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©  Apparatus  for  the  separation  of  gas  mixtures. 

©  Air  is  separated  by  pressure  swing  adsorption 
'  using  beds  12  and  14  of  adsorbent  which  are  able  to 

be  placed  in  communication  with  a  product  nitrogen 
pipeline  20.  The  pipeline  20  has  a  pressure  regulator 
28  disposed  therein  and  communicates  with  a  buffer 
vessel  32.  A  flow  restrictor  30  is  located  in  the 
pipeline  downstream  of  the  pressure  regulator  28, 
and  a  valve  means  34  for  closing  the  pipeline  20 
between  the  pressure  regulator  28  and  the  buffer 
vessel  32.  When  the  valve  34  is  in  its  closed  position 
gas  flows  into  the  buffer  vessel  32  via  a  by-pass 
conduit  36  having  a  second  flow  restrictor  38  therein. 
The  valve  34  closes  when  the  pressure  in  the  vessel 
32  (and  hence  the  purity  of  the  product  nitrogen 
delivered  to  it)  falls  below  a  chosen  value,  and  the 

Inflow  restrictor  38  is  sized  so  as  to  maintain  the  purity 
^ o f   nitrogen  for  at  least  some  period  of  time  after  the 
["»•  valve  34  closes. 
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APPARATUS  FOR  THE  SEPARATION  OF  GAS  MIXTURES 

means  and  the  buffer  volume,  a  by-pass  conduit 
terminating  at  one  end  in  the  pipeline  intermediate 
the  pressure  regulator  and  the  valve  means  and  at 
its  other  end  in  the  buffer  volume  or  in  the  pipeline 

5  intermediate  the  buffer  volume  and  the  said  valve 
means,  the  by-pass  conduit  having  second  flow 
restriction  means  disposed  therein. 

The  apparatus  according  to  the  present  inven- 
tion  will  now  be  described  by  way  of  example  with 

w  reference  to  the  accompanying  drawing  which  is  a 
schematic  circuit  diagram  of  apparatus  for  separat- 
ing  air  by  pressure  swing  adsorption. 

Referring  to  the  drawing,  the  illustrated  appara- 
tus  includes  an  air  feed  pipeline  2  leading  to  a 

75  compressor  4.  The  outlet  of  the  compressor  4 
communicates  with  an  air  inlet  conduit  6.  The  air 
inlet  conduit  6  is  able  to  be  placed  in  communica- 
tion  with  either  one  of  columns  8  and  10  containing 
beds  12  and  14  respectively  comprising  carbon 

20  molecular  sieve  adsorbent.  Each  bed  preferably 
has  a  lower  layer  of  desiccant  (not  shown).  The 
columns  8  and  10  are  substantially  identical  to  one 
another,  as  are  the  beds  12  and  14.  A  stop  valve  16 
(also  referred  to  herein  as  an  on-off  valve)  is  op- 

25  erable  to  place  the  bottom  of  the  bed  12  in  com- 
munication  with  the  inlet  conduit  6  or  to  deny 
communication  therebetween.  Analogously,  a  stop 
valve  1  8  is  operable  to  place  the  bottom  of  the  bed 
1  4  in  communication  with  the  inlet  conduit  6  or  to 

30  deny  such  communication. 
The  apparatus  shown  in  Figure  1  has  an  outlet 

conduit  20.  A  stop  valve  22  is  operable  to  place  the 
top  of  the  bed  12  in  communication  with  the  con- 
duit  20  or  to  present  such  communication.  Analo- 

35  gously,  a  stop  valve  24  is  operable  to  place  the  top 
of  the  bed  14  in  communication  with  the  conduit  20 
or  to  deny  such  communication.  In  the  conduit  20 
there  is  disposed  a  non-return  valve  26  which  is 
adapted  to  shut  if  the  pressure  downstream  of  it 

40  rises  above  the  upstream  pressure.  A  back  pres- 
sure  regulator  28  is  located  in  the  conduit  20 
downstream  of  the  non-return  valve  26.  A  first  flow 
restrictor  30  which  may  take  the  form  of  a  valve  or 
an  orifice  plate  is  located  in  the  conduit  20  down- 

45  stream  of  the  back  pressure  regulator  28.  The 
conduit  20  terminates  in  a  reservoir  32.  Pressure 
regulator  34  is  located  in  the  conduit  20  between 
the  first  flow  restrictor  30  and  the  termination  of  the 
conduit  20  and  the  reservoir  32.  A  by-pass  conduit 

50  36  extends  from  a  relatively  upstream  part  of  the 
conduit  20  intermediate  of  the  first  flow  restrictor 
30  and  the  foward  pressure  regulator  34  to  a  rela- 
tively  downstream  part  of  the  conduit  20  down- 
stream  of  the  forward  pressure  regulator  34.  A 
second  flow  restrictor  38  is  disposed  in  the  conduit 

This  invention  relates  to  apparatus  for  the  sep- 
aration  of  gas  mixtures  by  pressure  swing  adsorp- 
tion. 

Pressure  swing  adsorption  is  a  well  known  pro- 
cess  for  separating  gas  mixtures.  A  bed  of  molecu- 
lar  sieve  adsorbent  is  employed  to  separate  or 
extract  relatively  more  of  at  least  one  component  of 
a  gas  mixture  admitted  to  a  bed  of  such  adsorbent 
than  of  the  remaining  constituent  or  constituents  of 
the  gas  mixture.  Accordingly,  a  product  gas  en- 
riched  in  the  unadsorbed  constituents  may  be  tak- 
en  from  the  bed  as  a  product.  The  bed  is  then 
regenerated  by  being  subjected  to  a  lower  pres- 
sure  than  the  one  at  which  adsorption  takes  place. 

It  is  known  to  place  a  pressure  regulator  in  the 
product  gas  outlet  pipeline  to  prevent  product  gas 
from  passing  out  of  the  adsorption  bed  or  beds 
before  the  desired  adsorption  pressure  is  reached. 
There  is  typically  a  flow  restrictor  means  such  as 
an  orifice  plate  or  a  flow  control  valve  disposed  in 
the  product  pipeline  downstream  of  the  regulator. 
For  a  given  restriction,  the  rate  at  which  product 
gas  is  delivered  will  depend  on  the  pressure  drop 
across  the  restriction  which  in  turn  depends  on  the 
rate  at  which  the  product  gas  is  demanded.  In  turn, 
the  purity  of  the  product  gas  will  depend  on  the 
flow  rate  at  which  it  is  delivered.  The  apparatus 
may  be  arranged  to  deliver  say  50  standard  cubic 
metres  per  hour  of  nitrogen  at  99%  purity.  Should 
however  the  demand  for  product  be  increased 
above  that  specified,  the  purity  will  drop.  Such  a 
drop  in  purity  can  cause  a  considerable  operating 
problem  when  it  is  essential  that  the  purity  be 
above  a  specific  limit.  In  such  a  situation,  the  plant 
can  be  arranged  to  shut-down  rather  than  deliver 
gas  of  below  the  required  purity.  However,  even 
this  expedient  may  be  unsatisfactory  if  there  is  not 
a  suitable  reserve  supply  of  nitrogen  as  it  involves 
stopping  the  supply  when  it  may  be  needed  the 
most. 

The  present  invention  aims  at  providing  ap- 
paratus  for  separating  air  by  pressure  swing  ad- 
sorption  which  overcomes  this  problem. 

According  to  the  present  invention  there  is 
provided  apparatus  for  separating  air  by  pressure 
swing  adsorption,  comprising  at  least  one  vessel 
able  to  be  charged  with  adsorbent,  having  an  outlet 
port  communicating  with  a  product  gas  pipeline 

'  having  diposed  therein  a  pressure  regulator,  a  first 
flow  restrictor  means  downstream  of  the  pressure 
regulator,  a  buffer  volume  downstream  of  the  first 
flow  restrictor  means,  valve  means  for  closing  the 
pipeline  in  the  event  that  the  pressure  in  the  buffer 
volume  falls  below  a  chosen  value,  the  valve 
means  being  intermediate  the  first  flow  restrictor 
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be  set  to  open  when  the  pressure  upstream  thereof 
reaches  a  value  in  the  range  of  6  to  8  atmospheres 
absolute. 

After  a  period  of  time  of  a  few  seconds  se- 
5  lected  to  be  sufficient  for  the  pressure  in  the  bed 

12  to  have  equalised  or  nearly  equalised  with  the 
pressure  in  the  bed  14,  the  next  phase  of  the 
operating  cycle  starts.  The  controller  60  generates 
signals  to  close  valves  54  and  56  and  to  open 

w  valves  16,  22  and  48.  Compressed  air  thus  passes 
into  the  bed  12  from  the  compressor  4  and  the 
pressure  in  the  bed  12  gradually  increases  and 
reaches  the  pressure  at  which  the  back  pressure 
regulator  28  opens.  During  this  period  oxygen  is 

75  adsorbed  by  the  carbon  molecular  sieve  to  leave  in 
the  vessel  8  an  unadsorbed  gas  mixture  enriched 
in  nitrogen.  It  will  be  appreciated  that  during  a 
previous  pressure  equalisation  step  unadsorbed 
nitrogen-enriched  gas  has  been  supplied  from  the 

20  bed  14  to  the  bed  12.  Admission  of  air  into  the  bed 
1  2  continues  for  a  chosen  period  of  time  while  the 
pressure  regulator  28  is  opened  thereby  permitting 
a  flow  of  nitrogen  product  into  the  reservoir  32. 
Typically,  the  total  length  of  the  step  of  the  cycle  in 

25  which  the  bed  12  receives  air  from  the  compressor 
4  is  in  the  order  of  a  minute  or  so,  the  adsorption 
step  being  allowed  to  continue  for  just  so  long  as 
the  purity  of  the  gas  delivered  to  the  reservoir  28 
remains  acceptable  when  the  apparatus  is  operated 

30  normally. 
During  all  the  period  in  which  the  bed  12  is  in 

communication  with  the  compressor  4  the  bottom 
of  the  bed  14  communicates  with  the  atmosphere 
through  the  valve  48.  Accordingly,  residual  unad- 

35  sorbed  gas  in  the  bed  14  is  vented  and,  as  the 
pressure  in  the  vessel  10  drops,  so  previously 
adsorbed  oxygen  is  desorbed  and  this  gas  is  vent- 
ed  as  well.  In  consequence,  the  adsorbent  in  the 
bed  14  is  regenerated  ready  for  the  next  desorp- 

40  tion  step  that  it  has  to  perform. 
The  next  step  in  the  operating  cycle  is  to 

perform  another  equalisation  of  the  pressure  be- 
tween  the  beds  12  and  14.  The  previous  step  ends 
when  the  pressure  equalisation  is  intiated  by  the 

45  controller  60  generating  signals  to  close  the  valves 
16,  22  and  48  and  to  open  the  valves  54  and  56. 
This  pressure  equalisation  step  is  analogous  to  the 
first  pressure  equalisation  step,  except  that  in  this 
instance  the  flow  of  nitrogen-rich  gas  is  from  the 

so  bed  1  2  to  the  bed  1  4.  The  duration  of  this  pressure 
equalisation  step  is  equal  to  the  duration  of  the  first 
pressure  equalisation  step  and  its  end  is  marked 
by  the  valves  54  and  56  being  closed  in  response 
to  signals  from  the  controller  60  and  the  valves  18, 

55  24  and  46  being  opened  in  response  to  such 
signals.  The  final  step  of  the  operating  cycle  then 
commences.  This  step  is  analogous  to  the  second 
step  (in  which  the  bed  12  is  adsorbing  and  the  bed 

36  the  second  flow  restrictor  may  take  the  form  of 
an  orifice  plate  or  a  valve. 

A  reservoir  32  defines  a  buffer  volume  that  is 
typically  larger  than  the  volume  of  either  the  bed 
12  or  the  bed  14.  Accordingly,  by  withdrawing 
product  gas  from  the  reservoir  32  at  an  appropriate 
rate  a  uniform  supply  can  be  ensured.  The  reser- 
voir  32  has  an  outlet  conduit  40  with  a  flow  control 
valve  42  disposed  therein.  The  position  of  the  flow 
control  valve  42  can  be  selected  to  withdraw  nitro- 
gen  product  from  the  reservoir  at  a  chosen  rate. 

There  is  also  an  outlet  conduit  44  for  waste  or 
desorbed  gas.  A  stop  valve  46  is  operable  to  place 
the  bottom  of  the  bed  12  in  communication  with 
the  atmosphere  via  the  conduit  44  or  to  deny  such 
communication.  A  similar  stop  valve  48  is  operable 
to  place  the  bottom  of  the  bed  14  in  communica- 
tion  with  the  atmosphere  via  the  conduit  44  or  to 
deny  such  communication.  There  is  also  a  conduit 
50  which  when  open  places  the  bottom  of  the  bed 
12  in  communication  with  the  bottom  of  the  bed  14. 
A  similar  conduit  52  places  the  top  of  the  bed  12  in 
communication  with  the  top  of  the  bed  14.  A  stop 
valve  54  is  disposed  in  the  conduit  50  and  when 
closed  denies  communication  between  the  two 
beds,  a  similar  stop  valve  56  being  located  in  the 
conduit  52. 

The  valves  16,  18,  22,  24,  46,  48,  54  and  56 
are  all  typically  automatically  operated  in  a  manner 
well  known  in  the  art,  and  the  timing  of  the  opening 
and  closing  of  these  valves  may  be  dictated  by  a 
programmable  valve  controller  60,  again  in  a  man- 
ner  well  known  in  the  art. 

In  operation,  at  the  start  of  a  cycle,  the  bed  12 
is  at  atmospheric  pressure  and  the  bed  14  is  at  its 
maximum  pressure  being  in  communication  with 
the  compressor  4.  The  cycle  starts  with  the  beds 
12  and  14  being  placed  in  communication  with  one 
another  through  the  conduits  50  and  52.  In  this 
ph'ase  of  the  cycle,  valves  16,  18,  22,  24,  46  and 
48  are  all  in  their  closed  positions  and  valves  54 
and  56  are  open.  Since  the  pressure  in  the  bed  14 
is  greater  than  that  in  the  bed  12,  unadsorbed 
nitrogen  enriched  gas  in  the  spaces  between  the 
individual  particles  of  adsorbent  in  the  bed  1  4  flows 
through  conduits  50  and  52  into  the  bed  1  2.  During 
this  first  phase  of  the  cycle  and  all  others,  nitrogen 
product  is  continuously  withdrawn  from  the  reser- 
voir  32  through  the  outlet  pipeline  40.  There  will 
typically  be  fluctuations  in  the  pressure  in  the  res- 
ervoir  32  but  the  reservoir  32  is  preferably  sized 
such  that  such  fluctuation  is  in  delivery  pressure 
relatively  small  and  such  that  average  delivery 
pressure  is  in  the  order  of  or  little  below  the  maxi- 
mum  pressure  that  obtains  during  the  cycle  in  the 
vessels  8  and  10.  For  example,  the  pressure  in  the 
reservoir  28  may  be  in  the  order  of  5  atmospheres 
absolute  and  the  back  pressure  regulator  28  may 
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automatically  in  response  to  pressure  signals  gen- 
erated  by  a  sensor  located  downstream  of  the 
valve  34,  the  arrangement  being  such  that  when 
the  pressure  in  the  reservoir  is  at,  say,  5  at- 

s  mospheres  absolute  or  above  the  valve  remains 
open  but  in  the  event  of  the  pressure  falling  below 
5  atmospheres  absolute  or  above  the  valve  remains 
open  but  in  the  event  of  the  pressure  falling  below 
5  atmospheres  absolute  the  valve  34  closes.  In 

70  addition,  instead  of  employing  a  vessel  as  the 
reservoir  or  buffer  volume  34,  a  sufficient  length  of 
piping  may  be  used  for  this  purpose.  Also  the 
conduit  36  may  have  its  upstream  end  connected 
upstream  of  the  flow  restrictor  30  instead  of  down- 

75  stream  of  this  restrictor  30. 

14  is  being  regenerated)  except  that  in  this  in- 
stance  it  is  the  bed  14  that  adsorbs  oxygen  from 
incoming  compressed  air  while  the  bed  12  is  re- 
generated  by  being  placed  in  communication  with 
the  atmosphere.  At  the  end  of  fourth  and  final  step 
of  the  operating  cycle  the  valves  18,  24  and  46  are 
closed  by  virtue  of  signals  from  the  controller  60 
and  the  valves  54  and  56  are  opened  again  so  that 
the  cycle  can  be  repeated. 

In  operation,  the  purity  of  the  nitrogen  deliv- 
ered  via  the  conduit  20  to  the  reservoir  32  depends 
on  the  pressure  drop  across  the  first  flow  restrictor 
30.  The  greater  the  pressure  drop,  the  greater  is 
the  flow  rate  of  gas  through  the  restrictor  30  and 
the  greater  the  level  of  impurity  in  the  gas.  The 
flow  restrictors  30  and  38  are  sized  such  that  when 
the  at  pressure  regulator  28  is  opened  and  the 
pressure  in  the  reservoir  32  is  at  a  pressure  of  say 
5  atmospheres  absolute  the  nitrogen  product  deliv- 
ered  to  the  reservoir  32  is  of  a  specified  purity  (say 
no  more  than  1  per  cent  by  volume  of  oxygen)  and 
a  specified  rate  (say,  50  standard  cubic  metres  per 
hour).  The  restrictor  38  is  typically  of  a  size  such 
that  when  the  regulator  34  is  open  only  a  small 
portion  of  the  product  nitrogen  gas  flows  through 
the  by-pass  conduit  36.  In  the  event  that  the  de- 
mand  for  nitrogen  product  exceeds  that  specified, 
so  that  the  valve  42  needs  to  be  opened  wider  to 
enable  the  reservoir  32  to  supply  nitrogen  product 
to  meet  the  demand,  the  pressure  in  the  reservoir 
32  will  drop.  In  order  to  prevent  this  pressure  drop 
causing  a  reduction  in  the  purity  of  the  product 
nitrogen,  the  forward  pressure  regulator  34  shuts 
off  when  the  pressure  in  the  reservoir  32  reaches  a 
chosen  value.  Typically,  the  forward  pressure  regu- 
lator  34  may  be  arranged  to  close  in  the  event  that 
the  pressure  in  the  reservoir  32  falls  below  5  at- 
mospheres  absolute.  With  the  regulator  34  closed, 
the  by-pass  conduit  36  is  now  the  only  path  avail- 
able  for  the  nitrogen  product  gas  and  thus  all  the 
gas  will  flow  through  the  flow  restrictor  38  with  the 
result  that  there  is  a  reduction  in  the  flow  rate  to 
the  reservoir  32  thereby  enabling  purity  to  be  main- 
tained.  The  flow  restrictor  38  is  sized  such  that  the 
purity  of  the  product  gas  will  remain  at  or  above 
specification  until  the  pressure  in  the  reservoir  falls 
to  say  1  atmosphere  absolute.  Accordingly,  the 
apparatus  shown  in  the  drawing  is  able  to  continue 
for  at  least  a  short  period  to  supply  nitrogen  of  the 
desired  purity  even  if  product  is  withdrawn  from  the 
reservoir  32  at  greater  than  the  specified  rate. 
Moreover,  the  apparatus  will  continue  to  produce 
its  full  output  even  when  the  buffer  has  fallen  to 
atmoshperic  pressure. 

It  is  not  essential  that  the  valve  means  34  be  a 
forward  pressure  regulator.  In  an  alternative  em- 
bodiment  of  the  invention,  the  valve  34  may  be 
stop  or  on/off  valve  which  is  closed  and  opened 

Claims 

20  1.  Apparatus  for  separating  air  by  pressure 
swing  adsorption,  comprising  at  least  one  vessel 
able  to  be  charged  with  adsorbent,  having  an  outlet 
port  communicating  with  a  product  gas  pipeline 
having  disposed  therein  a  pressure  regulator,  a  first 

25  flow  restrictor  means  downstream  of  the  pressure 
regulator,  a  buffer  volume  downstream  for  the  first 
flow  restrictor  means,  valve  means  or  closing  the 
pipeline  in  the  event  that  the  pressure  in  the  buffer 
volume  falls  below  a  chosen  value,  the  valve 

30  means  being  intermediate  the  first  flow  restrictor 
means  and  the  buffer  volume,  a  by-pass  conduit 
terminating  at  one  end  in  the  pipeline  intermediate 
of  the  pressure  regulator  and  the  valve  means  "and 
at  its  other  end  in  the  buffer  volume  or  in  the 

35  pipeline  intermediate  the  buffer  volume  and  the 
said  valve  means,  the  by-pass  conduit  having  sec- 
ond  flow  restriction  means  disposed  therein. 

2.  Apparatus  as  claimed  in  Claim  1,  in  which 
the  said  valve  means  is  a  forward  pressure  regula- 

40  tor. 
3.  Apparatus  as  claimed  in  Claim  1  in  which 

the  said  valve  means  is  a  stop  valve  which  is 
closed  and  opened  automatically  in  response  to 
pressure  signals  generated  by  a  sensor  located 

45  downstream  thereof. 
4.  Apparatus  as  claimed  in  any  preceding 

claim,  in  which  said  one  end  of  the  by-pass  conduit 
terminates  in  the  pipeline  intermediate  the  first  flow 
restrictor  means  and  the  said  valve  means. 

so  5  Apparatus  as  claimed  in  any  preceding 
claim,  in  which  the  buffer  volume  comprises  a 
vessel. 

6.  Apparatus  as  claimed  in  any  of  Claims  1-4, 
in  which  there  is  a  sufficient  length  of  piping  down- 

55  stream  of  the  said  valve  means  to  act  as  a  buffer 
volume. 
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