| NTEGRATED PREPARATI ON AND SEPARATI ON PROCESS Field of the invention This
invention relates to an integrated separation and preparati on process.
Backgr ounsloabodidssssenventi on I'n chenical industry severalpcyapasoaiosand
techniques are available to separate two .or_ nore conponents in a gaseous

m xture. Exanples of such separation t echhi ques are known in the art and
can be found in e.g. chapter 5.7 of "Process Design Principles" by W.

Sei der et al., published John W/ e & Sons, inc. 1999. The nost

general |y applied tECH Fqltﬂyee spptﬁpshtprpt QN WD S ERARG AN FFOGHS Ui sti |l ation
techni ques, however, is the large amount of energy that is consunmed to
establish the separatl on of those conpounds in a m xture. Another technique
that can be uSiedd oo s dimevegdpianmat i on by gas permeatl on. Herein a gas

m xture is conpr edtoahl h sure and hr into contact with a
non- por ous nenbr glﬁlje ne’epletrlr?giatrg pzcsssesott?é1 % A& S5 F SRS G S Far ged at

a | ow pressurendhereaasr dtier Qileﬂi@t@ does not pass t hrough the nenbrane and

pdt3 i
b, 395, 243 . In t -
in ord os Threus %%?Zﬁﬁggns’};ry Vée;t%er%ﬂ%% sparat] an.yia A Jenbr ane,

in order to pass t 1"es need to S nt er act
with the nentﬂmteavaﬁtﬂlzﬁo]tmvtmmsrepaemner etsud h& appld catipemeoft sa Jhi gh pressure
differential over the nmenbran bet en t esr E entate a,nd t he perneate side

of the menbr &SPt Tt HSE pr g BT ane
techni ques std}d WA e areonsidenabl@n pe found in e.q. chapter 5.7

of "Process Design Principles” by W. Seider et al.,

10 published by John Wiley & Sons, inc. 1999.

The most generally applied technique is distillation.
A disadvantage of distillation techniques, however, is
the large amount of energy that is consumed to establish
the separation of those compounds in a mixture.

15 Another technique that can be used is membrane
separation by gas permeation. Herein a gas mixture is
compressed to a high pressure and brought into contact
with a non-porous membrane. The permeate passes the
membrane and is discharged at a low pressure whereas the

20 retentate does not pass through the membrane and is
maintained at the high pressure of the feed. Examples for
such a membrane separation method are described in
Us-A-5,435,836 and US-A-6,395,243. In these processes
invelving a gas separation via a membrane, in order to

25 pass through the membrane, the gas molecules need to
interact with the membrane. This however requires the
application of a high pressure differential over the
membrane between the retentate and the permeate side of

the membrane. Due to the pressure differences required,



anount of energy and costly equi pnment for mai ntenance of the pressure
differential, for instance by vacuum or pressure punps, even if a high

sweep fl owovodswsmesand hi ghly sel ective nenbranes are empcoypdoosioSias |, 496,
757, dating from 1924, describes a process_of separation gases which
conprises diffusing the gases through a diffusion partition, renoving the

di ff d f it by . f, i i al d
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to operate oamphetprifneinplgyohntepeated tacpimenal rdirf fhusheBnafhks opr ocess
differs fron1%eparation processes invol ving nenbranes as descri bed above in
the fact thatRoPSFSREFEl YidhyrErédadr e TaFf ABFEANFSEI PYsVPEEEEAL OTwhi | € t he

mass transf ep s s69at b%ggq Byehr it EOHgghdguégﬁid?pgw !;,thamé“@ge gas

conponent continuously added to one chanber an using counter-currently
t hrough t he pacbdy pedeictiori ngmbapees Tmeseppdogsd.t hus does not require

t he use of expensi\e sel i y perneable ne nes. Recently, M.
Geboers, in his apﬁiélg’ﬁékrz%hffBaﬁlﬁgngO@oﬂggg{ aSFFFﬁ e§¢%arat!on of
azeot ropi ¢ mpxbikes”’ o fOsBbaPaecess gheeBnahoay, cBRPrpsekeat ¢ t,8 1 ALni-past er
form published by the National Research School in Process Techndl ogy OSPT

(2003) page $39SdéSEPUIEd 2adpiéeedsnf Brrééparari ngraniagesheopi c vapour
mxture of 2-prepangl g(a'spéz,ag@r%t BheDpal@iLRE Ll LBLAL difLuse wih OCP
. th - an

In a subsequent step separation o propano fp?oceeds Vi a
condemsat i onswAediisgdwantade lobnthirempraegsshies sivbept aguinkedrsaparabimon of

product frOnkhgedgg%u%%be%gg.a%gei%rgggggegs said to operate on the
principle of repeated fractional diffusion. This process
differs from separation processes involving membranes as
described above in the fact that no or hardly any
15 pressure differential is present, while the mass transfer
is controlled by frictional diffusion with a sweep gas
component continuously added to one chamber and diffusing
counter-currently through the porous partitioning layer.
This process thus does not require the use of expensive
20 selectively permeable membranes.
Recently, M. Geboers, in his article "FricDiff: A
novel concept for the separation of azeotropic mixtures",
OSPT Process Technology, PhD projects in miniposter form,
published by the National Research School in Process
25 Technology OSPT (2003) page 139, described a process for
separating an azeotropic vapour mixture of 2-propanol

(IPA) and water by letting it inter-diffuse with COy. In
a subsequent step separation of the 2-propanol and COjp

proceeds via condensation.
30 A disadvantage of this process is the required

separation of product from the COy stream, and if applied

on an industrial scale, the procurement of a large sweep

gas stream.



on an industrial scale, the procurenent of a | arge sweep gas stream The use
of the described diffusion-based separation nethod can thus still be

i nproved WY 2060sgg9at i on with a preparation process. Thepsuwhpesis/osnvent i on
therefore provides for an integrated separati on and preparation process.
Summary of the invention Accordingly, the present invention provides an

i ntegrated prepa i a a 1.QE 0GE onprising a preparation
process wherein gﬂ%ygggdggtﬁﬁg %?%5828%? §§g§3§§§§ é%%graF?gﬁrggb88ss
wher ei n a fi methednpanemnhuiss ssepar dtedmbrorrea biyxtutegehttorpanent s by

di ffusion of the first conponent through a porous gartition into a stream
of sweepi ng EGRPGREN-CTWREPERH St hé "By fHBAGEE pREauLsan AherReLprepar ati on

process is sybsequent iy usadiashhersweeRbAg E9RR0ARAL pirApLgSERar ati on
process. By using the byproduct of the preparation process as sweeping

conponent i npgoselssequent separation process, nore effective use of this

byproduct ismade_and _.an advantageous i ntegrated separation and preparation
. ummary of JLhé 1hvention . .
process is og%arﬁeé——gi—seﬁa%age—-Sﬂeep|ng conponent can be avoi ded,

because a byprodu@bé@ﬁihbeyprenarpkbe@nﬁreﬁeéﬁtgaﬂ peotisg@dsasnsweepi ng
conponent. The process according to the invention is especially
advant ageous 1 CFIF6Ce DL CRREREIL ATt RBAnSRPAF 8 téPNCBHAERERt SOMPEASWARCh t he

first conponent i3 $eparat 8dolssan,Azeel honi gy B-xLUES, 1 knoYLaw-ah,t he
ext ensi ve costs o? convent?onal %IStIF|atI0n ?E%énlques f br separati on of

10 and
a gas separation process wherein a first component is
separated from a mixture of components by diffusion of
the first component through a porous partition into a
stream of sweeping component;

15 wherein the byproduct produced in the preparation process
is subsequently used as the sweeping component in the
separation process.

By using the byproduct of the preparation process as
sweeping component in a subsequent separation process,

20 more effective use of this byproduct is made and an
advantageous integrated separation and preparation
process 1s obtained. A "separate" sweeping component can
be avoided, because a byproduct of the preparation
process can be used as sweeping component.

25 The process according to the invention is especially
advantageous in a process wherein the mixture of
components from which the first component is separated is
an azeotropic mixture, in view of the extensive costs of
conventional distillation techniques for separatiocon of

30 such an azeotropic mixture.

The invention furthermore provides an industrial set-

up in which the above process can be carried out.



such an azeotropic m xture. The invention furthernore provides an
i ndustrial set up in which the above process can be carried out.Figures
Figure 1 we ao@eh®@nati c separation unit accordi ng to thecirmpesisiosi74 Fi gure
2 : Schematic representation of the confijgurati on of conparative exanple 1
Figure 3 : Schematic representation of the configuration of exanple 2
Detail ed des%ﬁi%&%%n of the invention By an integrated separation and
preparation i s understood a process wherein one or nore of the
conponent s i miagtuvred 1i Ast he sstpanaticoBepheaessni snaksacaceanpenest thavol ved
in the preparation process. In the process of the present invention, the
conponent usédVieRtRE -separati on process as a sweepi ng conmponent is used as
a feed conpo in ot.h rat i I . By . at i .process i s
inder st 000 TRt dur Frg Chre eaaar ShTon by acege 8¢ Ioast CRarP bR ERE Tiret
conpoment , okt woampefratdvporentneland sweepi ng conponent is in the gaseous
state duringELherse ar%t'on gtocess. Prefe%ably ?t heast %O %v  of the
first componédf i xtrur& SMaEdipSREARES SRha RBeptnG EofBBREALTRE PR t he
gaseous staterf eagppeeherably at |east 80 %M, and even nore preferably in
the range from90 to 100 % is in the gaseous state. Most preferably al
conponent s abP&tédhsleCEISEriiRta oOjaedoli§esiavendipiing t he separation process.
A conponent which.is._n i Laui t i erature
(250 and prossie 1 baey abetns baperiotrd PrdPgtasiih' BPkessrer

10 is understood a process wherein one or more of the

components involved in the separation process is also a
component involved in the preparation process. In the
process of the present invention, the component used in
the separation process as a sweeping component is used as

15 a feed component in the preparation process.

By a gas separation process is understood that during
this separation process at least part of the first
component, mixture of components and sweeping component
is in the gaseous state during the separation process.

20 Preferably at least 50 %wt of the first component,
mixture of components and sweeping component is in the
gaseous state, more preferably at least 80 %wt, and even
more preferably in the range from 90 to 100 %$wt is in the
gaseous state. Most preferably all components are

25 completely in a gaseous state during the separation
process. A component which is normally in the liquid
state under ambient temperature (25 °C) and pressure
(1 bar) can be vaporized to the gaseous state, for
example by increasing temperature or lowering pressure,

30 before diffusing through the porous partition. The
diffusion during the gas separation process 1is hence

preferably gas diffusion.



exanpl e by increasing tenperature or |owering pressure, before diffusing

t hrough the porous partition. The diffusion during the gas separation
process iwohewsopeef erably gas diffusion. Wt hout wi shi rgTiEP2008/08T000d by
any kind of theory, the diffusion of thesfirst conponent through the porous
partition during the separation process is thought to be based on the

so-cal l ed principl fri.cti.onal diffusion. This frictional diffusion is
bel i eved to be d@é%P§E§ H%%%ép né8 %ﬁ EQPE oFdePVUE?BH 82 5P8REYeonmponent

conpared to ahe orififusdont ber toenmponent sompsnexpl ahredqgal $8ei BoWSuA- |, 496,
757 , a component having a faster rate of diffusion wll nore quickly pass
a porous par PPEitdH 1ORakUE 188ms6Re SEPREGTAGNaPEPEREF f&t EheRabitf tasben. The

qui cker conpgnenly ¢anh che @%g%&qqﬁagpgﬁﬁcﬁb&%agEO%r§@%§8kQ9 g%g&%@%@ta

resulting in a separation of suc irst, quicker conponen omthé
remai mi ng coffpdserdtrs ctlivnkAe dalidueianquisckel ieoppgonenbei sluender at ood to be
a conponent having a higher binary diffusion coefficient together with the
sweepi ng con%&ﬁgﬁ%epﬁ§nq§ §Fgﬁepf08ﬁﬁgﬁéﬁ9n.o y 2a°8Re EPMRGEBAPONeNnt i s
under st ood aceeReRENt IMneh oirS makke ot BcgWeeppanay tki r sk eqppaneny that has
di ffused through the porous partition. It can be any conponent known to the
ski |l |l ed persénSto ibe USuifrabdé of 3P 7t hips Cplippasat Ppsfagabl faateonpenent is

used which i s at;:l . partl ous : h e and, pressure at
whi ch t he se%grgﬁFgﬁ%gpgcggéiiggzgrgﬁégkégtga Fg B?ggé§a8F§tgtéﬁEeping
conpbhent i sthaed awkiomponenneankyngoapkebeky, rand preftierabkyosonphet el y

gaseoUs At e e A oneatd AR e S nal d by hae s eharaLon process

sweeping component, resulting in a separation of such a
first, quicker component from the remaining components.
In the above a quicker component is understood to be a

15 component having a higher binary diffusion coefficient
together with the sweeping component than a slower
component.

By a sweeping component is understood a component

which is able to sweep away first component that has

20 diffused through the porous partition. It can be any
component known to the skilled person to be suitable for
this purpose. Preferably a component is used which is at
least partly gaseous at the temperature and pressure at
which the separation process is carried out. More

25 preferably a sweeping component is used which is nearly
completely, and preferably completely gaseous at the
temperature and pressure at which the separation process
is carried out. For practical purposes the invention may
frequently be carried whilst using a sweeping component

30 having a boiling point at atmospheric pressure (1 bar) in
the range from -200 to 500 °C. More preferably a sweeping

component is used sweeping component having a boiling

point at atmospheric pressure (1 bar) in the range from -



is carried out. For practical purposes the invention may frequently be
carried whil st using a sweeping conponent having a boiling point at

at nospherwo 2pescamsasee (1 bar) in the range from-200 to PO@/EPEHOs/OMINE
preferably a sweeping conponent is used gweepi ng conponent having a boiling
poi nt at atnDspheric pressure (1 bar) in the range from-200 to 200 C.
Exanpl es of onegbﬁ t hat_can be used as sweepi onponent i ncl ude

car bon m)nox n di oxXFHRL LSS d? bgeriP R Ers %théhand?@dé%ed as
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ketones. The mixturé and the sweeping conponent are Separa by a porous
partition, tﬁnoagﬁemhhyﬂrphenflWsteconpaygan dokidses fhiomoyea-m xture into

t he strean1of S one orou artiti can be nmade of any
por ous nater s %Eﬁg SOW 8u§§Fr|8£E385§ ?BQBESsu?ﬁgﬁP% 1for use in a
process mhergrbmatgcgpnkaebﬁgsmnth the reactants. The porous partition can

be made of a porous material that assists in the separation of the
conmponents by foflexBapreradaddpthensveecnbsor perpanent eers, sppavated t hat

t he separatlg topgkétgsgggtgg gll hrgﬁggrghgghdl Nl§tan9ev UP8§§¥keM/of

menbr ane cont esi gns "and applicatrons © eren

i ndustry, FMEiTfanmsactfiromsth2003xt3te 94:88tha ﬁﬁﬂbﬁﬁn@fphﬁ§@p1M@ICh is set
bet ween two bul k phases, has the ability to control mass transfer between
the two bul k“BHES §"Fn a nenbrane process. Contrary to such a menbrane, the

porous partitionipg b@Y@ﬁsa§§9Egti‘9ntQaﬁhGeSMQJi@C&f'5‘1‘(%”1569@11%5 set between
the two bul k phases, but has in principle no ability to control the nass

transfer material known to the skilled person to be suitable for

use in a process where it is contacted with the
reactants. The porous partition can be made of a porous
material that assists in the separation of the components

15 by for example adsorption or absorption effects, provided
that the separation by diffusion prevails.

According to M Stanocevic, Review of membrane

contactors designs and applications of different modules
in industry, FME Transactions (2003) 31, 91-98, a

20 membrane phase, which is set between two bulk phases, has
the ability to control mass transfer between the two bulk
phases in a membrane process. Contrary to such a
membrane, the porous partitioning layer according to the
subject invention is set between the two bulk phases, but

25 has in principle no ability to control the mass transfer
of any of the species involved. It does therefore
essentially not interact with the species to be separated
other than offering pores, but merely serves to avoid
mixing of the two bulk phases, contrary to membrane

30 separations.

The subject porous partition 1s thus essentially not

a selectively permeable membrane. A membrane is a barrier

that allows some compounds to pass through, while



of any of the species involved. It does therefore essentially not interact
wWith the species to be separated other than offering pores, but nerely
serves t owvewvoiahepaoxi ng of the two bul k phases, contraryprto/BrPRIBHaTICS
separations. The subject porous partitiofn Ls thus essentially not a

sel ectively perneabl e nenbrane. A nenbrane is a barrier that allows sone

conpounds to_pass thr ug eef f ctlvel hi nderj ng ot her ounds to
pass t hrough; P? uglges ngiﬁﬁgﬁﬁgglg BaFrre p%?n&ﬁ'%% ?ﬂ%spBQEO? Pough is

deternmined byhskze semsppeb@tabatuberofether coRPONNdse Megbrenesuysed in
gas separation technlques are for instance those disclosed in US-A-5843,
209 . Menbrah8sASEPEBLNGEI PYcBAEPOPT nBRICH R AnRPbRES bt ween EpePphades or

envi ronment sy %gQBéérMs%?O§HC$a§E$P%QP§§1o£h€e8§$g§§?82%£di#?P Is a

barrier that a? ws t he onponents, er ent

rel ati ve ratessbandefthesendly%lhsed wn st Al- 5 ©4 Be2 bdundermior angs par ti cul ar
theory it is believed that |n gorous gartltlonln% the mass transfer is
control | ed byetFFELVEhEI CARFFY |%ﬁ W theRSBAEEpP R YR thtpohenes o

cont i nuousl yeaddedntenene chanber and | eaving the ot her chanber and

di ffusing counter-currently through the porous partitioning |ayer.
Preferably the nafeiraryusedsfoR membpanrosis b@?t@@i@WSigaeES@thal$yainert

or inert to ngrgggpgﬁggt%lyggg £H tPf aﬁgra% u5|né8€e8€éf }g gtl e the

i nvention nay uen carrre TS tal,
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material for the porous partition. Exanples include expanded netals, e.g.
be bound to any particular theory it is believed that in
the porous partitioning, the mass transfer is controlled
by frictional diffusion with a sweeping gas component
continuously added to one chamber and leaving the other

15 chamber and diffusing counter-currently through the
porous partitioning lavyer.

Preferably the material used for the porous partition
is essentially inert or inert to the components used in
the separation process. In practice the invention may

20 frequently be carried out whilst using filter cloth,
metal, plastics, paper, sandbeds, zeoclites, foams, or
combinations thereof as material for the porous
partition. Examples include expanded metals, e.g.
expanded stainless steel, expanded copper, expanded iron;

25 woven metals, e.g. woven copper, woven stainless steel;
cotton, wool, linen; porous plastics, e.g. porous PP, PE
or PS. In a preferred embodiment the porous partition is

prepared from woven or expanded stainless steel.
The convective volumetric flow (m3/s) across the
30 porous partition layer (assuming laminar or Poiseuille

flow) is given by formula I:



expanded stainless steel, expanded copper, expanded iron; woven netals,
e.g. woven copper, woven stainless steel; cotton, wool, |inen; porous

pl asti cs,we.2g06/qe099ous PP, PE or PS. In a preferred enbodcomrbooshs7ipor ous
partition is prepared fromwoven or expapnded stainless steel. The
convective volunetric flow (m'/s) across the porous partition |ayer
(assum ng | am nar or Poiseuille flow is given by fornula | :pAPed 4 Q =
\2%d (D wherein e represent syAPgddorosity (fraction of surface area
covered by pores), d rep@@sen%s-%hélpore di aneter, d represents the

t hi ckness of the porous Iayer128¢d5DP represents the pressure drop across
the porous |ayer as well as the physical properties of the gas @Viscosity
and density) . Preferred porous nmaterial should have a high porosity (e )
to maxi m se the useful surface area. The preferred porous |ayers porous
have a porosvhgreinndrecphascOts, the eperadl yy nbfeachen 009, syefaaere
preferably npre_than 3. _Th hi ckness_of the porqus |ayer is
preferably aasrg%wchs’e%%gs?%l%@%ﬁ‘noﬁ@ WHi s S|enngt%o e BHoun Jt%n%%?/r’
particul ar the [ i i f i i s.)havepsely
proportionalgtgéﬁﬁ%g%ﬁFékﬁ§§s€%gg¥%§§%o§§ﬁ%g%aé%?%dinggiﬁﬁé ?%@ ?%quired
surface areareprebhenpsrbus pagesurs proportiosal the pdeothi tkyessas The

porous. partiion sannarywidely Lpothiekness: and. vmy. " or; exarple vagy from
density) .

Preferred porous material should have a high porosity
(¢) to maximise the useful surface area. The preferred
porous layers porous have a porosity of more than 0.5,

10 preferably more than 0.9, yet more preferably more than
0,93.

The thickness of the porous layer is preferably as
low as possible. Without whishing to be bound to any
particular theory, it is believed that the diffusive rate

15 is inversely proportional to the thickness of the porous
layer, and thus the required surface area of the porous
layer is proportional to the thickness.

The porous partition can vary widely in thickness and
may for example vary from a partition having a thickness

20 of 1 or more meters to a partition having a thickness of
1 or more nancmetres. For practical purposes the
invention may frequently be carried out using a porous
partition having a thickness in the range from 0.0001 to
1000 millimetres, more preferably in the range from 0.01

25 to 100 millimetres, and still more preferably in the
range from 0.1 to 10 millimetres. Preferred porous layers
have a thickness in the range of from 0.5 to 1.5

millimetres, preferably in the range of from 0.8 to 1.2



of 1 or nore neters to a partition having a thickness of 1 or nore
nanonetres. For practical purposes the invention may frequently be carried

out usi ngwe 2pev@a®2partition having a thickness in the peamge26050871604 0001 to
1000 mIlimetres, nore preferably in theyrange fromO0.01 to 100
mllimetres, and still nore preferably in the range from0.1 to 10

mllimetres. Preferred porous |ayers hav thickness in th ange of from
0.5 to 1 o it EHEeTESS ) pFaT aPaEt oo el Pt orS rrati. o ¢ brom 0%
1.2mllimetres, 1andpnor enfreéerably in the range of from0.9 to 1.1

mllimetres. The anmount, size and shape of the pores used in the porous
partition may vafFyevirBelryt, Thbzghape drarhechorles rEews i wsedhelpotlors

partition mayobg,any, shapeoknoun 10,4 Nei Ski ! efhpersan. tor be, suidable for
such a purpose. e pores can r ex np}e Ve a cross-section aped as
slitsy squaresedoval sherpsrochesarfXtide mdpsise secy | map@ykheve ad

irregul ar shape. For_practical purposes, the invention may frequently be

carried out u3fngkpdted ReLPRY BOcrossuskiont?h %%%hs%aﬁ%r%ﬁs%irgg%s. The

di ameter of GCrpss-sectEQPR OkahPEePRIGS MY NELYs ALY shipds fyrthernore
not necessary for all the pores to have the sane dianmeter. For practical

pur poses thesihvent sgnanay, f peglenttychectasri@d owe osdag-pecesomavi ng a
crosssection "shortest” dianetgr in the rﬁnﬁe froml fanoneter tohlo
milinetre. ByYt RBVSsABr BT UG AneRdrc s” UhdRT 3T obdP T HRUERDITE 2st Gi st ance
W thin the cigssnsechi AAyofréheepol . bErederadliyothissthgnpéesslies in the
range from 20 nanonetre to 2 mllinmetres, nore preferably fromO0.1 to 1000
m croneter, PFBVénpref eFapfySeRtifRe tRAnfeefoRPA0°F oCLDOL AT cr Bt er .

diameter of cross-section of the pores may vary widely.
It is furthermore not necessary for all the pores to have
the same diameter. For practical purposes the invention

15 may frequently be carried out using pores having a cross-
section "shortest" diameter in the range from 1 manometer
to 10 millimetre. By the "shortest" diameter is
understood the shortest distance within the cross-section
of the pore. Preferably this diameter lies in the range

20 from 20 nancmetre to 2 millimetres, more preferably from
0.1 to 1000 micrometer, more preferably in the range from
10 to 100 micrometer.

Preferably, the pores (dp) in the material should be

relatively small to prevent convective flow. The exact
25 size and proportions depend on the thickness of the
porous layer (A) and the pressure drop (AP) across the
porous layer as well as the physical properties of the
gas (viscosity and density).
Pores having a small diameter, e.g. in the range from
30 0.1 to 100 nanometres have the advantage that the control
on pressure differences becomes more easy. Pores having a
larger diameter, e.g. in the range from 100 to 1000

nanometres have the advantage that a better separation



Preferably, the pores (dp) in the material should be relatively small to
prevent convective flow The exact size and proportions depend on the

t hi cknesswofoddnsoper ous | ayer (D) and the pressure dropprCDRPRo03OSTASS t he
porous |ayer as well as the physical prgperties of the gas (viscosity and
density) . Pores having a snmall dianeter, e.g. in the range fromO .1 to

100 nanonetres have the. advantage. that the control on pressure differences
becones nor e“®asy® %Y%%n%‘gviélﬁgalrll%ﬁé?e d'i‘%naet%l?e,s%‘?’g‘? (%109 hgm? ange from

100 to 1000 pppereti1e@sphayerbbe arlyapd A8es thatt 2 POt efhsepsrad i oncan be
obtai ned. For instance at a pressure drop (DP ) of around 10 Pa across the

porous partithoaldtheveor edishoted Palew al i mher@re el ovp IOreferoneter to
prevent subs i v i c t i . di ffusive

Pl ow s pr oostfae S0 e Lot B el fug®s GRSEFE T 50

m cron shoul dibeuptieéefied. Moweverespuessdrep dtop) anfl pore, dbaret er shoul d
be chosen in such way that a Knudsen diffusion r({(laﬂt;rre is avoided. Is it

under st ood tlf%%’t’lrflﬁear@}%‘f“?g%rr%?eéoo‘f‘lﬂW‘Fpgi‘%ﬁﬁl _%Lﬁ@;lheﬁf’er%%r ous | ayer of
different gag FoRLe, dspendent QRobhendebatdé Ve RGN L udes, pf tdeikobinary

diffusion coefficients, and not or only to a | esser extent on the
properties ofntbhechovaustimateai BhudJee ¢ofbsshay fegimer wreavoadgdw dely in

tortuosity, that_is, they may var idely in degree of cropkedpess.
Pref er abI§ howev%?,lifh‘én%%?%go%&ey}%%%a%%tr Jratejg%een{‘—i‘ta??yogt“fjafglh?l%%d have
a torg uositythPoti§g tRBOEoFHEH 1atérSof ADfEepéef efably dPctdepsangecfrom 1

to 3 . The nunber of pores used in the porous partition nmay also vary
wi dely. Preferabhy Iebaddveopagnihedestaf Bhehr binary diffusion

coefficients, and not or only to a lesser extent on the
properties of the porous material.
The pores may furthermore vary widely in tortuosity,
15 that is, they may vary widely in degree of crookedness.
Preferably however, the pores are straight or essentially
straight and have a tortuosity in the range from 1 to 5,
more preferably in the range from 1 to 3.
The number of pores used in the porous partition may
20 also vary widely. Preferably 1.0-99.9% of the total area
of the porous partition is pore area, more preferably 40
to 99%, and even more preferably 70 to 95% of the total
area of the partition is pore area. By pore area is
understood the total surface area of the pores. For
25 practical purposes the invention may frequently be
carried out using a number of pores and a pore size such
that the ratio of total surface area of pores in the

partition to the gas volume of the mixture of components
lies in the range from 0.01 to 100,000 mZ/m3, preferably
30 in the range from 1 to 1000 mZ/m3.
The length of the porous partition in the direction
of the flow of the stream of sweeping component may also

vary widely. When the length of the layer is increased



of the porous partition is pore area, nore preferably 40 to 99% and even

nore preferably 70 to 95% of the total area of the partition is pore area.

By pore aweaoismeyder stood the total surface area of thecpmpess/oFans

practical purposes the invention may frequently be carried out using a

nunber of pores and a pore size such that the ratio of total surface area

of pores in the partjtion to the%gas vol une of the m xture of conponents
1

lies in the }P%W@ebﬁ”ri) B9 09°% 05 100, B FPITBL LN Aoribty 3% e range from

1 to 1000 nPefp8nt The é@ggwtpéntb@cp@é@@.s PeF th td omi dm therdbsectipn of
the flow of the stream of sweepi ng conponent may also vary w dely. Wen the
| engt h of thénveyeronsnancieagedboth beitali nedostls wiindhes separasi on as

wel | as the : tion_ j e For p ical_ purposes the

i nvention rraé‘g(%?g%h(g%tﬁ%pg%&c%r??%%u%fﬁg n%q% %%%%)u(gﬁfo%érjﬂ rilo%fs h%% ng a

| engtsh al ongstaep i hgwedpeathoninf thderswge pf ngn conpdbnent 5d O heeer@nge from
0.01 to 500 meters, nore greferably in the range. fromO0.1 to 10 neters. The

resi dence tiIﬁ%]_f%fp¥ﬁ‘_§e§9\E Vi Hg E]B?rpﬁ%%? Sief o 'thfeo m%tT#ee 6% - conponent s
in the separati Ofi,dniLs£R0nYarY: Mk ASF Ve h 0L RERCL CAbPIK HOS ESh § NS

invention may frequently be carried out using a residence tine for sweeping
conmponent andhermfhkeunsx¢fir ecroporenpsnemt shé nseprer sepem atndn camtvanyt he

range from 1l minute %o 5 houE. Pieferabl a resjdence . time is used in the
range from 0"59¢0Y1. B°RolF&CEHHR r%‘é?%%ﬁ%% PR YT hE R VEBhi ng conponent

and/igy the nkxtghenefycoapenent sdi But hes sepas atéoNaemtd €afe vasy W dely.
For practical purposes the invention may frequently be carried out using a
resi dence tifgeeeping component and/or the mixture o0f components in

the separation unit in the range from 1 minute to 5 hour.

Preferably a residence time is used in the range from 0.5

to 1.5 hours.

15 The residence time of the sweeping component and/or
the mixture of components in the separation unit can vary
widely. For practical purposes the invention may
frequently be carried out using a residence time for
sweeping component and/or the mixture of components in

20 the separation unit in the range from 1 minute to 5 hour.
Preferably a residence time is used in the range from 0.5
to 1.5 hours.

The velocity of the sweeping component used in the
process of the invention may vary widely. For practical

25 purposes the invention may frequently be carried out at a
velocity of the sweeping component in the range from 1 to
10,000 meters/ hour, preferably in the range from 3 to
3000 meters/hour and more preferably in the range from 10
to 1000 meters/hour. If not statiocnary, similar

30 velocities can be used for the mixture of components.

The flux of the diffusion of the first component
through the porous partition can vary widely. For

practical purposes the invention may frequently be



sweepi ng conponent and/or the m xture of conponents in the separation unit
inthe range from1l mnute to 5 hour. Preferably a residence tinme is used
in the rangeolamwm.5 to 1.5 hours. The vel ocity of thepemaEPpiosgsaonponent
used in the process of the invention mayovary wdely. For practical

purposes the invention may frequently be carried out at a velocity of the

sweepi ng conponent .in the range_from1 10,000 neters/ hour, preferably
in the range"ftonr3 ?#S%E’)Oa ng}ﬁ%?h%%ﬁglh)ﬁ %grgh%r%ejf%? b??fn?%%)rﬁte range
from 10 to 10RBoughetséhpuroud fpaptisiati DRarye simad afrvel ©Coties can be
used for the m xture of conmponents. The flux of the diffusion of the first
conponent t hsough/mhéhpor pusrefetalbl pnicarhearynad detgm or psacti cal

pur poses the invent'bon may frequently becarried out at a diffusion flux of
the first cohpokeim{heeugandheoporpusieerilyibm fime t henganfeofir®n® 0. 03 to
30 kgel)/rmz / hour, preferaglg in the range fromO .1 to 10 kg/ n2/ hour and nore
preferably i hOtheor KGR fFBm 0.5 to 1.5 kg/n2 /hr. For practical purposes

the invention ma r i ts emyi f 100 %
of the first con%%%eﬁ?%l@g%%hb%ﬁ héeéfg%%’l gpn%eurglt of Iﬁ%s{%&&nﬁ%{ne t

present in the oaxtueé ofit coypoaentsnghenost &b tingl @hedgepaf athon process,
fromthe m'x)%ure of coggonent referabl% at least_30 %, and nore

preferably at'f&hstOEB ﬁ\?tofg??%gg%g%%n%%a AR i A theT P xture i s

renoved frombRgoAEXt UpBe 8ENE0NROARAT S Sl 800 £ NeomEPRERE & O ocess. Even
more preferably in the range from70 to 100 % of first conponent, based
on tlte total shabbhngothei pepatahponePtopeesenfrém fhe mixture of

components. More preferably at least 30 %wt, and more
preferably at least 50 %wt of first component present in
the mixture is removed from the mixture of components
during the separation process. Even more preferably in
15 the range from 70 to 100 %wt of first component, based on
the total amount of first component present in the
mixture of components when starting the separation
process, is removed from the mixture of components during
the separation process. Especially when removing a high
20 percentage, e.g. in the range from 70 to 100 3wt, of
first component from the mixture of components, other
components might also diffuse from the mixture of
components into the stream of sweeping component. When
such other components co-diffuse, they can be removed in
25 an additional intermediate step before entering the
preparation process; or, alternatively, such other co-
diffused components can remain in admixture with the
sweeping component and/or with the diffused first
component during a subsequent preparation process.
30 Possibly such other co-diffused components can removed
via a bleed stream in such a subsequent preparation

process.



m xture of conponents when starting the separation process, is renoved from
the m xture of conponents during the separation process. Especially when
renovi ng woho@nep®ecent age, e.g. in the range from 70 t ect®20dst057104 first
conponent fromthe m xture of conponentg;z ather conponents m ght al so

di ffuse fromthe m xture of conmponents into the stream of sweeping

conponent. Wen C s co-diffuse,. they can be renoved in an
additional int erIrsrrg i a(?gell;'% e%%@%ﬁ%%%n%eer isnegpaf%ae lporneg%rroa%@iso% process; or,

al ternati vel yccstughnot ber ticodi ffersetor onponent Soraims®n®i th | an adm xt ur e

wi th the sweepi ng, conponent and/or with the diffused first conponent during
a subsequent3pie h?%gfoﬁefb‘?%%’éjs%@ PGSt Pty Steh Ot Merc B § ¥ sl

conponents cafisf £IDYedoN| and/ Ot erdnSt L 2aMd B SUCHL A, Sf&béey&tgmi&wfar ation
process .In another enbodi ment the separation process according to the

i nveriti on casepheraonbinedootsh amn abidr t¢xomadlsdparatednt@r ocassyingcl udi ng
conventi onal istillati nmenbr ane sergatr ation., The additi onal
r

/
separation p? %gscgéﬂlfg?gg a%rp%o%%nEJ%e%r? B FBVF g Ot Per S EoSkt 9 used

conmponents feompbhentr xhdr £i pét SYERPORGrE€ONPONENtcandhd 1 isdd cosponent. O
it can be used to renove other conponents fromthe m xture of conponents,
before or af¥erovendvRer oforpenentst feghpome il xiFufe et neprerareiesi t i onal

separalion pLopess £pN.PechSesol Ut heke eIYe [hgst,component from a

m xture of conponeén rom east TSt conponent has
al ready beenFnetnyedordhenfiaddit tonpbneapacani de sepasad echi riom @ased
stationary n%ét%&gtggrdéé$g§éogigggqg%gpgh Sgoggom a mixture of
components from which at least part of the first
component has already been removed.
The first component can be separated from a
15 stationary mixture by diffusion through a porous
partition into a stream of sweeping component.
Preferably, however, a separation process is used,
wherein the first component is separated from a stream of
a mixture of components on one side of a porous
20 partition, by diffusion through such porous partition,
into a stream of sweeping component on the other side of
the porous partition. Such a separation process might be
carried out co-currently or counter-currently.
Preferably, however, such a separation process 1is carried
25 out whilst having a stream of the mixture of components
and a stream of sweeping component flowing counter-
currently in respect of each other. The separation
process can be carried out continuously, semi-batch or
batch-wise. Preferably the separation process is carried
30 out continuously.
The flow velocity of the stream of sweeping component
can vary widely. For practical purposes the invention may

frequently be carried out using a flow velocity for the



partition into a stream of sweeping conponent. Preferably, however, a
separation process is used, wherein the first conponent is separated froma
st ream ofwe 200espwoe of conponents on one side of a porowsTmERedososans by

di ffusion through such porous partitiaqn,nto a stream of sweeping
conponent on the other side of the porous partition. Such a separation
process m ght_be carfi ed out co-currently, or_counter-currentl Preferably,

however, such®E°¥Bpat af o prHcEIWPLCLar T e D ut 2R | 5tOMhati By &° st r eam of

the m xture 960 CRAPL/EHES, ancrd St&earofy SWeephdI0r HIPOoNEs ¢ pwHg
countercurrently in respect of each other. The separation process can be

carried out EdWtKRALUBPYL - st - bheEhvokodht W aey Fred epbhix tes
separati on p59cgérgpb§er(f@§“(fg Qut §9§E1&§%@ Yeard Ne1 {d Vel 000d Y, of L he

stream of sweeprng conponent can vary w practic pur po%'es t he

i nversti on mayof regaeni ¢yl beurpe s¢ edtloelt insemigi @n frhaow et @oerdtyl § aset hest r eam
of sweepi ng corrﬁongnt in the ran £ fromO0.01 to 300 knol /hour, nore
preferably i n"Pthecdange ‘F?bl?ﬁoa.g B D KoY / Hur ERE T F¢ U Vel ocity of

any flow of mééyiﬁgoéoﬁ}ﬁ@@w@niﬁwé P gStAEERNGrY) €am@so vary widely.
For practical purpoSes the invention nay ?requently be carried out using a
fl ow vel oci t ympbrhohe, snereanr bt fsneeby ngn componemge i firemed range from 0. 01
to 300 krml/?&bur mg?rﬁ l;J)Jt;eferably in the range fromO0.1 to 100 knol / hour.
The tenperature gpp (e(a during the separation process can vary w dely.

Prefigr abl y such ahéenpepat aif €ré Saghosed dingindl ¢h€ osmenent Soarner soaps et el y

gaseous during the diffusion E)rocess. More preferably the tenperature in

t he can vary widely. Preferably such a temperature is chosen
that all components are completely gaseous during the
diffusion process. More preferably the temperature in the
separation process 1is the same to the temperature in the

15 preparation process. For practical purposes the invention

may frequently be carried out using a temperature in the
range from 0 to 500 °C, preferably in the range from 0 to

250 °C and more preferably in the range from 15 to

200 °cC.

20 The pressures applied may vary widely. Preferably
such a pressure is chosen that all components are
completely gaseous during the diffusion process. More
preferably the pressure in the separation process is the
same to the pressure in the preparation process. For

25 practical purposes the invention may frequently be

carried out using a pressure in the range from 0.01 to

200 bar (1 x 103 to 200 x 10° Pa), preferably in the
range 0.1 to 50 bar. For example the separation process
can be carried out at atmospheric (1 atm., i.e. 1.01325
30 bar) pressure.
Independently from the overall pressures applied, the
pressure difference over the porous partition is

maintained as small as possible, i.e. the pressure on



separation process is the sanme to the tenperature in the preparation
process. For practical purposes the invention nmay frequently be carried out
usi ng a twopessatstsee in the range fromO to 500 OC , preferarbyosios7ivhe range
fromO to 250 OC and nore preferably iLn{she range from 15 to 200 C. The
pressures applied may vary widely. Preferably such a pressure is chosen
that all co onents,are goggéetel%usqaseous durin§q t he di ffusion process.

Nore preferably t he pr eS5ure” i AO1He® separ at T ¥h br oeesy ke @t o the

pressure in &hg. ptepanat i ogPrOLedsooFDrePract isat, prPesesd thext nvention
may frequently be carried out using a pressure in the range fromO0.01 to
200 bar (1 xSAP3rbloDOPX 45 wa)on ppederbabt YT taeY refRpEr ot 1on %D bar .

For exanpl e n i t erd 1
rm e AR O TR TR S e TR TR T e taur es
appl i%ed, theppeessue eddi féreroeeonvberdihby pos ous tpas tidngn ¢85 fmdmt ai ned as

smal | as possgsi i.e e pressure onboth sjdes of the porous partition
is essenti al(?ygé@%ua\:? %é;{' }?grt HECFArges bR E P00 t I*D. 424, ©r ovi ded t hat

separation by do6fusbon. PreVEhls PVEIMERY SEPAEAIDN Wethd FRSGe MOti oNn
because of Iarge ressure differences. The pressure difference preferably
is in the rahgeldt teofth 000DORaT0 ANDIMBE  PHOFRrPr LY etbabte i prrdre ehnge of

0. 300110, O, B DB ¥E! L% S0BA810 AL NCA T L hd 3105e 0, 0903, 4, 0001, b
pressure on Hoddssbdeshof pbheupopotisi padit i 1§ oo Si donsd des £l peadqhyl equal
or essentially equal. .

or essentially equal.

This may preferably be achieved by adding a pressure
balancing means into the system, for instance by
providing a flexible diaphragm that allows to pass on

15 pressure peaks in one of the two fluid streams to the
other.

The separation process can be carried out in any
apparatus known to the skilled person to be suitable for
this purpose. For example separation units can be used

20 such as the ones exemplified in US-A-1,496,757.
Preferably a separation unit, suitable for separating a
first component from a mixture of components by diffusion
of the first component through a porous partition into a
stream of sweeping component, is used which separation

25 unit comprises
- a first chamber;

- a second chamber, separated from the first chamber by a
porous partition;
- a first inlet for conveying a mixture of components to

30 the first chamber;

- a first outlet for discharging the remainder of the
mixture of components after at least part of the first

component has been removed from the first chamber;



This may preferably be achi eved by adding a pressure bal ancing neans into

the system for instance by providing a flexible diaphragmthat allows to

pass on pwvesawmwIpPeaks in one of the two fluid streans toTiEPROSIEENY. The

separation process can be carried out iqégny apparatus known to the skilled
o]

person to be suitable for this purposé. r exanple separation units can be

used such as_the_ones exegg%i%ied in US:A-I, 496, 757 . Preferably a
separation unit, SSGPEAbFB For "SEpEPAYFRYMA Fi FEERbID NI ORF RN HIRP xt ur e
of conponent shdysdibhastrameért he first conmponent through a porous
partition into a stream of smeeping,conponent, i's used which separation
unit conpri sesd-SaCPNesPuEhaRbErr digchakdhud chanbetureephravedoinom t he

first chanbe r ifLon:. - i inle r..conveying a
mixcure of corbadsfe’ PS MEEFL LR EhkeBar hSiab Py SR e R
di schar gi ng themberai nder of the m xture of conponents after at |east part
of the first cquonent has been renpved fromthe first chanber;- a second

inlet for conveytng alsikeepthgSeompone™h et oCi P o Manber: - a

second outl ete{oradi §§PaT 9iAYa ap b KL UF €3 OfmSHRERLNG SOIPORERLe ANds di f fused
first conponent fromthe second chanber. The first and second chanber can

be arranged farsedebsl thaysnsideaspaeterfed euwbodimenthenetichanber is

formed by theuinside, sace ol A, t4be, 200 Lhig: 9t ek, Fhamber Lg Formed by a .

10 surrounding such tube.
Such an embodiment is considered to be novel and
hence the present invention further provides a separation
unit, suitable for separating a first component from a
mixture of components by diffusion of the first component
15 through a porous partition into a stream of sweeping
component, which separation unit comprises
- an outer tube; and
- an inner tube, which inner tube has a porous wall, and
which inner tube is arranged within the outer tube, such
20 that a first space is present within the inner tube and a
second space is present between the outer surface of the
inner tube and the inner surface of the outer tube; and
- a first inlet for conveying fluid into the first space
and
25 - a first outlet for discharging fluid from the first
space; and
- a second inlet for conveying fluid into the second
space and
- a second outlet for discharging fluid from the second
30 space.
The fluids are, each independently, for preferably at
least 50 %wt in the gaseous state, more preferably at

least 80 %wt, and even more preferably in the range from



surroundi ng such tube. Such an enbodi nment is considered to be novel and
hence the present invention further provides a separation unit, suitable
for separwbi2ogy/m@odonr st conponent froma m xture of conpecemrsodsysdrs f usi on
of the first conponent through a porouspartition into a stream of sweeping
conponent, which separation unit conprises - an outer tube; and - an inner

tube, which [nner e, has orous_wall., and whjch inner tube is arranged
within the o%ﬁe?otﬁﬁg,°§€Chﬁ?%5tp5¢¥?¥§?l%pgg%m?£uﬁ?%s%ﬁ? RERHENA the inner
tube and a ses@pUetpageotScHresentl Pesesesut he outer surface of the inner

tube and the inner surface of the outer tube; and - a first inlet for
conveying fluid FREBNERBOFE rshhe sharer afidbe andithe wut¢ettyls afschargi ng

fluid fron1t%§e§é£§£l§p§g§%%§%% %%g?%?£$pgyigég%xigi%%pnveying fluid into

t he second space and - or” di schar gi fluid fromthe
secorld spaceThd@héifkti dpaaeecarachtheaddpendead | ys 4 of i pref eiahbyr abr | east

50 %t in the gaseous state, nore preferabl t least 80 %, and even nore
preferably iﬁstﬂes?%ﬂﬂa g?%ﬁ%%rt%ngoﬁh@mfe?gﬂgs?p%ﬁ%f%@%b%?sﬁ?%F¥Y%}Hs are

nearly conplgtelyeQras0aPLELEhY SRSARONS. oFULE her pDr e thehnwer sypg and the
outer tube are preferably arranged essentially co-axially. The first space

can either behasédras asfwest ehabbersecond spzeeonan chandenuhniptide second
space can respegtively Be.ysed 5.2 SP5R0Y FRAMPLEL LT85 fLLsnEhanber.
10 within the inner tube has only one inlet and only one
outlet. The second space preferably has two or more,
preferably 2 to 100 inlets and/or outlets or an inlet
and/or outlet in the shape of a circular slit.

The inner tube can be arranged substantially

15 eccentrically within the outer tube such that the central
axis of the inner tube is arranged substantially parallel
to the central axis of the outer tube. Preferably,
however the inner tube is arranged substantially
concentrically within the outer tube such that the

20 central axis of the inner tube substantially coincides
with the central axis of the outer tube.

The cross-section of the tubes can have any shape
known to the skilled person to be suitable. For example,
the tubes can independently of each other have a cross-

25 section in the shape of a square, rectangle, circle or
oval. Preferably the cross-section of the tubes is
essentially circular.

In a different preferred embodiment, the first and
the second chamber are separated by a porous partition

30 formed by stacks of plates or sheets of the porous
material. In these stacks, at least two plates, i1.e. an
upper plate and a lower plate comprising the porous

partition material are layered above each other in such



the first as well as the second space can have nmultiple inlets and outlets.

Preferably the first space present within the inner tube has only one inlet

and only woeoeuish®. The second space preferably has t weCo/EPIBESS7174

preferably 2 to 100 inlets and/or outletg ar an inlet and/or outlet in the

shape of a circular slit. The inner tube can be arranged substantially

eccentricaII%amﬁthi the outer_tube such that the centraé axi s of the inner
1§ﬁ6

tube is arrang%daguggt%E?Y%??ya%a}%}?Ewe?%FY?m§%Qﬁﬁ?2We FCR hES out er

tube. Preferiabbykebovevesttbeei anes wibeei s1@fdBNgeshedssANtd abhy
concentrically within the outer tube such_that the central axis of the
i nner tube sYBSEaPPREPI §CcOPPCPHRRT vPRH- t He Tedtkal Cop@slving HeoBRit er t ube.

Th - i b 5ot il | ed
e cross-secthon.of {hec iyl e§h@%@ﬁ¥§g?ﬂ%%§§%f§cmv\§'léé) &f é%.;ﬂl e

person to be suitable. For exanple, the an | ndependent each
ot herS have aittesssétéiencompahenshiaperefbhoskedr2] teecdanly e, Henee) e or

|. Preferably_th -section_of the tubes i tially circular. |
i o ont PPS BrPel SRBOHT ERt® ThEST i TAtTERT THE Setord CHANDRrSAre |

separat ed byaa pefoystpapbiré] ofhf o& mege byhshiseks Hfc phatesaof shesiscof the
porous material. In these stacks, at |least two plates, i.e. an upper plate

and a | ower pPaEpedchMpEisi AEAthe Por o2 pad tofi ermpet kel the e0dayes ed
above Sa6h, IEESLDRLEINGY, g0 AR POV, 00 LOLEITEL SigpeorsE L ent
at tile ot heriesdanta stactksgebdaprishayg may eb¢ hah ¢wen | slyeps, atidies Dpeni ngs
on adiacent si des of eafl.| [LELIPd at s, comparment arg, bl ogked, algerpately.
Hence,
a plate is longer than the other side, and thus the flow
of the faster flowing gas passes across the shorter
distance, thereby lowering the pressure drop.
15 The compartments are typically defined by spacers or
structures that are offset and support the porous
partition. The spacer, along with the porous partition
material connected thereto defines the intermediate
compartment which may serves as retentate or sweeping
20 compartment. The pressure drop may also conveniently be
adjusted by using different spacers for the sweep gas and
feed gas compartments.
Adjacent compartments have the porous partition
positioned there-between in the shape of layered plate-
25 like or sheet-like structures, thereby providing a flow
path for both fluid streams with a large surface. The
assembly of retentate and sweeping compartments may be in
alternating order or in any of various arrangements
necessary to satisfy design and performance requirements.
30 The stack arrangement is typically bordered by a seal at

one end and a fluid connection to another compartment at

an opposite end.



the stack separates a first chanber and a second chanber as set out above,

whil e the chanbers are at least in part fornmed by the stack. The pl ates of

conpri si ngot2bes/geagoous partition material may be at any wariEebéesoshape, for

instance rectangul ar; they may be of even shape and size, or uneven. The

| atter is preferred since then one side of a plate is |Ionger than the other

side, and thus the flow of the faster f] ow as sses across the shorter
di stance, thereb ‘Foﬁ%@?%ﬁtl{lmt?)r%%%lﬁ%ltcﬁvw ﬁlr%c%grﬁféﬁ? et PaHrRLor

typically defépedl byuspacess oheptatet Hresathatomec-old selrdod sypport the
porous partition. The spacer, along with the porous partition materi al

connected t hétetd 8eremes Vhelentleevedlat ecabeparewerds whiieh may serves as
retentate or i c n The ur o) onveni ent |
pSUpERL g SPPALLIENE 1y The, PEESRU" £, L Qe%%@ir% gonvenLently

e
be adj usted s ng rent spacers he sweep gas and’ f eed gas
conpdr t ment sf1 Al ateatl sonpant Nnenihs heawes tdie ok otwso PRI tid i Orpossti oned

t here-between in_the shape of |ayered platelike or sheet-like structures,
t her eby provREFnged PF%Q@%%?%yfbg POtROFF ut HPEt FREFRISHEME at P afle surface.

The assenbl y, of - F£L €0t 81 §c aNGr SMEEPL Y FOPPAT {OBLL 5, MAYe bec b Ny Al f gL nati ng
order or in any of various arrangenents necessary to satisfy design and

perfornmance aegoérpaedisulThef sowuckr acrangehkow dsreypical tgwhoddered by a
seal at one end and. a fI#%d connectign t 0. anot her ﬁ%ggartnen
T

. e serves in f ! % gt an
opposi te endThe CbRpart hehts®af e 8ur? 8Bt ¥7pI sleed APseparat’sr vessel
suchid hat they.arenbtutdlyicenneciedspi §hethi® ehé{ utah she enddl vbitiget hey

are seal ed towards the respective opposite fluid stream thus_ separating
the two vessels fluid inlet and outlet openings more easily.

The separation device suitable comprises a vessel
comprising a first fluid inlet opening positioned
proximate to a side of the vessel and a first fluid

15 outlet opening positioned proximate to an opposing side
of the vessel; a second fluid inlet opening positioned
proximate to a side of the vessel and a second fluid
outlet opening positioned proximate to an opposing side
of the vessel, wherein the first and second inlets and

20 outlets respectively are position in such way, that the
flow direction of a first fluid stream entering the
vessel at the first inlet, and leaving it at the first
outlet, and a second fluid stream entering the vessel at
the second inlet, and leaving it at the second outlet are

25 essentially perpendicular to each other; and wherein the
porous partition between the two fluids comprises a stack
of plate-like structures which are sealed toward the
first fluid stream, while fluidly connected to the second
fluid stream, thereby forming an exterior flow space for

30 the first stream defined at least partially by and
positioned at least partially between an upper plate and
a lower plate of porous material, and an interior flow

space for the second stream, defined at least partially



fluid feed streans. The feeds of the two fluid streans are fed preferably
in a cross flow arrangenent to the alternate sides of the separator vessel
i.e. to awoiue/mbooper pendi cul ar fl ow or cross-fl ow di reeCiramp2idoswsrids each
other. This serves to bring the flows outy of line (i.e. not co-linear
flows) so that they can be fed to the vessels fluid inlet and outl et

openi ngs norg _easily. The separation device. sujtable conprises a vessel
conpri si ng a°¥iraf ¥?ﬁ% TPhfet @ péﬁ?ﬁ %%EF%?%%%Sb%?%Q?%BE%et%p%9§?ﬁ% of
the vessel apddasfbEsthél upfepupl &te 0peAI fifle POSIE F OPES Pr OXi PBLELO AN
opposi ng side_of the vessel; a second fluid inlet opening positioned

proxi mate tofausfdéler fhRemveRlePXhRBIAr SEEONISPRER dible | e opehenor

posi{ioned poxl,mapsclo #flc ORROSHOG,S! d2 OLshhie, vessekeq g el the Ti st
and second inlets and outlets respe%tlvely are position in such way, that
the f9 ow direevioa 0f ahétrst £rosd-Sioeanmuentearapléhecaessetmattshe first

inlet, and Ieaving it a% Lhe first out]et, and a_second fluid stream
entering theaggsg_FeﬁPa fi ys%%BﬁﬁcFﬁ et Hhg %%ﬁiﬁbr??mafn?hEosE%%nd
outlet are esgespi ghkyspeepgndigubaprbpigach pbhes ;1 ande WogreiB.the porous
partition between the two fluids conprises a stack of plate-like structures

whi ch are seafédtivadydconeatirarrihgedestream while fluidly connected to

t he second fluid re her eb rmng_an..exterior_ flow space for the
first strean1def?§%dla?é?%5§? %%%i?%$|§§%§r %%53%%iY?%ﬁ%§/%f5T%%%t

partial | y betweenraneuppee pbategand a.| pvgurdl atesof pereuwstiaterial, and
an interior flow space for the second stream defined at |east partiallyby
and positionBAr8e HeBsESparei alt§v bet wkefChhtd bhposit &t st @er 9 19 heC upper
plate and thepLowersBhat entOnPEiENENFigure 1 illustrates a separation

unit having an outer tube (101) and an inner tube (102),
which inner tube is co-axially arranged within the outer
15 tube, such that
a first space (103) is present within the inner tube
(102) and
a second space (104) is present between the outer surface
of the inner tube (102) and the inner surface of the
20 outer tube (101); and
comprising an inlet (105) into the first space and an
outlet (106) from the first space; and an inlet (107)
into the second space and an outlet (108)from the second
space;
25 which inner tube has a porous wall (109).
In a further preferred embodiment the separation
process 1is carried out in a separation device comprising
a multiple of separation units. Preferably in the range
from 2 to 100,000, more preferably in the range from 100
30 to 10,000 separation units per separation device. Such a
separation device is considered to be novel and therefore
the present invention furthermore provides a separation

device comprising two or more separation units, suitable



fluid flow fromthe exterior flow space into the interior flow space. The
advant age of using a stacked separation device is that in cross-flow many
paral | el worrpavdsp®npts are alternately connected to the feedpsiosesmmand to
the sweep gas stream thus providing fornjalarge surface in a relatively
conpact arrangenent. The invention will be described by way of exanple with

ref erence tofg%ggéga% Figurf.%séscgmschenat'c t hr ee- di nensi onal view of a
ackord t h

separ ation uni F%%g D the®br eSBRY FAVent TBn? FUres 1°F I lustrates a

separati on usbipbayhtg Bn Qufettisicbeof 104 ANds@ncombekiehtibenfd@e) , a whi ch
inner tube is co-axially arranged within the outer tube, such that a first
space (103) PSrpreseAttWwripiinlthe #nheFedmbel (023PHME @CBReRHE space (104)

i's present b@ﬁg@ggntQgcgug%§%§€£i@gﬁégittggnig&gﬁriyge (102) and the inner

surface of the outer tube conprising an inlet (105) into the
firstS space and &anrstuttkanpddf) fromthe first space; and an inlet (107)

into the second space ,and an outlet (108 romthe second space:;: which
i nner tube has®a®poPdis WAl ef10§§p§£?ﬁe %fﬁ?h@?epfb?%?r %ﬁ%ﬁd@%ﬁ%t t he

separation ppeeess psrearibgf out in a separation device conprising a
mul tiple of separation units. Preferably in the range from2 to 100, 000,
more preferably faréhelnbRgelPF oRP1VEY 1109 10, BDOL $epa? bt FYROAURER &S pep
separation dgﬂécgirgycghgmggparation device is considered to be novel and
therefore thée present rnvenfion furthernore provides a separation

10 - a first outlet for discharging the remainder of the

mixture of components after at least part of the first
component has been removed from the first chamber;

- a second inlet for conveying a sweeping component into
the second chamber;

15 - a second outlet for discharging a mixture of sweeping
component and diffused first component from the second
chamber.

The separation units can be arranged in the
separation device in any manner known to suitable for

20 this purpose by the skilled person. Preferably the
separation units are arranged sequentially or parallel to
each other in the separation device. The separation units
can for example be sequentially arranged in an array. If
such an array of sequentially arranged separation units

25 1s used, any pressure loss on either one side is
preferably compensated by a intermediate stream of
respectively mixture of components or sweeping component.

In an advantageous embodiment, the first or second
chambers of two or more separation units are blended

30 together such that two or more separation units share the
same first or second chamber.

For example the present invention provides a

multitubular separation device comprising



device conprising two or nore separation units, suitablefor separating a
first conponent froma m xture of conponents by diffusion of the first
conponentwohesagwoa porous partition into a stream of swesmrPr@sOsTIPONENt ,
wher ei n each separation unit can conprise - a first chanber; - a second
chanber, separated fromthe first chanber by a porous partition; - a first

inlet for conveyin 1 xture of co ents to.the first chanber; - a first
¢ Sugsgag%h%fi%n%?ﬁ%%$£§?yt?%F%@%%?ﬁeyﬁﬁs%%hponents after at

outl et for discharging

|l east part of &hglfiit&sitgosponends hasybegna reseyes §40m therdhgsy chanber;
- a second inlet for conveying a sweeping conponent into the second
chanber; - atBechpdseltParatbeldiachia? gfaigted i xeug et wiinakepthy ebnponent

and di T used, £} £nt - AOMRONEPT ALOMLE NE, SECOND, CIANDEL, o JHE, separgllon uni ts
can be arranged in the paration device I n any manner known t 0°RUt t abl e
for tthis purpose byatheaski ihefllped soommbefer abh ywitie sepapationdunits are

arranged sequentiallg or parallel to each other in the separation device.
The separ at i ORTRTT sTRAKE f bPe eRBRPF et HRe sRtpieht 330 | 9L a¥ Brlyeh$ nlaear r ay .

I'f such an agray QfesequentiallyianEAnggde separation units,i§ used, any
pressure | oss on either one side is preferably conpensated by a

i nt er medi at ecenneapreot ipespethi ¥ byt nomt B el df clownpondm bowr tkaekpiay
conponent. Ipn an g?xggtageous enbodi ment, the first or second chanbers of
two or nore Separation’units are bl ended together such that two or nore
separcat i on uni sspshareeshe for supplying a first fluid to the top

fluid chamber and
- an effluent outlet arranged in the bottom fluid
chamber;
- supply means for supplying a second fluid to the space
15 between the upper tube plate, the lower tube plate, the
outer surface of the tubes and the vessel wall and
- an effluent outlet from such space between the outer
surface of the tubes and the vessel wall.
The fluids are, each independently, for preferably at
20 least 50 %wt in the gaseous state, more preferably at
least 80 %wt, and even more preferably in the range from
90 to 100 %wt. Most preferably the fluids are nearly
completely or completely gaseous.
A mixture of components can for example be supplied
25 to the space inside the tubes or to the space between the
outer surface of the tubes and the inner surface of the
vessel wall; and the sweeping gas can be supplied to
respectively the space between the outer surface of the
tubes and the inner surface of the vessel wall or the
30 space inside the tubes.
In the preparation process one or more reactants can
be reacted to one or more products and at least one

byproduct. By reacting is understood that the sweeping



sane first or second chanber. For exanple the present invention provides a
mul titubul ar separation device conprising- a substantially vertically

ext endi ngwvoeasesmle9992 a plurality of tubes having a porougcwalpoosasTianged in
the vessel parallel to its central |ongitudi nal axis of which the upper
ends of the tubes are fixed to an upper tube plate and in fluid

communi cation with a to fluid c r aboye upper. t ub | ate and of
whi ch t he Iomerpon%nta%e FHBET Pf %%ﬁe u %%gbgﬁﬁy é%%”uid

comruni cat i ogwadkbhna @@mp@ﬂéﬁtu¢ﬂnC@@ﬂ@&émi&ﬁlmwti&&i@“ﬁﬁtéU@ﬂap$ﬁte -
supply means for supplying a first fluid to the top fluid chanber and - an
ef f | uent outW%%ea??%ﬁﬁ%HelRr?%%c%%t?6n§¢¢Lﬁ%ﬁ%ﬁﬁﬂﬁmﬁ@mpo@ﬁﬁﬁﬂgamﬁ%@s for

suppl ying a f@geggdf&ytﬁ LR He ﬁ&@& %%Bf Lo e nitdbs plage, the

| ower tube plate, the outer surface of e vessel wall and -
an efd | uent muréepréd@utsuchxamgbesb@fWﬁQﬁBib&ecm&antsmmiammcbddéh@utubes

and the vessel The f1 ds are, each | ndently, for referably at
east 50 oat<Th THb bASCEES b0 B ot pr A EE S E G - [ B SR On and
even nore pr@ﬁ@r@@hydt@géﬁgt1@@9e0§§§%%5%hé@ LOPH P4 v s i VDSt preferably the

fluids are nearly conpletely or co ely gaseous. A m xture of conponents
can for exanp$iechbefsoppiped @@lm%@i%®ac@aib@@@kﬂQme capesnpfatpon he space

beteen he ouLer, ULl ace ol Lo lubes. And, the,dner, sprface of the vesse

wal | ; and the swee ed to respec |ver t he space
betWﬂBn t he ooheensatiace @fiditeon, polymerisation, substitution,

elimination, rearrangement, disproportionation, acid-
base, telomerisation, isomerisation, halogenation,
dehalogenation and nitration reactions. The reaction
conditions applied can vary widely and can be those known
15 to the skilled person to be suitable for such reaction.

In practice, the invention may frequently be carried out
at a temperature in the range from -100 to 500 °C, more

preferably in the range from 0 to 300 °C, and at a
pressure in the range of 0.0001 to 100 bars, more

20 preferably in the range of 1 to 50 bars. Any type of
reactor known by the skilled person to be suitable for a
reaction can be used. Examples of types of reactors
include a continuously stirred reactor, slurry reactor or
tube reactor.

25 One or more of reactions in the preparation process
can optionally be carried out in the presence of a
catalyst. Any catalyst known to the skilled person to be
suitable for a specific reaction applied can be used.
Such a catalyst can be homogeneous or heterogeneous and

30 might for example be present in solution, slurry or in a
fixed bed. The catalyst can be removed in a separate

unit.



tubes and the inner surface of the vessel wall or the space inside the
tubes. In the preparation process one or nbre reactants can be reacted to
one or nowe pssm@uks and at | east one byproduct. By reaetcirmpe05/05mder st ood
that the sweepi ngconponent is chem cally,changed. For exanple, the sweeping
conponent can be chemcally split into two or nore separate products or the

sweepi ng conponept can be reacted with one.or, nore ot her conponents into
one or nore progﬂ% s?t%(sénjprf‘:%%%fplb%%es?%l%frLéh%t]irb‘ﬁesm—iln%r? dﬁagrpb?ﬁc R not

linmted to hysraté@noutehyds atdeni nityel 0gestat o4k @ dedyerpagnatd on,
oxygenation, hydrolysis, esterif ication, am nation, carbonation,
car bonyl at i ofOT ca¥®BRYE at idnSCRREUF ok i RTINS RAahatd onl et oridentat i on,

addi tion, polyoerisallen, osubshitylian n&hidd natd on, o reaL s R ati on

di sproportionation, acidbase, telonerisation, 1sonerisation,
dehalSogenat i pnepadabi dén ap rove s eacdh ans . cdhei edactt oin corch tdlonsa@ppt | ed can
vary widely and can be th(gse kngwn to the skilled person to be sujtable for

such reacti oh? FnPPFLEIFEe, SPARIIRAS RNt i Hhl nByCR T N3y 1eE bt i B dut  at

a tenperatur&ohfihhsut angendF oMieA00 t19e 500 Lentofoydiefsfabl ¥, i n the range
fromO to 300 C, and at a pressure in the range of 0.0001 to 100 bars, nore

preferably iprenedeangervoPcdss 0aGOObAIRI Phythy penofnteactwre keiown by t he

skilled perspn. Lo chéglstaglgorflgr a reaction can be used. Exanples of types

of reactors |krlllcFu%le a con |nuousjrr§u%lf??red reactor, slurry reactor or tube
readtoor. One or mB&einfedeactd ofSpdiat Nen pied ab B b Ok T T 65150 €&dls o | onal |y

be carried out in the presence of a, _ ,
preferably carried out in an industrial set-up comprising
- a separation device comprising one or more separation
units suitable for separating a first component from a
mixture of components by diffusion of the first component

15 through a porous partition into a stream of sweeping
component, comprising one or more first chambers, one or
more second chambers, separated from the first chamber or
chambers by a porous partition, one or more inlets and
one or more outlets,

20 - one or more reactors comprising one or more inlets and
one or more outlets, of which at least one outlet
comprises a stream of byproduct of a reaction, wherein
such byproduct outlet of one or more preparation units is
connected directly or indirectly to one or more inlets of

25 one or more separation units.

In a preferred embodiment the integrated preparation
and separation process comprises the steps of
a) reacting one or more reactants to obtain a reaction
mixture comprising a product, at least one byproduct and

30 at least one contaminant;

b) separating the byproduct from the reaction mixture, to
obtain byproduct and a mixture comprising product and at

least one contaminant;



catal yst. Any catalyst known to the skilled person to be suitable for a
specific reaction applied can be used. Such a catal yst can be honbgeneous
or het er ogenewusodnd m ght for exanpl e be present in solpgriEPRoos@sursy or in
a fixed bed. The catal yst can be renovedsin a separate unit .The steps in

t he process of the invention can each be carried out in a continuous,
sem - batch or, bat ch manner anpl e the se arationdg{ocess can be

. F
carried out th %?%o%?E%ﬁ%Eén%?{%§ﬁ$9 SEH HEN et e d T HE S UbS equent

preparation pro€ess £a8 bn€afih&ek O dNf AudRdEho MBIHET cod tard 4§f erred
enbodi nent, all steps are carried out in a continuous manner. Hence the

present i nvehtTonIRl 8 oPPFoYF desr bl bk el Act ot Ui PRI tQF tined T erediti oo
wher ein thi s pfoeess. éér&ée)xﬁtéf‘%ﬁyétui@.eof “&?@E%ﬁﬁ%ﬁ?p &t %‘@@d

preparation process iS preferably carried ou hoan i ndusttia s%&tup
conpra si ng -amldsepatataono fleyu cef codpprsdungt ONe or nore separation units
suitable for separatin onent froma m xture of conponents by

first co
di ffusion of t heo?H%]?chJerp%%rRrW?%%g?Pta“ﬁb?%@ preR t$orfdhties a stream

of sweepi ng CERPENEAL £uLORPE | 15Y NEo PNE i 1OT @1 {4 1 B1a CHMDRLSho Qe OF nDre
second chanbers, separated fromthe first chanber or chanbers by a porous

partition, one oinndrehialerscant der ox) nare rtdatsied one @F nore
reactors coqgrisi ne or. e inlets, ,and one or, nbre outl ets f which at

| east one oufTat™ LoRprigest A’ g?\r’%an?%ft%%p?%%‘%ac]fa%]fo% REACT Yot "her ei n
such cdoypr odugteput| etaff bON€a Of 1 BB UPT £PadOE & OTb & A Sré n CONNESt £k
directly or indirectly to one or nore inlets of one or nore separation
units. the separation process.

The separation in step b) can be carried out in any
manner known by the skilled person to be suitable for
this purpose. Preferred methods include gas-liquid

15 separation and distillation.

In a further preferred embodiment the integrated
preparation and separation process comprises the steps of
a) reacting one or more reactants to obtain a reaction
mixture comprising a product, at least one unreacted

20 reactant, at least one byproduct and at least one
contaminant;

b) separating the reaction mixture, to obtain a stream of
byproduct, a stream of a mixture of unreacted reactant
and contaminant and a stream of purified product;

25 c) gas separating the contaminant from at least part of
the mixture of unreacted reactant and contaminant by
diffusion of the contaminant through a porous partition
into a stream of byproduct, to obtain a stream of mixture
of contaminant and byproduct and a stream of purified

30 unreacted reactant.

Optionally the product obtained in step b) and the

unreacted reactant in step c) can be purified further by

for example distillation methods.



In a preferred enbodi ment the integrated preparati on and separation process
conprises the steps of a ) reacting one or nore reactants to obtain a
reacti on woxbewosomenpri sing a product, at |east one byprodmrbooansriad | east
one contam nant; b ) separating the byppeduct fromthe reaction mxture, to
obtai n byproduct and a m xture conprising product and at |east one

contam nant;c ) gas separating the contam nant fromthe m xture of product
and cont ami nant %ﬁ/ %Hﬁgt?uasi%%o%?sst hset%n‘%arﬁaﬁhrﬁe tHHOUGH! £PorBus partition

into a streafeofr Bypd O indifo @bt Bd N Bty e &t B ipFe-&fs cand am nant
and byproduct and a stream of purified product. Optionally the product

obt ai ned in 3EeP € )CRANPHPUFISH 1 F 13T HEFS PG heseait el e i fomt i on

met hods. I n sych.a process [?Eg@egs.) can be carried out as described
her ei nabove for the preparation process and step ¢ ) can be carried out as

descrhi bed herei 2 abhoveedorad hie sepasad | ooy ,00dssee ithearsepareaddtosd i n step b
) can be carried out in 351%/ manpner known by the skilled person to, be

suitabl e forfERFSaPur pRLePE REFF 1Y et hotV 3 A R Y% -8 iF % sBpar ati on
and distillathofntdfracdrdAepa Phef o r ek esdod endn thesddd £afd £

preparation and separation process conprises the steps of a ) reacting one
or nore reactantsctedobtat¢mral reacteohraikatted tonprd sierctiproduct, at

| east one ungeacted, reactant,, at, | east. one byaroduct, and at; | east, one
cont am nant ; “®"Y separafl%g he Teaction mx'%lure, t O AT a S1F &AM of
bypriaduct, arstieam of iennkxtedr ofe Uidmacd®dy A Bddd stream. By
removing contaminant from this unreacted reactant with
the process according to the invention, an advantageously
smaller bleed stream can be used. The stream of unreacted
reactant and contaminant entering the separation unit can
15 be part of the mixture of unreacted reactant and
contaminant obtained in step b) or can be the whole of
the mixture obtained in step b). When only part of the
mixture of unreacted reactant and contaminant obtained in
step b) 1s separated in step c), this part is preferably
20 in the range from 0.1 to 50 %wt, more preferably in the
range from 0.1 to 30 %wt of the total mixture separated
in step b). Using only part of the mixture of unreacted
reactant and contaminant obtained in step b) in step c)
has the advantage that a small separation unit can be
25 used. Such a small separation unit can easily be
incorporated in an already existing industrial set-up.
Using the total of the mixture of unreacted reactant and
contaminant obtained in step b) in step c) has the
advantage that more contaminant can be removed and that
30 the bleed stream can be further reduced.
The process of the present invention is widely

applicable. For example, the process can be used in a

process for the preparation of an alkylene oxide, wherein



and contam nant and a stream of purified product; c ) gas separating the
contam nant fromat |east part of the m xture of unreacted reactant and
cont am nawnb 2bys/@bdobusi on of the contam nant through a peceEP2@ansilvi on into
a stream of byproduct, to obtain a stream of mxture of contam nant and
byproduct and a stream of purified unreacted reactant. Optionally the

product obt aiﬂgd in, steeg) b %T%and t he unrea t.ec%%react ant, in step ¢ ) can be
purified further by {of EXETDI Bt PPV tHOGEST i*Such a process step
a ) can be casktLhoutedsyOgscin batk herginakove frorhe psapasad i on process

and step ¢ ) can be carried out as described herein above for the
separ ation proeEees. PR ess RIS i b b dYder ei n an unreact ed

reactant can be pytifiedncar adyantageausl ke dised 1 andateor at ed

preparati on and separation process erei n unreacted reactant 1s

reci bcul at edotace he feacthonprdomventonnaf |an coltyamant:sider such an
unreacted reactant recirculation sfream are renoved by a bl eed stream By
removi ng cont AR Rt Y r o t hr LU kact ed reactant with the process

accordi ng t 05§ heeh OVERG | 9R. 2 BRc VANt Agsopsly, sl dieroblgad s4ream can be
used. The stream of unreacted reactant and contam nant entering the

separ ati on updntazmhndecparitibofan henediktaas ofo Wirteact edl Pexction and
contam nant obtained in step b or,can be the whole of th j xture
obtained in Ig{%%uﬁe)@m%]esnf%%l%/n oAt Y oF T HE T Kt ul%ner%?Ctu%(?e%r%fee%e’r eact ant
and 1@ont am neatbebt @i dLddé nasd epndry) dssseparated in step ¢ ) , this part
is preferably in the range fromO0.1 to 50 %, nore preferably in the range
fromo0.1 to BD sppabiting tRearedskien enseparat ep obtain a stream of

carbon dioxide, a stream of a mixture of alkene and inert
gas and a stream of purified alkylene oxide;
c) gas separating inert gas from at least part of the

15 mixture of unreacted alkene and inert gas by diffusion of
the inert gas through a porous partition into a stream of
carbon dioxide, to obtain a stream of mixture of inert
gas and carbon dioxide and a stream of purified alkene.

Preferably the alkene is an alkene having from 2 to

20 10 carbon atoms. Preferred examples include ethene,
propene, butenes and pentenes. Preferably the process of
the invention is used to prepare a corresponding alkylene
oxide having from 2 to 10 carbon atcms. Preferred
examples include ethylene oxide, propylene oxide,

25 butylene oxides and pentylene oxides. In addition a
mixture of alkenes can be converted into a mixture of
corresponding alkylene oxides. Most preferred is a
process wherein ethene or propene or a mixture thereof is
converted into ethylene oxide, propylene oxide or a

30 mixture thereof. If desirable, in addition to the above,
a further diluent gas can be used such as for example
methane. Such a diluent gas can be used as exemplified

for example in US-A-5,519,152. In addition to the above



in step b) . Using only part of the m xture of unreacted reactant and
contam nant obtained in step b ) in step ¢ ) has the advantage that a small
separ at i onounidiosedn be used. Such a snall separati on uniPCTEeRE@sTIFY be
incorporated in an already existing indggtcial set-up. Using the total of
the m xture of unreacted reactant and contam nant obtained in step b ) in
step ¢ ) has.the advanta t hat nore cont.am nant can be renpved and t hat
Lhe bl eed stTEAMICRICbe T TRGIS T etibett e TOEEet DIcT el fi et
invention isoav ety apptheabtecedor exanple, the process can be used in a
process for the preparation of an al kyl ene oxi de, whereinal kene is reacted
with oxygen whi FPEXSRYeh §%1 S0 rit i MatRERALS aft i Tt yasL o P 199 vihi ch
process car boxkde +1$e PISPA¢ S oduct 1 e&e&% i ntion
t herefore albrg%b%ér)%(i&g'eshze p{r oces?af%rcﬁgﬁ/% epar a%]ieonr}?eo?{lan a ?(rg/reellﬁe oxi de
conpiSi si ng tdeget epBrofeml)ly edet i igean @dkene awidgdn oxygen, whi ch oxygen is
contam nated with an inert gas, to obtain a reaction mxture conprising an
al kyl ene oxi de, r%ré%{]%%r é%k%%ees,s cHt bag]r#ad?%ﬁadje ba%dlﬁeﬁgf;rats RELa R Bl
separating thes) eagd i 9ReHdxt U Bvel 01 ODt B dr&F Sitd earB Ofp £aF s di oxi de, a
streamof a mxture of alkene and inert gas and a stream of purified

al kyl ene oxi®Reocesy @ABPEEPEHRAtINY TR GERI fhryregen dagem parminfutde

m xture of upfe k i t vy, diffusi f . 1.he gas

t hrough a po?%u@%%??%i gﬁ&fn 0 a&g rce%%?% %%(Sr%%&nécf?%xc?ldfe%lp?elo&gbﬁai n a
straam of m xharkeyodfogaerthgasglang wardon phoxi tsoanchteo si reamaah @firi fi ed
al kene. Prefaelrabl y the al kene is an al kene having from2 to

ané, to obtaln a mixture of alkane and hydrogen and a
purified mixture of methane and carbon dioxide.
Preferably such an alkane has 2 to 10 carbon atoms.
Preferred examples of such an alkane include ethane,
15 propane and butanes.
The invention will be illustrated by the following
non-limiting examples.

Comparative example 1

In a comparative example ethylene oxide (EO) 1is

20 prepared by reacting ethene with oxygen, which oxygen is
contaminated with argon. After reaction, the reaction
mixture is conveyed to a separator, where the mixture is
separated by using a difference in absorption, wherein
the reaction mixture is separated into an ethylene oxide

25 rich stream and an ethene recycle stream. The ethene
recycle stream further comprises the byproduct carbon
dioxide and the contaminant argon. A bleed stream leaves
the process to avoild the accumulation of argon. The
process is illustrated by figure 2.

30 The process was modelled via a computer model. In
this computer model the streams in the process are
arranged such that bleed stream leaving the process

comprises 3,5 kmol/hr of argon. In this case the bleed



10 carbon atons. Preferred exanpl es include ethene, propene, butenes and
pentenes. Preferably the process of the invention is used to prepare a

cor r esponaiongocalebgpbene oxi de having from 2 to 10 car bonprarmpeoosesaler r ed
exanpl es include ethylene oxide, propylege_oxide, butylene oxides and
pentyl ene oxides. In addition a m xture of al kenes can be converted into a

m xture of correspondi ng al kyl ene oxi des. Mst preferred | s a process
wher ein et he%%r%?rngF%sﬁ)e 2T nﬁ(]f eert%oé?%lfsg?DSS ' HVT&?th)etHr iCHA'?o et hyl ene
oxi de, propydenenoxiMerwind s xdaded therged .pidcdasidzabl &1 ine@ddidion to
t he above, a further diluent gas can be useJ)such as for exanpl e nethane.
Such a di | uEPECFRSS cahS eCIREE sV ek ehpt SR ek ¥ dio @danpiesy e U Als a 519,
152 . In addit/ ovgh iy (ogeneous or het er ogeneous
cat al yst ca%%éegﬂséégr%%ﬁt%% %r ocelgsgfég{rrgo% I oXi de can be prepared in such
a process as a byproduct. The inert gas can for exanple be nitrogen or
argon. Prefer b% he inert. gas is_argon, In another process an al kane can
be used as ST/\%% %lng g%%rflp?%&p‘?rés%fnt %%rﬁﬁ%er?qﬁéiech?@%ts]oveprovi des a
process conpiishhte 98S: SEPA Adtdg hydfogen froma mxture of hydrogen,

met hane and carbon dioxide by diffusion of the hydrogen through a porous

partition inteompasteram of | Hbkaneertentbyeai isa m| Xodee fdowal (kawd /and
hydr ogen and—a—pu+H-ed—m-tue—of—rethane—and—ecarbon—dioxide—Preferabl y
such an al kdre®has 2 to 10| arBon at ons. Preferre&'éXanples of such an
al kane i ncl ude—ethane—propaneandbutanes—THhe—invent+or—wH—be——
illustrated ﬁ%rthe follomﬁng'ﬁgn-liniting exarrplesﬂ'."_5
CoHy 21.25 8.5
CHy 63.75 25.5
5 Example 2
In an example according to the process of the
invention the preparation of ethylene oxide is carried
out as described above for example 1, except that the
bleed stream is further separated in a gas separation
10 unit according to the invention, wherein argon is removed
by diffusion through a porous partition into a COjp
Stream.
The process 1s illustrated by figure 3.
The process was modelled via a computer model. In
15 this computer model, the gas separation was carried out
at a temperature of abcout 35°C and at a pressure of about
1 bar; the gas separator had a length of 1,53 m and a
porous partition thickness of 1 mm; and the total surface
area of pores in the porous partition to gas volume was
20 100 m2/m3. The CO, stream that left the process in

comparative example 1 (pure, 450 kmol/h), is now fed
counter-currently to the argon containing bleed stream.

The result is a new bleed stream (4), and a new recycle



Conparative exanple 1 In a conparative exanple ethylene oxide (EO is
prepared by reacting ethene with oxygen, which oxygen is contam nated with
argon. Afwenosemedooon, the reaction mxture i s conveyedPCU/ER26080&TIA OF ,
where the mixture is separated by usingsg difference in absorption, wherein
the reaction mxture is separated into an ethylene oxide rich stream and an
et hene recycle stre The ethene recycle streamfurt heré%%@ri ses the

bypr oduct ca?tb%‘?'far?ji § dEGhd t Corft Tt S Y dif t Rl _ttrh_é%lm | eaves
the process toryveighdde aceduml aty o angoms e mmﬁﬁfed SsudH ustrated
by figure 2 . The process was nodelled via a conputer nodel. In this

conput er nodétat hehetpeamnsleed tHer gatoceds @ iarT diedPmuras 2 hdii Iiteed
stream | eavi e es | se n% [ 0 is case the
bl eedstream é\x(gnsg?losue%quis fslfﬁE erf c%érrpa:rsll'ggoeﬁ('8, Ecrr%og hcfaf% %eq%glnéevb Met hane is

added to t heoptetesisrasn acahpriesds The pracdss sassttoded laed via a conput er
nodel, resulting in a bleed streamas summarized in table 1 ;. Table 1 :

Conposi ti on bfLBP e rFam Il € ompar® i Ve kel &0 i 19BYHAI®d in figure
2 . Exanple 2 |0,a0 examphe-accrdh ngidord e Drocssspfi Idhe invention the
preparation of ethylene oxide is carried out as descri bed above for exanple
1 , except tthelbtle he dheed. streamis further separated in a gas separation
unit according to the invention, wherein argon is renoved by diffusion

t hrough a porous partition into a CO stream The process is illustrated by
figure 3 . rTable 2: Composition of the new bleed stream (4) in

example 2

Component Mole percentage (%) Mole flow (kmol/h)
Co2 6.25 411.9

Ar 8.75 3.5

CoHy 21.25 7.8

CHy 63.75 26.8

Table 3: Flows as indicated in figure 3 for example 2

Stream no. [Fcp2 Fnr Feong Fryyg Ratio

(kmol/h) |(kmol/h) |(kmol/h) (kmol/h) Feona/

Far (=)
3.00 4.20 10.20 30.060 2.43
41.10 0.70 2.43 3.77 3.49

450.00
411.90 3.50 7.1 26.83 2.22

= wl N




The process was nodelled via a conputer nodel. In this conputer nodel, the
gas separation was carried out at a tenperature of about 35C and at a
pressur e wb 20ém6b992 bar; the gas separator had a | engt hpofi/eP2&3/0811a0nd a
porous partition thickness of 1 mm and %h_e total surface area of pores in
the porous partition to gas vol une was ?L Onm /m. The CO2 streamthat |eft
the process in conparative exanple 1 (pure, 450 knol/h) , is now fec&S

i“s a new

count er - cur eRsy 4’0o QAW IGIPTe ARRITHNG 51 S 80T dam TPfe @Tmle
bl eed stream{ 4o a ne VGl 2Y W T Ro@e!l 88, akE8H /K
concentrati crﬁoﬁ%oan t he forrr%ggb éeg%élrslt@%:%n%l) Thg s\iﬂ,rgeas}s gré érr nged
such that thegew bl eed styeam (4) |eaving the préetess whilst conprises 3,5
krmol / hr of argon. In that fase the new bleed stream conprises 7,8 knol} hr
of ethene agAdlustrated ipltable 2 . The flows f8r70he renmaining streans
as 1 ndi cat egq—n—figure—3—afeSsurrartzed—i+n—tabter3 “ad 4—TFable—2—
Conposi tion df2%he new bl eaé stream (4) in exanp g% Table 3 : Flows as
i ndi cat ed i n—{igure—3—Fof uéaﬁ‘pl e—2Tabte—4——Conpgsition nmew recycte st ream
(2) for exanpc; 2 It can bg seen that by using thé gas separation according
to the invention—t s possibte to reduce the 10Ss of ethene in the bl eed
streamfrom8.5to 7.8 knol/h.CL Al MS 1 . Integrated preparation and
separati on process €Ond Hawh alprtepay atdiony priecess whgragiat iarbypr oduct i s
produced; and a gas separation process wherein a first con})eoci‘nent i.S

separated frafratdnd ure ot° ety by- dit R HIP G to teduce the

loss of ethene in the bleed stream from 8.5 to

7.8 kmol/h.




the first conponent through a porous partition into a stream of sweeping
conponent; wherein the byproduct produced in the preparation process is
subsequenybyosszwavoas t he sweepi ng conmponent in the separeriEproggnsuess. 2 .
Process according to claim1l , wherein ége pressure on both sides of the
porous partition is essentially equal. . Process according to claim1 or
claim2 , conprising the steps of a ) reacting one or nore reactants to
obtain a reaction m xture conprising a product, at |east one byproduct and
at | east one contanminant; b ) separQatlidg & B Hyproduct fromthe reaction
m xture, to obtain byproduct and a m xture conprising product and at | east
one contam nant; ¢ ) gas separating the contam nant fromthe m xture of
product and rontanmamritdy whddaisd arrofaridesegemaniorantrddesezugh a por ous
partition into a stream of byproduct, to obtain a stream of m xture of
cont ami nant P byprdduct and a stream of purified product. 4 . Process

according to, gl Al 0o f| Ghdbdss RIS ISI NG i AIEPS OfBJad&act i ng one
or nore reactants to obtain a reaction mxture conprising a product, at
| east one ummwdcted reactant, at |east one byproduct and at |east one

cont ani nant ; b% se arfatttin theocreeascti oenrem' xturteirtto ool:%Tt1 aci) n, ¢ sitream of
byproduct, & s{3%am ot & hixtRre ot UMt estted react anto dnd €ontahi nant  and

a stream of s 4 €84 pFesiIcd ;mxHugaso Sepai@aindie 4 hey coint AUl nantof rom at
| east part of the m xture of unreacted reactant and contam nant by
the first component through a porous partition intoc a
stream of sweeping component;
wherein the byproduct produced in the preparation process
10 is subsequently used as the sweeping component in the
separation process.
2. Process according to claim 1, wherein the pressure on
both sides of the porous partition is essentially equal.
3. Process according to claim 1 or claim 2, comprising
15 the steps of
a) reacting one or more reactants to obtain a reaction
mixture comprising a product, at least one byproduct and
at least one contaminant;
b) separating the byproduct from the reaction mixture, to
20 obtain byproduct and a mixture comprising product and at
least one contaminant;
c) gas separating the contaminant from the mixture of
product and contaminant by diffusion of the contaminant
through a porous partition into a stream of byproduct, to
25 obtain a stream of mixture of contaminant and byproduct
and a stream of purified product.
4. Process according to claim 1 or claim 2, comprising

the steps of



di ffusion of the contam nant through a porous partition into a stream of
byproduct, to obtain stream of a m xture of contam nant and byproduct and a
st r eam ofwpunedices2unr eact ed reactant. 5 . Process accowrdirmp260s/0si1ai m 4
conprising the steps of a ) reacting ansal kene with oxygen, which oxygen is
contamnated with an inert gas, to obtain a reaction m xture conprising an
al kyl ene oxi de, unreacted al kene, carbon di.oxide d.nert gas;. b
separating the T&Xctith WM&t &°%% SHaH ® 45 & %adfn @arrt?%r?%dio&i) de, a
stream of a miixdwFe fmptkeing andbidRidt Jag anhsx Ydeeamefadiyd fied

al kyl ene oxide; ¢ ) gas separating inert _gas fromat |east part of the

m xture of uiffadctEy a ke EhPIhaMPRR By adid fafsileR3f afe inert gas
through a porqus, Jigion into a streamof carbon dioxide, to obtain a
stream of mixture of iInert gas and carbon dioxide and a stream of purified
al kepe. 6 . Wndusparatisetthyp wonprici nglxtwesepar atbhtenirdevisdtereczonprii Si ng
one or nore separation units suitable for se ating a fjrst conponent from
2 mixture ofSGSHHUHEN & BY- R FT (R oh BECTHE 19 AN g e A Bl A

porous partidi®nditnensit eam of Sweapt ngr GaPoNeN ,p It Si ng one or
more first chanbers, one or nore second chanbers, separated fromthe first
chamber orchant@as $sParPorvist pardintiamnare gromoite Jgfsh ard dne or

rore Out et Supg, AL0Bfe T SFBELOIE BOIDA NBPE BrDifd et and one
bypnoduct ofdaf featén ont wer et sauiote ity priochicth autgetouss orniectad
directly or indirectly to one or nore inlets of one or nore separation
units. into a stfeam of byproduct, to obtain stream of a mixture
of contaminant and byproduct and a stream of purified
unreacted reactant.
5. Process according to claim 4 comprising the steps of
15 a) reacting an alkene with oxygen, which oxygen is
contaminated with an inert gas, to obtain a reaction
mixture comprising an alkylene oxide, unreacted alkene,
carbon dioxide and inert gas;
b) separating the reaction mixture, to obtain a stream of
20 carbon dioxide, a stream of a mixture of alkene and inert
gas and a stream of purified alkylene oxide;
c) gas separating inert gas from at least part of the
mixture of unreacted alkene and inert gas by diffusion of
the inert gas through a porous partition into a stream of
25 carbon dioxide, to obtain a stream of mixture of inert
gas and carbon dioxide and a stream of purified alkene.
6. Industrial set-up comprising
- a separation device comprising one or more separation
units suitable for separating a first component from a
30 mixture of components by diffusion of the first component
through a porous partition into a stream of sweeping
component, comprising one or more first chambers, one or

more second chambers, separated from the first chamber or
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chambers by a porous partition, one or more inlets and
one or more outlets,

- one or more reactors comprising one or more inlets and
one or more outlets, of which at least one outlet
comprises a stream of byproduct of a reaction, wherein
such byproduct outlet is connected directly or indirectly

to one or more inlets of one or more separation units.



