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US 6,565,626 El 	and 	US 6,168,649 El 	each 	disclose 

membrane 	separation 	processes 	with 	three 	membrane 

separation 	stages, 	wherein 	a 	retentate 	stream 	and 	a 

permeate 	stream from stages 	2 	and 3 	respectively 	are 

5 recycled to the crude gas stream. 

A disadvantage of 	the processes 	known 	from the prior 

art is that either a high purity of the permeate gas or 

a high purity of the retentate gas can be achieved. For 

10 the 	simultaneous 	achievement 	of 	high 	purities 	of 

permeate 	gas 	and 	retentate 	gas, 	as 	necessary, 	for 

example, 	in the processing and feeding of biogas 	into 

the natural gas grid as a result of the high demands on 

the methane purity and as a result of the limitation of 

15 methane slippage, 	there are no processes which do not 

need a recompression unit or a further purification of 

the permeate or retentate stream 	(for example thermal 

postcombustion of the permeate stream or pressure swing 

adsorption for the retentate stream). 

20 

Proceeding from this prior art, it was an object of the 

hereinintrontion present 	embodiments 	disclosed 	 to 	provide 	apparatuses 

and processes for separation and purification of gas mixtures, which 

have the disadvantages of 	the prior art processes 	and 

25 apparatuses only to a reduced degree, 	if at all. 	More 

particularly, 	processes 	and 	apparatuses 	which 	afford 

both permeate gas and retentate gas are to be provided 

in high purities. 	In 	a 	further 	specific 	object, 	this 

process 	and this 	apparatus 	are to be advantageous 	in 

30 terms of investment and operating costs and/or enable a 

simpler process regime. 

In a next specific 	object, 	a process/apparatus usable 

with maximum universality 	is 	to be provided 	for 	any 

35 desired gas mixtures. 	More particularly, 	it 	should be 

possible to separate gas streams which are obtained in 

the 	production 	of 	biogas 	and 	natural 	gas, 	or 	which 
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comprise carbon dioxide and methane in the presence of 

other gases such as water, hydrogen, hydrogen sulfide. 

It 	was 	a 	further 	specific 	object 	of 	the 	present 

embodiments 	disclosed 	herein 	on 	to 	provide 	a 	process 	or 	an 

apparatus which enables purification of methane-containing crude gas 

streams, with reduced methane emission compared to the 

prior art processes at the same throughput, 	and hence 

reduced environment pollution by this strong greenhouse 

gas. 

In one aspect, 	there is provided 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 st-earn separation mane. a 

ret-atale separation stage, and a permeate separation stage: 

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

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

the retentst separation stage is configured io Zvi& the lust retentatestnam into a 

second permeate stream and a. second it:mutate stream, 

wherein 

the second permeate stream is supplied to the 11-4 strain:  and the second 

retmnate stream is withdrawn as a product, and 

thc permeate separation.stage is configured to dividethe:first permeate stream into a third 

retzntatt• dream :Ind.& Third permeate stream, 

wherein 

the third rmentate sutwn is supplied to the feed stream, and the bird 

perm:air sr= is withdrawn as a produd, 

the apparatus is configured not to subject the first permeate stream to M75 rr-ompression, 

the hied stream npaction stage comprises a .ps sepration membrane module having a 

Mixed gas selectivity of at least 30, 

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

sane and in the third re=tate stream totals less thantiO% by volume •ola trade gas stream, 



6a 

the apparatus is configured to incase a coneenratior, of at least one permeate gas of the 

feed stream separation rage, after rcyclinc of the second permeate stream and of the third 

reemate stream, in the feed stream, compared to a cone,,enuation in the nude gas =am. 

In another aspect, there is provided a process for separating a gas mixture 

stream comprising: separating the gas mixture with an apparatus comprising: 

membrane separation staiter, and 

a compressor, a V8C.11=1 pump, or both. 

wherein  the membrane minim stases comprise a feed stream separation Stage. a 

relent= separation rap.  and a permeate separation =iv: 

feed 	 is configured the 	stream separation stage 	to separate the gas atbante strzaralmo a 

first permeate sat= and a first re:citrate Era 

the retentate separation stage is eonfimared to divide the firm remutan =tarn into a 

second permeate snore and a second retentate stream, 

wherein the second permeate Are= is supplied to the gas mixture stream, and the 

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

comigtreifto divide the first permeate swearn into a third retentate stream and a third 

penile= stream, 

wherein The third retentate strata is supplied to the cas mirure ram, and the 

third permeate stream is withdrawn as a pmdum, 

the anparams is configured  not to subject the frst permeate stream to any recompression, 

the feed stream separation stage. comprises a gas separation m=branemodule having a 

mixed gas selectivity of at :least 30, 

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

stream  and in The third tetentate stream totals less than 60% byvolume of a =rude gas stream, 

the 	is—onfigmed.to increase a con=nrationttfart leamone 	 the apparatus 	 permeate cas of 

Iced =cam separation stase,trecyclingul the second pesmeat- steam and Mew third 

tetanitet stream,:in the 1=1 stream, •oompand to a concenration in the =de Las stream, and 
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wherein the -third p=meate srearn-omprists more than 95 VOW, of a resentate ells of the 

f--ed NU ..aus separation raze in the gas mixmn stream. and the second resat: systmn 

comprises more than 95 vdl% of a permeate gas of the feed strews separation stage in the eas 

mixture steam. 

In another aspect, there is provided a process for separating a gas mixture 

stream comprising methane and carbon dioxide, comprising: 

separating the gas mixture with an apparatus comprising: 

membrane separation stases; and, 

a compressor, a vacuum pump. or both, 

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

retentat separation stage, and a perrnratr separation stage: 

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

least two components into a Cup permeate stream arid a first retentate steam, 

the retentate separation stage is configured to divide the frst ret=nate site= into a 

second permeate stream and a second mt.-matt stream. 

wherein the second permeate steam is supplied to the feed steam. and the second 

rettntate stream is withdrawn as a produm., and 

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

reventate stream and a third permeate stream. 



wherein'the third reteritate stream is supplied to 	eed stream, 	d time third 

pmneate,tr arr :: s withdrawal as a pro duet, 

the apparatus is confaured not o subject the 	- 	penmese stream to any,  recompression_, 

the feed stream separation sta e comer ses a gas separation mem: cane miDdnie hminc a 

n 	S  MilethNitY of at li-et 30, 

the zhp mmns is 	Si snob roam. a ME volume recycled in the second perm 

.ma=n and in the third retentate stream totals less than 6D9 by volume of a crude cn. 

apparatusflit. 	s 	toincrease a Concsation of at least . on 	te. 

separation arof 	- 	n penteutsp., 	and of the _ 

Tetentate stream In the fsed 	ana,.r.we: 	e ,=t,t,4 	ationin the 	°ass mean'  

Further 	objects 	which 	are 	not 	stated 	explicitly 	are 

evident 	from 	the 	overall 	context 	of 	the 	claims, 

description, examples and figures which follow. 

It has now been found that, surprisingly, the apparatus 

according 	to 	claim 1 	or 	one of 	the 	claims 	dependent 

thereon 	can 	afford 	pure 	streams 	of 	permeate 	and 

retentate without requiring more than one compressor or 

any need to purify 	the permeate 	or 	retentate 	stream 

further by other methods. 	The inventive apparatus thus 

enables 	simultaneous 	achievement 	of 	permeate 	and 

retentate streams in high purity. The capital costs for 

the 	plant 	are 	low; 	it 	does 	not 	need 	any 	additional 

downstream purification processes. It was thus possible 

to 	achieve 	the 	stated 	objects 	with 	a 	pure 	membrane 

separation process. 

The present claims therefore provide the apparatus and 

process 	claimed 	in 	claims 	1 	to 	12 	and 	13 	to 	18 

respectively, and defined in detail in the description, 

examples and figure 11 which follow. 

The 	disclosureinianti 	is described 	detail present 	 n 	 in 

hereinafter. First, some important terms are defined. 

The quotient of the permeances of the individual gases 

gives the selectivity of the membrane for separation 


