and  the  purity  of  the  heavy  component  drops.  Therefore  it  is  not  practical  with  the 
prior  art  processes  to  obtain  both  key  components  at  high  purity  in  a  single  PSA  unit. 

Such  complete  separations  can  be  obtained,  for  example,  by  two  separate  pressure  swing  adsorption 
processing  units  wherein  each  unit  includes  several  fixed  beds.  From  a  feed  gas  containing,  for  example, 
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hydrogen  and  carbon  monoxide  (CO),  the  first  unit  recovers  pure  hydrogen  and  a  carbon  monoxide  rich  gas 
containing  70  percent  carbon  monoxide.  This  gas  mixture  is  compressed  and  passed  through  a  second 
PSA  unit  which  recovers  pure  carbon  monoxide  and  a  hydrogen  rich  gas.  The  hydrogen  rich  gas  can  be 
added  as  feed  gas  to  the  first  PSA  unit  and  then  the  cycle  is  repeated.  The  combination  of  two  independent 

5  PSA  units  can  make  an  excellent  separation  at  very  high  flexibility.  For  example,  from  a  gas  mixture  with 
two  components  this  system  can  recover  more  than  99.8  percent  of  the  adsorbable  "light"  component  such 
as  hydrogen  at  a  purity  of  99.999  percent  and  also  recover  substantially  100  percent  of  the  more  readily 
adsorbed  component  such  as  carbon  monoxide  at  a  purity  higher  than  99.5  percent. 

A  PSA  process  suitable  for  the  recovery  of  both  the  less  and  more  readily  adsorbable  components  is 
io  described  in  Patent  GB-A-1  ,536,995  to  Benkmann.  The  process  is  based  on  two  beds  in  series  cycle  as 

shown  in  Figure  2  of  Benkmann.  The  feed  is  introduced  to  the  lower  bed  which  retains  the  more  readily 
adsorbable  component.  The  feed  step  is  followed  by  a  copurge  step  in  which  the  less  readily  adsorbable  or 
"light"  component  is  displaced  in  the  lower  bed  by  a  recycled  stream  of  "heavy"  components,  so  that  the 
lower  bed  at  the  end  of  the  step  contains  only  the  "heavy"  component.  At  this  moment,  the  connection 

is  between  the  upper  and  lower  beds  is  interrupted  by  an  automatic  valve  and  the  heavy  product  is  recovered 
from  the  lower  bed  by  (countercurrent)  depressurization.  The  upper  bed  is,  in  the  meantime,  also 
depressurized  and  purged  to  remove  all  of  the  heavy  component.  The  step  sequence  of  the  upper  and 
lower  bed  are  interlocked  and  cannot  be  run  with  independent  cycles.  The  flexibility  of  this  system  is 
therefore  reduced  while  the  complexity  is  increased.  Problems  with  this  system  are:  a  set  of  two  beds  in 

20  series  is  needed;  if  process  conditions  such  as  feed  gas  composition  change,  it  is  not  possible  to  change 
the  volume  ratio  of  the  two  beds  which  means  lower  flexibility;  the  vessel  heads  of  the  two  beds  contain 
more  void  space  gas  which  increases  depressurization  loss  and  compressor  power;  and  the  pressure  drop 
is  also  increased. 

There  remains  in  the  industry  a  need  to  further  reduce  the  amount  of  capital  equipment  required  for 
25  PSA  and  to  boost  the  efficiency  of  this  equipment.  This  invention  satisfies  this  need  by  achieving  a  high 

quality  gas  separation  with  a  simple,  more  economical  and  more  flexible  system.  This  simplicity  and 
reduced  expense  is  obtained  because  the  invention  achieves  gas  separation  at  a  low  compression  power 
requirement.  The  low  power  requirement  is  achieved  by  the  need  for  less  displacement  gas.  There  are 
known  displacement  cycles  which  provide  products  of  high  purity,  however,  the  present  invention  provides 

30  such  products  at  lower  energy  expense. 
According  to  the  present  invention  there  is  provided  a  method  for  gas  separation  of  adsorbable 

components  from  less  adsorbable  components  on  fixed  adsorbent  beds,  comprising  the  steps  of. 
a)  flowing  a  feed  gas  mixture  under  adsorption  pressure  to  an  adsorbent  bed  to  selectively  adsorb 
components  from  the  feed  gas  onto  the  adsorbent  bed,  the  bed  having  a  feed  end  and  a  product  end; 

35  and 
b)  displacing  the  feed  gas  with  a  gas  having  a  higher  concentration  of  adsorbable  components,  whereby 
less  adsorbable  components  are  displaced  from  a  portion  of  the  bed,  and 
c)  depressurizing  the  bed  by  taking  out  gas  simultaneously  from  at  least  two  different  locations  of  the 
bed  to  recover  substantially  pure  less  adsorbable  components  at  the  product  end  of  the  bed  and  to 

40  recover  the  adsorbable  components  from  at  least  one  of  the  different  locations;  and,  as  appropriate 
d)  repressurizing  the  bed. 
The  step  of  depressurizing  may  comprise  (i)  simultaneously  taking  out  gas  from  the  feed  end  and  the 

product  end  of  the  bed;  or  (ii)  simultaneously  taking  out  gas  at  a  side  takeout  of  the  bed  and  at  the  product 
end  of  the  bed;  or  (iii)  simultaneously  performing  steps  (i)  and  (ii)  above. 

45  There  may  also  be  a  step  of  purging  the  bed  with  the  less  adsorbable  components  prior  to  the  step  of 
repressurizing,  which  purging  is  preferably  carried  out  with  a  purge  gas  obtained  from  the  product  end 
during  said  step  of  depressurizing.  The  flowing  and  displacing  may  be  carried  out  at  substantially  the  same 
pressure. 

There  may  also  be  a  step  of  depressurizing  the  bed  from  a  side  takeout  prior  to  the  step  of 
50  depressurizing  the  bed  by  taking  out  gas  simultaneously.  The  step  of  depressurizing  the  bed  is  preferably 

performed  in  a  cocurrent  direction,  the  cocurrent  depressurization  occurring  prior  to  the  step  of  simulta- 
neously  depressurizing.  Preferably  the  cocurrent  depressurization  step  is  performed  (i)  before  the  step  of 
displacing;  or  (ii)  simultaneously  with  the  step  of  displacing;  or  (iii)  after  the  step  of  displacing.  Desirably  the 
step  of  cocurrent  depressurizing  further  comprises  repressurizing  other  beds  with  a  gas  obtained  from  the 

55  product  end.  The  step  of  cocurrent  depressurization  can  be  continued  to  a  sufficiently  low  pressure  to 
position  a  mass  transfer  front  within  the  bed  for  maximum  separating  efficiency  in  the  step  of  simulta- 
neously  depressurizing.  Preferably  the  step  of  displacing  is  performed  using  (i)  fixed  position  valves;  or  (ii) 
volumetric  compressors;  or  (iii)  flowing  the  first  component  recovered  from  the  feed  end  onto  the  bed.  The 
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step  of  cocurrent  depressurization  can  comprise  the  step  of  (i)  lowering  the  pressure  at  the  product  end;  or 
(ii)  lowering  the  pressure  at  a  side  take-out  located  on  the  bed. 

The  step  of  displacing  can  further  comprise  the  step  of  flowing  the  first  component  recovered  from  the 
feed  end  into  the  bed.  There  may  also  be  a  further  step  of  pressurizing  the  bed  subsequent  to  the  step  of 

5  simultaneous  depressurization. 
While  the  number  of  adsorbent  beds  is  usually  at  least  four,  it  is  preferably  five  or  six.  Usually  the  step 

of  selectively  adsorbing  components  occurs  in  at  least  one  bed  at  any  given  time. 
Preferred  embodiments  of  the  present  invention  comprise  a  cocurrent  depressurization  and  a  purge 

step.  The  cocurrent  depressurization  may  be  carried  out  before,  simultaneosuly  or  after  the  rinsing  step. 
io  The  present  invention  is  further  described  hereinbelow,  both  in  general  aspects  and  with  particular 

reference  to  and  as  illustrated  in  the  accompanying  drawings,  in  which:- 
Figure  1  is  a  diagramatic  presentation  of  an  apparatus  for  performing  the  invention; 
Figure  2  is  a  graphical  representation  of  the  conditions  in  one  of  the  adsorption  beds  of  Figure  1  ; 
Figures  3  and  4  illustrate  conditions  in  an  adsorbent  bed  upon  completion  of  steps  A),  B)  and  C);  and 

is  Figure  5  illustrates  cases  of  multi-ended  depressurizations. 
The  invention  comprises  a  method  for  gas  purification  or  separation  by  a  pressure  swing  adsorption 

process  wherein  binary  separations  are  achieved  with  single  adsorption  beds.  The  steps  of  the  method 
include  adsorption  of  a  gas  mixture  having  at  least  two  components  upon  an  adsorption  bed.  The  bed  has 
an  input  or  feed  end  and  an  output  or  product  end.  Of  the  two  components,  one  is  more  adsorbable  than 

20  the  other. 
Adsorption  is  allowed  to  proceed  under  pressure  until  a  mass  transfer  front  is  ideally  located  within  the 

bed.  The  mass  transfer  front  is  a  zone  between  a  charged  and  uncharged  adsorbent.  Typical  adsorbable 
components  are  carbon  dioxide,  methane,  or  carbon  monoxide.  Typical  lesser  adsorbable  components  are 
nitrogen  or  hydrogen.  The  adsorption  step  desirably  proceeds  until  the  mass  transfer  front  is  at  least  about 

25  halfway  through  the  bed. 
Once  the  adsorption  step  has  proceeded  to  charge  the  bed  sufficiently,  the  gas  mixture  is  displaced  or 

substituted  with  a  gas  having  a  higher  concentration  of  the  more  adsorbable  component.  This  step 
displaces  lesser  adsorbable  components  located  at  the  feed  end  of  the  bed,  to  the  product  end  of  the  bed. 
The  displacement  step  is  crucial  for  high  purity  yields  because  it  substantially  removes  the  less  adsorbable 

30  components  from  the  bed.  Moreover,  the  displacement  step  ensures  that  the  charged  area  of  the  bed  is 
substantially  loaded  with  only  the  more  adsorbable  components  and  the  uncharged  area  of  the  bed  contains 
the  lesser  adsorbable  components. 

During  the  following  cocurrent  depressurization  step,  the  adsorption  front  is  further  advanced  towards 
the  light  product  end  and  more  light  component  is  displaced  from  the  bed.  Figure  3  illstrates  the  gas 

35  compositions  inside  the  bed  for  the  binary  gas  mixture  of  Helium/light/  and  methane  /heavy  component/. 
Curves  A,  B  and  C  show  the  composition  profile  at  the  completion  of  the  adsorption,  displacement  and 
cocurrent  depressurization  steps  respectively.  In  each  of  the  steps  A,  B  and  C  the  methane  front  progresses 
towards  the  light  product  end  and  more  Helium  is  displaced  from  the  bed  and  recovered  at  the  light  product 
end.  Figure  3  thus  illustrates  a  case  in  which  the  displacement  step  precedes  the  cocurrent  depressurization 

40  step. 
In  Figure  4,  the  curves  A,  B  and  C  show  methane  concentration  in  mole%  at  the  completion  of 

adsorption,  cocurrent  depressurization  and  displacement  steps.  The  cocurrent  depressurization  effluent  gas 
is  generally  used  for  repressurizing  other  beds.  The  cocurrent  depressurization  step  is  specially  advanta- 
geous  if  the  feed  gas  adsorption  pressure  is  high,  because  such  depressurization  substantially  reduces  the 

45  required  amount  of  displacement  gas.  At  moderate  and  lower  feed  gas  pressures,  fairly  efficient  cycles  are 
possible  without  a  separate  cocurrent  depressurization  step.  The  relative  amounts  of  feed  gas,  displacement 
gas,  final  pressure  of  the  cocurrent  depressurization  step  and  bed  size  are  selected  in  such  a  way  that  upon 
completion  of  step  C,  the  front  of  the  heavy  key  component  is  kept  inside  of  the  bed  and  the  light  product 
end  contains  substantially  pure  light  component. 

50  Referring  to  Figures  3  and  4,  the  step  sequences  are: 
in  Figures  3,  Adsorption  ->  Displacement  ->  Depressurizing; 
In  Figure  4,  Adsorption  ->  Depressurizing  ->  Displacement. 
Considering  the  cases  of  Figures  3  and  4,  the  same  amount  of  feed  gas  and  displacement  gas  is 

passed  to  the  bed.  Furthermore,  the  initial  feed  pressure  and  the  final  pressure  are  the  same.  The 
55  advantage  of  the  sequence  of  Figure  3  is  that  more  light  component  is  obtained  at  the  highest  pressure  and 

the  final  concentration  profile  is  slightly  steeper.  The  advantage  of  the  sequence  of  Figure  4  is  that  the 
displacement  gas  is  required  at  lower  pressures.  Moreover,  it  is  also  possible  to  carry  out  steps  B  and  C 
simultaneously  to  save  time.  In  either  case,  upon  completion  of  step  C,  the  feed  end  of  the  bed  contains 
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substantially  pure  stronger  adsorbable  components  and  the  product  end  of  the  bed  contains  the  lesser 
adsorable  "light"  components. 

According  to  the  invention,  the  adsorption  bed  is  then  depressurized  by  taking  out  gas  simultaneously 
from  at  least  two  different  points  of  the  bed,  thereby  recovering  adsorbable  components  from  a  side  takeout 

5  of  the  bed,  or  from  the  feed  end  of  the  bed  or  from  both  of  these  points.  Substantially  pure  lesser 
adsorbable  components  are  recovered  from  the  light  product  end  of  the  bed.  Such  double  ended  or  triple 
ended  depressurizations  can  be  carried  out  through  fixed  position  but  manually  adjustable  valves  or  control 
valves.  For  example,  a  fixed  position  valve  located  at  the  light  product  end  and  a  reciprocating  compressor 
at  the  other  takeout  point  can  be  utilized.  With  proper  control  or  adjustment  of  valve  position,  a  zero  flow 

io  plane  can  be  established  in  the  bed  in  proximity  of  the  mass  transfer  front/adsorption  front.  When  process 
conditions  change,  for  example  feed  gas  composition,  it  is  easy  to  change  the  position  of  the  zero  flow 
plane  by  adjusting  the  valve  opening  or  the  suction  rate  of  the  compressor. 

The  term  "Double  Ended  Depressurization"  /DED/  is  not  limited  to  mean  that  the  bed  is  depressurized 
cocurrently  and  countercurrently  at  the  same  time  as  shown  in  Figure  5A.  If  a  side  take  out  is  provided,  a 

is  zero  flow  plane  can  be  established  also  if  the  entire  bed  is  depressurized  cocurrently.  This  is  illustrated  on 
Figure  5B.  Figure  5B  shows  that  the  portion  of  the  bed  above  the  side  take-out  is  depressurized  towards  the 
light  product  end  and  the  portion  of  bed  below  the  side  take-out  is  depressurized  towards  the  side  take-out. 
Both  bed  portions  depressurize  cocurrently  and  the  pure  heavy  component  is  obtained  at  the  side  take-out. 
In  the  type  of  depressurization  according  to  Figure  5B,  some  gas  may  flow  through  the  "zero  flow  plane" 

20  towards  the  light  product  end  resulting  in  a  "minimum  flow  plane".  This  may  occur  because  of  an 
improperly  adjusted  flowrate  but  it  can  also  be  done  intentionally  to  ensure  a  more  stable  control  and  to 
ensure  that  no  light  key  component  can  leak  to  the  side  take-out  in  case  of  a  small  upset  in  process 
conditions. 

The  term  "cocurrent  depressurization"  used  in  the  specification  and  the  claims  refers  to  a  depres- 
25  surization  in  which  gas  is  taken  from  the  bed  at  only  one  location.  More  precisely,  gas  is  removed  from  the 

light  product  end. 
It  is  also  possible  to  simultaneously  extract  gas  at  three  different  points  of  the  bed  as  shown  by  Figure 

5C.  Thus,  two  zero  flow  planes  are  established  inside  the  bed. 
It  must  be  stressed  that  without  a  previous  rinsing  of  the  bed,  i.e.,  light  component  displacement  from 

30  the  feed  end,  the  DED  can  not  lead  to  a  good  separation  of  the  two  key  components  in  and  of  itself.  Only 
the  combination  of  the  displacement  and  DED  steps  brings  about  the  desired  result.  Among  other  things, 
this  represents  a  clear  difference  when  comparing  the  previous  art  as  represented  by  United  States  Patent 
4,589,888  to  Hiscock  et  al.,  which  could  not  achieve  a  full  separation  of  the  key  components. 

At  the  completion  of  the  double-ended  depressurization  step,  the  bed  can  be  purged  from  the  product 
35  end  with  pure  hydrogen  and  the  purge  effluent  gas  or  simply,  "pure  effluent",  can  be  used  as  fuel  gas  or 

compressed  and  added  to  the  feed  gas.  Alternately,  the  bed  can  be  repressurized  without  a  purge  step. 
A  portion  of  the  more  adsorbable  gas  recovered  during  the  double-ended  depressurization  is  conve- 

niently  recompressed  and  used  in  the  displacement  step. 
The  cycle  is  completed  with  the  repressurization  of  the  adsorption  bed.  It  is  also  to  be  noted  that 

40  conventional  pressure  swing  adsorption  apparatuses  can  be  easily  converted  to  enable  the  practice  of  this 
invention.  For  example,  multiple  adsorption  beds  set  up  in  parallel  can  be  used.  Those  skilled  in  the  art  are 
able  to  determine  the  optimum  position  of  the  mass  transfer  front  for  optimum  gas  separation  without  undue 
experimentation. 

Referring  to  Figure  1,  there  is  a  single  PSA  system  1  shown.  A  set  of  four  single  adsorbent  beds  7,  8, 
45  9,  and  10  are  shown  for  this  embodiment  in  parallel,  but  5  to  12  single  beds  may  be  used  in  high  efficiency 

cycles. 
A  feed  gas  comprising  an  adsorbable  first  component  and  a  less  adsorbable  second  component  is 

flowed  under  pressure  into  the  feed  ends  of  the  adsorbent  beds  7,  8,  9,  and  10  by  way  of  a  manifold  line  2 
and  individual  feed-end  lines  3,  4,  5,  and  6  until  the  concentration  profile  of  Figure  2  is  established.  The 

50  feed  gas  is  then  displaced  by  a  gas  from  downstream  through  line  20.  Preferably,  the  gas  in  line  20  is 
compressed  to  adsorption  pressures  in  a  compressor  means  21  prior  to  being  circulated  through  line  23  to 
individual  displacement  lines  24,  25,  26,  and  27.  Additionally,  the  compressed  gas  can  be  circulated  to 
other  adsorption  assemblies  by  way  of  a  line  22.  The  "heavy"  gas  product  can  be  removed  from  the 
system  as  an  end  product  at  a  point  along  lines  20,  22,  or  23. 

55  The  downstream  gas  in  line  23  has  a  high  concentration  of  the  first  component  such  that  flowing  of  the 
downstream  gas  into  the  feed-end  of  the  adsorbent  beds  7,  8,  9,  and  10  causes  any  of  the  less  adsorbable 
components  remaining  in  the  feed-end  of  the  beds  to  move  towards  the  product  end  of  the  beds.  This 
displacement  of  the  feed  gas  with  the  downstream  gas  is  deemed  "rinsing"  or  "copurging"  and  is 

5 



EP  0  271  356  B1 

necessary  to  achieve  a  substantially  pure  "heavy"  product. 
The  present  invention  will  now  be  further  illustrated  with  reference  to,  but  in  no  manner  limited  to,  the 

following  Examples. 

5  EXAMPLE  1 

A.  8  kgmoles  of  feed  gas  containing  70  mol%  hydrogen,  5%  CO,  1%  Methane  and  24%  CO2  is  passed 
to  an  8  m  high  adsorbent  bed  containing  a  layer  of  6  m  high  activated  carbon  and  a  2  m  high  layer  of  13 
X  molecular  sieves.  The  bed  diameter  is  1  m.  The  feed  gas  is  at  35°  and  2.2  MPa. 

10  B.  After  completion  of  the  above  adsorption  step  A,  1.6  kgmoles  of  gas  containing  98.5  mole%  CO2, 
0.5%  CO,  0.6%  ChU  and  0.4%  hydrogen  is  passed  to  the  feed  end  of  the  bed  at  2.2  MPa.  Both  during 
step  A  and  displacement  step  B,  99.999%  pure  hydrogen  is  exiting  from  the  light  product  end,  i.e.,  top, 
of  the  bed. 
C.  The  adsorbent  bed  is  then  cocurrently  depressurized  in  two  steps  from  2.2  MPa  to  0.8  MPa,  and  the 

15  99.996%  Hydrogen  obtained  at  the  top  is  utilized  to  repressurize  other  beds.  At  the  end  of  this  step,  the 
bed  contains  practically  no  hydrogen  up  to  a  height  of  about  6  meters. 
D.  The  bed  is  then  depressurized  to  0.12  MPa,  i.e.,  1.2  Bar,  by  extracting  simultaneously  98.5%  pure 
CO2  at  the  feed  end  and  99.992%  pure  hydrogen  at  the  top.  This  hydrogen  stream  is  utilized  to  purge 
another  bed,  while  from  the  3  kgmoles  of  CO2  stream  obtained  at  the  feed  end,  1.6  kgmoles  is 

20  compressed  to  2.2  MPa  and  used  in  step  B  of  another  bed  and  1.4  mols  are  available  as  the  98.5%  pure 
CO2  product. 
E.  The  bed  is  then  purged  at  0.12  MPa  with  hydrogen,  obtained  in  step  D  from  another  bed,  while  the 
purge  effluent  exiting  the  feed  end  contains  in  kgmoles:  .52  CO2;  0.08  CH+;  0.4CO;  and  0.4  H2.  This 
purge  effluent  may  be  utlized  as  fuel  gas  or  for  other  purposes. 

25  F.  The  bed  is  then  repressurized  with  hydrogen  in  two  stages,  i.e.,  to  1.5  MPa  with  the  hydrogen 
obtained  in  step  C  and  finally  repressurized  to  about  2.2  MPa  with  part  of  the  hydrogen  obtained  in  steps 
A  and  B. 

In  this  example,  8  moles  of  feed  gas  were  separated  to  5.2  moles  of  99.999%  pure  hydrogen,  1.4  moles 
of  98.5%  pure  CO2  and  1  .4  moles  of  fuel  gas.  In  a  cycle  with  8  single  beds,  a  feed  rate  of  320  kgmol/h  can 

30  be  treated.  Without  both  steps  B  and  D,  the  above  separation  would  not  be  possible  with  a  single  PSA  unit 
using  only  single  beds. 

EXAMPLE  2 

35  A.  Feed  gas  containing  66  mol%  H2,  30%  CO,  3.7%  C02  and  0.3%  H20  is  passed  to  the  feed  end  of  an 
activated  carbon  bed  at  2  MPa.  At  the  light  product  end,  the  adsorption  effluent  gas  is  99.998%  pure  H2. 
B.  The  bed  is  then  cocurrently  depressurized  to  0.8  MPa. 
C.  A  gas  containing  28  mol%  C02,  0.8%  H20,  70.5%  CO,  H20,  and  0.7%  H2  is  introduced  to  the  feed 
end  of  the  bed.  The  hydrogen  obtained  in  steps  B  and  C  is  utilized  to  repressurize  other  beds.  At  the 

40  end  of  step  C,  substantially  all  hydrogen  is  displaced  from  the  portion  of  bed  between  the  feed  end  and 
the  side  takeout  located  at  about  70%  of  the  bed  height  from  the  feed  end.  However,  the  last  30%  of  the 
bed  still  contains  hydrogen,  i.e.,  CO-H2  front,  and  the  last  8%  of  the  bed  contains  99.99%  pure 
hydrogen.  At  the  same  time,  the  CO2  front  is  only  at  about  18%  of  the  bed  height,  i.e.  close  to  the  feed 
end. 

45  D.  The  bed  is  then  depressurized  from  0.8  to  0.1  MPa  by  taking  out  gas  simultaneously  at  3  different 
points: 

(1)  99.99%  pure  hydrogen  is  taken  from  the  light  product  end  to  be  used  to  purge  another  bed; 
(2)  99%  pure  carbon  monoxide  is  extracted  at  the  side  takeout,  to  be  utilized  as  CO  product; 
(3)  A  gas  containing  28%  CO2,  and  70.5%  CO  is  taken  from  the  feed  end  of  the  utilized  for  rinsing, 

50  i.e.,  for  H2  displacement,  of  another  bed. 
During  step  D,  two  zero  flow  planes  are  established  inside  the  bed,  i.e.,  one  is  established  at  about 

20%  of  the  bed  height  from  the  feed  end,  and  the  other  is  established  at  about  70%  of  the  bed  height 
from  the  feed  end.  The  portion  of  bed  between  0  and  20%  of  the  bed  height  depressurizes  countercur- 
rently,  the  portion  between  20  and  70%  depressurizes  cocurrently  to  the  side  takeout,  and  the  last  part 

55  depressurizes  towards  the  light  product  end.  (See  Figure  5C). 
E.  The  bed  is  then  purged  with  the  99.99%  pure  H2  obtained  from  step  D,  and  the  purge  effluent 
containg  25  Mole%  C02,  1%  H20,  38%  CO  and  36%  H2  is  sent  to  fuel  or  utilized  otherwise. 
F.  The  bed  is  repressurized  with  hydrogen  to  2  MPa. 
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20 

In  Example  2,  the  feed  gas  was  separated  into  3  streams: 
(1)  92%  of  the  hydrogen  was  recovered  as  99.998%  pure  H2; 
(2)  81  %  of  the  carbon  monoxide  was  recovered  as  99%  pure  CO;  and 
(3)  the  rest  of  H2  and  CO  and  substantially  all  of  the  CO2  and  water. 

5  The  same  separation  could  have  been  obtained  by  splitting  step  D  of  Example  2  into  the  following  two 
steps: 

(D1)  Depressurizing  the  bed  cocurrently  from  0.8  to  0.26  MPa  and  simultaneously  extracting  hydrogen  at 
the  light  product  end  and  carbon  monoxide  at  the  side  take-out;  and 
(D2)  Further  depressurizing  the  bed  from  0.26  to  0.1  MPa  while  simultaneously  taking  out  hydrogen  at 

70  the  top  and  a  gas  with  28%  C02  and  70.5%  CO  at  the  feed  end,  i.e.,  DED. 
Splitting  step  D  into  steps  D1  and  D2  can  require  one  additional  bed,  but  the  CO  product  compressor 

and  displacement  gas  compressor  can  be  more  easily  designed  and  will  work  more  smoothly. 
The  above  separation  can  be  efficiently  carried  out  with  a  PSA  unit  comprising  nine  single  beds: 

75 
Bed  Number  S t e p  

1  A d s o r p t i o n  

20  2  A d s o r p t i o n  

3  C o c u r r e n t   d e p r e s s u r i z a t i o n  

e q u a l i z a t i o n   1,  2 
25 

4  D i s p l a c e m e n t  

5  Double   ended   d e p r e s s u r i z a t i o n   1 

30  6  Double   ended   d e p r e s s u r i z a t i o n   2 

7  P u r g e  

8  E q u a l i z a t i o n - r e p r e s s u r i z a t i o n   2 

35 
9  E q u a l i z a t i o n   1  and  f i n a l  

r e p r e s s u r i z a t i o n  

40  A  somewhat  less  efficient  but  lower  cost  PSA  unit  can  perform  the  same  separation  and  can  comprise 
six  single  beds: 

45 

25 

30 

35 

50 

55 
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Bed  N u m b e r  S t e p  

1 A d s o r p t i o n  

5 2 D i s p l a c e m e n t   and  s i m u l t a n e o u s  

c o c u r r e n t   d e p r e s s u r i z a t i o n  

10 
3 

e q u a l i z a t i o n s   1  and  2 

T r i p l e   ended   d e p r e s s u r i z a t i o n  

4 P u r g e  

15 

6 

5 E q u a l i z a t i o n - r e p r e s s u r i z a t i o n   2 

E q u a l i z a t i o n   1  and  f i n a l  

r e p r e s s u r i z a t i o n  

20 
Ordinarily,  mass  transfer  fronts  can  cause  problems  in  single  bed  systems.  For  example,  if  the  mass 

transfer  front  24  is  displaced  from  the  bed  27,  which  causes  the  mass  transfer  front  24  depicted  as  curve  in 
Figure  2  to  move  to  the  right,  the  less  adsorbable  product  becomes  impure.  This  is  because  the  adsorbent 
bed  becomes  saturated  with  the  adsorbed  material  whereupon  spillage  of  the  adsorbed  material  into  the 

25  relatively  pure  effluent  product  occurs.  Impurities  can  also  occur  if  the  mass  transfer  front  is  left  inside  of 
the  bed  when  countercurrent  depressurization  begins.  An  example  of  this  includes  the  flow  of  material  in  the 
direction  of  arrow  29.  The  less  adsorbable  material  26  located  at  the  product  end  of  the  bed  27  mixes  with 
an  adsorbable  material  25  when  flowing  out  the  feed  end  of  the  bed  27. 

Impurities  are  avoided  when  both  the  feed  end  of  the  bed  27  and  the  product  end  of  the  bed  27  are 
30  simultaneously  depressurized.  The  adsorbent  bed  is  said  to  undergo  "double-ended  depressurization"  or 

"DED".  Adsorbed  material  25  flows  in  the  direction  of  arrow  29  and  the  lesser  adsorbed  material  flows  in 
the  direction  of  arrow  28.  Thus,  substantially  pure  adsorbed  material  is  obtained  from  the  feed  end  of  the 
bed  27  and  substantially  pure  less  adsorbable  material  is  obtained  from  the  product  end  of  the  bed  27. 

Figure  2  is  an  example  of  a  concentration  profile  at  the  beginning  of  double-ended  depressurization.  As 
35  double-ended  depressurization  starts,  a  zero  flow  plane  30  is  established.  To  the  left  of  the  zero  flow  plane 

30  material  in  the  bed  flows  countercurrently  or  in  the  direction  of  arrow  29.  To  the  right  of  zero  flow  plane 
30  material  flows  cocurrently  or  in  the  direction  of  arrow  28.  On  both  sides  of  the  zero  flow  plane  30  the  flow 
rate  gradually  increases  and  reaches  a  maximum  at  both  ends  of  the  bed. 

The  controlling  of  flow  rates  at  both  ends  of  the  adsorbent  bed  are  important  because  the  relative  flow 
40  rates  at  the  adsorbent  bed  ends  determine  the  position  of  the  zero  flow  plane  30.  The  flow  rates  are 

different  at  both  ends  as  the  effluent  at  the  feed  end  of  the  bed  is  more  voluminous  than  the  effluent  at  the 
product  end  during  double-ended  depressurization. 

The  reason  for  this  differential  unloading  of  the  bed  is  twofold.  Firstly,  the  portion  of  the  bed  charged 
with  the  more  adsorbable  component  is  larger.  Secondly,  more  of  the  adsorbable  material  is  bound  at  the 

45  same  pressure  to  the  bed  than  the  lesser  adsorbable  material.  Therefore,  more  adsorbable  material  is 
liberated  than  less  adsorbable  material  as  the  pressure  is  lowered  simultaneously  from  both  ends. 

Control  of  the  relative  flow  rates  at  the  ends  can  be  done  easily.  For  example,  fixed  position  valves  with 
critical  flow  can  be  positioned  on  a  manifold  formed  by  the  lines  15  and  20  or  on  the  individual  inlets  11,  12, 
13,  and  14  or  outlets  16,  17,  18  and  19.  Alternatively,  volumetric  type  compressors  can  be  used  in  place  of 

50  the  fixed  position  valves.  Double-ended  depressurization  is  complete  once  the  adsorbent  bed  has  been 
depressurized  to  the  desorption  pressure  level. 

At  the  completion  of  the  double-ended  depressurization,  the  adsorbent  bed  is  preferably  purged.  This  is 
generally  done  by  a  countercurrent  purge  with  a  less  adsorbable  gas.  The  purge  effluent  can  be  used  as 
fuel  or  can  be  compressed  and  then  added  back  into  the  feed  gas.  The  adsorbent  bed  is  then  ready  for 

55  another  adsorption  cycle  and  can  be  repressurized  without  a  purge  step. 
In  cyclic  operations,  it  is  often  difficult  to  control  the  flow  rate  of  feed  copurge  gas  and  cycle  time  to 

have  the  concentration  profile  of  the  mass  transfer  front  24  of  Figure  2  in  exactly  the  same  place  in  each 
cycle.  By  increasing  the  feed  and  copurge  flow  rate  or  the  time  of  adsorption,  the  mass  transfer  front  24 
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would  gradually  move  cocurrently  towards  the  product  end  of  the  adsorption  bed.  Conversely,  reducing  the 
feed  and  copurge  flow  rate  or  the  time  of  adsorption  causes  the  mass  transfer  front  24  to  move 
countercurrently  towards  the  feed  end  of  the  adsorption  bed. 

In  accordance  with  the  invention,  it  has  been  determined  that  to  obtain  a  practically  stable  control  over 
5  the  position  of  the  mass  transfer  front  24  within  the  adsorption  bed,  it  is  preferable  to  apply  at  least  a  small 

mass  transfer  front  positioning  and  cocurrent  depressurization  step  prior  to  double-ended  depressurization 
to  move  the  mass  transfer  front  cocurrently  towards  the  product  end  of  the  adsorption  bed.  When  the  front 
is  too  far  towards  the  product  end  of  the  bed  some  gas  can  be  extracted  at  a  side  take-out  from  the  bed. 
This  side  take-out  can  be,  for  example,  a  commercially  available  bleeder  valve. 

io  The  adsorbent  bed  is  preferably  a  material  that  contains  a  member  selected  from  zeolitic  molecular 
sieves,  activated  carbon,  silica  gel,  activated  alumina,  and  mixtures  or  combinations  thereof.  Those  skilled  in 
the  art  recognize  that  virtually  any  selectively  adsorbent  material  can  be  used  in  the  process  of  the 
invention. 

Gas  mixtures  suitable  for  separation  typically  have  two  or  more  components  wherein  one  is  more 
is  adsorbable  than  the  other.  It  is  often  useful  to  think  of  the  separable  gas  components  as  one  being  a 

"heavier"  material  and  the  other  being  a  "lighter"  material.  Such  characterizations  of  gaseous  components 
can  vary  according  to  the  type  of  adsorbent  being  used. 

The  invention  can  be  useful  for  two-component  gas  mixtures  as  well  as  for  more  complicated  gas 
mixtures.  For  instance,  air  can  be  separated  by  this  invention  into  its  various  subcomponents  by  multi-cyclic 

20  processing.  That  is,  multiple  cycles  can  be  performed  until  the  pure  subcomponents  are  separated.  In  the 
first  cycle,  a  complex  gas  mixture  is  loaded  onto  the  beds.  A  displacement  gas  comprising  substantially  the 
most  adsorbable  component  of  the  mixture  is  then  used  to  "copurge"  the  bed  to  move  lesser  adsorbable 
components  up-stream.  Then,  upon  double-ended  depressurization,  the  more  adsorbable  components  are 
separated  from  the  feed  end  of  the  bed  and  the  less  adsorbable  components  are  separated  from  the 

25  product  end  of  the  bed.  Subsequent  cycles  can  then  be  conducted  to  further  separate  the  two  products  of 
the  first  cycle. 

Claims 

30  1.  A  method  for  gas  separation  of  adsorbable  components  from  less  adsorbable  components  on  fixed 
adsorbent  beds,  comprising  the  steps  of: 

a)  flowing  a  feed  gas  mixture  under  adsorption  pressure  to  an  adsorbent  bed  to  selectively  adsorb 
components  from  the  feed  gas  onto  the  adsorbent  bed,  the  bed  having  a  feed  end  and  a  product 
end;  and 

35  b)  displacing  the  feed  gas  with  a  gas  having  a  higher  concentration  of  adsorbable  components, 
whereby  less  adsorbable  components  are  displaced  from  a  portion  of  the  bed;  and 
c)  depressurizing  the  bed  by  taking  out  gas  simultaneously  from  at  least  two  different  locations  of 
the  bed  to  recover  substantially  pure  less  adsorbable  components  at  the  product  end  of  the  bed  and 
to  recover  the  adsorbable  components  from  at  least  one  of  the  different  locations;  and,  as 

40  appropriate 
d)  repressurizing  the  bed. 

2.  A  method  according  to  claim  1  ,  wherein  the  step  of  depressurizing  comprises  (i)  simultaneously  taking 
out  gas  from  the  feed  end  and  the  product  end  of  the  bed,  or  (ii)  simultaneously  taking  out  gas  at  a 

45  side  takeout  of  the  bed  and  at  the  product  end  of  the  bed;  or  (iii)  simultaneously  performing  steps  (i) 
and  (ii)  above. 

3.  A  method  according  to  claim  1  or  2,  further  comprising  the  step  of  purging  the  bed  with  the  less 
adsorbable  components  prior  to  the  step  of  repressurizing. 

50 
4.  A  method  according  to  claim  3,  wherein  the  step  of  purging  is  carried  out  with  a  purge  gas  obtained 

from  the  product  end  during  said  step  of  depressurizing. 

5.  A  method  according  to  any  of  claims  1  to  4,  wherein  the  steps  of  flowing  and  displacing  are  carried  out 
55  at  substantially  the  same  pressure. 

6.  A  method  according  to  any  of  claims  1  to  5,  further  comprising  the  step  of  depressurizing  the  bed  from 
a  side  takeout  prior  to  the  step  of  depressurizing  the  bed  by  taking  out  gas  simultaneosuly. 

9 
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7.  A  method  according  to  any  of  claims  1  to  4,  further  comprising  the  step  of  depressurizing  the  bed  in  a 
cocurrent  direction,  the  cocurrent  depressurization  occurring  prior  to  the  step  of  simultaneously 
depressurizing. 

5  8.  A  method  according  to  claim  7,  wherein  the  cocurrent  depressurization  step  is  performed  (i)  before  the 
step  of  displacing;  or  (ii)  simultaneously  with  the  step  of  displacing;  or  (iii)  after  the  step  of  displacing. 

9.  A  method  according  to  claim  7,  wherein  the  step  of  cocurrent  depressurizing  further  comprises 
repressurizing  other  beds  with  a  gas  obtained  from  the  product  end. 

10 
10.  A  method  according  to  any  of  claims  1  to  9,  wherein  the  step  of  displacing  is  performed  using  (i)  fixed 

position  valves;  or  (ii)  volumetric  compressors;  or  (iii)  flowing  the  first  component  recovered  from  the 
feed  end  onto  the  bed. 

is  11.  A  method  according  to  any  of  claims  1  to  10,  wherein  the  first  component  comprises  carbon  monoxide, 
carbon  dioxide,  or  methane  and  the  second  component  comprises  hydrogen  or  nitrogen. 

12.  A  method  according  to  any  of  claims  1  to  11,  wherein  the  adsorbent  bed  is  a  material  that  contains  a 
member  selected  from  zeolitic  molecular  sieves,  activated  carbon,  silica  gel,  activated  alumina,  and 

20  mixtures  thereof. 

13.  A  method  according  to  any  of  claims  1  to  12,  wherein  the  number  of  adsorbent  beds  is  at  least  four. 

14.  A  method  according  to  claim  13,  wherein  the  number  of  adsorbent  beds  is  five  or  six. 
25 

15.  A  method  according  to  any  of  claims  1  to  14,  wherein  the  step  of  selectively  adsorbing  components 
occurs  in  at  least  one  bed  at  any  given  time. 

Revendicatlons 
30 

1.  Procede  de  separation  en  phase  gazeuse  de  composants  adsorbables  et  de  composants  peu  adsorba- 
bles,  sur  des  lits  d'adsorbant  fixes,  selon  lequel  : 

a)  on  fait  circuler  un  melange  gazeux  d'alimentation  sous  pression  d'adsorption,  dans  un  lit 
d'adsorbant  afin  d'adsorber  selectivement  les  composants  du  gaz  d'alimentation  dans  le  lit  d'adsor- 

35  bant,  le  lit  comportant  une  extremite  d'alimentation  et  une  extremite  cote  produit  ;  et 
b)  on  deplace  le  gaz  d'alimentation  avec  un  gaz  ayant  une  concentration  plus  elevee  en  les 
composants  adsorbables,  de  sorte  que  les  composants  peu  adsorbables  sont  deplaces  a  partir 
d'une  partie  du  lit  ;  et 
c)  on  decomprime  le  lit  en  prelevant  simultanement  du  gaz  a  partir  d'au  moins  deux  emplacements 

40  differents  du  lit  pour  recuperer  les  composants  peu  adsorbables  a  peu  pres  purs  a  I'extremite  cote 
produit  du  lit,  et  les  composants  adsorbables  a  partir  d'au  moins  I'un  des  emplacements  differents  ; 
et,  si  cela  est  approprie 
d)  on  recomprime  le  lit. 

45  2.  Procede  selon  la  revendication  1,  dans  lequel  I'operation  de  decompression  comprend  (i)  le  preleve- 
ment  simultane  de  gaz  a  partir  de  I'extremite  d'alimentation  et  I'extremite  cote  produit  du  lit,  ou  (ii)  le 
prelevement  simultane  de  gaz  par  un  orifice  de  prelevement  lateral  dans  le  lit  et  par  I'extremite  cote 
produit  du  lit,  ou  (iii)  la  mise  en  oeuvre  simultanee  des  etapes  (i)  et  (ii)  decrites  ci-dessus. 

50  3.  Procede  selon  la  revendication  1  ou  2,  comprenant  en  outre  I'etape  de  purge  du  lit  avec  les 
composants  peu  adsorbables  avant  I'operation  de  recompression. 

4.  Procede  selon  la  revendication  3,  I'operation  de  purge  etant  effectuee  avec  un  gaz  de  purge  obtenu  a 
partir  de  I'extremite  cote  produit  au  cours  de  I'operation  de  decompression. 

55 
5.  Procede  selon  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  les  operations  de  mise  en 

circulation  et  de  deplacement  sont  effectuees  a  peu  pres  a  la  meme  pression. 

10 
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6.  Procede  selon  I'une  quelconque  des  revendications  1  a  5,  comprenant  en  outre  I'etape  de  decompres- 
sion  du  lit  a  partir  d'un  orifice  de  prelevement  lateral  avant  I'operation  de  decompression  du  lit  par 
prelevement  simultane  de  gaz. 

5  7.  Procede  selon  I'une  quelconque  des  revendications  1  a  4,  comprenant  en  outre  I'etape  de  decompres- 
sion  du  lit  a  co-courant,  la  decompression  a  co-courant  etant  effectuee  avant  I'operation  de  decompres- 
sion  simultanee. 

8.  Procede  selon  la  revendication  7,  dans  lequel  I'operation  de  decompression  a  co-courant  est  effectuee 
io  (i)  avant  I'operation  de  deplacement  ;  ou  (ii)  en  meme  temps  que  I'operation  de  deplacement  ;  ou  (iii) 

apres  I'operation  de  deplacement. 

9.  Procede  selon  la  revendication  7,  dans  lequel  I'etape  de  decompression  a  co-courant  comprend  en 
outre  la  recompression  d'autres  lits  avec  un  gaz  obtenu  a  partir  de  I'extremite  cote  produit. 

15 
10.  Procede  selon  I'une  quelconque  des  revendications  1  a  9,  dans  lequel  I'operation  de  deplacement  est 

effectuee  en  employant  (ii)  des  vannes  a  position  fixe  ;  ou  (ii)  des  compresseurs  volumetriques  ;  ou  (iii) 
en  faisant  circuler  dans  le  lit,  le  premier  composant  recupere  a  partir  de  I'extremite  d'alimentation. 

20  11.  Procede  selon  I'une  quelconque  des  revendications  1  a  10,  dans  lequel  le  premier  composant 
comprend  du  monoxyde  de  carbone,  du  bioxyde  de  carbone  ou  du  methane,  et  le  deuxieme 
composant  comprend  de  I'hydrogene  ou  de  I'azote. 

12.  Procede  selon  I'une  quelconque  des  revendications  1  a  11,  dans  lequel  le  lit  d'adsorbant  consiste  en 
25  un  materiau  choisi  parmi  les  tamis  moleculaires  zeolitiques,  du  carbone  active,  un  gel  de  silice, 

I'alumine  activee,  et  les  melanges  de  ceux-ci. 

13.  Procede  selon  I'une  quelconque  des  revendications  1  a  12,  dans  lequel  le  nombre  de  lits  d'adsorbant, 
est  d'au  moins  quatre. 

30 
14.  Procede  selon  la  revendication  13,  dans  lequel  le  nombre  de  lits  d'adsorbant,  est  de  cinq  ou  six. 

15.  Procede  selon  I'une  quelconque  des  revendications  1  a  14,  dans  lequel  I'operation  d'adsorption 
selective  de  composants,  est  effectuee  dans  au  moins  un  lit  a  un  instant  quelconque  donne. 

35 
Patentanspruche 

1.  Verfahren  zur  Gastrennung  adsorbierbarer  Komponenten  von  weniger  adsorbierbaren  Komponenten  auf 
ortsfesten  Adsorbensschichten  mit  den  Stufen,  in  denen 

40  a)  ein  Beschickungsgasgemisch  unter  Adsorptionsdruck  zu  einer  Adsorbensschicht  flie/St,  urn  selek- 
tiv  Komponenten  aus  dem  Beschickungsgas  auf  der  Adsorbensschicht  zu  adsorbieren,  wobei  die 
Schicht  ein  Beschickungsende  und  ein  Produktende  hat,  und 
b)  das  Beschickungsgas  mit  einem  Gas,  welches  eine  hohere  Konzentration  an  adsorbierbaren 
Komponenten  hat,  verdrangt  wird,  wobei  weniger  adsorbierbare  Komponenten  aus  einem  Teil  der 

45  Schicht  verdrangt  werden,  und 
c)  die  Schicht  druckentlastet  wird,  indem  Gas  gleichzeitig  von  wenigstens  zwei  verschiedenen 
Stellen  der  Schicht  abgenommen  wird,  urn  im  wesentlichen  eine  der  weniger  adsorbierbaren 
Komponenten  an  dem  Produktende  der  Schicht  zu  gewinnen  und  urn  die  adsorbierbaren  Komponen- 
ten  von  wenigstens  einer  der  verschiedenen  Stellen  zu  gewinnen,  und  gegebenenfalls 

50  d)  die  Schicht  druckentlastet  wird. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  die  Druckentlastungsstufe  (i)  ein  gleichzeitiges  Abnehmen  von 
Gas  vom  Beschickungsende  und  vom  Produktende  der  Schicht  oder  (ii)  ein  gleichzeitiges  Abnehmen 
von  Gas  an  einer  Seltenabnahmestelle  der  Schicht  und  am  Produktende  der  Schicht  oder  (iii)  ein 

55  gleichzeitiges  Durchfuhren  der  obigen  Stufen  (i)  und  (ii)  umfa/St. 

3.  Verfahren  nach  Anspruch  1  oder  2,  weiterhin  mit  der  Stufe  eines  Spulens  der  Schicht  mit  den  weniger 
adsorbierbaren  Komponenten  vor  der  Druckentlastungsstufe. 

11 
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4.  Verfahren  nach  Anspruch  3,  bei  dem  die  Spulstufe  mit  einem  Spulgas  durchgefuhrt  wird,  das  am 
Produktende  wahrend  der  Druckentlastungsstufe  erhalten  wurde. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  bei  dem  die  Stufen  des  Flie/Sens  und  Verdrangens  bei  im 
5  wesentlichen  dem  gleichen  Druck  durchgefuhrt  werden. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  weiterhin  mit  der  Stufe  einer  Druckentlastung  der  Schicht 
von  einer  Seitenabnahmestelle  aus  vor  der  Stufe  der  Druckentlastung  der  Schicht  durch  gleichzeitige 
Gasabnahme. 

10 
7.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  weiterhin  mit  der  Stufe  einer  Druckentlastung  der  Schicht 

in  einer  Gleichstromrichtung,  wobei  die  Gleichstromdruckentlastung  vor  der  Stufe  der  gleichzeitigen 
Druckentlastung  erfolgt. 

is  8.  Verfahren  nach  Anspruch  7,  bei  dem  die  Gleichstromdruckentlastungsstufe  (i)  vor  der  Verdrangungsstu- 
fe  oder  (ii)  gleichzeitig  mit  der  Verdrangungsstufe  oder  (iii)  nach  der  Verdrangungsstufe  durchgefuhrt 
wird. 

9.  Verfahren  nach  Anspruch  7,  bei  dem  die  Stufe  der  Gleichstromdruckentlastung  weiterhin  ein  Wiederun- 
20  terdrucksetzen  anderer  Schichten  mit  einem  Gas,  das  an  dem  Produktende  erhalten  wurde,  umfa/St. 

10.  Verfahren  nach  einem  der  Anspruche  1  bis  9,  bei  dem  die  Verdrangungsstufe  unter  Verwendung  (i) 
ortsfester  Ventile  oder  (ii)  volumetrischer  Kompressoren  oder  (iii)  eines  Flusses  der  am  Beschickungs- 
ende  auf  der  Schicht  gewonnenen  ersten  Komponente  durchgefuhrt  wird. 

25 
11.  Verfahren  nach  einem  der  Anspruche  1  bis  10,  bei  dem  die  erste  Komponente  Kohlenmonoxid, 

Kohlendioxid  oder  Methan  und  die  zweite  Komponente  Wasserstoff  oder  Stickstoff  umfa/St. 

12.  Verfahren  nach  einem  der  Anspruche  1  bis  11,  bei  dem  die  Adsorbensschicht  ein  Material  ist,  das 
30  einen  Stoff  umfa/St,  der  unter  zeolithischen  Molekularsieben,  aktivierter  Kohle,  Kieselgel,  aktivierter 

Tonerde  und  Gemischen  hiervon  ausgewahlt  ist. 

13.  Verfahren  nach  einem  der  Anspruche  1  bis  12,  bei  dem  die  Anzahl  der  Adsorbensschichten  wenigstens 
4  ist. 

35 
14.  Verfahren  nach  Anspruch  13,  bei  dem  die  Anzahl  der  Adsorbensschichten  5  oder  6  ist. 

15.  Verfahren  nach  einem  der  Anspruche  1  bis  14,  bei  dem  Stufe  des  selektiven  Adsorbierens  von 
Komponenten  in  wenigstens  einer  Schicht  zu  einem  bestimmten  Zeitpunkt  erfolgt. 

40 
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