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Description 

This  invention  relates  to  a  process  for  separat- 
ing  nitrogen  gas  by  the  pressure  swing  adsorption 
system  (hereinafter  referred  to  as  "PSA  system"). 
More  particularly,  it  relates  to  a  process  for  sepa- 
rating  nitrogen  gas  of  extremely  high  purity  from  a 
raw  material  gas  mixture  predominantly  composed 
of  nitrogen  and  oxygen,  for  example  air,  by  means 
of  an  adsorber  (adsorption  bed)  packed  with  a 
carbon  (carbonaceous)  molecular  sieve  (hereinafter 
referred  to  as  "CMS")  as  an  adsorbent. 

The  process  for  separating  nitrogen  gas  from 
such  a  mixed  gas  by  the  PSA  system  by  utilizing 
the  difference  in  rate  of  adsorption  on  CMS  be- 
tween  oxygen  gas  and  nitrogen  gas  is  already  in 
practical  use.  The  equilibrium  adsorption  of  oxygen 
gas  and  that  of  nitrogen  gas  on  CMS  are  almost 
equal  to  each  other  under  the  same  temperature 
and  pressure  conditions.  Just  after  initiation  of  ad- 
sorption,  however,  these  gases  show  a  remarkable 
difference  in  rate  of  adsorption.  Thus,  oxygen  gas 
and  water  vapor  are  each  adsorbed  on  CMS  almost 
to  the  equilibrium  adsorption  in  about  60  seconds, 
while  nitrogen  gas  and  argon  are  adsorbed  little. 
The  separation  of  nitrogen  gas  by  the  PSA  system 
utilizes  this  characteristic. 

The  purity  of  nitrogen  gas  obtainable  in  prac- 
tical  processes  using  the  PSA  system  is  generally 
said  to  be  at  most  99.0%  in  the  case  of  atmo- 
spheric  pressure  regeneration  and  at  most  99.9% 
in  the  case  of  reduced  pressure  regeneration.  It  is 
regarded  as  difficult  to  separate  nitrogen  gas  with  a 
purity  of  99.9%  or  higher  in  an  economic  manner 
by  said  system.  It  is  a  matter  of  course  that  any 
apparatus  in  which  nitrogen  gas  having  a  high 
purity  of  more  than  99.99%  can  be  obtained  is  not 
known  as  yet. 

Therefore,  in  cases  where  nitrogen  having  a 
higher  purity  is  required,  it  is  a  common  practice  to 
combinedly  use  a  purification  apparatus  for  con- 
verting  the  remaining  0.1  to  1.0%  by  volume  of 
oxygen  to  water  by  reaction  with  hydrogen  gas, 
ammonia  or  the  like  in  the  presence  of  a  catalyst 
and  removing  the  resulting  water,  or  for  removing 
such  oxygen  by  contacting  with  a  reducing  metal. 
In  operating  such  purification  apparatus,  however,  a 
highly  dangerous  gas  is  used  for  reaction  or  regen- 
eration,  as  mentioned  above.  In  addition,  there  re- 
main  many  problems,  such  as  contamination  with 
unreacted  gases,  and  marked  increases  in  cost  of 
equipment  and  cost  of  operation. 

On  the  other  hand,  the  prior  art  processes  for 
producing  high-purity  nitrogen,  typically  the  low 
temperature  separation  process,  generally  require  a 
large-scale  equipment,  hence  a  large  amount  of 
investment.  Accordingly,  the  site  for  plant  construc- 
tion  is  limited,  and  the  cost  of  transportation  to 

sites  of  consumption  increases.  For  these  reasons, 
the  cost  of  nitrogen  gas  becomes  very  high. 

As  mentioned  above,  the  separation  of  nitrogen 
gas  by  the  PSA  system  is  advantageous  in  that 

5  nitrogen  gas  can  be  readily  obtained  at  low  cost 
and  by  relatively  simple  mechanisms  but  the  prod- 
uct  nitrogen  gas  has  a  limited  range  of  applications 
because  of  its  low  purity.  The  purity  may  be  in- 
creased  by  addition  of  a  purification  apparatus,  but 

io  with  many  demerits,  as  mentioned  above. 
DE  33  38  494  A1  discloses  an  adsorption  pro- 

cess  using  a  PSA  system  wherein  subsequent  to 
an  adsorption  phase  the  pressure  in  the  adsorber  is 
equalized  via  three  pressure  equalizing  lines  to  an 

75  adsorber  in  which  the  regeneration  is  complete  in 
such  way  that  the  respective  inlet,  outlet  and  mid- 
dle  portions  of  the  adsorbers  used  are  connected 
to  each  other. 

EP  0  121  042  A3  discloses  a  PSA  process  for 
20  the  separation  of  nitrogen  gas  from  pressurized  air 

utilizing  two  adsorbers  packed  with  CMS,  and  op- 
erable  under  the  pressure  swing  adsorption  sys- 
tem,  which  comprises  the  steps  of: 

a)  carrying  out  of  the  transfer  of  the  gas  under 
25  pressure  remaining  in  an  adsorber  A  in  which 

the  adsorption  step  is  complete  to  an  adsorber 
B  in  which  the  regeneration  step  under  reduced 
pressure  is  complete  through  a  piping  connect- 
ing  the  raw  material  gas  inlet  of  adsorber  A  to 

30  that  of  adsorber  B  and  simultaneously  through  a 
piping  connecting  the  product  nitrogen  outlet  of 
adsorber  A  to  that  of  adsorber  B  under  reduced 
pressure  and  discontinuing  the  transfer  before 
both  adsorbers  are  equalized  in  pressure, 

35  b)  pressurizing  adsorber  B  and  starting  the  ad- 
sorption  step  by  introducing  the  raw  material 
gas  mixture  into  adsorber  B,  and 
c)  carrying  out  the  regeneration  step  in  adsorber 
A,  following  the  discontinuation  of  adsorber-to- 

40  adsorber  gas  transfer  in  step  a),  by  releasing  the 
gas  remaining  in  said  adsorber  into  the  atmo- 
sphere  to  the  neighborhood  of  atmospheric 
pressure  followed  by  evacuation 

the  adsorption  and  regeneration  steps  being 
45  alternately  repeated  in  adsorbers  A  and  B 

Accordingly,  a  gas  supply  source  which  can 
produce  high-purity  nitrogen  gas  while  retaining  the 
advantageous  features  of  the  PSA  system  has 
been  highly  demanded  in  the  fields  of  chemical 

50  industry,  food  industry,  semiconductor  industry  and 
metal  heat  treatment  industry,  among  others. 

It  is  an  object  of  the  invention  to  provide  a 
process  for  producing  nitrogen  gas,  which  is  higher 
in  purity  than  the  prior  art  products  obtained  by  the 

55  PSA  system,  from  a  gas  mixture  predominantly 
composed  of  nitrogen  gas  and  oxygen  gas  by  the 
PSA  system  using  a  carbon  molecular  sieve  (CMS) 
as  the  adsorbent. 

2 
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This  object  is  achieved  by  a  process  as  de- 
fined  in  the  patent  claim  1  . 

In  this  way,  more  than  99.99%  pure  nitrogen 
gas,  which  has  never  been  obtained  by  the  PSA 
system,  can  be  separated  in  an  economic  manner. 

Fig.  1  is  a  schematic  representation  of  an  ap- 
paratus  for  nitrogen  gas  separation  by  the  PSA 
system  in  which  adsorber  regeneration  is  carried 
out  by  means  of  a  vacuum  pump. 

A  PSA  system  to  which  the  present  invention  is 
applicable  comprises  the  following  constituent 
members:  a  plurality  of  adsorbers  each  packed 
with  a  carbon  molecular  sieve,  a  product  stock  tank 
for  storing  nitrogen  gas  separated,  a  vacuum 
pump,  and  pipelines  and  valves  for  connecting 
these  members. 

A  pressurized  gas  mixture  predominantly  com- 
posed  of  nitrogen  gas  and  oxygen  gas,  for  example 
air,  enters  one  adsorber,  where  oxygen  gas,  water 
vapor  and  the  like  are  adsorbed,  and  the  unadsor- 
bed  components,  such  as  nitrogen  gas  and  argon, 
pass  through  the  adsorber  and  enter  the  product 
stock  tank  and  are  further  used  for  various  pur- 
poses.  The  raw  material  gas  supply  is  switched 
from  one  adsorber  to  another  at  certain  time  inter- 
vals,  so  that  nitrogen  gas  can  be  obtained  almost 
continuously.  The  gas  in  the  adsorber  in  which  the 
adsorption  is  complete  is  depressurized  by  dis- 
charge  into  the  atmosphere  or  the  adsorber  is 
further  evacuated  by  means  of  a  vacuum  pump, 
whereby  the  gases  adsorbed  are  desorbed  and  the 
carbon  molecular  sieve  is  regenerated.  Generally, 
prior  to  gas  release  into  the  atmosphere,  the  gas 
remaining  in  the  adsorber  and  having  a  high  nitro- 
gen  gas  concentration  is  transferred  to  another 
adsorber  in  which  the  regeneration  is  complete.  For 
this  purpose,  said  adsorbers  are  brought  into  si- 
multaneous  communication  of  the  product  nitrogen 
outlet  of  the  one  adsorber  with  that  of  the  other 
(hereinafter  referred  to  as  "upper  communication") 
and  of  the  raw  material  gas  inlet  of  the  one  adsor- 
ber  with  that  of  the  other  (hereinafter  referred  to  as 
"lower  communication").  Since  the  gas  transfer  is 
generally  carried  out  until  the  pressures  in  both 
adsorbers  become  equal  to  each  other,  this  proce- 
dure  is  referred  to  as  equalization.  The  prior  art 
process  which  gives  nitrogen  gas  having  a  maxi- 
mum  purity  involves  pressure  equalization  by  con- 
necting  the  adsorber  inlets  to  each  other  and  the 
adsorber  outlets  to  each  other.  In  that  case,  a 
decrease  in  space  velocity  results  in  a  decrease  in 
oxygen  concentration  in  nitrogen  gas  but  there  is  a 
certain  limit  to  the  decrease  in  said  oxygen  con- 
centration;  the  purity  of  nitrogen  gas  cannot  reach 
more  than  99.99%. 

The  present  inventors  made  intensive  inves- 
tigations  into  the  relationship  between  the  nitrogen 
gas  purity  and  the  combination  of  various  con- 

ditions  in  a  process  comprising  discontinuing  the 
gas  transfer  before  the  inside  pressures  in  both 
adsorbers  become  equalized  while  varying  the  ratio 
between  the  gas  transfer  flow  rates  on  the  inlet  and 

5  outlet  sides  and,  as  a  result,  found  that  nitrogen 
gas  products  having  remarkably  high  purity  can  be 
obtained  within  a  certain  specific  range  of  combina- 
tion  of  such  conditions.  The  present  invention  has 
been  completed  on  the  basis  of  this  finding. 

io  By  the  way,  such  operation  as  varying  the  ratio 
between  the  gas  transfer  flow  rates  on  the  inlet  and 
outlet  sides  has  never  been  known  at  all  in  the 
prior  art  processes  for  separating  nitrogen  gas  by 
PSA. 

is  The  present  invention  provides  a  process  for 
separating  at  least  99.99%  pure  nitrogen  gas  from 
a  pressurized  raw  material  gas  mixture  containing 
more  than  78%  of  nitrogen  gas  by  volume,  oxygen 
and  small  amounts  of  other  gases  by  the  PSA 

20  system  as  mentioned  hereinabove,  which  com- 
prises  the  steps  of: 

a)  bringing  the  adsorber  A  in  which  the  adsorp- 
tion  step  is  complete  and  the  adsorber  B  in 
which  the  regeneration  step  under  reduced 

25  pressure  is  complete  into  upper  communication 
and  lower  communication  simultaneously  to 
thereby  cause  gas  transfer  from  adsorber  A 
under  pressure  to  adsorber  B  under  reduced 
pressure  and  discontinuing  the  gas  transfer  be- 

30  fore  both  adsorbers  are  equalized  in  pressure, 
wherein  the  flow  rate  of  gas  transfer  on  the  raw 
material  gas  inlet  communication  side  is  within 
the  range  of  from  about  3  to  about  30%  of  the 
flow  rate  of  gas  transfer  on  the  product  nitrogen 

35  outlet  communication  side 
b)  then  bringing  the  product  nitrogen  outlet  of 
adsorber  B  into  communication  with  the  inlet  of 
a  product  tank  to  thereby  cause  back  flow  of 
product  nitrogen  into  adsorber  B  and,  when  the 

40  gage  pressure  in  adsorber  B  has  arrived  at 
about  50%  or  more  of  the  maximum  gage  pres- 
sure  during  the  adsorption  step,  starting  the 
adsorption  step  by  introducing  the  raw  material 
gas  mixture  into  adsorber  B,  and 

45  c)  carrying  out  the  regeneration  step  in  adsorber 
A,  following  the  discontinuation  of  adsorber-to- 
adsorber  gas  transfer  in  step  a),  by  releasing  the 
gas  remaining  in  said  adsorber  into  the  atmo- 
sphere  to  the  neighborhood  of  atmospheric 

50  pressure  followed  by  evacuation  to  about  19998 
Pa  (150  torr)  or  below  by  means  of  a  vacuum 
pump, 

the  adsorption  and  regeneration  steps  being 
alternately  repeated  in  adsorbers  A  and  B,  the 

55  time  required  for  said  regeneration  step  and  for 
said  adsorption  step  inclusive  of  the  product 
nitrogen  back  flow  process  being  each  within 
the  range  of  about  90  seconds  to  about  180 
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seconds. 
Referring  to  Fig.  1,  the  invention  is  now  de- 

scribed  in  further  detail. 
The  pressurized  raw  material  gas  mixture  en- 

ters  adsorber  1  (adsorber  A)  via  valve  5.  Oxygen 
and  other  components  to  be  removed  are  adsorbed 
on  a  CMS  packed  in  the  adsorber,  and  the  thus- 
separated  product  nitrogen  enters  product  tank  3 
via  valve  9  and  is  stored  temporarily  in  said  tank 
and  then  consumed.  The  pressure  in  said  adsorber 
influences  the  purity  of  product  nitrogen. 

The  results  of  experiments  made  by  the 
present  inventors  revealed  that,  for  the  process  to 
be  practical,  said  pressure  should  reach  at  least 
about  5.88  bar  (5  kg/cm2  (G))  and  that  the  effect  of 
the  pressure  is  little  in  the  range  of  10.78  bar  10 
kg/cm2  (G))  and  higher.  Therefore,  the  range  of 
6.86-10.78  bar  (6-10  kg/cm2(G))  is  preferable.  Fur- 
thermore,  fluctuations  of  the  pressure  of  the  feed 
mixture  gas  should  be  avoided  as  far  as  possible. 

In  particular  in  the  separation  of  high  purity  (at 
least  99.99%  pure)  nitrogen,  desorption,  in  small 
quantities,  of  oxygen  and  other  components  ad- 
sorbed  on  CMS,  insufficient  adsorptive  separation 
due  to  the  pressure  difference  within  the  adsorber 
and  contamination  with  the  low  purity  nitrogen  re- 
maining  in  the  adsorber  are  crucial  inhibitory  fac- 
tors. 

For  reducing  the  quantity  of  raw  material  gas 
as  required  per  unit  quantity  of  product  nitrogen, 
the  adsorber  1  (adsorber  A)  in  which  the  adsorption 
step  is  complete  and  the  adsorber  2  (adsorber  B) 
in  which  the  reduced  pressure  regeneration  step  is 
complete  are  brought  into  upper  communication 
and  at  the  same  time  into  lower  communication  by 
opening  valves  11  and  12  following  closure  of 
valves  5  and  9  and  the  gas  remaining  in  adsorber  1 
(adsorber  A)  under  elevated  pressure  and  having  a 
high  nitrogen  content  is  thus  caused  to  migrate  into 
adsorber  2  (adsorber  B)  under  reduced  pressure. 

The  present  inventors  investigated  the  influ- 
ences  of  various  means  of  pressure  equalization, 
such  as  upper  equalization,  lower  equalization,  up- 
per  and  lower  equalization,  and  serial  equalization, 
on  the  purity  of  product  nitrogen  and,  as  a  result,  it 
was  found  that  the  nitrogen  purity  is  lowest  in  the 
case  of  serial  equalization,  next  lowest  in  the  case 
of  lower  equalization,  and  increases  in  the  order  of 
upper  equalization  and  upper  and  lower  equaliza- 
tion.  The  term  "serial  equalization"  as  used  herein 
means  a  gas  transfer  procedure  which  comprises 
bringing  the  product  gas  outlet  of  the  adsorber  in 
which  the  adsorption  step  is  complete  into  commu- 
nication  with  the  raw  material  gas  inlet  of  the  adsor- 
ber  in  which  the  regeneration  step  is  complete. 
Furthermore,  it  was  found  that,  in  upper  and  lower 
equalization,  there  is  a  region  in  which  highest 
nitrogen  purities  can  be  obtained  by  adjusting  the 

equalization  conditions  such  that  the  gas  transfer  is 
discontinued  before  adsorbers  are  equalized  in 
pressure  and  the  rate  of  flow  of  the  gas  migrating 
through  the  upper  communication  portion  is  higher 

5  than  that  of  the  gas  migrating  through  the  lower 
communication  portion. 

In  this  procedure,  it  is  necessary  that  the  gas 
flow  rate  in  the  lower  communication  portion  is 
within  the  range  of  about  3  to  about  30%  of  the  gas 

io  flow  rate  in  the  upper  communication  portion  and 
the  orifices  15  and  16  serve  to  adjust  these  flow 
rates. 

This  gas  transfer  must  be  discontinued  before 
attainment  of  pressure  equalization  of  both  adsor- 

15  bers.  The  reasons  are  not  yet  certain  but  it  is 
presumable  that  the  desorption  of  components  ad- 
sorbed  on  CMS  increases  rapidly  after  pressure 
equalization.  Valves  11  and  12  are  closed  and  the 
gas  transfer  is  thus  discontinued  when  the  absolute 

20  pressure  ratio  between  the  adsorber  2  (B),  which  is 
the  gas  receiving  side,  and  the  adsorber  1  (A), 
which  is  the  gas  supplying  side,  has  arrived  at  a 
value  within  the  range  of  0.10  to  0.70,  preferably 
0.15  to  0.40.  The  diameters  of  orifices  11  and  12 

25  are  adjusted  so  that  the  time  required  for  said  gas 
transfer  can  be  within  2  seconds. 

Then,  the  valve  10  is  opened  and  product 
nitrogen  is  thus  allowed  to  flow  back  from  product 
tank  3  to  adsorber  2  (B).  Such  flow  back  procedure 

30  has  been  used  in  the  art  for  the  purpose  of  rinsing 
low  purity  nitrogen  retained  in  the  piping  in  the 
upper  communication  portion  after  pressure  equal- 
ization  of  both  adsorbers.  The  quantity  of  back  flow 
is  not  so  large,  however,  since  large  quantities 

35  cause  pressure  fluctuations  in  the  product  tank.  In 
the  art,  the  flow  back  procedure  is  carried  out 
simultaneously  with  raw  material  gas  mixture  feed- 
ing. 

In  accordance  with  the  invention,  the  flow  back 
40  procedure  is  performed  for  the  purpose  of  inhibit- 

ing  formation  of  insufficiently  separated  nitrogen 
gas  due  to  a  great  difference  between  the  adsorber 
inside  pressure  and  the  pressure  of  raw  material 
gas  mixture  in  the  initial  phase  of  adsorption  proce- 

45  dure  rather  than  for  the  purpose  of  rinsing.  There- 
fore,  it  is  when,  as  a  result  of  the  back  flow  proce- 
dure,  the  gage  pressure  within  adsorber  2  (B)  has 
arrived  at  a  level  of  about  50%  or  more,  preferably 
70%  or  more,  of  the  maximum  attainable  gage 

50  pressure  in  the  adsorption  step  that  the  adsorption 
procedure  is  started  by  opening  the  valve  7  and 
feeding  the  raw  material  gas  mixture  to  adsorber  2 
(B). 

The  capacity  of  product  tank  3  should  prefer- 
55  ably  be  selected  such  that  the  gage  pressure  in 

product  tank  3  can  be  maintained  at  a  level  not 
lower  than  about  70%,  more  preferably  not  lower 
than  80%,  of  the  maximum  gage  pressure  attain- 

4 
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able  in  the  adsorber  in  the  adsorption  step  even 
during  the  period  of  outflow  of  product  nitrogen  gas 
for  consumption  at  a  constant  rate  and  simulta- 
neous  back  flow  to  adsorber  2  (B). 

On  the  other  hand,  the  regeneration  of  adsor- 
ber  1  (A)  is  carried  out  until  the  adsorption  step  in 
adsorber  2  (B)  is  completed,  by  opening  the  valves 
6  and  13  following  discontinuation  of  the  adsorber- 
to-adsorber  gas  transfer,  thus  releasing  the  gas 
adsorbed  and  the  gas  remaining  in  said  adsorber 
into  the  atmosphere  until  a  pressure  close  to  at- 
mospheric  pressure,  then  closing  the  valve  13, 
opening  the  valve  14  and  evacuating  said  adsorber 
to  a  level  within  the  range  of  about  0.2  bar  (150 
torr)  and  below,  preferably  0.07-0.14  bar  (50-100 
torr),  by  means  of  vacuum  pump  4.  Thereafter,  the 
adsorption  and  regeneration  steps  are  repeated 
alternately  in  adsorber  1  (A)  and  adsorber  2  (B)  in 
180°  phase  shifts.  The  optimum  period  for  said 
regeneration  procedure  or  for  the  adsorption  proce- 
dure  inclusive  of  the  product  nitrogen  gas  flow 
back  process,  namely  the  optimum  half-cycle  pe- 
riod,  is  within  the  range  of  about  90  to  about  180 
seconds  as  compared  with  60-90  seconds  in  the 
case  of  prior  art  processes  for  producing  99.0- 
99.9%  pure  nitrogen  using  the  same  CMS. 

The  space  velocity  is  an  important  dynamic 
index  indicative  of  the  efficiency  of  a  nitrogen  gas 
separation  system  based  on  PSA. 

The  space  velocity  is  defined  as  the  flow  rate 
of  product  nitrogen  (measured  at  standard  con- 
ditions)  per  minute  per  unit  volume  of  CMS  under 
constant  adsorption  procedure,  namely  of  CMS 
packed  in  one  adsorber  in  the  case  of  the  present 
invention.  The  performance  characteristics  of  CMS 
itself  has  an  influence  on  this  characteristic. 

When  the  space  velocity  has  a  small  value,  the 
capacity  required  of  the  adsorber  is  great  and, 
accordingly,  the  quantity  of  raw  material  gas  mix- 
ture  per  unit  quantity  of  product  nitrogen  increases 
because  of  an  increase  in  quantity  of  gas  released 
into  the  atmosphere,  among  others.  The  effect  is 
not  confined  to  the  adsorber  but  extends  to  the 
compressor  for  raw  material  gas  mixture,  the  vacu- 
um  pump  and  so  forth,  making  the  whole  equip- 
ment  large-scaled  and  causing  the  cost  of  opera- 
tion,  in  particular  the  electric  fee,  to  increase.  Thus 
the  above  situation  becomes  a  fatal  inhibitory  factor 
to  practical  use  of  the  process. 

In  the  process  according  to  the  invention,  it  is 
premised  that  the  space  velocity  should  be  not  less 
than  about  0.6  min-1,  preferably  not  less  than  1.2 
min-1.  Thus  it  is  possible  to  install  an  equipment 
having  a  capacity  of  1  to  1  ,000  Nm3/hr  on  any  site 
demanding  nitrogen  and  to  supply  high  purity  (at 
least  99.99%  pure)  nitrogen  at  low  cost. 

The  following  examples  merely  illustrate  the 
present  invention. 

EXAMPLE  1 

A  PSA-based  nitrogen  gas  separation  appara- 
tus  as  shown  was  used.  Each  adsorber  was  packed 

5  with  a  CMS  showing  an  oxygen  adsorption  of  7.7 
cm3/g  in  equilibrium  at  25  °C  and  one  atmosphere 
and  an  oxygen/nitrogen  adsorption  ratio  of  8.44  as 
measured  after  60  seconds  of  adsorption. 

Air  pressurized  to  9.31  bar  (8.5  kg/cm2  (G)) 
io  was  used  as  the  raw  material  and  the  half-cycle 

period  for  adsorption  or  regeneration  was  120  sec- 
onds.  The  minimum  pressure  attained  in  the  regen- 
eration  step  was  10665.6  Pa  (80  torr).  The  gas 
transfer  from  the  adsorber  in  which  the  adsorption 

is  step  was  complete  to  the  adsorber  in  which  the 
reduced  pressure  regeneration  step  was  complete 
was  carried  out  while  the  flow  rate  through  the 
lower  communication  was  adjusted  to  6%  of  the 
flow  rate  through  the  upper  communication.  The 

20  gas  transfer  was  discontinued  when  the  ratio  of  the 
absolute  pressure  in  the  gas  receiving  side  adsor- 
ber  to  that  in  the  gas  supplying  side  adsorber 
became  0.25.  The  time  required  for  this  gas  trans- 
fer  was  1  .2  seconds. 

25  Then,  product  nitrogen  was  caused  to  flow 
back  from  the  product  tank  to  said  receiving  side 
adsorber  for  0.2  second  and,  when  the  pressure  in 
said  adsorber  arrived  at  85%  of  the  maximum  gage 
pressure  attained  in  the  adsorption  step,  the  feed- 

30  ing  of  raw  material  pressurized  air  was  started. 
Even  in  the  flow  back  step  during  which  prod- 

uct  nitrogen  was  supplied  to  an  external  equipment 
continued  at  a  rate  of  10  Nm3/h,  the  pressure  in  the 
product  tank  could  be  maintained  at  levels  not 

35  lower  than  85%  of  the  maximum  gage  pressure 
attained  in  the  adsorber  under  adsorption  proce- 
dure.  The  capacity  of  the  product  tank  used  was  4 
times  that  of  the  adsorbers. 

As  for  the  quality  of  the  product  nitrogen  ob- 
40  tained  in  this  example,  a  residual  oxygen  con- 

centration  of  73  ppm  and  a  dew  point  at  atmo- 
spheric  pressure  of  -70  °  C  or  below  were  obtained 
constantly  at  a  space  velocity  of  1.5  min-1. 

When  the  rate  of  supply  from  product  tank  to 
45  external  equipment  was  reduced  to  5  Nm3/h,  the 

residual  oxygen  concentration  in  product  nitrogen 
decreased  to  5.7  ppm. 

COMPARATIVE  EXAMPLE  1 
50 

A  PSA-based  nitrogen  gas  separation  appara- 
tus  comprising  two  adsorbers  packed  with  CMS  as 
shown  in  Fig.  1  was  used  and  nitrogen  was  sepa- 
rated  from  air  pressurized  to  7.84  bar  (7  kg/cm2 

55  (G))  by  performing  alternately  the  adsorption  proce- 
dure  and  the  regeneration  procedure  under  a  re- 
duced  pressure  of  10665.6  Pa  (80  torr)(minimum 
achievable  value).  The  half-cycle  period  was  100 

5 
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seconds. 
The  flow  rate  ratio  in  the  gas  transfer  between 

the  adsorber  in  which  the  adsorption  step  was 
complete  and  the  adsorber  in  which  the  regenera- 
tion  step  was  complete  was  equal.  The  adsorber- 
to-adsorber  gas  transfer  was  discontinued  when  the 
absolute  pressure  ratio  of  the  gas  in  receiving 
adsorber  to  supplying  side  adsorber  was  0.42.  The 
product  nitrogen  qualities  (in  terms  of  residual  oxy- 
gen  concentration  in  ppm  obtained  in  this  proce- 
dure  was  870  ppm. 

The  raw  material  air  was  fed  at  a  rate  such  that 
the  sum  total  of  the  quantity  of  gas  transferred  in 
the  above  manner  and  the  quantity  of  product 
nitrogen  caused  to  flow  back  from  the  product  tank 
into  the  gas-receiving  side  adsorber  corresponded 
to  80%  of  the  whole  gas  quantity  in  said  adsorber 
corresponding  to  the  maximum  pressure  in  the 
adsorber.  The  product  tank  capacity  was  such  that 
the  gage  pressure  in  the  tank  could  be  always 
maintained  at  levels  not  lower  than  85%  of  the 
maximum  pressure  in  each  adsorber.  Other  basic 
conditions  were  the  same  as  in  Example  1  . 

Claims 

1.  A  process  for  separating  at  least  99,99%  pure 
nitrogen  gas  from  a  pressurized  gas  mixture 
containing  more  than  78%  of  nitrogen  gas  by 
volume,  oxygen  and  small  amounts  of  other 
gases  in  a  nitrogen  gas  separation  apparatus 
comprising  two  adsorbers  packed  with  a  car- 
bon  molecular  sieve  and  operable  under  the 
pressure  swing  adsorption  system,  which  com- 
prises  the  steps  of: 

a)  carrying  out  of  the  transfer  of  the  gas 
under  pressure  remaining  in  an  adsorber  A 
in  which  the  adsorption  step  is  complete  to 
an  adsorber  B  in  which  the  regeneration 
step  under  reduced  pressure  is  complete 
through  a  piping  connecting  the  raw  ma- 
terial  gas  inlet  of  adsorber  A  to  that  of 
adsorber  B  and  simultaneously  through  a 
piping  connecting  the  product  nitrogen  out- 
let  of  adsorber  A  to  that  of  adsorber  B 
under  reduced  pressure  and  discontinuing 
the  transfer  before  both  adsorbers  are 
equalized  in  pressure,  wherein  the  flow  rate 
of  gas  transfer  on  the  raw  material  gas  inlet 
communication  side  is  within  the  range  of 
from  about  3  to  about  30%  of  the  flow  rate 
of  gas  transfer  on  the  product  nitrogen  out- 
let  communication  side 
b)  then  bringing  the  product  nitrogen  outlet 
of  adsorber  B  into  communication  with  the 
inlet  of  a  product  tank  to  thereby  cause 
back  flow  of  product  nitrogen  into  adsorber 
B  and,  when  the  gage  pressure  in  adsorber 

B  has  arrived  at  about  50%  or  more  of  the 
maximum  gage  pressure  during  the  adsorp- 
tion  step,  starting  the  adsorption  step  by 
introducing  the  raw  material  gas  mixture 

5  into  adsorber  B,  and 
c)  carrying  out  the  regeneration  step  in  ad- 
sorber  A,  following  the  discontinuation  of 
adsorber-to-adsorber  gas  transfer  in  step  a), 
by  releasing  the  gas  remaining  in  said  ad- 

io  sorber  into  the  atmosphere  to  the  neighbor- 
hood  of  atmospheric  pressure  followed  by 
evacuation  to  about  19998  Pa  (150  torr)  or 
below  by  means  of  a  vacuum  pump, 

the  adsorption  and  regeneration  steps 
is  being  alternately  repeated  in  adsorbers  A 

and  B,  the  time  required  for  said  regenera- 
tion  step  and  for  said  adsorption  step  inclu- 
sive  of  the  product  nitrogen  back  flow  pro- 
cess  being  each  within  the  range  of  about 

20  90  seconds  to  about  180  seconds. 

2.  A  process  for  separating  nitrogen  gas  as 
claimed  in  Claim  1,  wherein  the  gas  transfer 
from  adsorber  A  to  adsorber  B  in  step  a)  is 

25  discontinued  when  the  ratio  of  the  absolute 
pressure  in  the  gas  receiving  side  adsorber  B 
to  the  absolute  pressure  in  the  supplying  side 
adsorber  A,  has  arrived  at  the  range  of  about 
0.10  to  about  0.70. 

30 
3.  A  process  for  separating  nitrogen  gas  as 

claimed  in  Claim  1  or  2,  wherein  the  period  for 
the  gas  transfer  from  adsorber  A  to  adsorber  B 
is  not  longer  than  2  seconds. 

35 
4.  A  process  for  separating  nitrogen  gas  as 

claimed  in  Claim  1,  2  or  3,  wherein  the  maxi- 
mum  pressure  attained  in  the  step  of  adsorp- 
tion  and  separation  of  the  raw  material  gas 

40  mixture  is  at  least  about  5.88  bar  (5  kg/cm2(G)- 
)■ 

5.  A  process  for  separating  nitrogen  gas  as 
claimed  in  Claim  1,  2,  3  or  4,  wherein  the 

45  space  velocity  is  at  least  0.6  min-1. 

Patentanspruche 

1.  Verfahren  zur  Abtrennung  von  mindestens  99,9 
50  %  reinem  Stickstoffgas  von  einem  sich  unter 

Druck  befindlichen  Gasgemisch,  das  mehr  als 
78  %  Stickstoffgas,  bezogen  auf  das  Volumen, 
Sauerstoff  und  geringe  Mengen  anderer  Gase 
enthalt,  in  einem  Stickstoffgasabtrennapparat, 

55  umfassend  zwei  Adsorber,  die  mit  einem  Koh- 
lenstoffmolekularsieb  gepackt  sind,  und  unter 
dem  Druckwechseladsorptionssystem  (pressu- 
re  swing  adsorption  system)  betriebsfahig  sind, 

6 
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das  die  Schritte  umfaBt: 
a)  Durchfuhrung  des  Transfers  des  Gases 
unter  Druck,  das  in  einem  Adsorber  A  ver- 
bleibt,  in  dem  der  Adsorptionsschritt  abge- 
schlossen  ist,  in  einen  Adsorber  B,  in  dem  5 
der  Regenerationsschritt  unter  reduziertem 
Druck  abgeschlossen  ist,  durch  eine  Rohr- 
leitung,  die  den  Rohmaterial-GaseinlaB  des 
Adsorbers  A  mit  dem  des  Adsorbers  B  ver- 
bindet,  und  gleichzeitig  durch  eine  Rohrlei-  10 
tung,  die  den  AuslaB  fur  den  Produktstick- 
stoff  des  Adsorbers  A  mit  dem  des  Adsor- 
bers  B  unter  reduziertem  Druck  verbindet, 
und  Unterbrechen  des  Transfers  bevor  der 
Druck  in  beiden  Adsorbern  abgeglichen  ist,  is 
wobei  die  FlieBgeschwindigkeit  des  Gases 
beim  Transfer  auf  der  Verbindungsseite  des 
Rohmaterialgaseinlasses  im  Bereich  von 
etwa  3  bis  etwa  30  %  der  FlieBgeschwindig- 
keit  des  Gases  beim  Transfer  auf  der  Ver-  20 
bindungsseite  des  Auslasses  fur  den  Pro- 
duktstickstoff  liegt, 
b)  dann  Verbinden  des  Auslasses  fur  den 
Produktstickstoff  des  Adsorbers  B  mit  dem 
EinlaB  eines  Produkttanks,  urn  dadurch  ei-  25 
nen  RtickfluB  des  Produktstickstoffs  in  den 
Adsorber  B  zu  verursachen,  und,  wenn  der 
Manometerdruck  in  dem  Adsorber  B  etwa 
50  %  oder  mehr  des  maximalen  Manome- 
terdrucks  wahrend  des  Adsorptionsschritts  30 
erreicht  hat,  Starten  des  Adsorptionsschritts 
durch  Einfuhrung  des  Rohmaterialgasgemi- 
sches  in  den  Adsorber  B  und 
c)  Durchfuhrung  des  Regenerationsschritts 
in  Adsorber  A,  anschlieBend  an  die  Unter-  35 
brechung  des  Adsorber-zu-Adsorber-Ga- 
stransfers  in  Schritt  a),  durch  Freisetzen  des 
Gases,  das  in  dem  Adsorber  verbleibt,  in 
die  Atmosphare  in  die  Nahe  von  Atmospha- 
rendruck,  gefolgt  von  der  Evakuierung  auf  40 
etwa  19998  Pa  (150  Torr)  oder  niedriger 
mittels  einer  Vakuumpumpe, 

wobei  die  Adsorptions-  und  Regenerations- 
schritte  in  Adsorber  A  und  B  abwechselnd 
wiederholt  werden  und  wobei  die  fur  den  Re-  45 
generationsschritt  und  den  Adsorptionsschritt, 
einschlieBlich  des  RuckfluBvorgangs  des  Pro- 
duktstickstoffs  benotigte  Zeit  jeweils  im  Be- 
reich  von  etwa  90  Sekunden  bis  etwa  180 
Sekunden  liegt.  so 

2.  Verfahren  zur  Abtrennung  von  Stickstoffgas 
nach  Anspruch  1,  wobei  der  Gastransfer  von 
Adsorber  A  nach  Adsorber  B  in  Schritt  a)  un- 
terbrochen  wird,  wenn  das  Verhaltnis  des  ab-  55 
soluten  Drucks  auf  der  gasaufnehmenden  Sei- 
te  des  Adsorbers  B  zum  absoluten  Druck  auf 
der  Zuleitungsseite  des  Adsorbers  A  den  Be- 

reich  von  etwa  0,10  bis  etwa  0,70  erreicht  hat. 

3.  Verfahren  zur  Abtrennung  von  Stickstoffgas 
nach  Anspruch  1  oder  2,  wobei  die  Zeitdauer 
des  Gastransfers  von  Adsorber  A  nach  Adsor- 
ber  B  nicht  langer  als  2  Sekunden  betragt. 

4.  Verfahren  zur  Abtrennung  von  Stickstoffgas 
nach  Anspruch  1,  2  oder  3,  wobei  der  Maxi- 
maldruck,  der  im  Schritt  der  Adsorption  und 
Trennung  des  Rohmaterialgasgemisches  er- 
reicht  wird,  mindestens  etwa  5,88  bar  (5 
kg/cm2  (G))  betragt. 

5.  Verfahren  zur  Abrennung  von  Stickstoffgas 
nach  Anspruch  1,  2,  3  oder  4,  wobei  die 
Raumgeschwindigkeit  mindestens  0,6  min-1 
betragt. 

Revendicatlons 

1.  Procede  pour  la  separation  d'au  moins  99,99 
%  de  gaz  d'azote  pur  a  partir  d'un  melange 
gazeux  sous  pression  contenant  plus  de  78  % 
de  gaz  d'azote  en  volume,  d'oxygene  et  de 
petites  quantites  d'autres  gaz  dans  un  appareil 
de  separation  de  gaz  d'azote  comprenant  deux 
absorbeurs  garnis  d'un  tamis  moleculaire  au 
carbone  et  pouvant  fonctionner  sous  le  syste- 
me  d'adsorption  a  variation  de  pression  qui 
comprend  les  etapes  consistant  a  : 

a)  effectuer  le  transfert  du  gaz  sous  pres- 
sion  restant  dans  un  adsorbeur  A  dans  le- 
quel  I'etape  d'adsorption  est  achevee  a  un 
adsorbeur  B  dans  lequel  I'etape  de  regene- 
ration  sous  pression  reduite  est  achevee  par 
une  tuyauterie  reliant  I'entree  des  gaz  de 
matiere  premiere  de  I'adsorbeur  A  a  I'ad- 
sorbeur  B  et  simultanement  par  une  condui- 
te  reliant  la  sortie  d'azote  du  produit  de 
I'adsorbeur  A  a  celle  de  I'adsorbeur  B  sous 
pression  reduite  et  interrompre  le  transfert 
avant  que  les  deux  adsorbeurs  n'aient  egali- 
se  leur  pression,  le  debit  de  transfert  de  gaz 
sur  le  cote  communication  d'entree  de  gaz 
de  matiere  premiere  se  situant  dans  la  pla- 
ge  d'environ  3  a  environ  30  %  du  debit  du 
transfert  de  gaz  sur  le  cote  de  communica- 
tion  de  sortie  d'azote  de  produit, 
b)  puis  mettre  la  sortie  d'azote  de  produit 
de  I'adsorbeur  B  en  communication  avec 
I'entree  d'une  cuve  de  produit  pour  provo- 
quer  ainsi  le  reflux  de  I'azote  de  produit 
dans  I'adsorbeur  B,  et  lorsque  la  pression 
manometre  dans  I'adsorbeur  B  atteint  envi- 
ron  50  %  ou  davantage  de  la  pression  ma- 
nometre  maximum  pendant  I'etape  d'ad- 
sorption,  commencer  I'etape  d'adsorption 
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en  introduisant  le  melange  de  gaz  de  matie- 
re  premiere  dans  I'adsorbeur  B,  et 
c)  effectuer  I'etape  de  regeneration  dans 
I'adsorbeur  A  suivant  I'interruption  du  trans- 
fert  de  gaz  d'un  adsorbeur  a  I'autre  adsor-  5 
beur  dans  I'etape  a),  en  liberant  le  gaz 
restant  dans  I'adsorbeur  dans  I'atmosphere 
dans  le  voisinage  de  la  pression  atmosphe- 
rique  suivie  de  la  mise  sous  vide  jusqu'a 
environ  19998  Pa  (150  torrs)  ou  au-dessous  10 
au  moyen  d'une  pompe  a  vide, 

les  etapes  d'adsorption  et  de  regenera- 
tion  etant  alternativement  repetees  dans  les 
adsorbeurs  A  et  B,  le  temps  necessaire 
pour  I'etape  de  regeneration  et  pour  I'etape  is 
d'adsorption  y  compris  le  processus  de  re- 
flux  d'azote  de  produit  s'effectuant  chaque 
fois  dans  la  plage  d'environ  90  secondes  a 
environ  180  secondes. 

20 
2.  Procede  pour  la  separation  de  gaz  d'azote 

selon  la  revendication  1,  dans  lequel  le  trans- 
fert  de  gaz  de  I'adsorbeur  A  a  I'adsorbeur  B  a 
I'etape  a)  est  interrompu  lorsque  le  rapport 
entre  la  pression  absolue  dans  I'adsorbeur  25 
cote  reception  gaz  B  a  la  pression  absolue 
dans  I'adsorbeur  A  cote  alimentation  atteint  la 
plage  d'environ  0,10  a  environ  0,70. 

3.  Procede  pour  la  separation  de  gaz  d'azote  30 
selon  la  revendication  1  ou  2,  dans  lequel  la 
periode  pour  le  transfert  de  gaz  de  I'adsorbeur 
A  a  I'adsorbeur  B  ne  depasse  pas  2  secondes. 

4.  Procede  pour  la  separation  de  gaz  d'azote  35 
selon  la  revendication  1  ,  2  ou  3,  dans  lequel  la 
pression  maximum  atteinte  a  I'etape  d'adsorp- 
tion  et  de  separation  du  melange  de  gaz  de 
matiere  premiere  est  au  moins  d'environ  5,88 
bars  (5  kg/cm2  (G)).  40 

5.  Procede  pour  la  separation  de  gaz  d'azote 
selon  la  revendication  1  ,  2,  3  ou  4,  dans  lequel 
la  vitesse  spatiale  est  d'au  moins  0,6  min-1. 

45 
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