WO 2012/000727PCT/EP2011/058636 Process for separation of gases The invention relates to a
specific apparatus, more particularly a chain of gas separation membrane modules, for separation of
gas mixtures into two fractions each of increa_s1ed purity. By means of a %as separation membrane; it is

possible to seﬂ&(?a?eoéﬁé‘?ﬂ&’ﬁ?es on the basis of different 10 permea%ﬂ (P& ﬁ&\ﬂ/orz@esﬁgr unit time,

unit area, pressure differential and layer thickness) of the individual gases in a polymer. The polymers
are generally processed to givetHORFfberSor ASPRAEATHISRe S fTIER ARkFnbranes are notable for a

very thin separation layer at the surface of the membrane, such that the permeance (flow rate per unit
time, unit areaand pressurecdiffgrential).ofthe membrangisat & maximum. £0,the sgparation
outcome achievable Wiﬁ%a embrane in a single pass depends not only.on the selectivity of the
membrane butido-0f thé pressur? ratfo eeﬁP gigh%?’éssu?eegﬁg fo -?)?essﬂ’r%’%ﬁea he
membrané. Theqfigdtes the prassuresrdioathedsettep the aEximumsapagationioutcomé achievable. In

the range of low-pressugdaties;the curves.fer thexdiffgrent selectivities run close to one another (see
figure 1). The separation outcome in this range is 30 determined by the pressure ratio. This range is

therefore referred to as "pressure-limited”. In the range of high pressure ratios, the separation outcome
can barely be iRffuehted by Wie freSsiire FEID This fIhgB IS RETefed td as “seleefivifyliipdited”. 35 A
series of memhranexgrmestien afeangementsfesthersepatatiorn-eigasesis knowit &erarthe literature.

In Bakeril@d.E%%eégggfily%ggal GasArggessingwiff, Membranes; 47 (2008), there is a
comprehensive list of various known connection arrangements. For instance, using the example of the

separation of FEtRERE fretertatel GASANHAC 02 3pErmeatE Yas) With dSifipie onéstagéffembrane
separation step.accordimgetd figg2skigh piurtiesscanche aokieved inithe praductstream £98% Cild.
However, the quality,of the pegmeatessidg offgas siream capnathe influsnced apd is gflgw purity
(44% CO2). There js correspondingly If;rlr[%e slippage, i.e. loss of methane. 10 ,

membranes. The  membranes are notable for a very thin

15 separation layer at the surface of the membrane, such
that the permeance (flow rate per unit time, unit area
and pressure differential) of the membrane is at a

maximumn.

20 The separation outcome achievable with a membrane in a
single pass depends not only on the selectivity of the
membrane but also on the pressure ratio between high-
pressure and low-pressure side of the membrane. The
greater the pressure ratio, the better the maximum

25 separation outcome achievable.

In the range of low pressure ratios, the curves for the

different selectivities run close to one another (see

figure 1). The separation outcome in this range 1s
30 determined by the pressure ratio. This range 1is
therefore referred to as '"pressure-limited". In the

range of high pressure ratios, the separation outcome
can barely be influenced by the pressure ratio. This
range is referred to as "selectivity-limited".

35
A series of membrane connection arrangements for the
separation of gases is known from the literature. In
Baker, IndEngChemRes, Natural Gas Processing with

Membranes, 47 (2008), there is a comprehensive list of



In the case of a one-stage connection arrangement with recycling (fig. 3), the purities can be increased
slightly. However, it is not possible thereby to solve the fundamental problem of the low retentate gas

yield 15 and ofv:tzge F:)(:alrzm%atoe,]gas quality. For higher permeate puritiesPanEfgjghler E)esldssOf the
component retalne%, 2248 B multistage conneciion arrangements 2re Kot 1h% 88idection

arrangement 20 with a single permeate stage , with recompression and recycling of the first pe rmeate
(fig. 4), it is pos&HIIé ea-impraianperrfeaesUitp (86%) erdIRaRane yieliops5 [ irtBatee-permeating
component ocGus Hylncreased esnegnirations (30%) ca cenectian asrangementacentgding to fig. 5
may be advant ) ordi the Jiterature. ermeate -rich.streams (82% CO2, 93%
CO2) and one ?égt%%%a?e% %%sg-ric%r% é?rea%ﬁjlingag;)BéH;ﬁ/r%%ﬂé %]rcc%ug%?)Bh?élst?ﬁie?nS%ﬁ{@ fid processes
for the removalBFcid §45e SFPBRTataral B8 T PI9e)HistiGEe s tHréelstsetGperafion for the removal
of acid gases ftohyhaturat 35 gas (figa6). The gasstream toibe treatedds sdbjected ta-aenarse

purification in apqupstream, memprane. The Q@ggurgtﬁgq {lég/urag) gasc\ﬂgictb%%i% onthe pressure
side is conducted through a further membrane. Onthe , ,

offgas " stream cannot be influenced and is of low purity

(44% COy) . There is correspondingly large slippage, i.e.

loss of methane.

10

In the case of a one-stage connection arrangement with

recycling (fig. 3y, the purities can be increased

slightly. However, 1t 1s not possible thereby to solve

the fundamental problem of the low retentate gas vyield

15 and of the permeate gas guality.

For higher permeate purities and higher vyields of the
component retained, a series of multistage connection
arrangements are known. In a connection arrangement
20 with a single permeate stage, with recompression and
recycling of the first permeate (fig. 4), 1t 1is
possible to improve permeate purity (86%) and methane

vield.

25 If the better-permeating component occurs in increased
concentrations (30%), a connection arrangement
according to fig. 5 may be advantageous according to
the literature. Two permeate gas-rich streams (82% CO,,
93% CO;) and one retentate gas-rich stream (82% CHy) are

30 produced.

Bhide (MemSci, Hybrid processes for the removal of acid
gases from natural gas, 1998) discloses a three-stage
operation for the removal of acid gases from natural
35 gas (fig. 6). The gas stream to be treated is subjected
to a coarse purification in an upstream membrane. The
prepurified natural gas which remains on the pressure

side 1is conducted through a further membrane. On the



retentate side, the target product stream forms, the natural gas depleted of the acid gases. The acid
gas-enriched stream on the permeate side is compressed and supplied to a further membrane stage.
The retentate of this stage is compressed to the pressure level of the upstream stage and recirculated

upstream there®f. PiRS2ddi8dAAl energy expenditure and financial instieR? 9 1teA8&S fo increase

the yield of methane. Disadvantages of this connection arrangement are the 10 expenditures for the
compressors ame theniradequatelpuritiesof theracid gascentiched streanm ClienarsMemBei

Application of eamdo-type polyiride (BYandpolyphenylens ogde LPOMallw. 2008).describes 15
an operation with staged arrangement for permeate with recompression (fig. 7). Disadvantages of this
connection arraRARHENTare He-§8veraly ied BURTES of (e JEtehtatd §A8 AR TRE adtftonal

expenditure fortherésarpression. ROFEREX 799684 diseloses aconibetioncarearigerment according to
fig. 8. Howeverdisadvwantages;aje apasiditionakpatgntial intredustion-af oilkeravateraswa,zealant and
Lubricant, additional high cap tal costs, increased ener. onsumption resulting from additional
compression, a%%%é%%@e liefihosa: éf fal Srleré:sug ?égs%ﬁ olfl?ﬁ"e' ?neo%?ng%ﬁfsgﬁzad%glﬁtgges of the
abovementionedstbEé s5esl30cadiEohaf recontpressien and thel padtiesa still muers tobdew, of
retentate gas inithe retgntateistieam,cand the insafficient yields 1atentate gas in fhecteiendate stream.

are the ch are %’%%'h%‘@@a 2Fg,,2 shaws,a teg %%'8% icgﬁg(fe&%%%t}%’tpr%%se nd has also

been implemented particularly for the processing of biogas (Air Liqui Harasek). What is
disclosed!i€ a cBHRRERO¥rr&fgereht withSstageIPWRY 2618/000727- ¥iPC TORPEL 8658636
arrangement fopreténtate with permeate degycling froincthecsecond=stage. Eindhoven University of
Technology has developed a 5 connection arrangement with an internal staged arrangement, which
enables methane purities of more than 90% (see fig. 10). A disadvantage of this,connectig)n

arrangement is the iHfde USRSty BP the fetertite gas, 3 G0~ type "polyimide

and polyphenylene oxide (PPO) hollow, 2008) describes
15 an operation with staged arrangement for permeate with
recompression (fig. 7y . Disadvantages of this
connection arrangement are the severely limited
purities of the retentate gas and the additional
expenditure for the recompression.
20
EPO 799 634 disclosges a connection arrangement
according to fig. 8. However, disadvantages are an
additional potential introduction of oill or water as a
sealant and lubricant, additional high capital costs,
25 increased energy consumption resulting from additional
compression, and increased likelihood of failure as a

result of the moving parts.

Disadvantages of the abovementioned processes are the
30 additional recompression and the purities, which are
still much too low, of retentate gas in the overall
retentate stream, and the insufficient vields of the

retentate gas in the retentate stream.

35 Fig. 9 shows a technology which 1s frequently proposed
and has also been implemented particularly for the
processing of biogas (Air Liquide and Harasek). What is

disclosed is a connection arrangement with staged



10 EP 0 603 798disclosesamultistageconnection arrangement for production of nitrogen. The
disadvantage of this process is the insufficient purity of the permeating component and the use of at
least two compressors. En0695574 discloses a connection arrangement with partial utilization of a

permeate stredh &2 %ﬁ@@ﬁ%’ﬁeam for the produ"cti%n“of a retentate S EsRtR %%ﬁﬁy A

disadvantage of this process is the insufficient quality of the overall permeate. Ug5753011 discloses a
process in whislr canbémetion of memisraae Separatiohstapswits Stagee arahgemeitforthe
permeate and pressyEe swingsadspeption, PQA, achieves high purities for two product streams. A
disadvantage of this process is the use of a costly and inconvenient PSA. 30 5131634946 discloses a
process for processing of biogas. Described therein is a thermal utilization of the methane from the
methane-deplétéa erednt: DiSadvertages/arccthe Highebstsasnid thedless eftielgasd 2
EP0596268, finadly.disclosesvariausconnestion arrangements:for produetionsof three-different gas

compositions. US a6ﬁ56e5m6e%6g?iaﬁ‘,\%y&&161%%419@@'9%&%29}8595{1% rane separatign. processes

with three membrane Separation stages, wherein a retentate stream and a permeate stréam from
stages 2 and 323BectVely aré586ycldd-f-the thide gds streatr K aidRantage of thelprocesses
known from the priarar isthat eithercehightpuiity eofrthe peadeatesgas gqrurity of the

retentate gas.

10
EP 0 603 798 discloses a multistage connection
arrangement for production of nitrogen. The
disadvantage of this process 1is the insufficient purity
of the permeating component and the use of at least two

15 COmMpPressors.

EP0695574 discloses a connection arrangement with
partial utilization of a permeate stream as a sweep
stream for the production of a retentate of maximum
20 purity. A disadvantage of this process is the

insufficient quality of the overall permeate.

US5753011 discloses a process in which combination of
membrane separation steps with staged arrangement for
25 the permeate and pressure swing adsorption, PSA,
achieves high purities for two product streams. A
disadvantage of this process is the use of a costly and

inconvenient PSA.

30 EP1634946 discloses a process for processing of biogas.
Described therein 1is a thermal utilization of the
methane from the methane-depleted stream. Disadvantages

are the high costs and the loss of the gas.

35 EP0596268, finally, discloses various connection
arrangements for production of three different gas

compositions.



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 linfftieh1sr P8 tiéthane slippage, there &reno processeSGHMER #OAIORERBE

recompression unit or a further purification of the permeate or retentate stream (for example thermal
postcombustioof thebpérnieaie Bireamod presisure siwing adsordtion tos die retehtaté stteam). 20

Proceeding frohis.prier artitwas an;object,of the.present inyeption tq provide, apparatuses and

processes for separation and purification of gas mixtures, which have the disadvantages of the prior

art processes and-25 apparatuseg 8y to & dBgré& FFRRAL Mo patuldly Iprétesses and
apparatuses whichraffard: both permedie gas ahdgetentateagas abe todyoprovidedlip highrpurities. In a

further specific pbject,1this process and-this apparatus axe,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’paficEREy2ait sheald be pbEsibl@ T sepaate dasosirealishiciare@btaiied in the
production of biogas anddaiurabgaseor whish gWQ,2012/00072 716 - R TH=RA01 14058636 comprise
carbon dioxide grimatane I e preseace of alet gases sueh as waler fydogen. fygrogen
sulfide. It was a furthar specific %bject of the present invention to provﬁe a process or an apparatus

which enables phfificafiof et REIRANE coamiRy iRt gasStreaisIWith Peduidetfieth&e emission
compared to thpqriosartprogessesaithersame threughputs and henceseducad-environment pollution

bytmssﬂonggg%%ﬂgH§g 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
present invention 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 Dbiogas and natural gas, or which



10gas. Further objects which are not stated explicitly are evident from the overall context of the claims,
description, examples and figures which follow. 15 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 erté {0893 requiring more than dhecompressor 8F26%RAPhi&é838 Hifify the

permeate or retentate stream further by other methods. The inventive apparatus thus enables
simultaneous achievement obpéromeate anddeteataie steadrmsan high pueityp Theaapital cdsts for the

plant are low; it does.nofneed any-additional Zo-downstream purification processes. diwas thus

possible to achieve the stated objects with a pure membrane separation process. The present claims
therefore provide the apparatus and 30 process claimed in claims 1 to 12 and 13 to 18 respectively,
and defined in détail iithe deschiptiéiicaxansyes and figuesiELto 13 WhichHfollowr ERent

presentinventiondeseribachin detaih 35-heseinafter Fitsb ssomerimpertanb terms-are defined, with

regard to the twq gases and thu% statgs how Wgzll the. membrane ¢can separate a gas mixture with
ery es ﬁur 1Ca iLOn O %et alle~COIl alI’TBL % CFIU% %vas
regard to the two components. Permeate refers to the overall Stream obtamed on the low-pressure

side of the menfiraR@Mmenibrafe FREUREEr MembRaTe SBhaFaticH stepTParficaté Yasteters in each
case to the component(s}-enrished s eagh easedhthespermeate streamuelativentd therespective input

stream at the memprang, at the membrane module;or inythe membrane separafion. e, 10 Retentate

refers to the entire stream which is obtained on the high-pressure side of the membrane, membrane
modules 6f mefBFane separation step and does not pass through the membrane. Retentate gas
refers to the component(s) enriched in each case in the retentate stream relative to the respective

input stream at #he membrage; at the membrane, modulg or in the membrane separation step_

evident from the overall context of the claims,
description, examples and figures which follow.

15
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

20 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

25 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
30 process claimed in claims 1 to 12 and 13 to 18
respectively, and defined in detail in the description,

examples and figures 11 to 13 which follow.

The present invention is described in detail

35  hereinafter. First, some important terms are defined.

The guotient of the permeances of the individual gases
gives the selectivity of the membrane for separation



Crude gas or crude gas mixture or crude gas stream (17) refers to a gas mixture of at least two gases
or a stream of this gas mixture which is to be separated by means of the process according to the
invention or the inventive a;:) aratus. 25 Feed stream (5) refers to a gas stream which is supplied to

the feed strealfPsé@fatf dhe (1). This stream fof the performanEEBfTRE hroé8sS $idy

correspond to the crude gas stream (17) or to the crude gas stream compressed by a compressor.
After recycling:30-bf thesecond permeatestreaas@) or afithetthird retentate stneamw@0)] the feed

stream (5) is compogediof the-0ases ofdhe crude gasgpiteam (1) -of the sgecond;permests stream (9)
and of the third retentate stream é%@ngge fesg strgg@. (5 lfij.El.n be produ%%deeither 35 qylmixing

streams (9) andh ﬁO) Bt with tha uncompressed crude gas sfré8m (tlQ]), or mixiﬁ\gf%roﬁ with the
compressed cRideegas strerm brasixingone With the OW P 26$2/000727% 18PCTEP201 14058636
compressed crudegasstreamnpr-by Mixiog:streams (@andiord10xwiththe srude-gas stream (17) in
the compressqr, Gombinatigns of she vagiants described above are also encompassed fythe present
invention. Feed stream separation stage (1) refers to a membrane separation’stage for separation of
the feed. strea®-5)GRffa firdt Fetfieatestfeant (6) aRd REFEEREhtRESR¥AMI(7}. 0 Rétentate

separation stage (2hefers i@ admembrane-sapasatiorestage, whieh maydiesakidenticakoraifferent
construction tq the feed stieam, sepayation stage (1), for sgparation of the first retentate stream 15(7)

into a second permeate stream_(9) and a second retentate stream (8), Permeate separation stage (3)
refers to'd meRBFGRF8ESarafidi 5Eage® whith M3y beoffderiital 826 Qiffefertonsiidtion to the

feed stream separatibR 25:igh-pressure side of the membrane, membrane
modules or membrane separation step and does not pass

through the membrane.
Retentate gas vrefers to the component(s) enriched in
15 each case 1in the retentate stream relative to the
respective input stream at the membrane, at the

membrane module or in the membrane separation step.

Crude gas or crude gas mixture or crude gas stream (17)
20 refers to a gas mixture of at least two gases or a
stream of this gas mixture which is to be separated by
means of the process according to the invention or the

inventive apparatus.

25 Feed stream (5) refers to a gas stream which 1s
supplied to the feed stream separation stage (1). This
stream, for the performance of the process, may
correspond to the crude gas stream (17) or to the crude
gas stream compressed by a compressor. After recycling

30 of the second permeate stream (9) or of the third
retentate stream (10}, the feed stream (5) 1s composed
of the gases of the crude gas stream (17), of the
second permeate stream (9) and of the third retentate
stream (10). The feed stream (5) can be produced either

35 by mixing streams (9) and (10) both with the
uncompressed crude gas stream (17), or mixing both with
the compressed crude gas stream or mixing one with the

uncompressed crude gas stream and one with the



stage (1) and retentate separation of the first third permeate stream (11) (10). separation stage (2), for
permeate stream (6) into a and a third retentate stream The descriptions which follow of preferred and
specific embodiments of the process according to the invention and the preferred and particularly

d
suitable execUffond%d ?ﬁé’%ﬁ&wings and descript‘ioﬁs of the drawind’g%ﬁﬁ’&&}&{e‘)ﬁﬁgﬁ\%ntion in

detail merely by way of example, which means that it is not restricted to these execution and use
examples or ta thecrespeetivewondsinations of feztores withipvindividuabexetutemexariples. 35

Individualfeatuygs, which are spegified and/r deseried insconnectionwith specific.exegution WO
2012/000727_9 PCT/EP2011/058636 ogthe combigati%rk]lwith the otheCr featCleres (J)_jf ese execution
examples; inst%%@?ﬁ]%@sc%ﬂbe oM & Within the range of te%ﬁﬁfé%?pgssiblﬁtlse%, Wi I%aany other
variants, evendfihes are Aot diseussedapacificallyin thé presens 6Bsurhers ideditical reference
symbols ig the individual figures and diagrams of the drawings refer to identical or similar or identically

or similarly actj mpanents. The diagrams i rayung e.cleart tures which
are not provid%n(%v% ggf’éregrﬁ:e Srﬁﬁ]aerr%%sl,'#;rles%é%t%v% owvghe%]ge%%%] Fecgatiéregggﬁa&%%%%bed
hereinafter or RER SFRtheBthS ISR, feutureSRATIENT Af&ineludedh theSsteserit @Bcription but are
not visible or represented i the gdrawinrg are 5 atsanimiediately undérstandabletonar person skilled in
the art, The in\éqﬁlié/gngp ratus (see, for example, figures 11 to 13) comprises a chain of three
membrane separation 20 stages. Each stage consists of one or more physical gas separation
modulest Which are connected in parallel and/or in series within one stage. The driving force produced
for the gas seprestmtatie sepaisstisenparizdgeesdiie diffefertial_ betweentthelpatentate

separation stage, which may Dbe of identical or
different construction to the feed stream separation
stage (1), for separation of the first retentate stream
15 (7) into a second permeate stream (9) and a second

retentate stream (8).

Permeate separation stage (3) refers to a membrane
separation stage, which may be of identical or

20 different construction to the feed stream separation
stage (1) and retentate separation stage (2}, for
separation of the first permeate stream (6) into a
third permeate stream (11) and a third retentate stream
(10) .

25
The descriptions which follow of preferred and specific
embodiments of the process according to the invention
and the preferred and particularly suitable executions
and the drawings and descriptions of the drawings

30 illustrate the invention in detail merely by way of
example, which means that i1t i1s not restricted to these
execution and use examples or to the respective
combinations of features within individual execution
examples.

35
Individual features which are specified and/or
described in connection with specific execution

examples are not restricted to these execution examples



25 side and the permeate side in the respective membrane separation stages. The partial pressure
differential can be generated either by means of a compressor (4) arranged on the feed side of the
feed stream separation stage (1) and/or by means of at least one, preferably 30 one or two, vacuum

pump(s) (not sHRvA 943680974 13), preferably inthé second perme&Er4F8aM o\ G fopermeate

side of the retentate separation stage (2) and/or in the third permeate stream (11) on the permeate
side permeate separation stagei@Bhdtoay 35 Optionadly kecadvantageoussn ong ortrhare«of the

membrane separation;stages, 4o geperate or 1o enhance the,partial pressyre differgncedy means of a
permeate-side purge‘gas stream. Ina priferred confi%jeration of ge present invention, a compressor

(4) brings the ¢ miturd 8P e gab nigfdrE of the dPOEE §33 StrEafrt(17) and thé Bécond
permeate streant{@yand/or thexthirel reteptate strédm (104w theadesired pressdiesinthe fahge from 5

to 100 barsbut preferably-tora pressure of 9te IShargbhesesulting feed. stream (5) is introduced into
the feed steamseharalion siags (111 e Jogd stean 10 separalion siaas (1), ¢ preseparation o
the crude gas mixture I\t more easf?y permeating components (permeate gas), w ich pass mainly

into the permea?&8f tive figst atsge ind EBMpoHERts Which peffdatetiess difeKly (Fetentate gas),
which are predgminantly 15 retainedby-theinembragerat-are.ensiched in themetentatie,ds obtained.

The process acxf*plrgingi‘lt% hreairggen ign o&l@e inyentiye QPP tus is pptable n that ittiﬁ ganfigured

such that 20 the concentration of at least one permeate gas of the feed stream separation stage (1),

after recytfing dfeRE $866nd péreite stedm, ) and BIAELARE retdhtife stré&HIELB) 7€increased
in the feed streamr{&); preferablyrysatdeast2%, aforePreférably byah25feast3%andamest

preferably by 3 in.40%, jj. gach,case farppared (9.the copcentgation in the grude gas siream
features which are included in the present description
but are not wvisible or represented in the drawing are
15 also immediately understandable to a person skilled in
the art.

The inventive apparatus (see, for example, figures 11
to 13) comprises a chain of three membrane separation
20 stages. Each stage consists of one or more physical gas
separation modules, which are connected in parallel
and/or 1n series within one stage. The driving force
produced for the gas separation in the modules is a
partial pressure differential Dbetween the retentate
25 side and the permeate side in the respective membrane
separation stages. The partial pressure differential
can be generated either by means of a compressor (4)
arranged on the feed side of the feed stream separation
stage (1) and/or by means of at least one, preferably
30 one or two, vacuum pump(s) (not shown in figs. 11 to
13), preferably in the second permeate stream (9) on
the permeate side of the retentate separation stage (2)
and/or in the third permeate stream (11) on the
permeate side permeate separation stage (3). It may
35 optionally be advantageous, 1in one or more of the
membrane separation stages, to generate or to enhance
the partial pressure difference by means of a permeate-

side purge gas stream.



(17). The increase may depend on the composition of the crude gas stream (17) and is particularly
marked in the case of low concentrations of a permeate gas (10 to 30 20%). In general, the increase in
concentration of one of the permeate gases is between 2 and 15%, more preferably between 3 and
8%, when the #htéPit &f 8@ p&fmeate gas in the crube gas stream (159T< BRdReENFB&AE& 70%. This
is because the inventors have found that 35 the yield of retentate gas in the overall process increases
and hence the loss of retentate gas decreases when the concentration of the permeate gas in the feed

stream separatjon %Ia%ergééﬂ%%ﬁeaéc?ﬁf A thesame WO 2012/000/24; 11 ,RCTIER2Q11/058636

cut in the separation stage (=ratio of permeate stream to feed stream in the stage in question), much
less permeate §asPIEEERIRthe permEatdSf thetedSthin Separdtivh$tage @5 wh&tPthe

concentration gas mixture of the crude gas stream (17) and the second
5 permeate stream (9) and/or the third retentate stream
(10) to the desired pressure 1in the range from 5 to

100 bar, but preferably to a pressure of 9 to 75 bar.

The resulting feed stream (5) 1s introduced intoc the
feed stream separation stage (1). In the feed stream

10 separation stage (1), a preseparation of the crude gas
mixture into more easily permeating components
(permeate gas), which pass mainly into the permeate of

the first stage, and components which permeate less
gquickly {retentate gas), which are predominantly

15 retained by the membrane and are enriched in the

retentate, 1s obtained.

The process according to the invention or the inventive
apparatus is notable in that it is configured such that
20 the concentration of at least one permeate gas of the
feed stream separation stage (1), after recycling of
the second permeate stream (9) and of the third
retentate stream (10), is increased in the feed stream
(5), preferably by at least 2%, more preferably by at
25 least 3% and most preferably by 3 to 40%, in each case
compared to the concentration in the crude gas stream
(17). The increase may depend on the composition of the
crude gas stream (17) and is particularly marked in the
case of low concentrations of a permeate gas (10 to
30 20%). In general, the increase in concentration of one
of the permeate gases 1is between 2 and 15%, more
preferably between 3 and 8%, when the content of the
permeate gas in the crude gas stream (17) is between 30
and 70%. This is because the inventors have found that
35 the vield of retentate gas 1in the overall process
increases and hence the loss of retentate gas decreases
when the concentration of the permeate gas in the feed

stream separation stage (1) 1s increased. At the same



at least one component A which permeates relatively easily in the feed stream separation stage (1) or
of a permeate gas (A) is increased in feed stream (5). Analogously, a lowering was found when the
concentration of component A or of a permeate gas A in 10 the feed stream (5) to be purified is

reduced* For if&ar@é 2fRPEIRIH the separation stagé¥ora concentrafiBhR/FP30J1d02 86/ Honent A or
of a permeate gas A in the feed stream (5) to be purified is between 10 and 60%, preferably between

15 and 55% andumorenl S-preferablyhetween 20amd 50%ranisoparficantynpeaferred embadiment of
the present invention the pracess acqording to the g%vgnt'iqp 0(5&@% @/&q;i\lle appayatusds therefore
S

configured such that the content of permeate gas(es) of the feed stream separation stage 20(1) in feed

stream (5) is grRaFSIIRAR or Etial REE65 by vBitthe, PeferBBR/IRBR thahtpartittlary Tdte than 55%
by volume of thetfeedrstreama(53, tsecond: pegreaté stredm9) @ned 25streamc(19).150% kyfvolume and

very volume, based ogdbe aftgrdecyclipgafthe ofithe thirdetentate: Jhis increase incongentration of
the permeate gases gl the fe%%%\tlr%%]rg %5) as already explained, increases ﬂf? efficiengy of the feed
hichT

stream separat%%ﬁs}t e j(f) téﬁf}rﬁgén the r%?ul?fhla??es%tr%igeenta(te ga%% Sassgs into the
first permeate Strsaned6)e ThistM tufd incredses T effieieficy 10f thé permeata separation stage (3)

and ensures thatless ghweanied retentate gasaassgs inteiihe third persaeate stegam (10)here too. 35

Especially in the case of segaration f methane-cgntgininlg cr%de gases thig leads to Zg}he.advantage
c%ncentra l?l’l O compQner (? O a ﬁ)ﬁil’“mea e %S 11 ..
that the unwanted emissions of methane, which is harmful to the climate, were reduced significantly.

w0 201200072724 2 ECT1EP20331058686 [RgeRsralPitEan bestated thadir e feell Rfream
separation stagen@); preferably 26 to 400%, more feferalady 4040 70%, of componeat-A of of a
permeate concentration of 50% of a component A or of a permeate
gas A 1in the feed stream (5) to be purified is between
10 and 60%, preferably between 15 and 55% and more
15 preferably between 20 and 50%. In a particularly
preferred embodiment of the present invention, the
process according to the invention or the inventive
apparatus 1s therefore configured such that the content
of permeate gas(es) of the feed stream separation stage
20 (1) in feed stream (5) 1s greater than or equal to 40%
by volume, preferably more than 50% by volume and very
particularly more than 55% by volume, based on the
volume of the feed stream (5), after recycling of the
second permeate stream (9) and of the third retentate
25 stream (10).

This increase in concentration of the permeate gases in
the feed stream (5), as already explained, increases
the efficiency of the feed stream separation stage (1),
30 which in turn has the result that less retentate gas B
passes into the first permeate stream (6). This in turn
increases the efficiency of the permeate separation
stage (3) and ensures that less unwanted retentate gas
passes into the third permeate stream (10) here too.
35 Especially in the case of separation of methane-
containing crude gases, this 1leads to the advantage
that the unwanted emissions of methane, which is

harmful to the climate, were reduced significantly.



5 gas A are transferred from the feed stream (5) to the permeate. The retentate of the feed stream
separation stage (1), optionally with pressure reduction by an optionally 10 present pressure-reducing
valve (12), or with a pressure increase, is supplied by means of the first retentate stream ro to the

retentate sep%qrgt?%lﬁtzggog%;n which the fine purification is effected Pp:beoeiepEHS sile of the

retentate separation's 15 i.e. in the second retentate stream (8), there preferably a
pressure-reducing valve (13), by means of which the pressure in the system can be maintained and
kept constant. The content of the less easily permeating components or of a retentate gas B is 20
increased further themeteatate separatiorbatage é2)eSucththat thercohtent 6Eesmeriened or of a

retentate gas ? éBé@%ﬁﬁ%?Pd gegggtgte stream gg}g}sf@%%pg)efegaply more thar 95%:qanekmore than
90%, preferably more than 97%. In a particularly preferred 25 v%riant thef processr%%:ggiéng to the
invention or theliRvértRie apparati€is thds nGtablE AT At feast 989 preferdbly at least 97%, more
preferablys at least 99%zand mostysréferably af least 99.5% 6ftfie tétentate 66mpsifent&fthe feed

stream separaéiggﬁé%gee(l) which 30 has been introduced into the apparatus with the crude gas
stream (17) is discharged via the second retentate stream (8). The cut in the separation stage of
retentate separation stage (2), at a concentration of component A or of a permeate gas A of 50% in
the first retentatesstreafre(MaischetledmE0 4REB0%: PreferabipBEReer 2 &RF50% L WO

2012/000727- 33-PGHEPZ013/0586 36 Ehe peemeataiakthegatentate separationstagel(?) is recycled

by means of the second permeate stream f§9 sy plied to the feed siream (5) ang reprocessed. This 5
can, as &IPead?re?qs)l%Illnted ahove in the det |r¥|)t%n %f the term "fee?d st¥réam" be effected in different

ways according 6 WHetiter SEoRRsESsor 18) of WBA HEMuIRSta g e praSssor (4 isdsed I the case
of a one-stagecompresser (4), thasecond permeate strearn 16(9) is prefermblosuppliedto the suction

side of the compressqr (4),(seg figy, 11): If A multisiage-compressar is psedcitis preferable.that the

S
second permeate stream E% Is introduced into the comgressor between two comgpres?gy stages (see
figs 12and13yetentate side of the retentate separation stage ;

15 1i.e. in the second retentate stream (8), there 1is
preferably a pressure-reducing valve (13), by means of
which the pressure in the system can be maintained and
kept constant. The content of the less easily
permeating components OT of a retentate gas B is

20 increased further in the retentate separation stage
(2), such that the content of component B Or of a
retentate gas B in the second retentate stream (8) is
more than 90%, preferably more than 95% and more
preferably more than 97%. In a particularly preferred

25 variant, the process according to the invention or the
inventive apparatus is thus notable in that at least
95%, preferably at least 97%, more preferably at least
99% and most preferably at least 99.5% of the retentate
component of the feed stream separation stage (1) which

30 has been introduced into the apparatus with the crude
gas stream (17) is discharged via the second retentate

stream (8).

The cut in the separation stage of retentate separation

35 stage (2), at a concentration of component A Or of a
permeate gas A of 50% in the first retentate stream
(7), 1is between 10 and 60%, preferably between 20 and
50%.



15 The permeate of the feed stream separation stage (1) which has been greatly enriched with
component A or a permeate gas A is supplied by means of the first permeate stream (6) to the
permeate separation stage 20 (3). If necessary, it is possible by means of a pressure-reducing valve

(14) in the retggiate, st eapy 9bthe permeate separation stage (3), i.e Pitmy #B2D At éPERE Sfream (10), to
prevent the pressure of the permeate of the feed stream separation stage (1) from 25 declining to

ambient pressure (see fig. 11). In this way, the driving force for the permeate separation stage (3) can
be maintained. The permeate separation stage (3) produces a permeate with a co ?nt gfscomponent

B or of a retenfite g&$ B6Rgreatef thah 309556 Srafstaliy greatsr tan 9794 Gnd fore preferably
greater than 99%cwhichsis dischasged from thénappaeatus Viathetsied perficatestreafy (11). In a

particularly preferred embodiment, the-inventive, apparatys iscenfigused suebdbat. notmose than 5%,
35 preferably Aot'more than 3%, more preferably not more than 10{ aend nost lrg&e %blyorpt more than
0.5% of the reteftate %Mﬁ?@ﬂh@?@é@%ﬁ &m ggﬁgr%tiolnnstage (1) infroduced into the apparatus

with the crude gas stream (17} isidischaeged vialtie thirdgserméatesti@aht EEFFhe &Y h the
separation sta%ecegt{@igggrme@ge separatian stage (Spishetwesn 50(and 95%, peeferablybetween 70

and 93%. The third retentate stream (10) is recycled, supplied to t?gfe&qestrg%@éa@@d reprocessed.
This can, as 168t&ady 845aifeFRbove, be e?f% ted in di §%ht ways and may depend, for example,

on whether a compressar¢4) opaversmiltistide comisressdF PA)ds R A e casé 6 one-stage
compresser (4), ghe third fetentate stream(BQ) iscprefecablyhsupplied tothessuttiornSide- 1% of the
compressor (4) (see fig. 11). If a multistage compressor is used, it4s preferable, that the-thixd retentate
stream (10) is iﬁ%gaﬁc%’cf fﬁ)?o thé@cgmpg‘egs%gr be%vlvgén two ?ompression stagl%s (see fi%s. &2 and 13).
20 The process aceeremecd theSinvetidn of the TveRtve Sppatatus s Abtabie afticalarly in that it is
configured such thatdhe gas velume reeycletkin thecroduced into the compressor

between two compression stages (see figs. 12 and 13) .

15
The permeate of the feed stream separation stage (1)
which has been greatly enriched with component A Or a
permeate gas A 1s supplied by means of the first
permeate stream (6) to the permeate separation stage

20 (3). If necessary, it 1s possible by means of a
pressure-reducing valve (14) in the retentate stream of
the permeate separation stage (3), i.e. the third
retentate stream (10), to prevent the pressure of the
permeate of the feed stream separation stage (1) from

25 declining to ambient pressure (see fig. 11). In this
way, the driving force for the permeate separation
stage (3) can be maintained. The permeate separation
stage (3) produces a permeate with a content of
component B or of a retentate gas B of greater than

30 95%, preferably greater than 97% and more preferably

greater than 99%, which is discharged from the
apparatus via the third permeate stream (11)y. In a
particularly preferred embodiment, the inventive

apparatus is configured such that not more than 5%,
35 preferably not more than 3%, more preferably not more
than 1% and most preferably not more than 0.5% of the
retentate component of the feed stream separation stage

(1) introduced into the apparatus with the crude gas



volume, of the volume of the crude gas stream (17). The control of the amount of the retentate gas
streams to be recycled can be controlled, for example, through selection of the respective membrane
modules in the 30 membrane separation stages (1) to (3) or by the pressures in the system or by the

flows. The proggss @cspsdistp the invention or thejapparatus is thusdwiableoinithes sis spite of very
low return streams, the increase n the concentration of the permeate 35 component in the feed stream

(5), which has been explained in detail above, is ensured. This distinctly increases the efficiency of the
overall proces§.t9\?@n?0fﬁ7§ool7§7-c{ 15<Pe nglaloglg%ngthIéi}rétgge%neate stream (6) is
preferably condiéted such that the feed pressure of the permeate separation stage (3), preferably by
means of a pressure-reducing valve (14) on the retentate side of the permeate 6 separation stage (3),

is between 1 and 30 bar, preferably between 2 and 29 bar and morgqprefgrably, 3.and- 10 -bar. As

iy . CU .4 . ..
already explalnecf it is partlculilarly advanta eous 10 when a multistage compressor (4§ used This is
because ibis pessiBlesin iRid cAEE ¥6 dispenseSwille B EdRblete dREBmpressidi étthé 7 iﬁ’tate of the
permeate sepasatiorstaged(3}.gincs the retenrate of the permeate separation stage (3) can be fed in
between two 15 compressor stages of the compressor (4) (see figs. 12 and 13). Since the retentate
separation stage (2), in the case of decompression to feed pressure, woylg dgengrall be 20 operated

in the selectivifybifnited rafee” TREY) DeadvisabEto deddmpress the'Second perhBats Stream (9)
merely to a higher pressufe tevelofreeamltistage prassurerinereasiifunitlé sof @3fultiskige

compresser (4), sincedhisdeduces the opsraling qostse25 for the compressioarunitwitheyk distinctly

worsening the separation outcome. In rarticulag pegefer(ggd %@QQ imen(ti of % %§£%S§Q5@vention,
therefore, a mutiStagBeeontpresstt (4) 8 Tised SRE the' gaS stréarms g) and ( re sugglied to this
compressor in ¢a¢h or even a multistage compressor (4) 1s used. In e
case of a one-stage compressor (4), the third retentate
stream (10) is preferably supplied to the suction side
15 of the compressor (4) (see fig. 11). If a multistage
compressor is used, it 1is preferable that the third
retentate stream (10) is introduced into the compressor

between two compression stages (see figs. 12 and 13).

20 The process according to the invention or the inventive
apparatus is notable particularly in that it  is
configured such that the gas volume recycled in the
second permeate stream (9) and in the third retentate
stream (10) totals less than 60% by volume, preferably

25 10 to 50% by volume, most preferably 20 to 40% Dby
volume, of the volume of the crude gas stream (17). The
control of the amount of the retentate gas streams CO
be recycled can be controlled, for example, through
selection of the respective membrane modules in the

30 membrane separation stages (1) to (3) or Dby the
pressures in the system or by the flows. The process
according to the invention or the apparatus 1s thus
notable in that, in spite of very low return streams,
the increase in the concentration of the permeate

35 component in the feed stream (5), which has been
explained in detail above, is ensured. This distinctly

increases the efficiency of the overall process.



30 case betvv_een two cqmpre§sion stages. Such a connection arrangement is shown in fig. 12. As
already mentioned, the inventive apparatus may comprise one or more pressure-reducing valves (12),
35 (13) or (14). In a preferred embodiment, preferably by means of a pressure-reducing valve (14), it

is ensured that the pressure_drop over the feed stream separation stage (g 5p '
tl S estgsteside 1 and 30
bar, preferablyoo@[\%e 3% 20 bar and more pre eg;ably between 3&an)(d 10 bar.;BSgimuﬁaneously or

alternatively, preferably by means of a pressure-reducing valve (13), it is ensured that the

g . : pressure
drop over the féed sfreaftseparatemtage-@FaRd e retehtdte %gﬁgﬁeﬁ’&% StEgRY2Y i€ festricted to 1
and 100 bar, pseferably hetwees Srardi8@ basand enaré préferabhyrbetaeen Ieat ¥0-Bar. The

inventive appar%tus or the, process ceording 1 the 10 javention, caniadyineiple bedmplemented with
all membranes’ WAICH ar{ge z:éf eo separgtin%binary as mi tureafsggr m&Ilti as mixturg%g']l'he
membrane materials uséd ate pReterdbhy but ROEEXCSIvel§ HBlymers. Useful polymers in the

separation-activedayerarermore tigereferably oolyimidés; pe/amides, Oal3ulforiesPéellulose
acetates and %gyggg\geas@pglygg%%gﬂe gxides; polysilgxanes, polysiers with firtrigsicymicroporosity,

mixed matrix membranes, facilitated transport membranes, polyethylene oxides
) _ _ , , polypropylene 20
oxides, carbonfiembramés or zeolites, or mixtures thereof. Particularly preferred membranes

compr_isg, as materials for the separation-active layer or as a material for 25 the complete membrane,
a polyimide of the geperal flormula, 1 WiR:2012/000727- 172-RGHER2011/058636 GHZ:ous

10 when a multistage compressor (4) 1s used. This 1is
because it is possible in this case to dispense with a
complete decompression of the retentate of the permeate
separation stage (3), since the retentate of the

permeate separation stage (3) can be fed in between two

15 compressor stages of the compressor (4) (see figs. 12
and 13).
cince the retentate separation stage (2), in the case

of decompression to feed pressure, would generally be
20 operated in the selectivity-limited range, it may be
advisable to decompress the second permeate stream (9)
merely to a higher pressure level of a multistage
pressure-increasing unit, i.e. of a multistage
compressor (4), since this reduces the operating costs
25 for the compression unit without distinctly worsening
the separation outcome. In a particularly preferred
embodiment of the present invention, therefore, a
multistage compressor (4) 1is used and the gas streams
(9) and (10) are supplied to this compressor in each
30 case between two compression stages. Such a connection

arrangement is shown in fig. 12.

As already mentioned, the inventive apparatus may
comprise one o0or more pressure-reducing valves (12),
35 (13) or (14). In a preferred embodiment, preferably by
means of a pressure-reducing valve (14), it is ensured
that the pressure drop over the feed stream separation

stage (1) 1is restricted to 1 and 30 bar, preferably



X,y: mol fraction wherg Qx <0.51>y>0.5.5Such membranes are obtainable from Evonik Fibres
GmbH under thg Polylmlq P84 and Polyimid P84 HT names. A process for producing these preferred
membranes S disclosed in WO 2011/009919 Al. All membranes disclosed 10 in this publication can be

used with preferer&ce in ttpoe pracess according to the jnvention, To avyqid stkay iti
_ o 201 0 L A ’ ghtforysayggpetition,
reference is héﬂreby maéle completely to the contentﬁo this patent application. It has been found that

these membranes can achieve the 15 best separation outcomes. The membranes are preferabl
_ . y used
in the form of PRstleviERTer InétiBraf Bs 28/ At FiRhTbrRrés SHEhEmBraEs" gare%gsembled into
modules, which @re20 zsesamﬁibﬁatasloum@moduleéUMatS@pémtionnm@éDkﬁ'omn the prior
not exclusively hollow fiaer madles; spiral-waupd gas sgparation then used in the mayehe all gas ar,
for example gas separation modules, cushion .

that the pressure drop over the feed stream separation

5 stage (1) and the retentate separation stage (2y, 1is
restricted to 1 and 100 bar, preferably between 5 and

80 bar and more preferably between 10 and 70 bar.

The inventive apparatus or the process according to the
10 invention can 1in principle be implemented with all
membranes which are capable of separating binary gas
mixtures or multigas mixtures. The membrane materials
used are preferably but not exclusively polymers.

Useful polymers in the separation-active layer are more

15 preferably polyimides, polyamides, polysulfones,
cellulose acetates and derivatives, polyphenylene
oxides, polysiloxanes, polymers with intrinsic
microporosity, mixed matrix membranes, facilitated

transport membranes, polyethylene oxides, polypropylene
20 oxides, carbon membranes or zeolites, or mixtures

thereof.

Particularly preferred membranes comprise, as materials
for the separation-active layer or as a material for
25 the complete membrane, a polyimide of the general

formula

/

AR A NI S

\

30 R is selected from the group consisting of



gas separation modules or tube bundle gas separation 25 modules. According to the invention, the
gas separation membrane modules have a mixed gas selectivity of components A and B (= ratio of
stream A to stream B through the 30 membrane) of at least 30, preferably at least 35, more preferably
at least 40, even@eepretdradly of at least 45 and especially preferaBRF4FERR st ¥58530.
Membranes of higher selectivity have the advantage that the separation becomes more effective and
less permeate has to be recycled from reténtate separation WO 2012/000727- 18

-PCT/EP2011/058636 stage i or-less retentate fro permeate separation stage (3). Thus, especially

in thg case of use of a one- com Tess r(4), |t is necessary tg'coipress leSs gas twice, which
entails economic advantages. ipthe operatign of t n'the dgse gf very slectjfe membrane
modules having a selectivity of 45, Bnly approx. 35% of the gas introduced into the feed stream

separation stage (1) as crude gas need be compressed twice; with a membrane module having a 10
selectivity of only 10, it may be the case that the double compression is up to 300%. The figures of
35% and 300% are baseg.an gxperiments. i which @, gas mixturewithequimolar. amounts of
components A and B 5:= eed) was applied, with 98.5% component B present in 1the retentate gas of

stage (2) and 99% of or>np}§n§nt. ih the permeate stream of stage (3).
5

Such membranes are obtainable from Evonik Fibres GmbH
under the Polyimid P84 and Polyimid P84 HT names. A
process for producing these preferred membranes 1is
disclosed in WO 2011/009919 Al. All membranes disclosed
10 in this publication can be used with preference in the
process according to the invention. To avoid
straightforward repetition, reference is hereby made
completely to the content of this patent application.
It has been found that these membranes can achieve the

15 Dbest separation outcomes.

The membranes are preferably used in the form of hollow
fiber membranes and/or flat membranes. The membranes
are assembled into modules, which are then used in the
20 separation task. The modules used may be all gas
separation modules known in the prior art, for example
but not exclusively Thollow fiber gas separation
modules, spiral-wound gas separation modules, cushion
gas separation modules or tube bundle gas separation
25 modules.

According to the invention, the gas separation membrane
modules have a mixed gas selectivity of components A
and B (= ratio of stream A to stream B through the
30 membrane) of at least 30, preferably at least 35, more
preferably at least 40, even more preferably of at
least 45 and especially preferably of at least 45 to
80. Membranes of higher selectivity have the advantage
that the separation becomes more effective and less

35 permeate has to be recycled from retentate separation



It is eyident that the_inventive operation can be conducted in a much more economically viable manner
20 with more selective membranes, and the necessary size of the compressor and the energy required
can be reduced. The process according to the invention / the inventive 25 apparatus has the particular

advantages thggitig fopye fixembrane process andigpes not need argTkiBonal/ 9&8cH¢ion of the
permeate and/or retentate streams (11) or (8) for many applications. For example, in the case of

purification of giggas or, %tura(ljgasigséo remqyal of carbon dioxide from dnethang)a theemis no longer

any need for & pregseure swing adsorption or amine scrubbing for fine purification of the retentate, and
s0 it can be fed i@ ehe (FaturaF§4$ aride 3BIA HItHtON, WiththE inven ono/gtheu ISnE\E/erﬁIJSE fhe same time

to produce pregessacegedingtosthesapparatds, it is possibleraca pare reteritate Seam8) natural

s ptclon, . s b Ffcing o e i anygrescseof mtare
ut any airment of the environment, without an need for further tr t of the gas
by a catalytic t65€onBRRHGH bPBtiliZtion A% cé?‘ﬁﬁlmtéd he% anéhpeowé:raﬁgnt. %’ﬁer?i%% erefore n%

need br inves't@emtakmtfmhem@mhtpm,mmdﬁw ardore eeBRGMICATY Wabfe putification
vention | apparatie MBEds & Fuch lower Ieval complexiy and epetay expendiuge thands ant
processes. beThEEHB th8 TRrtive St apsbg\ée Szoglﬁn%ﬁa%ﬂgrg PREY CqREndiiehangs ar
compressed twice; with a membrane module having a
10 selectivity of only 10, it may be the case that the
double compression is up to 300%. The figures of 35%
and 300% are based on experiments in which a gas
mixture with equimolar amounts of components A and B (=
feed) was applied, with 98.5% component B present in
15 the retentate gas of stage (2) and 99% of component B

in the permeate stream of stage (3.

Tt is evident that the inventive operation can be
conducted in a much more economically viable manner
20 with more selective membranes, and the necessary size
of the compressor and the energy required can Dbe

reduced.

The process according to the invention / the inventive
25 apparatus has the particular advantages that it is a
pure membrane process and does not need any additional
purification of the permeate and/or retentate streams
(11) or (8) for many applications. For example, in the
case of purification of biogas or natural gas (=
30 removal of carbon dioxide from methane), there is no
longer any need for a pressure swing adsorption or
amine scrubbing for fine purification of the retentate,

and so it can be fed into the natural gas grid.

35 In addition, with the process according to the
invention / the inventive apparatus, 1t 1is posgible at
the same time to produce a pure retentate stream (8)

and a pure permeate stream (11) in the Dbiogas and



Especially through the combination of the inventive features of mixed gas selectivity, control of the
amount of the retentate streams recycled and increase 20 in the permeate component in the feed
stream (5), an apparatus or a process much superior to the prior art processes can be provided. The
inventive appawatusoarzthesprress according to invertion can especiBiF hergddd- fOs&pHration of gas
mixtures comprising at least two gases, the gas mixture separated most preferably being a mixtureof

predominantly but notexclysively carbop dioxide and methanereriregdeminaatly butagiexclusively
hydrogen 30 and methane or predominantglgl, but noét exclusivele}/a%arggn F[rgaono(%ggde %r%%@fg%)gen or
crude biogas ot *hitle rstufai GREPFRE eXampies whicH folfow are intended to ilustrate 35 and

describe the preséntirvemtion inedetailgbetdo nGtRastHEeit in any wahe IreiRéis@mstes which follow,

it was shown that. aecarding-jo inventive,connectinnarrangement of the madules antapplication of
particular pressures, it was possible to.simultaneously produce methane with, a purityof mere than
96% and arbo%a&%}ﬁﬁtélvﬁthpp%sri f 8 m%%ég than 97% rc%rﬁ%a:L r%?gugr%?of carbon dioxidjé and methane in
a ratio of 50 t0!502 t Cemparatve Exapipie tL: SEp&ation 8f S RAAGECFCLOethERE andCarbon
dioxide with a mijxirgratioaf 50 t0 S0with armasiesately selective palyintide Irrerbrane The fig. 11

shown connection arrangement was used. Each stage consisted of g holloyy. fibegmembrane module
15 consisting of hoffow f%l?/ﬁr?fﬁé %Slergffrom UBE (NM'BO1 A type). 1.78 m3/h of a. crude gas mixture

of 50% methan@i&R50% Carb6i didkid&hich corresponds approximately to a gas mixture of
biogas, is imtroduced into a mixing chamber (not shown in fig. 11) and then

A further advantage 1is considered to Dbe that the
process according to the invention / the inventive
apparatus needs a much lower level of apparatus
complexity and energy expenditure than the known prior

15 art processes.

Especially through the combination of the inventive
features of mixed gas selectivity, control of the
amount of the retentate streams recycled and increase
20 in the permeate component in the feed stream (5), an
apparatus or a process much superior to the prior art

processes can be provided.

The inventive apparatus or the process according to the
25 invention can especially be used for separation of gas
mixtures comprising at least two gases, the gas mixture
separated most preferably being a mixture of
predominantly but not exclusively carbon dioxide and
methane or predominantly but not exclusively hydrogen
30 and methane or predominantly but not exclusively carbon
monoxide and hydrogen or crude biogas or crude natural

gas.

The examples which follow are intended to illustrate
35 and describe the present invention in detail, but do

not restrict it in any way.



20 compressed to 25 bar together with recycled gas composed of gas streams (9) and (10). The gas
which has been compressed and cooled to 208C is applied to the feed stream separation stage (1).
The retentate of the feed stream separation stage (1) is subsequently passed 25 via the first retentate
stream (7) to the retentate ?%garation stage (2). A reducing valve (13) on the retentate side of the

retentate sepal QAP LEPPEIRE set to 16.2 bara and thus determines e BRiotg 128 WiBugh the

membrane of membrane separation stages (1) 30 and (2). The retentate of the retentate separation
stage (2) has arcontehtof $8:5%piethanéand 1.5% lchebon diokidev@s89% hdfh of tHigimixture leaves

retentate sepatation,stage; (2}-Jhe peaneate-of retentate separationstageé2khas a valuae flow rate
35 of 0.743 m3/h with a methane ¢ ntenttof 34.5% and % carbon dioxide content of 65.5%, and is
gg qf C A1 CU Vres

recycled via thBS8EGHT paffie AR treant (93 Intd thE Wixing chamber and- compressed sgain by the

compressor (4ROWE-R0$2/00072 7171 IPE TAXPZON] /058636 Tife pEIME@RBof the fded sfream
separatiorsstagg; ) has a volume dlow raig ofdk87 mjfawithka sarbor disxide=conteatof 31.0% and a
methang contenjEl of. %O%,Q %nd I5[150[Iaraessegnggg thgjlést pﬁgg}r@atg St'}%?ﬂ!{&?z) as feed 3.into. permeate
separation staé‘je (33) he pressure drop over the membrane of stageél goes not extend to ambient
pressure, but i§fpitedto 2 bERIBE fediicifig VaveT12f oR the Fetéftate side of the permeate
separation stage (3). This gives a third 10 permeate stream (11) from permeate separation stage (3) of

0.885 miln with-3,campgsition of 29, carban diaxide and pply 1.0% methane. Thesthird fetentate

stream (10) from the permeate separation stage (3) is, 0,801 rrn/h with a composition. of 17.9%

methaneldhd 8919 Ar0GH dioxitfeaiy Bradyded W&%@ﬁ%%@%ﬁaﬁ%@? nd compres8ed again.
The sum of recy6ledigas streamis(9)tand/ (193 Isstherefore ® 5448 oe8®.78based on the amount
of gas to be separated supplied. Pure product streams are obtained with a relatively high double 20

compression rate. Thfe, me bran?% used exhibit a,moderra}e rrlnixede gas X,\s]elecg\éité/ for gﬁaarct:)on dioxide
over methane of 0. E%arrrgp]re 1! %’Bar%ﬁ%ﬁ%?glrﬁ&tu?e of vsthane ahd 25-carbon didxide with a

mixing ratio of 50 &w50 withna highiyiselettive polyimitievmeibeare TheMgr a1 showwidhRection
arrangement wasyised -Eagh stage consisted,of adwllpwifikes menisane modulerconsisting of highly

selective hollow polyirmigle fibers with a separation area of abguLS 72PSf modyle: Theseos
methane and 50% carbon dioxide, which corresponds
approximately to a gas mixture of biogas, is introduced
into a mixing chamber (not shown in fig. 11) and then

20 compressed to 25 bar together with recycled gas
composed of gas streams (9) and (10). The gas which has
been compressed and cooled to 20°C is applied to the
feed stream separation stage (l1). The retentate of the
feed stream separation stage (1) is subsequently passed

25 wvia the first retentate stream (7) to the retentate
separation stage (2). A reducing valve (13) on the
retentate side of the retentate separation stage (2) is

set to 18.2 bara and thus determines the driving force
through the membrane of membrane separation stages (1)

30 and (2). The retentate of the retentate separation
stage (2) has a content of 98.5% methane and 1.5%
carbon dioxide. 0.895 m’/h of this mixture leaves
retentate separation stage (2. The permeate of
retentate separation stage (2) has a volume flow rate

35 of 0.743 m®/h with a methane content of 34.5% and a
carbon dioxide content of 65.5%, and is recycled via

the second permeate stream (9) into the mixing chamber

and compressed again by the compressor (4).



hollow polyimide fibers were produced according to example 19 of Austrian patent application
A1164/20009, excgpt working with a precipitation bath temperature of 35 40C rather than 10C. 1 m3/h
of a crude gas mixture of 50% methane and 50% carbon dioxide, which corresponds approximately to

a gas mixture of biogas, is introduced into a mixing chamber and the ar WO
2012/000727-%> 39¢% /@B%@1/058636 together”wi%h1 recycled gas c%cnc{%/gspa;%%?ég?sgt?egms (9) and

(10). The gas which has been compressed and cooled to 20C is applied to the f [
stage (1). TheTeentate oPthisstage ispasska’ra the S fifst r%?é??&pt%tgtf’éénﬂtggg f;gerfgeifaﬂiratlon
;eparatlon stagg 42).2A regducing vahetd3)onthe refentate Side’ dhtheweténtate separation stage (2)
is set to_ 18.4 bg{% angethus d%termirgjefs t51§ %i%/ingnfgr% through the membrane,ef memgrane
separation stages }(f) And” &? f%f‘l'_he retentate of the retentate separation é ge (2) Pas 8 content of
98.5% methanarghdLE 596 64BN Hicxide<0.563 %/ﬁﬁ%@%ﬁxtﬁgg ?e%{{l/eés r te%%ate Separation stage

(2), The permeate of remtaﬁswﬁommge@)ibas @velgme flow-ratést 0 RB2FtheEmethane 15
Chream (8) o themi e chamiber Ak Sortorased ausi by ine compresegt (4) The permeate
feed stream sePBPARBH stageTLT 26 has LV6lumé flogvgr% & gfi 0.5%%?111 r/?;%%%) c;%%r? 3%?(?35 ot the
content of 92.4eand ametharieveontehtiof 7.6%, drtds PaB5ed Vit the firsEFermidate Sttéam (6) as
feetd into ':jhe pgg}g@g@gpagaéw.@g%@). Jdhgquressure dropiover thel membrane wf stage (1) does
no eXtenl Oto algnebrl?ﬂgtarggsssuggég%t IS(' Jlmltegxtgrg '%g%gr?‘eg)ég rg%%%iggtion stage (3)

of 0.885 m’/h with a composition of 99.0% carbon dioxide

and only 1.0% methane. The third retentate stream (10)
from the permeate separation stage (3) 1is 0.801 m’/h
with a composition of 17.9% methane and 82.1% carbon

15 dioxide and is recycled into the mixing chamber and
compressed again. The sum of recycled gas streams (9)
and (10) is therefore 1.544 m’/h or 86.7% based on the
amount of gas to be separated supplied. Pure product
streams are obtained with a relatively high double

20 compression rate. The membranes used exhibit a moderate
mixed gas selectivity for carbon dioxide over methane
of 20.

Example 1: Separation of a mixture of methane and
25  carbon dioxide with a mixing ratio of 50 to 50 with a

highly selective polyimide membrane

The fig. 11 shown connection arrangement was used. Each
stage consisted of a hollow fiber membrane module
30 consisting of highly selective hollow polyimide fibers
with a separation area of about 5 m’ per module. These
hollow polyimide fibers were produced according to
example 19 of Austrian patent application A1164/2009,
except working with a precipitation bath temperature of
35  40°C rather than 10°C. 1 m’/h of a crude gas mixture of
50% methane and 50% carbon dioxide, which corresponds
approximately to a gas mixture of biogas, is introduced

into a mixing chamber and then compressed to 25 bar



permeate permeate of 0.497 30 and only valve (14) on the retentate side of the separation stage (3).
This gives a third stream (11) from permeate separation stage (3) mi/h with a composition of 99.0%
carbon dioxide 1.0% methane. The third retentate stream (10) from the permeate separation stage (3)
is 0.050 m3/h. Whez6adaY 6DEIGtled gas streams (9) 2hd<(10) is thereRFE/FB391h5¢PEERS1.2% based
on the amount of gasto be separated supplied. Pure product streams are 35 obtained with a moderate
double compressipadiaie- Tﬁ@mem@@@e@e@ﬁhm@hwmed gas selecthuitysfor( WO

2012/00072723PgT/ P %58636 theref QEQIe ore econamically fayorable pracess by a
lower recompression o é 2% rather than égge}ﬂ xa?n e 2:se %arauon of gmlxture of methane and
ﬁﬁ‘(jliiy

carbon dioxideigith?d ?ﬁixﬂ@ rARPSIHT oS50 Wi a §§IE@E?\% ﬁ(ﬂ?ﬁﬁzf&é%rﬁ"b?gr%%lth a
methane content in.therpermeate=strears ofdéssthar 0 stage 1is passed via the

5 first retentate stream (7) to the retentate separation
stage (2). A reducing valve (13) on the retentate side
of the retentate separation stage (2) 1s set to
18.4 bara and thus determines the driving force through
the membrane of membrane separation stages (1) and (2).

10 The retentate of the retentate separation stage (2) has
a content of 98.5% methane and 1.5% carbon dioxide.
0.503 m°/h of this mixture leaves retentate separation
stage (2). The permeate of retentate separation stage
(2) has a volume flow rate of 0.262 m’/h with a methane

15 content of 24.6% and a carbon dioxide content of 75.4%,
and is recycled via the second permeate stream (9) into
the mixing chamber and compressed again Dby the
compressor (4).

The permeate of the feed stream separation stage (1)

20 has a volume flow rate of 0.547 m’/h with a carbon
dioxide content of 92.4% and a methane content of 7.6%,
and is passed via the first permeate stream (6) as feed
into the permeate separation stage (3). The pressure
drop over the membrane of stage (1) does not extend to

25 ambient pressure, but is limited to 5.0 bara by a
reducing valve (14) on the retentate side of the
permeate separation stage (3). This gives a third
permeate stream (11) from permeate separation stage (3)
of 0.497 m®/h with a composition of 99.0% carbon dioxide

30 and only 1.0% methane. The third retentate stream (10)
from the permeate separation stage (3) is 0.050 m’/h.
The sum of recycled gas streams (9) and (10) is
therefore 0.312 m°/h or 31.2% based on the amount of gas
to be separated supplied. Pure product streams are

35 obtained with a moderate double compression rate. The
membranes used exhibit a high mixed gas selectivity for
carbon dioxide over methane of 45. The high selectivity

of 45 compared to 20 in the comparative example



In order to satisfy various legislators, it is 1.0 necessary to minimize the methane loss into the
atmosphere. The fig. 11 shown connection arrangement was used to lower the concentration of
methane in the third permeate stream (11) 1:0 below 0.5% by volume. Each staqe cgggi ged of a
hollow fiber m@@b?8A& HABATRY 15 consisting of highly selective polyiffidéhi 5 ggparaﬁon area of
about_ 5 m2 per module. These hollow polyimide fibers were produced according to example 19 of
Austrian patent appkcasios Adl841260% except workingrvita a jpredipitaticiob&thReEmperature of 40C

20 rather than,10C, 1mg/h of,a cryde gas mixiure-of:50% inethene andR0%6garben dioxide, which
corresponds approximately to a gas mixture of biogas, is introduced into a mixing chamber and then

cor_npressed to 25 bar together with recycled gas composed of gas streams (9) 25 and (10). The gas
which has beencampresséd anfepalet-too20CI$ appliedl i the ReedPstredlf Fati ge (1). The

,rftrzr(;tﬁé?n%f thli§ ég(@g&l?’ s J%%lg%elqigiam%%rsg retentate;stream ¢7)de theoretentate separatian stage (2).
g valve on the_retentate side 30.0f the retentate aration stage (2).J 18.1 bara
and thus determéj)fﬁe (ﬁ%?&gg thr%agﬁjtﬁel t(;]llneem %nr?%rgﬁg rfg;en?ts)%gr?e sg a%al)ﬁg?%gﬁes (1) and
(2). The retentaterof ¢he rétentdte SEparation BtaGE B haslcortert ¢ioE’s%h-méthane and 1.5%

carbon dioxide. 35 0.505 m3/h of this mixtures leaves retentate separation stage (2). The permeate of

retentate separation stage (2) has a vaolume flow 44 3 Wi tha ontent of 26.1%
and a carbon djl:&ideoc%%%(nt 0?939%1%\}\7%%%)015%%(?;%@ 24 -P %%%%?5058%%% a ggis recycleo(l)
via the sééond perReatrstrean? (9) T tRe Afixing *hamber 3T Sompréssed dyah bygtﬁg

compressor (4): Thepermeate of the feadsstream sepavatiorr stageq(1) ohasea VelafE w rate of
0607rn3””Nan§zQ¥£B to lower the concentration of methane in the
third permeate stream (11) to below 0.5% by volume.
Each stage consisted of a hollow fiber membrane module
15 consisting of highly selective polyimide with a

2 per module. These hollow

separation area of about 5 m
polyimide fibers were produced according to example 19
of Austrian patent application A1164/2009, except
working with a precipitation bath temperature of 40°C
20 rather than 10°C. 1 m’/h of a crude gas mixture of 50%
methane and 50% carbon dioxide, which corresponds
approximately to a gas mixture of biogas, is introduced
into a mixing chamber and then compressed to 25 bar
together with recycled gas composed of gas streams (9)
25 and (10). The gas which has been compressed and cooled
to 20°C is applied to the feed stream separation stage
(1). The retentate of this stage 1is passed via the
first retentate stream (7) to the retentate separation
stage (2). A reducing valve (13) on the retentate side
30 of the retentate separation stage (2) 1s set to
18.1 bara and thus determines the driving force through
the membrane of membrane separation stages (1) and (2).
The retentate of the retentate separation stage (2) has
a content of 98.5% methane and 1.5% carbon dioxide.
35 0.505 m°/h of this mixtures leaves retentate separation
stage (2). The permeate of retentate separation stage
(2) has a volume flow rate of 0.244 m’/h with a methane

content of 26.1% and a carbon dioxide content of 73.9%,



dioxide content of 93.1% and a methane content of 6.9%, and is passed via the first permeate stream
(6) as feed into the permeate separation stage (3). The pressure drop over the membrane of stage (1)
does not extend to 10 aMbient pressure, but is limited to 4.4 bara by a reducin valv%m on the
retentate sidevisf thejgard¥daR7separation stage (3)2this gives a thiracﬁré/rﬂ? 4fe :t 1) from
permeate separation stage (3) of 0.495 m3/11 with a composition of 99.5% carbon dioxide 15 and only
0.5% methang,Jheithirdsetentatg stream:(19) froovihe permesde separation stégje Bis®0.112 m'in

and has a corré%osition 0of 35% m %%e%nd 29% car@&gﬁigéigg@nd is-recycleginto thgixing

chamber and or%pre%é{&% ain. The sum of recycled streams (9) and (10) is 20 therefore 0.356 m3/h
or 35.6% basetPaw S afMBuUntOf gas to be separated supplied. Pure product streams are obtained
with a moderate,doupie-gempeession rate. Theadierbrares usetexhibiterhigh-ameed gas selectivity

for carbon dioxide over methape of43, 25 Example:3: geparatian,of amixture.of methone and carbon
dioxide with a mixing ratio of 50 to 50 with a highly selectivetéj%%gmide membrape with.a, methane
ai

content in the PéRTfeate FaRTBEeSS thalr 6. 595 With3dth of & vacuum pump for the permeate
of stage 2 In odet ta satisfyvadious degislatofs, itds necassant fo minirRze the)méthah&Rfss into the

atmosphere. The fig. 11 shoyu connection-grangemeant s35 sepplementethwithoa yvaeuune pump not
shown in fig. 11, was used to lower the concentration of methane4n the third permeate stream (11) to
below 0.5% by ¥dlEmeYEAcH Sfagh eBRsikted gf% ﬁglﬁ)%\?ﬁl}gﬁmgr% ?ane module consisting of highly

selectivel iollowrgolyimide fibesswitl a séparation aréd B 8B6ut 52 e nidiife. Thesethollow
polvimide fibers yygre prgduced aecording)to examplad 9 efAustrian patent @pplicetiontAk164/2009,

except working with a precipitation bath temperature of 40C ratherthan;10C. 1 m'./h-efia-grude gas
mixture of 5094 frellvahe and %8%%%6%% di%%ge, whi{:ﬁ%orrespo?ldsa%jﬁproximatel%to @ ?as mixture
ethe

of biogas, is inpeduEEtAte & FRRihg Chamber AhdRREREBRTHreSIY 10 25 Har' TG by ethef with
recycled gas cemposed of gasrstrearns 9)@ntdd).cEhegas whictbhas bedreomppessed and cooled

to 20C is,applied 1o the feef!fj%%a%ééﬂg@éipnﬁ@getﬂzfaha:@@%m@&@f thisystage is passed via the
first reter%tate stream PI% {o the retentate separation stage %2% A_reducin vﬂ/f gl\s)ﬁm th%rotentate
side of the reteh¥B separatioh’stagée (29@%%??01?&1.5%& ntthus Yetermines the driving force
through the memkrane of membranerseparatich stagés(® ard(2§.Sthecrdpate e fétentate

separation stage (2) has 20 a contgnt;of99.5% methane gnd dbibcarkondiodde @58z m3/h of this
mixture leaves retentate separation stage (g . Thcel%%rmgftee%f mrseterztga}e sgggrat'tqrb tage(2) has a
pressure of 0.2%55& established By a Vacul $amp, and has a volume flow rate of 0.371 m3/h with a
25 methahe contentef $3:3% ahdf carBorrdioxidlecontermast 867 %0 Theyas stredam 3&cycled from
the pressure side of the vaehamnauap viafiieisecond permeatestieant. (93 intedive miximg chamber
andcomDmBs%i%%?%é%tQ%.%n%e%%%é%%te double compression rate. The

membranes used exhibit a high mixed gas selectivity for

carbon dioxide over methane of 45.

25

Example 3: Separation of a mixture of methane and

carbon dioxide with a mixing ratio of 50 to 50 with a

highly selective polyimide membrane with a methane

content in the permeate stream of less than 0.5% with

30 the aid of a vacuum pump for the permeate of stage 2

Tn order to satisfy wvarious legislators, it is
necessary to minimize the methane loss into the
atmosphere. The fig. 11 shown connection arrangement,
35 supplemented with a vacuum pump not shown in fig. 11,
was used to lower the concentration of methane in the
third permeate stream (11) to Dbelow 0.5% by wvolume.

Fach stage consisted of a hollow fiber membrane module



30 The permeate of the feed stream separation has a volume flow rate of 0.542 mjh with dioxide
content of 94.8% and a methane content of 5.2%, and is passed via the first permeate stream (6) as

feed into the permeate separation stage (3). The pressure 35 drop over the br tage (1)
does not extefPto2AbI8RCPRSssure, but is limited t624.4 Para by a rggﬁé%la@\?aqg'/é ( §)60§r€1’sthe

retentate side of the permeate separation stage (3). This gives a third WO 2012/000727- 26
-PCT/EP2011/658636 pérmeaté streéainl(t 1)sfedmpermeateoddparationstagé 48) oF d495m3/h with a
composition of 99.5% ca digxide. ang.qnly 0.6% methanse. Fheghird reientate streass €10) from the
permeate separation stage (3) is 0.047 mj/h and has a compgosition of 54,9% %tﬂ@ e apd 45.1%
carbon dioxide ¥ i fecPded it e rrr%ljtﬂr)larc%arr‘?[?e]frean ggr%ﬁ?e%éed%%%ﬁ? The8 sum of recycled
streams (9) aneé20)is¢hetsforef0. ABmRilRor FE 9 saseBphiths Ersunt-of §4< t’be separated
supplied. Rure produst 19 stieams are-ebtaingdvithoa madesaterdoiible: compressioreratef The
membranes used exhibit a high mixed electiyity,for carbon digxide aver methane 0f45. In
contrast to the gg\% g%t%%fg ’iﬂ{é{gs p%%i?&r:l isn}eé%irgga(M.S bar rather than 1.8.1 bar = 80.1% of

the 15 pressuré)) ancheilya8: 2% H6re Yotible BaRPressicH: Wiich 8345 o & SaViRgHT Etipression
work. Example £s,Separationsof,a mixtareyafsmethanerandodarbor dioxidelwith atmixdhgaratio of 50 to

50 with a 20 highly selective polyjmide membrane with.a methapg coatentdn the permeaia-stream of
less than 0.5% with the aiéFo a vacuum pump for the permeate oﬁzts]%e and imggoved r%t?ntate purity
e

In order toatisty YaHBEE lefistatorsSitis heCe ity HIMINGS t Hrane1hsS o th
atmosphere. Thafig. (1loshowmeonretion arangemehte supplementstb®ith alfacG@f pafhp not

shown in fig. 11, wasqused.tg ingrease theconceatrationofmethane inihe second 30 tetentate
stream (8). The vacuum improves the pressure raﬂo in th% retgntaltg se aasrg'g%n stage (?}pé/ reducing
the pressure in fhe secohd pé:rﬁjfeeéi%%ﬁ%an? %9),tsujéﬁ that The driving force Is increased and higher

purities can be athieved it thetsecend tetentatd dtredrd (6185 FaERREAGE coiRistéd bE&With a
separation-area;ef.ahout 5m2 per-medule, J hese Hellow polyinide fibersaretecproduceddaecording to

example 19 of Ausifay patent appliation AL164/2009, exceptarking wih 2

set to
14 .5 bara and thus determines the driving force through
the membrane of membrane separation stages (1) and (2).
The retentate of the retentate separation stage (2) has

20 a content of 98.5% methane and 1.5% carbon dioxide.
0.505 m3>/h of this mixture leaves retentate separation
stage (2). The permeate of retentate separation stage
(2) has a pressure of 0.2 bara, established by a vacuum
pump, and has a volume flow rate of 0.371 m’/h with a

25 methane content of 13.3% and a carbon dioxide content
of 86.7%. The gas stream is recycled from the pressure
side of the vacuum pump via the second permeate stream
(9) into the mixing chamber and compressed again by the
compressor (4).

30 The permeate of the feed stream separation stage (1)
has a volume flow rate of 0.542 m’/h with a carbon
dioxide content of 94.8% and a methane content of 5.2%,
and is passed via the first permeate stream (6) as feed
into the permeate separation stage (3). The pressure

35 drop over the membrane of stage (1) does not extend to
ambient pressure, but is limited to 4.4 bara by a
reducing wvalve (14) on the retentate side of the

permeate separation stage (3). This gives a third



precipitation bath temperature of 40C rather than 10C. 1 m7h of a crude gas mixture of 50% methane
and 50% carbon dioxide, which corresponds approximately to a gas mixture of biogas, is introduced
into a mixing chamber and then compressed to 25 bar together with recycled gas composed of gas

streams (9) angq 19341 the g which has been compygssed and cooleg+Q 294p i apBlesk® the feed

stream separation stage (1). The retentate of this stage is passed via the first 10 retentate stream (7)

to the retentate separation stz}ge %), g ; dugingnvalve 1%13 on the retentatensid% gf the [{%tﬁntate
separation sta§&¥3)58 &t 0181 hat RSB HRfesThE TRving Torce throuhh the membrane of

membrane sepafatiort §fages/(1) ahdl(2p THeDsretentite of tHPreténtafr SeFardiencdtdge (2) has a

content of 99.7% methane and;f.3% cartbon digxide. (499 Mmrin-efibisHaixiine deaves stage (2). The
permeate of retentate (2) has a pressure of 0.2 bara, established by.a vac 2 m d has a
volume flow ragrg%ég% rﬁffﬁn\/% gg methane %Jo?m{len%s%?%gsgg )an%isa ?ai;%%r?]o |o>2%e%%?tqent of
74.2%. The gabatream iSvapydied frofm the predsire siie Bine vartim pampvif e’ setond

permeate streain ¢Q)into the mixing champer aad ceropressed again byrthe25ebmpressod (4). The
peimeate of the feed st separation e h flow r. 0 /h,with a carbon
dioxide content é)]m é%%% %rrgd ge[n%e%ﬁéne%?:%%tér%%fagﬁw\f%%%%gsfe%\%%%ge %r%? pe?\?rﬁwg]ate stream
(6) as feed 30 iMtdthe pErmeafFséaatio stdge Y FhePpresbtird dropdv6Fthe’Mentbténe of stage

(1) does not extend:toranadienggpsessure peut is=limited tal4.4 bard by@.reducing waived(14) on the

retentate,sjde of the permeate sgparationsstagex3), Thisgives a8 third 35 permeptesteeas (1) from
permeate separation stage (3) of 0,501 m3/h with % C%éggosﬂlon of 9 .&Sr‘é%carbon déOdee and only
t |

0.5% methane "R third Rstentat8 3H2BRT (10} H sthéaté'se on'$ta3ge (3)95°0.107 m3/h
and WO 2012/00#274 28 tRCT/EP 20211058636 deisCee compasitiohtéfeg:2% methane dhd 63.8%

carbon dioxide angdds secycled inteithe mixing-chambeiard compressed agaiss Ihesunief recycled

streams (9) an(]jiw 10 j.i§ trler%floge? 9.%66 mgé%%r 36.@%)aba3f€ .%n heram_:o p{ga% to bt seeparated
supplied. Pure product Streams ate obtainéd with a moderate dodble compression rate. The

membranids used exhibita hightiflixed gas Selectiviy for CarburtdieRIRIGET Hiéthaitd 6fd4s. In

contrast to the abgve examples3;useofia vaeurgumprOwsirthe permeate side of the retentate
separation stage (2) gives a much cleaner retentate with the same compressor output (99.7%

methane rather than 98.5%2. WO 2012/000727- 29 -PCT/EF2011/058636
Example : Separation of a mixture of methane and

carbon dioxide with a mixing ratio of 50 to 50 with a
20 highly selective polyimide membrane with a methane
content in the permeate stream of less than 0.5% with
the aid of a vacuum pump for the permeate of stage 2
and improved retentate purity
In order to satisfy various legislators, it is
25 necessary to minimize the methane 1loss into the
atmosphere.
The fig. 11 shown connection arrangement, supplemented
with a wvacuum pump not shown in fig. 11, was used to
increase the concentration of methane in the second
30 retentate stream (8). The vacuum improves the pressure
ratio in the retentate separation stage (2) by reducing
the pressure in the second permeate stream (9), such
that the driving force is increased and higher purities
can be achieved in the second retentate stream (8).
35 Each stage consisted of a with a separation area of
about 5 m° per module. These hollow polyimide fibers
were produced according to example 19 of Austrian

patent application Al1164/2009, except working with a



List of figures: Fig. 1:Influence of the pressure ratio and of the selectivity on the separation outcome
Fig. 2:0ne-stage membrane separation stage without recycling Fig. 3: One-stage membrane
separation stage with 10recycling Fig. 4:Two-stage membrane separation stage with recompression
and recycling Wég.2B1Swaga arangement for retentate and permeat@CTWER3BEdHTBESON and
recycling in the second retentate stage upstream of theirst retentate stage 20 Fig.

precipitation bath temperature of 40°C rather than
10°C. 1 m’/h of a crude gas mixture of 50% methane and
50% carbon dioxide, which corresponds approximately to
a gas mixture of biogas, 1s introduced into a mixing
5 chamber and then compressed to 25 bar together with
recycled gas composed of gas streams (9) and (10). The
gas which has been compressed and cooled to 20°C is
applied to the feed stream separation stage (1). The
retentate of this stage 1is passed via the first
10 retentate stream (7) to the retentate separation stage
(2). A reducing valve (13) on the retentate side of the
retentate separation stage (2) 1s set to 18.1 bara and
thus determines the driving force through the membrane
of membrane separation stages (1) and (2. The
15 retentate of the retentate separation stage (2) has a
content of 99.7% methane and 0.3% carbon dioxide.
0.499 m’/h of this mixture leaves retentate separation
stage (2). The permeate of retentate separation stage
(2) has a pressure of 0.2 bara, established by a vacuum
20 pump, and has a volume flow rate of 0.258 m’/h with a
methane content of 25.8% and a carbon dioxide content
of 74.2%. The gas stream is recycled from the pressure
side of the vacuum pump via the second permeate stream
(9) into the mixing chamber and compressed again by the
25 compressor (4).
The permeate of the feed stream separation stage (1)
has a volume flow rate of 0.608 m’/h with a carbon
dioxide content of 93.2% and a methane content of 6.8%,
and is passed via the first permeate stream (6) as feed
30 into the permeate separation stage (3). The pressure
drop over the membrane of stage (1) does not extend to
ambient pressure, but is limited to 4.4 bara by a
reducing valve (14) on the retentate side of the
permeate separation stage (3). This gives a third
35 permeate stream (11) from permeate separation stage (3)
of 0.501 m’/h with a composition of 99.5% carbon dioxide
and only 0.5% methane. The third retentate stream (10)

from the permeate separation stage (3) is 0.107 m’/h and



6: Staged arrangement for retentate and permeate with recompression and recycling in the second
retentate stage upstream of the second retentate stage 25 Fig. 7: Staged arrangement for permeate

with recompression Fig. 8: Sta [ '
Second stage a8 891 A5G Arangementfor permadie with recomprRLiis shi/ Do0Ed [1°

has a composition of 36.2% methane and 63.8% carbon

dioxide and is recycled into the mixing chamber and

compressed again. The sum of recycled streams (9) and

(10) is therefore 0.366 m’/h or 36.6% based on the

5 amount of gas to be separated supplied. Pure product

streams are obtained with a moderate double compression

rate. The membranes used exhibit a high mixed gas

selectivity for carbon dioxide over methane of 45. Im

contrast to the above example 3, use of a wvacuum pump

10 on the permeate side of the retentate separation stage

(2)y gives a much cleaner retentate with the same

compressor output (99.7% methane rather than 98.5%) .



9. Staged arrangement for retentate with permeate recycling from the second stage 35 Fig. 10:
Connection arrangement with internal staged arrangement for permeate Fig. 11: lllustrative

connection arrangement of several membrane mo
WO 2012/000727 -

10

15

20

25

30

35

List of

figures:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1:

dylgs according to [venion 10 fig, 12

Influence of the pressure ratio and of the

selectivity on the separation outcome

One-stage membrane separation stage without

recycling

One-stage membrane separation stage with

recycling

Two-stage membrane separation stage with

recompression and recycling

Staged arrangement

for

with recompression and

second retentate stage

retentate stage

Staged arrangement

for

with recompression and

second retentate stage

retentate stage

Staged arrangement

recompression

Staged arrangement
permeate recycling
staged arrangement

recompression

Staged arrangement

permeate recycling

for

for

retentate and permeate
recycling in the

upstream of the first

retentate and permeate
recycling in the

upstream of the second

permeate with

retentate with

from the second stage and

for

for

permeate with

retentate with

from the second stage

Connection arrangement with internal staged

arrangement for permeate



Three_—stage connection arrangement of membrane modules with a compressor and retentate
recycling of the permeate separation stage (3) without total decompression into an elevated

compressiqn stage of the compressor (4) Fig. 13: Three-stage connection arrangement of membrane
modules with E%o?ﬁ@?déﬁlﬁ@ﬂd retentate recycling ¥ the third stagePE5ARRAGE IdtSP 853&npression
and permeate recycling of the second stage into an elevated compression stage of the compressor

15: Vacuum pﬁw.(nmEepmnjmae@th'athezfégwes)nk@:ﬂ\ﬂbdngachambmmt reproduced in the figures)
17: Crude gas stream Clairps, 1 Anapparatus for separeting gases.comprising membrane separation

stages (1) to (3)at least one compressor (4) and/or at least one, preferably one or two, vacuum
pump(s) (15), the_ feed s_tree%rﬁ‘é%ﬁ%ﬂé%n stage (1) separating a feed stream (5) consisting of at least
two components into a first permeate stream (6) and a first retentate stream 10 (7), the retentate

separation stage {2) diyidinghe.first refgntate streams (rinto-a secenrg-permeate stream (9) which is

supplied to the feed stream (5), and a second. reten ich is wi
anzpthe permeate H(xe)mbrane mocﬂgl es v}?'ttensge%rgn@)r\ggggrlsa\{\ﬁ@drawn as a Product,

retentate recycling of the permeate
separation stage (3) without total
decompression into an elevated compression

10 stage of the compressor (4)

Fig. 13: Three-stage connection arrangement of
membrane modules with a compressor and
retentate recycling of the third stage

15 without total decompression and permeate
recycling of the second stage into an
elevated compression stage of the compressor
(4)

20 List of reference numerals:

Feed stream separation stage
Retentate separation stage
Permeate separation stage 3
25 One-stage or multistage compressor
Feed stream

First permeate stream

First retentate stream

o =1 Oy WU Wb

Second retentate stream

30 9: Second permeate stream
10: Third retentate stream
11: Third permeate stream
12: Optional ©pressure-reducing valve in the first
retentate stream 7

35 13: Optional pressure-reducing valve 1in the second
retentate stream 8
14: Optional pressure-reducing valve 1in the third

retentate stream 10



15 separation stage (3) dividing the first permeate stream (6) into a third retentate stream (10) which
is supplied to the feed stream (5), and a third permeate stream (11) which is withdrawn as a product,
characterized it that 20- the first permeate stream (6) is not subjected to any recompression, at least
in the feed streé®n 2epardldd alage (1), but preferabhiin-all three meREFaB82011 /0583 ration
stages (1) to (3), gas separation 25membrane modules having a mixed gas selectivity of at least 30
are the apparatgs is/slume reeiglednot reprdardinithediotalsless than the crude gas
stream (17), the.concentration.of at least one permeate gas.of.the feed stream separation stage (1),
after rec.yciinghlo§ thg%é{(]fcr)lr?d Sgﬁr%aﬁg s%r%%?n 9%%%%‘%‘%8? thjénthﬁﬁ?eéjh?éjtxées?ﬁeam (20), is
increased in thé feed 5t68mIBT, frEfe?ably increased by at least 2%, more preferably by at least 3%
and more preferably by 3 to 40%, in each case compared toconcentration in the crude gas



stream (17). The apparatus as claimed in claim 1, characterized in that the second permeate stream
(9) and thg third retentate stream (10) are passed along the suction side of the compressor (4) for
reprocessing. 10 3.The apparatus as claimed in claim 1 or 2, characterized in that a étisstage
compressor (#Pis203&d 99 9 apparatus as claimedldn claim 3, characterized hlfhoastg]ﬁue Second
permeate stream (9) and/or the third retentatp stream (10) is/are introduced into the compressor (4)
between two cgmpression stages. 20 5.The apparatus as claimed in any of claims 1 to 4,
characterized in that the first retentate stream (7) and/or the second retentate stream (8) and/or the
third retentatelstream (10) is/are passed tfhrough a pressure- 25reg%%igg valve,

An apparatus or T separating gJ ; comprising
membrane separation stages (1) to (3), at least
5 one compressor (4) and/or at least one, preferably
one or two, vacuum pump(s) (15), the feed stream

separation stage (1) separating a feed stream (5)
consisting of at least two components into a first
permeate stream (6) and a first retentate stream

10 (7), the retentate separation stage (2) dividing
the first retentate stream (7) into a second
permeate stream (9) which is supplied to the feed
stream (5), and a second retentate stream (8)
which is withdrawn as a product, and the permeate

15 separation stage (3) dividing the first permeate
stream (6) into a third retentate stream (10)
which is supplied to the feed stream (5), and a
third permeate stream (11) which is withdrawn as a
product, characterized in that

20 - the first permeate stream (6) 1s not subjected

to any recompression,

- at least in the feed stream separation stage

(1), but preferably in all three membrane
separation stages (1) to (3), gas separation
25 membrane modules having a mixed gas selectivity

of at least 30 are used,

- the apparatus is configured such that the gas
volume recycled in the second permeate stream
(9) and in the third retentate stream (10)

30 totals less than 60% by volume of the volume of
the crude gas stream (17),

- the concentration of at least one permeate dJgas
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%, 1in each case



6.The apparatus as claimed in any of claims 1 to 5, characterized in that a gas separation membrane
module having a mixed 30 gas selectivity of at least 35, preferably at least 40 and more preferably at
least 45 is used in at least one of the membrane separation stages (1) to (3). 35 7The apparatus as
claimed in any¥® 2@k’ 24873 Tcharacterized in that3t least one of thRGRAERTBBhY 88F&afion stages
(1) to (3) comprises more than one gas separation membrane module, which are connected in parallel
and/or in series. 8. The appasatusasiairnae inamyceialaims bio Adrbcharacterized indhat the gas
separation membrane mggglee%%) ist( s) of hollow fiber membranes and/or flat membranes. 9. The
apparatus as claimed in‘any of claims'1 to 8, 10characterized in that the materials used for the
separation-active layer of the membranes are amorphous or semicrystalline polymers, for example but
not exclusivelypolyimites, polyamides, palysslfenesdceltlulaseztbacetates and derivatives,
powphenW§neOxmescharacterized in that

the second permeate stream (9) and the third
retentate stream (10) are passed along the suction

side of the compressor (4) for reprocessing.

10 3. The apparatus as claimed in claim 1 or 2,
characterized in that

a multistage compressor (4) 1s used.

4. The apparatus as claimed in claim 3,
15 characterized in that
the second permeate stream (9) and/or the third
retentate stream (10) is/are introduced into the

compressor (4) between two compression stages.

20 5. The apparatus as claimed in any of claims 1 to 4,
characterized in that
the first retentate stream (7) and/or the second

retentate stream (8) and/or the third retentate

stream (10) i1s/are passed through a pressure-
25 reducing valve.
6. The apparatus as claimed in any of claims 1 to b5,

characterized in that

a gas separation membrane module having a mixed
30 gas selectivity of at least 35, preferably at

least 40 and more preferably at least 45 is wused

in at least one of the membrane separation stages

(1) to (3).

35 7. The apparatus as claimed in any of claims 1 to 6,
characterized in that
at least one of the membrane separation stages (1)

to (3) comprises more than one gas separation



polysiloxanes, polymers with intrinsic microporosity, mixed matrix membranes, facilitated transport
me_mbranes, polyethylene oxides, polypropylene oxides or mixtures thereof. 20 10. The apparatus as
claimed in claim 9, characterized in that the material used for the separation-active Iaéer of the

membranes is% peRARMA8 Bt 3fe general formula- R3ié selected from&RE GFBaPCdi&fdfor WO
2012/000727PCT/EP2011/058636 :cry: mpl fraction where 0 <x<0.5and 1>y >0.5.511. The
apparatus as claimedniarameeafclaimédito, 1 0wbharacterizeddnhatcatdeast 85% apreterably at least
97%, more preferabl)éﬁhlﬁgg 99%and; most preferably at 10 least 99.5% of the retentate component
of the feed stream separation stage (1) which has been introduced into the apparatus with the crude
gas stream (17) is discharged via the second retentate stream (8).

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

5 characterized in that
the gas separation membrane module(s) consist(s)

of hollow fiber membranes and/or flat membranes.

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

10 characterized in that
the materials used for the separation-active layer
of the membranes are amorphous or semicrystalline
polymers, for example but not exclusively
polyimides, polyamides, polysulfones, cellulose

15 acetates and derivatives, polyphenylene oxides,
polysiloxanes, polymers with intrinsic
microporosity, mixed matrix membranes, facilitated
transport membranes, polyethylene oxides,

polypropylene oxides or mixtures thereof.

20
10. The apparatus as claimed in claim 9,
characterized in that
the material used for the separation-active layer
of the membranes 1is a polyimide of the general
25 formula

N N——R N N

R is selected from the group consisting of
30



15 12. The apparatus as claimed in any of claims 1 to 11, characterized in that not more than 5%,
preferably not more than 3%, more preferably not more than 1% and most 20 preferably not more than
0.5% of the retentate component of the feed stream separation stage (1) introduced into the apparatus
with the crude gas 2082 ¢07R15 discharged via the #iird-permeate stP€aEEFI)1 2H0ER @3 process for
separating gas mixtures, characterized in that an apparatus according to any of claims 1 to 12 is used.
70 methane or predominantly But not exclisively carbon monoxide and hydrogen or crude biogas or
crude natural gas. 5 15. The prQcess as claimed in either of claims 13 and 14, characterized in that the

pressure on the permeate s arationst isadjusted; 20 preferably by
eniate.side ep ‘@o
tar

@) of the feed stre¢
means of a pressure-reducing yaive (1 here S n stage (3), to
1 to 30 bar, preferably to 2 to 20 baf"and more preferably to 3 and

¥x,y: mol fraction where 0 < x < 0.5 and
1 >vyv > 0.5.

5
11. The apparatus as claimed in any of claims 1 to 10,
characterized in that
at least 95%, preferably at least 97%, more
preferably at least 99% and most preferably at
10 least 99.5% of the retentate component of the feed
stream separation stage (1) which has Dbeen
introduced into the apparatus with the crude gas
stream (17) is discharged via the second retentate
stream (8).
15
12. The apparatus as claimed in any of claims 1 to 11,
characterized in that
not more than 5%, preferably not more than 3%,
more preferably not more than 1% and most
20 preferably not more than 0.5% o0of the retentate
component of the feed stream separation stage (1)
introduced into the apparatus with the crude gas
stream (17) 1is discharged via the third permeate
stream (11).
25
13. A process for separating gas mixtures,
characterized in that
an apparatus according to any of claims 1 to 12 is
used.
30

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

35 predominantly but not exclusively hydrogen and



16. The process as claimed in any of claims 13 to 15, characterized in that the pressure of the first and
second retentate stream (7) and (8) is adjusted, preferably by 20 means of a pressure-reducing valve
(13) in the second retentate stream (8), to 1 to 100 bar, preferably to 5 to 80 bar and more preferably

to 10 to 70 ba@52P221RBBHBZess as claimed in-amfofclaims 13 toP ‘FRA L kIPRHGA  hat the
driving force used for the separation task is a partial pressure differential between the retentate side

a_nd the permeate sidedn Hamm 30 respectivesdiembrane Separaticn stages, thepartial pressure
differential being genexajegy & sampressosidne;{eed:siisamy(s) andleebya yagwmaump (15) in

r
the second and/or third permeate stream (9) and/or (11) and/or by a 35permeate-side purge gas
stream, 18. The proc&38€ cRFHEY o 16 or 17, characterized in that the pressure of the
permeate of the feed stream separation stage (1) is the same or increased relative to the ambient

pressure, suchythat a-paxtial pressure differentialstill exists betweenretentaterandipermeate of the
permeate separation stage (3), and hence there is a driving force in the case that the permeate of the

permeate separation stage (3) is at ambient pressure or reduced pressure is applied.
characterized in that

the pressure on the permeate side (6) of the feed
stream separation stage (1) is adjusted,

10 preferably by means of a pressure-reducing valve
(14) on the retentate side of the permeate
separation stage (3), to 1 to 30 bar, preferably
to 2 to 20 bar and more preferably to 3 and
10 bar.

15

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

characterized in that
the pressure of the first and second retentate
stream (7)) and (8) i1s adjusted, preferably by

20 means of a pressure-reducing valve (13) in the
second retentate stream (8), to 1 to 100 bar,
preferably to 5 to 80 bar and more preferably to
10 to 70 bar.

25 17. The process as claimed in any of claims 13 to 16,
characterized in that
the driving force used for the separation task is
a partial pressure differential between the
retentate gide and the permeate side 1in the
30 respective membrane separation stages, the partial
pressure 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 a
partial pressure differential still exists between
retentate and permeate of the permeate separation
stage (3), and hence there is a driving force in
the case that the permeate of the permeate
separation stage (3) 1s at ambient pressure oOr

reduced pressure is applied.



