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©  Gas  separation  method  and  apparatus. 
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©  A  pressure  swing  adsorption  plant  for  the  sepa- 
ration  of  gas  mixtures  includes  at  least  one  pressure 
vessel  (20)  containing  an  adsorbent  bed  (34)  that  is 
able  preferentially  to  adsorb  at  least  one  component 
of  the  gas  mixture.  The  pressure  vessel  has  an  inlet 
(26)  at  its  top  for  the  feed  gas  mixture,  an  outlet  (28) 
at  its  bottom  for  non-adsorbed  gas  and  at  least  one 
heat  conductive  member  (42)  containing  a  liquid 
medium  arranged  within  the  the  bed  such  that,  in 
operation,  heat  is  able  to  be  conducted  by  convec- 
tion  through  the  liquid  from  a  region  of  maximum 
temperature  at  or  near  the  bottom  of  the  bed  to  a 
region  of  minimum  temperature  at  or  near  the  top  of 
the  bed. 
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This  invention  relates  to  a  gas  separation  meth- 
od  and  apparatus,  in  particular,  it  relates  to  a 
method  and  apparatus  for  separating  a  gas  mixture 
by  pressure  swing  adsorption  (PSA). 

The  PSA  method  has  been  described  as  being 
adiabatic,  that  is  to  say  a  process  which  occurs 
without  loss  or  gain  of  heat.  Accordingly,  the  end- 
to-end  temperature  of  each  adsorbent  bed  used  to 
perform  the  PSA  process  is  predicted  by  theory  to 
be  uniform.  Each  active  particle  of  adsorbent  ab- 
sorbs  heat  and  rises  in  temperature  during  adsorp- 
tion.  During  desorption,  the  particle  releases  heat 
and  hence  falls  in  temperature.  It  is  therefore  to  be 
expected  that  at  steady  state,  the  quantity  of  fluid 
adsorbed  by  a  particle  equals  the  quantity  desor- 
bed  and  hence  the  quantity  of  heat  generated 
during  the  adsorption  equals  the  loss  of  heat  during 
desorption.  Since  each  particle  can  be  identified  as 
a  separate  adiabatic  zone,  it  might  be  predicted 
that  temperature  differentials  within  a  PSA  bed 
should  not  occur. 

In  practice,  however,  as  is  well  known,  such 
temperature  differentials  are  created,  particularly 
when  using  a  bed  of  zeolite  molecular  sieve  to 
separate  air,  the  sieve  adsorbing  nitrogen  in  pref- 
erence  to  oxygen.  At  steady  state,  which  is  typi- 
cally  established  after  say  24  or  36  hours  of  con- 
tinuous  operation,  there  is  found  to  be  a  tempera- 
ture  gradient,  with  the  temperature  of  the  bed  along 
its  longitudinal  axis  falling  from  the  bottom  or  feed 
gas  end  of  the  bed  to  a  minimum  at  a  point 
relatively  that  end  and  then  rising  again  to  a  maxi- 
mum  which  is  at  or  near  to  the  top  end  of  the  bed. 
A  minimum  temperature  of  less  than  minus  50  °C 
and  a  maximum  temperature  of  at  least  30  °C  (i.e. 
above  ambient  temperature)  have  been  observed. 
The  conclusion  to  be  drawn  is  that  in  a  bottom 
section  of  the  bed  there  is  a  net  loss  of  heat  in 
each  operating  cycle,  while  in  a  top  section  there  is 
a  net  generation  of  heat. 

The  creation  of  the  temperature  differential 
within  the  bed  can  adversely  affect  the  perfor- 
mance  of  the  PSA  method.  In  particular,  in  the 
example  of  the  separation  of  air  using  a  zeolite 
sieve,  although  the  adsorption  capacity  of  the  sieve 
increases  with  decreasing  temperature,  adverse  ki- 
netic  effects  occur  so  as  to  reduce  its  overall 
performance.  Indeed,  a  sieve  optimised  for  room 
temperature  does  not  perform  as  well  at  lower 
temperatures. 

Various  methods  have  been  proposed  to  re- 
duce  the  magnitude  of  an  internal  temperature  dif- 
ferential  that  is  created  within  a  PSA  bed.  First,  it 
has  been  proposed  that  the  gas  mixture  to  be 
separated  be  heated  by  external  means.  Such  a 
method  is  described  in  GB-A-1  530  603.  In  addi- 
tion,  or  alternatively,  it  has  been  proposed  in  GB-A- 
1  530  604  to  transfer  heat  to  the  lower  temperature 

portion  of  the  bed  from  both  the  top  and  bottom  of 
the  bed  by  metal-to-adsorbent  conduction  of  heat. 
To  this  end,  metal  rods  extend  vertically  upwards 
through  the  bed  from  its  bottom  to  near  its  top.  The 

5  rods  may,  for  example,  be  of  copper  or  other  heat 
conductive  metal. 

It  is  the  aim  of  the  present  invention  to  provide 
a  method  and  apparatus  which  provides  an  alter- 
native  means  of  reducing  such  a  temperature  dif- 

io  ferential. 
According  to  the  present  invention  there  is 

provided  a  method  of  separating  a  gas  mixture  by 
pressure  swing  adsorption,  in  which  the  gas  mix- 
ture  to  be  separated  is  fed  to  the  top  of  a  bed  of 

75  adsorbent  capable  of  preferentially  or  more  rapidly 
adsorbing  at  least  one  component  of  the  gas  mix- 
ture,  the  gas  mixture  flows  through  the  bed  from 
the  top  to  the  bottom  thereof,  whereby  at  least  one 
component  of  the  gas  mixture  is  preferentially  or 

20  more  rapidly  adsorbed,  the  bed  is  regenerated  by 
desorbing  gas  at  reduced  pressure  from  the  adsor- 
bent  and  causing  such  desorbed  gas  to  flow  from 
the  bed  countercurrently  to  the  flow  of  the  feed 
gas,  whereby,  on  repeated  performance  of  such 

25  adsorption  and  desorption  steps,  a  temperature  dif- 
ferential  is  created  between  a  maximum  tempera- 
ture  region  at  or  near  the  bottom  of  the  bed  and  a 
minimum  temperature  near  the  top  of  the  bed,  and 
heat  is  conducted  by  convection  from  said  maxi- 

30  mum  temperature  region  to  said  minimum  tem- 
perature  region  through  a  liquid  medium  held  in  at 
least  one  elongate  member  within  the  bed. 

The  invention  also  provides  apparatus  for  sepa- 
rating  a  gas  mixture,  including  at  least  one  vessel 

35  containing  a  bed  of  adsorbent  that  is  able  preferen- 
tially  or  more  rapidly  to  adsorb  one  component  of  a 
gas  mixture  to  be  separated,  said  vessel  having  an 
inlet  at  its  top  for  the  feed  gas  mixture,  an  outlet  at 
its  bottom  for  non-adsorbed  gas,  and  at  least  one 

40  elongate  heat  conductive  member  containing  a  liq- 
uid  medium,  said  member  or  members  being  dis- 
posed  in  the  bed  such  that  in  operation  heat  is  able 
to  be  conducted  by  convection  through  the  liquid 
from  a  maximum  temperature  region  at  or  near  the 

45  bottom  to  a  minimum  temperature  region  near  the 
top  thereof. 

The  method  and  apparatus  according  to  the 
invention  are  particularly  suitable  for  separating  air 
using  a  zeolite  molecular  sieve,  which  adsorbs  ni- 

50  trogen  in  preference  to  oxygen.  They  can  also, 
however,  be  used  in  the  separation  of  air  using  a 
carbon  molecular  sieve  which  adsorbs  oxygen 
more  rapidly  than  nitrogen. 

Preferably,  there  are  two  or  three  adsorbent 
55  beds  each  adapted  to  perform  in  accordance  with 

the  invention  the  same  cycle  of  operations  out  of 
phase  with  one  another.  Thus,  if  there  are  n  beds, 
where  n  is  an  integer,  the  phase  relationship  is 

2 
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typically  360/n  °  . 
The  liquid  medium  is,  for  example  water.  If 

desired,  the  water  or  another  liquid  medium  in- 
cludes  a  substance  dissolved  therein  to  lower  its 
freezing  point.  Alternatively,  the  liquid  medium  may 
be  an  organic  liquid  that  has  a  freezing  point  below 
0°C,  for  example  a  ketone  or  an  alcohol.  Prefer- 
ably  each  heat  conductive  member  has  fins  so  as 
to  enhance  transfer  of  heat  between  it  and  the 
adsorbent.  Each  elongate  member  is  preferably  a 
right  cylinder  closed  at  both  its  ends. 

Typically,  from  2  to  20  elongate  members  are 
disposed  in  the  or  each  bed,  depending  on  its 
volume. 

An  adsorbent  bed  is  conventionally  arranged 
with  its  inlet  for  feed  gas  at  the  bottom  and  its 
outlet  for  non-adsorbed  gas  at  the  top.  In  this 
invention,  the  positions  of  the  feed  gas  inlet  and 
the  outlet  for  non-adsorbed  gas  are  inverted.  It  is 
then  possible  to  use  the  principle  of  convective 
heat  transfer  between  hot  and  cold  regions  in  the 
adsorbent  bed  to  reduce  the  magnitude  of  the 
temperature  difference  therebetween. 

The  method  and  apparatus  according  to  the 
invention  are  now  described  by  way  of  example 
with  reference  to  the  accompanying  diagrammatic 
drawings,  in  which: 

Figure  1  is  a  flow  diagram  of  an  apparatus  for 
separating  air  by  pressure  swing  adsorption,  and 
Figure  2  is  a  schematic  drawing  of  an  adsorp- 
tion  vessel  for  use  in  the  apparatus  shown  in 
Figure  1,  the  drawing  showing  the  use  of  heat 
conductive  members  in  accordance  with  the  in- 
vention. 
Figure  3  is  a  section  through  the  line  ll-ll  in 
Figure  2. 
The  apparatus  illustrated  in  Figure  1  of  the 

drawings  is  used  to  perform  a  PSA  method  com- 
prising  eight  sequential  steps  referred  to 
hereinafter  as  steps  1  to  8  to  separate  air.  Each  of 
three  adsorption  columns  or  vessels  A,  B  and  C 
contains  an  adsorbent  capable  of  selectively  ad- 
sorbing  nitrogen  in  preference  to  oxygen. 

In  step  1,  valves  1A  and  2A  are  opened  and 
air,  pressurised  by  a  blower  9,  is  introduced  to  the 
first  column  A  from  its  upper  or  feed  end.  As  the 
air  flows  down  the  column  A,  it  becomes  progres- 
sively  richer  in  oxygen,  thus  enabling  a  product 
gas  consisting  of  oxygen-enriched  air  to  be  with- 
drawn  from  the  bottom  of  the  column  A.  The  prod- 
uct  gas  flows  into  a  tank  11  via  a  pipeline  12. 
During  this  step,  the  adsorption  pressure  in  the  first 
column  A  is  normally  maintained  above  atmospher- 
ic  pressure. 

Also  in  step  1  ,  valves  3B  and  5B  are  opened  to 
supply  gas  enriched  in  oxygen  from  the  effluent  or 
bottom  end  of  the  third  column  C  to  the  bottom  or 
effluent  end  of  the  second  column  B.  The  thus- 

introduced  oxygen  gas  is  discharged  by  means  of 
a  vacuum  pump  10  after  it  purges  the  inside  of  the 
second  column  B  countercurrently  to  the  direction 
of  air  flow  therethrough.  The  third  column  C  is 

5  further  depressurised  by  introducing  oxygen  en- 
riched  gas  therefrom  to  the  second  column  B.  The 
rate  of  supply  of  the  oxygen  enriched  gas  from  the 
third  column  C  is  controlled  by  means  of  a  flow 
control  valve  6B. 

io  In  step  2,  the  valves  3B  and  5B  are  closed  and 
valves  4B  and  3C  are  opened,  thus  introducing 
product  gas  from  the  tank  11  through  line  13  to  the 
effluent  end  of  the  second  column  B,  which  had 
been  purged,  to  pressurise  it.  In  the  meantime,  the 

is  first  column  A  is  continuously  producing  product 
gas  from  the  bottom  or  effluent  end  thereof  as  in 
step  1  while  the  third  column  C  is  being  evacuated 
by  means  of  the  vacuum  pump  10.  If  desired,  the 
pressurisation  of  the  second  column  B  need  not  be 

20  effected  by  the  supply  of  the  product  gas  from  the 
tank  1  1  . 

In  step  3,  the  valves  2A  and  4B  are  closed  and 
valve  1  B  is  opened  thereby  causing  the  gas  within 
the  first  column  A,  together  with  the  feed  air,  to 

25  flow  from  the  top  or  feed  end  of  the  first  column  A 
to  the  top  or  feed  end  of  the  second  column  B, 
hence  countercurrently  depressurising  column  A. 
For  all  or  part  of  this  period  the  valves  2A  and  2B 
may  be  open  to  introduce  the  oxygen  enriched  gas 

30  from  the  bottom  or  effluent  end  of  the  column  A  to 
the  bottom  or  effluent  end  of  the  column  B.  Step  3 
typically  takes  about  1  to  7  seconds.  When  depres- 
surisation  is  effected  only  by  introducing  gas  from 
the  top  or  feed  end  of  the  column  A  to  the  top  or 

35  feed  end  of  the  column  B,  it  takes  about  3  to  5 
seconds.  By  introducing  gas  from  the  bottom  or 
effluent  end  of  the  column  A  to  the  bottom  or 
effluent  end  of  the  column  B  simultaneously  with 
the  "feed  end-to-feed  end"  depressurisation,  the 

40  duration  of  the  operation  may  be  reduced  to  1  to  2 
seconds. 

In  step  4,  valve  1A  is  closed  and  valve  5C  is 
opened  causing  oxygen  enriched  gas  to  flow  from 
the  bottom  or  effluent  end  of  the  column  A  to  the 

45  bottom  or  effluent  end  of  column  C.  Column  C  is 
purged  countercurrently  using  this  gas,  the  gas 
being  vented  from  the  system  by  the  operation  of 
the  vacuum  pump  10. 

Also  in  step  4,  the  first  column  A  is  further 
50  depressurised  while  introducing  the  oxygen  en- 

riched  gas  to  the  third  column  C.  During  this  opera- 
tion,  the  rate  of  supply  of  the  purge  gas  from  the 
column  A  to  column  C  is  controlled  by  means  of  a 
flow  control  valve  6C.  Although  the  purge  operation 

55  is  need  to  obtaining  an  oxygen  enriched  product  of 
chosen  high  oxygen  concentration,  of  the  rate  of 
supply  of  the  purge  gas  is  not  critical.  The  rate  of 
supply  of  the  purge  gas  may  be  determined  by  the 

3 
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final  pressure  within  the  column  which  is  depres- 
surised  to  supply  the  purge  gas. 

In  this  step  4,  the  final  reduced  pressure  within 
the  first  column  A  is  normally  set  at  or  near  to 
atmospheric  pressure.  During  this  step,  the  valve 
2B  is  kept  open  so  that  product  gas  flows  out  of 
the  effluent  or  bottom  end  of  the  second  column  B. 

Step  5  has  two  parts  called  herein  'step  5-1' 
and  step  5-2.  In  step  5-1,  valve  5C  is  closed  and 
valve  3A  is  opened  and  the  gas  from  the  feed  end 
of  column  A  evacuated  by  operation  of  the  vacuum 
pump  10  thereby  regenerating  the  adsorbent  by 
desorbing  the  nitrogen  adsorbed  therein.  The  vacu- 
um  pump  typically  creates  a  pressure  in  the  range 
of  250  to  350  Torr. 

While  column  A  is  being  regenerated  in  step  5- 
1,  product  oxygen-rich  gas  is  being  passed  from 
the  tank  1  1  to  the  bottom  or  effluent  end  of  column 
C,  in  which  the  purging  step  has  already  been 
completed,  by  closing  valve  3C  and  opening  valve 
4C.  Column  C  is  thus  pressurised.  Simultaneously, 
column  B  still  continues  to  produce  and  product 
oxygen-enriched  gas  which  flows  out  of  the  bottom 
or  effluent  end  thereof.  Part  of  the  product  gas  (O2) 
discharged  from  column  B  may  be  introduced  to 
bottom  or  effluent  end  of  the  column  C. 

In  step  5-2,  valves  2B  and  4C  are  closed  and 
valve  1C  is  opened  to  introduce  the  gas  from  the 
feed  end  of  column  B  to  the  feed  end  of  column  C, 
together  with  the  feed  air,  thereby  depressurising 
column  B.  Alternatively,  while  this  operation  is  be- 
ing  carried  out,  valves  2B  and  2C  may  be  opened 
to  introduce  oxygen  enriched  gas  from  the  bottom 
or  effluent  end  of  column  B  to  the  bottom  or 
effluent  end  of  column  C.  Column  A  is  continuously 
evacuated  during  this  period. 

In  step  6,  valve  1B  is  closed  and  valve  5A  is 
opened  thereby  introducing  oxygen  enriched  gas 
to  the  bottom  or  effluent  end  of  column  A  so  as  to 
purge  column  A  countercurrently,  gas  being  with- 
drawn  from  the  top  of  the  column  A  by  operation  of 
the  vacuum  pump  10.  Both  the  valves  1C  and  2C 
remain  open  during  this  step,  so  that  air  flows  into 
the  top  or  feed  end  and  product  gas  flows  out  of 
the  effluent  end  of  column  C. 

In  step  7,  valves  3A  and  5A  are  closed  and 
valve  4A  is  opened  to  introduce  the  product  gas 
from  the  tank  11  to  the  bottom  of  effluent  end  of 
the  previously  purged  column  A,  thereby  pres- 
surising  column  A  with  product  gas.  The  rate  of 
introduction  of  the  product  gas  is  controlled  by  flow 
control  valve  7.  This  step  makes  it  possible  to 
obtain  a  product  gas  of  uniform  low  nitrogen  con- 
centration  (e.g.  about  1000  ppm). 

The  final  pressure  within  column  A  in  this  pres- 
surisation  step  is  preferably  from  about  250  to  450 
Torr  higher  than  the  corresponding  final  pressure  in 
the  purging  step  6.  At  the  same  time,  valve  3B  is 

opened  to  evacuate  column  B  by  operation  of  the 
vacuum  pump  10  while  column  C  is  continuously 
separating  air  flowing  in  through  its  top  or  feed  end 
with  the  withdrawal  of  product  gas  from  the  effluent 

5  or  bottom  end  thereof.  When  the  breakthrough 
front  of  nitrogen  adsorption  reaches  the  effluent 
end  of  column  C,  the  adsorbing  step  (step  7)  is 
completed.  As  a  result,  a  relatively  large  amount  of 
enriched  oxygen  gas,  the  concentration  of  which  is 

10  lower  than  the  oxygen  concentration  in  the  product 
gas  but  still  considerably  high  is  left  in  the  gaseous 
portion  at  the  effluent  end  of  column  C. 

In  step  8,  valves  2C  and  4A  are  closed  and 
valve  1A  is  opened  to  introduce  gas  from  the  top  or 

15  feed  end  of  the  column  C  to  the  top  or  feed  end  of 
column  A  feed  air  is  simultaneously  introduced  into 
the  top  of  column  A,  thereby  pressurising  column 
A. 

The  flow  of  gas  from  the  feed  end  of  column  C 
20  to  the  feed  end  of  column  A  continues  until  the 

pressure  within  column  C  becomes  substantially 
equal  to  that  in  column  A.  The  introduction  of  the 
gas  from  the  top  or  feed  end  of  column  C  to  the 
top  or  feed  end  of  column  A  enables  the  rate  of 

25  supply  of  the  feed  air  to  be  reduced,  thus  increas- 
ing  the  effective  oxygen  recovery  rate.  In  this  step, 
it  is  unnecessary  to  control  the  depressurisation 
speed  in  column  C,  the  rate  of  supply  of  the  feed 
air  or  the  pressurisation  speed  in  column  A.  Step  8 

30  is  completed  within  a  short  period  of  time,  i.e.  from 
about  1  to  7  seconds,  preferably  from  about  3  to  5 
seconds. 

For  all  or  part  of  the  period  of  step  8,  valves 
2C  and  2A  may  be  open  to  introduce  the  oxygen 

35  enriched  gas  from  the  bottom  or  effluent  end  of 
column  C  to  the  bottom  or  effluent  end  of  column 
A,  thereby  pressurising  column  A.  This  enables  the 
duration  of  step  8  to  be  reduced  to  about  1  to  2 
seconds. 

40  Throughout  step  8,  column  B  is  continuously 
evacuated. 

The  flow  is  periodically  switched  among  the 
adsorption  columns  A,  B  and  C  so  as  to  repeat  the 
above  steps  on  a  cyclic  basis.  The  product  gas  is 

45  continuously  taken  out  from  the  tank  11  through 
valve  8  during  the  operation  of  the  process. 

Each  of  the  adsorption  vessels  A,  B  and  C  is 
generally  as  shown  in  Figures  2  and  3.  The  vessel, 
indicated  by  the  reference  numeral  20  is  generally 

50  cylindrical  in  shape  but  has  dished  ends  22  and  24. 
A  gas  port  26  is  formed  in  dished  end  22,  and  a 
similar  gas  port  28  in  the  dished  end  24.  The  gas 
ports  26  and  28  are  coaxial  with  the  longitudinal 
axis  of  the  vessel  20.  A  support  grid  30  is  located 

55  at  the  bottom  of  the  vessel  20.  There  is  a  similar 
retaining  grid  32  located  at  the  top  of  the  vessel 
20.  Both  the  grids  30  and  32  are  perforate  to 
enable  gas  to  flow  freely  between  the  ports  26  and 

4 
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28.  The  grid  30  supports  a  bed  34  of  adsorbent 
particles.  The  bed  34  comprises  a  lower  layer  36  of 
an  adsorbent  such  as  a  synthetic  zeolite  (5A)  or 
natural  zeolite  that  is  able  selectively  to  adsorb 
nitrogen  and  carbon  dioxide  preferentially  to  oxy- 
gen.  On  top  of  the  layer  36  is  a  layer  38  of 
adsorbent  or  desiccant  particles,  for  example  of 
alumina,  which  are  able  to  adsorb  water  from  the 
incoming  air.  The  depth  of  the  layer  36  is  prefer- 
ably  at  least  twice  the  depth  of  the  layer  38. 

In  those  steps  of  the  process  described  with 
reference  to  Figure  1,  in  which  air  is  fed  to  the 
vessel  20  (through  the  port  26)  water  vapour  is  first 
adsorbed  from  the  air  in  the  layer  38,  and  then 
other  constituents  of  the  air  are  adsorbed  by  the 
layer  36  in  preference  to  oxygen,  to  enable  a 
product  gas  stream  rich  in  oxygen  to  be  withdrawn 
through  the  port  26.  As  described  with  reference  to 
Figure  1  ,  regeneration  is  effected  by  subjecting  the 
bed  34  to  a  pressure  lower  than  the  adsorption 
pressure  and  causing  desorbed  gas  to  flow  out  of 
the  vessel  20  in  a  direction  countercurrent  to  the 
flow  of  the  incoming  air.  Repeated  and  continuous 
performance  of  the  cycle  of  operations  described 
with  reference  to  Figure  1  ,  over  a  prolonged  period 
of  time,  say  24  or  36  hours,  results  in  a  generally 
steady  state  being  reached  with  there  being  a 
temperature  gradient  extending  between  a  mini- 
mum  axial  temperature  occurs  (see  Figure  2)  near 
the  top  of  the  layer  36  (typically  from  33  to  66  cm 
from  its  interface  with  the  layer  38)  and  a  maximum 
axial  temperature  occurs  a  similar  distance  from 
the  bottom  of  the  layer  36.  In  accordance  with  the 
invention,  there  extend  vertically  upwards  from  the 
horizontal  plane  including  such  maximum  tempera- 
ture  point  to  the  horizontal  plane  including  such 
minimum  temperature  point  a  plurality  of  vertically 
disposed,  right  cylindrical,  tubular,  heat  conductive 
members  42.  As  shown  in  Figure  3,  five  such 
members  may  be  employed.  Typically,  the  spacing 
between  adjacent  members  is  in  the  order  of  0.3  to 
0.4m.  Each  member  is  typically  made  of  copper, 
brass  or  other  heat  conductive  metal.  Each  mem- 
ber  42  is  closed  at  both  its  lower  end  44  and  its 
upper  end  46  and  has  an  axial  right  cylindrical 
cavity  48  containing  a  liquid  such  as  water  with 
there  being  a  small  ullage  space  (not  shown)  be- 
tween  the  liquid  surface  and  the  top  of  the  cavity 
48.  If  desired,  the  upper  end  46  may  take  the  form 
of  a  removable  cap  which  makes  a  screw-threaded 
or  other  fluid  tight  engagement  with  the  rest  of  the 
member  42.  In  addition,  each  member  is  preferably 
provided  with  axial  heat  conductive  fins  (not 
shown). 

In  use  of  vessels  20  as  the  columns  A,  B  and 
C  in  the  process  described  hereinabove  with  refer- 
ence  to  Figure  1  ,  the  members  40  each  function  to 
limit  the  temperature  difference  between  their  lower 

ends  44  and  their  upper  ends  46.  Heat  is  trans- 
ferred  from  the  surrounding  adsorbent  to  each  low- 
er  end  44,  while  heat  flows  from  each  upper  end 
46  to  the  surrounding  adsorbent.  This  enables  the 

5  water  at  the  bottom  of  each  cavity  48  to  be  at  a 
higher  temperature  than  the  water  at  the  top  there- 
of.  Accordingly,  convention  currents  are  set  up 
inside  the  water  in  the  cavities  48  which  particularly 
enhances  flow  of  heat  from  the  lower  end  44  to  the 

io  upper  end  46  of  each  member.  As  a  result,  the 
magnitude  of  the  temperature  differential  between 
the  adsorbent  surrounding  the  ends  44  and  that 
surrounding  the  ends  46  is  kept  in  bounds,  typi- 
cally  to  less  than  10°  C. 

15 
Claims 

1.  A  method  of  separating  a  gas  mixture  by  pres- 
sure  swing  adsorption,  in  which  the  gas  mix- 

20  ture  to  be  separated  is  fed  to  the  top  of  a  bed 
(34)  of  adsorbent  capable  of  preferentially  or 
more  rapidly  adsorbing  at  least  one  component 
of  the  gas  mixture,  the  gas  mixture  flows 
through  the  bed  (34)  from  the  top  to  the  bot- 

25  torn  thereof,  whereby  at  least  one  component 
of  the  gas  mixture  is  preferentially  or  more 
rapidly  adsorbed,  the  bed  (34)  is  regenerated 
by  desorbing  gas  at  reduced  pressure  from  the 
adsorbent  and  causing  such  desorbed  gas  to 

30  flow  from  the  bed  (34)  countercurrently  to  the 
flow  of  the  feed  gas,  whereby,  on  repeated 
performance  of  such  adsorption  and  desorption 
steps,  a  temperature  differential  is  created  be- 
tween  a  maximum  temperature  region  at  or 

35  near  the  bottom  of  the  bed  (34)  and  a  mini- 
mum  temperature  near  the  top  of  the  bed  (34), 
and  heat  is  conducted  by  convection  from  said 
maximum  temperature  region  to  said  minimum 
temperature  region  through  a  liquid  medium 

40  held  in  at  least  one  elongate  member  (42) 
within  the  bed  (34). 

2.  A  method  as  claimed  in  claim  1,  in  which  the 
liquid  medium  is  water. 

45 
3.  A  method  as  claimed  in  claim  2,  in  which  the 

water  has  dissolved  in  it  a  substance  to  lower 
its  freezing  point. 

50  4.  A  method  as  claimed  in  claim  1,  in  which  the 
liquid  medium  is  an  organic  liquid  having  a 
freezing  point  below  0°  C. 

5.  A  method  as  claimed  in  any  one  of  the  preced- 
55  ing  claims,  in  which  the  or  each  elongate 

member  (42)  is  a  right  cylinder  closed  at  both 
its  ends. 

5 
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6.  Apparatus  for  separating  a  gas  mixture,  includ- 
ing  at  least  one  vessel  (20)  containing  a  bed 
(34)  of  adsorbent  that  is  able  preferentially  or 
more  rapidly  to  adsorb  one  component  of  a 
gas  mixture  to  be  separated,  said  vessel  (20)  5 
having  an  inlet  (26)  at  its  top  for  the  feed  gas 
mixture,  an  outlet  (28)  at  its  bottom  for  non- 
adsorbed  gas,  and  at  least  one  elongate  heat 
conductive  member  (42)  containing  a  liquid 
medium,  said  member  or  members  being  dis-  10 
posed  in  the  bed  (34)  such  that  in  operation 
heat  is  able  to  be  conducted  by  convection 
through  the  liquid  from  a  maximum  tempera- 
ture  region  at  or  near  the  bottom  to  a  minimum 
temperature  region  near  the  top  thereof.  is 

7.  Apparatus  as  claimed  in  claim  6,  in  which  the 
liquid  medium  is  water. 

8.  Apparatus  as  claimed  in  claim  7,  in  which  the  20 
water  has  dissolved  in  it  a  substance  to  lower 
its  freezing  point. 

9.  Apparatus  as  claimed  in  claim  6,  in  which  the 
liquid  medium  is  an  organic  liquid  having  a  25 
freezing  point  below  0°  C. 

10.  Apparatus  as  claimed  in  any  one  of  claims  6  to 
9,  in  which  the  or  each  elongate  member  (42) 
is  a  right  cylinder  closed  at  both  ends.  30 

35 

40 

45 

50 

10 

6 



EP  0  502  627  A1 

7 



EP  0  502  627  A1 

F I G .   2  

INLET 

PRODUCT 

8 



EP  0  502  627  A1 

F I G .   3  

9 



European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  Number 

EP  92  30  1352 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  ant.  CI.  5  ) 

D.A 

A 

A 

GB-A-1  530  604  (UNION  CARBIDE  CORPORATION) 
*  claims  1,10  * 

EP-A-0  057  781  (JOHN  ZINK  COMPANY) 
*  claims  1,8;  figure  1  * 

FR-A-1  405  202  (JEAN) 

DE-A-2  655  936  (GENERAL  ELECTRIC  CO.) 

1.6 

1,5,6.10 

1,2,7 

1.5.6,10 

B01D53/04 

TECHNICAL  FIELDS 
SEARCHED  (Int.  CI.  5  ) 

The  present  search  report  has  been  drawn  up  for  all  claims 

B01D 

Place  of  torch 
THE  HAGUE 

Date  of  canpldtom  of  the 
03  JUNE  1992 CUBAS  ALCARAZ  J.L. 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
ft  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

