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EP  0  235  295  B1 

Description 

Background  of  the  Invention 
Field  of  the  Invention 

The  present  invention  relates  to  an  oxygen  gas 
aroduction  apparatus  by  which  high  purity  gas- 
jous  oxygen  can  be  expediently  produced. 

Description  of  the  Prior  Art 
It  is  customary  to  produce  oxygen  gas  in  an  air 

tactionation  plant  which  separates  oxygen  from 
litrogen  by  taking  advantage  of  their  difference  in 
soiling  point.  This  conventional  air  fractionation 
plant  is  provided  with  an  expansion  turbine  for 
generating  the  refrigeration  necessary  for  the  li- 
quefaction  and  fractionation  of  air,  which  utilizes 
the  Joule-Thomson  effect  due  to  adiabatic  expan- 
sion. 

However,  because  of  its  extremely  high  speed 
(tens  of  thousand  revolutions  per  minute),  the  ex- 
pansion  turbine  cannot  delicately  follow  variations 
in  demand  load  (variations  in  the  rate  of  with- 
drawal  of  product  oxygen  gas).  Thus,  it  is  techni- 
cally  difficult  to  vary  the  rotational  speed  of  the 
expansion  turbine  quickly  and  accurately  in  re- 
sponse  to  changes  in  the  demand  for  product  oxy- 
gen  gas  so  as  to  maintain  the  compressed  material 
air  at  a  constant  temperature  at  all  times.  As  a  re- 
sult,  a  variation  is  inevitable  in  the  purity  of  product 
oxygen  gas,  for  low  purity  oxygen  is  frequently 
outputted  to  depress  the  overall  purity  of  product 
oxygen.  The  EP-A-0  1  02  1  90  discloses  an  oxygen 
gas  production  apparatus  in  which  the  necessary 
refrigeration  may  be  generated  by  a  combination 
of  an  expansion  turbine  and  liquid  oxygen  sup- 
plied  from  outside. 

Object  of  the  Invention 
Having  been  accomplished  in  view  of  the 

above-described  situation,  the  present  invention 
aims  at  providing  an  oxygen  gas  production  appa- 
ratus  which  is  adapted  to  follow  variations  in  load, 
so  that  the  purity  of  product  oxygen  gas  may  b« 
kept  constant. 

Summary  of  the  Invention 
The  present  invention  is  therefore  directed  to  an 

oxygen  gas  production  apparatus  comprising  an 
air  compression  means  for  compressing  air  from  an 
outside  source,  a  purification  means  for  removing 
carbon  dioxide  gas  and  water  vapor  from  the  air 
compressed  by  said  air  compression  means,  a  heat 
exchange  means  for  chilling  the  compressed  air 
from  said  purification  means  to  a  cryogenic 
temperature,  a  fractionation  column  for  liquefying 
and  fractionating  the  compressed  air  chilled  to  a 
cryogenic  temperature  by  said  heat  exchange 
means  and  holding  nitrogen  in  gaseous  state  and 
oxygen  in  liquid  state,  a  liquid  oxygen  storage 
means  for  receiving  liquid  oxygen  from  an  outside 
source  and  storing  the  same,  a  line  for  introducing 
into  said  fractionation  column  the  liquid  oxygen 
from  said  liquid  oxygen  storage  means  as  the  refri- 
gerant  source  for  liquefaction  of  compressed  air,  a 
liquid  level  detection-control  means  for  moni- 

toring  the  liquid  level  of  oxygen  held  in  said  trac- 
tionation  column  and  controlling  the  amount  of 
feed  of  liquid  oxygen  from  said  liquid  oxygen  sto- 
rage  means  in  response  with  changes  in  said  liquid 

5  level,  a  second  line  for  guiding  gaseous  nitrogen  in 
said  fractionation  column  to  said  heat  exchange 
means  as  a  refrigerant,  an  expansion  means  for 
cooling  the  gaseous  nitrogen  in  said  second  line 
by  the  principle  of  adiabatic  expansion,  and  an 

'0  oxygen  gas  withdrawal  line  for  guiding  the  liquid 
oxygen  in  said  fractionation  column  to  said  heat 
exchange  means  as  a  refrigerant  and  withdrawing 
the  gaseous  oxygen  produced  by  heat  exchange 
as  a  product  oxygen  gas.  Having  the  above  con- 

's  struction,  the  present  invention  affords  the  follow- 
ing  advantages.  The  oxygen  gas  production  appa- 
ratus  according  to  the  present  invention  comprises 
both  an  expansion  means  and  a  means  for  feeding 
liquid  oxygen  for  refrigeration  from  an  external 

20  source.  The  expansion  means,  which  is  by  nature 
difficult  to  operate  at  a  speed  varying  in  quick  re- 
sponse  to  changes  in  load,  is  driven  at  a  constant 
speed  at  all  time  so  as  to  maintain  its  cooling  capa- 
city  at  a  constant  level,  while  the  amount  of  feed  of 

25  liquid  oxygen  from  the  liquid  oxygen  storage 
means  is  controlled  by  means  of  the  liquid  level 
detection-control  means  to  adjust  the  output  of 
oxygen  gas,  so  that  the  apparatus  can  adapt  itself 
quickly  to  changes  in  the  demand  for  product  oxy- 

30  gen  gas  without  detracting  from  the  purity  of 
product  oxygen  gas. 

Brief  Description  of  the  Drawings 
In  the  accompanying  drawings: 

35  Fig.  1  is  an  elementary  view  showing  a  preferred 
embodiment  of  the  present  invention; 

Fig.  2  is  a  plan  view  showing  the  pressurizing 
pump;  and 

Fig.  3  is  a  sectional  elevation  view  of  the  same 
40  pump. 

Detailed  Description  of  the  Invention  and  Descrip- 
tion  of  its  Preferred  Embodiment 

The  present  invention  is  described  in  detail 
45  hereinafter. 

Referring  to  Fig.  1  ,  which  shows  a  preferred  em- 
bodiment  of  the  invention,  the  oxygen  gas  produc- 
tion  apparatus  according  to  the  present  invention 
comprises  an  air  compressor  9,  a  drain  separator 

50  10,  a  fleon  cooler  11  and  a  couple  of  adsorption 
columns  1  2.  This  couple  of  adsorption  columns 
are  respectively  packed  with  molecular  sieves 
which  exhibit  a  high  adsorptive  capacity  at  low 
temperature.  These  columns  are  alternately  used 

55  for  adsorption  and  subjected  to  regeneration. 
Thus,  while  one  adsorption  column  1  2  is  adsorb- 
ing  H20  and  C02  from  the  air  compressed  by  said 
air  compressor  9  and  chilled  by  said  fleon  cooler 
1  1  ,  the  other  adsorption  column  1  2  is  subjected  to 

60  the  regeneration  of  its  adsorbent.  The  oxygen  gas 
production  apparatus  of  the  present  invention  fur- 
ther  includes  a  first  heat  exchanger  7  which  re- 
ceives  the  compressed  air  stripped  of  H20  and 
C02  by  said  adsorption  column  12  via  a  com- 

65  pressed  air  supply  pipe  8.  The  compressed  air  fed 
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:o  this  heat  exchanger  7  is  chilled  to  a  cryogenic 
:emperature  as  the  result  of  heat  exchange.  The 
apparatus  further  includes  a  fractionation  column 
1  3,  with  its  lower  column  segment  being  indicated 
3t  1  5.  It  is  so  constructed  that  the  compressed  air 
;hilled  to  a  cryogenic  temperature  in  the  first  heat 
3xchanger  7  by  the  refrigeration  produced  by  an 
sxpansion  turbine  31  and  supplied  through  the 
pipe  8  is  brought  into  counter-current  contact 
with  a  downcoming  reflux  fluid  produced  by  a 
condenser  1  7,  so  that  oxygen-rich  liquefied  air  1  8 
is  pooled  in  the  bottom  while  nitrogen  alone  is 
held  in  gaseous  state  in  the  top.  indicated  at  1  4  is 
a  top  column  segment  of  the  fractionation  column 
13  and  said  condenser  17  is  disposed  within  this 
top  column  segment.  To  this  condenser  1  7  is  fed  a 
portion  of  the  nitrogen  gas  pooled  in  the  top  of  the 
bottom  segment  1  5  of  the  fractionation  column  1  3 
ma  a  pipe  24,  where  the  nitrogen  gas  is  liquefied 
and  fed,  as  said  reflux  fluid,  into  a  liquid  nitrogen 
basin  26  in  the  bottom  column  segment  1  5  via  a 
pipe  25.  The  interior  of  said  top  column  segment 
1  4  is  kept  decompressed  relative  to  the  interior  of 
the  bottom  column  segment  1  5,  so  that  the  lique- 
fied  air  (N2:  50-70%;  02:  30-50%)  18  in  the  bot- 
tom  of  said  bottom  column  segment  1  5  flows  via 
a  pipe  21  to  a  second  heat  exchanger  21  a,  where- 
by  it  is  cooled,  and  further  to  an  expansion  valve  20 
for  adiabatic  expansion,  where  by  the  low-boiling 
nitrogen  fraction  is  gasified  while  the  oxygen  frac- 
tion  in  liquid  state  is  pooled  in  the  bottom  of  the 
top  column  segment  1  4.  Indicated  at  1  9  is  a  liquid 
level  detector-controller  which  controls  the  open- 
ing  and  closing  of  said  expansion  valve  20  accord- 
ing  to  the  amount  of  liquefied  air  in  the  bottom  of 
said  bottom  column  segment  15.  The  reference 
numeral  28  represents  a  second  line  for  withdraw- 
ing  the  nitrogen  fraction  (purity  not  so  high) 
pooled  in  the  top  of  the  top  column  segment  1  4  as 
a  waste  nitrogen  gas  and  guiding  this  waste  ni- 
trogen  gas  to  the  first  heat  exchanger  7  to  chill  the 
material  air  to  a  cryogenic  temperature,  with  the 
waste  nitrogen  gas  which  has  thus  undergone 
heat  exchange  being  released  into  the  atmosphere 
as  indicated  by  the  arrowmark  A.  The  lower  portion 
of  said  top  column  segment  14  is  supplied  with 
liquid  oxygen  from  the  liquid  oxygen  storage  tank 
23  as  a  refrigerant  via  a  first  line  pipe  23a  and  this 
liquid  oxygen  cools  the  built-in  condenser  17 
along  with  the  liquid  oxygen  formed  within  the  top 
column  segment  14.  An  oxygen  gas  production 
apparatus  comprising  such  a  liquid  oxygen 
storage  tank  is  claimed  in  EP-A-0  232  426  of  the 
same  applicant.  The  above-mentioned  liquid  oxy- 
gen  storage  tank  23  is  supplied  with  liquid  oxygen 
from  an  external  source  such  as  a  tank  trailer 
through  a  pipe  27.  Indicated  at  27a  is  a  control 
valve  disposed  in  said  first  line  pipe  23a  and  con- 
trolled  by  the  liquid  level  detection-controller  22a. 
Thus,  this  control  valve  27a  is  such  that  its  degree 
of  opening  is  varied  by  said  liquid  level  detection- 
controller  22a  in  accordance  with  the  liquid  level 
of  liquid  oxygen  22  collected  in  the  bottom  of  the 
top  column  segment  1  4.  Thus,  as  the  liquid  level  of 
liquid  oxygen  22  drops  below  a  predetermined 

level,  the  opening  of  the  valve  2.  la  is  expanded  to 
increase  the  flow  of  liquid  oxygen  from  said  liquid 
oxygen  storage  tank  23.  On  the  other  hand,  as  the 
liquid  level  rises  beyond  said  predetermined  level, 

5  the  valve  opening  is  diminished  to  decrease  the 
flow  of  liquid  oxygen,  so  that  the  liquid  level  of 
liquid  oxygen  22  will  be  maintained  at  the 
predetermined  level.  Indicated  at  29  is  a  second 
line  for  withdrawing  the  nitrogen  gas  collected  in 

w  the  top  of  the  bottom  column  1  5  and  guiding  it  to 
the  first  heat  exchanger  7.  This  second  line  29  and 
said  second  pipe  28  are  similar  in  the  sense  that 
they  guide  the  nitrogen  gas  within  the  fractiona- 
tion  column  13  to  the  first  heat  exchanger  7.  The 

15  reference  numeral  30  represents  a  pipeline  by 
which  the  waste  nitrogen  gas  fed  to  the  first  heat 
exchanger  7  via  said  second  line  29  is  withdrawn 
from  an  intermediate  stage  of  the  first  heat  ex- 
changer  7  and  the  waste  nitrogen  gas  thus  with- 

20  drawn  is  fed  to  the  expansion  turbine  31  .  This  ex- 
pansion  turbine  31  is  of  the  conventional  type, 
which  causes  the  withdrawn  waste  nitrogen  gas  to 
undergo  adiabatic  expansion  to  generate  a  re- 
frigeration  and  this  nitrogen  gas  as  it  is  allowed  to 

25  converge  with  the  waste  nitrogen  gas  flowing  in 
the  second  line  29,  whereby  it  is  chilled  to  an  ex- 
tremely  low  temperature  for  feed  to  the  first  heat 
exchanger  7  again.  The  reference  numeral  32  is  a 
liquid  oxygen  withdrawal  line,  one  end  of  which 

30  communicates  with  the  top  column  segment  1  4  at 
a  position  above  its  bottom,  for  feeding  the  liquid 
oxygen  collected  in  the  bottom  of  the  top  column 
segment  1  4  to  a  liquid  oxygen  pressurizing  pump 
33.  This  pressurizing  pump  33  is  adapted  to  press- 

35  urize  the  oxygen  in  liquid  state  to  a  predetermined 
pressure  and,  as  illustrated  in  Fig.  2,  comprises  a 
motor  mount  125,  a  high-speed  motor  126 
mounted  thereon,  and  a  compression  unit  127 
mounted  on  the  lower  side  of  said  mount  125 

40  through  a  liquid  oxygen  leak  seal  1  28.  More  spe- 
cifically,  as  shown  in  Fig.  3,  the  pumpe  includes  a 
main  shaft  1  35  which  extends  through  the  center 
of  said  motor  mount  125,  liquid  oxygen  leak  seal 
1  28  and  compression  unit  1  27  and  is  connected  to 

45  a  rotary  shaft  1  26a  of  said  motor  1  26  via  a  coupling 
1  36.  This  main  shaft  1  35  is  rotatably  supported  by 
a  bearing  means  1  37  secured  in  position  by  a  bear- 
ing  cover  137a  disposed  within  the  motor  mount 
1  25  and  a  bearing  1  38  disposed  at  the  end  of  the 

so  compression  unit  1  27.  The  reference  numeral  1  40 
represents  a  sleeve.  The  compression  unit  127 
comprises  a  couple  of  spiral  impellers  146 
mounted  on  said  main  shaft  135  in  upper  and 
lower  positions  and  a  casing  for  accommodating 

55  the  impellers  1  46.  By  the  rotation  of  the  main  shaft 
135,  liquid  oxygen  is  taken  into  a  central  suction 
port  146a  of  the  impeller  146  and  discharged  in 
pressurized  state  from  a  peripheral  discharge  port 
146b.  Thus,  as  the  impellers  146  are  driven,  the 

so  liquid  oxygen  is  taken  into  a  suction  nozzle  148, 
pressurized  by  the  first-stage  impeller  146  and, 
after  passage  through  a  passageway  147,  further 
pressurized  by  the  second-stage  impeller  146, 
whereby  the  liquid  oxygen  is  compressed  to  a 

65  predetermined  pressure. 
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The  liquid  oxygen  leak  seal  128  comprises  a 
sleeve  150  surrounding  said  main  shaft  135,  a 
labyrinth  1  51  disposed  around  said  sleeve  1  50  and 
a  labyrinth  cover  152  disposed  further  on  said 
labyrinth  1  51  ,  and  serves  to  prevent  leakage  of  liq- 
uid  oxygen  from  the  compression  unit  127  and 
entry  thereof  into  the  motor  mount  1  25  to  cause  an 
explosion.  In  this  connection,  said  motor  mount 
1  25  is  divided  into  three  gas-tight  compartments, 
so  that  liquid  oxygen  which  may  leak  out  will  not 
reach  the  motor.  The  reference  numeral  153  is  an 
oxygen  exhaust  pipe  which  discharges  liquid  oxy- 
gen  in  gaseous  state,  so  that  even  if  liquid  oxygen 
leaks  out  from  said  seal  128,  it  will  not  reach  the 
motor  as  it  is.  Referring  to  Fig.  1,  the  reference 
numeral  34  represents  an  oxygen  transport  pipe  for 
feeding  the  liquid  oxygen  pressurized  by  said 
pressurizing  pump  33  to  the  first  heat  exchanger  7 
through  said  second  heat  exchanger  21a.  In- 
dicated  at  35  is  the  product  oxygen  withdrawal 
pipe  for  sending  out  the  product  oxygen  gas  at 
atmospheric  temperature  from  the  first  heat  ex- 
changer  7. 

The  reference  numeral  36  represents  a  backup 
system  line  which  opens  a  valve  36a  in  the  event  of 
a  failure  of  the  air  compression  system  line,  where- 
by  the  liquid  oxygen  in  the  liquid  oxygen  storage 
tank  23  is  vaporized  in  an  evaporator  37  and  sent 
into  the  pipe  35  so  as  to  prevent  interruption  of 
oxygen  gas  feed.  Indicated  by  a  dot-broken  line  is 
a  vacuum  cold  housing  which  prevents  entry  of 
heat  from  outside  for  a  further  improvement  of  pu- 
rification  efficiency. 

With  the  gas  production  apparatus  described 
above,  product  oxygen  gas  is  produced  in  the  fol- 
lowing  manner.  Thus,  material  air  is  compressed 
by  the  air  compressor  9  and  freed  of  water  vapor  in 
the  drain  separator  10.  The  moisture-free  air  is 
chilled  by  the  fleon  cooler  1  1  and  fed  to  the  adsor- 
bent  column  1  2,  where  H20  and  C02  are  removed 
by  adsorption.  Then,  the  compressed  air  freed  of 
H20  and  C02  is  fed  to  the  first  heat  exchanger, 
wherein  it  is  chilled  to  a  cryogenic  temperature, 
and  fed  as  it  is  to  the  bottom  column  segment  1  5 
of  the  fractionation  column  13.  Then,  this  com- 
pressed  air  is  subjected  to  counter-current  contact 
with  the  overflowing  liquid  nitrogen  from  the  liq- 
uid  nitrogen  basin  26  to  liquefy  a  portion  thereof 
and  the  resulting  liquefied  air  1  8  is  collected  in  the 
bottom  15  of  the  bottom  column  segment  15.  In 
this  process,  by  the  difference  in  boiling  point  bet- 
ween  nitrogen  and  oxygen  (oxygen  boils  at 
-183°C  and  nitrogen  boils  at  -196°C  at  atmo- 
spheric  pressure),  the  higher-boiling  oxygen  frac- 
tion  of  the  compressed  air  is  liquefied,  while  the 
nitrogen  fraction  remains  gaseous.  This  remaining 
gaseous  nitrogen  is  withdrawn  via  a  second  line 
29  and  sent  to  the  first  heat  exchanger  7.  When  its 
temperature  has  increased  to  about  -140°C,  the 
nitrogen  is  withdrawn  through  a  line  30  and  fed  to 
the  expansion  turbine  31  .  The  nitrogen  gas  fed  into 
the  expansion  turbine  generates  the  refrigeration 
on  adiabatic  expansion  and  converges  with  the 
waste  nitrogen  gas  fed  from  the  top  column  1  4 
through  the  second  pipe  28.  In  the  first  heat  ex- 

changer  7,  the  nitrogen  gas  undergoes  heat  ex- 
change  with  the  compressed  air  to  thereby  cool  the 
latter  to  a  cryogenic  temperature.  On  the  other 
hand,  the  oxygen-rich  liquefied  air  18  collected  in 

5  the  bottom  of  the  bottom  column  15  is  further 
chilled  in  the  second  heat  exchanger  21a  and, 
then,  fed  in  a  mist  form  into  the  top  column  seg- 
ment  14  from  a  pipe  21  equipped  with  an  expan- 
sion  valve  20.  As  the  liquefied  air  18  is  thus 

w  charged  into  the  top  column  segment  14,  the 
nitrogen  fraction  is  gasified  and  collects  in  the  top, 
while  the  oxygen  fraction  is  liquefied  and  flows 
down  to  the  bottom  where  it  is  pooled  as  liquid 
oxygen  22.  The  liquid  oxygen  thus  collected  in  the 

is  bottom  is  withdrawn  by  the  liquid  oxygen  with- 
drawal  line  32,  pressurized  by  the  liquid  oxygen 
pressurizing  pump  33  and  subjected  to  heat  ex- 
change  in  the  second  heat  exchanger  21  a  and  first 
heat  exchanger  7.  The  resulting  product  oxygen 

20  gas  at  atmospheric  temperature  is  sent  out  via  the 
withdrawal  pipe  35.  In  the  above  manner,  oxygen 
gas  of  high  purity  is  manufactured. 

Particularly,  this  apparatus  is  capable  of  adapt- 
ing  itself  quickly  to  variations  in  the  demand  for 

25  product  oxygen  gas  while  maintaining  its  purity  at 
a  constant  level  and  this  is  the  most  outstanding 
feature  of  the  invention.  Thus,  a  sharp  increase  in 
the  demand  for  product  oxygen  gas  results  in  a 
decrease  in  the  pooled  amount  of  liquid  oxygen  22 

30  in  the  top  column  segment  14  whereby  its  liquid 
level  is  brought  down  below  a  predetermined 
level.  Then,  the  liquid  level  detection-controller 
22a  immediately  senses  the  lowed  liquid  level  and 
increases  the  degree  of  opening  of  the  control 

35  valve  27a.  As  a  result,  an  increased  amount  of  liq- 
uid  oxygen  is  supplied  from  the  liquid  oxygen 
storage  tank  23  into  the  top  column  segment  14, 
whereby  the  liquid  level  of  liquid  oxygen  22  in  the 
top  column  segment  1  4  is  elevated  to  the  predeter- 

40  mined  level.  When  the  demand  for  product  oxygen 
gas  decreases,  the  reverse  of  the  above  sequence 
takes  place.  As  the  liquid  level  of  liquid  oxygen  22 
is  thus  controlled  at  a  predetermined  level  at  all 
times,  the  amount  of  reflux  fluid  produced  by  the 

45  condenser  17  is  optimized,  so  that  the  whole  ap- 
paratus  functions  properly.  Therefore,  high-purity 
product  oxygen  gas  can  be  sent  out  from  the  pipe 
35  at  a  rate  appropriate  to  the  demand  without 
variation  in  purity. 

50  In  that  manner,  the  oxygen  gas  production  ap- 
paratus  of  this  example  is  able  not  only  to  produce 
highly  pure  oxygen  gas  but  also  to  cope  smoothly 
with  major  and  rapid  changes  in  the  demand  for 
the  product  oxygen  gas  as  the  liquid  oxygen  sup- 

55  ply  from  the  liquid  oxygen  storage  tank  23  is  con- 
trolled  by  means  of  the  liquid  level  detection- 
controller  22a  and  the  valve  27a  to  thereby  in- 
crease  or  decrease  the  rate  of  oxygen  gas  genera- 
tion  while  the  cooling  capacity  of  the  expansion 

60  turbine  31  is  kept  constant.  Furthermore,  since  the 
product  oxygen  gas  is  sent  out  in  a  pressurized 
state  for  smooth  supply  of  the  product  oxygen  gas 
and  for  the  convenience  of  consumers  in  using  the. 
same  and  the  pressurization  is  effected  in  a  liquid 

65  state,  not  in  a  gaseous  state,  the  pressurization  effi- 
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siency  is  high  in  this  embodiment  and  therefore 
the  pressurization  can  be  achieved  with  small 
power  requirements.  While  a  gas  occupies  a  space 
as  large  as  22.4  liters  per  mole  and  requires  a  large- 
scale  apparatus  for  the  pressurization  thereof,  a 
liquid  is  smaller  in  volume  as  compared  with  gases, 
so  that  it  is  relatively  easy  to  pressurize  it.  In  par- 
ticular,  when  in  a  gaseous  state,  oxygen  is  highly 
active  and  readily  reacts  with  lubricating  oils  in  the 
pressurizing  pump  and  with  other  substances  to 
thereby  cause  an  immediate  explosion.  On  the 
contrary,  when  oxygen  is  in  a  liquid  state,  such  a 
situation  can  be  obviated  and  the  use  of  liquid  oxy- 
gen  has  a  further  advantage  in  that  pumps  can  be 
sealed  more  readily  and  simply  than  the  case  when 
gaseous  oxygen  is  used. 

While,  in  the  above  embodiment,  the  control 
valve  27a  is  controlled  by  the  liquid  level  detec- 
tion-controller  22a,  it  is  also  possible  to  use  a 
check  valve  in  place  of  the  control  valve  27a  and 
control  the  opening  and  closing  of  said  check 
valve  by  means  of  the  liquid  level  detection- 
controller  22a. 

Claim 

An  oxygen  gas  production  apparatus  compris- 
ing  an  air  compression  means  for  compressing  air 
from  an  outside  source,  a  purification  means  for 
removing  carbon  dioxide  gas  and  water  vaporfrom 
the  air  compressed  by  said  air  compression  means, 
a  heat  exchange  means  for  chilling  the  com- 
pressed  air  from  said  purification  means  to  a 
cryogenic  temperature,  a  fractionation  column  for 
liquefying  and  fractionating  the  compressed  air 
chilled  to  a  cryogenic  temperature  by  said  heat  ex- 
change  means  and  holding  nitrogen  in  gaseous 
state  and  oxygen  in  liquid  state,  a  liquid  oxygen 
storage  means  for  receiving  liquid  oxygen  from  an 
outside  source  and  storing  the  same,  a  line  for  in- 
troducing  into  said  fractionation  column  the  liquid 
oxygen  from  said  liquid  oxygen  storage  means  as 
the  refrigerant  for  liquefaction  of  compressed  air,  a 
liquid  level  detection-control  means  for  monitor- 
ing  the  liquid  level  of  oxygen  held  in  said  fractiona- 
tion  column  and  controlling  the  amount  of  feed  of 
liquid  oxygen  from  said  liquid  oxygen  storage 
means  in  response  to  changes  in  said  liquid  level, 
a  second  line  for  guiding  gaseous  nitrogen  in  said 
fractionation  column  to  said  heat  exchange  means 
as  a  refrigerant,  an  expansion  means  for  cooling 
the  gaseous  nitrogen  in  said  second  line  by  the 
principle  of  adiabatic  expansion,  and  an  oxygen 
gas  withdrawal  line  for  guiding  the  liquid  oxygen 
in  said  fractionation  column  to  said  heat  exchange 
means  as  a  refrigerant  and  withdrawing  the 
gaseous  oxygen  produced  by  heat  exchange  as  a 
product  oxygen  gas. 

Patentanspruch 

VorrichtungzurSauerstoffgasherstellungmitei- 
ner  Einrichtung  zur  Verdichtung  von  Luft  aus  einer 

ausseren  Quelle,  einer  Reinigungsemnchtung  zur 
Entfernung  von  Stickstoffgas  und  Wasserdampf 
ausdervonder  Luftverdichtungseinrichtung  kom- 
primierten  Luft,  einem  Warmetauscher,  um  die  von 

5  der  Reinigungseinrichtung  kommende  kompri- 
mierte  Luft  auf  eine  Tieftemperatur  abzukiihlen,  ei- 
ner  Fraktionierkolonne  zur  Verflussigung  und 
Fraktionierung  der  durch  den  Warmetauscher  auf 
eine  Tieftemperatur  abgekiihlten  komprimierten 

w  Luft  und  zum  Halten  von  Stickstoff  in  einem  gas- 
fdrmigen  Zustand  und  Sauerstoff  in  einem  flussi- 
gen  Zustand,  einer  Flussigsauerstoff-Speicherein- 
richtung  zur  Aufnahme  von  Flussigsauerstoff  von 
einer  ausseren  Quelle  und  zur  Speicherung  dessel- 

15  ben,  einer  Leitung  zur  Einleitung  des  Fliissigsauer- 
stoffes  aus  der  Flussigsauerstoff-Speicherein- 
richtung  in  die  Fraktionierungskolonne  als  Kuhl- 
mittel  fur  die  Verflussigung  von  komprimierter 
Luft,  einer  Flussigkeitsstand-Aufnahme-  und 

20  Steuereinrichtung  zur  Oberwachung  des  in  ge- 
nannter  Fraktionierungskolonne  gehaltenen  Fliis- 
sigkeitsstandes  und  zur  Steuerung  der  Zufuhr  von 
Flussigsauerstoff  aus  genannter  Flussigsauer- 
stoff-Speichereinrichtung  in  Abhangigkeit  von 

25  Schwankungen  genannten  Fliissigkeitsstandes, 
einer  zweiten  Leitung  zum  Leiten  von  gasformi- 
gem  Stickstoff  von  genannter  Fraktionierungsko- 
lonne  zu  genanntem  Warmetauscher  als  Kuhlmit- 
tel,  einer  Ausdehnungseinrichtung  zur  Kuhlung 

30  des  gasfbrmigen  Stickstoffes  in  der  genannten 
zweiten  Leitung  durch  das  Prinzip  der  adiabati- 
schen  Expansion  und  einer  Sauerstoffgas- 
Entnahmeleitung,  um  den  Flussigsauerstoff  in  ge- 
nannter  Fraktionierungskolonne  zu  dem  Warme- 

35  tauscher  als  Kuhlmittel  zu  leiten  und  den  durch 
den  Warmetausch  prodizierten  gasformigen 
Sauerstoff  als  Produktsauerstoff  zu  entnehmen. 

40  Revendication 

Appareil  de  production  d'oxygene  gazeux  com- 
prenant  un  moyen  de  compression  d'air  pour  com- 
primer  de  I'air  provenant  d'une  source  exterieure, 

45  un  moyen  d'epuration  pour  extraire  du  gaz  carbo- 
nique  et  de  la  vapeur  d'eau  de  I'air  comprime  par  le 
moyen  de  compression  d'air,  un  moyen  d'echange 
thermique  pour  refroidir  I'air  comprime  sortant  du 
moyen  d'epuration  jusqu'a  une  temperature  cryo- 

50  genique,  une  colonne  de  fractionnement  pour  li- 
quefier  et  fractionner  I'air  comprime  refroidi  jus- 
qu'a  une  temperature  cryogenique  par  le  moyen 
d'echange  thermique  et  pour  maintenir  I'azote  a 
I'etat  gazeux  et  I'oxygene  a  I'etat  liquide,  un  moyen 

55  d'emmagasinage  d'oxygene  iiquide  pour  recevoir 
de  I'oxygene  liquide  d'une  source  exterieure  et 
emmagasiner  celui-ci,  un  conduit  pour  introduire 
dans  la  colonne  de  fractionnement  I'oxygene  li- 
quide,  sortant  du  moyen  d'emmagasinage  d'oxy- 

60  gene  liquide,  en  tant  que  frigorigene  pour  la  lique- 
faction  d'air  comprime,  un  detecteur-regulateur  de 
niveau  de  liquide  pour  surveiller  le  niveau  de  I'oxy- 
gene  liquide  maintenu  dans  la  colonne  de  fraction- 
nement  et  pour  regler  la  quantite  d'oxygene  liquide 

65  amenee  a  partir  du  moyen  d'emmagasinage  d'oxy- 
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Ine  liquide  en  f  onction  de  variations  du  niveau  oe 
luide,  un  second  conduit  pour  guider  I'azote  ga- 
;ux  dans  la  colonne  de  fractionnement  en  tant 
ue  frigorigene  vers  le  moyen  d'echange  thermi- 
ue,  un  moyen  de  detente  pour  refroidir  I'azote  5 
azeux  dans  le  second  conduit  selon  le  principe  de 

to 

DO 

iienie  auiaDaiique,  ci  un  tunuuu  uc  ouumayc 
oxygene  gazeux  pour  guider  I'oxygene  liquide 
ans  la  colonne  de  fractionnement,  en  tant  que 
igorigene,  vers  le  moyen  d'echange  thermique  et 
sutirer  I'oxygene  gazeux,  obtenu  par  echange 
lermique,  en  tant  que  gaz  formant  produit. 
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