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Claims 

1. An 	apparatus 	for 	separating 	gases, 	comprising 

membrane 	separation 	stages 	(1) 	to 	(3),' at 	lea -t 

5 one compressor (4) 	and/or at least one, preferably 

one or two, 	vacuum pump(s) 	(15), 	the feed s ream 

separation stage 	(1) 	separating a feed stream 	(5) 

consisting of at least two components int• a first 

permeate stream 	(6) 	and a first reten 	te stream 

10 (7), 	the 	retentate 	separation 	stage 	2) 	dividing 

the 	first 	retentate 	stream 	(7) 	to 	a 	second 

permeate stream (9) which is supp 	ed to the feed 

stream 	(5), 	and 	a 	second 	ret- tate 	stream 	(8) 

which is withdrawn as a produc , and the permeate 

15 separation stage 	(3) 	dividi . 	the 	first permeate 

stream 	(6) 	into 	a 	third 	retentate 	stream 	(10) 

which is 	supplied to 	th- 	feed stream 	(5), 	and a 

third permeate stream ( 	) which is withdrawn as a 

product, characterize• in that 

20 - the first permeat 	stream 	(6) 	is not subjected 

to any recompression, 

- at 	least 	in 	e 	feed 	stream separation 	stage 

(1), 	but 	preferably 	in 	all 	three 	membrane 

separation 	stages 	(1) 	to 	(3), 	gas 	separation 

25 membrane 	odules having a mixed gas selectivity 

of at 1 ast 30 are used, 

- the 	..paratus 	is 	configured 	such 	that 	the 	gas 

vol 	e recycled in 	the second permeate 	stream 

(• 	and 	in 	the 	third 	retentate 	stream 	(10) 

30 otals less than 60% by volume of the volume of 

the crude gas stream (17), 

	

- the concentration of at least one permeate 	gas 

of 	the 	feed stream separation stage 	(1), 	after 

recycling of the second permeate stream 	(9) 	and 

35 of the third retentate stream (10), 	is increased 

in the feed stream 	(5), 	preferably increased by 

at least 2%, 	more preferably by at least 3% and 

more 	preferably 	by 	3 	to 	40%, 	in 	each 	case 
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compared to the concentration in the crude 	gas 

stream 	(17). 

2. The apparatus as claimed in claim 1, 

5 characterized in that 

the 	second 	permeate 	stream 	(9) 	and 	the 	third 

retentate stream (10) are passed along th- suction 

side of the compressor (4) 	for reprocess 	g. 

10 	3. The apparatus as claimed in claim 1 

characterized in that 

a multistage compressor (4) 	is usyd. 

4. The apparatus as claimed in claim  

15 characterized in that 

the 	second permeate 	strew- 	(9) 	and/or 	the 	third 

retentate stream 	(10) 	i•/are 	introduced 	into 	the 

compressor (4) between 'wo compression stages. 

20 	5. The apparatus as cl.. med in any of claims 1 to 

characterized in 	at 

the 	first retentate stream 	(7) 	and/or 	the 	second 

retentate 	str-: 	(8) 	and/or 	the 	third 	retentate 

stream 	(10) 	is/are 	passed 	through 	a 	pressure- 

25 reducing 	ve. 

6. The app 	atus as claimed in any of claims 

chara 	erized in that 

a g s separation membrane module having a mixed 

30 ga 	selectivity 	of 	at 	least 	35, 	preferably 	at 

east 40 and more preferably at least 45 is used 

in at least one of the membrane separation stages 

(1) 	to 	(3). 

35 	7. The apparatus as claimed in any of claims 

characterized in that 

at least one of the membrane separation stages 	(1) 

to 	(3) 	comprises 	more 	than 	one 	gas 	separation 
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membrane module, 	which are connected in parallel 

and/or in series. 

8. The apparatus as claimed in any of claims 1 to 	7, 

5 	characterized in that 

the gas 	separation membrane module(s) 	cons st(s) 

of hollow fiber membranes and/or flat membranes. 

9. The apparatus as claimed in any of clai► s 1 to 	8, 
0 	characterized in that 

the materials used for the separati4n-active layer 

of the membranes are amorphous 	of semicrystalline 

polymers, 	for 	example 	but 	not 	exclusively 

polyimides, 	polyamides, 	poly ulfones, 	cellulose 

5 	acetates 	and 	derivatives, •olyphenylene oxides, 

polysiloxanes, polymer with 	intrinsic 

microporosity, mixed mat 	x membranes, 	facilitated 

transport 	membranes, polyethylene oxides, 

polypropylene oxides •r mixtures thereof. 

10 

10. 	The apparatus as c aimed in claim 9, 

characterized in that 

the material 	ed for the separation-active layer 

of 	the membranes is a polyimide 	of 	the general 

5 	formula 

— ,-. 

R 

1101 	el 

R N 

-\-- -Y 
--. 

R is selected from the group consisting of 
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CH3 	 CH3 

I1 . Iv r 	
0.43 	 K- 

 

----" 	/ 

x,y: mol 	fraction 	where 	0 	< 	x 	< 	i.5 	and 

1 > y > 	0.5. 

11. The apparatus as claimed in any of cl. ms 1 to 10, 

characterized in that 

at least 	95%, 	preferably 	at 	-ast 	97%, 	more 

preferably 	at 	least 	99% 	andast 	preferably 	at 

least 99.5% of the retentate component of the feed 

stream 	separation 	stage 	) 	which 	has 	been 

introduced into the appar 	us 	with the crude gas 

stream (17) 	is discharge• via the second retentate 

stream 	(8). 

12. The apparatus as cl..med in any of claims 1 to 11, 

characterized in 	at 

not 	more 	than 	preferably 	not 	more 	than 	3%, 

more 	preferab 	not 	more 	than 	1% 	and 	most 

preferably 	not 	more 	than 	0.5% 	of 	the 	retentate 

component o: 	the feed stream separation stage 	(1) 

introduce 	into the apparatus with the crude gas 

stream 	17) 	is discharged via 	the third permeate 

stre 	(11). 

13. A ocess for separating gas mixtures, 

aracterized in that 

an apparatus according to any of claims 1 to 12 is 

used. 

14. The process as claimed in claim 13, 

characterized in that 

the gas mixture used is a mixture of predominantly 

but not exclusively carbon dioxide and methane or 

predominantly 	but 	not 	exclusively 	hydrogen 	and 
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methane 	or 	predominantly 	but 	not 	exclusively 

carbon monoxide and hydrogen or crude biogas 	or 

crude natural gas. 

5 	15. The process as claimed in either of claims 13 	and 

10 

14, 

characterized in that 

the pressure on the permeate side 	(6) 	o ' the feed 

stream 	separation 	stage 	(1) 	is 	adjusted, 

preferably by means of a pressure r ducing valve 

(14) 	on 	the 	retentate 	side 	of 	the 	permeate 

separation stage 	(3), 	to 	1 	to 	31 bar, 	preferably 

to 	2 	to 	20 bar 	and 	more 	preferably 	to 	3 	and 

10 bar. 

15 

16. The process as claimed in 	y of claims 13 to 15, 

characterized in that 

the 	pressure 	of 	the 	rst 	and 	second retentate 

stream 	(7) 	and 	(8) 	is 	adjusted, 	preferably 	by 

20 means 	of 	a pressu 	reducing 	valve 	(13) 	in 	the 

second 	retentate 	stream 	(8), 	to 	1 	to 	100 bar, 

preferably to 5 	o 80 bar and more preferably to 

10 to 70 bar. 

25 	17. The proces 	as claimed in any of claims 13 to 16, 

character zed in that 

the dr' /rig force used for the separation task is 

a 	p.. tial 	pressure 	differential 	between 	the 

ret= tate 	side 	and 	the 	permeate 	side 	in 	the 

30 pective membrane separation stages, 	the partial 

ressure 	differential 	being 	generated 	by 	a 

compressor 	in 	the 	feed 	stream 	(5) 	and/or 	by 	a 

vacuum 	pump 	(15) 	in 	the 	second 	and/or 	third 

permeate 	stream 	(9) 	and/or 	(11) 	and/or 	by 	a 

35 permeate-side purge gas stream. 

18. The process as claimed in claim 16 or 17, 

characterized in that 
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the pressure of 	the permeate of the feed stream 

separation 	stage 	(1) 	is 	the 	same 	or 	increased 

relative 	to 	the 	ambient 	pressure, 	such 	that 

partial pressure differential still exists betty -en 

5 retentate and permeate of the permeate separ”tion 

stage 	(3), 	and hence 	there is a driving fa ce 	in 

the 	case 	that 	the 	permeate 	of 	the 	•ermeate 

separation 	stage 	(3) 	is 	at 	ambient 	pi-ssure 	or 

reduced pressure is applied. 
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CURRENT CLAIMS 

Claim 1: An apparatus for separating gases, comprising: membrane separation stages; 

and, 

a compressor, a vacuum pump, or both, 

wherein the membrane separation stages comprise a feed stream separation stage, a 

retentate separation stage, and a permeate separation stage: 

the feed stream separation stage is configured to separate a feed stream comprising at 

least two components into a first permeate stream and a first retentate stream, 

the retentate separation stage is configured to divide the first retentate stream into a 

second permeate stream and a second retentate stream, 

wherein 

the second permeate stream is supplied to the feed stream, and the second 

retentate stream is withdrawn as a product, and 

the permeate separation stage is configured to divide the first permeate stream into a third 

retentate stream and a third permeate stream, 

wherein 

the third retentate stream is supplied to the feed stream, and the third 

permeate stream is withdrawn as a product, 

the apparatus is configured not to subject the first permeate stream to any recompression, 

the feed stream separation stage comprises a ga,s separation membrane module having a 

mixed gas selectivity of at least 30, 

the apparatus is configured such that a gas volume recycled in the second permeate 

stream and in the third retentate stream totals less than 60% by volume of a crude gas stream, 
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the apparatus is configured to increase a concentration of at least one permeate gas of the 

feed stream separation stage, after recycling of the second permeate stream and of the third 

retentate stream, in the feed stream, compared to a concentration in the crude gas stream. 

Claim 2: The apparatus of claim 1, 

wherein 

the apparatus is configured to pass the second permeate stream and the third retentate 

stream along a suction side of the compressor. 

Claim 3: The apparatus of claim 1, comprising: 

a multistage compressor as a compressor. 

Claim 4: The apparatus of claim 3, wherein the apparatus is configured to introduce the 

second permeate stream, the third retentate stream, or both into the compressor between two 

compression stages. 

Claim 5: The apparatus of claim 1, wherein the apparatus is configured to pass at least 

one selected from the group consisting of the first retentate stream, the second retentate stream, 

and the third retentate stream through 'a pressure-reducing valve. 

Claim 6: The apparatus of claim 1, wherein the gas separation membrane module in at 

least one of the membrane separation stages has a mixed gas selectivity of at least 35. 
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Claim 7: The apparatus of claim 1, wherein at least one of the membrane separation 

stages comprises more than one gas separation membrane module, wherein the modules are 

connected in parallel, in series, or in parallel and in series. 

Claim 8: The apparatus of claim 1, wherein at least one of the membrane separation 

stages comprises a gas separation membrane module comprising a hollow fiber membrane, a flat 

membrane, or both. 

Claim 9: The apparatus of claim 1, wherein .a separation-active layer of a meinbrane 

comprises a material that is an amorphous or semicrystalline polymer. 

Claim 10: The process 

— 

411 

of claim 

N—R — 

15, wherein 

0 

the material is 

00 

a polyimide 

_ 

—R 

of formula 

— 

O • 

."•X 

wherein 

-.." 	 ••• 1 

each 

c 	 ,„ 

R.. is independently selected from the group consisting of 

ilk . 
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x and y are mol fractions, 

0 < x < 0.5, and 

1 > y > 0.5. 

Claim 11: The apparatus of claim 1, wherein the apparatus is configured to discharge at 

least 95% of .a retentate component of the feed stream separation stage which has been 

introduced into the apparatus with the crude gas stream via the second retentate stream. 

Claim 12: The apparatus of claim 1, wherein the apparatus is configured to discharge .not 

more than 5% of a retentate component of the feed stiearn separation stage introduced into the 

apparatus with the crude gas stream via the third permeate stream. 

Claim 13: A process for separating a gas mixture stream comprising: 

separating the gas mixture with an apparatus comprising: 

membrane separation stages; and 

a compressor, a vacuum pump, or both, 

wherein the membrane separation stages comprise a feed stream separation stage, a 

retentate separation stage, and a permeate separation stage: 

the feed stream separation stage is configured to separate the gas mixture stream into a 

first permeate stream and a first retentate stream, 

the retentate separation stage is configured to divide the first retentate stream into a 

second permeate stream and a second retentate stream, 
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wherein the second permeate stream is supplied to the gas mixture stream, and the 

second retentate stream is withdrawn as a product, and the permeate separation stage is 

configured to divide the first permeate stream into a third retentate stream and a third 

permeate stream, 

wherein the third retentate stream is supplied to the gas mixture stream, and the 

third permeate stream is withdrawn as a product, 

the apparatus is configured not to subject the first permeate stream to any recompression, 

the feed stream separation stage comprises a gas separation membrane module having a 

mixed gas selectivity of at least 30, 

the apparatus is configured such that a gas volume recycled in the second permeate 

stream and in the third retentate stream totals less than 60% by volume of a crude gas stream, 

the apparatus is configured .to increase a concentration of at least one permeate gas of the 

feed stream separation stage, after recycling of the second permeate stream and of the third 

retentate stream, in the feed stream, compared to a concentration in the crude gas stream, and 

wherein the third permeate stream comprises more than 95 vol% of a retentate gas of the 

feed stream separation stage in the gas mixture stream, and the second retentate system 

comprises more than 95 vol% of a permeate gas of the feed stream separation stage in the gas 

mixture stream. 

Claim 14: The process of claim 13, wherein 

the crude gas stream comprises: 

at least one of 

a crude biogas and 
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a crude natural gas. 

Claim 15: The process of claim 13, wherein the separating comprises adjusting a 

pressure on a permeate side of the feed stream separation stage with a pressure-reducing valve on 

a retentate side of the permeate separation stage, to from I to 30 bar. 

Claim 16: The process of claim 13, wherein the separating comprises adjusting a 

pressure of the first and second retentate stream with a pressure-reducing valve in the second 

retentate stream, to from 1 to 100 bar. 

Claim 17: The process of claim 13, wherein a driving force is a partial pressure 

differential between a retentate side and a permeate side in the respective membrane separation 

stages, 

wherein the partial pressure differential is generated by at least one selected from the 

group consisting of a compressor in the feed stream, a vacuum pump in the second permeate 

stream, a vacuum pump in the third permeate stream, and a permeate-side purge gas stream. 

Claim 18: The process of claim 17, wherein a pressure of the permeate side of the feed 

stream separation stage is greater than or equal to an ambient pressure, 

the driving force comprises the ambient pressure or a reduce pressure at the permeate side 

of the permeate separation stage. 
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Claim 19: The apparatus of claim 1, wherein the material is at least one selected from the 

group consisting of a polyimide, a polyamide, a polysulfone. a cellulose acetate, a cellulose 

acetate derivative, a polyphenylene oxide, a polysiloxane, a polymer with an intrinsic 

microporosity, a mixed matrix membrane, a facilitated transport membrane, a polyethylene 

oxide, and a polypropylene oxide. 

Claim 20: The process of claim 14, wherein the crude gas mixture consists essentially of 

carbon dioxide and methane. 

Claim 21: The process of claim 13, wherein the third permeate stream comprises more 

than 97 vol% of the carbon dioxide in the gas mixture stream. 

Claim 22: The process of claim 13, wherein the second retentate stream comprises more 

than 97 vol% of the methane in the gas mixture stream. 

Claim 23: The process of claim 13. wherein the crude gas stream comprises carbon 

dioxide and methane. 

Claim 24: The process of claim 13, wherein the crude gas stream comprises hydrogen 

and methane. 

Claim 25: The process of claim 13, wherein the crude gas stream comprises carbon 

monoxide and hydrogen. 
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Claim 26: The process of claim 13, wherein the apparatus is configured to pass the 

second permeate stream and the third retentate stream along a suction side of the compressor. 

Claim 27: The process of claim 13, wherein the compressor is a multistage compressor. 

Claim 28: The process of claim 13, wherein the apparatus is configured to introduce the 

second permeate stream, the third retentate stream, or both into the multistage compressor 

between two compression stages. 

Claim 29: The process of claim 13, wherein the apparatus is configured to pass at least 

one selected from the group consisting of the first retentate stream, the second retentate stream, 

and the third retentate stream through a pressure-reducing valve. 

Claim 30: The process of claim 13, wherein the gas separation membrane module in at 

least one of the membrane separation stages having a mixed gas selectivity for carbon dioxide 

and methane of at least 35. 

Claim 31: The process of claim 13, wherein at least one of the membrane separation 

stages comprises more than one gas separation membrane module, wherein the modules are 

connected in parallel, in series, or in parallel and in series. 
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Claim 32: The process of claim 13, wherein at least one of the membrane separation 

stages comprises a gas separation membrane module comprising a hollow fiber membrane, a flat 

membrane, or both. 

Claim 33: The process of claim 13, wherein a separation-active layer of a membrane 

comprises a material that is an amorphous or semicrystalline polymer. 

Claim 34: A process for separating a gas mixture stream comprising methane and carbon 

dioxide, comprising: 

separating the gas mixture with an apparatus comprising: 

membrane separation stages; and, 

a compressor, a vacuum pump, or both, 

wherein the membrane separation stages comprise a feed stream separation stage, a 

retentate separation stage, and a permeate separation stage: 

the feed stream separation stage is configured to separate a feed stream comprising at 

least two components into a first permeate stream and a first retentate stream, 

the retentate separation stage is configured to divide the first retentate stream into a 

second permeate stream and a second retentate stream, 

wherein the second permeate stream is supplied to the feed stream, and the second 

retentate stream is withdrawn as a product, and 

the permeate separation stage is configured to divide the first permeate stream into a third 

retentate stream and a third perrfleate stream. 
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wherein the third retentate stream is supplied to the feed stream, and the third 

permeate stream is withdrawn as a product, 

the apparatus is configured not to subject the first permeate stream to any recompression, 

the feed stream separation stage comprises a gas separation membrane module having 

mixed gas selectiVity of at least 30, 

a 

the apparatus is configured such that a gas volume recycled in the second permeate 

stream and in the third retentate stream totals less than 60% by volume of a crude gas stream, 

the apparatus is configured to increase a concentration of at least one permeate gas of the 

feed stream separation stage. after recycling of the second permeate stream and of the third 

retentate stream, in the feed stream, compared to a concentration in the crude gas stream. 

Claim 35: The process of claim 34, wherein the material is.at least one selected from the 

group consisting of a polyimide, a polyamide, a polysulfone, a cellulose acetate, a cellulose 

acetate derivative, a polyphenylene oxide, a polysiloxane, a polymer with an intrinsic 

microporosity, a mixed matrix membrane, a facilitated transport membrane, a polyethylene 

oxide, and a polypropylene oxide. 

Claim 36: The process of claim 

_ — 
C 

 

35, wherein the material is a polyimide 

—  

of formula 

— 

ii N N-R 

Oil  

N 

',..,„. 
1 

.•". 

... 	 '...:c .". 	 -Y 
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wherein each R is independently selected from the group consisting of 

Clt 

Hs. 110 	AO 	10 • . . 

x and y are mol fractions, 

0 <.x < 03, and 

1>y>0.5. 

Claim 37: The process of claim 34, wherein the crude gas stream comprises at least one 

gas pair selected from the group consisting of: 

carbon dioxide and methane; 

hydrogen and methane; 

_carbon monoxide and hydrogen; 

a ctude:biogas; and 

a crude natural gas. 

Claim 38: The process of claim 34, wherein the crude gas stream consists essentially of 

at least one gas pair selected from the group consisting of: 

carbon dioxide and methane; 

hydrogen and methane; 

carbon monoxide-and hydrogen; 

a crude biogas; and 
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a crude natural gas. 

Claim 39: The process of claim 34, wherein the third permeate stream comprises less 

than 5 vol. % of the retentate gas compared to the amount of said retentate gas originally 

introduced into the process with crude gas stream and that the second retentate stream comprises 

more than 95 vol. % of the retentate gas of the feed stream separation stage compared to the 

amount of said retentate gas originally introduced into the process with the crude gas stream. 

Claim 40: The process of claim 39, wherein a driving force is a partial pressure 

differential between a retentate side and a permeate side in the respective membrane separation 

stages, and 

wherein the partial pressure differential is generated by at least one selected from the 

group consisting of a compressor in the feed stream, a vacuum pump in the second permeate 

stream, a vacuum pump in the third permeate stream, and a permeate-side purge gas stream. 

Claim 41: The process of claim 39, wherein a pressure of the permeate side of the feed 

stream separation stage is greater than or equal to an ambient pressure, 

the driving force comprises the ambient pressure or a reduce pressure at the permeate side 

of the permeate separation stage. 

Claim 42: The process of claim 39, wherein the material is at least one selected from the 

group consisting of a polyimide, a polyamide, a polysulfone, a cellulose acetate, a cellulose 

acetate derivative, a polyphenylene oxide, a polysiloxane, a polymer with an intrinsic 
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microporosity, a mixed matrix membrane, a facilitated transport membrane, a polyethylene 

oxide, and a polypropylene oxide. 

Claim 43: The process of claim 34, wherein the separating comprises adjusting a 

pressure of the first and second retentate stream with a pressure-reducing valve in the second 

retentate stream, to from l to 100 bar. 

Claim 44: The process of claim 34, wherein the separating comprises adjusting a 

pressure on a permeate side of the feed stream separation stage with a pressure-reducing valve 

a retentate side of the permeate separation stage, to from 1 to 30 bar. 

on 

Claim 45: The process of claim 34, wherein the gas separation membrane module in at 

least one of the membrane separation stages has a mixed gas selectivity of at least 35. 

Claim 46: The process of claim 34, wherein the gas separation membrane module in at 

least one of the membrane separation stages has a mixed gas selectivity of at least 45. 

Claim 47: The process of claim 34, wherein the apparatus comprises at least one gas 

separation membrane module comprising hollow polyimide fibers having a separation area of 

about 5m2. 

Claim 48: The process of claim 34, wherein the apparatus is configured to pass the 

second permeate stream and the third retentate stream along a suction side of the compressor. 
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:Claim 49: The process of claim 34, wherein the compressor is a multistage compressor. 

Claim 50: The process of claim 34, wherein the apparatus is configured to introduce the 

second permeate stream, the third retentate stream, or both into the multistage compressor 

between two compression stages. 

Claim 51: The process of claim 34, wherein the apparatus is configured to pass at least 

one selected from the group consisting of the first retentate stream, the second retentate stream, 

and the third retentate stream through a pressure-reducing valve. 

Claim 52: The process of claim 34, wherein at least-one of the membrane separation 

stages comprises more than one gas separation membrane module, wherein the modules are 

connected in parallel, in series, or in parallel and in series. 

Claim 53: The process of claim 34, wherein:at least one of the membrane separation 

stages comprises a gas separation membrane module comprising a hollow fiber membrane, a flat 

membrane, or both. 

Claim 54: The process of claim. 39, wherein a separation-active layer of a membrane 

comprises a material that is an amorphous or semicrystalline polymer. 

claim 55: The process of claim 39, wherein the material is .a polyimide of formula 
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wherein 

each R is independently selected from the group consisting of 

04, Ch, 

pig 	

11110 	, II 	II 
x and y are mol fractions, 

0 < x <0.5, and 

1 > y > 0.5. 

Claim 56: The apparatus of claim 1, wherein the second .retentate stream comprises more 

than 97 vol% of the methane in the gas mixture stream. 

Claim 57: The apparatus of claim 1, wherein the apparatus comprises at least one gas 

separation membrane module having a.gas.selectivity for methane and carbon dioxide of at least 

45. 



47 

Claim 58: The apparatus of claim 1, wherein the apparatus comprises at least one gas 

separation membrane module comprising 

about 5m2. 

hollow polyimide fibers having a separation area of 


