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Description 

BACKGROUND  OF  THE  INVENTION 

5  FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  gas  separation  membranes  formed  from  certain  substituted  aromatic  poly- 
imides  having  a  rigid  polymer  chain  and  to  the  process  of  separating  one  or  more  gases  from  a  mixture  of  gases. 

10  PRIOR  ART 

US-A-4,705,540  discloses  rigid  polyimide  gas  separation  membranes  prepared  from  alkyl-substituted  phe- 
nylene  diamines  and  structurally  rigid  aromatic  dianhydrides.  Membranes  prepared  from  these  materials  were 
found  to  have  exceptionally  high  gas  permeation  rates  with  moderate  gas  selectivities. 

15  US-A-4,71  7,394  discloses  that  a  greater  range  of  gas  productivities  can  be  achieved  through  the  controlled 
incorporation  of  less  chain  rigidity  than  that  found  in  US-A-4,705,540.  This  was  accomplished,  in  part,  through 
the  use  of  mixtures  of  alkyl-substituted  phenylene  diamines  and  essentially  unsubstituted  diamines.  The  in- 
corporation  of  alkyl-substituted  methylene  bisanilines  with  alkyl-substituted  phenylene  diamines  in  the  present 
invention  enables  an  even  greater  range  of  gas  productivities  to  be  achieved. 

20  U.S.  Patent  US-A-4,838,900,  discloses  polyimide  gas  separation  membranes  prepared  from  substituted 
methylene  bisanilines  and  aromatic  tetracarboxylic  dianhydrides.  The  incorporation  of  the  more  rigid  alkyl-sub- 
stituted  phenylene  diamines  in  accordance  with  the  present  invention  allows  for  a  greater  range  of  gas  pro- 
ductivities  than  found  in  US-A-4,838,900. 

US-E-30,351;  US-A-3,822,202;  and  US-A-3,899,309  disclose  gas  separation  membrane  materials  com- 
25  prising  certain  semi-rigid  aromatic  polyimides,  polyamides  and  polyesters. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  relates  to  certain  alkyl-substituted  aromatic  polyimide  separation  membranes  par- 
30  ticularly  useful  for  separating  gases  and  the  process  of  using  them.  This  class  of  polyimide  membrane  materials 

is  compositionally  prepared  by  condensation  from  mixtures  of  certain  alkyl-substituted  phenylene  diamines  and 
alkyl-substituted  methylene  dianilines  with  aromatic  dianhydrides.  Gas  separation  membranes  formed  from 
this  class  of  polyimides  have  improved  environmental  stability  and  superior  gas  permeability.  The  range  of  gas 
permeation  properties  exhibited  by  them  allows  for  the  tailoring  of  membrane  material  for  widely  diverse  gas 

35  separations.  The  high  permeabilities  of  some  gases  from  multicomponent  mixtures  is  believed  to  be  due  to  the 
optimization  of  the  molecular  free  volume  in  the  polymer. 

The  present  invention  relates  to  the  discovery  that  aromatic  polyimides  prepared  by  polycondensation  of 
aromatic  tetracarboxylic  dianhydrides  with  a  mixture  of  phenylene  diamines  having  substituents  on  all  positions 
ortho  to  the  amine  functions  and  methylene  dianilines  having  substituents  on  all  positions  ortho  to  the  amine 

40  functions  form  membranes  with  exceptional  gas  permeability.  These  increases  in  productivity  of  these  mem- 
branes  are  believed  to  be  due  to  the  high  molecular  free  volume  in  the  polymer  structure  resulting  from  the 
rigid  nature  of  the  rotationally  hindered  polyimide  linkage. 

Generally,  extremely  high  gas  permeation  rates  through  dense  polymeric  membranes  is  found  only  with 
low  glass  transition  temperature  (Tg)  materials,  such  as  silicone  rubbers  and  a  few  polyolefin  polymers.  The 

45  low  Tg  materials  are  generally  only  useful  as  the  dense  separating  layer  in  composite  membranes,  where  a 
supporting  porous  membranes  substructure  provides  structural  integrity. 

High  Tg  polymeric  materials,  found  in  the  prior  art,  which  may  possess  high  gas  selectivities,  suffer  from 
low  gas  permeabilities.  Examples  reported  involve  mostly  unsubstituted,  or  partially  substituted,  polymers  sub- 
ject  to  forming  a  close  chain  packing  during  fabrication  and/or  subsequent  operation. 

50  The  present  situation  circumvents  the  above  shortcomings  and  provides  high  gas  productivity  dense  mem- 
branes  using  aromatic  polyimides  containing  the  repeating  unit: 

55 
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0  0  

where  -Ar-  is 

or  mixtures  thereof,  -Ar'-  is 

or  mixtures  thereof, 

is 

or  mixtures  thereof  -X,  -X  ̂ -X2and  -X3are  independently  primary  or  secondary  alkyl  groups  having  1  to  6  car- 
bon  atoms  preferably  methyl,  ethyl,  or  isopropyl, 

-Z  is-H,  -X,  -X,,-X2,  or-X3 
-Y  and  -Ŷ   are  independently  -H,  -X,  -X  ̂ -X2,  -X3  or  halogen  such  as  -F,  -Br,  -CI,  or  -I,  preferably  -H  or 

-CI 
and  -R'-  is 
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25  where  n  =  0  to  4 
or  alkylene  radicals  of  1  to  3  carbon  atoms,  and  where 

r  =  0.15  to  0.95,  preferably  0.15  to  0.90 
t  =  0.5  to  0.85,  preferably  0.10  to  0.85 
s  =  1.0 

30  The  multiple  substitutions  ortho  to  the  amine  functions  in  the  above  illustrated  structures  sterically  restricts 
free  rotation  around  the  imide  linkage.  This  causes  the  aromatic  residue  of  the  diamine  function  to  be  held  out 
of  the  plane  of  the  imide  function  and  the  aromatic  residue  of  the  dianhydride  function.  Electronic  ring  conju- 
gation  within  the  aromatic  polyimide  chain  is,  therefore,  greatly  reduced.  Further,  the  before-mentioned  alkyl 
substituents  sterically  block  strong  electronic  interactions  between  different  polyimide  chains  within  the  mem- 

35  brane.  It  is  believed  that  these  structural  considerations  allow  for  a  greater  molecular  free  volume  within  the 
membranes  of  this  invention  which  leads  to  the  exceptionally  high  gas  permeabilities  found. 

The  incorporation  of  flexible  units  such  as  less  rigid  dianhydrides  and/or  -Ar'-  for  diamines  allows  for  the 
partial  relaxation  of  this  rigidity  which  may  lead  to  lowered  molecular  free  volume  in  the  polymer.  This  relaxation 
promotes  greater  selectivity  for  the  permeation  of  certain  gases  from  multicomponent  gas  mixtures  through 

40  the  membrane.  At  comparable  gas  selectivities,  membranes  of  the  polyimides  disclosed  herein  have  generally 
higher  gas  permeation  rates  than  other  polymers  disclosed  in  the  prior  art.  By  varying  the  amount  of  relaxation 
in  the  polymers  of  this  invention,  membranes  can  be  tailored  for  a  wide  range  of  gas  separations  with  excep- 
tional  gas  productivity. 

Generally,  prior  art  polyimide  gas  separation  membrane  materials  suffer  from  low  gas  permeation  rates, 
45  which  is  not  desirable.  It  is  believed  that  the  low  to  moderate  gas  permeation  rates  found  in  the  prior  art  is  a 

direct  consequence  of  the  less  rigid  nature  of  the  polyimide  materials  found  therein.  The  lowered  rigidity  in- 
corporated  in  such  materials  allows  for  closer  packing  of  the  polyimide  chains  and,  in  turn,  lowers  the  molecular 
free  volume.  For  example,  polyimide  membrane  materials  of  the  present  invention  have  from  850  to  50  times 
the  oxygen  permeation  rate  found  for  polyimide  membrane  materials  disclosed  in  US-A-4,378,400.  Similarly, 

so  the  polyimide  membrane  materials  of  the  present  invention  have  from  43  to  12  times  the  oxygen  permeation 
rate  found  for  the  polyetherimide  membrane  materials  disclosed  in  US-A-4,  156,597.  The  polyimide  materials 
taught  in  US-E-30,351  ,  US-A-3,822,202,  and  US-A-3,899,309  also  suffer  from  moderate  gas  permeation  rates. 
This  is  demonstrated  by  the  herein  incorporated  Comparative  Example,  which  is  typical  of  the  polyimide  mem- 
brane  materials  disclosed  therein. 

55  As  preferred  examples,  some  of  the  fully  cyclized  polyimides  of  this  invention  are  soluble  in  ordinary  or- 
ganic  solvents.  This  is  a  great  advantage  for  the  ease  of  fabrication  of  industrially  useful  membranes.  Further, 
the  polyimides  reported  in  this  invention  range  from  extremely  soluble  to  insoluble.  The  soluble  polyimides  can 
be  solution  cast  on  porous  solvent  resistant  substrates  to  serve  as  the  dense  separating  layer  of  a  composite 
membrane;  or  they  can  be  solution  cast  as  dense  or  asymmetric  membranes.  Insoluble  examples  can  be  cast 
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into  membranes  from  their  polyamic  acid  form  and  subsequently  chemically  or  thermally  cyclized. 
The  polyimides  described  in  this  invention  have  high  inherent  thermal  stabilities.  They  are  generally  stable 

to400°C  in  air  or  inert  atmospheres.  The  glass  transition  temperatures  of  these  polyimides  are  generally  above 
5  300°C.  The  high  temperature  characteristics  of  these  polyimides  can  help  to  preventthe  membrane  compaction 

problems  observed  in  other  polymers  at  even  moderate  temperatures. 
The  polyimide  membranes  disclosed  herein  have  found  use  in  gas  separations.  The  present  invention  finds 

use  in  the  enrichment  of  oxygen  and  nitrogen  from  air  for  increased  combustion  or  inerting  systems,  respec- 
tively;  in  recovery  of  hydrogen  in  refinery  and  ammonia  plants;  separation  of  carbon  monoxide  from  hydrogen 

10  in  syngas  systems;  and  separation  of  carbon  dioxide  or  hydrogen  sulfide  from  hydrocarbons. 

EXAMPLE  1 

To  a  stirred  solution  of  2,4,6-trimethyl-1,3-phenylene  diamine  (11.3  g,  0.075  mol)  and  4,4'-methylene-bis- 
15  (3-chloro-2,6-diethyl)aniline  (28.45  g,  0.075  mol)  in  N-methylpyrrolidone  (300  ml)  was  added  1,2,4,5-benze- 

netetracarboxylic  dianhydride  (33.05  g,  0.1515  mol)  under  an  inert  atmosphere  at  room  temperature.  The  re- 
sulting  orange  solution  was  stirred  overnight  at  room  temperature.  A  solution  of  acetic  anhydride  (61.25  g,  0.6 
mol)  and  triethylamine  (60.71  g,  0.6  mol)  was  added  with  rapid  stirring  at  room  temperature.  The  resulting  re- 
action  solution  was  precipitated  in  water  and  the  resulting  solid  was  washed  with  water  and  washed  twice  with 

20  methanol.  Afterair-drying  overnight,  the  solid  was  furtherdried  in  a  vacuum  oven  667.53  N/m2(20  inches  mer- 
cury)  at  120°C  for  3  hours  and  at  250°C  for  5  hours  to  yield  63.4  g  product. 

The  polymer  prepared  above  was  found  to  be  soluble  in  dichloromethane  and  N-methylpyrrolidone. 
Differential  Scanning  Calorimetry  (DSC)  was  performed  on  the  above  polymer  using  a  Du  Pont  Thermal 

Analyzer  Model  990-3  with  cell  model  HCB1-S/N00523,  Baseline  scope  =  5.0  in  a  nitrogen  atmosphere  at  a 
25  1  0°C/minute  progress  rate.  No  transitions  correctable  to  a  Tg  or  Tm  were  observed  up  to  400°C. 

Thermogravimetric  Analysis  (TGA)  was  performed  on  the  above  polymer  using  a  Du  Pont  Thermogravi- 
metric  Analyzer  Model  99-2  with  Cell  Model  951-5  in  an  air  atmosphere  ata  10°C/minute  progress  rate.  A10% 
weight  loss  was  observed  at  440°C  and  a  50%  weight  loss  was  observed  at  520°C. 

Films  of  the  polymer  prepared  above  were  prepared  by  pouring  a  3%  polymer  solution  (based  on  weight) 
30  in  dichloromethane  into  a  ring  form  (9.0  cm  diameter)  to  the  height  of  0.16  cm  resting  on  a  glass  plate  at  room 

temperature.  The  films  were  allowed  to  dry  at  room  temperature  and  then  soaked  off  the  plate  with  water.  The 
resulting  films  were  dried  in  a  vacuum  oven  667.53  N/m2  (20  inches  mercury)  at  70°C  for  more  than  6  hours. 

Af  ilm,  prepared  as  above  which  was  2.4  mils  (6  x  1  0"5  m)  thick,  was  tested  for  mixed  gas  oxygen/nitrogen 
(21/79,  mole)  permeabilities  at  500  psig  (3447  kPa),  25°C.  The  results  are  reported  below: 

35  02  Productivity:  3400  centiBarrer 
02/N2  Selectivity:  3.7 

AcentiBarrer  is  the  number  of  cubic  centimeters  of  gas  passed  by  the  membrane  at  standard  temperature 
and  pressure  times  the  thickness  of  the  membrane  in  centimeters  times  10~12  divided  by  the  permeating  area 
of  the  membrane  in  square  centimeters  times  the  time  in  the  seconds  times  the  partial  pressure  difference 

40  across  the  membrane  in  cm  Hg,  i.e., 

centiBarrer  =  10-12  cm3(STP)cm 
cm2  sec  cmHg 

EXAMPLE  2 
45 

To  a  stirred  solution  of  2,3,5,6-tetramethyl-1,4-phenylene  diamine  (14.78  g,  0.09  mol)  and4,4'-methylene- 
bis(2,6-diisopropyl)-aniline  (3.67  g,  0.01  mol)  in  dimethylsulfoxide  (300  ml)  was  added  5,5'-[2,2,  2-trifluoro-1- 
(tri-fluoromethyl)ethylidene]bis-1,  3-isobenzofurandione  (45.29  g,  0.102  mol)  under  an  inert  atmosphere  at 

room  temperature.  The  resulting  viscous  reaction  solution  was  stirred  overnight  at  room  temperature.  Asolution 
so  of  acetic  anhydride  (40.84  g,  0.40  mol)  and  triethylamine  (40.48  g,  0.40  mol)  was  then  added  with  rapid  stirring 

at  room  temperature.  The  resulting  reaction  solution  was  stirred  for  2.5  hours  at  room  temperature  and  was 
then  precipitated  in  water.  The  resulting  solid  was  collected  and  washed  twice  with  water,  washed  twice  with 
methanol  and  allowed  to  air  dry  overnight.  The  solid  was  furtherdried  in  a  vacuum  oven  667.53  N/m2  (20  inches 
mercury)  at  120°C  for  4  hours  and  at  220°C  for  3  hours  to  yield  61  .4  product. 

55  5,5'-[2,2,2-trifluoro-1-(trifluoromethyl)-ethylidene]bis-1,  3-isobenzofurandione  has  the  formula: 

5 
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Films  of  the  polymer  prepared  above  were  cast  from  a  15%  polymer  solution  (based  on  weight)  in  N-me- 
thylpyrrolidone  onto  a  glass  plate  treated  with  Du  Pont  TEFLON®  dry  lubricant  at  100°C  +  2°C  with  a  15  mil 
(38.4  x  10"5  m)  knife  gap.  After  drying  on  the  plate  at  100°C  +  2°C  for  0.5  hour,  the  films  were  furtherdried  in 

15  a  vacuum  oven  667.53  N/m2  (20  inches  mercury)  at  room  temperature  overnight.  The  films  were  stripped  off 
the  plate  and  dried  in  a  vacuum  oven  667.53  N/m2  (20  inches  mercury)  at  120°C  for  4  hours.  The  films  were 
tough  and  flexible  and  could  be  creased  without  cracking. 

Du  Pont  TEFLON®  dry  lubricant  contains  a  fluorocarbon  telomer  which  reduces  the  adhesion  of  the  mem- 
brane  to  the  glass  plate. 

20  A  film,  prepared  as  above  which  was  0.70  mils  (1  .78  x  10"5  m)  thick,  was  tested  for  mixed  gas  oxygen/ni- 
trogen  (21/79,  mole)  permeabilities  at  94.2  psig  (650  kPa),  24.4°C.  The  results  are  reported  below: 
02  Productivity:  8190  centiBarrer 
02/N2  Selectivity:  3.4 

Afilm  prepared  as  above  which  was  0.75  mils  thick,  was  tested  for  pure  gas  nitrogen,  helium,  and  carbon 
25  dioxide  permeabilities  at  3.45-106  N/m2  (500  psig),  1.38-106  N/m2  (200  psig),  and  1.38-106  N/m2  (200  psig),  re- 

spectively,  24°C  +  1°C.  The  results  are  reported  below: 
He  Productivity:  42,610  centiBarrer 
He/N2  Selectivity:  11 
C02  Productivity:  61  ,81  0  centiBarrer 

30  C02/N2  Selectivity:  16 

COMPARATIVE  EXAMPLE 

To  a  stirred  solution  of  1  ,5-naphthalene  diamine  (31  .6  g,  0.2  mol)  in  N,N'-dimethylacetamide  (400  ml)  was 
35  portionwise  added  5,5'-[2,2,2-trifluoro-1-(trifluoromethyl)ethylidene]-bis-1,  3-isobenzofurandione  (88.9  g,  0.2 

mol)  under  an  inert  atmosphere  at  room  temperature.  The  reaction  solution  was  heated  to  67°C  and  stirred  for 
1  hour.  A  solution  of  acetic  anhydride  (82  g)  and  triethylamine  (82  g)  was  added  to  the  rapidly  stirring  reaction 
solution.  After  stirring  2  hours  at  room  temperature,  the  viscous  reaction  solution  was  precipitated  in  methanol. 
The  resulting  off-white  solid  was  collected  and  dried  in  a  vacuum  oven  667.53  N/m2  (20  inches  mercury)  for  1 

40  hour  at  1  50°C  and  for  4  hours  at  220°C. 
Films  of  the  above  polyimide  were  cast  from  a  15%  polymer  solution  (based  on  weight)  in  N-methylpyrro- 

lidone  onto  a  glass  plate  treated  with  Du  Pont  TEFLON®  dry  lubricant  at  60°C  with  a  1  5  mil  (38  x  1  0"5  m)  knife 
gap.  The  films  were  dried  on  the  plate  at  60°C,  cooled  to  room  temperature  and  stripped  off  the  plate.  The 
films  were  further  dried  in  a  vacuum  oven  667.53  N/m2  (20  inches  mercury)  at  room  temperature  overnight, 

45  at  1  00°C  for  3  hours  and  at  220°C  for  4  hours. 
The  films  prepared  above  were  tested  for  mixed  gas  02/N2  (21/79,  mole)  permeabilities  at  300  psig  (20.7 

x  1  05  Pa),  25°C.  The  results  are  reported  below: 
02  Productivity:  560  centiBarrer 
02/N2  Selectivity:  4.8 

50 
EXAMPLE  3 

To  a  stirred  solution  of 

55 

6 



EP0  400  812  B1 

h2n  Y ^ r " " 2  

10  where  two  R '̂s  are  ethyl  and  one  is  methyl  (7.12  g,  0.04  mol,  a  mixture  of  isomers  from  Ethyl  Corporation) 
and  4,4'-methylene-bis(2-ethyl-6-methyl)  aniline  (45.12  g,  0.16  mol)  in  dimethyl  sulfoxide  (500  ml)  was  added 
5,5'-[2,2,2-trifluoro-1-(trifluoromethyl)ethylidene]-bis-1,  3-isobenzofurandione  (44.84  g,  0.101  mol)  and 
3,3',4,4'-biphenyltetracarboxylic  dianhydride  (29.71  g,  1.101  mol)  under  an  inert  atmosphere  at  room  temper- 
ature.  The  resulting  viscous  reaction  solution  was  stirred  overnight  at  room  temperature.  A  solution  of  acetic 

15  anhydride  (81  .67  g,  0.80  mol)  and  triethylamine  (80.95  g,  0.80  mol)  was  added  with  rapid  stirring  at  room  tem- 
perature.  After  stirring  for  1.5  hours,  the  reaction  solution  was  precipitated  in  water.  The  resulting  solid  was 
collected  and  washed  twice  with  water,  washed  twice  with  methanol  and  allowed  to  air  dry  overnight.  The  solid 
was  furtherdried  in  a  vacuum  oven  667.53  N/m2(20  inches  mercury)  at  120°C  for  4  hours  and  at  220°C  for  3 
hours  to  yield  158.7  g  product. 

20  Films  of  the  polymer  prepared  above  were  cast  from  a  15%  polymer  solution  (based  on  weight)  in  N-me- 
thylpyrrolidone  onto  a  glass  plate  treated  with  Du  Pont  TEFLON®  dry  lubricant  at  100°C  +  2°C  with  a  15  mil 
(38.4  x  10"1  m)  knife  gap.  After  drying  on  the  plate  at  100°C  +  2°C  for  0.5  hour,  the  films  were  further  dried  in 
a  vacuum  oven  667.53  N/m2  (20  inches  mercury)  at  room  temperature  overnight.  The  films  were  stripped  off 
the  plate  and  dried  in  a  vacuum  oven  667.53  N/m2  (20  inches  mercury)  at  120°C  for  4  hours.  The  films  were 

25  tough  and  flexible  and  could  be  creased  without  cracking. 
A  film,  prepared  as  above  which  was  1.35  mils  (3.4  x  10"5  m)  thick,  was  tested  for  mixed  gas  oxygen/ni- 

trogen  (21/79,  mole)  permeabilities  at  486.2  psig  (3352  kPa),  24.9°C.  The  results  are  reported  below: 
02  Productivity:  2340  centiBarrer 
02/N2  Selectivity:  4.3 

30  A  film,  prepared  as  above  which  was  1.35  mils  (3.4  x  10"5  m)  thick,  was  tested  for  mixed  gas  oxygen/ni- 
trogen  (21/79,  mole)  permeabilities  at  97.6  psig  (673  kPa),  25.4°C.  The  results  are  reported  below: 
02  Productivity:  2570  centiBarrer 
02/N2  Selectivity:  4.14 

35  EXAMPLE  4 

To  a  stirred  solution  of  2,4,6-trimethyl-1,3-phenylene  diamine  (18.03  g,  0.12  mol),  4,4'-methylene-bis(2- 
ethyl-6-methyl)aniline  (11.28  g,  0.04  mol)  and  4,4'-methylene-bis(2,6-diethyl)aniline  (12.40  g,  0.04  mol)  in  N- 
methylpyrrolidone  (400  ml)  was  added  3,3',4,4'-benzophenonetetracarboxylic  dianhydride  (32.54  g,  0.101  mol) 

40  and  5,5'-[2,2,2-trifluoro-1-(trifluoromethyl)-ethylidene]~bis-1,  3-isobenzofurandione  (44.84  g,  0.101  mol)  un- 
der  an  inert  atmosphere  at  room  temperature.  The  resulting  viscous  reaction  solution  was  stirred  overnight  at 
room  temperature.  Asolution  of  acetic  anhydride  (81  .68  g,  0.80  mol)  and  triethylamine  (80.96  g,  0.80  mol)  was 
added  with  rapid  stirring  at  room  temperature.  After  stirring  for  3  hours,  the  resulting  reaction  solution  was  di- 
luted  with  additional  N-methylpyrrolidone  and  precipitated  in  water.  The  resulting  solid  was  collected  and  wash- 

45  ed  twice  with  water,  washed  twice  with  methanol  and  allowed  to  air  dry  overnight.  The  solid  was  further  dried 
in  a  vacuum  oven  667.53  N/m2  (20  inches  mercury)  at  120°Cfor4  hours  and  at250°Cfor4  hours  to  yield  111.0 
g  product. 

Films  of  the  polymer  prepared  above  were  cast  from  a  15%  polymer  solution  (based  on  weight)  in  N-me- 
thylpyrrolidone  onto  a  glass  plate  treated  with  Du  Pont  TEFLON®  dry  lubricant  at  100°C  +  2°C  with  a  20  mil 

so  (5x  10^m)  knife  gap.  After  drying  on  the  plate  at  100°C  +  2°C  for  0.5  hour,  films  were  further  dried  in  a  vacuum 
oven  667.53  N/m2  (20  inches  mercury)  at  room  temperature  overnight.  The  films  were  stripped  off  the  plate 
and  dried  in  a  vacuum  oven  (20  inches  667.53  N/m2  mercury)  at  1  20°C  for  4  hours.  The  films  were  tough  and 
flexible  and  could  be  creased  without  cracking. 

A  film,  prepared  as  above  which  was  1.75  mils  (4.45  x  10"5  m)  thick,  was  tested  for  mixed  gas  oxygen/ni- 
55  trogen  (21/79,  mole)  permeabilities  at  98.3  psig  (678  kPa),  24.4°C.  The  results  are  reported  below: 

02  Productivity:  2680  centiBarrer 
02/N2  Selectivity:  3.5 
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Claims 

1  .  Agas  separation  membrane  formed  from  an  aromatic  copolyimide  consisting  essentially  of  repeating  units 
of  the  formula: 

\  

I  

II  H 

II 
0  

-Ar' 

It  ' s  
0  

where  -Ar-  is 

or  mixtures  thereof,  -Ar'-  is 

or  mixtures  thereof, 

is 

X. 

\  /  
R 

- c o -  

or  mixtures  thereof  -X,  -X  ̂ -X2  and  -X3  are  independently  primary  or  secondary  alkyl  groups  having  1  to 
6  carbon  atoms, 

-Z  is  -H,-X,  -X,,-X2,  or  -X3 
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-Y  and  -Ŷ   are  independently  -H,  -X,  -X  ̂ -X2,  -X3  or  halogen 
and  -R'-  is 

CF.  X 
I 

-c -  
I 

CF. 

0  
II 

-s  , 
II 
0  

- S i -  
I 

X 
I 

- S i -  
I 

X' 

I 
-Si -  

I 
X ,  

—  f-  0  —  ,  or   —  0  

(X) 

where  n  =  0  to  4 
or  alkylene  radicals  of  1  to  3  carbon  atoms,  and  where 

r  =  0.15  to  0.95, 
t  =  0.5  to  0.85, 
s  =  1.0. 

The  gas  separation  membrane  of  claim  1  where 

< X l ) n  

\  /  
R 

s  \  
I S  X I  o r  

The  gas  separation  membrane  of  claim  2  where  -R'-  is 

-  C  -  or  -  C  - .  

The  gas  separation  membrane  of  claim  1,  2  or  3  where  r  =  0.15  to  0.90  and  t  =  0.10  to  0.85. 

The  gas  separation  membrane  of  any  one  of  claims  1  to  4  where  -X,  -X  ̂ -X2,  and  -X3  are  -CH3,  -C2H5  or 
-CH(CH3)2. 

The  gas  separation  membrane  of  any  one  of  claims  1  to  5  where  -Z,  -Y  and  -Y  ̂ are  -H. 

A  process  for  separating  one  or  more  gases  from  a  mixture  of  gases  comprising  bringing  said  mixture  of 
gases  into  contact  with  a  gas  separation  membrane  formed  from  an  aromatic  copolyimide  consisting  es- 
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sentially  of  repeating  units  of  the  formula: 

5  O  0  

where  -Ar-  is 
15 

20 

25 
or  mixtures  thereof,  -Ar'-  is 

30 

35 

or  mixtures  thereof, 

40  \  /  
R 

is 
45 

or  mixtures  thereof  -X,  -X  ̂ -X2  and  -X3  are  independently  primary  or  secondary  alkyl  groups  having  1  to 
55  6  carbon  atoms, 

-Z  is  -H,-X,  -X,,-X2,  or  -X3 
-Y  and  -Ŷ   are  independently  -H,  -X,  -X  ̂ -X2,  -X3  or  halogen 
and  -R'-  is 
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II  I  I  I 

II  
'  " " I   '  f  0  f1  '  

where  n  =  0  to  4 
or  alkylene  radicals  of  1  to  3  carbon  atoms,  and  where 

r  =  0.15  to  0.95, 
t  =  0.5  to  0.85, 
s  =  1.0. 

8.  The  process  of  claim  7  where 

9.  The  process  of  claim  8  where  -R'-  is 

CF 

C  -  o r  

0  
ii 

-  C  - .  

CF. 

10.  The  process  of  claim  7,  8  or  9  where  r  =  0.15  to  0.90  and  t  =  0.10  to  0.85. 

11.  The  process  of  any  one  of  claims  7  to  10  where  -X,  -X  ̂ -X2  and  -X3  are  -CH3,  -C2H5  or-CH(CH3)2. 

12.  The  process  of  any  one  of  claims  7  to  11  where  -Z,  -Y,  and  -Y  ̂ are  -H. 

Patentanspruche 

1.  Gastrennmembran,  gebildet  aus  einem  aromatischen  Copolyimid,  bestehend  im  wesentlichen  aus  Repe- 
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tiereinheiten  der  Formel: 

O  0  

oder  Gemische  davon  steht,  -Ar'-  fur 

oder  Gemische  davon  steht, 

R 

fur 

oder  Gemische  davon  steht,  -X,  -X  ̂ -X2  und  -X3  unabhangig  fur  primare  oder  sekundare  Alkylgruppen 
mit  1  bis  6  Kohlenstoffatomen  stehen, 

-Z  -H,  -X,  -X,,  -X2  oder  -X3  bedeutet, 
-Y  und  -Yi  unabhangig  fur  -H,  -X,  -X  ̂ -X2,  -X3oder  Halogen  stehen 

und  -R'-  fur 

12 
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0 CF.  

CF  . 

0 
II 

— s -  
II 
0  

—  0 

; x ) n  

■Si- 

X. 

X 
I 

- S i -  
I 

X' 

-Si -  
I 
X .  

•  o d e r  

( X ) n  

- - a  

worin  n  =  0  bis  4, 
oder  Alkylenradikale  mit  1  bis  3  Kohlenstoffatomen  und  worin 

r  =  0,15  bis  0,95 
t  =  0,5  bis  0,85 
s  =  1,0, 

steht. 

Gastrennmembran  nach  Anspruch  1,  worin 

\  /  
R 

R'  

fur 

o d e r  

steht. 

Gastrennmembran  nach  Anspruch  2,  worin  -R'-  fur 
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O 
it 

ode r   -  C  -  

steht. 

Gastrennmembran  nach  Anspruch  1,  2  oder  3,  worin  r  =  0,15  bis  0,90  und  t  =  0,10  bis  0,85. 

Gastrennmembran  nach  einem  der  Anspruche  1  bis  4,  worin  -X  -X  ̂ -X2  und  -X3  fur  -CH3,  -C2H5  oder 
CH(CH3)2  stehen. 

Gastrennmembran  nach  einem  der  Anspruche  1  bis  5,  worin  -Z,  -Y  und  -Ŷ   -H  bedeuten. 

Verfahren  zur  Trennung  von  einem  oder  mehreren  Gasen  aus  einem  Gemisch  von  Gasen,  umfassend 
Kontaktieren  des  genannten  Gemisches  aus  den  Gasen  mit  einer  Gastrennmembran,  die  aus  einem  aro- 
matischen  Copolyimid  gebildet  wird,  das  im  wesentlichen  aus  Repetiereinheiten  der  Formel: 

O  0  

oder  Gemische  davon  steht,  -Ar'-  fur 

oder  Gemische  davon  steht, 
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fur 

V  

R'  ^  

oder  Gemische  davon  steht,  -X,  -X  ̂ -X2  und  -X3  unabhangig  fur  primare  oder  sekundare  Alkylgruppen 
mit  1  bis  6  Kohlenstoffatomen  stehen, 

-Z  fur  -H,  -X,  -X,,  -X2  oder  -X3  steht, 
-Y  und  -Yi  unabhangig  -H,  -X,  -X  ̂ -X2,  -X3  oder  Halogen  bedeuten 

und  -R'-  fur 

CF.  X 
I 

-c- 

CF.  

0  
I! 

- s -  
II 
0  

X 
I 

- S i -  
I 

x ,  

- S i -  
I 

X, 

-Si- 
I 

—  0 

(X) 

—  oder   —  o  —  1| 0  

( X ) n  

worin  n  =  0  bis  4, 
oder  Alkylenradikale  mit  1  bis  3  Kohlenstoffatomen  und  worin 

r  =  0,15  bis  0,95 
t  =  0,5  bis  0,85 
s  =  1,0. 

steht. 

Verfahren  nach  Anspruch  7,  worin 

15 
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o d e r  

bedeutet. 

9.  Verfahren  nach  Anspruch  8,  worin  -R'- 

O 
ii 

-  C  -  o d e r  -  C  -  

bedeutet. 

10.  Verfahren  nach  Anspruch  7,  8  oder  9,  worin  r  =  0,15  bis  0,90  und  t  =  0,10  bis  0,85. 

11.  Verfahren  nach  einem  der  Anspruche  7  bis  10,  worin  -X,  -X  ̂ -X2  und  -X3-CH3,  -C2H5  oder  -CH(CH3)2  be- 
deuten. 

12.  Verfahren  nach  einem  der  Anspruche  7  bis  11,  worin  -Z,  -Y  und  -Ŷ   fur  -H  stehen. 

Revendications 

1.  Une  membrane  de  separation  de  gaz  formee  d'un  copolyimide  aromatique  constitue  essentiellement  de 
motifs  recurrents  de  la  formule  : 

O O 

•Ar 
7 .  

oil  -Ar-  est 
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ou  des  melanges  de  ceux-ci,  -Ar'-  est 

ou  des  melanges  de  ceux-ci, 

N  /  
R 

/   V  

ou  des  melanges  de  ceux-ci,  -X,  -X  ̂ -X2  et  -X3  sont  independamment  des  groupes  alkyles  primaires  ou 
secondaires  ayant  1  a  6  atomes  de  carbone, 

-Z  est-H,  -X,  -Xi.-Xjou  -X3, 
-Y  et  -Yi  sont  independamment  -H,  -X,  -X  ̂ -X2,  -X3  ou  un  halogene, 
et  -R'-  est 

17 
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oil  n  =  0  a  4,  ou  des  radicaux  alkylenes  de  1  a  3  atomes  de  carbone,  et 
r  =  0,15  a  0,95, 
t  =  0,5  a  0,85, 
s  =  1,0. 

La  membrane  de  separation  de  gaz  de  la  revendication  1,  ou 

x   
" f   

X X   
~   

- ® r  

La  membrane  de  separation  de  gaz  de  la  revendication  2,  ou  -R'-  est 

CF3  O 
I  II 

-C-  ou  -C-  . 

La  membrane  de  separation  de  gaz  de  la  revendication  1,  2  ou  3,  ou  r  =  0,15  a  0,90  et  t  =  0,10  a  0,85. 

La  membrane  de  separation  de  gaz  de  I'une  quelconque  des  revendications  1  a  4,  ou  -X,  -X  ̂ -X2  et  -X3 
sont  -CH3,  -C2H5  ou  -CH(CH3)2. 

La  membrane  de  separation  de  gaz  de  I'une  quelconque  des  revendications  1  a  5,  ou  -Z,  -Y  et  -Ŷ   sont  -H. 

Un  precede  pour  separer  un  ou  plusieurs  gaz  d'un  melange  de  gaz,  consistant  a  mettre  le  melange  de 
gaz  en  contact  avec  une  membrane  de  separation  de  gaz  formee  d'un  copolyimide  aromatique  constitue 
essentiellement  de  motifs  recurrents  de  la  formule  : 

18 
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O  0  

ou  des  melanges  de  ceux-ci,  -Ar'-  est 

ou  des  melanges  de  ceux-ci, 

ou  des  melanges  de  ceux-ci,  -X,  -X  ̂ -X2  et  -X3  sont  independamment  des  groupes  alkyles  primaires  ou 
secondaires  ayant  1  a  6  atomes  de  carbone, 

-Z  est-H,  -X,  -Xi.-Xjou  -X3, 
-Y  et  -Yi  sont  independamment  -H,  -X,  -X  ̂ -X2,  -X3  ou  un  halogene, 
et  -R'-  est 
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10 

0  
II 

o  
II 

■s- 

C F ,  

C F ,  

- S i -  
I 

X 
I 

■c- 
I 

I 
- S i -  

I 
* 1  

I  -  
■Si- 
I 
x ,  

15 

20 

cm. 

( X ) n  

—  o  

25 

30 

oil  n  =  0  a  4,  ou  des  radicaux  alkylenes  de  1  a  3  atomes  de  carbone,  et 
r  =  0,15  a  0,95, 
t  =  0,5  a  0,85, 
s  =  1,0. 

8.  Le  precede  de  la  revendication  7,  ou 

35 

40 

45 

Le  precede  de  la  revendication  8,  ou  -R'-  est 

CP, 
C- 
I 
CF, 

o u  

O 
II 

-C-  

10.  Le  precede  de  la  revendication  7,  8  ou  9,  ou  r  =  0,15  a  0,90  et  t  =  0,10  a  0,85. 

50  1  1  .  Le  precede  de  I'une  quelconque  des  revendications  7  a  1  0,  ou  -X,  -X̂   ,  -  X2  et  -X3  sont-CH3,  C2H5  ou  -CH(CH3)2. 

12.  Le  precede  de  I'une  quelconque  des  revendications  7  a  11,  ou  -Z,  -Y,  et  -Ŷ   sont  -H. 

55 
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