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US 6,565,626 Bl and US 6,168,643 81 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

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
the simultaneous achievement of high purities of
permeate gas and retentate gas, as necessary, Ior
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 az a result of the limitation of
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
postcecombustion of the permeate gtream Or pressure swing
adsorption for the retentate stream).

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

present embodiments disclosed hereinimwventien Lo provide apparatuses

and processes for sgeparation and purification of gas mixtures, which

have the disadvantages of the prior art processes and
gpparatuses only to a reduced degree, 1f 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 advantagsous in

cr

erms of Iinvestment and operating costs and/or enable a

simpler process regime.

In a next specific object, a process/apparatus usable
with maximum universality 1 to be provided for any
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



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 hereinsmventien -to provide a process

cr 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 polliution by this strong greenhouse

gas.

In one agpect, there is provided an apparatus for sgeparating

gases,

comprising: membrane separation stages; and,

2 COMPressor, @ VAtuum pump, of bolh,

wherein the membrane separation stages comprise a feed srsamp separation sipe, a

retentate separation sage, and 2 permeats sgparalion stage:

the feed sweam separstion stage is-configured 1o separate 2 fexd stremm comprising at

least two somponents into @ first permeste stream and g {irst Teteniate siream,

+the reyemate separation stage is configursd 1o divide {he first retentate stream into a

second permeate stream and g second Tetenrate Streamy,

the second permeate stream is supplizd to the Toed-stream, and the second

retemate Sream 1s withdrawn as 2 product, and

the permente separation stage s conligured to divide the first permeate stream ot athird -

Teemae swemn and e third pemneate strem,

whersin

the third retentate sream s supplied o the feed sueam, and the furd

permeate siream-is withdrawn as & product,

the apparatus s configured not 1o sunject the first permeate stream o B0y TECOMPression,

e pRubet

the feed stream separalion Stage COMPrISes @ gas separation membrane modile having 2

mixzed gas selecuvity of &t leas 30,

the apparatus s configured such theta ges volurpe recyeled s the second peomeats

grrearm @t the third retentate stream totals 1ess then 60% by volume of a crude gas strearm,
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the apparatus is vonfigured to increase & concentraiion of &t Izast one permezate gas of the
sed siream separation stage, after recyeling of the second permeate stream and of the third

retentate stream, in the feed stream, compared to 2 concentration m the crude gas siream,

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

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

membrans sepEralon siages; and

& COTRPYeEshl, B vasuudm pump, or both,

whersin the menibrane separation stapes comprise & fzed sircam sepuration stape, 2
rutentate separaiion stage, end & permesie Separaion swge;

the feed stream scparanon mage 18 conlimarsd 10 separats the gas miNtare sweam Mo &
firgt permeate sooam and 2 GTSL rientme srearn,

the retentate gepargtion siage is configured 1o divide the firs] reventars stream Tmo a

zcond peomeate Streamn and 2 sepond TEISHIA Siream,

whereln the szcond permeate stream 35 supplied to the oas lei}aﬁure stream, and the
second retemiate stream is withdrewn 28 2 produst, and the permeate ssparation siage Is
configured to divide the first permeate strearn into a third retentate stream and & thisd
DENTISRTE SITCAm,
wherein the thitd retemate siweam 18 suppled w the gas maxture stream, and the
third permeate stream is withdrawn g5 a product,
the gpparatus v confipured not 1o subizct the frst permeate stream 10 Ay TSCOMpIESSIOn,
the feed stream scparation Stage COMPprISss & pas scparalion membrane mwoduls having a
mbed ges selectivity of atdeagt 30,
he apparatus 5 coniigored such that 2 gas volume recyeied in the second permente
srream and inthe third retentare syrearn-totals tess than 60% by volume.of a-.crode pas mcém,,

the apparatus is.configured.to inoreese & concentration of gl ieast one pennedte gus of the

feed stream separanon stage, after recvdimgiod the second permeate stream and of the third

Teteptate stream. in the fesd stream, compared to & copoentratiiondinthe crafle gas stream, and
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wiersin the third permeate strearn comprises more than 935 vol%e-of aretentzte gas of the
feed stream separation Stage in the gas mixire stream, and-ihe second retemiate system

comprises more than %5 vol% of a permeate-gas of the feed sream separstion stagein the cas
MIFIURE SIream.

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

stream comprising methane and carbon dioxids, comprising:

separating the gas mixture With an apparams SoMprising:
membrans separation stages; and,

2 COMPressor, @ VACIUTH pump, o both,
wherein the membrane separmion stages comprise & feed sream separation stape, a

Tetzniste separauon stage, and » permeate sgpardlion stage:

the feed steern separation stage 15 confimrad 1o separete 2 feed siream comprising at

Teast vwo components e a Tirst parmeate strzam amd o first reteniate soream,

the retemtate separation stage is configursd wo divide the Tirsl retentate stream:dnte &

iy
PR ey

ond permeate stream and.a sscond reteniate-stream,

wherein the second permeste soream 1s supplisd vo the feed stroam. and the second
retertate sweam s withdrawn as 2 progust, and
the permeate separation stage is venfigured 1o divide the first permente stream -2 third

retentate swrearn end & third pemmears STeam,
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whersin the third retentate streatnds Supplied 1o the feed stream, and the third

permeate stream is withdrawn a3 a product,

“the apparstus is condigured nat'to subje 1ths r.:si purmmate Strearm to &Ny TeCOMpPression.

the feed siream separdtion SiEge COTIPIISES & ga‘s'-scpmﬁcn meribrans Tmodule having &

rnived pas ssleotvity of af least 38,

the apparates is configursd such that @ ges volume recycied in the second parmests

stream andm :th:&tkﬁrﬁ re?.mtatﬁ stream ‘wiﬁis.i:ssr ";azi.—ﬁ@% %3? volume :-c:e‘ff & crade gas :st"xraam,

fhc anpwam; 15 ».{mnz, ri ip ncrease 2 “mncymmﬁn of @t lszsl OnE PErEes casaf the

fee d Streg: s*narazmm siagfﬂ after recyeiime Bf the! smumgﬁ pur'n"a gﬁiﬁ*a:n ﬁnd of ‘r}aﬁ im‘d

m%:emm s!rm qn ‘ﬂm-;. :fssﬁ. \st_rzm-,ammpmﬁa .l*:tz‘a-::-a ':ssnaﬁmanﬂmm the cms:ie: g-as mam

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 reguiring 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; i1t 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 fcllow.

The present disclosuredmvestion is described in detail

hereinafter. First, some important terms are defined.

The quotient of the permeances of the individual gases
gives the selectivity of the wmembrane for separation



