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©  Method  and  apparatus  for  producing  ultra-high  purity  nitrogen. 

©  An  ultra-high  purity  nitrogen  generating 
method  comprises  :  feeding  feed  air  to  a  carbon 
dioxide  eliminator-drier  (4)  and  a  primary  rectifi- 
cation  column  (6),  thereby  removing  catalyst 
poisons  for  an  oxidation  catalyst  used  for  oxi- 
dation  of  carbon  monoxide  and  hydrogen  in  the 
feed  air  by  means  of  the  carbon  dioxide  elimi- 
nator-drier  (4)  and  the  primary  rectification  col- 
umn  (6),  condensing  and  liquefying  a  part  of 
low  purity  nitrogen  gas  separated  in  the  primary 
rectification  column  (6)  by  means  of  a  conden- 
ser  (7),  warming  the  raw  nitrogen  gas  which  has 
not  been  condensed  and  liquefied  in  the  con- 
denser  to  normal  temperature  by  means  of  a 
heat  exchanger  (5)  and  compressing  it  by  a 
recycle  compressor  (9)  so  that  the  pressure 
thereof  is  increased  and  the  temperature  there- 
of  is  raised,  oxidizing  carbon  monoxide  and 
hydrogen  in  an  oxidation  column  (10)  and  re- 
moving  the  resulting  carbon  dioxide  and  water 
by  an  adsorption  column  (12). 
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DETAILED  DESCRIPTION  OF  THE  INVENTION 

TECHNICAL  FIELD 

The  present  invention  relates  to  an  ultra-high  pur- 
ity  nitrogen  generating  method  and  a  generator  there- 
for,  and  especially  to  an  ultra-high  purity  nitrogen  gen- 
erating  method  for  generating  ultra-high  purity  nitro- 
gen  gas  or  liquid  nitrogen  suitable  forthe  manufacture 
of  submicron  LSI  from  feed  air  by  use  of  rectification 
columns  and  a  generator  therefor. 

PRIOR  ART 

For  example,  as  disclosed  in  the  official  gazette 
of  Japanese  Patent  Application  Laid-open  No. 
225,568/1986,  a  high  purity  nitrogen  generating 
method  and  a  generator  therefor  have  been  hitherto 
proposed,  which  comprise  compressing  feed  air, 
passing  the  feed  air  having  a  high  temperature  as  a 
result  of  this  compression  through  a  column  packed 
with  an  oxidation  catalyst,  where  carbon  monoxide 
(CO)  and  hydrogen  (H2)  are  oxidized  to  carbon  diox- 
ide  (C02)  and  water  (H20),  respectively,  and  then 
cooling  down  the  feed  air  and  removing  these  carbon 
dioxide  and  water  in  an  adsorption  column  packed 
with  an  adsorbent,  and  thereafter  further  cooling 
down  and  liquefying  the  feed  air  by  means  of  a  heat 
exchanger,  and  introducing  the  liquefied  feed  air  to  a 
rectification  column  to  produce  a  high  purity  nitrogen 
product. 

PROBLEMS  SOUGHT  FOR  SOLUTION  BY  THE 
INVENTION 

In  the  aforementioned  prior  art,  however,  SOX, 
H2S  or  the  like  in  feed  air  act  as  catalyst  poisons  to 
reduce  the  activity  of  an  oxidation  catalyst  remark- 
ably,  because  the  feed  air  is  compressed  and  the 
compressed  feed  air  is  directly  introduced  to  a  cata- 
lyst  column.  Accordingly,  it  is  necessary  to  provide  an 
equipment  for  removing  these  matters  acting  as  the 
catalyst  poisons  at  a  front  stage  of  the  catalyst,  to 
pack  the  catalyst  more  than  a  required  amount,  into 
taking  consideration  the  deterioration  of  its  activity,  or 
to  provide  an  equipment  for  increasing  the  reaction 
temperature. 

The  present  invention  is  intended  to  eliminate  the 
afore-mentioned  drawbacks. 

MEANS  FOR  SOLUTION  OF  THE  PROBLEMS 

One  ultra-high  purity  nitrogen  generating  method 
according  to  the  present  invention  comprises: 

a  first  step  of  removing,  from  feed  air,  carbon 
dioxide,  moisture  and  catalyst  poisons  for  an  oxida- 
tion  catalyst  contained  therein  by  means  of  a  carbon 
dioxide  eliminator-drier; 

a  second  step  of  cooling  down  the  feed  air  ob- 
tained  by  the  first  step  and  introducing  the  cooled 
feed  air  to  a  primary  rectification  column,  where  it  is 
roughly  rectified,  thereby  further  removing  the  car- 

5  bon  dioxide,  moisture  and  catalyst  poisons  therefrom; 
a  third  step  of  warming  raw  nitrogen  gas  that 

is  the  nitrogen  gas  obtained  by  the  second  step  and 
containing  oxygen,  and  then  compressing  the 
warmed  raw  nitrogen  gas  so  that  it  is  increased  in 

10  pressure  and  raised  in  temperature; 
a  fourth  step  of  introducing  the  raw  nitrogen 

gas  obtained  by  the  third  step  to  an  oxidation  column, 
where  carbon  monoxide  in  the  raw  nitrogen  gas  is 
converted  to  carbon  dioxide  and  hydrogen  also  con- 

15  tained  therein  to  water,  and  then  cooling  down  the 
raw  nitrogen  gas,  and  introducing  the  cooled  raw  ni- 
trogen  gas  to  an  adsorption  column,  where  the  carbon 
dioxide  and  water  in  the  raw  nitrogen  gas  are  re- 
moved  by  adsorption; 

20  a  fifth  step  of  cooling  down  the  feed  raw  nitro- 
gen  gas  obtained  at  the  fourth  step  and  introducing 
the  cooled  feed  raw  nitrogen  gas  to  a  secondary  rec- 
tification  column,  where  it  is  rectified,  and  at  the  same 
time,  supplying  cold  necessary  for  the  above- 

25  mentioned  rectification  to  anyone  of  the  equipments 
in  a  cold  box;  and 

a  sixth  step  of  taking  out  an  ultra-high  purity  ni- 
trogen  gas  product  or  an  ultra-high  purity  liquefied  ni- 
trogen  product  from  the  secondary  rectification  col- 

30  umn. 
A  further  ultra-high  purity  nitrogen  generating 

method  according  to  the  present  invention  compris- 
es: 

a  first  step  of  removing,  from  feed  air,  carbon 
35  dioxide,  moisture  and  catalyst  poisons  for  an  oxida- 

tion  catalyst  contained  therein  by  means  of  a  carbon 
dioxide  eliminator-drier; 

a  second  step  of  cooling  down  the  feed  air  ob- 
tained  by  the  first  step  and  introducing  the  cooled 

40  feed  air  to  a  primary  rectification  column,  where  it  is 
roughly  rectified,  thereby  further  removing  the  car- 
bon  dioxide,  moisture  and  catalyst  poisons  therefrom; 

a  third  step  of  condensing  raw  nitrogen  gas 
that  is  the  nitrogen  gas  obtained  by  the  second  step 

45  and  containing  oxygen  so  that  a  part  thereof  is  lique- 
fied  and  causing  the  liquefied  nitrogen  gas  to  circu- 
late  to  the  primary  rectification  column  as  a  reflux  liq- 
uid,  and  at  the  same  time,  warming  the  remaining  raw 
nitrogen  gas,  and  then  compressing  the  warmed  ni- 

50  trogen  gas  so  that  it  is  increased  in  pressure  and 
raised  in  temperature; 

a  fourth  step  of  introducing  the  raw  nitrogen 
gas  obtained  by  the  third  step  to  an  oxidation  column, 
where  carbon  monoxide  in  the  raw  nitrogen  gas  is 

55  converted  to  carbon  dioxide  and  hydrogen  also  con- 
tained  therein  to  water,  and  then  cooling  down  the 
raw  nitrogen  gas,  and  introducing  the  cooled  raw  ni- 
trogen  gas  to  an  adsorption  column,  where  the  carbon 
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dioxide  and  water  in  the  raw  nitrogen  gas  are  re- 
moved  by  adsorption; 

a  fifth  step  of  cooling  down  the  feed  raw  nitro- 
gen  gas  obtained  at  the  fourth  step  and  introducing 
the  cooled  feed  raw  nitrogen  gas  to  a  secondary  rec- 
tification  column,  where  it  is  rectified; 

a  sixth  step  of  expanding  the  liquid  nitrogen 
obtained  from  the  bottom  portion  of  the  secondary 
rectification  column  at  the  fifth  step,  and  then  intro- 
ducing  the  expanded  liquid  nitrogen  to  the  primary 
rectification  column  as  a  feed  material  and  cold; 

a  seventh  step  of  condensing  the  nitrogen  gas 
obtained  at  the  fifth  step  by  means  of  a  reboiler-con- 
denserso  as  to  provide  high  purity  liquid  nitrogen,  and 
returning  this  high  purity  liquid  nitrogen  to  the  sec- 
ondary  rectification  column,  and  exhausting  the  non- 
condensing  gas  which  has  been  not  condensed  in  the 
reboiler-condenser  from  the  lower  portion  of  the  re- 
boiler-condenser; 

an  eighth  step  of  supplying  cold  necessary  for 
the  above-mentioned  rectification  to  anyone  of  the 
equipments  in  a  cold  box;  and 

a  ninth  step  of  using  a  part  of  the  high  purity 
liquid  nitrogen  returned  from  the  reboiler-condenser 
to  the  secondary  rectification  column  as  a  reflux  liq- 
uid,  and  taking  out  the  remaining  part  thereof  from  a 
rectifying  tray  several  stages  below  a  rectifying  tray 
in  the  top  portion  of  the  secondary  rectification  col- 
umn  as  an  ultra-high  purity  nitrogen  gas  product  or  an 
ultra-high  purity  liquid  nitrogen  product. 

Liquid  nitrogen  from  the  outside  may  be  supplied 
to  the  primary  rectification  column  as  cold  necessary 
for  the  above-mentioned  rectification. 

A  further  ultra-high  purity  nitrogen  generating 
method  according  to  the  present  invention  compris- 
es: 

a  first  step  of  removing,  from  feed  air,  carbon 
dioxide,  moisture  and  catalyst  poisons  for  an  oxida- 
tion  catalyst  contained  therein  by  means  of  a  carbon 
dioxide  eliminator-drier; 

a  second  step  of  cooling  down  the  feed  air  ob- 
tained  by  the  first  step  and  introducing  the  cooled 
feed  air  to  a  primary  rectification  column,  where  it  is 
roughly  rectified,  thereby  further  removing  the  car- 
bon  dioxide,  moisture  and  catalyst  poisons  therefrom; 

a  third  step  of  condensing  raw  nitrogen  gas 
that  is  the  nitrogen  gas  obtained  by  the  second  step 
and  containing  oxygen  so  that  a  part  thereof  is  lique- 
fied  and  causing  the  liquefied  nitrogen  gas  to  circu- 
late  to  the  primary  rectification  column  as  a  reflux  liq- 
uid,  and  at  the  same  time,  warming  the  remaining  raw 
nitrogen  gas,  and  then  compressing  the  warmed  ni- 
trogen  gas  so  that  it  is  increased  in  pressure  and 
raised  in  temperature; 

a  fourth  step  of  introducing  the  raw  nitrogen 
gas  obtained  by  the  third  step  to  an  oxidation  column, 
where  carbon  monoxide  in  the  raw  nitrogen  gas  is 
converted  to  carbon  dioxide  and  hydrogen  also  con- 

tained  therein  to  water,  and  then  cooling  down  the 
raw  nitrogen  gas  and  introducing  the  cooled  raw  ni- 
trogen  gas  to  an  adsorption  column,  where  the  carbon 
dioxide  and  water  in  the  raw  nitrogen  gas  are  re- 

5  moved  by  adsorption; 
a  fifth  step  of  cooling  down  the  feed  raw  nitro- 

gen  gas  obtained  at  the  fourth  step  and  introducing 
the  cooled  feed  raw  nitrogen  gas  to  a  secondary  rec- 
tification  column,  where  it  is  rectified; 

10  a  sixth  step  of  expanding  the  liquid  nitrogen 
obtained  from  the  bottom  portion  of  the  secondary 
rectification  column  at  the  fifth  step,  and  then  intro- 
ducing  the  expanded  liquid  nitrogen  to  the  primary 
rectification  column  as  a  feed  material  and  cold; 

15  a  seventh  step  of  condensing  the  nitrogen  gas 
obtained  in  the  fifth  step  by  means  of  a  reboiler-con- 
denser  so  as  to  provide  high  purity  liquid  nitrogen,  and 
returning  this  high  purity  liquid  nitrogen  to  the  sec- 
ondary  rectification  column,  and  exhausting  the  non- 

20  condensing  gas  which  has  been  not  condensed  in  the 
reboiler-condenser  from  the  lower  portion  of  the  re- 
boiler-condenser; 

an  eighth  step  of  expanding  the  oxygen-rich 
liquid  obtained  from  the  bottom  portion  of  the  primary 

25  rectification  column  at  the  second  step,  and  then 
evaporating  the  expanded  oxygen-rich  liquid  through 
heat  exchange  so  as  to  provide  a  waste  gas; 

a  ninth  step  of  heating  the  waste  gas  obtained 
at  the  eighth  step,  and  then  adiabatically  expanding 

30  the  heated  waste  gas  and  using  the  expanded  waste 
gas  as  cold; 

a  tenth  step  of  heating  the  waste  gas  obtained 
at  the  ninth  step,  and  using  the  heated  waste  gas  in 
order  to  regenerate  the  carbon  dioxide  eliminator-dri- 

35  er;  and 
an  eleventh  step  of  rectifying  the  high  purity 

liquid  nitrogen  in  the  secondary  rectification  column, 
and  taking  out  the  rectified  liquid  nitrogen  from  a  rec- 
tifying  tray  several  stages  below  a  rectifying  tray  in 

40  the  top  portion  of  the  secondary  rectification  column 
as  an  ultra-high  purity  nitrogen  gas  product  or  an  ul- 
tra-high  purity  liquid  nitrogen  product. 

A  further  ultra-high  purity  nitrogen  generating 
method  according  to  the  present  invention  compris- 

es  es: 
a  first  step  of  removing,  from  feed  air,  carbon 

dioxide,  moisture  and  catalyst  poisons  for  an  oxida- 
tion  catalyst  contained  therein  by  means  of  a  carbon 
dioxide  eliminator-drier; 

50  a  second  step  of  cooling  down  the  feed  air  ob- 
tained  by  the  first  step  and  introducing  the  cooled 
feed  air  to  a  primary  rectification  column,  where  it  is 
roughly  rectified,  thereby  further  removing  the  car- 
bon  dioxide,  moisture  and  catalyst  poisons  therefrom; 

55  a  third  step  of  condensing  raw  nitrogen  gas 
that  is  the  nitrogen  gas  obtained  by  the  second  step 
and  containing  oxygen  so  that  a  part  thereof  is  lique- 
fied  and  causing  the  liquefied  nitrogen  gas  to  circu- 
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late  to  the  primary  rectification  column  as  a  reflux  liq- 
uid,  and  at  the  same  time,  warming  the  remaining  raw 
nitrogen  gas,  and  then  compressing  the  warmed  ni- 
trogen  gas  so  that  it  is  increased  in  pressure  and 
raised  in  temperature; 

a  fourth  step  of  introducing  the  raw  nitrogen 
gas  obtained  by  the  third  step  to  an  oxidation  column, 
where  carbon  monoxide  in  the  raw  nitrogen  gas  is 
converted  to  carbon  dioxide  and  hydrogen  also  con- 
tained  therein  to  water,  and  then  cooling  down  the 
raw  nitrogen  gas  and  introducing  the  cooled  raw  nitro- 
gen  gas  to  an  adsorption  column,  where  the  carbon 
dioxide  and  water  in  the  raw  nitrogen  gas  are  re- 
moved  by  adsorption; 

a  fifth  step  of  cooling  down  the  feed  raw  nitro- 
gen  gas  obtained  at  the  fourth  step  and  introducing 
the  cooled  feed  raw  nitrogen  gas  to  a  secondary  rec- 
tification  column,  where  it  is  rectified,  and  at  the  same 
time,  taking  out  at  least  a  part  of  the  feed  raw  nitrogen 
gas,  while  it  is  being  cooled,  and  adiabatically  ex- 
panding  the  take-out  nitrogen  gas  and  using  the  ex- 
panded  nitrogen  gas  as  cold; 

a  sixth  step  of  expanding  the  liquid  nitrogen 
obtained  from  the  bottom  portion  of  the  secondary 
rectification  column  at  the  fifth  step,  and  then  intro- 
ducing  the  expanded  liquid  nitrogen  to  the  primary 
rectification  column  as  a  feed  material  and  cold; 

a  seventh  step  of  introducing  the  nitrogen  gas 
formed  through  rectification  in  the  secondary  rectifi- 
cation  column  at  the  fifth  step  to  a  reboiler-condenser 
and  returning  high  purity  liquid  nitrogen  obtained 
through  condensation  therein  to  the  secondary  recti- 
fication  column,  and  exhausting  the  noncondensing 
gas  which  has  been  not  condensed  in  the  reboiler- 
condenser  from  the  lower  portion  of  the  reboiler-con- 
denser;  and 

an  eighth  step  of  taking  out  an  ultra-high  purity 
nitrogen  gas  product  or  an  ultra-high  purity  liquid  ni- 
trogen  product  from  a  rectifying  tray  several  stages 
below  a  rectification  tray  in  the  top  portion  of  the 
secondary  rectification  column. 

One  ultra-high  purity  nitrogen  generator  accord- 
ing  to  the  present  invention  comprises: 

a  carbon  dioxide  eliminator-drier  for  removing, 
from  feed  air,  carbon  dioxide,  moisture  and  catalyst 
poisons  for  an  oxidation  catalyst  contained  therein; 

a  primary  rectification  column  for  roughly  rec- 
tifying  the  feed  air  passed  through  the  carbon  dioxide 
eliminator-drier,  thereby  obtaining  raw  nitrogen  gas 
that  is  the  nitrogen  gas  containing  oxygen,  from  which 
the  catalyst  poisons  for  the  oxidation  catalyst  have 
been  further  removed; 

a  compressor  for  increasing  the  pressure  of 
the  raw  nitrogen  gas  obtained  from  the  primary  recti- 
fication  column  and  raising  the  temperature  thereof; 

an  oxidation  column  for  converting  carbon 
monoxide  in  the  raw  nitrogen  gas  increased  in  pres- 
sure  and  raised  in  temperature  to  carbon  dioxide  and 

hydrogen  also  contained  therein  to  water;  and  an  ad- 
sorption  column  for  cooling  down  the  carbon  dioxide 
and  water  formed  through  oxidation,  and  removing 
them  by  adsorption,  thereby  obtaining  feed  raw  nitro- 

5  gen  gas; 
a  secondary  rectification  column  for  rectifying 

the  feed  raw  nitrogen  gas,  thereby  obtaining  an  ultra- 
high  purity  nitrogen  gas  product  or  an  ultra-high  purity 
liquid  nitrogen  product; 

10  a  heat  exchanger  for  exchanging  heat  among 
the  feed  air  to  be  introduced  to  the  primary  rectifica- 
tion  column,  the  raw  nitrogen  gas  obtained  from  the 
primary  rectification  column,  the  feed  raw  nitrogen 
gas  to  be  introduced  to  the  secondary  rectification 

15  column  and  the  ultra-high  purity  nitrogen  gas  product 
with  one  another; 

a  cold  box  surrounding  the  heat  exchanger 
and  the  primary  and  secondary  rectification  columns; 
and 

20  a  means  for  supplying  cold  necessary  for  the 
above-mentioned  rectification  to  any  one  of  the 
equipments  in  the  cold  box. 

A  further  ultra-high  purity  nitrogen  generator  ac- 
cording  to  the  present  invention  comprises: 

25  a  carbon  dioxide  eliminator-drier  for  removing, 
from  feed  air,  carbon  dioxide,  moisture  and  catalyst 
poisons  for  an  oxidation  catalyst  contained  therein; 

a  primary  rectification  column  for  roughly  rec- 
tifying  the  feed  air  passed  through  the  carbon  dioxide 

30  eliminator-drier,  thereby  obtaining  raw  nitrogen  gas 
that  is  the  nitrogen  gas  containing  oxygen,  from  which 
the  catalyst  poisons  for  the  oxidation  catalyst  have 
been  further  removed; 

a  gas-liquid  separator  and  a  nitrogen  condens- 
35  er  for  condensing  the  raw  nitrogen  gas  obtained  from 

the  primary  rectification  column  so  as  to  provide  liq- 
uid  nitrogen  circulating  to  the  primary  rectification  col- 
umn; 

a  compressor  for  increasing  the  pressure  of 
40  the  raw  nitrogen  gas  which  has  been  not  liquefied  in 

the  nitrogen  condenser  and  raising  the  temperature 
thereof; 

an  oxidation  column  for  converting  carbon 
monoxide  in  the  raw  nitrogen  gas  increased  in  pres- 

45  sure  and  raised  in  temperature  to  carbon  dioxide  and 
hydrogen  also  contained  therein  to  water;  and  an  ad- 
sorption  column  for  cooling  down  the  carbon  dioxide 
and  water  formed  through  oxidation,  and  removing 
them  by  adsorption,  thereby  obtaining  feed  raw  nitro- 

50  gen  gas; 
a  secondary  rectification  column  for  rectifying 

the  feed  raw  nitrogen  gas,  thereby  obtaining  an  ultra- 
high  purity  nitrogen  gas  product  or  an  ultra-high  purity 
liquid  nitrogen  product  from  a  rectifying  tray  several 

55  stages  below  a  rectifying  tray  in  the  top  portion  of  the 
secondary  rectification  column; 

a  means  involving  an  expansion  valve  for  ex- 
panding  the  liquid  nitrogen  obtained  from  the  bottom 
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portion  of  the  secondary  rectification  column  and  in- 
troducing  the  expanded  liquid  nitrogen  to  the  primary 
rectification  column  as  a  feed  material  and  cold; 

a  reboiler-condenser  for  condensing  and  lique- 
fying  the  nitrogen  gas  obtained  from  the  top  portion  5 
of  the  secondary  rectification  column,  and  then  caus- 
ing  the  liquefied  nitrogen  gas  to  circulate  to  the  sec- 
ondary  rectification  column; 

a  heat  exchanger  for  exchanging  heat  among 
the  feed  air  to  be  introduced  to  the  primary  rectif  ica-  10 
tion  column,  the  raw  nitrogen  gas  which  has  been  not 
liquefied  in  the  nitrogen  condenser,  the  feed  raw  ni- 
trogen  gas  to  be  introduced  to  the  secondary  rectifi- 
cation  column  and  the  ultra-high  purity  nitrogen  gas 
product  with  one  another;  15 

a  cold  box  surrounding  the  heat  exchanger, 
the  primary  and  secondary  rectification  columns,  the 
gas-liquid  separator,  the  nitrogen  condenser  and  the 
reboiler-condenser;  and 

a  means  for  supplying  deep  low  temperature  20 
nitrogen  to  anyone  of  the  equipments  in  the  cold  box 
as  cold  necessary  for  the  above-mentioned  rectifica- 
tion. 

A  further  ultra-high  purity  nitrogen  generator  ac- 
cording  to  the  present  invention  comprises:  25 

a  carbon  dioxide  eliminator-drier  for  removing, 
from  feed  air,  carbon  dioxide,  moisture  and  catalyst 
poisons  for  an  oxidation  catalyst  contained  therein; 

a  primary  rectification  column  for  roughly  rec- 
tifying  the  feed  air  passed  through  the  carbon  dioxide  30 
eliminator-drier,  thereby  obtaining  raw  nitrogen  gas 
that  is  the  nitrogen  gas  containing  oxygen,  from  which 
the  catalyst  poisons  for  the  oxidation  catalyst  have 
been  further  removed; 

a  gas-liquid  separator  and  a  nitrogen  condens-  35 
er  for  condensing  the  raw  nitrogen  gas  obtained  from 
the  primary  rectification  column  so  as  to  provide  liq- 
uid  nitrogen  circulating  to  the  primary  rectification  col- 
umn; 

a  compressor  for  increasing  the  pressure  of  40 
the  raw  nitrogen  gas  which  has  been  not  liquefied  in 
the  nitrogen  condenser  and  raising  the  temperature 
thereof; 

an  oxidation  column  for  converting  carbon 
monoxide  in  the  raw  nitrogen  gas  increased  in  pres-  45 
sure  and  raised  in  temperature  to  carbon  dioxide  and 
hydrogen  also  contained  therein  to  water;  and  an  ad- 
sorption  column  for  cooling  down  the  carbon  dioxide 
and  water  formed  through  oxidation  and  removing 
them  by  adsorption,  thereby  obtaining  feed  raw  nitro-  50 
gen  gas; 

a  secondary  rectification  column  for  rectifying 
the  feed  raw  nitrogen  gas,  thereby  obtaining  an  ultra- 
high  purity  nitrogen  gas  product  oran  ultra-high  purity 
liquid  nitrogen  product  from  a  rectifying  tray  several  55 
stages  below  a  rectifying  tray  in  the  top  potion  of  the 
secondary  rectification  column; 

a  means  involving  an  expansion  valve  for  ex- 

panding  the  liquid  nitrogen  obtained  from  the  bottom 
portion  of  the  secondary  rectification  column  and  in- 
troducing  the  expanded  liquid  nitrogen  to  the  primary 
rectification  column  as  a  feed  material  and  cold; 

a  reboiler-condenser  for  condensing  and  lique- 
fying  the  nitrogen  gas  obtained  from  the  top  portion 
of  the  secondary  rectification  column,  and  then  caus- 
ing  the  liquefied  nitrogen  gas  to  circulate  to  the  sec- 
ondary  rectification  column; 

a  heat  exchanger  for  exchanging  heat  among 
the  feed  air  to  be  introduced  to  the  primary  rectifica- 
tion  column,  the  raw  nitrogen  gas  which  has  been  not 
liquefied  in  the  nitrogen  condenser,  the  feed  raw  ni- 
trogen  gas  to  be  introduced  to  the  secondary  rectifi- 
cation  column  and  the  ultra-high  purity  nitrogen  gas 
product  with  one  another;  and 

a  means  involving  an  expansion  turbine  for 
adiabatically  expanding  waste  gas  obtained  from  the 
primary  rectification  column  and  introducing  the  ex- 
panded  waste  gas  to  the  heat  exchanger  as  cold. 

A  further  ultra-high  purity  nitrogen  generator  ac- 
cording  to  the  present  invention  comprises: 

a  carbon  dioxide  eliminator-drier  for  removing, 
from  feed  air, 

a  carbon  dioxide,  moisture  and  catalyst  poi- 
sons  for  an  oxidation  catalyst  contained  therein; 

a  primary  rectification  column  for  roughly  rec- 
tifying  the  feed  air  passed  through  the  carbon  dioxide 
eliminator-drier,  thereby  obtaining  raw  nitrogen  gas 
that  is  the  nitrogen  gas  containing  oxygen,  from  which 
the  catalyst  poisons  for  the  oxidation  catalyst  have 
been  further  removed; 

a  gas-liquid  separator  and  a  nitrogen  condens- 
er  for  condensing  the  raw  nitrogen  gas  obtained  from 
the  primary  rectification  column  so  as  to  provide  liq- 
uid  nitrogen  circulating  to  the  primary  rectification  col- 
umn; 

a  compressor  for  increasing  the  pressure  of 
the  raw  nitrogen  gas  which  has  been  not  liquefied  in 
the  nitrogen  condenser  and  raising  the  temperature 
thereof; 

an  oxidation  column  for  oxidizing  the  raw  nitro- 
gen  gas  increased  in  pressure  and  raised  in  temper- 
ature  so  that  carbon  nonoxide  in  the  raw  nitrogen  gas 
is  converted  to  carbon  dioxide  and  hydrogen  also 
contained  therein  to  water;  and  an  adsorption  column 
for  cooling  down  the  carbon  dioxide  and  waterformed 
through  oxidation,  and  removing  them  by  adsorption, 
thereby  obtaining  feed  raw  nitrogen  gas; 

a  secondary  rectification  column  for  rectifying 
the  feed  raw  nitrogen  gas,  thereby  obtaining  an  ultra- 
high  purity  nitrogen  gas  product  or  an  ultra-high  purity 
liquid  nitrogen  product  from  a  rectifying  tray  several 
stages  below  a  rectifying  tray  in  the  top  portion  of  the 
secondary  rectification  column; 

a  means  involving  an  expansion  valve  for  ex- 
panding  the  liquid  nitrogen  obtained  from  the  bottom 
portion  of  the  secondary  rectification  column  and  in- 

5 
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traducing  the  expanded  liquid  nitrogen  to  the  primary 
rectification  column  as  a  feed  material  and  cold; 

a  reboiler-condenser  for  condensing  and  lique- 
fying  the  nitrogen  gas  obtained  from  the  top  portion 
of  the  secondary  rectification  column,  and  then  caus- 
ing  the  liquefied  nitrogen  gas  to  circulate  to  the  sec- 
ondary  rectification  column; 

a  heat  exchanger  for  exchanging  heat  among 
the  feed  air  to  be  introduced  to  the  primary  rectifica- 
tion  column,  the  raw  nitrogen  gas  which  has  been  not 
liquefied  in  the  nitrogen  condenser,  the  feed  raw  ni- 
trogen  gas  to  be  introduced  to  the  secondary  rectifi- 
cation  column  and  the  ultra-high  purity  nitrogen  gas 
product  with  one  another;  and 

a  means  involving  an  expansion  turbine  for  tak- 
ing  out  a  part  of  the  feed  raw  nitrogen  gas  to  be  intro- 
duced  to  the  secondary  rectification  column  from  the 
way  of  the  heat  exchanger  and  adiabatically  expand- 
ing  the  taken-out  nitrogen  gas,  and  introducing  the 
expanded  nitrogen  gas  to  the  heat  exchanger  as  cold. 

Referring  to  the  accompanying  drawings,  the 
embodiments  of  the  present  invention  will  be  descri- 
bed. 

Figs.  1,  2  and  3  are  flow  diagrams  showing  re- 
spectively  first,  second  and  third  preferred  embodi- 
ments  of  an  ultrahigh  purity  nitrogen  generating  meth- 
od  and  generator  therefor  according  to  the  present  in- 
vention. 

In  the  present  invention,  as  shown  in  a  flow  dia- 
gram  of  Fig.  1,  feed  air  is  introduced  at  1,000  Nm3/h 
into  an  airfilter  1  to  eliminate  dust  therefrom,  the  feed 
air  free  from  dust  is  introduced  to  a  compressor  2 
through  a  pipe  P1  so  as  to  be  compressed  to  a  pres- 
sure  necessary  for  the  separation  of  air,  for  instance, 
to  6  ATA,  and  then  the  compressed  feed  air  is  passed 
though  a  Freon  refrigerator  3  by  way  of  a  pipe  P2  so 
as  to  be  cooled  down,  and  thereafter  the  cooled  feed 
air  is  fed  to  a  carbon  dioxide  eliminator-drier4  through 
a  pipe  P3. 

This  carbon  dioxide  eliminator-drier  4  is  com- 
posed  of  two  molecular  sieve  columns  which  will  be 
alternatively  switched  for  use.  The  feed  air  is  fed  to 
one  of  them  to  remove  carbon  dioxide  (C02)  and 
moisture  (H20)  and  further  sulfides  such  as  SOX  and 
H2S  which  are  catalyst  poisons  for  an  oxidation  cat- 
alyst,  by  adsorption,  while  waste  gas  (impure  oxygen 
gas)  which  has  passed  through  a  main  heat  exchang- 
er  5,  hereinafter  mentioned  below,  is  fed  to  the  other 
molecular  sieve  column  as  a  regenerating  gas  for  the 
carbon  dioxide  eliminator-drier  4. 

The  feed  air,  from  which  carbon  dioxide,  mois- 
ture,  sulfides  and  other  impurities  have  been  re- 
moved  by  means  of  this  carbon  dioxide  eliminator-dri- 
er  4,  is  fed  to  the  main  heat  exchanger  5  through  a 
pipe  P4  so  as  to  be  cooled  down  near  to  its  liquefying 
point,  and  then  fed  to  a  feed  air  intake  portion  6a  in 
the  lower  portion  of  a  primary  rectification  column  6 
through  a  pipe  P5.  To  the  upper  portion  of  this  pri- 

mary  rectification  column  6,  liquid  nitrogen  that  is  one 
example  of  cold  source  is  fed  through  a  pipe  P6, 
where  the  feed  air  ascending  from  the  lower  portion 
in  the  rectification  portion  6b  of  the  primary  rectifica- 

5  tion  column  6  and  the  liquid  nitrogen  (a  reflux  liquid) 
descending  from  the  upper  portion  of  the  primary  rec- 
tification  column  6  are  brought  in  contact  with  each 
other  in  a  countercurrent  state,  thereby  liquefying 
oxygen  in  the  feed  air  and  separating  low  purity  nitro- 

10  gen  gas  containing  the  remaining  part  of  oxygen  con- 
tent  by  rectification. 

The  said  low  purity  nitrogen  gas  (i.e.  nitrogen  gas 
containing  an  oxygen  content)  taken  out  of  the  col- 
umn  top  of  the  primary  rectification  column  6  is  led  to 

15  a  nitrogen  condenser  7  through  a  pipe  P7  so  as  to  be 
liquefied  by  heat  exchange  with  an  oxygen-rich  liquid, 
hereinafter  mentioned  below,  and  further  it  is  led  to  a 
gas-liquid  separator  8  through  a  pipe  P8  so  as  to  be 
subjected  to  gas-liquid  separation.  Liquid  nitrogen 

20  separated  here  is  returned  to  the  upper  portion  of  the 
primary  rectification  column  6  through  a  pipe  P9  as  a 
reflux  liquid,  and  raw  nitrogen  gas  also  separated 
here  is  fed  to  the  main  heat  exchanger  5  through  a 
pipe  P10  so  as  to  be  used  as  a  cold  source  for  the 

25  main  heat  exchanger  5. 
The  raw  nitrogen  gas  which  has  been  raised  to 

normal  temperature  by  itself  as  a  result,  is  introduced 
to  a  recyclic  compressor  9  at  a  pressure  of  5.5  ATA 
through  a  pipe  P11  so  as  to  be  compressed  to  a  pres- 

30  sure  of  9  ATA,  and  the  compressed  raw  nitrogen  gas 
is  led  to  an  oxidation  column  10  packed  with  an  oxi- 
dation  catalyst  through  a  pipe  P12  to  oxidize  carbon 
monoxide  (CO)  and  hydrogen  (H2)  remaining  in  the 
raw  nitrogen  gas  to  carbon  dioxide  and  water,  and 

35  then  cooled  down  at  a  cooler  11  through  a  pipe  P13. 
After  the  cooling,  the  raw  nitrogen  gas  is  led  to  an  ad- 
sorption  column  12  through  a  pipe  P14,  where  carbon 
dioxide  and  water  are  removed  by  adsorption,  and 
then  it  is  led  to  the  main  heat  exchanger  through  a 

40  pipe  P15  as  feed  raw  nitrogen  gas  so  as  to  be  lique- 
fied  near  to  its  liquefying  point,  and  fed  to  a  feed  raw 
nitrogen  intake  portion  13a  in  the  lower  portion  of  a 
secondary  rectification  column  13. 

The  feed  raw  nitrogen  gas  fed  in  the  feed  raw  ni- 
45  trogen  intake  portion  13a  is  brought  in  contact  with 

the  descending  reflux  liquid  as  it  is  ascending  in  the 
rectification  portions  13b,  13d  of  the  secondary  rec- 
tification  column  13.  As  a  result,  the  oxygen  content 
thereof  is  liquefied  and  reservoired  in  the  bottom  por- 

50  tion  of  the  secondary  rectification  column  1  3,  as  con- 
tained  in  the  liquid  nitrogen.  The  rectified  nitrogen 
gas,  from  which  the  oxygen  content  has  been  re- 
moved,  is  taken  out  of  the  top  portion  of  the  second- 
ary  rectification  column  13,  and  led  to  a  reboiler-con- 

55  denser  6RC  disposed  in  the  lower  portion  of  the  pri- 
mary  rectification  column  6  or  separately  placed  out- 
side  of  the  primary  rectification  column  6  through  a 
pipe  P17  so  as  to  be  liquefied.  The  obtained  liquid  ni- 

6 
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trogen  is  returned  to  a  reservoir  R1  in  the  upper  por- 
tion  13e  of  the  secondary  rectification  column  13 
through  a  pipe  P18,  and  the  impurities  not  liquefied 
such  as  helium  He,  hydrogen  H2,  neon  Ne  are  dis- 
charged  out  of  the  lower  portion  of  the  reboiler-con- 
denser  6RC  through  a  pipe  P19. 

The  said  liquid  nitrogen  returned  to  the  reservoir 
R1  of  the  secondary  rectification  column  13  is  high 
purity  nitrogen  which  scarcely  contains  higher  boiling 
point  components  and  lower  boiling  point  components 
than  that  of  nitrogen.  In  order  to  further  decrease  the 
low  boiling  point  components,  the  liquid  nitrogen  is 
caused  to  flow  down  in  a  rectification  portion  1  3d  low- 
erthan  the  reservoir  R1  which  is  composed  of  several 
rectifying  trays.  Thus,  an  ultra-high  purity  nitrogen 
gas  product  is  taken  out  of  a  product  take-out  portion 
1  3c  through  a  pipe  P20,  led  to  the  main  heat  exchang- 
er  5  so  as  be  warmed  to  normal  temperature,  and 
passed  through  a  pipe  P21  having  a  particle  filter 
(dust  filter)  16  inserted  on  its  way  to  remove  fine  dust, 
and  then  taken  out  under  about  8  ATA  at  about  400 
Nm3/h  as  a  product  gas,  and  an  ultra-high  purity  liquid 
nitrogen  product  is  taken  out  of  a  reservoir  R2  of  the 
secondary  rectification  column  13  as  liquid. 

The  liquid  nitrogen  in  the  bottom  portion  of  the 
secondary  rectification  column  13,  in  which  the  oxy- 
gen  content  has  been  enriched,  is  passed  through  a 
pipe  P23  so  as  to  be  expanded  to  5.5  ATA  by  means 
of  an  expansion  valve  V1  inserted  in  the  pipe  P23, 
and  the  expanded  liquid  nitrogen  is  then  fed  to  the  up- 
per  portion  6C  of  the  primary  rectification  column  6  as 
cold  and  feed  nitrogen  so  as  to  be  used  as  a  reflux  liq- 
uid  and  feed  nitrogen  to  the  primary  rectification  col- 
umn  6. 

The  oxygen-rich  liquid  in  the  bottom  portion  of 
the  primary  rectification  column  6  is  passed  through 
a  pipe  P24  from  the  bottom  portion  of  the  primary  rec- 
tification  column  6  so  as  to  be  expanded  by  means  of 
an  expansion  valve  V2  inserted  in  the  pipe  P24,  and 
then  fed  to  a  gas-liquid  separator  14.  A  liquid  separat- 
ed  in  the  gas-liquid  separator  14  is  led  from  the  bot- 
tom  portion  of  the  gas-liquid  separator  14  to  the  said 
nitrogen  condenser  7  through  a  pipe  P25.  In  the  ni- 
trogen  condenser  7,  the  separated  oxygen-rich  liquid 
acts  as  a  cold  source  so  as  to  be  gasified  by  itself,  and 
the  thus-formed  oxygen-rich  gas  is  returned  to  the 
gas-liquid  separator  14  through  a  pipe  P26,  where  it 
is  led  together  with  the  gas  formed  by  gas-liquid  sep- 
aration  to  the  main  heat  exchanger  5  through  a  pipe 
P27  and  used  as  a  cold  source  in  the  main  heat  ex- 
changer  5  so  that  cold  is  recovered.  The  gas  warmed 
to  normal  temperature  by  this  heat  exchange  is  led  to 
the  other  molecular  sieve  column  of  the  said  carbon 
dioxide  eliminator-drier  4  through  a  pipe  P28  so  as  to 
be  used  as  a  regenerating  gas  for  the  carbon  dioxide 
eliminator-drier  4,  and  then  discharged  through  a 
pipe  P29  as  a  waste  gas. 

In  addition,  a  part  17  surrounded  by  a  dotted  line 

in  Fig.  1  is  a  cold  box,  wherein  the  equipments  such 
as  the  main  heat  exchanger  5,  primary  rectification 
column  6,  reboiler-condenser  6RC,  nitrogen  con- 
denser  7,  gas-liquid  separator  8,  secondary  rectifica- 

5  tion  column  13,  gas-liquid  separator  14,  expansion 
valves  V1  ,  V2  and  pipes  thereof  are  accommodated. 
This  cold  box  17  is  thermally  insulated  from  the  at- 
mosphere  because  of  a  low  temperature  portion.  In 
order  to  supply  the  shortage  of  cold,  liquid  nitrogen  in 

10  an  amount  as  large  as  about  1  %  of  the  feed  air  fed 
to  the  compressor  2  through  the  pipe  P1  is  fed  into 
the  primary  rectification  column  6  from  the  outside  by 
way  of  a  pipe  P6.  In  the  cases  of  Fig.  2  and  Fig.  3 
showing  the  other  embodiments  mentioned  below, 

15  the  shortage  of  cold  will  be  generated  for  use  by  an 
expansion  turbine  15. 

Fig.  2  shows  the  second  embodiment  of  the  pres- 
ent  invention.  In  the  first  embodiment  shown  in  Fig.  1  , 
by  the  way,  the  waste  gas  (oxygen-rich  gas)  taken  out 

20  of  the  top  portion  of  the  said  gas-liquid  separator  14 
through  the  pipe  P27  is  directly  added  into  the  main 
heat  exchanger  5.  However,  in  the  second  embodi- 
ment  shown  in  Fig.  2,  the  passage  for  the  said  waste 
gas  is  divided  to  two  branch  paths  before  it  enters  the 

25  main  heat  exchanger  5,  and  a  pipe  P30  that  is  one 
branch  path  has  a  shut-off  valve  V3  inserted  therein 
and  a  pipe  P31  that  is  the  other  branch  path  extends 
in  the  main  heat  exchanger  5  from  its  low  temperature 
side  to  the  way  between  the  low  temperature  and 

30  high  temperature  sides  and  this  pipe  P31  has  a  shut- 
off  valve  V4  and  an  expansion  turbine  1  5  inserted  out- 
side  of  the  main  heat  exchanger  5,  wherein  cold  gen- 
erated  by  the  expansion  turbine  15  is  joined  to  the 
pipe  P30  so  as  to  be  used  as  a  cold  source  for  the 

35  main  heat  exchanger  5. 
In  this  second  embodiment,  the  open  degree  of 

the  shut-off  valves  V3,  V4  will  be  regulated,  without 
carrying  out  the  supply  of  cold  from  the  outside, 
thereby  regulating  the  flow  rate  of  the  gas  passing 

40  through  the  expansion  turbine  15  so  that  the  quantity 
of  cold  is  increased  or  decreased  so  as  to  correspond 
to  the  liquid  quantity  or  gas  quantity  to  be  taken  out 
as  the  product.  Accordingly,  the  operation  of  the 
whole  generator  unit  can  be  stabilized. 

45  Fig.  3  shows  the  third  embodiment  of  the  present 
invention.  In  the  first  embodiment  shown  in  Fig.  1,  by 
the  way,  the  feed  raw  nitrogen  gas,  from  which  car- 
bon  dioxide  and  moisture  have  been  removed  by  ad- 
sorption,  is  introduced  to  the  main  heat  exchanger  5 

so  through  the  pipe  P16.  However,  in  this  third  embodi- 
ment  shown  in  Fig.  3,  a  part  of  the  feed  raw  nitrogen 
gas  is  taken  out  of  the  way  of  the  main  heat  exchang- 
er  5  between  its  low  temperature  and  high  tempera- 
ture  sides  through  the  pipe  P32,  and  joined  with  the 

55  raw  nitrogen  gas  for  recyclic  use  taken  out  of  the  top 
portion  of  the  gas-liquid  separator  8  through  the  pipe 
P10,  and  the  joined  flow  of  nitrogen  gas  is  introduced 
to  the  main  heat  exchanger  5. 

7 
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The  said  pipe  P32  has  a  shut-off  valve  V5  and  an 
expansion  turbine  15  inserted  in  series  therein,  and 
a  pipe  P33  is  connected  in  parallel  with  both  the  ends 
of  the  shut-off  valve  V5  and  expansion  turbine  1  5  con- 
nected  in  series  and  this  said  pipe  P33  has  a  shut-off  5 
valve  V6  inserted  therein.  The  degree  of  opening  of 
the  shut-off  valves  V5,  V6  will  be  regulated,  thereby 
regulating  the  flow  rate  of  the  gas  passing  through 
the  expansion  turbine  15  so  that  the  quantity  of  cold 
generated  by  the  expansion  turbine  15  is  increased  or  10 
decreased.  Thus,  this  cold  can  be  used  as  a  cold 
source  necessary  for  the  operation  of  the  generator 
unit. 

In  the  ultra-high  purity  nitrogen  generating  meth- 
od  and  generator  therefor  according  to  the  present  in-  15 
vention,  there  are  obtained  such  large  merits  that  the 
activity  of  the  catalyst  can  be  maintained  semi- 
permanently  because  the  feed  gas  is  passed  through 
the  catalyst  column  after  catalyst  poisons  such  as 
SOX  and  H2S  are  removed  therefrom  by  normal  tern-  20 
perature  purification  and  low  temperature  liquefaction 
and  rectification,  and  further  the  ultra-high  purity  ni- 
trogen  can  be  recovered  at  a  high  yield  because  the 
low  purity  nitrogen  separated  by  low  temperature  liq- 
uefaction  and  rectification  is  recycled.  25 

Claims 

1.  An  ultra-high  purity  nitrogen  generating  method,  30 
which  comprises: 

a  first  step  of  removing,  from  feed  air,  car- 
bon  dioxide,  moisture  and  catalyst  poisons  for  an 
oxidation  catalyst  contained  therein  by  means  of 
a  carbon  dioxide  eliminator-drier;  35 

a  second  step  of  cooling  down  the  feed  air 
obtained  by  the  first  step  and  introducing  the 
cooled  feed  air  to  a  primary  rectification  column, 
where  it  is  roughly  rectified,  thereby  further  re- 
moving  the  carbon  dioxide,  moisture  and  catalyst  40 
poisons  therefrom; 

a  third  step  of  warming  raw  nitrogen  gas 
that  is  the  nitrogen  gas  obtained  by  the  second 
step  and  containing  oxygen,  and  then  compress- 
ing  the  warmed  raw  nitrogen  gas  so  that  it  is  in-  45 
creased  in  pressure  and  raised  in  temperature; 

a  fourth  step  of  introducing  the  raw  nitro- 
gen  gas  obtained  by  the  third  step  to  an  oxidation 
column,  where  carbon  monoxide  in  the  raw  nitro- 
gen  gas  is  converted  to  carbon  dioxide  and  hy-  50 
drogen  also  contained  therein  to  water,  and  then 
cooling  down  the  raw  nitrogen  gas,  and  introduc- 
ing  the  cooled  raw  nitrogen  gas  to  an  adsorption 
column,  where  the  carbon  dioxide  and  water  in 
the  raw  nitrogen  gas  are  removed  by  adsorption;  55 

a  fifth  step  of  cooling  down  the  feed  raw 
nitrogen  gas  obtained  at  the  fourth  step  and  in- 
troducing  the  cooled  feed  raw  nitrogen  gas  to  a 

secondary  rectification  column,  where  it  is  recti- 
fied,  and  at  the  same  time,  supplying  cold  neces- 
sary  for  the  above-mentioned  rectification  to  any 
one  of  the  equipments  in  a  cold  box;  and 

a  sixth  step  of  taking  out  an  ultra-high  pur- 
ity  nitrogen  gas  product  or  an  ultra-high  purity  liq- 
uefied  nitrogen  product  from  the  secondary  rec- 
tification  column. 

2.  An  ultra-high  purity  nitrogen  generating  method, 
which  comprises: 

a  first  step  of  removing,  from  feed  air,  car- 
bon  dioxide,  moisture  and  catalyst  poisons  for  an 
oxidation  catalyst  contained  therein  by  means  of 
a  carbon  dioxide  eliminator-drier; 

a  second  step  of  cooling  down  the  feed  air 
obtained  by  the  first  step  and  introducing  the 
cooled  feed  air  to  a  primary  rectification  column, 
where  it  is  roughly  rectified,  thereby  further  re- 
moving  the  carbon  dioxide,  moisture  and  catalyst 
poisons  therefrom; 

a  third  step  of  condensing  raw  nitrogen 
gas  that  is  the  nitrogen  gas  obtained  by  the  sec- 
ond  step  and  containing  oxygen  so  that  a  part 
thereof  is  liquefied  and  causing  the  liquefied  ni- 
trogen  gas  to  circulate  to  the  primary  rectification 
column  as  a  reflux  liquid,  and  at  the  same  time, 
warming  the  remaining  raw  nitrogen  gas,  and 
then  compressing  the  warmed  nitrogen  gas  so 
that  it  is  increased  in  pressure  and  raised  in  tem- 
perature; 

a  fourth  step  of  introducing  the  raw  nitro- 
gen  gas  obtained  by  the  third  step  to  an  oxidation 
column,  where  carbon  monoxide  in  the  raw  nitro- 
gen  gas  is  converted  to  carbon  dioxide  and  hy- 
drogen  also  contained  therein  to  water,  and  then 
cooling  down  the  raw  nitrogen  gas,  and  introduc- 
ing  the  cooled  raw  nitrogen  gas  to  an  adsorption 
column,  where  the  carbon  dioxide  and  water  in 
the  raw  nitrogen  gas  are  removed  by  adsorption; 

a  fifth  step  of  cooling  down  the  feed  raw 
nitrogen  gas  obtained  at  the  fourth  step  and  in- 
troducing  the  cooled  feed  raw  nitrogen  gas  to  a 
secondary  rectification  column,  where  it  is  recti- 
fied; 

a  sixth  step  of  expanding  the  liquid  nitro- 
gen  obtained  from  the  bottom  portion  of  the  sec- 
ondary  rectification  column  at  the  fifth  step,  and 
then  introducing  the  expanded  liquid  nitrogen  to 
the  primary  rectification  column  as  a  feed  mate- 
rial  and  cold; 

a  seventh  step  of  condensing  the  nitrogen 
gas  obtained  at  the  fifth  step  by  means  of  a  re- 
boiler-condenser  so  as  to  provide  high  purity  liq- 
uid  nitrogen,  and  returning  this  high  purity  liquid 
nitrogen  to  the  secondary  rectification  column, 
and  exhausting  the  noncondensing  gas  which 
has  been  not  condensed  in  the  reboiler-condens- 

8 
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erfrom  the  lower  portion  of  the  reboiler-condens- 
er; 

an  eighth  step  of  supplying  cold  necessary 
for  the  above-mentioned  rectification  to  any  one 
of  the  equipments  in  a  cold  box;  and  5 

a  ninth  step  of  using  a  part  of  the  high  pur- 
ity  liquid  nitrogen  returned  from  the  reboiler-con- 
denser  to  the  secondary  rectification  column  as 
a  reflux  liquid,  and  taking  out  the  remaining  part 
thereof  from  a  rectifying  tray  several  stages  be-  10 
low  a  rectifying  tray  in  the  top  portion  of  the  sec- 
ondary  rectification  column  as  an  ultra-high  pur- 
ity  nitrogen  gas  product  or  an  ultra-high  purity  liq- 
uid  nitrogen  product. 

15 
3.  Method  as  claimed  in  Claim  2,  which  comprises: 

supplying  liquid  nitrogen  from  the  outside 
to  the  primary  rectification  column  as  cold  neces- 
sary  for  the  above-mentioned  rectification. 

20 
4.  An  ultra-high  purity  nitrogen  generating  method, 

which  comprises: 
a  first  step  of  removing,  from  feed  air,  car- 

bon  dioxide,  moisture  and  catalyst  poisons  for  an 
oxidation  catalyst  contained  therein  by  means  of  25 
a  carbon  dioxide  eliminator-drier; 

a  second  step  of  cooling  down  the  feed  air 
obtained  by  the  first  step  and  introducing  the 
cooled  feed  air  to  a  primary  rectification  column, 
where  it  is  roughly  rectified,  thereby  further  re-  30 
moving  the  carbon  dioxide,  moisture  and  catalyst 
poisons  therefrom; 

a  third  step  of  condensing  raw  nitrogen 
gas  that  is  the  nitrogen  gas  obtained  by  the  sec- 
ond  step  and  containing  oxygen  so  that  a  part  35 
thereof  is  liquefied  and  causing  the  liquefied  ni- 
trogen  gas  to  circulate  to  the  primary  rectification 
column  as  a  reflux  liquid,  and  at  the  same  time, 
warming  the  remaining  raw  nitrogen  gas,  and 
then  compressing  the  warmed  nitrogen  gas  so  40 
that  it  is  increased  in  pressure  and  raised  in  tem- 
perature; 

a  fourth  step  of  introducing  the  raw  nitro- 
gen  gas  obtained  by  the  third  step  to  an  oxidation 
column,  where  carbon  monoxide  in  the  raw  nitro-  45 
gen  gas  is  converted  to  carbon  dioxide  and  hy- 
drogen  also  contained  therein  to  water,  and  then 
cooling  down  the  raw  nitrogen  gas  and  introduc- 
ing  the  cooled  raw  nitrogen  gas  to  an  adsorption 
column,  where  the  carbon  dioxide  and  water  in  so 
the  raw  nitrogen  gas  are  removed  by  adsorption; 

a  fifth  step  of  cooling  down  the  feed  raw 
nitrogen  gas  obtained  at  the  fourth  step  and  in- 
troducing  the  cooled  feed  raw  nitrogen  gas  to  a 
secondary  rectification  column,  where  it  is  recti-  55 
fied; 

a  sixth  step  of  expanding  the  liquid  nitro- 
gen  obtained  from  the  bottom  portion  of  the  sec- 

ondary  rectification  column  at  the  fifth  step,  and 
then  introducing  the  expanded  liquid  nitrogen  to 
the  primary  rectification  column  as  a  feed  mate- 
rial  and  cold; 

a  seventh  step  of  condensing  the  nitrogen 
gas  obtained  at  the  fifth  step  by  means  of  a  re- 
boiler-condenser  so  as  to  provide  high  purity  liq- 
uid  nitrogen,  and  returning  this  high  purity  liquid 
nitrogen  to  the  secondary  rectification  column, 
and  exhausting  the  noncondensing  gas  which 
has  been  not  condensed  in  the  reboiler-condens- 
er  from  the  lower  portion  of  the  reboiler-condens- 
er; 

an  eighth  step  of  expanding  the  oxygen- 
rich  liquid  obtained  from  the  bottom  portion  of  the 
primary  rectification  column  at  the  second  step, 
and  then  evaporating  the  expanded  oxygen-rich 
liquid  through  heat  exchange  so  as  to  provide  a 
waste  gas; 

a  ninth  step  of  heating  the  waste  gas  ob- 
tained  at  the  eighth  step,  and  then  adiabatically 
expanding  the  heated  waste  gas  and  using  the 
expanded  waste  gas  as  cold; 

a  tenth  step  of  heating  the  waste  gas  ob- 
tained  at  the  ninth  step,  and  using  the  heated 
waste  gas  in  order  to  regenerate  the  carbon  diox- 
ide  eliminator-drier;  and 

an  eleventh  step  of  rectifying  the  high  pur- 
ity  liquid  nitrogen  in  the  secondary  rectification 
column,  and  taking  out  the  rectified  liquid  nitro- 
gen  from  a  rectifying  tray  several  stages  below  a 
rectifying  tray  in  the  top  portion  of  the  secondary 
rectification  column  as  an  ultra-high  purity  nitro- 
gen  gas  product  or  an  ultra-high  purity  liquid  ni- 
trogen  product. 

5.  An  ultra-high  purity  nitrogen  generating  method, 
which  comprises: 

a  first  step  of  removing,  from  feed  air,  car- 
bon  dioxide,  moisture  and  catalyst  poisons  for  an 
oxidation  catalyst  contained  therein  by  means  of 
a  carbon  dioxide  eliminator-drier; 

a  second  step  of  cooling  down  the  feed  air 
obtained  by  the  first  step  and  introducing  the 
cooled  feed  air  to  a  primary  rectification  column, 
where  it  is  roughly  rectified,  thereby  further  re- 
moving  the  carbon  dioxide,  moisture  and  catalyst 
poisons  therefrom; 

a  third  step  of  condensing  raw  nitrogen 
gas  that  is  the  nitrogen  gas  obtained  by  the  sec- 
ond  step  and  containing  oxygen  so  that  a  part 
thereof  is  liquefied  and  causing  the  liquefied  ni- 
trogen  gas  to  circulate  to  the  primary  rectification 
column  as  a  reflux  liquid,  and  at  the  same  time, 
warming  the  remaining  raw  nitrogen  gas,  and 
then  compressing  the  warmed  nitrogen  gas  so 
that  it  is  increased  in  pressure  and  raised  in  tem- 
perature; 
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a  fourth  step  of  introducing  the  raw  nitro- 
gen  gas  obtained  by  the  third  step  to  an  oxidation 
column,  where  carbon  monoxide  in  the  raw  nitro- 
gen  gas  is  converted  to  carbon  dioxide  and  hy- 
drogen  also  contained  therein  to  water,  and  then  5 
cooling  down  the  raw  nitrogen  gas  and  introduc- 
ing  the  cooled  raw  nitrogen  gas  to  an  adsorption 
column,  where  the  carbon  dioxide  and  water  in 
the  raw  nitrogen  gas  are  removed  by  adsorption; 

a  fifth  step  of  cooling  down  the  feed  raw  10 
nitrogen  gas  obtained  at  the  fourth  step  and  in- 
troducing  the  cooled  feed  raw  nitrogen  gas  to  a 
secondary  rectification  column,  where  it  is  recti- 
fied,  and  at  the  same  time,  taking  out  at  least  a 
part  of  the  feed  raw  nitrogen  gas,  while  it  is  being  15 
cooled,  and  adiabatically  expanding  the  take-out 
nitrogen  gas  and  using  the  expanded  nitrogen 
gas  as  cold; 

a  sixth  step  of  expanding  the  liquid  nitro- 
gen  obtained  from  the  bottom  portion  of  the  sec-  20 
ondary  rectification  column  at  the  fifth  step,  and 
then  introducing  the  expanded  liquid  nitrogen  to 
the  primary  rectification  column  as  a  feed  mate- 
rial  and  cold; 

a  seventh  step  of  introducing  the  nitrogen  25 
gas  formed  through  rectification  in  the  second- 
ary  rectification  column  at  the  fifth  step  to  a  re- 
boiler-condenser  and  returning  high  purity  liquid 
nitrogen  obtained  through  condensation  therein 
to  the  secondary  rectification  column,  and  ex-  30 
hausting  the  noncondensing  gas  which  has  been 
not  condensed  in  the  reboiler-condenser  from 
the  lower  portion  of  the  reboiler-condenser;  and 

an  eighth  step  of  taking  out  an  ultra-high 
purity  nitrogen  gas  product  or  an  ultra-high  purity  35 
liquid  nitrogen  product  from  a  rectifying  tray  sev- 
eral  stages  below  a  rectification  tray  in  the  top 
portion  of  the  secondary  rectification  column. 

6.  An  ultra-high  purity  nitrogen  generator,  which  40 
comprises: 

a  carbon  dioxide  eliminator-drier  for  re- 
moving,  from  feed  air,  carbon  dioxide,  moisture 
and  catalyst  poisons  foran  oxidation  catalyst  con- 
tained  therein;  45 

a  primary  rectification  column  for  roughly 
rectifying  the  feed  air  passed  through  the  carbon 
dioxide  eliminator-drier,  thereby  obtaining  raw  ni- 
trogen  gas  that  is  the  nitrogen  gas  containing 
oxygen,  from  which  the  catalyst  poisons  for  the  50 
oxidation  catalyst  have  been  further  removed; 

a  compressor  for  increasing  the  pressure 
of  the  raw  nitrogen  gas  obtained  from  the  primary 
rectification  column  and  raising  the  temperature 
thereof;  55 

an  oxidation  column  for  converting  carbon 
monoxide  in  the  raw  nitrogen  gas  increased  in 
pressure  and  raised  in  temperature  to  carbon  di- 

oxide  and  hydrogen  also  contained  therein  to  wa- 
ter;  and  an  adsorption  column  for  cooling  down 
the  carbon  dioxide  and  waterformed  through  ox- 
idation,  and  removing  them  by  adsorption,  there- 
by  obtaining  feed  raw  nitrogen  gas; 

a  secondary  rectification  column  for  recti- 
fying  the  feed  raw  nitrogen  gas,  thereby  obtain- 
ing  an  ultra-high  purity  nitrogen  gas  product  or  an 
ultra-high  purity  liquid  nitrogen  product; 

a  heat  exchanger  for  exchanging  heat 
among  the  feed  air  to  be  introduced  to  the  pri- 
mary  rectification  column,  the  raw  nitrogen  gas 
obtained  from  the  primary  rectification  column, 
the  feed  raw  nitrogen  gas  to  be  introduced  to  the 
secondary  rectification  column  and  the  ultra-high 
purity  nitrogen  gas  product  with  one  another; 

a  cold  box  surrounding  the  heat  exchang- 
er  and  the  primary  and  secondary  rectification 
columns;  and 

means  for  supplying  cold  necessary  for 
the  above-mentioned  rectification  to  any  one  of 
the  equipments  in  the  cold  box. 

7.  An  ultra-high  purity  nitrogen  generator,  which 
comprises: 

a  carbon  dioxide  eliminator-drier  for  re- 
moving,  from  feed  air,  carbon  dioxide,  moisture 
and  catalyst  poisons  for  an  oxidation  catalyst  con- 
tained  therein; 

a  primary  rectification  column  for  roughly 
rectifying  the  feed  air  passed  through  the  carbon 
dioxide  eliminator-drier,  thereby  obtaining  raw  ni- 
trogen  gas  that  is  the  nitrogen  gas  containing 
oxygen,  from  which  the  catalyst  poisons  for  the 
oxidation  catalyst  have  been  further  removed; 

a  gas-liquid  separator  and  a  nitrogen  con- 
denser  for  condensing  the  raw  nitrogen  gas  ob- 
tained  from  the  primary  rectification  column  so  as 
to  provide  liquid  nitrogen  circulating  to  the  pri- 
mary  rectification  column; 

a  compressor  for  increasing  the  pressure 
of  the  raw  nitrogen  gas  which  has  been  not  lique- 
fied  in  the  nitrogen  condenser  and  raising  the 
temperature  thereof; 

an  oxidation  column  for  converting  carbon 
monoxide  in  the  raw  nitrogen  gas  increased  in 
pressure  and  raised  in  temperature  to  carbon  di- 
oxide  and  hydrogen  also  contained  therein  to  wa- 
ter;  and  an  adsorption  column  for  cooling  down 
the  carbon  dioxide  and  waterformed  through  ox- 
idation,  and  removing  them  by  adsorption,  there- 
by  obtaining  feed  raw  nitrogen  gas; 

a  secondary  rectification  column  for  recti- 
fying  the  feed  raw  nitrogen  gas,  thereby  obtain- 
ing  an  ultra-high  purity  nitrogen  gas  product  or  an 
ultra-high  purity  liquid  nitrogen  product  from  a 
rectifying  tray  several  stages  below  a  rectifying 
tray  in  the  top  portion  of  the  secondary  rectifica- 

10 
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tion  column; 
a  means  involving  an  expansion  valve  for 

expanding  the  liquid  nitrogen  obtained  from  the 
bottom  portion  of  the  secondary  rectification  col- 
umn  and  introducing  the  expanded  liquid  nitrogen  5 
to  the  primary  rectification  column  as  a  feed  ma- 
terial  and  cold; 

a  reboiler-condenser  for  condensing  and 
liquefying  the  nitrogen  gas  obtained  from  the  top 
portion  of  the  secondary  rectification  column,  10 
and  then  causing  the  liquefied  nitrogen  gas  to  cir- 
culate  to  the  secondary  rectification  column; 

a  heat  exchanger  for  exchanging  heat 
among  the  feed  air  to  be  introduced  to  the  pri- 
mary  rectification  column,  the  raw  nitrogen  gas  15 
which  has  been  not  liquefied  in  the  nitrogen  con- 
denser,  the  feed  raw  nitrogen  gas  to  be  intro- 
duced  to  the  secondary  rectification  column  and 
the  ultra-high  purity  nitrogen  gas  product  with 
one  another;  20 

a  cold  box  surrounding  the  heat  exchang- 
er,  the  primary  and  secondary  rectification  col- 
umns,  the  gas-liquid  separator,  the  nitrogen  con- 
denser  and  the  reboiler-condenser;  and 

a  means  for  supplying  deep  low  tempera-  25 
ture  nitrogen  to  anyone  of  the  equipments  in  the 
cold  box  as  cold  necessary  for  the  above- 
mentioned  rectification. 

8.  An  ultra-high  purity  nitrogen  generator,  which  30 
comprises: 

a  carbon  dioxide  eliminator-drier  for  re- 
moving,  from  feed  air,  carbon  dioxide,  moisture 
and  catalyst  poisons  foran  oxidation  catalyst  con- 
tained  therein;  35 

a  primary  rectification  column  for  roughly 
rectifying  the  feed  air  passed  through  the  carbon 
dioxide  eliminator-drier,  thereby  obtaining  raw  ni- 
trogen  gas  that  is  the  nitrogen  gas  containing 
oxygen,  from  which  the  catalyst  poisons  for  the  40 
oxidation  catalyst  have  been  further  removed; 

a  gas-liquid  separator  and  a  nitrogen  con- 
denser  for  condensing  the  raw  nitrogen  gas  ob- 
tained  from  the  primary  rectification  column  so  as 
to  provide  liquid  nitrogen  circulating  to  the  pri-  45 
mary  rectification  column; 

a  compressor  for  increasing  the  pressure 
of  the  raw  nitrogen  gas  which  has  been  not  lique- 
fied  in  the  nitrogen  condenser  and  raising  the 
temperature  thereof;  50 

an  oxidation  column  for  converting  carbon 
monoxide  in  the  raw  nitrogen  gas  increased  in 
pressure  and  raised  in  temperature  to  carbon  di- 
oxide  and  hydrogen  also  contained  therein  to  wa- 
ter;  and  an  adsorption  column  for  cooling  down  55 
the  carbon  dioxide  and  waterformed  through  ox- 
idation  and  removing  them  by  adsorption,  there- 
by  obtaining  feed  raw  nitrogen  gas; 

a  secondary  rectification  column  for  recti- 
fying  the  feed  raw  nitrogen  gas,  thereby  obtain- 
ing  an  ultra-high  purity  nitrogen  gas  product  or  an 
ultra-high  purity  liquid  nitrogen  product  from  a 
rectifying  tray  several  stages  below  a  rectifying 
tray  in  the  top  potion  of  the  secondary  rectifica- 
tion  column; 

a  means  involving  an  expansion  valve  for 
expanding  the  liquid  nitrogen  obtained  from  the 
bottom  portion  of  the  secondary  rectification  col- 
umn  and  introducing  the  expanded  liquid  nitrogen 
to  the  primary  rectification  column  as  a  feed  ma- 
terial  and  cold; 

a  reboiler-condenser  for  condensing  and 
liquefying  the  nitrogen  gas  obtained  from  the  top 
portion  of  the  secondary  rectification  column, 
and  then  causing  the  liquefied  nitrogen  gas  to  cir- 
culate  to  the  secondary  rectification  column; 

a  heat  exchanger  for  exchanging  heat 
among  the  feed  air  to  be  introduced  to  the  pri- 
mary  rectification  column,  the  raw  nitrogen  gas 
which  has  been  not  liquefied  in  the  nitrogen  con- 
denser,  the  feed  raw  nitrogen  gas  to  be  intro- 
duced  to  the  secondary  rectification  column  and 
the  ultra-high  purity  nitrogen  gas  product  with 
one  another;  and 

a  means  involving  an  expansion  turbine  for 
adiabatically  expanding  waste  gas  obtained  from 
the  primary  rectification  column  and  introducing 
the  expanded  waste  gas  to  the  heat  exchanger 
as  cold. 

9.  An  ultra-high  purity  nitrogen  generator,  which 
comprises: 

a  carbon  dioxide  eliminator-drier  for  re- 
moving,  from  feed  air,  carbon  dioxide,  moisture 
and  catalyst  poisons  for  an  oxidation  catalyst  con- 
tained  therein; 

a  primary  rectification  column  for  roughly 
rectifying  the  feed  air  passed  through  the  carbon 
dioxide  eliminator-drier,  thereby  obtaining  raw  ni- 
trogen  gas  that  is  the  nitrogen  gas  containing 
oxygen,  from  which  the  catalyst  poisons  for  the 
oxidation  catalyst  have  been  further  removed; 

a  gas-liquid  separator  and  a  nitrogen  con- 
denser  for  condensing  the  raw  nitrogen  gas  ob- 
tained  from  the  primary  rectification  column  so  as 
to  provide  liquid  nitrogen  circulating  to  the  pri- 
mary  rectification  column; 

a  compressor  for  increasing  the  pressure 
of  the  raw  nitrogen  gas  which  has  been  not  lique- 
fied  in  the  nitrogen  condenser  and  raising  the 
temperature  thereof; 

an  oxidation  column  for  oxidizing  the  raw 
nitrogen  gas  increased  in  pressure  and  raised  in 
temperature  so  that  carbon  nonoxide  in  the  raw 
nitrogen  gas  is  converted  to  carbon  dioxide  and 
hydrogen  also  contained  therein  to  water;  and  an 
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adsorption  column  for  cooling  down  the  carbon 
dioxide  and  waterformed  through  oxidation,  and 
removing  them  by  adsorption,  thereby  obtaining 
feed  raw  nitrogen  gas; 

a  secondary  rectification  column  for  recti-  5 
fying  the  feed  raw  nitrogen  gas,  thereby  obtain- 
ing  an  ultra-high  purity  nitrogen  gas  product  or  an 
ultra-high  purity  liquid  nitrogen  product  from  a 
rectifying  tray  several  stages  below  a  rectifying 
tray  in  the  top  portion  of  the  secondary  rectifica-  10 
tion  column; 

a  means  involving  an  expansion  valve  for 
expanding  the  liquid  nitrogen  obtained  from  the 
bottom  portion  of  the  secondary  rectification  col- 
umn  and  introducing  the  expanded  liquid  nitrogen  15 
to  the  primary  rectification  column  as  a  feed  ma- 
terial  and  cold; 

a  reboiler-condenser  for  condensing  and 
liquefying  the  nitrogen  gas  obtained  from  the  top 
portion  of  the  secondary  rectification  column,  20 
and  then  causing  the  liquefied  nitrogen  gas  to  cir- 
culate  to  the  secondary  rectification  column; 

a  heat  exchanger  for  exchanging  heat 
among  the  feed  air  to  be  introduced  to  the  pri- 
mary  rectification  column,  the  raw  nitrogen  gas  25 
which  has  been  not  liquefied  in  the  nitrogen  con- 
denser,  the  feed  raw  nitrogen  gas  to  be  intro- 
duced  to  the  secondary  rectification  column  and 
the  ultra-high  purity  nitrogen  gas  product  with 
one  another;  and  30 

a  means  involving  an  expansion  turbine  for 
taking  out  a  part  of  the  feed  raw  nitrogen  gas  to 
be  introduced  to  the  secondary  rectification  col- 
umn  from  the  way  of  the  heat  exchanger  and 
adiabatically  expanding  the  taken-out  nitrogen  35 
gas,  and  introducing  the  expanded  nitrogen  gas 
to  the  heat  exchanger  as  cold. 

12 



EP  0  589  766  A1 

13 



EP  0  589  766  A1 

14 



Cr  U  309  /  DO  H  I 

i  15-  -' 



EP  0  589  766  A1 

European  Patent  EUROPEAN  SEARCH  REPORT  ^  
Office  EP  93  40  2287 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

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

Relevant 
to  daim 

CLASSIFICATION  OF  THE 
APPLICATION  (IntClS) 

PATENT  ABSTRACTS  OF  JAPAN 
vol.  14,  no.  460  (M-1032)4  October  1990 
3,  JP-A-02  183  789  (HITACHI  LTD.)  18  Ju ly  
1990 
*  abs t rac t ;   figure  * 

8.  DATABASE  WPI 
Section  Ch,  Week  9035, 
Derwent  Publ ica t ions   Ltd.,  London,  GB; 
Class  Ell,  AN  90-263910 
&  JP-A-2  183  789  (HITACHI  K.K.  &  HITACHI 
TECHN-ENG  KL)  18  July  1990 
*  abs t rac t ;   figure  * 

PATENT  ABSTRACTS  OF  JAPAN 
vol.  17,  no.  410  (M-1455)30  July  1993 
&  JP-A-05  079  754  (HITACHI  LTD.)  30  March 
1993 
*  abs t rac t ;   figure  * 

EP-A-0  485  612  (KABISHIKA  KAISHA  KOBE 
SEIKO  SH0) 
*  figure  3  * 

EP-A-0  182  620  (UNION  CARBIDE  CORPORATION) 
*  page  10,  paragraph  3  -  page  13, 
paragraph  1  * 
*  figure  2  * 

L,6 

2-5 ,7-9  

F25J3/04 
F25J3/08 

1-9 

The  present  search  report  has  been  drawn  up  for  all  claims 

1-9 

1-9 

TECHNICAL  FIELUb 
SEARCHED  (hrt.Cl.5) 

F25J 

Place  of  March 
THE  HAGUE 

Date  of  coipleuoa  of  the  search 
21  December  1993 Stevnsborg,  N 

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

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

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

document 

16 


	bibliography
	description
	claims
	drawings
	search report

