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(54)  oxygen  gas  manufacturing  apparatus  

(57)  The  apparatus  includes  a  fractionating  tower 
(58)  for  liquefying  and  separating  compressed  air 
cooled  by  heat  exchangers  (56,57)  to  an  ultralow  tem- 
perature,  a  liquid  oxygen  takeout  path  (72)  for  guiding 
liquid  oxygen  from  the  above-mentioned  fractionating 
tower  to  the  above-mentioned  heat  exchangers  to  gas- 
ify  so  as  to  become  oxygen  gas,  and  a  product  oxygen 
gas  takeout  path  (74)  which  extends  from  the  upstream 
end  of  the  above-mentioned  liquid  oxygen  takeout  path 
and  increases  the  temperature  of  the  above-mentioned 
oxygen  gas  so  as  to  obtain  a  product  oxygen  gas.  The 

liquid  oxygen  takeout  path  is  provided  with  an  oxygen 
gas  pressurizing  pump  (73),  and  the  product  oxygen 
gas  takeout  path  on  the  side  upstream  the  above-men- 
tioned  heat  exchangers  is  provided  with  an  expansion 
turbine  (75).  In  the  present  invention,  the  liquid  oxygen 
taken  out  from  the  fractionating  tower  is  pressurized  in  a 
liquid  state,  then  introduced  into  the  expansion  turbine 
to  generate  cold,  which  cold  is  fed  to  the  heat  exchang- 
ers  and  used  as  a  cold  source  for  the  entire  equipment 
to  reduce  the  cost  of  refrigeration. 
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Description 

The  present  invention  relates  to  an  oxygen  gas 
manufacturing  equipment  capable  of  obtaining  oxygen 
gas  in  a  pressurized  state.  s 

Heretofore,  oxygen  gas  has  been  manufactured  by 
the  use  of  an  air  separation  equipment  in  which  oxygen 
is  separated  from  nitrogen  by  utilizing  a  difference  in 
boiling  point  between  the  two.  Such  a  typical  air  separa- 
tor,  as  shown  in  Fig.  3,  has  a  construction  in  which  raw  10 
air  is  sucked  from  a  raw  air  suction  pipe  1  ,  compressed 
in  an  air  compressor  2,  cooled  through  a  pipe  3  and 
through  a  first  and  a  second  heat  exchangers  4,  5  near 
to  a  liquefying  point,  and  then  introduced  in  that  state 
through  a  pipe  7  into  a  lower  tower  8'  of  a  fractionating  15 
tower  8.  Part  of  the  compressed  air  having  passed 
through  the  above-mentioned  first  heat  exchanger  4  is 
adapted  to  be  fed  through  a  branch  pipe  3a  to  an  expan- 
sion  turbine  11,  in  which  the  air  is  adiabatically 
expanded  to  develop  the  cold  required  for  the  equip-  20 
ment,  and  to  be  introduced  in  that  state  into  an  upper 
tower  8".  In  the  above-mentioned  lower  tower  8',  the  air 
is  fractionated,  so  that  a  liquid  air  rich  in  oxygen  is  accu- 
mulated  in  the  bottom  portion  of  the  lower  tower  8',  while 
nitrogen  in  a  gaseous  state  is  moved  upward  and  drawn  25 
by  a  pipe  1  0  from  the  tower  top  of  the  lower  tower  8'. 
The  nitrogen  gas  thus  drawn  is  heat  exchanged  in  the 
second  and  first  heat  exchangers  5,  4  to  become  a 
product  nitrogen  gas  with  a  near  room  temperature,  and 
drawn  from  a  pipe  1  9.  Part  of  the  nitrogen  gas  drawn  30 
from  the  tower  top  of  the  lower  tower  8'  is  introduced 
through  a  pipe  17  into  a  condenser  16  of  the  upper 
tower  8",  in  which  condenser  it  is  liquefied  to  become 
liquid  nitrogen,  part  of  which  is  fed  from  a  pipe  13  to  the 
tower  top  of  the  upper  tower  8",  and  the  remainder  of  35 
the  part  flows  from  a  pipe  1  8  down  into  the  lower  tower 
8'  to  become  a  reflux  liquid  thereof.  Introduced  into  the 
upper  tower  8"  is  the  liquid  air  rich  in  oxygen  from  the 
bottom  portion  of  the  lower  tower  8'  by  a  pipe  12  with  an 
expansion  valve  12'.  In  the  upper  tower  8",  the  liquid  air  40 
is  fractionated,  so  that  a  liquid  oxygen  9  is  accumulated 
in  the  bottom  portion,  while  an  exhaust  gas  rich  in  nitro- 
gen  is  drawn  from  the  tower  top  by  a  pipe  14.  The 
exhaust  gas  thus  drawn  is  released  through  the  second 
and  first  heat  exchangers  5,  4  into  the  atmosphere.  The  45 
liquid  oxygen  is  drawn  from  the  bottom  portion  of  the 
upper  tower  8"  by  a  pipe  1  0',  and  through  the  second 
and  first  heat  exchangers  5,  4,  gasified  to  become  oxy- 
gen  gas,  then  compressed  in  an  oxygen  gas  compres- 
sor  1  5  to  become  a  product  oxygen  gas  in  a  pressurized  so 
state,  and  supplied  to  a  demand. 

In  such  an  air  separation  equipment,  when  trying  to 
obtain  the  product  gas  in  a  pressurized  state,  a  gas  in  a 
gaseous  state  must  be  pressurized  by  the  oxygen  gas 
compressor  1  5.  However,  there  is  a  disadvantage  that  a  55 
significant  energy  is  required  to  pressurize  the  above- 
mentioned  gas  in  a  gaseous  state,  thereby  causing  an 
increased  cost. 

[Object  of  the  Invention] 

The  present  invention  is  made  in  view  of  such  cir- 
cumstances  and  it  is  an  object  of  the  invention  to  pro- 
vide  an  oxygen  gas  manufacturing  equipment  capable 
of  manufacturing  efficiently  oxygen  gas  in  a  pressurized 
state  at  a  low  cost. 

[Summary  of  the  Invention] 

In  order  to  achieve  the  above-mentioned  object,  the 
present  invention  includes  air  compression  means  for 
compressing  raw  air,  heat  exchange  means  for  cooling 
the  above-mentioned  compressed  air  to  an  ultralow 
temperature,  a  fractionating  tower  for  liquefying  and 
separating  the  compressed  air  cooled  to  the  above- 
mentioned  ultralow  temperature  and  holding  nitrogen  in 
a  gaseous  state,  a  liquid  oxygen  takeout  path  for  guid- 
ing  the  liquid  oxygen  in  the  above-mentioned  fractionat- 
ing  tower  as  a  cooling  medium  to  the  above-mentioned 
heat  exchange  means  in  which  the  liquid  oxygen  is  gas- 
ified  by  heat  exchange  to  become  a  gasified  oxygen, 
and  a  product  oxygen  gas  takeout  path  which  extends 
from  the  front  end  of  the  above-mentioned  liquid  oxygen 
takeout  path  and  passes  through  the  above-mentioned 
heat  exchange  means  to  increase  the  temperature  of 
the  above-mentioned  gasified  oxygen  so  as  to  obtain  a 
product  oxygen  gas;  and  the  invention  is  characterised 
in  that  the  above-mentioned  liquid  oxygen  takeout  path 
is  provided  with  pressurization  means  for  pressurizing 
the  liquid  oxygen  passing  through  the  takeout  path,  and 
in  that  the  portion  of  the  above-mentioned  product  oxy- 
gen  gas  takeout  path  on  the  side  upstream  the  above- 
mentioned  heat  exchange  means  is  provided  with  a 
cold  heat  generating  expander  utilizing  gasified  oxygen 
passing  through  the  takeout  path. 

That  is,  the  oxygen  gas  manufacturing  equipment 
of  the  present  invention  takes  out  the  liquid  oxygen 
accumulated  in  the  upper  tower  of  the  fractionating 
tower,  pressurizes  it  in  a  liquid  state,  feeds  it  to  the  heat 
exchangers,  introduces  the  resulting  oxygen  gas  into 
the  expansion  turbine  to  adiabatically  expand  so  as  to 
generate  a  cold,  and  feeds  the  generated  cold  to  the 
heat  exchangers  to  use  as  a  cold  source  of  the  entire 
equipment.  Thus,  in  the  present  invention,  oxygen  in  a 
liquid  state  is  pressurized,  so  that  the  pressurizing  cost 
is  significantly  reduced  compared  with  a  case  where 
oxygen  in  a  gaseous  state  is  pressurized  (for  example, 
one  mol  of  oxygen  is  22.4  liters  in  a  gaseous  state,  while 
it  is  only  16  grams  in  a  liquid  state).  Also,  in  the  present 
invention,  as  described  above,  oxygen  in  a  liquid  state  is 
pressurized,  and  gasified  through  the  heat  exchangers, 
and  the  gasified  oxygen  is  utilized  as  a  drive  source  for 
the  cold  heat  generating  expander  such  as  the  expan- 
sion  turbine,  so  that  the  pressure  of  the  oxygen  gas 
before  entering  the  expansion  turbine  is  large,  thereby 
allowing  the  efficiency  of  the  adiabatic  expansion  to  be 
significantly  improved.  As  a  result,  the  cost  of  generat- 
ing  cold  by  the  cold  heat  generating  expander  such  as 
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the  expansion  turbine  can  be  markedly  reduced, 
thereby  lowering  the  cost  of  the  product  oxygen  gas. 

[Effects  of  the  Invention] 
5 

As  described  above,  the  oxygen  gas  manufacturing 
equipment  of  the  present  invention  takes  out  the  liquid 
oxygen  accumulated  in  the  upper  tower  of  the  fraction- 
ating  tower,  and  pressurizes  it  in  a  liquid  state  to  manu- 
facture  the  product  oxygen  gas  in  a  pressurized  state.  10 
Thus,  in  the  present  invention,  oxygen  in  a  liquid  state  is 
pressurized,  so  that  the  pressurizing  cost  is  significantly 
reduced  compared  with  a  case  where  oxygen  in  a  gas- 
eous  state  is  pressurized.  Also,  in  the  present  invention, 
as  described  above,  oxygen  in  a  liquid  state  is  pressu-  is 
rized,  and  gasified  through  the  heat  exchangers,  and 
the  gasified  oxygen  is  utilized  as  a  drive  source  for  the 
cold  heat  generating  expander  such  as  the  expansion 
turbine.  As  a  result,  the  pressure  of  the  oxygen  gas 
before  entering  the  expansion  turbine  becomes  large,  20 
whereby  an  efficiency  in  adiabatic  expansion  can  be 
significantly  improved,  and  the  cost  of  manufacturing 
the  product  oxygen  gas  and  the  like  be  markedly  low- 
ered.  The  equipment  of  the  present  invention  is  utilized 
effectively  for  a  wide  field  for  steel  manufacture,  chemi-  25 
cal  industry,  thermal  power  generation  and  the  like. 

[Brief  Description  of  the  Drawings] 

Fig.  1  is  a  block  diagram  of  one  embodiment  of  the  30 
present  invention; 
Fig.  2  is  a  block  diagram  of  another  embodiment  of 
the  present  invention;  and 
Fig.  3  is  a  block  diagram  of  a  prior  art  example. 

35 
With  reference  to  the  drawings,  the  present  inven- 

tion  will  be  explained  in  detail  hereinafter. 
Fig.  1  shows  one  embodiment  of  the  present  inven- 

tion.  In  the  figure,  reference  code  51  designates  an  air 
compressor  for  compressing  raw  air;  52,  a  drain  separa-  40 
tor;  53,  a  f  Ion  cooler;  and  54,  a  set  of  absorption  towers 
consisting  of  two  towers.  The  absorption  towers  54,  in 
which  molecular  sieves  are  packed,  absorb  impurities 
such  as  H20,  C02  and  CO  in  the  air  compressed  by  the 
air  compressor  51.  Reference  code  55  designates  a  45 
compressed  air  feeding  pipe  for  feeding  the  com- 
pressed  air  from  which  impurities  have  been  removed; 
and  55a  designates  a  branch  pipe  branching  off  the 
compressed  air  feeding  pipe  55.  Reference  code  56 
designates  a  first  heat  exchanger  into  which  the  com-  so 
pressed  air  from  which  impurities  have  been  removed 
by  the  absorbing  towers  54  is  fed.  Reference  code  57 
designates  a  second  heat  exchanger  into  which  the 
compressed  air  having  passed  through  the  first  heat 
exchanger  56  is  fed.  The  compressed  air  having  passed  55 
through  the  first  and  second  heat  exchangers  56,  57  is 
fed  in  a  gaseous  state  into  a  lower  tower  60.  Reference 
codes  51a,  51b  designate  air  compressors  provided  in 
the  branch  pipe  55a,  of  which  the  upstream  air  com- 

pressor  51a  compresses  part  of  the  compressed  air 
passing  through  the  compressed  air  feeding  pipe  55, 
and  the  downstream  air  compressor  51b  compresses 
further  the  compressed  air  compressed  by  the 
upstream  air  compressor  51a.  The  upstream  air  com- 
pressor  51  a  is  driven  by  a  power  from  an  expansion  tur- 
bine  75.  Reference  code  55b  designates  a  third  heat 
exchanger  into  which  the  compressed  air  compressed 
by  the  air  compressors  51a,  51b  and  cooled  by  the  first 
heat  exchanger  56  is  fed.  The  compressed  air  having 
passed  through  the  air  compressors  51a,  51b  and  the 
first  and  third  heat  exchangers  56,  55b  is  fed  in  a  liquid 
state  into  the  lower  tower  60.  Reference  code  58  desig- 
nates  a  fractionating  tower  including  an  upper  tower  59 
and  the  lower  tower  60.  The  lower  tower  60  is  adapted 
to  cool  further  the  compressed  air  cooled  by  the  the  first 
and  second  heat  exchangers  56,  57  to  an  ultralow  tem- 
perature  and  fed  into  through  the  compressed  air  feed- 
ing  pipe  55,  to  liquefy  part  thereof  so  as  to  accumulate 
as  a  liquid  air  61  in  the  bottom  portion,  and  to  accumu- 
late  nitrogen  in  a  gaseous  state  in  the  upper  portion. 
The  lower  tower  60  is  also  adapted  to  accumulate  the 
compressed  air  fed  into  through  the  branch  pipe  55a  in 
the  bottom  portion  of  the  lower  tower  60.  Contained  in 
the  bottom  portion  of  the  upper  tower  59  is  a  condenser 
62,  into  which  part  of  the  nitrogen  gas  accumulated  in 
the  upper  portion  of  the  lower  tower  60  is  fed  through  a 
first  reflux  pipe  63.  The  inside  of  the  upper  tower  59  is  at 
a  pressure  lower  than  that  of  the  lower  tower  60,  so  that 
the  liquid  air  61  (N2  50  to  70%,  02  30  to  50%)  accumu- 
lated  in  the  lower  portion  of  the  lower  tower  60  is  fed  into 
a  pipe  66  with  an  expansion  valve  65,  supercooled  by  a 
subcooler  71a,  reduced  in  pressure  by  the  expansion 
valve  65,  and  then  fed  into  the  upper  tower  59,  thereby 
cooling  the  inside  temperature  of  the  upper  tower  59  to 
a  temperature  equal  to  or  lower  than  the  boiling  point  of 
liquid  nitrogen.  This  cooling  causes  the  nitrogen  gas  fed 
into  the  condenser  62  to  be  liquefied.  The  nitrogen  gas 
thus  liquefied  is  introduced  through  a  second  reflux  pipe 
64  into  the  upper  portion  of  the  lower  tower  60  as  a 
reflux  liquid,  which  liquid  flows  through  a  liquid  nitrogen 
reservoir  67  downward  in  the  lower  tower  60,  and  con- 
tacts  in  a  countercurrent  manner  the  compressed  air 
rising  from  the  bottom  portion  of  the  lower  tower  60, 
thereby  cooling  the  compressed  air  and  liquefying  part 
thereof.  In  this  process,  the  oxygen  gas  of  a  high-boiling 
point  component  in  the  compressed  air  is  liquefied  and 
accumulated  in  the  bottom  portion  of  the  lower  tower  60, 
while  the  nitrogen  gas  of  a  low-boiling  point  component 
is  accumulated  in  the  upper  portion  of  the  lower  tower 
60.  Reference  code  64a  designates  a  gas-liquid  sepa- 
rator.  Reference  code  68  designates  a  takeout  pipe  for 
taking  out  the  nitrogen  gas  accumulated  in  the  ceiling 
portion  of  the  lower  tower  60  as  a  product  nitrogen  gas, 
which  pipe  guides  the  nitrogen  gas  at  an  ultralow  tem- 
perature  into  the  third  and  first  heat  exchangers  55b,  56, 
and  allows  the  gas-to  be  heat  exchanged  with  the  com- 
pressed  air  fed  thereinto  so  as  to  become  room  temper- 
ature,  thereby  delivering  it  as  a  product  nitrogen  gas.  On 
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the  other  hand,  the  liquid  air  having  been  fed  from  the 
bottom  portion  of  the  lower  tower  60  through  the  pipe  66 
into  the  upper  tower  59  is  subject  to  a  fractionating 
action  in  the  upper  tower  59,  whereby  the  oxygen  of  a 
high-boiling  component  in  the  liquid  air  is  liquefied  and  5 
accumulated  as  a  liquid  oxygen  71  in  the  bottom  portion 
of  the  upper  tower  59.  Reference  code  80  designates  a 
pipe  for  feeding  the  liquid  oxygen  into  the  upper  tower 
59  when  the  oxygen  gas  manufacturing  equipment  is 
started.  The  pipe  80  extends  from  a  liquid  oxygen  stor-  w 
age  tank  not  shown.  Stored  in  the  tank  is  the  liquid  oxy- 
gen  manufactured  by  the  equipment  or  the  one 
manufactured  by  another  equipment  and  transported  by 
a  tank  lorry  and  the  like.  Reference  code  81  designates 
a  liquid  oxygen  feeding  control  valve,  which  is  opened  75 
according  to  the  level  of  a  level  gauge  82  when  a  cold 
balance  is  loosed  to  cause  a  cold  source  to  tend  to  be 
short  during  operation,  (that  is,  more  refrigeration  is 
required)  thereby  feeding  cold  liquid  oxygen  to  keep  the 
balance  of  fractionating.  20 

A  gas  of  a  low-boiling  point  component  containing 
nitrogen  gas  is  drawn  from  the  tower  top  of  the  upper 
tower  59  by  a  pipe  70  as  an  exhaust  gas,  acts  as  a  cold 
source  of  the  subcooler  71a,  and  then  released  through 
the  second  and  first  heat  exchangers  57,  56  into  the  25 
atmosphere.  The  liquid  oxygen  71  accumulated  in  the 
bottom  portion  of  the  upper  tower  59  is  drawn  by  a  liquid 
oxygen  drawing  pipe  72,  pressurized  by  a  liquid  oxygen 
pressurizing  pump  73,  and  introduced  in  a  pressurized 
state  into  the  third  heat  exchanger  55b  to  gasify,  thereby  30 
becoming  a  product  oxygen  gas.  The  gas  is  introduced 
into  an  oxygen  gas  takeout  pipe  74.  Provided  in  the  oxy- 
gen  gas  takeout  pipe  74  is  the  expansion  turbine  75, 
and  the  product  oxygen  gas  becomes  a  drive  source  of 
the  expansion  turbine  75  to  generate  cold,  enters  in  this  35 
state  the  second  and  first  heat  exchangers  57,  56,  in 
which  the  gas  is  heat  exchanged  with  the  raw  air  to  give 
the  generated  cold  to  the  raw  air,  with  the  gas  itself 
exhibiting  room  temperature,  and  taken  out  as  a  product 
from  the  far  (upstream)  end  of  the  oxygen  gas  takeout  40 
pipe  74.  Particularly,  the  above-mentioned  expansion 
turbine  75,  which  uses  the  product  oxygen  gas  as  the 
drive  source,  is  composed  of  a  material  hardly  reacting 
with  oxygen,  such  as  a  copper  alloy  (including  brass),  a 
nickel  alloy  (Ni-Cr-Fe),  a  stainless  (SUS  316  L)  and  an  45 
aluminium  alloy  (Al-Zn),  whereby  a  disaster  such  as  an 
explosion  is  prevented.  The  use  of  the  above-mentioned 
liquid  oxygen  pressurizing  pump  73  solves  a  problem 
with  the  prior  art  example  (in  which  there  has  been  a 
problem  with  safety  that  the  oxygen  gas  compressor  1  5,  so 
if  catches  fire  once,  will  react  intensively  with  oxygen, 
thus  requiring  careful  precautions  in  safety  practice), 
and  improves  significantly  the  safety. 

The  equipment  manufactures  the  product  oxygen 
gas  in  the  following  manner.  That  is,  a  raw  air  is  com-  ss 
pressed  by  the  air  compressor  51,  allowed  to  pass 
through  the  drain  separator  52,  the  flon  cooler  53  and 
the  absorption  towers  54  for  removing  impurities,  then 
pass  through  the  first  and  second  heat  exchangers  56, 

57,  and  is  cooled  to  a  gaseous  state  at  an  ultralow  tem- 
perature,  and  entered  into  the  lower  tower  60  of  the  frac- 
tionating  tower  58.  At  the  same  time,  part  of  the 
compressed  air  having  passed  through  the  above-men- 
tioned  absorption  towers  54  is  introduced  into  the 
branch  pipe  55a,  allowed  to  pass  through  the  air  com- 
pressors  51a,  51b  and  the  first  and  third  heat  exchang- 
ers  56,  55b  to  become  an  ultralow-temperature  liquid, 
and  entered  into  the  lower  tower  60.  In  the  lower  tower 
60,  the  above-mentioned  compressed  air  thus  entered 
is  allowed  to  contact  in  a  countercurrent  manner  the  liq- 
uid  nitrogen  having  overflowed  the  liquid  nitrogen  reser- 
voir  67  to  cool,  and  part  of  the  air  is  liquefied  and 
accumulated  as  the  liquid  air  61  in  the  bottom  portion  of 
the  lower  tower  60.  In  this  process,  the  difference  in  boil- 
ing  point  between  nitrogen  and  oxygen  (boiling  point  for 
oxygen  of  -183°C,  that  for  nitrogen  of  -196°C  )  causes 
the  oxygen  as  a  high-boiling  point  component  in  the 
compressed  air  to  liquefy,  thereby  leaving  nitrogen  in  a 
gaseous  state.  The  nitrogen  left  in  a  gaseous  state  is 
taken  out  from  the  takeout  pipe  68,  and  allowed  to  pass 
through  the  third  and  first  heat  exchangers  55b,  56  so 
as  to  be  heat  exchanged  and  raised  in  the  temperature 
thereof  near  to  room  temperature,  then  delivered  as  the 
product  nitrogen  gas.  On  the  other  hand,  part  of  the 
nitrogen  gas  accumulated  in  the  ceiling  portion  of  the 
lower  tower  60  is  introduced  through  the  first  reflux  pipe 
63  into  the  condenser  62  provided  in  the  upper  tower 
59,  in  which  the  gas  is  cooled  and  liquefied  by  the  liquid 
oxygen  accumulated  in  the  bottom  portion  of  the  upper 
tower  59,  and  drawn  through  the  second  reflux  pipe  64 
into  the  reflux  liquid  reservoir  67  of  the  lower  tower  60. 
The  liquid  air  accumulated  in  the  bottom  portion  of  the 
lower  tower  60  is  entered  through  the  pipe  66,  the  sub- 
cooler  71a  and  the  expansion  valve  65  into  the  above- 
mentioned  upper  tower  59  and  subject  to  a  fractionating 
action.  Then,  the  oxygen  as  a  high-boiling  point  compo- 
nent  is  liquefied  and  accumulated  in  the  bottom  portion, 
while  the  low-boiling  point  component  gas  containing 
nitrogen  gas  is  delivered  as  an  exhaust  gas  from  the 
tower  top  of  the  upper  tower  59  through  the  pipe  70.  The 
exhaust  gas  thus  delivered  passes  through  the  sub- 
cooler  71a  and  the  second  and  first  heat  exchangers 
57,  56  so  as  to  be  raised  in  the  temperature  thereof  near 
to  room  temperature,  and  is  delivered  into  the  atmos- 
phere.  The  liquid  oxygen  71  accumulated  in  the  bottom 
portion  of  the  upper  tower  59  passes  through  the  pipe 
72,  and  is  compressed  in  a  liquid  state  by  the  pump  73, 
and  introduced  in  that  state  into  the  third  heat 
exchanger  55b,  in  which  the  liquid  oxygen  is  heat 
exchanged  to  gasify,  and  introduced  into  the  product 
oxygen  gas  takeout  pipe  74.  Then,  the  oxygen  gas  thus 
introduced  is  adiabatically  expanded  by  the  expansion 
turbine  provided  in  the  product  takeout  pipe  74  to 
develop  the  cold  required  for  the  entire  equipment, 
which  cold  is  heat  exchanged  with  the  raw  air  in  the  third 
and  first  heat  exchangers  55b,  56,  whereby  the  gas 
itself  becomes  a  room  temperature  oxygen  gas,  and  is 

4 



7 EP  0  745  817  A1 

taken  out  from  the  far  (upstream)  end  of  the  product 
oxygen  gas  takeout  pipe  74. 

Fig.  2  shows  an  equipment  of  another  embodiment 
of  the  present  invention.  The  equipment  is  adapted  to 
house  a  liquid  oxygen  pressurizing  pump  in  a  sealed  s 
casing  73c,  into  which  a  liquid  oxygen  is  introduced  and 
pressurized  so  as  to  be  drawn  to  the  pipe  72.  Then, 
there  is  provided  a  return  pipe  23b  by  which  the  oxygen 
gas  gasified  and  produced  is  returned  from  the  above- 
mentioned  casing  73c  back  to  the  upper  tower  59.  Parts  10 
other  than  these  ones  are  the  same  as  the  equipment  of 
Fig.  1  .  The  composition  made  in  this  manner  prevents 
an  accident  that  the  liquid  oxygen  pressurizing  pump  73 
sucks  oxygen  gas  bubbles  to  cause  a  no-load  running 
(a  gas  biting  phenomenon).  Reference  code  23a  desig-  is 
nates  a  motor  for  driving  the  liquid  oxygen  pressurizing 
pump  73. 

Claims 
20 

1  .  An  oxygen  gas  manufacturing  apparatus  compris- 
ing  air  compression  means  (51)  for  compressing 
raw  air,  heat  exchange  means  (55b)  for  cooling 
compressed  air  to  an  ultralow  temperature,  a  frac- 
tionating  tower  (58)  for  liquefying  and  separating  25 
the  compressed  air  cooled  to  the  said  ultralow  tem- 
perature  and  holding  nitrogen  in  a  gaseous  state,  a 
liquid  oxygen  takeout  path  (72)  for  guiding  liquid 
oxygen  from  the  fractionating  tower  as  a  cooling 
medium  to  heat  exchange  means  (55b)  in  which  the  30 
liquid  oxygen  is  gasified  by  heat  exchange  to 
become  oxygen  gas,  and  a  product  oxygen  gas 
takeout  path  (74)  which  extends  from  the  liquid  oxy- 
gen  takeout  path  (72)  and  passes  through  the  said 
heat  exchange  means  (59b)  to  increase  the  tern-  35 
perature  of  the  oxygen  gas  so  as  to  obtain  product 
oxygen  gas,  characterized  in  that  the  liquid  oxygen 
takeout  path  (72)  is  provided  with  means  (73)  for 
pressurizing  the  liquid  oxygen  passing  there- 
through,  and  in  that  the  portion  of  the  product  oxy-  40 
gen  gas  takeout  path  (74)  upstream  of  the  said  heat 
exchange  means  (55b)  is  provided  with  an  expan- 
sion  means  (75)  utilizing  oxygen  gas  passing 
through  the  product  oxygen  gas  takeout  path  (74). 

45 
2.  Oxygen  gas  manufacturing  apparatus  according  to 

claim  1  ,  in  which  the  expansion  means  (75)  is  an 
expansion  turbine  composed  of  a  material  which 
does  not  react  with  oxygen. 
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