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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

This  invention  pertains  to  the  field  of 
separating-and  purifying  at  least  one  gas  compo- 
nent  of  a  feed  gas  by  a  pressure  swing  adsorption 
(PSA)  process.  More  particularly,  the  present  in- 
vention  relates  to  an  integrated  pressure  swing 
adsorption/membrane  separation  process  for  the 
separation  and  purification  of  at  least  one  gas  com- 
ponent  of  a  feed  gas  in  which  purge  effluent  from 
the  PSA  system  is  passed  through  a  membrane 
separation  system  and  the  resulting  non-permeate 
is  then  utilized  as  a  displacement  gas  or  a  copurge 
in  the  PSA  system. 

2.  Discussion  of  Related  Art 

The  PSA  process  is  a  well  known  means  for 
separating  and  purifying  a  less  readily  adsorbable 
gas  component  contained  in  a  feed  gas  mixture 
from  a  more  readily  adsorbable  second  compo- 
nent. 

Pressure  swing  adsorption  systems  generally 
involve  passage  of  the  feed  gas  mixture  through 
equipment  comprising  two  or  more  adsorbers  con- 
taining  beds  of  molecular  sieves  or  other  adsor- 
bents  which  selectively  adsorb  the  heavier  compo- 
nents  of  the  gas  mixture.  The  adsorbers  are  ar- 
ranged  to  operate  in  sequence  with  suitable  lines, 
valves,  timers  and  the  like  so  there  are  established 
an  adsorption  period  during  which  the  heavier  com- 
ponents  of  the  feed  gas  mixture  are  adsorbed  on 
the  molecular  sieve  or  other  adsorbent  and  a  re- 
generation  period  during  which  the  heavier  compo- 
nents  are  desorbed  and  purged  from  the  adsorbent 
to  regenerate  it  for  reuse. 

Such  selective  adsorption  commonly  occurs  in 
the  adsorption  beds  at  an  upper  adsorption  pres- 
sure,  with  the  more  selectively  adsorbable  compo- 
nent  thereafter  being  desorbed  by  pressure  reduc- 
tion  to  lower  desorption  pressure.  The  beds  can  be 
purged  at  such  lower  pressures  for  further  feed  gas 
purification. 

Such  PSA  processing  is  disclosed  in  U.S.-A- 
3,430,418  to  Wagner  and  in  U.S.-A-3,986,849  to 
Fuderer  et  al.,  wherein  cycles  based  on  the  use  of 
multi-bed  systems  are  described  in  detail.  As  is 
generally  known  and  described  in  these  patents, 
the  PSA  process  is  generally  carried  out  in  a 
sequential  processing  cycle  that  includes  each  bed 
of  the  PSA  system.  Such  cycles  are  commonly 
based  on  the  release  of  void  space  gas  from  the 
product  end  of  each  bed  in  one  or  more  cocurrent 
depressurization  steps  upon  completion  of  the  ad- 

sorption  step.  In  these  cycles,  the  released  gas 
typically  is  employed  for  pressure  equalization  and 
for  subsequent  purge  steps.  The  bed  is  thereafter 
countercurrently  depressurized  and/or  purged  to 

5  desorb  the  more  selectively  adsorbed  component 
of  the  gas  mixture  from  the  adsorbent  and  to 
remove  such  gas  from  the  feed  end  of  the  bed 
prior  to  the  repressurization  thereof  to  the  adsorp- 
tion  pressure. 

io  PSA  processes  were  first  used  for  gas  separa- 
tions  in  which  only  one  of  the  key  components  was 
recovered  at  high  purity.  For  example,  from  100 
moles  feed  gas  containing  80  moles  hydrogen  and 
20  moles  carbon  monoxide,  the  process  of  Wag- 

75  ner,  U.S.-A-3,430,418,  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.  A  complete  separation 

20  could  not  be  made.  Only  the  less  adsorbable,  light 
component  was  recovered  at  high  purity. 

For  the  recovery  of  a  pure,  more  strongly  ad- 
sorbed  heavy  component,  an  additional  step  was 
necessary,  namely,  rinsing  of  the  bed  with  a  heavy 

25  component  to  displace  the  light  component  from 
the  bed  prior  to  depressurization.  This  rinsing  step 
is  described  in  several  earlier  patents.  The  prob- 
lems  with  these  processes  are  the  following:  (a)  if 
the  rinsing  is  complete  and  the  light  component  is 

30  completely  displaced  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 

35  component  is  incomplete,  the  typical  concentration 
profile  of  the  heavy  component  in  the  bed  as 
indicated  at  Figure  2  of  the  present  application  is 
obtained,  and  if  such  bed  is  depressurized  counter- 
currently  to  recover  the  heavy  key  component  at 

40  the  feed  end,  the  light  component  still  present  in 
the  bed  reaches  the  feed  end  very  rapidly  and  the 
purity  of  the  heavy  component  drops.  It  is  therefore 
not  practical  with  the  prior  art  processes  to  obtain 
both  key  components  at  high  purity  in  a  single  PSA 

45  unit. 
Such  complete  separations  can  be  obtained, 

however,  by  two  separate  pressure  swing  adsorp- 
tion  processing  units  wherein  each  unit  includes 
several  fixed  beds.  From  a  feed  gas  containing,  for 

50  example,  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 

55  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  the  two  independent  PSA  units 
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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  essentially  100  percent  of  the  more 
readily  adsorbed,  heavy  component,  such  as  car- 
bon  monoxide,  at  a  purity  higher  than  99.5  percent. 

A  PSA  process  suitable  for  the  recovery  of 
both  the  less  and  more  readily  adsorbable  compo- 
nents  is  described  in  GB-A-1  ,536,995  to  Benk- 
mann.  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  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  depres- 
surized  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  in- 
creased.  Problems  with  this  system  are:  a  set  of 
two  beds  in  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. 

In  copending,  commonly  assigned  U.S.-A- 
4,723,966,  issued  February  9,  1988,  a  PSA  method 
is  disclosed  in  which  binary  separations  are 
achieved  in  single  adsorption  beds.  Thus,  after  the 
adsorption  step  has  proceeded  to  a  point  where  the 
bed  is  sufficiently  charged,  the  gas  mixture  within 
the  bed  is  displaced  or  substituted  with  a  gas 
stream  containing  the  more  readily  adsorbable 
components.  After  this  displacement  step,  the  feed 
end  of  the  bed  contains  substantially  pure,  more 
readily  adsorbable  components  and  the  outlet  end 
of  the  bed  contains  substantially  pure,  less  adsorb- 
able  components.  The  thusly  polarized  bed  is  then 
depressurized  simultaneously  from  both  ends, 
thereby  removing  the  separated,  substantially  pure 
components  from  their  respective  ends. 

Attempts  to  purify  gas  streams  employing  oth- 
er  means  have  also  been  attempted,  particularly 
utilizing  semi-permeable  membranes.  However, 

such  semi-permeable  membrane  gas  separation 
processes,  while  able  to  separate  the  less  per- 
meable  component,  i.e.,  the  non-permeate  stream, 
at  relatively  high  purity,  generally  have  not  been 

5  capable  of  providing  permeating  components  at 
high  purity.  Indeed,  even  with  two-  or  three-stage 
permeation,  as  illustrated  in  U.S.-A-4,264,338,  only 
moderate  purity  of  the  permeate  stream  is  obtained 
in  conjunction  with  costs  which  are  economically 

io  unattractive. 
Integration  of  semi-permeable  membrane  units 

with  PSA  systems  have  also  taken  place.  Thus,  in 
U.S.-A-4,229,188  and  4,238,204,  a  semi-permeable 
membrane  separation  unit  is  utilized  to  treat  purge 

is  gas  obtained  from  the  regeneration  of  a  selective 
adsorption  bed  wherein  the  permeated  light  gas  is 
recycled  with  the  feed  gas  mixture  for  further  treat- 
ment  in  the  selective  adsorption  bed  and  the  non- 
permeated  heavy  gas  is  entirely  removed  from  the 

20  system  and  generally  utilized  as  a  fuel  gas. 
In  a  more  recent  application  of  the  use  of  a 

semi-permeable  membrane  in  conjunction  with  a 
PSA  process,  as  disclosed  in  U.S.-A-4,398,926,  a 
feed  gas  containing  a  high  concentration  of  impuri- 

25  ties  is  first  passed  through  a  separator  containing  a 
permeable  membrane  capable  of  selectively  per- 
meating  hydrogen.  The  separator  is  used  to 
achieve  a  bulk  separation  of  the  desired  hydrogen 
from  the  impurities  contained  in  the  gas  stream. 

30  The  separated  hydrogen  is  recovered  at  a  reduced 
pressure  and  is  passed  to  the  pressure  swing  ad- 
sorption  which  is  adapted  for  operation  at  the  re- 
duced  pressure.  The  non-permeated  gas  from  the 
separator  is  recovered  essentially  at  the  higher 

35  pressure  of  the  gas  stream  and  a  portion  thereof  is 
throttled  to  a  lower  pressure  and  passed  through 
the  pressure  swing  adsorption  system  as  a  co-feed 
gas. 

There  accordingly  still  remains  a  desire  in  the 
40  art  to  more  effectively  and  economically  utilize 

semi-permeable  membrane  separation  techniques 
in  conjunction  with  PSA  systems  for  the  purification 
of  gas  mixtures. 

45  SUMMARY  OF  THE  INVENTION 

Applicant  has  discovered  a  new  integrated 
pressure  swing  adsorption/membrane  separation 
system  for  the  separation  and  purification  of  gas 

50  mixtures  which  more  efficiently  and  economically 
utilizes  the  purge  effluent  derived  from  the  pres- 
sure  swing  adsorption  part  of  the  system. 

Thus,  in  the  present  invention,  a  feed  gas  mix- 
ture  is  passed  through  a  selective  adsorption  unit 

55  having  at  least  one  adsorbent  bed  in  which  at  least 
one  gas  component  of  the  feed  mixture  is  more 
adsorbable  than  less  adsorbable  gas  components 
which  are  also  contained  within  the  feed  gas  mix- 
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ture.  The  purge  effluent  leaving  the  adsorption  unit 
is  desirably  treated  with  a  membrane  separation 
unit  so  as  to  provide  a  non-permeated  gas,  prefer- 
ably  at  adsorption  pressure,  containing  a  higher 
concentration  of  the  more  adsorbable  components 
than  that  contained  within  the  feed  gas  mixture. 
This  non-permeated  gas  is  advantageously  used  as 
a  displacement  gas  within  the  adsorption  unit.  So 
too,  the  permeated  gas  containing  the  less  adsorb- 
able  components  may  be  used  for  repressurization, 
as  a  purge  gas,  as  a  fuel,  or  as  a  product  gas. 

As  used  herein,  the  term  "displacement  gas"  is 
meant  to  include  a  gas  having  a  higher  concentra- 
tion  of  the  more  adsorbable  components  of  the 
feed  gas  mixture.  Once  the  adsorption  step  within 
the  selective  adsorption  unit  has  proceeded  to 
charge  the  bed  sufficiently,  the  displacement  gas  is 
introduced  into  the  bed  thereby  displacing  the  less- 
er  adsorbable  components  located  at  the  feed  end 
of  the  bed,  to  the  product  end  of  the  bed.  This 
displacement  step  is  highly  desirable  for  obtaining 
high  purity  yields  due  to  its  providing  for  the  po- 
larization  of  the  bed  in  which  the  charged  area  of 
the  bed  is  substantially  loaded  with  the  more  ad- 
sorbable  gas  components  and  the  uncharged  area 
of  the  bed  contains  the  lesser  adsorbable  gas 
components.  This  allows  for  subsequent  removal  of 
the  substantially  pure  heavy  gas  (containing  the 
more  adsorbable  gas  components)  and  a  light  gas 
(containing  the  less  adsorbable  gas  components) 
from  the  inlet  end  and  product  end  of  the  beds, 
respectively. 

More  particularly,  the  new  gas  separation 
method  of  the  present  invention  for  removing  at 
least  one  gas  component  from  a  feed  gas  mixture 
involves  passing  the  feed  gas  mixture  to  at  least 
one  adsorbent  bed  maintained  at  an  adsorption 
pressure  in  which  bed  the  at  least  one  gas  compo- 
nent  is  more  adsorbable  than  less  adsorbable  gas 
components  which  are  also  contained  within  the 
feed  gas  mixture.  The  less  adsorbable  gas  compo- 
nents  contained  within  the  bed  are  then  displaced 
with  a  displacement  gas  having  a  concentration  of 
the  more  adsorbable  at  least  one  gas  component 
which  is  higher  than  that  of  the  feed  gas  mixture. 
Preferably,  a  cocurrent  depressurization  step  is 
carried  out  before,  simultaneous  with  or  subse- 
quent  to  this  displacement  step  in  order  to  depres- 
surize  the  bed  from  the  product  end  thereof  and 
allow  the  release  of  void  space  gas  which  is  com- 
prised  primarily  of  the  less  adsorbable  gas  compo- 
nents. 

The  bed  is  then  further  depressurized  by  at 
least  countercurrent  depressurization  in  which  sub- 
stantially  the  more  adsorbable  at  least  one  gas 
component  is  released  from  the  inlet  end  of  the 
bed.  In  a  preferred  embodiment  of  the  present 
invention,  both  ends  of  the  bed  are  simultaneously 

depressurized  to  release  the  more  adsorbable  at 
least  one  gas  component  from  the  inlet  end  of  the 
bed  and  the  less  adsorbable  gas  components  from 
the  product  end  of  the  bed.  In  this  manner,  the 

5  present  invention  provides  for  binary  gas  separa- 
tion  from  a  plurality  of  single  adsorption  beds. 

After  depressurization,  the  bed  is  regenerated 
by  purging  the  bed  with  a  purge  gas.  The  purge 
effluent  obtained  from  this  purging  step  which  con- 

io  tains  the  more  adsorbable  at  least  one  gas  compo- 
nent  and  the  less  adsorbable  gas  components  is 
then  passed  through  a  semi-permeable  membrane 
separation  unit,  In  this  separation  unit,  the  more 
adsorbable  at  least  one  gas  component  is  con- 

15  centrated  and  forms  the  non-permeate,  while  the 
less  adsorbable  gas  components  pass  through  the 
membrane  to  form  the  permeate.  At  least  a  portion 
of  the  non-permeate  is  recycled  to  the  adsorption 
unit  to  provide  the  said  displacement  gas.  If  de- 

20  sired,  the  gas  leaving  the  inlet  end  of  the  adsorp- 
tion  bed  during  countercurrent  or  double  ended 
depressurization,  containing  the  at  least  one  more 
adsorbable  component,  may  also  be  used  as  a 
displacement  gas  to  supplement  the  non-permeate. 

25  The  remaining  portion  of  the  non-permeate  may  be 
used  as  a  product  gas  or  as  a  fuel,  if  so  desired. 
The  permeate  may  be  used  for  repressurization,  as 
a  purge  gas,  as  a  fuel,  or  as  a  product  gas. 
Preferably,  prior  to  passing  the  purge  effluent  to 

30  the  semi-permeable  membrane  separation  unit,  the 
effluent  is  first  compressed  to  the  adsorption  pres- 
sure,  which  pressure  is  substantially  equivalent  to 
the  pressure  of  the  feed  gas  mixture.  If  desired, 
however,  the  effluent  may  be  compressed  to  a 

35  pressure  which  is  less  than  the  adsorption  pres- 
sure. 

The  bed  is  then  repressurized  to  the  adsorption 
pressure  for  further  treatment  of  additional  feed  gas 
mixture. 

40  The  present  invention  is  also  directed  to  a  gas 
separation  system  which  is  used  to  carry  out  the 
method  discussed  above.  In  particular,  the  gas 
separation  system  comprises  a  selective  adsorp- 
tion  unit  having  at  least  one  adsorbent  bed  in  which 

45  the  at  least  one  gas  component  is  more  adsorbable 
than  less  adsorbable  gas  components  contained 
within  the  feed  gas  mixture.  The  adsorption  unit 
has  at  least  one  feed  inlet,  a  first  outlet  for  a 
product  comprising  less  adsorbable  gas  compo- 

50  nents  contained  from  the  feed  gas  mixture,  a  sec- 
ond  outlet  for  purge  effluent,  a  second  inlet  for 
introducing  displacement  gas,  and  means  for  feed- 
ing  the  gas  mixture  to  the  at  least  one  feed  inlet 
and  means  for  recovering  the  product  gas  from  the 

55  first  outlet. 
The  system  also  contains  a  semi-permeable 

membrane  separation  unit  comprising  at  least  one 
semi-permeable  membrane  which  is  selectively 
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permeable  to  the  less  adsorbable  gas  components. 
This  unit  has  a  gas  inlet,  a  first  outlet  for  perme- 
ated  gas,  and  a  second  outlet  for  non-permeated 
gas. 

The  system  also  contains  means  for  directing 
the  purge  effluent  from  the  second  outlet  of  the 
adsorption  unit  to  the  gas  inlet  of  the  membrane 
separation  unit,  and  means  for  directing  the  non- 
permeated  gas  from  the  second  outlet  of  the  mem- 
brane  separation  unit  to  the  second  inlet  of  the 
adsorption  unit  for  introducing  the  non-permeating 
gas  to  be  used  as  a  displacement  gas  in  the 
adsorption  unit. 

Accordingly,  the  present  invention  advanta- 
geously  provides  for  the  efficient  recycling  of  the 
purge  effluent  by  means  of  the  utilization  and  in- 
tegration  of  a  semi-permeable  membrane  separa- 
tion  unit  wherein  the  resulting  non-permeate  is  uti- 
lized  as  a  displacement  gas  and  the  permeate  gas 
may  be  utilized  for  repressurization,  as  a  purge 
gas,  as  a  fuel,  or  as  a  product  gas. 

In  the  preferred  embodiment  of  the  present 
invention  in  which  both  ends  of  the  bed  are  si- 
multaneously  depressurized,  a  binary  gas  separa- 
tion  is  obtained  in  a  most  economical  and  efficient 
manner  as  a  result  of  the  integrated 
PSA/membrane  system  of  the  present  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  diagramatic  presentation  of  an 
apparatus  for  performing  one  embodiment  the 
present  invention. 

Figure  2  is  a  graphical  representation  of  the 
conditions  in  one  of  the  adsorption  beds  of  Figure 
1. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

It  is  within  the  scope  of  the  present  invention  to 
separate  any  feed  gas  mixture  containing  at  least 
one  more  readily  adsorbable  component  from  less 
readily  adsorbable  components  which  are  also  con- 
tained  within  the  feed  gas  mixture.  Typical  more 
readily  adsorbable  gaseous  components  include 
oxygen,  methane,  carbon  monoxide,  and  the  like. 
Generally,  lesser  adsorbable  materials  include  ni- 
trogen,  hydrogen,  and  the  like. 

Those  skilled  in  the  art  will  appreciate  that  high 
pressure  selective  adsorption  utilizing  a  PSA  sys- 
tem  comprises  introducing  the  feed  gas  mixture  to 
the  feed  end  of  an  adsorbent  bed  at  a  high  adsorp- 
tion  pressure.  The  less  readily  adsorbable  compo- 
nent  generally  passes  through  the  bed  and  is  dis- 
charged  from  the  product  end  thereof,  although 
some  less  readily  adsorbable  gas  components  re- 
main  in  the  bed  and  occupy  the  voids  between  the 
adsorbent  material.  An  adsorption  front  or  fronts 

are  established  in  the  bed  with  the  said  front  like- 
wise  moving  through  the  bed  from  the  feed  end 
toward  the  product  end  thereof. 

Adsorption  is  allowed  to  proceed  under  pres- 
5  sure  until  a  mass  transfer  front  is  located  in  an 

"ideal"  position  within  the  bed.  The  mass  transfer 
front  is  the  demarcation  line  between  a  charged 
adsorbent  material,  such  as  material  that  has  been 
saturated,  and  uncharged  adsorbent  material.  The 

io  adsorption  step  desirably  proceeds  until  the  mass 
transfer  front  is  at  least  about  halfway  through  the 
bed. 

Once  the  adsorption  step  has  proceeded  to  a 
point  wherein  the  bed  is  sufficiently  charged,  the 

is  gas  mixture  is  displaced  or  substituted  with  a  gas 
having  a  higher  concentration  of  the  more  adsorb- 
able  component,  preferably  a  concentration  of  the 
more  adsorbable  gas  components  which  is  at  least 
higher  than  that  of  the  feed  gas  mixture. 

20  In  accordance  with  the  present  invention,  dis- 
placement  gas  is  obtained  from  a  membrane  sepa- 
ration  unit  which  enables  the  recycling  of  purge 
effluent  obtained  from  a  subsequent  step  in  the 
adsorption  process.  This  displacement  step  dis- 

25  places  lesser  adsorbable  components  from  the 
feed  end  of  the  bed  to  the  product  end  of  the  bed 
and  is  highly  desirable  for  obtaining  high  purity 
yields  ensuring  that  the  charged  area  of  the  bed  is 
substantially  loaded  with  only  the  more  adsorbable 

30  components.  The  uncharged  area  of  the  bed  con- 
tains  the  lesser  adsorbable  components. 

It  is  desirable  during  cyclic  operations  of  the 
PSA  unit  to  maintain  the  mass  transfer  front  at  a 
specific  location  within  the  bed.  A  cocurrent  de- 

35  pressurization  step  is  optionally,  but  preferably, 
performed  in  order  to  control  the  position  of  the 
mass  transfer  front.  The  cocurrent  depressurization 
step  can  precede,  coincide  with,  or  follow  the  dis- 
placement  step.  Moreover,  the  cocurrent  depres- 

40  surization  step  can  also  be  carried  out  both  before 
and  during  such  displacement  step,  or  during  and 
after  such  displacement  step,  or  any  other  com- 
bination  thereof.  The  cocurrent  depressurization 
step  is  generally  carried  out  by  lowering  the  pres- 

45  sure  at  the  product  end  of  the  adsorbent  bed. 
Cocurrent  depressurization  is  essentially  a  small 
purge  step  and  is  effective  for  positioning  the  mass 
transfer  front. 

Once  the  displacement  step  has  been  carried 
50  out,  the  bed  may  be  characterized  as  being  po- 

larized.  The  feed  end  of  the  bed  contains  substan- 
tially  pure  and  more  adsorbable  components.  The 
product  end  of  the  bed  contains  the  lesser  adsorb- 
able  components. 

55  The  polarized  bed  is  then  at  least  countercur- 
rently  depressurized  in  a  manner  which  is  conven- 
tional  in  the  art  in  which  gas  is  allowed  to  leave  the 
inlet  end  of  the  bed,  said  gas  primarily  comprising 

5 
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the  more  adsorbable  gas  components  of  the  feed 
gas  mixture.  This  gas  may  be  used  as  product,  as 
a  fuel,  or,  if  desired,  as  a  supplemental  source  for 
displacement  gas. 

In  a  preferred  embodiment  of  the  present  in- 
vention,  the  adsorption  bed  is  depressurized  from 
both  ends  simultaneously,  such  as  by  a  double- 
ended  depressurization  step.  This  procedure  recov- 
ers  substantially  pure  adsorbable  components  from 
the  feed  end  of  the  bed  and  substantially  pure 
lesser  adsorbable  components  from  another  point 
of  the  bed,  generally  from  the  product  end  of  the 
bed. 

Double-ended  depressurization  is  performed 
by  simultaneously  lowering  the  pressure  of  the 
system  from  both  ends  of  the  adsorption  bed.  A 
zero  flow  plane  is  established  in  close  proximity  to 
the  mass  transfer  front.  The  adsorbable  compo- 
nents  unload  countercurrently  from  the  feed  end 
side  of  the  bed,  while  the  lesser  adsorbable  com- 
ponents  unload  cocurrently  from  the  product  end 
side  of  the  adsorption  bed. 

At  the  completion  of  the  at  least  countercurrent 
depressurization  step,  which  preferably  is  a  double- 
ended  depressurization  step,  the  bed  is  purged 
countercurrently  from  the  product  end  with  void 
space  gas  or  a  gas  having  a  high  concentration  of 
the  less  adsorbable  components  in  a  manner  which 
is  conventional  in  the  art.  Purge  effluents  is  recov- 
ered  from  the  feed  end  of  the  bed. 

In  accordance  with  the  present  invention,  the 
purge  effluent  containing  both  more  adsorbable 
and  less  adsorbable  gas  components  of  the  feed 
gas  mixture  is  then  passed  through  a  semi-per- 
meable  membrane  which  is  substantially  perme- 
able  to  the  less  adsorbable  or  lighter  components 
and  substantially  impermeable  to  the  more  adsorb- 
able  or  heavier  components.  Generally,  the  purge 
effluent  is  compressed  prior  to  being  introduced 
into  the  semi-permeable  membrane  separation  unit, 
desirably  to  the  adsorption  pressure  of  the  adsor- 
bent  bed  which  is  generally  in  the  range  of  from 
600  to  1,000  pounds  per  square  inch  gauge  (PSIG) 
(4137kPa  to  6895  kPa) 

The  lighter  or  less  adsorbable  components  are 
recovered  as  a  permeate  at  lower  pressure  and 
may  be  utilized  as  a  product  gas,  a  purge  gas,  fuel, 
repressurization  gas  or  as  pressure  equalization 
gas.  The  concentrated  heavier  or  more  adsorbable 
component  is  obtained  as  the  non-permeate  and  is 
utilized,  at  least  in  part,  as  the  displacement  gas. 
The  remaining  part  of  the  non-permeate  may  be 
used  as  a  product  gas,  or  as  a  fuel,  if  so  desired. 

In  the  embodiment  in  which  the  gas  leaving  the 
inlet  end  of  the  adsorption  bed  during  countercur- 
rent  or  double  ended  depressurization  containing 
the  at  least  one  more  adsorbable  component  is 
also  used  as  a  displacement  gas  as  a  supplement 

to  the  non-permeate,  it  is  desired  to  utilize  the  non- 
permeate  as  the  displacement  gas  for  a  particular 
bed  prior  to  using  the  gas  obtained  from  depres- 
surization. 

5  The  method  of  the  present  invention  is  com- 
pleted  with  the  repressurization  of  the  adsorption 
bed  to  the  adsorption  pressure  in  a  manner  which 
is  conventional  in  the  art.  Preferably,  the  permeate 
from  the  membrane  separation  unit  is  utilized,  in 

io  part,  in  the  repressurization  step. 
The  membrane  separation  unit  consists  of  one 

or  more  membrane  modules  comprising  semiper- 
meable  membranes  mounted  in  a  suitable  housing 
and  provided  with  manifolds  and  associated  with  an 

is  inlet  and  separate  outlets  for  non-permeated  and 
permeated  gas  mixture.  Desirably,  the  membrane 
modules  take  the  form  of  hollow  fiber  membrane 
modules.  Inlet  means  are  provided  for  passing 
purge  effluent  under  pressure  to  the  feed  inlet 

20  portion  of  the  module.  Outlet  means  are  provided 
for  withdrawing  permeate  gas  from  the  module  at  a 
reduced  pressure.  Other  outlet  means  are  provided 
for  separately  withdrawing  the  non-permeate  por- 
tion  of  the  gas  stream  from  the  separating  unit 

25  essentially  at  the  feed  gas  pressure.  The  inlet 
portion  of  the  module  and  the  non-permeate  gas 
outlet  means  are  preferably  in  fluid  communication 
with  the  inside  of  the  hollow  fibers.  It  is  possible  to 
supply  the  purge  effluent  feed  to  the  bores  of  the 

30  fibers  although  this  embodiment  is  not  as  desirable 
as  passing  the  feed  to  the  outside  or  shell  side  of 
the  membrane  modules. 

In  the  most  desirable  embodiments  of  the 
present  invention,  the  non-permeate  gas  outlet 

35  means  and  the  permeate  gas  outlet  means  are  at 
opposite  ends  of  the  membrane  module  with  the 
feed  inlet  means  being  positioned  near  the  perme- 
ate  gas  outlet  means.  In  operation,  the  pressurized 
effluent  enters  the  separator  and  the  less  adsorb- 

40  able  gas  components  selectively  permeates  the 
hollow  fiber  walls.  The  permeate  gas  passes 
through  the  interior  of  the  fiber  bores  at  reduced 
pressure  and  is  delivered  to  its  outlet  means  at  one 
end  of  the  membrane  module,  while  non-permeate 

45  gas  passes  to  the  outlet  means  for  such  gas  typi- 
cally  at  the  opposite  end  of  the  membrane  module. 

Generally,  the  selectivity  or  separation  of  a 
membrane  is  described  in  terms  of  the  ratio  of  the 
permeability  of  the  fast  permeating  gas,  e.g.,  hy- 

50  drogen,  to  the  permeability  of  a  slower  permeating 
gas,  such  as  carbon  monoxide  or  methane,  wherein 
the  permeability  (P/l)  of  the  particular  gas  through 
the  membrane  can  be  defined  as  the  volume  of 
gas  at  standard  temperature  and  pressure  which 

55  passes  through  the  membrane  per  square  centi- 
meter  of  separating  surface  area  per  second  for  a 
partial  pressure  drop  of  one  centimeter  of  mercury 
(1.33  kPa)  across  the  membrane.  The  ratio  of  the 

6 
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permeabilities  of  the  two  specific  gases  is  referred 
to  as  the  separation  factor  of  the  first  gas  in  re- 
spect  to  the  second  gas  (S.F.H2/CO  or  "H2/CO). 
Desirably,  the  separation  factor  for  hydrogen  over 
carbon  monoxide  or  methane,  for  example,  will  be 
at  least  5  and  preferably  at  least  about  10.  Separa- 
tion  factors  for  hydrogen  over  carbon  monoxide  or 
methane  of  50  or  100  or  greater  may  be  provided 
by  certain  membranes.  Particularly  desirable  mem- 
branes  exhibit  hydrogen  permeabilities  of  at  least  1 
x  10_G  and  preferably  from  1  x  10-5  to  4  x  10_+ 
cubic  centimeters  of  hydrogen  at  standard  tem- 
perature  and  pressure  per  square  centimeter  of 
membrane  surface  area  per  second  at  a  partial 
pressure  drop  of  one  centimeter  of  mercury  (1.33 
kPa)  across  the  membrane. 

Any  suitable  material  selectively  permeable  to 
the  less  adsorbable  gas  components  of  the  feed 
gas  mixture,  such  as  hydrogen,  as  compared  to  the 
heavier  more  adsorbable  gas  components  such  as 
carbon  monoxide,  methane,  nitrogen  and  other 
gases  may  be  employed  for  the  separation  mem- 
branes  and  the  preferred  hollow  fiber  separation 
membranes. 

Suitable  membrane  materials  include  metallic 
and  inorganic  membranes  as  well  as  organic  poly- 
mers  or  organic  polymers  mixed  with  inorganics 
such  as  fillers,  reinforcements  and  the  like.  Typical 
organic  polymers  which  are  suitable  for  the  forma- 
tion  of  planar  and  hollow  fiber  membranes  can  be 
substituted  or  unsubstituted  polymers  and  may  be 
selected  from  polysulfones;  polystyrenes,  including 
styrene-containing  polymers  such  as  ac- 
rylonitrilestyrene  copolymers,  styrene-butadiene 
copolymers  and  styrene-vinylbenzyl  halide 
copolymers;  polycarbonates,  cellulosic  polymers, 
such  as  cellulose  acetate,  cellulose  acetate- 
butyrate,  cellulose  propionate,  ethyl  cellulose, 
methyl  cellulose,  nitrocellulose,  etc.;  polyamides 
and  polyimides,  including  aryl  polyamides  and  aryl 
polyimides;  polyethers,  polyarylene  oxides,  such  as 
polyphenylene  oxide  and  polyxlylene  oxide; 
polyesteramide  diisocyanates,  polyurethanes;  poly- 
esters,  including  polyacrylates,  such  as  polyethyl- 
ene  terephthalate,  polyalkyl  methacrylates,  polyal- 
kyl  acrylates,  polyphenylene  terephthalate,  etc.; 
polysulfides;  polymers  from  monomers  having 
olefinic  unsaturation  other  than  mentioned  above 
such  as  polyethylene,  polypropylene,  polybutene-1  , 
poly-4-methylbutene-1  ;  polyvinyls,  e.g.  polyvinylch- 
loride,  polyvinylfluroide,  polyvinylidene  chloride, 
polyvinylidene  fluoride,  polyvinyl  alcohol,  polyvinyl 
esters  such  as  polyvinyl  acetate  and  polyvinyl  pro- 
pionate,  polyvinyl  pyridines,  polyvinyl  pyrrolidones, 
polyvinyl  ethers,  polyvinyl  ketones,  polyvinyl  al- 
dehydes  such  as  polyvinyl  formal  and  polyvinyl 
butyral,  polyvinyl  amines,  polyvinyl  phosphates  and 
polyvinyl  sulfates;  polyallyls;  polytriazoles;  polyben- 

zimidazoles;  polyphosphazines,  etc.,  and  inter- 
polymers  including  block  interpolymers  containing 
repeating  units  from  the  above  such  as  terpolymers 
of  acrylonitrile-vinlybromide-sodium  salt  of  p-sul- 

5  fophenylmethallyl  ether;  and  grafts  and  blends  con- 
taining  any  of  the  foregoing.  Typical  substituents 
providing  substituted  polymers  include  halogens 
such  as  flourine,  chlorine  and  bromine;  hydroxyl 
groups;  lower  alkyl  groups;  lower  alkoxy  groups; 

io  monocyclic  aryl;  lower  acyl  groups  and  the  like. 
The  membrane  material  is  preferably  as  thin  as 

possible  in  order  to  improve  the  rate  of  permeation 
through  the  membrane,  yet  of  sufficient  thickness 
to  insure  adequate  strength  to  the  membrane  to 

is  withstand  the  separation  conditions,  including  dif- 
ferential  pressures  and  differential  partial  pressures 
employed.  Membranes  and  hollow  fiber  mem- 
branes  may  be  isotropic,  i.e.,  have  substantially  the 
same  density  throughout,  or  they  may  be  an- 

20  isotropic,  i.e.,  having  at  least  one  zone  of  greater 
density  than  at  least  one  other  zone  of  the  mem- 
branes.  The  membranes  may  be  chemically  homo- 
geneous,  i.e.,  constructed  of  the  same  material,  or 
they  may  be  composite  membranes.  Suitable  com- 

25  posite  membranes  may  comprise  a  thin  layer 
which  effects  the  separation  on  a  porous  physical 
support  which  provides  the  necessary  strength  to 
the  composite  membrane  to  withstand  the  separa- 
tion.  These  membranes  comprise  a  porous  separa- 

30  tion  membrane  which  substantially  effects  the  sep- 
aration  and  a  coating  material  in  occluding  contact 
with  the  porous  separation  membrane  wherein  the 
material  of  the  coating  does  not  substantially  effect 
the  separation.  These  multicomponent  membranes 

35  are  particularly  attractive  for  gas  separations 
wherein  hydrogen  is  separated  from  carbon  mon- 
oxide,  methane,  nitrogen  and  the  other  heavier 
gases  in  that  good  selectivity  for  separation  and 
high  flux  of  hydrogen  through  the  membranes  can 

40  be  obtained. 
The  materials  for  the  coating  of  these  mul- 

ticomponent  membranes  may  be  natural  or  syn- 
thetic  substances,  and  are  often  polymers,  which 
advantageously  exhibit  the  appropriate  properties 

45  to  provide  occluding  contact  with  the  porous  sepa- 
ration  membrane.  Synthetic  substances  include 
both  addition  and  condensation  polymers.  Typical 
of  the  useful  materials  which  can  comprise  the 
coating  are  polymers  which  can  be  substituted  or 

50  unsubstituted  and  which  are  solid  or  liquid  under 
gas  separation  conditions,  and  include  synthetic 
rubbers;  natural  rubbers;  relatively  high  molecular 
weight  and/or  high  boiling  liquids;  organic 
prepolymers;  polysiloxanes,  silicone  polymers; 

55  polysilazanes;  polyurethanes;  polyepichlorohydrins; 
polyamines,  polyimines;  polyamides;  acrylonitrile- 
containing  copolymers  such  as  polyf*- 
chloroacylonitrile)  copolymers;  polyesters  including 

7 
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polyacrylates,  e.g.,  polyalkyl  acrylates  and  polyal- 
kyl  methacrylates,  wherein  the  alkyl  groups  have 
from  1  to  about  8  carbon  atoms,  polysuccinates, 
and  alkyd  resins;  terpenoid  resins;  linseed  oil;  cel- 
lulosic  polymers;  polysulfones,  especially  aliphatic- 
containing  polysulfones;  polyalkylene  glycols  such 
as  polyethylene  glycol,  polypropylene  glycol,  etc.; 
polyalkylene  polysulfates;  polypyrrolidones;  poly- 
mers  from  monomers  having  olefinc  unsaturation 
such  as  polyolefins,  e.g.,  polyethylene,  poly- 
propylene,  polybutadiene,  poly(2,3-dich- 
lorobutadienes),  polyisopropene,  polychloroprene; 
polystyerne,  including  polystyrene  copolymers, 
e.g.,  styrene  butadiene  copolymers;  polyvinyls 
such  as  polyvinyl  alcohol,  polyvinyl  aldehydes, 
e.g.,  polyvinyl  formal  and  polyvinyl  butyral,  poly- 
vinyl  ketones,  e.g.,  polymethylvinyl  ketone,  poly- 
vinyl  esters,  e.g.,  polyvinyl  benzoates,  polyvinyl 
halides,  e.g.,  polyvinyl  bromide;  polyvinylidene 
halides;  polyvinylidene  carbonates;  poly(N-vinyl- 
maleamide);  etc.,  poly(1  ,5-cyclooctadiene);  poly- 
(methylinopropenyl  ketone);  fluorinated  ethylene 
copolymers;  polyarylene  oxides,  e.g.,  polxylylene 
oxides;  polycarbonates;  polyphosphates,  e.g.,  poly- 
ethylene  methyl  phosphate;  and  the  like;  and  any 
interpolymers  including  the  interpolymers  contain- 
ing  repeating  units  from  the  above,  and  grafts  of 
blends  containing  any  of  the  foregoing.  The  materi- 
als  may  or  may  not  be  polymerized  after  applica- 
tion  to  the  porous  separation  membrane. 

In  accordance  with  the  present  invention, 
means  are  provided  for  directing  the  non-perme- 
ated  gas  containing  the  more  adsorbable  compo- 
nents  from  one  of  the  outlets  of  the  membrane 
separation  unit  to  the  inlet  end  of  the  adsorption 
unit  thereby  recycling  the  non-permeated  gas  to  be 
utilized  as  a  displacement  gas  during  the  adsorp- 
tion  cycle. 

Similarly,  means  may  also  be  provided  in  a 
further  embodiment  of  the  present  invention  to  di- 
rect  the  permeated  gas  containing  the  less  adsorb- 
able  components  from  one  of  the  outlets  of  the 
membrane  separation  unit  to  the  product  end  of 
adsorption  unit  thereby  recycling  this  permeated 
gas  as  well  to  be  utilized  as  a  purge  gas,  a  pres- 
sure  equalization  gas,  and/or  a  repressurization 
gas. 

The  adsorbent  bed  may  comprise  a  material 
that  contains  a  member  selected  from  the  group 
consisting  of  zeolitic  molecular  sieves,  activated 
carbon,  silica  gel,  activated  alumina,  and  mixtures 
thereof.  Those  skilled  in  the  art  recognize  that 
virtually  any  selectively  adsorbent  material  may  be 
used  in  the  process  of  the  present  invention. 

Figure  1  is  a  diagramatic  representation  of  a 
single  PSA  system  1  representing  an  adsorption 
unit  of  the  present  invention.  While  the  discussion 
of  the  Figures  will  generally  be  directed  to  the 

preferred  embodiment  of  the  present  invention  in 
which  double-ended  depressurization  takes  place, 
it  is  to  be  understood  that  such  simultaneous  de- 
pressurization  from  both  ends  of  the  bed  is  not 

5  critical  to  the  present  invention  and  that  conven- 
tional  countercurrent  depressurization  is  also  ap- 
plicable.  Four  adsorbent  beds  7,  8,  9,  and  10  are 
shown  for  this  embodiment  in  parallel,  but  only  one 
bed  is  necessary  to  practice  the  invention. 

io  A  feed  gas  mixture  comprising  at  least  one  gas 
component  which  is  more  adsorbable  in  the  adsor- 
bent  bed  then  less  adsorbable  gas  components 
which  are  also  contained  within  the  feed  gas  mix- 
ture  is  flowed  under  pressure  into  the  feed  ends  of 

is  the  adsorbent  beds  7,  8,  9,  and  10,  respectively,  by 
way  of  a  manifold  line  2  and  individual  feed-end 
lines  3,  4,  5,  and  6  until  the  concentration  profile  of 
the  mass  transfer  front  124  of  Figure  2  is  estab- 
lished.  The  initial  flowing  of  the  feed  gas  mixture 

20  onto  the  adsorbent  bed  is  often  referred  to  as 
charging  or  saturating  the  bed.  During  this  period, 
the  adsorbent  material  is  selectively  adsorbing  the 
more  adsorbable  or  heavier  components  of  the 
feed  gas  mixture  while  allowing  the  less  adsorbable 

25  or  lighter  components  to  pass  through  the  bed  and 
out  of  the  product  ends  11,  12,  13,  14,  and  15.  The 
gas  passing  out  of  the  product  end  of  the  beds  is 
essentially  under  feed  or  adsorption  pressure  and 
can  be  used  as  a  product  gas,  purge  gas,  fuel,  or 

30  as  repressurization  gas. 
Once  the  adsorbent  beds  7,  8,  9,  and  10  have 

been  charged,  the  feed  gas  is  then  displaced  by  a 
gas  from  downstream  of  the  process  provided  by 
manifold  line  38. 

35  This  downstream  gas  has  a  concentration  of 
the  more  adsorbable  gas  components  which  is 
higher  than  that  contained  within  the  feed  gas 
mixture  such  that  flowing  of  the  downstream  gas 
into  the  feed  ends  3,  4,  5,  and  6  of  the  adsorbent 

40  beds  7,  8,  9,  and  10  causes  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  desirable  to  achieve  substantially  pure  sepa- 

45  rations  in  addition  to  a  distinct  mass  transfer  front, 
particularly  when  double-ended  depressurization  is 
carried  out. 

Preferably,  a  cocurrent  depressurization  step  is 
performed  in  conjunction  with  the  displacement 

50  step.  Pressure  is  lowered  to  an  intermediate  level 
at  the  product  ends  11,  12,  13,  and  14  of  the 
adsorbent  beds  7,  8,  9,  and  10.  Void  space  gas 
comprising  mostly  the  less  adsorbable  or  light  gas 
components  are  recovered  at  the  product  ends. 

55  The  void  space  gas  is  flowed  out  of  a  manifold  15 
to  a  line  50  and  to  a  storage  means  52  where  it 
can  be  used  in  the  subsequent  step  of  purging 
countercurrently.  The  cocurrent  depressurization 
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step  can  be  performed  prior  to,  simultaneously 
with,  or  subsequent  to  the  displacement  step.  The 
two  steps  are  compatible  as  both  the  displaced  gas 
and  void  space  gas  recovered  from  the  product 
ends  11,  12,  13,  and  14  have  a  high  concentration 
of  the  less  adsorbable  or  lighter  gas  components 
and  thus  can  be  combined  in  the  storage  means  52 
to  be  used  later  as  purge  gas. 

Ordinarily,  mass  transfer  fronts  can  experience 
difficulties  in  single  bed  systems.  For  example,  if 
the  mass  transfer  front  124  of  Figure  2  is  displaced 
from  the  bed  127,  the  less  adsorbable  product 
becomes  impure.  This  is  due  to  the  adsorbent  bed 
becoming  saturated  with  the  adsorbed  material 
whereupon  spillage  of  the  adsorbed  material  into 
the  relatively  pure  effluent  product  occurs.  Impuri- 
ties  in  the  effluent  product  can  also  occur  if  the 
mass  transfer  front  is  allowed  to  remain  inside  of 
the  bed  when  countercurrent  depressurization  be- 
gins.  Material  can  flow  in  the  direction  of  arrow 
129,  thus  causing  the  less  adsorbable  material  126 
located  at  the  product  end  of  the  bed  127  to  mix 
with  the  adsorbable  material  125  when  flowing  out 
the  feed  end  of  the  bed  127. 

The  concentration  of  impurities  is  reduced  or 
avoided  when  both  the  feed  end  of  bed  127  and 
the  product  end  of  bed  127  are  simultaneously 
depressurized.  Adsorbed  material  125  flows  in  the 
direction  of  arrow  129  and  the  lesser  adsorbed 
material  flows  in  the  direction  of  arrow  128.  Sub- 
stantially  pure  adsorbed  material  is  obtained  from 
the  feed  end  of  bed  127  and  substantially  pure  less 
adsorbable  material  is  obtained  from  the  product 
end  of  bed  127. 

Figure  2  is  an  example  of  a  concentration 
profile  at  the  beginning  of  double-ended  depres- 
surization.  As  double-ended  depressurization  starts, 
a  zero  flow  plane  130  is  established.  To  the  left  of 
the  zero  flow  plane  130,  material  in  the  bed  flows 
countercurrently  or  in  the  direction  of  arrow  129.  To 
the  right  of  the  zero  flow  plane  130,  material  flows 
cocurrently  or  in  the  direction  of  arrow  128.  On 
both  sides  of  the  zero  flow  plane,  the  flow  rate 
gradually  increases  and  reaches  a  maximum  at 
both  ends  of  the  bed. 

Controlling  the  flow  rates  at  both  ends  of  the 
adsorbent  bed  during  the  preferred  double-ended 
depressurization  is  desirable  inasmuch  as  the  rela- 
tive  flow  rates  at  the  ends  of  the  adsorbent  bed 
determine  the  position  of  the  zero  flow  plane.  The 
flow  rates  will,  however,  be  different  at  both  ends  of 
the  adsorbent  bed  since  the  effluent  at  the  feed 
end  of  the  bed  is  more  voluminous  than  the  ef- 
fluent  at  the  product  end  during  such  double-ended 
depressurization. 

The  reason  for  such  differential  unloading  of 
the  bed  is  twofold.  Firstly,  the  portion  of  the  bed 
charged  with  the  more  adsorbable  component  is 

generally  larger.  Secondly,  more  adsorbable  ma- 
terial  is  liberated  compared  to  less  adsorbable  ma- 
terial  as  the  pressure  is  lowered  simultaneously 
from  both  ends. 

5  Double-ended  depressurization  is  complete 
once  the  adsorbent  bed  is  reduced  to  a  desorption 
pressure. 

The  adsorption  bed  is  regenerated  after 
double-ended  depressurization.  Purge  gas  obtained 

io  from  storage  means  52  is  flowed  through  a  line  54 
to  the  manifold  15  and  into  the  beds  7,  8,  9,  and  10 
by  way  of  the  lines  from  the  product  ends  11,  12, 
13,  and  14.  The  purge  gas  is  flowed  from  the 
product  ends  to  the  feed  ends  of  the  beds  and, 

is  therefore,  is  said  to  be  flowing  "countercurrently". 
The  beds  are  completely  depressurized  so  the 
purge  gas,  which  has  an  intermediate  pressure 
level,  flows  readily  through  the  beds.  Lowering  of 
the  partial  pressure  of  the  adsorbed  components  is 

20  augmented  by  the  purge  with  a  gas  having  a  high 
concentration  of  the  non-adsorbed  component. 

As  a  result  of  the  purge  step,  purge  effluent  is 
obtained  at  the  feed-end  lines  3,  4,  5,  and  6  and 
manifold  outlets  16,  17,  18,  and  19.  In  accordance 

25  with  the  present  invention,  the  purge  effluent  is 
flowed  through  the  manifold  at  gas  line  20  to  com- 
pressor  means  21  in  which  the  effluent  is  com- 
pressed  to  adsorption  pressure.  The  compressed 
effluent  is  then  flowed  through  lines  31  and  32  and 

30  into  membrane  separation  unit  33. 
Membrane  unit  33  separates  the  effluent  into 

the  two  basic  components,  namely,  the  more  ad- 
sorbable  and  the  less  adsorbable  components.  The 
membrane  is  a  semi-permeable  membrane  being 

35  permeable  to  the  less  adsorbable  components  and 
impermeable  to  the  more  adsorbable  components. 
The  less  adsorbable  gaseous  components  flow-out 
of  the  membrane  separation  unit  33  by  way  of  line 
34,  which  leads  into  product  manifold  15.  The  gas 

40  flowing  through  line  34  has  a  high  concentration  of 
the  less  adsorbable  components  and  can,  there- 
fore,  be  used  as  a  product  gas,  countercurrent 
purge  gas,  a  fuel,  an  equalization  gas,  or,  in  part, 
as  a  repressurization  gas.  Equalization  for  the  pur- 

45  poses  of  this  invention  is  achieved  when  the  gas  in 
line  34  is  at  a  lower  pressure  than  the  adsorption 
pressure  and  can  be  used  to  equilibrate  pressures 
in  other  beds. 

The  more  adsorbable  gas  components  of  the 
50  purge  effluent  become  concentrated  in  membrane 

separation  unit  33.  The  concentrated,  more  adsorb- 
able  components  are  returned  to  the  adsorption 
unit  of  the  system  by  way  of  lines  35  and  36  and 
manifold  line  38  to  manifold  outlets  40,  42,  44,  and 

55  46.  The  non-permeated  gas  in  line  35  may  be  used 
as  a  displacement  gas  or  as  a  product  gas.  If 
desired,  a  portion  of  the  non-permeated  gas  may 
be  utilized  as  a  product  gas  leaving  the  system  via 
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line  48. 
The  gas  in  gas  line  20  may  have  a  high  con- 

centration  of  the  more  adsorbable  component  as, 
for  example,  during  double-ended  depressurization. 
In  this  situation,  flowing  the  gas  through  the  mem- 
brane  unit  is  superfluous.  Accordingly,  the  gas  in 
gas  line  20  may  be  compressed  in  compressor  21 
and  then  flowed  through  line  31,  by-pass  line  23, 
line  36  and  manifold  line  38  to  be  used  as  a 
displacement  gas.  Alternatively,  all  or  portions  of 
the  gas  coming  out  of  compressor  means  21  may 
be  used  as  a  product  gas  via  line  22. 

Once  the  adsorbent  beds  7,  8,  9,  and  10  have 
been  purged,  the  beds  are  repressurized  to  the 
adsorption  pressure.  At  this  point,  the  regeneration 
of  the  beds  is  complete.  The  beds  are  then  ready 
for  another  adsorption  cycle  wherein  a  feed  gas 
mixture  is  flowed  through  the  beds. 

This  invention  is  useful  for  a  two-component 
gas  mixture  as  well  as  for  more  complicated  gas 
mixtures.  For  instance,  air  may  be  separated  by 
the  present  invention  into  its  various  subcom- 
ponents  by  multi-cycling  processing.  Multiple  cy- 
cles  can  be  performed  until  the  pure  subcom- 
ponents  are  separated.  In  the  first  cycle,  a  complex 
gas  mixture  is  loaded  onto  the  beds.  A  displace- 
ment  gas  comprising  essentially  the  most  adsorb- 
able  components  are  separated  from  the  feed  end 
of  the  bed  and  the  less  adsorbable  components  are 
separated  from  the  product  end  of  the  bed.  Subse- 
quent  cycles  can  then  be  conducted  to  further 
separate  the  two  products  of  the  first  cycle. 

Those  skilled  in  the  art  will  recognize  that  the 
essential  components  of  the  pressure  swing  ad- 
sorption  apparatus  described  herein  are  readily 
available  in  the  marketplace.  The  various  described 
lines  can  be  any  type  of  conduit  means,  pipes, 
tubes,  hoses,  or  other  similar  materials.  Compres- 
sors,  valves,  membrane  units,  pipe  junctions,  and 
storage  means  can  all  have  conventional  inlet  and 
outlet  means  as  well  as  valve  means  that  may  be 
electro-mechanical. 

The  following  example  is  illustrative  of  the 
present  invention  and  should  not  be  construed  as 
limiting  it  in  any  manner. 

EXAMPLE 

Five  adsorbent  beds  are  pressurized  to  an  ad- 
sorption  pressure  of  about  3  Mpa.  A  feed  gas 
mixture  comprising  a  more  adsorbable  component, 
carbon  monoxide,  and  a  less  adsorbable  compo- 
nent,  hydrogen,  is  flowed  through  a  first  manifold 
and  feed-end  inlets  into  the  adsorbent  beds.  The 
less  adsorbable  hydrogen  is  flowed  out  the 
product-end  outlet  into  a  second  manifold  where  it 
is  obtained  as  a  product  gas  at  3  Mpa.  Once  the 
mass  transfer  front  has  moved  to  a  position  where 

it  is  about  halfway  through  the  beds,  the  flow  of  the 
feed  gas  is  interrupted. 

Void  space  gas  consisting  essentially  of  hy- 
drogen  is  removed  from  the  beds  by  lowering 

5  pressure  in  the  outlets  to  a  pressure  of  about  1 
MPa.  The  void  space  gas  is  then  flowed  through 
lines  into  a  storage  tank  and  used  for  repres- 
surizing  other  beds. 

A  displacement  step,  also  known  as  a  cocur- 
io  rent  purge  step,  is  then  initiated  by  flowing  a  dis- 

placement  gas  containing  96%  by  volume  of  car- 
bon  monoxide  through  the  first  manifold,  the  inlets 
and  the  beds,  thereby  displacing  hydrogen  from 
the  feed  end  of  the  beds  towards  the  product  end. 

is  The  hydrogen  exiting  the  outlets  may  be  flowed  to 
the  storage  tank  utilized  for  the  void  space  gas. 
Alternatively,  a  portion  or  all  of  the  hydrogen,  which 
is  at  1  MPa,  may  also  be  used  to  repressurize 
other  beds  or  may  be  removed  from  the  system  as 

20  hydrogen  product. 
After  the  cocurrent  purge  step,  the  bed  is 

charged  and  polarized  resulting  in  carbon  monox- 
ide  being  located  in  the  feed-end  half  of  the  bed 
and  hydrogen  being  located  in  the  product  end  half 

25  of  the  bed. 
Unloading  of  the  beds  is  performed  to  achieve 

binary  gas  separations  in  one  double-ended  de- 
pressurization  step.  Pressure  is  lowered  at  both 
ends  of  the  beds  simultaneously  to  a  pressure  of 

30  about  120  KPa.  Carbon  monoxide  at  98.8%  purity 
is  recovered  at  the  feed  end  and  99.99%  pure 
hydrogen  is  recovered  at  the  product  outlet  end. 
This  hydrogen  is  utilized  to  purge  another  bed. 

After  double-ended  depressurization,  the  bed  is 
35  purged  with  the  hydrogen  obtained  from  the 

double-ended  depressurization  of  another  bed.  A 
purge  effluent  containing  62  mole  %  CO  and  38 
mole  %  H2  is  recovered  form  the  outlets  16,  17, 
18,  and  19  whereupon  the  effluent  is  processed  for 

40  return  to  the  adsorption  unit. 
The  purge  effluent  is  flowed  to  a  compressor  in 

which  the  effluent  is  compressed  to  the  adsorption 
pressure  or  slightly  higher.  The  compressed  gas  is 
then  flowed  through  a  membrane  separation  unit. 

45  The  permeate  gas  consisting  of  87%  H2  at  120 
KPa  is  flowed  from  the  separation  unit  into  the 
second  manifold  to  be  treated  as  a  product  gas  or 
as  a  void  space  gas.  The  non-permeate  gas  con- 
taining  96%  Co  and  4%  H2  is  flowed  from  the 

50  separation  unit  at  essentially  unchanged  pressure 
into  the  first  manifold  38  to  be  used  as  a  displace- 
ment  gas  for  the  cocurrent  displacement  step. 

Claims 
55 

1.  Pressure  swing  adsorption  process  comprising 
the  steps  of: 

(a)  separating  at  least  one  more  adsorbable 
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gas  component  from  at  least  one  less  ad- 
sorbable  gas  component  by  passing  a  feed 
gas  mixture  to  at  least  one  adsorption  bed; 
(b)  introducing  a  displacement  gas  into  the 
at  least  one  adsorption  bed  after  the  ad-  5 
sorption  step  to  displace  the  at  least  one 
less  adsorbable  gas  component  contained 
within  the  bed; 
(c)  at  least  countercurrently  depressurizing 
the  bed;  and  10 
(d)  purging  the  adsorption  bed  with  a  purge 
gas  to  obtain  a  purge  effluent; 

characterized  in  passing  at  least  a  portion  of 
the  purge  effluent  through  a  membrane  sepa- 
ration  unit  to  concentrate  the  at  least  one  more  is 
adsorbable  gas  component  to  form  a  concen- 
trated  gas  stream  and  using  said  concentrated 
gas  stream  as  the  displacement  gas  in  said 
pressure  swing  adsorption  process. 

20 
Process  of  claim  1  ,  characterized  in  that 

in  step  (a) 
the  feed  gas  is  maintained  at  an  adsorption 
pressure  and  the  adsorption  bed  has  a  feed 
and  a  product  end;  25 
in  step  (b) 
the  displacement  gas  has  a  concentration  of 
the  more  adsorbable  gas  which  is  higher 
than  that  of  the  feed  gas  mixture; 
in  step  (c)  30 
the  more  adsorbable  at  least  one  gas  com- 
ponent  is  released  from  the  feed  end  of  the 
bed; 
in  step  (d) 
the  purge  effluent  is  obtained  from  the  feed  35 
end  of  the  bed  and  includes  said  more 
adsorbable  at  least  one  gas  component  and 
said  less  adsorbable  gas  components; 
(e)  following  step  (d)  the  bed  is  further 
repressurized  to  the  adsortion  pressure;  and  40 
(f)  said  more  adsorbable  at  least  one  gas 
component  is  concentrated  with  a  semi-per- 
meable  membrane  to  provide  at  least  a 
portion  of  the  said  displacement  gas. 

45 
The  method  of  claim  2  further  including  the 
step  of  cocurrently  depressurising  the  bed  to 
allow  the  release  of  the  less  adsorbable  gas 
components  from  the  product  end  of  the  bed 
either  before,  simultaneously  with,  or  after  the  50 
displacing  step. 

The  method  of  claim  3,  wherein  the  released 
less  adsorbable  gas  components  from  the 
cocurrent  depressurization  step  is  used  at  least  55 
in  part  for  the  repressurization  of  the  adsorbent 
bed. 

5.  The  method  of  one  or  more  of  the  claims  2  to 
4,  wherein  the  depressurization  of  step  (c)  fur- 
ther  comprises  the  simultaneous  release  of  the 
less  adsorbable  gas  components  from  at  least 
one  other  location  of  the  bed,  e.g.  by  substan- 
tially  releasing  the  less  adsorbable  gas  compo- 
nents  from  the  product  end  of  the  bed  and 
substantially  releasing  the  more  adsorbable  at 
least  one  gas  component  simultaneously  from 
the  inlet  end  of  the  bed. 

6.  The  method  of  claim  5,  wherein  the  released 
less  adsorbable  gas  components  from  the  at 
least  one  other  location  is  used  for  purging  the 
adsorbent  bed. 

7.  The  method  of  one  or  more  of  the  claims  2  to 
6,  wherein  said  step  of  concentrating  further 
comprises  the  step  of  compressing  said  purge 
effluent  prior  to  being  concentrated  with  the 
semi-permeable  membrane. 

8.  The  method  of  claim  7,  wherein  the  purge 
effluent  is  compressed  to  adsorption  pressure. 

9.  The  method  of  claim  8,  wherein  said  step  of 
concentrating  further  comprises  the  step  of 
flowing  the  compressed  effluent  to  the  semi- 
permeable  membrane  which  is  selectively  per- 
meable  to  the  less  adsorbable  gas  compo- 
nents  and  recovering  a  non-permeate  at  ad- 
sorption  pressure  which  is  used  as  the  said 
displacement  gas  and  a  permeate  at  a  pres- 
sure  less  than  adsorption  pressure  comprising 
the  less  adsorbable  gas  components. 

10.  The  method  of  claim  9,  wherein  the  permeate 
is  used  for  purging  an  adsorbent  bed. 

11.  The  method  of  claims  2  to  10,  wherein  the 
more  adsorbable  at  least  one  gas  component 
is  a  member  selected  from  the  group  consist- 
ing  of  methane,  carbon  monoxide,  oxygen  and 
combinations  thereof. 

12.  The  method  of  one  or  more  of  the  claims  2  to 
11,  wherein  the  less  adsorbable  gas  compo- 
nents  are  selected  from  the  group  consisting  of 
hydrogen,  nitrogen  and  combinations  thereof. 

13.  The  method  of  of  one  or  more  of  the  claims  2 
to  12,  wherein  the  membrane  comprises  a 
composite  membrane  having  a  porous  support 
layer  and  a  separation  layer  positioned  on  the 
support  layer. 

14.  The  method  of  claim  13,  wherein  the  compos- 
ite  membrane  is  in  hollow  fiber  form. 

11 
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15.  The  method  of  one  or  more  of  the  claims  2  to 
14,  wherein  the  bed  is  repressurized  to  a  pres- 
sure  of  from  4137  kPa  (600  psig)  to  6895  kPa 
(1,000  psig). 

5 
16.  Process  of  claim  2,  characterized  in  that 

(a2)  following  step  (a)  the  bed  is  further 
cocurrently  depressurized  to  allow  the  re- 
lease  of  the  less  adsorbable  gas  compo- 
nents  from  the  product  end  of  the  bed;  10 
(b2)  following  step  (b)  the  bed  is  depres- 
surized  by  simultaneously  allowing  the  re- 
lease  of  the  more  adsorbable  at  least  one 
gas  component  from  the  inlet  end  of  the 
bed  and  allowing  the  release  of  substantially  is 
the  less  adsorbable  gas  components  from 
the  product  end  of  the  bed; 
(e2)  following  step  (e)  at  least  a  portion  of 
the  purge  effluent  is  compressed  to  adsorp- 
tion  pressure  to  form  a  compressed  purge  20 
effluent;  and 
(f)  concentration  and  recovering  of  the  gas 
components  is  effected  by  flowing  the  com- 
pressed  effluent  to  the  semi-permeable 
membrane  which  is  selectively  permeable  25 
to  the  less  adsorbable  gas  components  and 
recovering  a  non-permeate  at  adsorption 
pressure  which  is  used  as  the  said  displace- 
ment  gas  and  a  permeate  at  a  pressure  less 
than  adsorption  pressure  comprising  the  30 
less  adsorbable  gas  components. 

purge  effluent  from  the  second  outlet  of  the 
adsorption  unit  to  the  gas  inlet  of  the  mem- 
brane  separation  unit  (33),  and  means  (36) 
for  directing  the  non-permeated  gas  from 
the  second  outlet  (35)  of  the  membrane 
separation  unit  (33)  to  the  second  inlet  of 
the  adsorption  unit  (40,  42,  44,  46)  for  in- 
troducing  the  non-permeated  gas  to  be 
used  as  a  displacement  gas  in  the  adsorp- 
tion  unit. 

18.  The  system  of  claim  17,  wherein  the  means  for 
directing  the  purge  effluent  includes  a  gas 
compressor  (21),  a  conduit  means  (20)  from 
the  adsorption  unit  to  the  gas  compressor,  and 
a  conduit  means  (31,  32)  from  the  gas  com- 
pressor  to  the  membrane  separation  unit  (33). 

19.  The  system  of  one  or  both  of  the  claims  17  to 
18,  wherein  in  membrane  separation  unit  (33) 
comprises  semi-permeable  membrane  hollow 
fibers  assembled  within  the  separation  unit. 

20.  The  system  of  claim  19,  wherein  the  gas  inlet 
(32)  and  the  second  outlet  (35)  for  non-perme- 
ated  gas  of  the  membrane  separation  unit  (33) 
are  in  fluid  communication  within  said  separa- 
tion  unit  on  the  outside  of  said  hollow  fibers, 
and  said  first  outlet  (34)  for  permeated  gas 
being  in  fluid  communication  with  the  inside  of 
said  hollow  fibers. 

17.  A  gas  separation  system  for  carrying  out  the 
method  of  one  or  more  of  the  claims  1  to  16 
comprising: 

(a)  a  selective  adsorption  unit  having  at 
least  one  adsorbent  bed  (7,  8,  9  or  10)  in 
which  the  at  least  one  gas  component  is 
more  adsorbable  than  less  adsorbable  gas 
components  contained  within  the  feed  gas 
mixture,  said  adsorption  unit  having  at  least 
one  feed  inlet  (2;  3,  4,  5  or  6),  a  first  outlet 
(11,  12,  13,  14;  15)  for  a  product  comprising 
the  less  adsorbable  gas  components,  a  sec- 
ond  outlet  for  purge  effluent  (16,  17,  18, 
19),  a  second  inlet  (40,  42,  44,  46)  for 
introducing  displacement  gas,  means  for 
feeding  the  feed  gas  mixture  to  the  at  least 
one  feed  inlet  and  means  for  recovering  the 
product  gas  from  the  first  outlet; 
(b)  a  semi-permeable  membrane  separation 
unit  (33)  comprising  at  least  one  semi-per- 
meable  membrane  which  is  selectively  per- 
meable  to  the  less  adsorbable  gas  compo- 
nents  having  a  gas  inlet  (32),  a  first  outlet 
for  permeated  gas  (34),  and  a  second  outlet 
for  non-permeated  gas  (35);  and 
(c)  means  (20,  21  ,  31  ,  32)  for  directing  the 

21.  The  system  of  one  or  both  of  the  claims  17  to 
18,  wherein  the  semi-permeable  membrane  is 

35  a  composite  membrane  having  a  porous  sup- 
port  layer  and  a  separation  layer  positioned  on 
the  support  layer. 

22.  The  system  of  one  or  more  of  the  claims  17  to 
40  21,  which  further  includes  means  for  directing 

the  permeated  gas  from  the  first  outlet  (34)  of 
the  membrane  separation  unit  to  the  first  outlet 
(11,  12,  13,  14)  of  the  adsorption  unit,  for 
introducing  the  permeated  gas  as  a  purge  gas 

45  in  the  adsorption  unit. 

Patentanspruche 

1.  Druckwechseladsorptionsverfahren,  das  die 
so  Schritte  umfa/St: 

(a)  Trennen  mindestens  einer  starker  adsor- 
bierbaren  Gaskomponente  von  mindestens 
einer  weniger  adsorbierbaren  Gaskompo- 
nente,  indem  man  eine  Beschickungsgasmi- 

55  schung  in  mindestens  ein  Adsorptionsmittel- 
bett  leitet, 
(b)  Einfuhren  eines  Austauschgases  in  min- 
destens  ein  Adsorptionsmittelbett  nach  dem 

12 
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Adsorptionsschritt,  um  die  mindestens  eine 
in  dem  Bett  enthaltene,  weniger  adsorbier- 
bare  Gaskomponente  auszutauschen, 
(c)  mindestens  eine  Gegenstrom-Druckent- 
spannung  des  Bettes  und 
(d)  Spulen  des  Adsorptionsmittelbettes  mit 
einem  Spulgas  zur  Erzielung  eines  Spulaus- 
flusses, 

dadurch  gekennzeichnet,  da/S  mindestens  ein 
Teil  des  Spulausflusses  durch  eine  Membran- 
trennungsanlage  geleitet  wird,  um  die  minde- 
stens  eine  starker  adsorbierbare  Gaskompo- 
nente  zur  Bildung  eines  konzentrierten  Gas- 
stromes  zu  konzentrieren,  und  da/S  dieser  kon- 
zentrierte  Gasstrom  als  Austauschgas  in  dem 
Druckwechseladsorptionsverfahren  verwendet 
wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da/S  in 

Schritt  (a) 
das  Beschickungsgas  auf  einem  Adsorp- 
tionsdruck  gehalten  wird  und  das  Adsorp- 
tionsbett  ein  Beschickungs-  und  ein  Produk- 
tende  aufweist, 
Schritt  (b) 
das  Austauschgas  eine  Konzentration  des 
starker  adsorbierbaren  Gases  hat,  die  hoher 
als  diejeniger  der  Beschickungsgasmi- 
schung  ist, 
Schritt  (c) 
die  mindestens  eine  starker  adsorbierbare 
Gaskomponente  aus  dem  Beschickungsen- 
de  des  Bettes  freigesetzt  wird, 
Schritt  (d) 
der  SpulausfluC  aus  dem  Beschickungsende 
des  Bettes  erhalten  wird  und  die  minde- 
stens  eine  starker  adsorbierbare  Gaskompo- 
nente  und  die  weniger  adsorbierbaren  Gas- 
komponenten  einschlie/St, 
(e)  worauf  nach  Schritt  (d)  das  Bett  erneut 
auf  den  Adsorptionsdruck  eingestellt  wird 
und 
(f)  die  mindestens  eine  starker  adsorbierba- 
re  Gaskomponente  mit  einer  semipermeab- 
len  Membran  konzentriert  wird,  um  minde- 
stens  einen  Teil  des  Austauschgases  zu 
liefern. 

3.  Verfahren  nach  Anspruch  2,  das  ferner  den 
Schritt  der  Druckentspannung  in  Stromrichtung 
des  Bettes  einschlie/St,  um  die  Freisetzung  der 
weniger  adsorbierbaren  Gaskomponenten  aus 
dem  Produktende  des  Bettes  entweder  vor 
dem,  gleichzeitig  mit  dem  oder  nach  dem  Aus- 
tauschschritt  zuzulassen. 

4.  Verfahren  nach  Anspruch  3,  worin  die  freiges- 

etzten,  weniger  adsorbierbaren  Gaskomponen- 
ten  aus  dem  Druckentspannungsschritt  in 
Stromrichtung  mindestens  teilweise  zur  emeu- 
ten  Druckeinstellung  des  Adsorptionsmittelbet- 

5  tes  verwendet  werden. 

5.  Verfahren  nach  einem  oder  mehreren  der  An- 
spruche  2  bis  4,  worin  die  Druckentspannung 
des  Schrittes  (c)  ferner  die  gleichzeitige  Frei- 

io  setzung  der  weniger  adsorbierbaren  Gaskom- 
ponenten  von  mindestens  einem  anderen  Ort 
des  Bettes  umfa/St,  z.B.  durch  im  Wesentlichen 
Freisetzung  der  weniger  adsorbierbaren  Gas- 
komponenten  vom  Produktende  des  Bettes 

is  und  im  Wesentlichen  die  gleichzeitige  Freiset- 
zung  mindestens  der  einen  starker  adsorbier- 
baren  Gaskomponente  aus  dem  Einla/Sende 
des  Bettes. 

20  6.  Verfahren  nach  Anspruch  5,  worin  die  freiges- 
etzte,  weniger  adsorbierbare  Gaskomponente 
von  dem  mindestens  einen  anderen  Ort  des 
Bettes  zum  Spulen  des  Adsorptionsmittelbet- 
tes  verwendet  wird. 

25 
7.  Verfahren  nach  einem  oder  mehreren  der  An- 

spruche  2  bis  6,  worin  der  Schritt  des  Konzen- 
trierens  ferner  den  Schritt  des  Komprimierens 
des  Spulausflusses  vor  dessen  Konzentrieren 

30  mit  der  semipermeablen  Membran  umfa/St. 

8.  Verfahren  nach  Anspruch  7,  worin  der  Spul- 
ausflu/S  auf  den  Adsorptionsdruck  komprimiert 
wird. 

35 
9.  Verfahren  nach  Anspruch  8,  worin  der  Schritt 

des  Konzentrierens  ferner  den  Schritt  der  Zu- 
fuhr  des  komprimierten  Ausflusses  zur  semi- 
permablen  Membran,  die  selektiv  fur  die  weni- 

40  ger  adsorbierbaren  Gaskomponenten  permea- 
bel  ist,  und  der  Gewinnung  eines  Nicht-Per- 
meates  bei  Adsorptionsdruck,  das  als  Aus- 
tauschgas  verwendet  wird,  und  eines  Permea- 
tes  bei  einem  Druck  unter  dem  Adsorptions- 

45  druck,  das  die  weniger  adsorbierbaren  Gas- 
komponenten  enthalt,  umfa/St. 

10.  Verfahren  nach  Anspruch  9,  worin  das  Permeat 
zum  Spulen  eines  Adsorptionsmittelbettes  ver- 

so  wendet  wird. 

11.  Verfahren  nach  den  Anspruchen  2  bis  10,  wor- 
in  die  mindestens  eine  starker  adsorbierbare 
Gaskomponente  eine  Verbindung  ist,  die  aus 

55  der  aus  Methan,  Kohlenmonoxid,  Sauerstoff 
und  Kombinationen  derselben  bestehenden 
Gruppe  ausgewahlt  ist. 

13 
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12.  Verfahren  nach  einem  oder  mehreren  der  An- 
spruche  2  bis  11,  worin  die  weniger  adsorbier- 
baren  Gaskomponenten  aus  der  aus  Wasser- 
stoff,  Stickstoff  und  Kombinationen  derselben 
bestehenden  Gruppe  ausgewahlt  sind. 

13.  Verfahren  nach  einem  oder  mehreren  der  An- 
spruche  2  bis  12,  worin  die  Membran  eine 
Verbundmembran  mit  einer  porosen  Trager- 
schicht  und  einer  auf  der  Tragerschicht  ange- 
ordneten  Trennschicht  umfa/St. 

14.  Verfahren  nach  Anspruch  13,  worin  die  Ver- 
bundmembran  in  Hohlfaserform  vorliegt. 

15.  Verfahren  nach  einem  oder  mehreren  der  An- 
spruche  2  bis  14,  worin  das  Bett  erneut  auf 
einen  Druck  von  4137  kPa  (600  psig)  bis  6895 
kPa  (1  000  psig)  eingestellt  wird. 

16.  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  da/3 

(a2)  anschlieCend  an  Schritt  (a)  das  Bett  in 
Stromrichtung  weiter  druckentspannt  wird, 
um  die  Freisetzung  der  weniger  adsorbier- 
baren  Gaskomponenten  vom  Produktende 
des  Bettes  zuzulassen, 
(b2)  anschlie/3end  an  Schritt  (b)  das  Bett 
druckentspannt  wird,  indem  man  gleichzei- 
tig  die  Freisetzung  der  mindestens  einen 
starker  adsorbierbaren  Gaskomponente  vom 
EinlaCende  des  Bettes  und  die  Freisetzung 
im  wesentlichen  der  weniger  adsorbierbaren 
Gaskomponenten  vom  Produktende  des 
Bettes  zula/3t, 
(e2)  anschlieCend  an  Schritt  (e)  mindestens 
ein  Teil  des  Spulausflusses  auf  Adsorptions- 
druck  komprimiert  wird,  um  einen  kompri- 
mierten  Sptilausflu/3  zu  bilden  und 
(f)  die  Konzentration  und  Gewinnung  der 
Gaskomponenten  erfolgt,  indem  man  den 
komprimierten  Ausflu/3  zu  einer  semiperme- 
ablen  Membran  fuhrt,  die  fur  die  weniger 
adsorbierbaren  Gaskomponenten  selektiv 
permeabel  ist,  und  ein  Nicht-Permeat  bei 
Adsorptionsdruck,  das  als  Austauschgas 
verwendet  wird,  und  ein  Permeat  bei  einem 
Druck  unter  dem  Adsorptionsdruck  gewinnt, 
das  die  weniger  adsorbierbaren  Gaskompo- 
nenten  umfa/St. 

17.  Gastrennungssystem  zur  Durchfuhrung  des 
Verfahrens  nach  einem  oder  mehreren  der  An- 
spruche  1  bis  16,  das  umfa/St: 

(a)  eine  selektive  Adsorptionsanlage  mit 
mindestens  einem  Adsorptionsmittelbett  (7, 
8,  9  oder  10),  in  dem  die  mindestens  eine 
Gaskomponente  adsorbierbarer  ist  als  die  in 

der  Beschickungsgasmischung  enthaltenen, 
weniger  adsorbierbaren  Gaskomponenten, 
wobei  die  Adsorptionsanlage  mindestens  ei- 
nen  Beschickungseinla/3  (2;  3,  4,  5  oder  6), 

5  einen  ersten  Ausla/3  (11,  12,  13,  14;  15)  fur 
ein  die  weniger  adsorbierbaren  Gaskompo- 
nenten  umfassendes  Produkt,  einen  zweiten 
Ausla/3  fur  Sptilausflu/3  (16,  17,  18,  19),  ei- 
nen  zweiten  Einla/3  (40,  42,  44,  46)  zur 

io  Einfuhrung  des  Austauschgases,  Mittel  zur 
Einfuhrung  der  Beschickungsgasmischung 
zu  dem  mindestens  einen  Beschickungsein- 
la/3  und  Mittel  zur  Gewinnung  des  Produkt- 
gases  aus  dem  ersten  Ausla/3  aufweist, 

is  (b)  eine  Trennungsanlage  mit  semipermeab- 
ler  Membran  (33),  die  mindestens  eine  se- 
mipermeable  Membran  umfa/St,  die  selektiv 
permeabel  fur  die  weniger  adsorbierbaren 
Gaskomponnten  ist,  einen  Gaseinla/3  (32), 

20  einen  ersten  Ausla/3  fur  Permeatgas  (34) 
und  einen  zweiten  Ausla/3  fur  Nicht-Perme- 
atgas  (35)  aufweist,  und 
(c)  Mittel  (20,  21,  31,  32),  um  den  Spulaus- 
flu/3  aus  dem  zweiten  Ausla/3  der  Adsorp- 

25  tionsanlage  zum  Gaseinla/3  der  Membran- 
trennungsanlage  (33)  zu  fuhren,  und  Mittel 
(36),  um  das  Nicht-Permeatgas  aus  dem 
zweiten  Ausla/3  (35)  der  Membrantrennungs- 
anlage  (33)  zum  zweiten  Einla/3  der  Adsorp- 

30  tionsanlage  (40,  42,  44,  46  )  zu  fuhren,  um 
das  Nicht-Permeatgas  einzufuhren,  das  als 
Austauschgas  in  der  Adsorptionsanlage  ver- 
wendet  werden  soil. 

35  18.  System  nach  Anspruch  17,  worin  die  Mittel 
zum  Dirigieren  des  Spulausflusses  einen  Gas- 
kompressor  (21),  ein  Rohrenelement  (20)  von 
der  Adsorptionsanlage  zum  Gaskompressor 
und  ein  Rohrenelement  (31,  32)  vom  Gaskom- 

40  pressor  zur  Membrantrennungsanlage  (33)  ein- 
schliefien. 

19.  System  nach  einem  oder  beiden  der  Anspru- 
che  17  bis  18,  worin  die  Membrantrennungsan- 

45  lage  (33)  semipermeable  Membranhohlfasern 
umfafit,  die  innerhalb  der  Trennungsanlage  zu- 
sammengefugt  sind. 

20.  System  nach  Anspruch  19,  worin  der  Gasein- 
50  la/3  (32)  und  der  zweite  Ausla/3  (35)  fur  das 

Nicht-Permeatgas  der  Membrantrennungsanla- 
ge  (33)  in  fliefiender  Verbindung  innerhalb  der 
Trennungsanlage  mit  der  Aufienseite  der  Hohl- 
fasern  stehen  und  der  erste  Ausla/3  (34)  fur  das 

55  Permeatgas  in  fliefiender  Verbindung  mit  der 
Innenseite  der  Hohlfasern  steht. 

21.  System  nach  einem  oder  beiden  der  Anspru- 

14 
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che  17  bis  18,  worin  die  semipermeable  Mem- 
bran  eine  Verbundmembran  mit  einer  porosen 
Tragerschicht  und  einer  auf  der  Tragerschicht 
angeordneten  Trennschicht  ist. 

22.  System  nach  einem  oder  mehreren  der  An- 
spruche  17  bis  21,  das  ferner  Mittel  zum  Diri- 
gieren  des  Permeatgases  vom  ersten  Ausla/3 
(34)  der  Membrantrennungsanlage  zum  ersten 
Ausla/3  (11,  12,13,  14)  der  Adsorptionsanlage 
einschlieCt,  um  das  Permeatgas  als  Spulgas  in 
die  Adsorptionsanlage  einzufuhren. 

Revendicatlons 

1.  Procede  d'adsorption  a  pression  alternee  com- 
prenant  les  etapes  de  : 

(a)  separation  d'au  moins  un  composant 
gazeux  plus  adsorbable  d'avec  au  moins  un 
composant  gazeux  moins  adsorbable  par 
passage  d'un  melange  gazeux  d'alimenta- 
tion  sur  au  moins  un  lit  d'adsorption  ; 
(b)  introduction  d'un  gaz  de  deplacement 
dans  le  ou  les  lits  d'adsorption  apres  I'etape 
d'adsorption  pour  deplacer  le  ou  les  compo- 
sants  gazeux  moins  adsorbables  contenus 
dans  le  lit  ; 
(c)  au  moins  detente  a  contre-courant  du  lit 
;  et 
(d)  purge  du  lit  d'adsorption  avec  un  gaz  de 
purge  pour  obtenir  un  effluent  de  purge  ; 

caracterise  par  le  passage  d'au  moins  une 
portion  de  I'effluent  de  purge  a  travers  une 
unite  de  separation  a  membrane  pour  concen- 
trer  le  ou  les  composants  gazeux  plus  adsor- 
bables  pour  former  un  courant  gazeux  concen- 
tre  et  I'utilisation  dudit  courant  gazeux  concen- 
tre  comme  gaz  de  deplacement  dans  ledit 
procede  d'adsorption  a  pression  alternee. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  : 

dans  I'etape  (a) 
le  gaz  d'alimentation  est  maintenu  a  une 
pression  d'adsorption  et  le  lit  d'adsorption  a 
une  extremite  d'alimentation  et  une  extremi- 
te  de  produit  ; 
dans  I'etape  (b) 
le  gaz  de  deplacement  a  une  concentration 
du  gaz  le  plus  adsorbable  gui  est  superieu- 
re  a  celle  du  melange  gazeux  d'alimentation 

dans  I'etape  (c) 
le  ou  les  composants  gazeux  plus  adsorba- 
bles  est/sont  liberes  de  I'extremite  d'alimen- 
tation  du  lit  ; 
dans  I'etape  (d) 
I'effluent  de  purge  est  obtenu  a  partir  de 

I'extremite  d'alimentation  du  lit  et  comprend 
le  ou  lesdits  composants  gazeux  plus  ad- 
sorbables  et  lesdits  composants  gazeux 
moins  adsorbables  ; 

5  (e)  apres  I'etape  (d),  le  lit  est  de  plus  remis 
a  la  pression  d'adsorption  ;  et 
(f)  le  ou  lesdits  composants  gazeux  plus 
adsorbables  est/sont  concentres  avec  une 
membrane  semi-permeable  pour  fournir  au 

io  moins  une  portion  dudit  gaz  de  deplace- 
ment. 

3.  Procede  selon  la  revendication  2  comprenant 
de  plus  I'etape  de  detente  a  cocourant  du  lit 

is  pour  permettre  le  degagement  des  compo- 
sants  gazeux  moins  adsorbables  par  I'extremi- 
te  de  produit  du  lit  avant,  simultanement  ou 
apres  I'etape  de  deplacement. 

20  4.  Procede  selon  la  revendication  3,  dans  lequel 
les  composants  gazeux  moins  adsorbables  de- 
gages  de  I'etape  de  detente  a  cocourant  sont 
utilises,  au  moins  en  partie,  pour  la  remise 
sous  pression  du  lit  adsorbant. 

25 
5.  Procede  selon  une  ou  plusieurs  des  revendica- 

tions  2  a  4,  dans  lequel  la  detente  de  I'etape 
(c)  comprend  de  plus  le  degagement  simulta- 
ne  des  composants  gazeux  moins  adsorbables 

30  d'au  moins  un  autre  emplacement  du  lit,  par 
exemple  par  degagement  notable  des  compo- 
sants  gazeux  moins  adsorbables  de  I'extremite 
de  produit  du  lit  et  le  degagement  notable  du 
ou  des  composants  gazeux  plus  adsorbables 

35  simultanement  par  I'extremite  d'entree  du  lit. 

6.  Procede  selon  la  revendication  5,  dans  lequel 
les  composants  gazeux  moins  adsorbables  de- 
gages  du  ou  des  autres  emplacements  sont 

40  utilises  pour  purger  le  lit  adsorbant. 

7.  Procede  selon  une  ou  de  plusieurs  des  reven- 
dications  2  a  6,  dans  lequel  ladite  etape  de 
concentration  comprend  de  plus  I'etape  de 

45  compression  dudit  effluent  de  purge  avant  qu'il 
soit  concentre  avec  la  membrane  semi-per- 
meable. 

8.  Procede  selon  la  revendication  7,  dans  lequel 
50  I'effluent  de  purge  est  comprime  a  la  pression 

d'adsorption. 

9.  Procede  selon  la  revendication  8,  dans  lequel 
ladite  etape  de  concentration  comprend  de 

55  plus  I'etape  d'amenee  de  I'effluent  comprime  a 
la  membrane  semi-permeable  qui  est  selecti- 
vement  permeable  pour  les  composants  ga- 
zeux  moins  adsorbables  et  de  recuperation 
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d'un  non-permeat  a  la  pression  d'adsorption 
que  Ton  utilise  comme  dit  gaz  de  deplacement 
et  d'un  permeat  a  une  pression  inferieure  a  la 
pression  d'adsorption  comprenant  les  compo- 
sants  gazeux  moins  adsorbables. 

10.  Procede  selon  la  revendication  9,  dans  lequel 
le  permeat  est  utilise  pour  purger  un  lit  adsor- 
bant. 

11.  Procede  selon  les  revendications  2  a  10,  dans 
lequel  le  ou  les  composants  gazeux  plus  ad- 
sorbables  est/sont  choisis  dans  le  groupe 
constitue  par  le  methane,  le  monoxyde  de 
carbone,  I'oxygene  et  leurs  combinaisons. 

12.  Procede  selon  une  ou  plusiurs  des  revendica- 
tions  2  a  11,  dans  lequel  les  composants  ga- 
zeux  moins  adsorbables  sont  choisis  dans  le 
groupe  constitue  par  I'hydrogene,  I'azote  et 
leurs  combinaisons. 

13.  Procede  selon  une  ou  plusieurs  des  revendica- 
tions  2  a  12,  dans  lequel  la  membrane  est 
constitute  d'une  membrane  composite  ayant 
une  couche  support  poreuse  et  une  couche  de 
separation  placee  sur  la  couche  support. 

14.  Procede  selon  la  revendication  13,  dans  lequel 
la  membrane  composite  est  sous  forme  d'une 
fibre  creuse. 

15.  Procede  selon  une  ou  plusieurs  des  revendica- 
tions  2  a  14,  dans  lequel  le  lit  est  remis  a  une 
pression  de  4  137  kPa  (600  psig)  a  6  895  kPa 
(1  000  psig). 

16.  Procede  selon  la  revendication  2,  caracterise 
en  ce  que 

(a2)  apres  I'etape  (a),  le  lit  est  de  plus 
detendu  a  cocourant  pour  permettre  le  de- 
gagement  des  composants  gazeux  moins 
adsorbables  par  I'extremite  de  produit  du  lit 

(b2)  apres  I'etape  (b),  on  detend  le  lit  en 
laissant  simultanement  degager  le  ou  les 
composants  gazeux  plus  adsorbables  par 
I'extremite  d'entree  du  lit  et  en  permettant 
un  degagement  important  des  composants 
gazeux  moins  adsorbables  par  I'extremite 
de  produit  du  lit  ; 
(e2)  apres  I'etape  (e),  au  moins  une  portion 
de  I'effluent  de  purge  est  comprimee  a  la 
pression  d'adsorption  pour  former  un  ef- 
fluent  de  purge  comprime  ;  et 
(f)  la  concentration  et  la  recuperation  des 
composants  gazeux  sont  effectuees  par 
amenee  de  I'effluent  comprime  a  la  mem- 

brane  semi-permeable  qui  est  selectivement 
permeable  pour  les  composants  gazeux 
moins  adsorbables  et  la  recuperation  d'un 
non-permeat  a  la  pression  d'adsorption  que 

5  Ton  utilise  comme  dit  gaz  de  deplacement 
et  d'un  permeat  a  une  pression  inferieure  a 
la  pression  d'adsorption  comprenant  les 
composants  gazeux  moins  adsorbables. 

io  17.  Systeme  de  separation  de  gaz  pour  la  mise  en 
pratique  du  procede  selon  une  ou  plusieurs 
des  revendications  1  a  16  comprenant  : 

(a)  une  unite  d'adsorption  selective  ayant  au 
moins  un  lit  adsorbant  (7,  8,  9  ou  10)  dans 

is  lequel  au  moins  un  composant  gazeux  est 
plus  adsorbable  que  des  composants  ga- 
zeux  moins  adsorbables  contenus  dans  le 
melange  gazeux  d'alimentation,  ladite  unite 
d'adsorption  ayant  au  moins  une  entree 

20  d'alimentation  (2  ;  3,  4,  5  ou  6),  une  premie- 
re  sortie  (11,  12,  13,  14  ;  15)  pour  un 
produit  comprenant  les  composants  gazeux 
moins  adsorbables,  une  seconde  sortie  pour 
I'effluent  de  purge  (16,  17,  18,  19),  une 

25  seconde  entree  (40,  42,  44,  46)  pour  I'intro- 
duction  d'un  gaz  de  deplacement,  des 
moyens  pour  amener  le  melange  gazeux 
d'alimentation  a  la  ou  aux  entrees  d'alimen- 
tation  et  des  moyens  pour  recuperer  le  pro- 

30  duit  gazeux  a  partir  de  la  premiere  sortie  ; 
(b)  une  unite  de  separation  par  membrane 
semi-permeable  (33)  comprenant  au  moins 
une  membrane  semi-permeable  qui  est  se- 
lectivement  permeable  aux  composants  ga- 

35  zeux  moins  permeable  ayant  une  entree  de 
gaz  (32),  une  premiere  sortie  pour  le  gaz 
ayant  traverse  (34)  et  une  seconde  sortie 
pour  le  gaz  n'ayant  pas  traverse  (35)  ;  et 
(c)  des  moyens  (20,  21,  31,  32)  pour  diriger 

40  I'effluent  de  purge  de  la  seconde  sortie  de 
I'unite  d'adsorption  vers  I'entree  de  gaz  de 
I'unite  de  separation  a  membrane  (33)  et 
des  moyens  (36)  pour  diriger  le  gaz  n'ayant 
pas  traverse  de  la  seconde  sortie  (35)  de 

45  I'unite  de  separation  a  membrane  (33)  a  la 
seconde  entree  de  I'unite  d'adsorption  (40, 
42,  44,  46)  pour  introduire  le  gaz  n'ayant 
pas  traverse  a  utiliser  comme  gaz  de  depla- 
cement  dans  I'unite  d'adsorption. 

50 
18.  Systeme  selon  la  revendication  17,  dans  lequel 

les  moyens  pour  diriger  I'effluent  de  purge 
comprennent  un  compresseur  de  gaz  (21),  une 
canalisation  (20)  allant  de  I'unite  d'adsorption 

55  au  compresseur  de  gaz  et  une  canalisation 
(31  ,  32)  allant  du  compresseur  de  gaz  a  I'unite 
de  separation  par  membrane  (33). 

16 
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19.  Systeme  selon  I'une  des  revendications  17  et 
18  ou  les  deux,  dans  lequel  I'unite  de  separa- 
tion  a  membrane  (33)  comprend  des  fibres 
creuses  faites  d'une  membrane  semi-permea- 
ble  assemblies  dans  I'unite  de  separation.  5 

20.  Systeme  selon  la  revendication  19,  dans  lequel 
I'entree  de  gaz  (32)  et  la  seconde  sortie  (35) 
du  gaz  n'ayant  pas  traverse  de  I'unite  de  sepa- 
ration  a  membrane  (33)  sont  en  communica-  10 
tion  hydraulique  dans  ladite  unite  de  separa- 
tion  a  I'exterieur  desdites  fibres  creuses  et 
ladite  premiere  sortie  (34)  pour  le  gaz  ayant 
traverse  est  en  communication  hydraulique 
avec  I'interieur  desdites  fibres  creuses.  is 

21.  Systeme  selon  I'une  des  revendications  17  et 
18  ou  les  deux,  dans  lequel  la  membrane 
semi-permeable  est  une  membrane  composite 
ayant  une  couche  support  poreuse  et  une  cou-  20 
che  de  separation  placee  sur  la  couche  sup- 
port. 

22.  Systeme  selon  une  ou  plusieurs  des  revendi- 
cations  17  a  21  qui  comprend  de  plus  des  25 
moyens  pour  diriger  le  gaz  ayant  traverse  de 
la  premiere  sortie  (34)  de  I'unite  de  separation 
par  membrane  a  la  premiere  sortie  (11,  12,  13, 
14)  de  I'unite  d'adsorption  pour  introduire  le 
gaz  ayant  traverse  comme  gaz  de  purge  dans  30 
I'unite  d'adsorption. 
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