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GAS SEPARATI ON APPARATUS Field of the invention This
invention relates to a gas separation process and an

wa@ppanatize suitable for the process. BackgrounBCDEP100€070051

invention In chem cal industryja_nultitude of
separation techniques are enployed to separate two or
nore conponents in a gaseous m xture. Exanples of such
separation techniques _are known in_the ﬁgt and can be
found for instance i (*EHEBEET BN7A0F N bcess Design
Principles" by W. Seider et al ., published by John
Wley & Sons, inc. 1999. A process and apparatus for
gakiségapat tba isvednscbosed in US-A-|, 496, 757, which
process, conprises.diffusi t he gases through.a porous
O £ 1 usTRLepEPLERT oD ForBOPRg Ehe Gt f resat gasoangpottes
frenut he ppphihtQB byioeBDs ebratBweppbbgspaterial and
renovi ng the sweeping nmaterial fromthe diffused gas.
ThBaﬁkaF@HHdiquﬁﬁﬁ tBvepatale on the principle of
repeat ed fragtiopal \dhLiipsi Ony i« 8ruhbe, FasS LERPSERT
is controlled by frictional dl?fu5|on Wth a sweep gas
cohpohentiueentraueuslyyadded teprenetehanbepramdre
diffusin% ﬁounter-currentl .t?rough t he porou
parPREPBRCAG 1 ayer J9APPROUEA™ L HES AbBUE BBRAr &F uS Shd

preegssadk baw-sepat ahbpgagaskAbkhuigStheh@rt and can be
effectiveness of the separation is _strongly reduced if
a pPeBduferdinfeprehti an eRPBESToR- éi Phel' PEPa@SHf DEREIN
papt.itj e on tLve Ss - war ds
thggkgggﬁlggeségr@'s?%gégfté%agﬂﬁb %éggg %ﬁn%gthat

t héorboweiedent Ebhed dhtfusbPenm- baspdosepar ahtioappetrhods for
and apparatus, operate.nore effectjively if th wWo |
fI6RG SePafElahe: fahAral A at ielbahtl al P§r { Ar sHRbeD

Pressyuees ktofpribat Hheresifg the gases through a porous

diffusion partition, removing the diffused gas away from

the partition by means of a sweeping material and
removing the sweeping material from the diffused gas. The
process is said to operate on the principle of repeated
fractional diffusion, i.e. 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.

Although the above apparatus and process allow
separating gas mixtures, the effectiveness of the
separation is strongly reduced if a pressure differential
exists on either side of the partition due to non-
selective mass transfer towards the lower pressure side.

It has now been found that the above-identified
diffusion-based separation method and apparatus operate
more effectively if the two fluid streams are maintained
at essentially the same pressure, i.e. that there is

essentially no pressure differential over the porous



10

15

20

25

30

essentially no pressure differential over the
porouspartition during the process. The subj ect

wo pwentdion t heref ore provi des for a separati onPQI/BEBS&070051

and an apparatus suitable for phis process. Summary of
the i nvention Accordingly, the present invention

ovi for a separation appara ing: - a

P B e haBer tr TRl LB oo ERaabar e s RaY GP b PV BT £ FB
flEﬁér@h@ﬂ@eﬁrbyléeﬁof@ﬂsap@ébhkh@ﬂon paobbEst ahal gh

for conveying a m xture of conponents to the first
chaﬁﬁératusaSPFFébl@ufPétthé? dreenafgi ng the

nder of the ThééHE?oRf conmponents after at | east
p has been renoved fromthe
first Bbaobéingiya Bbeopdesahet1ﬁ®entooneyrnglaes for a
swee nponent into the second chanber; - a second
ouff ?I%B?OH|§BBQF@FH§ a°WPkture9of sweepi ng conmponent
and di tf ysed-hhfstrconponent fromthe second chanber;
and - a pressure equilibrating device connecting and
nediatﬁﬁQOD@tmb@mbehe sepsrabnd fhemsekendichanbepmber by a

é |§9 8§§§r£95|0n of the invention The subject
¥ on es usé of a pressure equilibrating device

connecfnﬁgtamﬂlaedfatlagnbeyma@natﬁeXfutstoandombenents to
second chanber. This device is capable of transmtting
a pres§tFetdrrfBP8Rti al from one chanber to the

ODDO§'E?rgBaHQEEett?@Eeg¥séM9k?hH@ the ?8&5@5589 of @he
pressure differential between the two chanbers. In the

prmssUueeeqﬁ|tompanengsdeﬁtee apréssatepsutgeé ahe first
transn%%teg %ron1one n%r ﬁ e eg %égid
st F8ahy “ther eby %??%cf Rt'aiif ng %ﬁ predsure
- a second inlet for conveylng a sweeping component into
the second chamber;
- a second outlet for discharging a mixture of sweeping
component and diffused first component from the second
chamber; and
- a pressure equilibrating device connecting and
mediating between the first and the second chamber.

Detailed description of the invention

The subject invention makes use of a pressure
equilibrating device connecting and mediating between the
first and the second chamber. This device is capable of
transmitting a pressure differential from one chamber to
the opposite chamber, thereby avoiding the formation of a
pressure differential between the two chambers. In the
pressure equilibrating device, pressure surges are
transmitted from one fluid stream to the other fluid
stream, thereby effectively maintaining the pressure
differential over the porous partition at a minimum

level.
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differential over the porous partition at a m ni num
| evel .The separation apparatus conprising the

w@e@3euies equi | i brati ng device can be any appaP@r/EB2006/070051

known to the skilled person tozbe suitable for this
pur pose. For exanple separation units can be used such

th i Us- A-
ovt moTER R e EMPLON | Shaalat B S phnf at ng et En¥aayre

becgipl Oy edt i hgchudi pg @§§3b¥9a§¥35§ﬁ§r55@5 agbwsotel Yhe
due to the force induced by the fluid streans, as well

asSBé@ﬂeé BysEenstenae éPFéﬁbé@nf@éthhg PrEBSEEe For

0SGLLL31 £0nS kL BE B LHE 08, oSHCLA5L0r SLDRT ABCEHENEne o
el aborate and conpl ex sys ens requlating t e pressure
andx&hpwvi 6t etiwonf Ua+d-$f deapBsSi/n response to pressure
and fIOM/vglues neasureg%domnstrean1or up iLream

separ at1Bn @BvFReS U However 25 sBERS SYETE eREY P habea “device

togal,0ng éﬁ%@@?é@ , Ui AB16QiBgPpESSULE SYEBemsasnuel heas
the difficulty to nmeasure | ow pressure differentials

asseheéshdhd. tpreher abrge ithdreftdrey the ptesdupereams, as
eq“éh;brgtéggl SV'CSt§ﬁ§°£H Po,t 9oL lg gE%é?pEna pressure

i nventi on conpri east one Sé rrectin
pressul eaandnfl ewcnegukatiag, devcheasSB6h anstance the
pressure-responsi ve device or valve controls the

pr8s3bPEabet AREnCPHELEhafbeF ST By BEIhgtacfuabedPEBFERYS and

byfpaﬁuaﬁttﬁopf§§§ar§tggahgegnfE@nghgefkgl9§e9§t9g and
regul ated, hence controlling fluid flow between

i nEébwandlthe vhambeed deWnﬂgrasmaotIOMﬁtesamlefoa .
sure_and, f|

val v .an ectl ngg n iatin ure hv
bor bR EhET PEL PG Ebe R nanber g2y av8"s too
conyegi eatbynbe amyedeyi eeptbatuis gut@@blasfﬁéllhag the
pur pose, including but not limted to pneumatically
acgagﬁégulty to méasure low pressure differentials’ as
threshold.

Preferably, therefore, the pressure equilibrating
device according to the present invention comprises at
least one self-directing pressure and flow regulating
device. Such a pressure-responsive device or valve
controls the pressure between the chambers by being
actuated solely by pneumatic pressure derived from the
fluids being regulated, hence controlling fluid flow
between the inlet and the chamber, acting as a flow
restrictor.

The valve connecting and mediating pressure and flow
between the first and the second chamber may conveniently
be any device that is suitable for this purpose,
including but not limited to pneumatically actuated
piston- and sleeve arrangements, flexible diaphragms and

hydrodynamic systems such as for instance a U-shaped tube

containing a liquid medium.
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pi ston- and sl eeve arrangenents, flexible diaphragnms
and hydrodynam c systens such as for instance a

whk®hapads t ube containing a liquid nmedi um | n OPCEEP1006/070051

reduce and increase the pressuge-in the first or
second chanber, respectively, the equilibrating device
or val¥e coggrlses a.control vol une i ch can exgagg fhe

into eftheFYFfurd §t78Em *If FHCbR@®Ehanber ™ The r

pressyfeokNeeeas@Scnhhbid, f repptheistieamexpandsitbeating
control volume, which exerts pneumatic or hydrodynam c

présEife ardvehus fewnEeseehe venthrelofolhecoppbsrhecan
ch - e i Liprat] e er al r

Gi FRghd, (RPLCPICBAY, b BIATPRLYS SHCLA PPl ERIHEE: cne
bepwesnutbeihwpwessdes fheipr éssureheqatkébnatkpgnds the

devi ce determ nes vol u of the two chanbers nd _ at a.
gi@%ﬂtFPngOEh@epr@§§ﬁ e?X%HEEnPaﬁgﬁﬁEFﬁ,OFhEYSFaggﬁ?@lc

eqyibibhati pgqdemMicerbgupast tRE dovah¥eoehanbesphhsite
which the first and second chanber of the apparatus of
t hehpmbent i bherply amelaskvetraredthft hveheltwbreashee

COQQ%%&% gEeafltEgtSSerg%rgnprgﬁgrgghghcéhggf%r§éeaggtween
second" chamber conprise he pr éssure equil irbrating
devheetwbt bidethehehanbessref ogui hsbancenhydevice
i ncorporation into thg Eorous partition. The

S

sefeFEFUI PGS oF Of HBS pP s 5P e LBQUF R RBPEFPngaRdvREedi given

deterfyi nedcl grgeky By the inertia and by the size of
the control volume regulating fluid flow through the

chanmbektdvaiapeaupl gt onhandrsbeeve agsehbbyatiherdeaiec is

orEGFS1 Bh oy bicr AUBEAT FirbscinbPt B Eah fadsaegond

r eshsthipBeect ot HBVEPPAtaofist e sheuchueatiehegerat bLhat
is responsible for directing fluid into and out of the
contFerigbrantishetle. toaconbl§t Aysteresi arefsiheated.

gfgg?ggﬁg%??géé%?ngg%a?%g%§tQﬂdaggc§h8e¥ﬁaﬂ8¥£Cgomprise
the pressure equilibrating device within the chambers,
for instance by incorporation into the porous partition.

The sensitivity of the pressure equilibrating device

is determined largely by the inertia and by the size of
the control volume regulating fluid flow through the
chambers. With a piston and sleeve assembly, there are a
number of potential sources where accuracy and precision
may be reduced. First, inertia can cause a resistance to
movement of the structural element that is responsible
for directing fluid into and out of the control volume
sleeve. Secondly, hysteresis of the mechanical portions
of a piston and sleeve device creates different operating
points, depending on the direction of fluid approach.
Thirdly, temperature effects on the piston within the
sleeve can be responsible for variation of friction

values, and hence lead to a difference in applied force.
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poi nts, depending on the direction of fluid approach.
Thirdly, tenperature effects on the piston within the

w@b@enwatiean be responsible for variation of frPCL/ERPWW06/070051

val ues, and hence lead to a difference in applied
force.Finally, in order to achieve gas-tightness, the

pi ston and the sleeve have.to be copstructed in such

el BRALYT r Bt PBACBCEEr SCAUPT RgItha  RBUBHERE  of “E hE: Ston

pi sh@nthénstbehel Badengot Bei BEREE AUAREdNEACEUAN way that
pressure differential between the two chanbers

Si Arlarign arthbaghureetnteal ngveBeptsphpree piston, in

h LC_Qr essk i Lihratj evi Ve.

L TRhE S Hher P ML ALRED, Seiepabevas terentian
equetwbeat thg teanshasbénscontact with the gas

streans, and hence.nmay vaporise or_affect the ocess
othermﬁ%@?T%ﬁgypr%§§ﬁ¥%g%qE?F?B?%?%ﬁé H%QYc%lﬁgi%rding

tonthecgybhect bpyestianctherefore; prefieably gAPLOYEe
one or nore diaphragns, i.e. a conpressible

el asepdubnyadef ohabblecel agrie phtacwal kn Ahdi aphiaghrating
| 5@ gheel of QOEEQkEf%§§thEeU§5Sré?kegﬂshogﬁg REntiSnay
periphery:. Tt Sérves-aS a barriér between two
chagberssenovi Agfupti bhe pnecebanbeneowidewn into the

ot her depending on differences in _pressure. The
di aphr agm BEESSAEC aSTht ot PT R Ry el EREREC a’CEREIEBMAL FBI the

VoLype s §£bQH@goBOt§éPQ9grQr?Egkéﬁgglyngﬂﬁhéyén@ne or
pressure and flow through the flow path: This

di apheadhrphyabesof laay surbtmbresfobhe slghtasaahy
expandabl e.and.retractabl e sheet | eeve or boot-I|jke

Gt DT ABRELanBrPaFhy BRCBAEFOL - vl BHEohpagR: fongd=anat of @
segtrd-wi thipla Matveibhodynaheutdt he maknpétophpaih It
between the two fluid streans. Preferably, the

di 8pRFagnrtFsasbetiated Asteresetuop6ssTBrESt OMPHE T FBE 1NTO
ang?éeeﬂgﬂbggaggeaowﬂ onder 1o avpLd LogalqPRESSHT e

differentia
differences in pressure. The diaphragm acts as a

throttling element as the control volume is allowed to
expand or retract, modulating pressure and flow through
the flow path.

This diaphragm may be of any suitable form, such as
an expandable and retractable sheet, sleeve or boot-like
diaphragm comprising a control volume, positioned and
seated within a valve body about the main flow path
between the two fluid streams. Preferably, the diaphragm
is situated as close a possible to the first and second
chamber in order to avoid local pressure differentials to
build up at the porous partition. The elastic diaphragm,
which may advantageously comprise an elastomer, such as
rubber or silicone, or flexible metal sheet, transmits
the pressure prevailing in one chamber to opposite

chamber in a simple way, by being movable in response to
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build up at the porous partition. The elastic
di aphragm whi ch may advant ageously conprise an

web@shormed , such as rubber or silicone, or fl erRCDER2006/070051

nmetal sheet, transmits the pregsure prevailing in one
chanber to opposite chanber in a sinple may, by bei ng

moya Ele inre ponse todlfferentlﬁ Bre?ag ? 0sSs it.
Byt £eF%P5%? ePprésslire®ti PPerehce " beteeh®t it moPr =54 re
chanbeesentbepdt apbhagp:canobensebet-Bl 0tAA @86phkatihngan be
nmotion, which correspondingly controls the pressure in

eathtf LOFE abreafy lindependeht Py, f vbarbheosyerapndingly
Pr&3sUEE QPPE% gre!QSIQ'EE”QEQHSfﬁggdt @rgﬁﬁergg eB%ndently

t he equi |bra g neans may bé routinely chosen
pefsom skel bedrahltheecastiraceppdiag. tmhéhelmens1ons and the
ui rements _of the se agatl on. In counter-current or
’ b v

cr S5SEUrrenf bPerafroni PortiFIalFarge™pdr Bhs OUt NS

parhbtbANLY S, epRloyeds Kt WP Qr 1 ADE B dh aPhLAGRBAMRY BE the
pl aced at suitable locations. In a preferred

enbedilearenhe pérous papererdani sla porbusrpartienbnor

suLtableclor.a ssparation by, friclional diliysion, BYcion

separati on I ona sionh is 06d”
separampmﬁyeﬁ atwbxbureoc okt gaspsrbymbakbngbadwantageat
of their_ different rates of diffusion. Porous
paftitRBhe $BFehbPRSfor such purpose are described in

more defaj| P@k@%&e&hngQ&PMénQaEEét QPoﬁéanFtﬂﬁﬁsnois a
any porous naterlal known to the skilled person to be

suptable P@rtMSeonnsalpabéeséomhereeparasloonbacfedctlonal

w th_the r eac ant s, |t 0 an_be. mde

of SR bhE kP or rar PR aaYs EPECEhORAD €8PS PBntss
th@n@@ﬂ@@ﬁ@ﬁt§e§¥ré@ﬁoﬁxaﬂphemﬁﬁﬁﬁfétb@ng@ée§b§9f@ék@ﬂg
effects, provided that the separation by diffusion
pr@@ﬁﬁp§ag¢h@pr%§éﬁtdéBBQFQP sr%ﬁﬁsp@éc@é§fH?FP@rsporous

frBQ}E991BBSQESEEh%lépﬁbkeQuHﬁ”Eﬁ?ESséegﬁéa&éQEr?%eQa§n

per neat i on
more detail below.

The porous partition can be made of any porous
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
by for example adsorption or absorption effects, provided
that the separation by diffusion prevails.

The present apparatus and process differs from the
frequently applied membrane separation by gas permeation
through a selective membrane, in which process a large
pressure differential is maintained on both sides of the
membrane to force a permeate to pass through the
membrane, leaving the retentate at the opposite side of
the membrane, in that no selective membrane and no

pressure differential is used.
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through a sel ective nenbrane, in which process a | arge
pressure differential is maintained on both sides of

wo bm7oeihé ane to force a pernmeate to pass thr oRgihEP1ve6/070051

menbrane, leaving the retentate at the opposite side
of the nmenbrane, in that no selective nenbrane and no

di ff t I d. A di
D oo feraih el ol shnbare: eorphiraret udhuranand

ap@bhga&tgﬁg Qésﬂ@ﬁéeéﬁataﬁpﬂﬂbgﬁlbﬂslBQUQEEYerEHE modules
Transactions (2003) 31, 91-98, a nenbrane phase, which

i sigetnpesteEn ¥MB Bupksphhsess KWASO0Bhe3abi PLtyStoa
COﬁ%&BLaHBS nLEANSEE Ecﬁeﬁgeggttﬂs $8Hgn%5 Bﬂ?ﬁe§h5§e§ has

rane pr cess. ntrary to suc Fane
potbasapatityi oni agntayérmassotdangfeto bhewsabj ebé two bulk
i nvention. is set getmeen the two _bul k Ehases but has

i nPBRPREI pPe®nBBBF P EyPFB E8At r P ERB HakS FlERAsfer

of nan¥r9het henepgstessi pyotvedont hgdogsetherebelieng to the
essentlally not interact wwth the Species to be

sepabae@a @ﬂﬁ@nt@hanl@fﬁétuhgtw@EQSth@utWﬁeb@ﬂy sepges, but

to%% r§hQQ 9& §be @“919 phéﬁ%%o1099ér$r¥stQransfer
Fane epara ons . ﬁb ect "porous partition s
t hus &SgeﬁflahbyspétlasSEhQGIV¥&LyIQEﬁﬁéﬁtheﬂéﬁbEane.
A menbrane is a barrier that all ows sone conpounds to

paSSSERFoBGhY WRFI &nkfFecti YeFy hPRdEPFRGSSt herPe separated

cogpaupdsniQ 8§§ér5950H89es H§tamé§Qlyp§é9€@9|€o avoid
barrier of which the pass-through i s determ ned by

S|mexongspécthb nabubel bf phhecsonpoundsryMeabnanesane
L gas separation techniques are for instance
th%%% 6? cPBSed in US-A-5843, 209 . Menbranes

sel ectTnel yuspattopopdss paansposh betvees tHecphasesy not
or environnents . Contrary to such nenbranes, the

poRo8SLlpaFt Vel BnPrEnaabasr Per Pt ARe - af| BREPERBET LowRoparrier
alkhgenHQTSQESsoﬁgb@bﬁp@ﬁnds to pass through, while

effectively hindering other compounds to pass through,
thus a semi-permeable barrier of which the pass-through
is determined by size or special nature of the compounds.
Membranes used in gas separation techniques are for
instance those disclosed in US-A-5843,209. Membranes
selectively control mass transport between the phases or
environments.

Contrary to such membranes, the porous partition is a
barrier that allows the flow of all components, albeit at
different relative rates of diffusion. Without wishing to
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
chamber and diffusing counter-currently through the

porous partitioning layer.
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different relative rates of diffusion. Wthout w shing
to be bound to any particular theory it is believed

WO bav/o7412¢ he porous partitioning, the nmass trarST/EP2008070051

controlled by frictional diffugion with a sweeping gas
conmponent conti nuously added to one chanber and

I i t hanb i o
count cPEEHEFaR Ty SArBAGH: AL POF UL par BFPORPHG Partition

| ayerePeeherably therfaberiabrused £Re EBRPPAEAUS used in
partition is essentially inert or inert to the

coRpeneAPsrasedni ArPAeSSepanabr oAt pFOCESS. INHePFaeti BeY
th n r 0 I

LR IERELP el SRephl B, el L oo ML i,
zeméthés piaaﬁﬁcsorpapabinahhdhsdshezeoilaSSnafeamal or
for t orous Bartltlon i_ncl ude exganded

nmetals; In tbonéx BﬁH%st?ﬁlﬂPEg @ ebPT ERpahedys

cog@@fltﬁéganﬁggmpngg,lﬂeygaen@kﬁhﬁdeg fetWOMEN: g
copper, woven stainless steel; cotton, wool, |nen

poesRsnpPasELesnlesy. sp@ebuseppan@ﬁdocopﬁﬁr}neapanded iron;

pre re di t the por artition r
IR e R e
potousonpt evbal shoehd bayeua biLgbtpospsety. (goyoti® PP, PE
maxi m se the useful surface area. The preferred porous

| a§Br 85pofBus RA9ECATpEr BEPEY BFN FoF St RaRCBSsPartition is

pr§£@%gpéa FPER 88BN 069, c¥BhnABAEsPLEheLab!l ¥ oDr e
t han 93. The thickness of the porous |ayer is

preferabeyeasedompasupomstﬁtealV%hh@bd bvshingivlo be
bound to ani Paétlcu ar . the§é¥, it ig bel i,eved t hat

t HBOHPFF 0% VB! r AP e P& T huer S8Ty Bropor tHbharst %I?%e

thpﬁ&ﬁ@ﬁﬁe@fpbh@upom@yérbay@fou@ndabeug pbeOé@qylbedmore

surface area of the gorous Iag IS proportional to
t heReRi BEkhesBreTRE2ROY 0TS PaFbRRi Bn cacvaRgr @i BEPYSFAPLY

thhggge§§aﬁng gay for exanple vary froma partition
having a thickness
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
is inversely proportional to the thickness of the porous
layer, and thus the required surface area of the porous
layer i1s proportional to the thickness.

The porous partition can vary widely in thickness and
may for example vary from a partition having a thickness
of 1 or more meters to a partition having a thickness
of 1 or more nanometres. 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
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
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of 1 or nore nmeters to a partition having a thickness
of 1 or nore nanonetres. For practical purposes the

wo ewentdion may frequently be carried out usi ngPEI/PPI00&IG70051

partition having a thickness_ip the range from 0. 0001
to 1000 mllimetres, nore preferably in the range from

0.01.to 100 mllinmetre and ill nore preferabpl in

B} ANBECF oM BE T BARbY af Tl LAt FARSC ppBf BFPBAT phr bilst -2

| ayersihaveea, t Bhgkness FBeE@Eab@?gﬁnofhér93h@e5ofofrom 0.9
1.5mllimetres, preferably in the range of from0.8 to

1.ponitLimetFesetand-nore preferably in the range of
fr°”1OT?et%m&uﬁt?1£££QE££§S %JBQ §PDHH5'$§£%§ 8083 in the
t Itiron nmay

shape o e pores used In € porous pa
vapyromdebyrtThéoshape ofrtheipetes Tsedshapthefpoheusores

partition be any shape known to the ski]led person
touB%dsthgﬁ%epPBPu§u€ﬁrngbPBo@@Y ?ﬁeaﬁﬁrééaB%nEFSW“ to

exanpl sxhayeqapeross- 86ChE08.$PARRE aSrSkiitB, aSAYAPESe. The
ovals or circles. O the cross-section may have an

i rpegebafashape. cFenepeabeiveap pupposesctheni akenefons

may- frequent | e carried out Lng r havi ng .
crRbEER bR eR  RELnahs "B T EP B SR AR Bpegon
crosg-secti an ofrébelpeor esapay varypwhdelyall pukposes the
furthernmore not necessari for all the pores to have

a

t heNSahe o afteY ef TS EBF" pr BcPFcaf T pufPoses FhReNg pores

i nMepthgnamay Ereguepiby be €ALrbgdooubrusi Pg) pPor egne
having a crosssection "shortest"” dianmeter in the range

f ronedepanonet eroto-36chibhi aet ree Byrtheméghvateswidely.

di ter .is,understood the shortest distan Wi thin

thElet 555 ELET BRTof FOhe BoR a5 Y of 8F abl § LAPSPORS to have
di anet eembéi @sainBtéhe rangprbeom-21 0pnapesetr ehtoidvention
mllinmetres, nore preferably fromO0.1 to 1000

m ERBneteAUCHDlE BreferabPy PACt REIPENHErEPORRIONP02 CTOSS—

109e?%§ggnﬁéﬁ5rt55€ﬁe&§9h¥te£h§n995§5réﬂg&h?rHﬁt?rﬁéhometer

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

Preferably, the pores in the material should be
relatively small to prevent convective flow. The exact
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
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
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relatively small to prevent convective flow The exact
size and proportions depend on the thickness of the

w@erenstib@yer (D) and the pressure drop (DP ) BCT/BB®06/070051
the porous | ayer as well as ihg physical properties of
the gas (viscosity and density) . Pores having a snal

aneter 0.1 to 100 nanonetre
O aEoRt 58 hrk e DR e ARG  aBR BT o BF bbe e BOPEL: ERon
dl&éﬁrsacsﬁtQ@ﬁQHESFapr@n§a§MceP@fe§ pa¥kBgra Hargenap) of
di anet er, g in the range from 100 to 1000nanonetres
At

haveorhd AdvHEAt ageCEhatna Bereef BephiaiPdn AR Beres
Obéﬂbg?g-h 9L 5”8&§H%Ee?tb@lg%e§§uﬁ§c9588téﬁpt$ gievent
0 e pores

aroun a across the porous partition,
shsubdthaana doanetet vbekdww 18sntcompaetér tbotpeedent red

nti al nvective flow as c ar d to he desired
af%gPééV?l WAIAB 6r8§§ﬁ?%r8r§gg % $P5a' pores

poﬁ§§1H§th91§mgtéﬂebﬁr39fm§@r8h0598u§BOHédp?@ferred
preferred. However, pressure drop and pore dianeter

shBavgves, choseaura sueh aag phae diamedsensdptidsbenchosen

re?%”Eugﬁ ayoi ded, SKhEdggﬁeés%%og Lhat éhﬁe elali¥eyeq.
rates” of di usion throu of ous Ia
differeﬁt1gas&seas6od@penaenth@nréhetteéataves of diffusion

magni tudes of their binary diffusion coefficients, and
no hBPuﬁﬁlQh?oparP%§sé?Y%£t%ﬁtdbﬁf?ﬁ%nbrﬁﬁé??l%ge ofiependent

th@npQBQU§eﬂ§E§GéahagEB€uQQEeéf”@MeﬁHrEB§599r81¥§ﬁ¥1on
widely in tortuosity, that is, they may vary widely in

degoeéfotlenbskednéssotP@efenéblyoh@méveserthet@otesn the

are stra#Q t o% gﬁsentlally s%ralg t and have a

t o tUBsT ty P n°the"rahge froff1°t6°5°, nore preferably

in therhangerésomi tQrBherdtee nuabervwofiepores usetdubdity,
the porous partition may al so vary wi dely. Preferably

1. Gh99 9@@oghﬁﬁemﬁﬁtﬁﬁrér@éd@iyth@ POFBES ParErePHAINESS.-

POp e?égﬁblggﬁgw85g£er?ngpégego??g@@tﬁgggﬁyegrngégentlally

prefera to 95% of the tota
stralght 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
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
practical purposes the invention may fregquently 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 mZ2/m3, preferably

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



10

15

20

25

30

area of the partition is pore area. By pore area is
understood the total surface area of the pores. For

w@e@chiaad purposes the invention may frequentPgT/BR2006/070051

carried out using a nunber of jpores and a pore size
such that the ratio of total surface area of pores in

the parti n the as. vol f the.mxture

ARSI K -t S AR LR RS T SIS
poeherabl ¥ihg &B@téaﬁgetﬁéoﬂééak@tigﬁoaﬂ1&@ll dbethe
ength of the porous partition in the direction of the

i
fl oWtenrtt pé §@Péaﬁ$é@nsmé@§eﬁgeeoﬁ@én@ﬁ@CHayaél@@V@@@es the

bUIﬁb¥nt¥@ﬁ”m£9€§kgﬁ9éﬁt92 ? cLayeLy! ”85?ﬁ§e ?en?us

ding costs o € separation as we
of psepatabnohairhogeaseenfoh piacyi chk ﬁMbpedESetheOn of the

invention may fre uently e carried out using a rous
paFW??Pbﬂgh85WBa“%“Feh@t %IBﬁ@g?hgrPWo&faﬂ g%t?ﬁﬁ Beters,

thﬁo§@6§9éﬁgrggm§omﬁnthénrhhﬁ erapge Hrom@g. 04 h@tQQQ
meters, nore preferably in the range fromO0.1 to

netersInlhh@h@eB@pata@mo@pB@pat@@usth@h§1f$ts@nénﬁecond

secpn ha an ver al S n

e CPIHEaEgT 220, DERL A0S0 B SEVRLAL WS LPeerrea

insmﬁedsmaﬁe oficachabeeandst herotbenychagbensisef spaed of a
a , preferablghannular space surraqundi ng such

tuB%beTﬁ%dpFE§eﬂ PRVERETBAT T tiF t REFMBrofY dés Breferably

sepahat hen Wphte §H££@Qh§l£8rs§@HaE§EéngTﬁef$£§Eent
conmponent froma m xture of “conponents by diffusion of

thenﬁensuonoﬁpohbﬁr phomughsaapsep@sapaon|unoh,lﬁU@table

st eam of nent h sep arat|o uni t
FrL ek P O, TR e Dheo b <R BRAE bt 2R

lna@mpbu@ﬁtBasyadp@f@gﬁomabk tapdrwhkehcbnpehehtbehir8ugh a

arranged within the outer tube, such that a first

SpReECHs prESéhi oW tAFA ghetrangrof upEcaRdNE SeRBABSNL,

SPRARechSsPLERERE chehueeNn LS puULEL surface of the

- an outer tube;

- an inner tube, which inner tube has a porous wall, and
which inner tube is arranged within the outer tube, such
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;

- a first inlet for conveying fluid into the first space;
- a first outlet for discharging fluid from the first
space;

- a second inlet for conveying fluid into the second
space;

- a second outlet for discharging fluid from the second
space; and

- a pressure equilibrating device connecting and

mediating between the first and the second chamber.
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i nner tube and the inner surface of the outer tube; -
a first inlet for conveying fluid into the first

waepae®e74126 a first outlet for discharging fl ui dpdr/aP2onéieroost

first space; - a second inlet ffor- conveying fluid into

t he second space; - a second outl et for discharging
fluid fromth seco space; and - a, pressure

caut |i b af1 . Ge0F b RERRSEEP G BRat HBA bt | HOCbbthebnand
th@hé'éé&oﬁadchﬁﬁbéﬁcgﬁg sbpabeteclinpd dibbepeBtpartition
preferred enbodi nent, the first and the second chanber

ar €05Bpar avedtagka ﬁérﬁéétgar@rtﬁbﬁeﬁérﬁﬁdtby BPHEKS
Ofm8k8£§§1°r1§h§ﬁ §eo£F59Esp059u§eg§£e£%8lp%% p.Lhese,

st ac | east ates, 1.e. an upper e an d a

| ouepepl al eteoapdi si hgweheppatoeusopart st hgnthat poralis

are Iagered above. each ot such ma% as to grovld
B B

anPPht er heli BFeSED a?FﬁeE?Yeﬁﬁ?cﬁnge tRe@tBFF af Such

ongaends whi hbeolhybdhy capnestgdate apmPRePmSRACewRlch is
the other end. In stacks conprising nore than two

| ayépeskedhefdpehni age endadjhcént fsiddsyoforaeted to an

| nberediate SOMPALY IEAL, aLeabl ogked. alLeLnALel ¥ ng more

€ Stack separates a first
sechafl chanbeyeas, seheoupenbnye, omhaa@athﬁtchaaberSf each
are at least in part fornmed by the stack. The plates
flEBﬁﬁP?@Fﬁﬁetﬁ%mﬁéFB@§nba?F?tPéﬂcﬁﬁge?FEPrﬁﬁ ch¥- afience,

anyhéUEEQleséﬁépgte£05 EE§E@”@§aﬁS@£aQSH|Qrse&gﬁM ABY¥mber
be of even shape and size, or uneven. The latter is

preseseedostnGQOVhenWbméestUe ohambprat ergsatohgest in part

n th angd. t hu flLow of the

{1 SAFRG RE PASSBESREr o6kl e ERbr Lér CBSFARGE The porous
th?é@bytLQMEmaﬁ@rlHE paessyretdanp. stheaboapahbpeNt Sor
are t{ pi cal ly defined by spacers or structures that
ar e'off8ef éﬁ@t§0§béﬁf t ReepoFdtisPe of even shape and size,

or uneven. The latter is preferred since then one side of
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.

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
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-
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
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partition. The spacer, along with the porous partition
mat eri al connected thereto defines the internedi ate

w@eoowpar4iaent whi ch may serves as retentate or BOEEPINEG070051

conpartment. The pressure dropdmy al so conveniently
be adj usted by using different spacers for the sweep
gas.and feed gas .conpartnents acent conpart nent

gt EERE=poPBUGTarL BEi Of BBY: of ok OHE: af BAPUEBRNER

thecsbaperof thayeredrpl atelbkeany sbeebrhbk8e requirements.
structures, thereby providing a flow path for both

flhe stpeAnBIWPRHCECNEr g8 SUPiaeélyTherdssenbby ef seal at
FeE ?téﬁﬁ QHQ §r§§8589088ggé££§$n£8 gﬁXtQSr com art?ent at

inalternating order or In any various arrang
neeessapystoesandsfy design and per f or mance
requi renents. The stack arran

borderEHeb?O%P§E5?e%FSoﬂEeeﬁH BTﬁ ?fﬁ?%gcbﬂﬁ%c?lﬁﬁparator

t oyapgthesyeampaLt MeRL yak ranr 0pPast €o8Rdctdheeither to a
conpartnents are SU|taeg pl aced into a separator

veﬁé@ﬂdsaéhe@matWhhéy éh@Yfanedsyaé@ﬁné@W@ddéuth@r to
a fég%g vgan%gﬁheLgl ¥da grggﬁlegh gm@é g{gpln?hthe two

respe Fve' o d Stream thus" Separ a

tm@lﬁhulﬁeéeedtséaﬁansThahEeéeedeothéhewbmmlﬁhuldtreams

streans are fed preferably in a cross flow arrangenent
oafﬁef%ﬂt@Fﬁé?éaQFHeﬁno? FheSSepaPyt BF T oBYSBLNT| tg, the

th@EékMgt@ts98é9889'EHéaEe£59$%8£ 6Los81f1 @6, to arrive
direction towards each other. This serves to bring the

fI@mspeupeoﬁltuher(flew ﬂotccossrﬁéaw flioasyiso thamerds
the to the ves flui nlft and

f |
op% ggt 0 eg%5'|§?r¥ﬁ§ é?goﬁh%eV| F?a%?gﬁlne

comprksesoa &@S$@he§@nﬁﬁbﬁbﬂgs@ thasttﬁbyldahnb@tfed to the
openi ng_positioned proximate to a side of the vesse
andeaseiestlridi dnoatl efdopenifg pBSTENERelOPPoORPHALE-

to an @H@o§é$9r§£98nO&e%b@evg§§§£blg égﬁﬁPgséguédvessel

i nl et openi ng posit I oned
comprising a first fluid inlet opening positioned

proximate to a side of the vessel and a first fluid
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
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
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
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proximte to a side of the vessel and a second fluid
outl et opening positioned proxinmate to an opposing

wak@e/0of12¢ he vessel, wherein the first and secPCEP2006/070051

inlets and outlets respectivelyy are position in such
way, that the flow direction of a first fluid stream

: h t first_inl d
hedPphEE=r PR rEhra A RbRana" Tor AT L0F el CEact for

entgei pYrihesvessel qatihbe §€C@@QstnF§Etlémﬂy|E?Vhﬂg
it at the second outlet are essentially perpendicul ar

top@ééhl@ﬂﬁ@ratah@aﬁhepérﬁl@héYp@?éwgeba@ﬂ|FPBﬁr plate and

be h u k_ of

cr e E e boPLRES, SOt TREL 805, ShASI AR B Rl Ko

stspaue ﬁbrIEhéIsedbydcsﬁneameddéﬁlhhd secoadbtupdrtially
eam .thereby form ng. an exterior ﬁIOM/sgace for the

f| ¥ta§9r88ﬁf5g@Pﬁ@da5tl?@ﬁgtpﬁﬁFf?é YyPBy"aRn the opgosite
posi koned @Be'@@éérpéiﬁtéléMdb€B@E§8w@B ypRet Pbapeevent
and a lower plate of porous material, and an interior
fIé%ﬂSéaééOWofIPMetb@c@ﬁﬂeS@@éaﬁioﬂeﬁpﬁ@@ antpehbe interior
partiall sition e a n

Dbt bhpoer e ol aeEeah brafadbrt PbaPaRk PhaY deree
pIabﬁnéetpreueahdfhuddafbsmbétma@hhehexf@tseraﬁﬁomhe second
space into the interior flow space, wherein a pressure

eqﬁbPWE?étlﬁ@ed@QV%Etéﬁﬁn%Et%S%BQaﬁdSﬁ%BF%@e§eB%FﬁEéﬂn
th@e@h&ét1§n9h59e1§e898gsC?@ﬁ@eﬁan§h§a§gY§Qﬁa@@mﬁgrtments
using a stacked separation device is that in

croess- &l oernanylparahhettednpar thentsedr etatter aatiety the
connected to ghstrean1a d tofthe sgee
st Péany PHU S%F%%W Yforta’targe stfface®
rEk@lhﬁ@bélyoﬂbﬁphcaréﬁﬁ@ﬁ@@méntThe fluids are, each

i ndependently, for preferably at |east 50 % in the
gaseou§h§t5%@ldﬁ0@éepr%@%Fab@?e%?n@%%§%y80f@@wPr%ﬁﬁrably at
SVEDaPr 5oPLGEeLADL ¥l B2 L06, 52008 LT OMLI0 LOe100.RM, o
Most preferably the ? ids are nearly conpletely or
cohpketeBy @aseoasd even more preferably in the range from

as ,
egsurface in a

90 to 100 %wt. Most preferably the fluids are nearly
completely or completely gaseous.

Furthermore the inner tube and the outer tube are
preferably arranged essentially co-axially.

The first space can either be used as a first chamber
or as a second chamber and the second space can
respectively be used as a second chamber or as a first
chamber. Both the first as well as the second space can
have multiple inlets and outlets. Preferably the first
space present 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 eccentrically

within the outer tube such that the central axis of the
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Furthernore the inner tube and the outer tube are
preferably arranged essentially co-axially. The first

waepace7aan either be used as a first chanber OPCHEPR06/070051

second chanber and the second jspace can respectively
be used as a second chanber or as a first chanber.

Both the first as e _second. space n. have
moHEPBF G IhE ot § SRUSOHER of SoSPRBF SPUby DR RRLEFFoE0 the
spaegtpheseRt swothiRet betbanenptuberhasreply, OREweALet the
and only one outlet. The second space preferably has

t WONBE T nbree bﬁeﬁéfabg?dZSF@SEQOtFﬁﬂéYscﬁﬁgﬁﬁFrégﬁﬂéYs
orw?@h#ﬁ §£e389£§£ putLes &H Eﬂst59§8 gﬁtﬁaf!égyéan the
slit. e S y

I'Rner fubé can be arrange ubstanti a
ectentéri cabkysubthantthelgutetntubessutchht hat thetral axis

cen axi s of tgelnner tube is arrang

suB tBh?lSPF?rpBP Frth?oCFﬂéscéﬁ?FéP“aQE tBF thees can

OUL8Get HRG. sPEBECLABLY, thoweMeE Kt hecknpersbHbesi Be
arranged substantially concentrically within the outer

t ubelisakbhet hBprt Asageher athaxtgbef che independpetly of

S“?%Eﬁ”&%ﬁék¥ﬂ39é”3'9§8s§”59c£h Cgﬂtgﬁ% aXL3.Ofrthe  ore,
er t e'Cross-section of 'the tubed ¢an havée
anyesbapglknpownrtoet be skiall edrpeesanltothe subkabkection

For exanple, the tubes can_independently of each other
ha& ANerbekesetfi BASPRATEALLENGPECBE2E- squar e,

rectanglg, p?éé@ﬁ@ PﬁvgﬂﬁionPﬁfggrﬁpéYeEQEly provides a
cross-section of the tubes is essentially Circular.

TheubteSehulanveﬁpaOﬂtabsodpveterabmyrpsovgdes a

mul titub ation_device co |s ng

SubstantParTyoRr LT cAPT S at ohaFRoLoasadrvessdl,

pl ural ptyrefitubes habesghavpﬁ@ogSpw@bhs RAELangedrhNged in
the vessel parallel to its central |ongitudinal axis.

of tifi EASERE DpperlehdsCottEhechtibas aredifkednesd anis of

(PRRSChAERPLALE: 20l ok b0 cOUnL o 0oL ! e
t heubewetate and in fluid communication with a top fluid
chamber above the upper tube plate and of which the lower
ends are fixed to a lower tube plate and in fluid
communication with a bottom fluid chamber below the lower
tube plate,
- supply means for supplying a first fluid to the top
fluid chamber,
- an effluent outlet arranged in the bottom fluid
chamber,
- supply means for supplying a second fluid to the space
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, and a pressure
equilibrating means situated at any suitable position

within the separation unit.
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ends are fixed to a |ower tube plate and in fluid
communi cation with a bottom fluid chanber bel ow t he

wo omen741ade plate, - supply means for supplyi nBCEREPI00&070051

fluid to the top fluid chanber,g -— an effluent outl et
arranged in the bottomfluid chanber, - supply neans

for supplying a second fluid to the space between the

Laper DBy o fa e e oo by SeeBES T a: B The Biberct
surhaegr0bnt Bent vbesrandqgtheiMesgel swhlat@aPd dedhce in any
ef fluent outl et fron1suc% space between the outer

suPpREer ofnPtie tabesihndleheovesser marPosandyathe skilled
pr e n Jat e a S

P ERFHER. CRELrLPABLY 0 gPa08a PLELBL oot o A0No Uk LaRLE
unstguancoadingotopthel s3abj ect eanenthen tanthe separation
arran%ed in the seFaration device in an er. known

nan
t o’SHUf tabl ENFoF PR @tbanBgétByc?ﬂefgﬁi%F@HP &rson.

Pretgnahtyathe sepangbhonuphtsrare. arFanged an array of
sequentially or parallel to each other in the

sepafaenbhadéyvi esrafhedsepapastopnunnisscan fioed, any

exappl. e, be %89%68}1‘8'4 e%réﬁgggggénié‘” %‘%%S%abif such
an-array of sequentrially arrange sepa?a Fon“unfts is
usedmpanyapeessyre Lossraadehtbestosemsoderespectively
preferably conpensated by a internedi ate stream of

r eBhEEEF TPy RPYXPAFENLF EBNPBRAGALEIoFORRERRM Ry

Conpon@Hé-sJB?eéHbiEQén£f¥§n£i98 ﬁké@i@é@vfgﬁsafQép§ration
separation process conprising a gas separation process
wheretasa £ompticonponeatsi scsepatatedrferoasa fheedein a

strea cgngrggi a niéturetof onponent s b tdéffu_sion

of CLRECT Fr AP BBibonent PRFGLGH 5°por BusCRar tHEFe i nto

a sbnpansohgsweepkbgreosposenbonvhesebn Gherpressube the

at both sides of the porous partition is maintained

COﬁ?FﬁEOG@W?OQ?nt through a porous partition into a stream
of sweeping component, wherein the pressure at both sides
of the porous partition is maintained continuously at
essentially equal levels by equilibrating the pressure of
the fluid streams.

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.
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
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
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essentially equal |evels by equilibrating the pressure
of the fluid streans. By a gas separation process is

waeaenstiond that during this separati on procesBCHEP2006/070051

| east part of the first conponent, m xture of
conmponents and sweepi ng conponent is in the gaseous

state dgrb§§ t he segarat'on I ocess. Pr;ferabl& at
| e38E"BOS ok OFCERR" 1P st EBrpBhehE, Ofi xPUretoy Pressure,
coppesneat gi ands sMeephRguERNMPRBEPbrbSsi Pat et §38€0WBe

state, nore preferably at |east 80 %w, and even nore
prét éFaplgni AU hedr ARgeIRFORTOBTEH1Q00PTRESES A PRABCE

ggﬁ%?gégﬁéﬁ%ﬁgagbagfgﬁgﬁgﬁgbly all conponents are

a gaseous state during the separation
pr ocessitAoconposehhgwhd chei lsonodnay | ynynkihe &fquhdory,

state under anbient temperature (25 0C and pressure
(1tB%r§lg§HSb8?v860FPigglF6ttﬁ%méagéﬁﬁszéfaP%, the porous
f0§§¥ﬁﬂph§nbMukBﬁ§¢@§éngeﬁﬁﬂEﬁﬁéhubﬁo@éséoﬂﬁrtHnght to be
pressure, before diffusing through the porous

pabebefonn The dpffasied duthagrthecgasrsepapasiodiffusion.
pracess-i.s_hen pr.efer abl s, diffusi.o / t hout

o gResse ECDEDERIPReLPhaTLY, Smsodh i yshon, Lol co
di §f aseosnoé thethér shteoapoaentuthenugh thenpotonsonent
partition during the separatjion process is thought _to

beCBEBRHCONTPhe 80 Eal'PEE PFIREI pPERPBFCPEFct fBnarplained

di fiusi on. ydbhs frbet honal dibhyshon:i Babehieyedatocberate
due to a difference in the rate of diffusion of a one
coapodehfucoaparedlt voonedoichbyerathes ponpoaeptstifson
exp] ained also in -A:1, 496, 757, a_conpone havi ng

P or P B a R LN Sntvet P ibr S5 R §EpLys gh " Orhe
pofQuskpar tbhpoNehbanan venpenentdhayi tgecasskenerorat e

of diffusion. The quicker conmponent can be renoved by

t heWSEPearh 6PTBRBEPF ngr eBHpbhRAL 1N esGPPRAGLIANgCT sStch a

SeP?EQEi°Hu9£ké909?§p5£é§£’fEHﬁCEﬁé cORROReRL EoABbLBE:s.

remal ni hg conponen
In the above a quicker component is understood to be a

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 a first component that has
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
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
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In the above a quicker conponent is understood to be a
conponent having a higher binary diffusion coefficient

wo ogebhdes wi t h t he sweepi ng conponent than a SPOIEP2006/070051

conponent . By a sweeping conmpanent is understood a
conponent which is able to sweep away a first

coggonent that . has diff eg tgrougﬂ t he orous 1 b .
pal eV t1'8n? PPLARILBOARY conpohien Eﬁbﬁn FgSepes (1 Par) in
skihkedapgesenoho-peosubt abbe°EormbheSppUERPOSBlYy a sweeping

Preferably a conponent is used which is at |east
pafPIyogaskeolis Hﬁeﬂhéwﬁéﬁﬁ@gaﬁgmﬁoaﬁ@tphégéugeaabolllng

pr%§9n£g§t539ﬁ5 h8918r§98§§u£§ ??rﬁégg mﬁfcﬁ&?ggnge from

erabl'y a sweepi ng conponen u
neatDy ctonpbet ély, Eaadppeef ef abbypoonaptet ehytgaseons used
at the tenPerature and reszure at which the

separ AV FOR PP ote¥BOPS EarPreddoutaTRBP Pragkidar carbon

puppeseset heyhpygahi ona Ay, fbgggsﬂtlbegegarﬁhggogen—
whi [ st using a sweepi ng conponenthaV|ng a ling

pofantatinangosphepicdpr esskipectl bakynea, thékaaﬁgé,

frgg%mgg cko ?QQ Qgé More preferably a sweeping
conponen Ps sed SWeepi ng conmponent having a boiling

poi nt EheamﬂﬁﬁphéraﬁdptEéSQWéeﬁin@&tbmpﬁnéhe fadgeeparated
from-200 to 200 0OC ngles of co onents that can
besz@dpagogﬁegﬁFﬁ@té%ﬁpoﬁ ﬁ?ugﬁcWﬁa cBF%oﬁlﬁﬁﬁoiP@@OUent

capbep dioxkdey hydrQoepy cvat gf o 9ﬁ¥g§9re9%'g§ssweeplng
ni t rogencont ai ni ng conpounds, al kanes, al kenes,

aIkampbsenaroﬁhE|c381ﬁengﬁeslméhefntkeusweapdngheomponent

SWeepLn rrpone t _are_.separated I OUsS . .
e R P R e R ek Fen PRRoER e 18 b BheREraF PRGBS R
ff@Hhth@r91Wl@éEyLnFQIthaétﬁeém1pﬁr@@@@@iﬁEe invention may
conponent. The residence tine of the sweeping

cofpBABAR L AKdPBr CRREIATIXPUF eV Bt NEoAPBABHESIFA thBS for

SeB@é@ﬁhH?hHBhﬁoﬁ@HtVQBM/&&d§h¥ mE%Fy %38%'88hponents in

pur poses e I hvention may freque e carried out
usthg aepesatdénceutibeifiothe 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
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 stationary, similar
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 fregquently be
carried out at a diffusion flux of the first component

through the porous partition in the range from 0.03 to
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sweepi ng conponent and/or the m xture of conponents in

the separation unit in the range froml1l mnute to 5
whonr/074eef erably a residence tinme is used i n PCIEEPANEET0051

fromO0.5 to 1.5 hours. The veljacity of the sweeping

conmponent used in the process of the invention nmay

vary widely. For practical purposes the |nvent|on may

fré uéﬁ(m%/béuéarpréﬁeé@blﬁtlﬁ vepoeppgeofreRel.1 to

sweepi n nponent in the range from1l to 10, 000

ne%%r%g Eu?hobFeP@?aﬁPye Hf?ﬁ%f?%héelﬁrBﬁ?sfﬁagéoééom 0.5

ogr ag? nore preferably in the range from 10
to io ne?er ﬁour If not stationary, simlar

Ve|OCIFbESpE@Btbﬁaysﬁdr§©£e§h@h@1ZﬁUéﬁt@&nCﬁﬂpOﬂE@§§ently
The flux of the diffusion of the first conE
t hPeughrthedperbulYparPYiba EaAMvAPYTGi 4@ yowFo@f the

practLeal pULposes %?geH”MS” h@”t$§¥%25§8H§9t5¥ Perst

carried out  at a diffusion flux o I rst conponent
t hcoughnehe poesestpanttheomlknutheofangepbnent@ 0Ben

t o030 k referabl in the range fromO

o Rar BB Pe L aaBEr B B P Beb e FEPRet barBL Rk P ot
0-5oh@oﬂe§tgg/MﬁﬁgrprEQéIQBﬂyth@aheQHEDQQG%WEheand more
invention may frequently be carried out by renoving

frereioreblyoatomeast PheVirsf EomrponeAtPOBaBEdPHASENt in
th@hé°ﬁ§&;é9@“?£ QEmeé tf£8ﬂp998”ﬁlQE8§8”Bf'QOﬁgﬁnents

m xture of conponents en starting the separati
prdcessg thenstheratxvurerotessnpbnent sordbpeeferably in

preferably at |ea 30 ¢ and referab

PeB6E 887w Loy PstOcolpontht Opr SLERE PPN HExt BRged on
i sthenpyed1f apBuhhech xtuse @Bm@@ﬁ@@ﬂefkésQHflﬂﬁ the
separation process. Even nore preferab in the range

f ropk7oreocf00ompnentfi vesenconpbhent, thasedrenathen
ofﬁétcéggung Omﬁ&b58§a ?Bﬁoﬁﬁgt P&%ﬁ%@tok”csﬂsoﬂéé£g 8uring

conponén en s e Separati
the separation process. Especially when removing a high

percentage, e.g. in the range from 70 to 100 %$wt, 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
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.
Possibly such other co-diffused components can be removed
via a bleed stream in such a subsequent preparation
process.

The first component can be separated from a
stationary mixture by diffusion through a porous

partition into a stream of sweeping component.
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process, is renoved fromthe m xture of conponents
during the separation process. Especially when

WO 20000741¢6 a hi gh percentage, e.g. in the rangePdT/BP208€070051

to 100 %, of first conponentyfromthe m xture of
conmponents, other conponents night also diffuse from

th n1xtug§ of congonents into the stream of . smeeg
CORBONEHE > ¥nehOSTER" of fieP “EORBONGRT B Co2ar f f nsbethey
caphbeck gnmevedri psancafdgbhénnal si peeraBdLat ershel stream of
before entering the preparation process; or,

alﬁemhétPV@lyf SOBRODEREP @6dpﬂeuéé@ec@ﬁp@n@ﬁf@uéan

re d t t p n
A S R A
prépavaki snrpancessswlessngl yospcheothen tbedoﬁfused

onents can be renoved via a bleed streamin such a
suEEEaﬁéE? BigﬁaPStF % BPoeBEsPaFhetfPrst SEbhpongRparation

_?r@§e§§pﬁ5@5§dbér@Hk@lé&aétgnébycﬂkféHE?yPYCounter—
i ffusion through a porous partition into a stream of

sweepragtépnponenesPreferablyy - hBueverabayseparaveon such a

Proces oL PoHSEl Hher PLNCLDE; BLT Sh COMPPOENE L g o ctream
separate a stream of a n1x ure of components
onefstHe afxauperodscpapbhethon, ahy diéfushmnofhemugblng
such por ous partltlon into a stream Of sweepl n

coRPBRENE N bn it AB DA tHE"bPPOSPEESRIHE oF FﬁEPEBEoﬂg each

PapthtionThSUEByarsepanabl O PLEOLESSHA ghlrPeycalti ed
out co-currently, countercurrently or cross-currently.

Pre@etabhyuShmmeveml sathhaoseparabionspr oEessergbly the

carrle avn ast emxt re of
AW P T A T A T S G
counteTh@Uf[@wtbylbalt@3@§0th@fs@ﬁ@@mobhegweab@ng component
separatl on process can be carried out conti nuously
SefifObEEEH B ABAY chEWF sBI2PF&fef aBRyPPReS sBpar abVBRtion may

Pr@f@&éeh§19abé'SQrPH&dC8HE'HE9H§'¥ flow velocity for the

stream of sweeping component in the range from 0.01 to
300 kmol/hour, more preferably in the range from 0.1 to
100 kmol/hour. The flow velocity of any flow of mixture
of components (if not stationary) can also vary widely.
For practical purposes the invention may frequently be
carried out using a flow velocity for the stream of
sweeping component in the range from 0.01 to

300 kmol/hour, more preferably in the range from 0.1 to
100 kmol/hour.

The temperature applied during the separation process
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 is the same to the temperature in the
preparation process. For practical purposes the invention

may frequently be carried out using a temperature in the
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The flow velocity of the stream of sweepi ng conponent
can vary wdely. For practical purposes the invention

woren7hrdeaent |y be carried out using a fl ow veP@DEP2006/070051

for the stream of sweepi ng conponent in the range from
0.01 to 300 knol/hour, nore preferably in the range

f 0.1t 100 k h . The fl | it f
g rr TP er ot Shbmetnentete SNy SuoEbt Y rabaf rgm o to
al sgovacyambidabye FoErprasticah @Hép9§ﬁ?etb@ohnysntbon

nag frequently be carried out using a flow velocity
f o 0P heCstream of sweepi ng conmponent in the range from

0.01t 0 I f ly.i h
from 0- 115" 100 knol TRBUF - The’t Sebor A r bt apsf fogEesty
dusuing bthprseparat isncposesssheanaVar yompdekyts are

Preferably. such a temperature i s _chosen that al
coﬁﬁ@ﬂgﬁFélﬁr%aE%ﬂBFe BF%nﬁaEE%uglagPFh@ntBEOB?FFUSMSHe

processraipyecpeehbeeablyet bg Eﬁ@p§éﬁ595§ibﬂ bh8cess is the
separation process is the same to the tenperature in

t heapeepar AR oRrpEOBESSinFoReppaephtal i por posesssheror

i nyention fr n b ried out .usin
t onEar Pl IR P RANE LR, PE ERE T LA LBy Y e Dty Jkr,
i nctheieangetfuem@ btop2&OsGrandnnone peaeferabby 0001 to
the range from 15_to 200 OC . The pressures applied

nmag00abgrwi(tekyl 0Preber @bl y s0ehPa) pressteeabsychosehe
that _all .c onepts_are_conpl et e seous _during the
i Tradron By beest Balt orirorednly PR oSrEathFeOt Pifgess
sepahabeOBaproe@ssutsathetsapphtoithelpaessyre.&n the

preparation process. For practical purposes the
i nYeRtPon Ray) fPEQEERTPY be carried out using a

D Sss By SO om0, ek 200-000. (o1 2000, e

Forrexanpkedf héesepacabiven phecessovanpbetctalonedsout

atmgggggggg&igs(%mgﬁg]ésipgésible, e.g. in the range of
0.0001 to 0.1 bar, provided that separation by diffusion
prevails over any separation due to mass motion because
of large pressure differences. The pressure difference
preferably is in the range of from 0.0001 to 0.01 bar,
more preferably in the range of 0.0001 to 0.001 bar, yet
more preferably in the range 0.0001 to 0.0001 bar, and
most preferably in the range of from 0.0001 to
0.0005 bar. Hence, the pressure on both sides of the
porous partition is considered nearly equal or
essentially equal.

In a further preferred embodiment the separation

process is 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

to 10,000 separation units per separation device.



1. 01325 bar) pressure. Independently fromthe overal

pressures applied, the pressure difference over the
w@erensipartition is maintained as small as poBSI/BPB®)6/070051

e.g. in the range of 0.0001 t®/0.1 bar, provided that

separation by diffusion prevails over any separation

due to_mass. notion because of |ar ssure

i 11 er BRGeRL TR BressarordrFHEbenehpr &f of abl JrPEeFapLy at

t heckangeootwir om 00008 sE6ub. Otabar, mppEeppeetessblyat

in the range of 0.0001 to 0.001 bar, yet nore

préterabBy Fritt henfapgenomnooelrreferabdy barthangapest from

preferab i n_the g 0 0 . 5 ;

e R

pactimpiencig censodetedehgasbhycequal or essentially

equal . In ,a further preferred enbodi nent th
separa%i%hXbPB%egg ?gmﬁﬁ???Eﬂ out ﬂfaeé%%ﬁf%tP%nsupplled

devhcengo8pLESI NgsaqauLhEptenet separathonsyghbESpetween the
preferably in the range from2 to 100,000, nore
prefieeabbyriacehefr ahgettbem 400 tbe10n000 sepapaei oh the
unj r ar at i,o ey Th [ ui are, e .
R ST SR S e s e
gasespscsiatey tbheespaeteprablhiyent theastit80 Ywmkrfaasdof the

even nore preferably in the range from90 to 100 % .
NbEPb%Fe?QQaBF? tReSF| Brasaare” eBPPyvﬁéﬁ%FeW%F§ BF the
coppheteky-gasepys. +Ap,ALxture of conponents can for
exanpl e be supplied 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
sweepi ng 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 space inside the
tubes.CL Al MS 1 . A separation apparatus
conpri si ng:
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- a first chanber; - a second chanber, separated from
the first chanber by a porous partition; - a first
WO moeh 74106 conveyi ng a m xture of conponents tBCT/AR2006/070051
first chanber; - a first outletz for discharging the
remai nder of the m xture of conponents after at |east
part of the first conponent has been renoved fromthe
first chanber; - a second inlet for conveying a
sweepi ng conmponent into thersgcond ghanber; - a second
outlet for discharging a m xture of sweepi ng conponent
and diffused first conponent fromthe second chanber
and - quj L i LN i onnecting and
negfat%ngéggiaég%gt%%ﬁéfég%éaggﬂ§ﬁ£§§%§bnd chanmber. 2
Anaappasat usambeording to claim1l , wherein the
porous partition js a porous rtition suitable for a
sepafaf FoR By CFTeET on FPﬂF?Fggi%ﬁ9m3th An'Bppafatiigsr by a
acg@rdihRgptecctabml or claim2 , wherein the pressure
equi librating device is part of a valve chanber in
which thestitsieandosecondeghasber mpktuhe appapaposedfts to
t he i nyention are associated with the two outl et
coﬁ%%i%%r%#ecg%gﬁéféd. 4 . An apparatus according to
any eneiefttcbathetlfbe 3iscnhegehy the temsinasd of the
second chanber conprise the pressure equilibrating .
deVi EBUhPt Af n"CPRBORRRRBeRrSTe5 atAhSappaPatisCactbrdfngsSt
t Oc8RYoRBRLOhatl BLEE lehOvéa, t¥BRT LA ENESPr ERSHPEY;
equi librating device is incorporated into the porous
part &t penpBsd. iAheapparatasvagtcogdangveeprany oaepohent into
clgkns 1 tod5 mgerein the pressure equilibrating
deViteSFE R el FEPFECt i ng pressure and flow regul ating
devi gesecond outlet for discharging a mixture of sweeping

component and diffused first component from the second
chamber; and

- a pressure equilibrating device connecting and
mediating between the first and the second chamber.

2. An apparatus according to claim 1, wherein the porous
partition is a porous partition suitable for a separation
by frictional diffusion.
3. An apparatus according to claim 1 or claim 2, wherein
the pressure equilibrating device is part of a valve
chamber in which the first and second chamber of the
apparatus of the invention that are associated with the
two outlet conduits are situated.

4. An apparatus according to any one of claims 1 to 3,
wherein the first and second chamber comprise the
pressure equilibrating device within the chambers.

5. An apparatus according to any one of claims 1 to 4,
wherein the pressure equilibrating device is incorporated

into the porous partition.
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7 . An apparatus according to any one of clains 1 to 6
, Wherein the pressure equilibrating device conprises

wa@2avapticegm 8 . An apparatus accordi ng to angCDEBR200§/070051

claims 1 to 7 , conprising :- -p@an outer tube; - an
i nner tube, which inner tube has a porous wall, and
whi.ch inner tube is arranged within the ogte t ube
SuEh t Pt SBPPF P 515 spACRL Moy BReREYWPERI REt R iAo £O 5

t uppeaBdnacsecphdsspacechsipiBsgnt nhetweenct he guter -
surface of the inner tube and the i nner surface of the

outléreetibay Praspirst anfl &L ovoregvhveynagdeVufe-int o

the fijgst N j utle 0 i sgh [

e BOLPRRE R o LbELR9 L elglohod, SPLREALR0 1 <o o,
coneyehg thai drentorthegaétohdaspagedeande- canpetond a
outl et for discharging fluid fromthe second space . 9

LABPFPPUbul ar separation device conprising: - a

SUQsta§5I§b$xra§ﬁglg@&bydﬁﬁgeaglgﬁyvs§§ebf cl@ims 1 to 7,
plurality of tubes having a porous wall, arranged in

t heoypsselinparal lel to its central |ongitudinal axis
of_mghcg %Q; gggg[ ends of the tubes are fixed to an

upper t ube plate and in fluid communication with a top

fl uwi dnchanber tabeyewhhenuppeert yhpephateaapdrotiswhbth, and
the |l ower ends are fixed to a |ower tube plate and in

f 1 HPdCBomrORE cAatPBni @i BRrane8tt BArPLDI 8nehanbeF bePBw such

theplpwer <t ybe phate, i ?HQEEMt”ﬁ@@ﬁiBOEhéUEHh¥E”9uEe and a
first flurd to the top ftuid champer,- an effluent
outketndr ppagedibnprheehot behveeni dhehanber, surface of the
inner tube and the inner surface of the outer tube;
- a first inlet for conveying fluid into the first space;
- a first outlet for discharging fluid from the first
space;
- a second inlet for conveying fluid into the second
space; and
- a second outlet for discharging fluid from the second
space.
9. A multitubular separation device comprising:
- a substantially vertically extending vessel,
- a plurality of tubes having a porous wall, arranged in
the vessel parallel to its central longitudinal axis of
which the upper ends of the tubes are fixed to an upper
tube plate and in fluid communication with a top fluid
chamber above the upper tube plate and of which the lower
ends are fixed to a lower tube plate and in fluid
communication with a bottom fluid chamber below the lower
tube plate,
- supply means for supplying a first fluid to the top

fluid chamber,



- supply nmeans for supplying a second fluid to the

space between the upper tube plate, the | ower tube
w@b@vme74ithe outer surface of the tubes and t hePeBEB®DG6/070051

wal |, - an effluent outlet fragmsuch space between the

outer surface of the tubes and the vessel wall, and -

lib t
St SR EE L SRt oR TR bl AP RAISEphP ar PonPRRFEY Shuid
sepa@bbeN process conprising a gas separation process

wherein a first conponent is separated froma feed
st re@nPeoiprEanfgtarnFenteing eonpoenedt S1Byddief tsfofprace

Ofb%gﬁeéhr eCBEEQPeEEbEh 989 MEQrQH%ePaEEbé'gﬂatgtothe

ream o I'ng conponen eérern the pressure
at oboth sudéscefofhéhpptohﬁspanﬁithenve3sam|nhalned

cogtlnuoggbﬁ at eSantlgll equal Ievelbb¥

equi PRbFAE I RGN EhE bl 85shF 8MoF Ut ReSPRGF dPSE VBB By outer

nmeapnsrofeacpr easurgpequbhibrati pgsdeyi gg1eongggted to

and nedi ati ng between both sides of the porous

part 8t poassure equilibrating means situated at any suitable
position within the separation unit.
10. A separation process comprising a gas separation
process wherein a first component is separated from a
feed stream comprising a mixture of components by
diffusion of the first component through a porous
partition into a stream of sweeping component, wherein
the pressure at both sides of the porous partition is
maintained continuously at essentially equal level by
equilibrating the pressure of the fluid streams by means

of a pressure equilibrating device connected to and

mediating between both sides of the porous partition.



