; 83ecTQLLM CdOP6QTTQ}) 2 5 APR 2003 THERMOVEMBRANE METHOD AND DEVI CE Thi s
| nvention pertains to a nethod to separate fluid m xtures consisti r&;}jqualfma
| east two conponents, the fluid mxture being separated through contact
with a selectively adsorbing nmenbrane in conjunction with a porous
transport matrix utilizing basic kinetic concentration eff
conbi nation with thermal desorption of the sorbates. Furt ,m’ Mumm’m u
invention pertains to a device to separate a fluid mxture copgjsting of at
| east two corrponents conprising a carbon nmenbrane adjacent to. or on one
surface oNOa0Bd2AB00r ansport matrix, the nenbrane bei ng Pl AERAB /108 66 9
first operating zone and anot her surface of the transport matrix, which
surface is spatially rem)ved fromthe merrbrane bel ng arranged adj acent to
a second operating zone BEHERM MBRENE: METHODeAND HREVICFace and/ or a
part of the transport ITB.tI’IX V\:hl ch is adjacent to t he second operating
zone. This invention also pertains to the use of the abovenenti oned net hod
or of theI‘lstsciifriVEﬂhtliauhC@thxainan tiol & uedthiod | ol BEemEragef W iw air,
to concentrate_a co onen:‘,r from %gﬁls gaiefﬁ, in Bal‘tl cul ar hydrogen
and/ or td"¥8parste cé psiy ens%p% itorr ©F S i PpoRen ko tthe rfluid

corrponentrslxtepresésrésng \s@;tpazsaﬁedf itardughelcbrifat echidlooy HOBAively
econoni ¢ %{1 WE i,nt . IF‘gxtends fromthe extraction of individual corrponents
of the nmidETIPECLRG HE? haPEst 1R oFRRTUNCE1ons WiHEN 280 P PYSt K& JHHRREE] on

of produaiatikkunasi That agnibgs ic! dsie ©De e@ﬂmeefatrio@pnée%e@sedlﬁ orm
relative tojts contentsgbln the initial mxtuyre. Typical operational areas

i ncl ude tHIPLRETHAP VR TRapo HeSOFRELER Rkt tHe oS eyhAsesr-bons
and/ or hydr ogen from appropriate m xtures, for exanple follow ng crack

processesrhg rectisorpti og .processes”) but alsg the separation of permanent
gases frdiHnEREFEC S ur EBLSorinveREieR Rebteisss teushdeviae separepavn

of oXxygera @ da NIFIANIIE Nmi keMrd I cBh stk 118§ 0¥ET 'a t0f 1 8%40a857 f £Q onents
ammoni a/ hydr egen,m xtures during the Haber-Bosch process or in ofher

t echni calSPrRELEdngaesCandome|menbrang 2@l Agesit Hae mpul orpoonat iswy face

even t oXidf CONPORIUS f:f@.ﬁ‘s%idr@rmﬁ‘ﬂ:trfllﬁw PHellfeSANhEE S lad dual
conmponents be separat ed fromconplex fluid mxtures. In recen ye rs such

cl eani ng 5 Refdes hrrebatdmg i ﬁ@néas?fl’f%l oL i %’amfacsajcdnf athen the
cl eani ng tfadiodt! ndt+DAYUSWH Bh pee@faé@nlfsacg;faéia t%{}ePhq:' om
| n

super-cl ean roons of the sem -conductor_industry,” or a i ng of
purified thehi manbxeneg nt bei hg |¢P€§¢ln9‘ﬁdofafﬂrfwgen\¢emm es second operat-

ing zone as well as devices to heat the surface and/or a

part of the transport matrix which is adjacent to the
second operating zone.

This invention also pertains to the use of the above-
mentioned method or of the specified device to clean pol-
luted inflowing or outflowing air, to concentrate a compo-

nent from process gases, in particular hydrogen and/or to
separate air. ' '

The separation of fluid mixtures into their components
represents a very significant field of technology from an
economic viewpoint. It extends from the extraction of

individual components of the mixture in their purest forms

M
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The 'separation of -gas and gas/vapour mixtures as well as the separation of
i ndi vi dual conponents from such nmixtures is usually done technicald5 Apg 2003
t hrough adsorption or recently, in conjunction with the devel opnent of

sel ective menbranes, al so using perneation processes. Adsorption utilizes
the capacity of porous solids with large surfaces, such as activated
charcoal, silica gel, and alumniumsilicates, to concentrate gases and
vapour s 2 5 APR 2003 3 contained in snall, concentrations in gas m xtures
and, therefore, to separate themfromthe m xture. Essentially, all known
adsorption_processes consist of two operating steps: adsorption and

desor pt i ont9Bdt pPB@é&ﬁ%%%%nogeﬂﬁﬂ 1l X ErsesnCaifousnyng teh least
st ati onary oads ydi@pbnkarerin aggneett riieds! ¥ dr | heedAHIREE CHES %{Es PLQKESS-
Adsorption usually takes place at the | owest tenperatures possible bécause
hi gh t enpef&ftrtest? efhiGe kbt dadorpiroareapRRicel woRerakbopeilormageast .
As a rule, jdegrqy i t ghRs e } t re I e

| oaded adsornpti (ﬁlé aglgﬁt S f%ﬁg 8? ték}ggggégr be %‘gggr’b}t@ét %%F%%@lon ©

t hrough t hBYPHas@arlopnsf ansheer hbydawaekrafir ofr eapprepsviialge at€ ot i @,
(PSA) was eTalcla S PRy erqpnept g§%§% thi SS,,.
adsorption?ggﬁce aga%% usindﬁgg??vated chgrcoa. ?%Qpérfﬁ%uéggsrﬁ§%ﬁﬂried
out from tREOFEAEL" ht bhitgta s es teesseppaup tiioral obs pelfndaenbecaiises at
such hi gh S 1 e i il i int. is_adsorbed
better thaﬁktgﬁle%ag:}%\ng?hgﬁle %ﬁeégbo%%&giggﬁnéﬂ%\cgrggésw %%ﬁ r &5 o‘f{lefor
exanpl e of shparedgarprandfcaxdymemoand deltvogeh Hdsogad rarsk nehbanecsrarbe

achi eved. e t el egen € j t he more_strongly adsorbed gas
conponent sggr gggesé#) ed,f%%f/t{ rrea”§B§%/(ak¥&e%§€?floﬁmi’ﬁt‘ﬁ¥8§sLﬁﬂ&iﬂgp% | el
flow and siidbegudatsch nprogesis hotodmpresiere taglnPeal Wrddéss gases.

di sconti nuous process, part of the pure gas extracted nust be re-used for
regeneration. PSA fluid separation is enployed on an industrial scale but

is too inphacwieddhl ethascledniasgnof énomeful , enldhutfay mNyeGaACigsall

applicatio P-R 2003 4 The so-called "BE process" was devel oped
sggci fi cal?@m?gnégngﬁa 2o0xvdén @hd® %t SYERRITRAE o BEHLL SR | FR3Es Jtr%el‘

smal | di ffeidnad icompaeehetwdsn sepaegaedndroxyssmphesh f1akes gfifect
when adsorpt J i §.C Led.o using.such finel.y-pored adsorbents that the
pore size tlgéflg%tﬁél f%%%%gct)f g%ef%f%rgﬁc ICL’BPQ& ArPTPERECES DRVEenReqIat
the differioncreanimgllocus bgniifiesartas sugteais efiheathoncl bardifd usEorhe
velocity in the_adsoybent. Lt has.been found,.for ,exanple, that the
veIocitywé&%r%?n%%é%ﬁ%ﬁlﬁh1ﬂﬁ9%ﬂ§gFﬁﬁ %*ibgﬁﬁﬁrf?oﬁraﬁn the

oxygen/ ni tsugmen- ol sbw erosmeaoiFonc el eewliafcShaues od tingake i angi-eng 4
the 0.5 nm 1o g.? ng%#aqge i.S _t he, o-aall d. surfage djffusion, which,
depends ort ™t he RofEaTH T sPLe PiH £+ Rdpamb isemar 21dh IMeCeltdd rontagasmt v.
Despi te siaf lmsteguintabi¢akl, oadings for nitrogen and oxygen, oxygen is

adsor bed much nore quickly. Accordingly, a discontinuous process has been
proposed which is simlar to the PSA process and in which air is passed

through arhedsseparathargeds wotls amdvaaed wabuiomiklees B ivsh under
i ght exc%ﬁ%rgééa%% 1Jﬁr§£ &g%ividual components from such mixtures

is usually done technically through adsorption or recent-
ly, in conjunction with the development of selective mem-

branes, also using permeation processes.
Adsorption utilizes the capacity of porous solids with

large surfaces, such as activated charcoal, silica gel,

and aluminium silicates, to concentrate gases and vapours



oxygen is adsorbed. The rel evant oxygen-|oaded adsorber is then evgcuated
in order to draw off the oxygen. Wiere two adsorbers in parallel c 4ERi2m
are used, one of which is always | oading and the other unloading, a

guasi - cont i nuous process can be carried out that delivers an oxygen-rich
gas contai ning approximately 50 to 55% oxygen. If part of the desorbed rich
gas is fed back to rinse the relevant parallel operating adsorber, an
oxygen concentration of up to about 80% by3 vol une can be achi eved. 2 5
APR 2003 5 German patent DE 36 18 426 as well as EP 606 306 of

Ber gwer ks yweyadh GabH  MAkng @&9&%&%&1%&% ‘igsigéé’e EE‘&&“QQ“%H on of
carbon nolecul ar sieves such as are used in the PSAor B processes t'o
extract nitheRicrfomtd rseparate them dhremntshey mixpueieal |y finel y- pored
activated charcoal granulates with apparent densities greater than 500 g/1
are used .in these Erocesses. The nenbrane separation process based on the
basi ¢ opeE@semt be1par meat 1 okniowranadserpiei dndpro cspseat e cyasiest aod  twc

gas/ vapour | ntrate.individual c nents or to
depar e PRATHHER ErdirtnAoeRPEaa, Tk aPBO R Shal B o AEaBRSS e
sel ect i vekyropee atiany insdrboate sl Bs eontdahuious biys wirthod the isgparat € conpl ex
gas or gas/yapqur mxtures. Ln.additjion to de-to-measure synthetic

pol yners, & e#kﬁ%E?é%???ﬁ £ r?ﬁﬂ#?@&qqéi% ﬁﬁmﬁg%ego Teraget
anong ot heroceswr gadisonmt bohalssudl ke perkes glase Gt gkass erastc,
graphite, _graphite oxide, and,sim/lar materials. It has al so been_proposed
t hat oxyg&%—"ﬁpﬁa&’;’@?E’ %o%%fgiﬁedo%ﬁaﬁﬁ%s}“cﬁhaFP“E?fp‘é‘?"éPF&ﬁ FENERBr &hEs.
A signi fi edstoyptobbrmcerddr i tiys ofs the adfst dbhe avdnie aperati@hel n
conparison to |liquid phase applications. US patent specification 4,349, 356
descri besggsr?éi%gﬁoflo%@g?ﬁ:%ng&a‘?@ aafcoﬁ‘fygh!@'}? FPURST T &F x Blr VRRCRotHEs
gl ass menpadks] | adscewtdant cayiet the giicwd pbe ehknydserbdd fagigppa\Wd h
this nethggﬁ%h%ggfs qgglué;is fed, to the nmenbrane in the formof a pul se
and the p R YasbTough sthsr ppacslore hicFHRRiberted Siwamic tine
intervals. The enrichnment factor is both tinme and pore size dependent, the
notive force once again being the pressure difference.. Adsorption processes

pl ay no r BFESSI R eSWENRo PURERTIQN | APBS)4 wa® dsweloped to separate

permanent gases. In this process, adsorption, once again
using activated charcoal in particular, is carried out
from the mixture at high pressures of up to almost 10 bar
because at such high pressures the gas with the higher
boiling point is adsorbed better than the gas with the
lower boiling point. A precise separation, for example'of
hydrogen and carbon monoxide, or of hydrogen and methane,
can be achieved. The adsorbent is regenerated, i.e. the
more strongly adsorbed gas components are desorbed, by
means of a reduction in pressure in parallel flow and
subsequent rinsing with low-pressure pure gas. In this
discontinuous process, part of the pure gas extracted must
be re-used for regeneration. PSA fluid separation is '
employed on an industrial scale but is too impracticable,
as well as not economic enough, for many conceivable

applications.



Separation processes using a conbination of adsorption and merbr ane%5 APR 2003
separation nechani sns are also known in the prior art. A continuously
operating gas separation process at nenbranes is described in EP 428 052
for exanple. In this nethod a sem -perneabl e conposite nenbrane i s used

whi ch consists of a thin porous substrate covered with a porous adsorption
material. The basic function of the porous substrate is to guarantee a
mechani cal carrier and a defined pore sizg for the porous nmenbrane
precipitated on it. The gas separation process described in EP 428 052 is
based essentially on the pressure difference applied, i.e. on the fact that
the fluid mxtures is pressed on the nenbrane under high pressure, parts of
the flui dryd xgyrealcie® agsohescaskectvael deve Idpedorpesi i £i criiyans and
reaching.the other side as a yesult of surface flow where t| are
smﬂione@%ﬂ#r?ﬁeaq%Xﬂ?%laﬂiﬁﬂhFSPQﬁ%orEE&%JRQR@ﬁsﬁ H&iﬁg?ﬁﬁiqbqhe
pressur e.gnfde1 Can s r ShiBst Hat es iiges buiwaebheeli tihegenpaocesseggehnt wisich
inert. A lowthickness of the conposi,te ngnbrane,, | ess than 20 dun, .is
essent i altakest RS gstocuben @%OFRSP%n%ﬁbFéFIH&‘SUQEt US ENAPRUSHY 7

ot her wi ser {161 peppRald odq¥ek et £scabtt henadperkeds toaparents ahe tremhmdeow.
An essential di sadvantage of this process of the prior art is that the

concent r &f obhef cgpieel eslwmicdiegeles @iametpr -t fldeSbrb RRIRE hlifer,
conmpoundgy W £ 0,-8hg bO | }hBY RRITHS, shides Xiheng, fEehthalrgnac S6R, thieS04,

etc. ) reduce the selectivities considerably. For exanple, the fluid

m xtur es diskfusiion beelocital Iinfrbe edsprbenbecatisehast drewrchiphiesthe
adsor pt i g7 1 Les, @R £ A8 LTI A08Y.0d LLYCARE SLANRI Ho! Be P! £ k¥id y and
permeabi I'iTy of "sdch systens. In order to renove the water, pressure

gr adi ent adsatphiendedf noxyigerhi fhem @&l exaFgeMNrebsedeR IhHeXEBLLs®TObf t he

process MAl,Ge ARMAAPPL:! BV L2 EPTDYEL! bE AfooePed 1Rl Ghe BUlBStaRCES

with hig I'ng points vir tu y cann e renoved at roomtenperature
and poi saro t Be7 membramegeudeestheeisp-Thl sedestuy fagey iy Hreheny Whd i ea

of applicgati f n | 4 o] sghgbed A . r
exanpl e, (%;aé%)ﬁgg \%’Hg%’ﬁé g'?luépﬁ%git%%%}%ﬁr&%étqbr%an}aggg?f%gll%zﬁbvgﬁv&heer in
di scont i relbaist poncedmesitwhi Despiteusdinihar gopsi bikrinmcolwadisgs for

enbr aned®t of RERGe i BANSRTgedx VR0 e AERCIRA niOH 2SRRIV ©

patent, thecoedbnaiy sepaditiconpinuess desocebed has EPes28 WEepPsedsed in

i sadvantiiieh of sl RRE o S kb B s JFFSRes)" Al 215031 A Cai £NE 2D0VE
passed through an adsorber charged with activated coke for
a short period under light excess pressure. First the
oxygen is adsorbed. The relevant oxygen-loaded adsorber is
then evacuated in order to draw off the oxygen. Where two
adsorbers in parallel connection are used, one of which is
‘always loading and the other unloading, a quasi-continuous
process can be carried out that delivers an oxygen-rich
gas containing approximately 50 to 55% oxygen. If part of
the desorbed rich gas is fed back to rinse the relevant

parallel operating adsorber, an oxygen concentration of up

to about 80% by volume can be achieved.



8 US patent specification 5,649,996 describes a process to separat e%gaw 003
usi ng nol ecul ar sieve nenbranes (MSM made of activated charcoal fibres. %
order to achieve the required selectivity and the higher separating

shar pness, this process nust be carried out at cryogeni c tenperatures of
bel ow - 20C. However, at such | ow tenperatures, a nuch | arger pressure
gradi ent nust be applied to the nenbrane in order to desorb the perneate.
This restricts considerably both the applixability as well as the economc
efficiency of this process. In addition, the gases are also precleaned in
this proc i 4y, O I e fer u i [ boid 4 ng.-poi nts,
and ot her%?u%bﬂéétgngggevﬁ]?céﬂi ?’%% ??l%c%s% a"?%fge\sgosﬁ [)]E]gwggsf (r%od t‘%g

nenbr ane. B Pieekeverkandcemih Mé83 nanAdseciataison heLednudastuikeand
use of car i ' I ' nd._di stribution. They are
used for the s eggpll Zo%mezf)gr %ﬁ%}gng%f ﬁ%&%%é%%rgée%e%cai?g‘a&se ¥ Eh

mol ecul ar 1di aptee ePSATHer cBFb@r oeebseset arexpracitpinitedgen i fiesih ROKQUS

carriers. 4l hj ase, .100,. a pressure difference.is established by neans
of the rrer%é;aéne&.:ﬁllfj\er’t ﬁré%églr_ éi,erbﬁ%rg/yt \I\I(?—S(PO%JO?Iiﬁy %W%f¥§pé’lr@ s%ﬁt{&atec
separ at i ochgndoahi gnsstihbateoweiieh , appe meEnbr deess ideses i beddteStpatLent s
5, 649, 9965% 4,{38% 940 arﬁ not Sl_lil_i table in the main for the nethod of this
i nvent i on.> “Cordequeftl YIS eHer& i SRESGr PHOTRETSF0 make avail abl e menbrane
separation processes which overcone the prior-art disadvantages descri bed,
especially,wth respect to the selectivity of the_nenbranes renaining

unal tered)f‘lh I I%erf"%ﬁgnﬁerﬁ%ﬂarat%@ MPEOSEES PIsedddnt ilthe Rasissiaperal
and conti addusl yo £ npletaseagioned § cdneoheentnat B8danh PHELaGATRS FRKEsI t
absol ut.elg‘glecesszr% that the costs of the correspondi ng separation_
processes & (FYUCERFPORferBESFELS5h a8 cHEAtL RSt hE (CHRGRNERSTH Fedivid-

pressure geddicgtpphenessesr RY tssphabky PIRESUEEUI NEoRPpBERINES, £ AR
especi al | y di sadvant a%%(f)us for ,the conpressing and deconpressing of gases.

As wel |, BHED REFEPYSS - eBRELigdsss PREMSHOERss SGAELGh XY alys Gferating

i ndust ri amepbadittds ORrey Si€s8 ey tHiEs PHERIT Of of @rfidih t BeWRffkest NLQst he
producti on proce *zai s necessary and desirable both for econom c as well as
&E5on

ecol ogi caP*r BRUTIdpERENTSAS P f6H tien | Seedtafdar tandessuize i ng

costs of EhetiemicegoISpRins | ORL %&@é?ial@eféﬁc*&@ié%%ﬁu%}@d’%ﬁ@édcase
of the sel e%él ve deplagtl on, of _i ndividual, for exanple harnful, conponents

of a gas BEMGIINESpBaS Ini XRGLEICeqARRRIs I eX F on 1MVceRBES mdientalas
i nexpensi ¥&kas ossubl ¢ lass okeglldsst bernisc 2 %&%@hin@@,d b2 e

avai | abl e an i nexpensive separation process for the concentration or

depl et i onOBLIGas R SR Bpriediar W kBures. In the nost favourabl e case,
such a process should conbine the positive characteristics of traditional
adsorption nethods_wi th the special characteristics of nenbrane sep-
aration pfbcéeses2lpocbannirErPPsad ohasr axxgerepich gasassdlesctivity

wi t hout aoBestnidd emgi #RaTRAL b8l Iy a0EhaEaEROT Sh! Wik B REE . T a0 At on
of the nmenbrane or of the adsorbent being required. 2 5 APR 200
nificant problem with this is the unfavourable wvolume

operation in comparison to liquid phase applications.

US patent specification 4,349,356 describes a method to
concentrate a component from a gas mixture on porous glass
membranes in accordance with the principle of Knudsen
diffusion. With this method the gas mixture is fed to the

membrane in the form of a pulse and the permeated gases



-1 0 Against this background, an essential problemof the inventionis to
make avail abl e a process to separate m xtures of the type descri bed 28 APR 2003
Claim 1 that uses inexpensive nmeans to create a continuous or

guasi conti nuous process for the extraction or separation of at |east one
fluid conponent. The inventive process shall nmake possible a high
selectivity and yield of the separation or concentration with | ow energy
and construction costs. A further essentigal problemof the invention is the
provi sion of a device to separate fluid m xtures of the type described in
Claim 13 which allow the ove-nentio at i SS o, ' -
real i zed®Ffbritvet Ongh é’ségn??als%?%bfg% ?Bﬁéeah%\%exﬁﬁ)gﬁ'i gﬁ}t eegrgégthl on
of a devinegtwhigdtow tils dodthh tdegs eendf peffé cserey depentendppriohei at e

di nrensi ons, .allows one or nore conponents t.0 be_separated.f I oW ng or
out f | owi AG tdite of OF FEMPIOT 8T gt RS 1 ‘f}?%cggse-s?sgf]g% eglgifg%%éelgrégér e

sol ved byddamhpsacheidcds sesobl@yi nol rAdyahhagdoismebodi ndassrébeche

i nventive process_are d%%ined in the process subclains. The device-rel ated
pr obl ens 1&r @%o‘ﬂvéé%ﬁf’( e characteristics of Caim13. Advant ageous

enbodi ments of the inventive device are defined in the device subclains.

2 5 APR 2003 -11 The inventive process for the separatipn _aof a fluid
m xture EeRSAERYEhOPTACSLIE t‘-\ﬁt)’-ré%nﬁoﬁé?ﬁl%l{lét&é’ﬁpr?geﬁ ERBLPBI PR ng

steps: - caiaatd Ngephldte bh U dhan UsRsWidre aatavbdmoRnbrianechdi phr dicar
adj acent to the surface of a porous transport matrix (and preferably is
applied eaxtthe latter) at a first lower tenperature in a first operating
zone, in which case at |east one fluid conponent is adsorbed and at | east
one adsorbed conponent of the fluid m xture preferabl er neat es t hrough

t he nenbRamontihouaustiye epatatiliyd -gﬁéatﬁ%ﬁgaﬁ?-téoé‘urg‘égﬁe?ﬁatar%l &g st ant

fromthe nega P85 A tHe LDBNSPIT t £BR rdXahpla .Ssanonghiki gher
t enper at a’}%’%}éc ng%sﬁl:t ates the thermal desorption of <';1dsorbec§'1\/i @ﬁ% nent s

in a secowedthuptrat seqizaerngaidig i AGMROSHHR PRGNy 48 fe pect
to the athne{isétgnsfp%f fg/d Bent Hdora t Be codyraaewiWH ag epbioaiigh
the transport matrix to the sécond operating zone;
adsorption material. The basic function of the porous
substrate is to guarantee a mechanical carrier and a
defined pore size for the porous membrane precipitated on

it.

The gas separation process described in EP 428 052 is
based essentially on the pressure difference applied, i.e.
on the fact that the fluid mixtures is pressed on the
membrane under high pressure, parts of the fluid mixture
being adsorbed selectively on the composite membrane and
reaching the other side as a result of surface flow where
they are suctioned off in a partial vacuum or desorbed
through a reduction in the pressure. The carrier substrate
does not affect these processes, it is inert. A low thick-
ness of the composite membrane, less than 20 wum, is essen-
tial for this process to be implementable, because



-~ separate renoval of the fluid m xture depleted by the at |east one

per meat ed conponent fromthe first operating zone and of the fluid 2bXARR €003
enriched by the at | east one perneated conponent fromthe second operating
zone. The inventive device to separate a fluid m xture consisting of at

| east two conponents is conprised of a carbon nmenbrane adjacent to a
surface of a porous transport matrix, the nenbrane being adjacent to a

first operating zone of the matrix and anmother surface of the transport 2
5 APR 20p3 13 However, a |arge nunber of other porous adsorbents m ght be

used as transport matrix material , such as. al um ngsil, cat i
silica gé’ltgl%’?maﬁ? Il:l'tt‘rﬁjs?egf“@.atp]r%i Y& O[qfeg‘/lﬁﬁalpﬁt%légt ?S orlék%%o%??ﬁ&oi he
per meat e¢h FHEORLBt Tddrdogh the essentially identical nolecul ar novenent

mechani sm particularly through surface flow. In order to produce channels
for the renoval of the perneate/desorbate within the transport matrix,

subst anceg, iidHehewael 4i 8gdpReintsge§ 0Ff axel®| pravieds, ofanie prhedded-t
prior to conpression of the coal/pinder_ m xture. ese. subst.anc

T | t
during silst crhalg &R® reeneentiabtori of (TREGPFFoIFRLER Ad 1T gg&?&ulﬁe

transpor t T s ¥ ruse@l @ Widalt dihe bowpthings natlited Wwigh b icdondd nediwdd), an
activated charcoal nenbrane which itself is preferably nmenbranized on a

surface. lirke hx¥leaso, Raphth@hener h&fe hdle®PeenSkfodn LR bhi%r art
for a long.tinme, Lo. t ' -cal | se r roduce
car bon né%ﬂfﬁ%%%ylg EP h?éﬁ%E?%3§%b¥gé %g?fyg%gh?ﬁ%%heéggsgﬂgﬁﬁ?hﬁgxp

i nvent i oures tuaesponis abe }wirtualdat eireet by bedr baraepar Waitey

Sk 2 ek ALUSE A5 e B2 A e
Al nost aihdngmeasdturehed sadceaniul tvatat] hperoeabbhstyi of sstehciseim-
{hese ar SH nanB, “EriehotoorrUNGAE, Aot bF st Y oardasy Pradpays”
al kanes, tildtenese dtaf mhktedy iidhear sord nthbér srgtreaseo in otlie ALRWGHS
14 of the process must be developed in order to remove the
adsorbed water. Substances with high boiling points wvir-
tually cannot be removed at room temperature and poison
the membrane successively. This restricts very greatly the
area of application of membranes like those described in
EP 428 052. For example, partial vacuums of up to -50 mbar
must be used to remove water in discontinuous processes,
which is usually not possible in continuous processes for

process-engineering reasons.

The use of analogous composite membranes to concentrate
hydrogen is described in EP 582 184. In this patent, the
membrane separation process described in EP 428 052 is
used in Combination with the traditional PSA process. In
this case, too, the above disadvantages of membrane poi-

soning result.



aronmatic hydrocarbons |ike benzene, naphthal ene, etc., single and nultiple

al kyl -, al kenyl -, and al ki nyl -substituted aromates such as tol uenez, w’keﬁﬁ
cresol, styrene, etc., and the like. These are used in CDV and CVI 5 J

processes, usually in |low concentrations in an inert gas such as N2, argon,

or the like. It is also possible to add hydrogen to the rel evant separation
gas mxtures. In order to distribute the precipitated activated charcoal
menbrane nore uniformy on the matrix, tlge so-called CVI process (Chem cal

Vapour Infiltration, for exanple, see also W Benzinger et al., Carbon
1996, 34, p. 1465), which is ribed,phnd i Ng Ao ed | £ known
to the e¥feRafen ﬁggd:liﬁf'??lg??%an%agéb I ALLERTHES 4Prct ‘

fanner, Tn which durin
preci pi t gk e t faseRnMuaingt In&:liec‘oﬂrpafsisi%%egmla@@e%d@&%)edméﬁteo

the surface of the transport trix by neans of c [ g Gy
(" f or cedoffl GeBwWaredTi F%@g&t ;ﬁréﬁ‘eﬁénﬁ‘”%gﬂ%%&eﬁgﬁ por e
structur g.elg%qjiqgedrag@l@!cr@ﬂviayt Rendict heatteibkéar ceglanehbngnsharpress,
honogeni zatl on of the pore structure.bﬁemﬁ gf forcegnglcovy_e% ?éﬁﬁres
i ncr easeshilee preengsisc MUSEr Byt FREY 1R MEhbRINEX XPTTBASI IS Jatt ar t he
CVI nenbraniizat h@n . 23 dr t hetveSid¥ £r aBg sSiclp tew emperatures, a much

tenperatures up to 1200C in order to further stahilize th 0 I i on
and streigitgesf PHesHWR agEadALe| PUSkhe #RE &@rcinsté%i I%lhtbeyr¥R(;€f§;lrﬁl?}l€|éﬁ;e

resul ting menbpape s dQ9ok Wt Hdeppeneftyst erhdan besexpatdedcoubsdgyent | y
by wetting the nenbrane briefly with an oxi diﬂn%rgg nt, eﬁ%‘o HNO3, ?gq
then treatbilng bothhdhml applicalnl hpRy2§63 W8l ln 3 SPPnFETITH. © a i d
m xture t v EREr i ! TRt 3Dt d6h, i rtle f gaskesoparat ahgozone
Wi th thecg‘c%’c\:gtgg alﬂgif%ogfgrrenbrane at, a first | ower tenperature, gj_

account g@frddibeankdclrartRigeHiROGRAESt A&y RPBYREANTC %?8??’&“1%’{1 cBY5f the

menbr ane s%#é&& Wit %%th HHiifﬁ?t pien €8PanEN o t Regdsartedanteshe

menbr ane, is nmeans wt i gher se

ectivity than other %Id onponents.
Dependi ngvtoich hi tnatairdi 6€ icvd & ohpofERO¥R BYWaYd s P8d L& ggple\” ty of
t he adsorption can be increased through suitable pressure and tenperature
conditions. Low tenperatures are to be preferred on {he nenbrane s§rface,

pr ef er r ety@r patemrerspec e € ick i ons 42661 00 4ppFBEFat BEY BBR&ECAl |y

preferred is room:t er at e Eanes Witth adébeheddypene calilzes
driven cg“_n‘@é?lt ?Qﬁ c}ﬁ%qégl :&rzagﬁéc’)ﬂ as the packilng of the sur:{ﬁgg ig\%(fglcaera_ses
I

the adsorded ghkexillmstbeyi.n Thewi grs arsedt hexdi Rt PeFVE™

packi ng density € I 3RS RASE b 8ANREOGEBERS theo Mo Déctihem
m grati nga?h?’a f’%‘; %%éreﬁg ar‘l’fn%te% on the surface of the, nenbrane, passi

ng
through tdtametbranerhea thirbomymembranes cargt RERGLPILE W5 tPR A8&Hbed
conmponents W | | frgﬁa%/ﬁfeﬁ%gh%n WEHEH tahddantble ol hpireaddanreadies ference
alTy

perneate%?’é?‘é?e hr ough the nmenbrane into the transport mat’rix.l
Thi s capagit gsteblishiedr &y peeanst icdh thet MenkEane; af WA SFPHS, OBLY

determ ning the sel ectivit e Lo 2N dEgapaiiianewithe this
transposi'f ‘BHCBF“&O&%%% gé&ggé%ér%t Fgﬁoglﬁtes are geﬁgral.l yt(]jescri bed as

surface fhewhoBehiHswévernenthanmeriiranes deserdped ig US patents
5,649,996 and 4,685,940 are not suitable in the main for

the method of this invention.

Consequently, there is a great need to make available
membrane separation processes which overcome the prior-art
disadvantages described, especially with respect to the
selectivity of the membranes remaining unaltered for a

long period.



.perneat ed conmponents distribute thenselves on the adsorption sites of the
pore systemof the transport matrix. As long as there are free ads?GDRPQQmB
sites, they will be occupied by advanci ng nol ecul es so that new adsorpti on
sites are constantly becom ng free on the nmenbrane which are inmediately
re-occupi ed by nol ecules fromthe fluid mxture. This thernodynam cally
driven concentration equalization only cones to an end when a concentration
equi li brium has been established, i.e. whgen all adsorption sites on the
menbrane and in the transport matrix are occupied. Therefore, the transport
matrix fulfils multiple functions: on the one hand, it pronotes the
transport of perneated species through the nenbrane w thout the conponents
havi ng t inbeditsoibed iamedbattelint ml t hadacénofinlisikybiamseadihg al so
mai nt ai ning t he surface flow behind,the nmenbrane b uar ant eei an

Unbr oken"ERA F&F SECGRTRACER: G0 HUF e GREr RAKE 46 SHRRLNESHY the

| ar ge nunkekestarmgsehpit othei testd opferndiescasraesporndbhgr esasavat ioh
interimstorage for_ adsorbed gonpQnents. The transport matrix . jojns_ the
first opBFRESRFSoNEe WHRURCES - aRREREOES /| IRR nERGRHRE Gt IFHE SEcBAgh
oper ati ngneaidss #bsel,i pBeskudld ygdhgiant fpporeasdrbpane iadi Bgenyy to
the transport matrix. For exanple, this can be the._external surface

opposi t ePEE S Frefifidite BYAEESHSH sBTE IRFPBRAH efisgdyantagensse or
the likefiol tdiet EaRERYUds TR Bhd | de@bi@rdds He§oulE thesadsomiedrell,
conmponents in the second operating zone, the invention provides that the
boundar y t86r RICVeEWe & t@AUELaEoes AN X hAdSEfe 929 BRI 30f7
second opaERld I ZPNBrITHOF i BnPA s mb & Jr aPBBOurPd £& X oFd] fE8AinkO t he
second operating zone be heated in order to make available in this way the
ener gy r&her Ka¢lr iadsorpreopreidudieienr PHRAZSSFhils tHRFREE2EHerdfdcan be
made avapkahh&dTe abdt30r£Sr Ok MRNsIni & Ok sLXAPL eakhiQuUghofealiINGr dh 5Bn s

el ectrical heating_conductors, induction heating, radiant heating pipes,
tubul ar bafpsiepends- basiealayi om wher dNes FRENEt i PREFAJIRT a

heat ed gags@ls fd#i dheverdpal ted |ehhtavdlbd NSrbeaky | ML ived@ndi skl ar
measures_known to the expérts. Heating conductors jacketed with

cat al yti ¢xl legwkvatente qager Pl e gededeivsecdenliatipmchf figrdexadpl e,
adsorbedy4gl atdde, oREEMIE KARRANIS AbRpeHdHEedofalilgdsCall Yyl TNy
desorption in specific applications. Especially preferred is direct heating
of part vApowr tmixtpye mewuixeshraeparattisghriernocesseast hhpgt iagre ofs

el ectrod i rd4 matrix is nade of an electrically
conductiséeﬁg%gyégfg E%ﬁé%éggﬁgﬁé%Vantageous is direct electrical heating
via installed electrodes with an activated charcoal matrix. Activated

char coal pgxh tl‘ééuf&(”?ﬂ?éfé(else'aecéféaﬂ' i meb arndiichiuihkineef i cient
which is very dependent on the tenperature as a result of which a kind of

el ect ri cahexipemsl ve osemd 1wt botuRr ¢¢e s e fiatankher cangenkraitilen her

assi stan f i.ch I L C r trix can be heated
very effg%??’\?glv%}%ﬁmﬂgrﬁé%%ekﬁgﬁﬁrﬁggpgygaééaﬁg%%ra%d in the main.
Dependi ng on the nature of the desorbed conponents, the tenperature applied
for desorpti i t pref I n :

Wher e th(&aﬁt rtg{r%sp@?gerr\g%s&(&{)agﬂg %%O%ZOSZI%a%)s%ﬁggn y ggg&g{&gd W t ne
subst ancelkewigds ht jrebadlangc peritss; i @s hioghetra dirpdiomalk eadgpe s 500C or

mor e, Caﬂe%%olasse%ighi Q:q{é/ igﬂglci eﬁ_seéhggg%‘t%&i{jé&S_EE LR e sep-
aration processes, i.e. basically allow for high separ-
ation selectivity without a cost-intensive, spatially- |
and/or temporally-separate regeneration of the membrane or

of the adsorbent being required.



The thermal desorption of adsorbed conponents fromthe transport matrix
into the second operating zone results in new adsorption sites in tB& APR 2003
transport matrix being freed, disturbing the concentration equilibrium and
re-stinmulating the surface fl ow of sorbates fromthe nenbrane into the
transport matrix in the course of the concentration equalization. In this
way, discontinuous or continuous heating gf- one side of the transport
matri x can produce a quasi-continuous surface flow of adsorbed conponents
fromthe first into the second operating zone, resulting in a concentration
of the adsorbed conponents fromthe fluid mxture in the first operating
zone as well _as in a correspondi ng concentration_of these conEonents in the
second oper aPPRGREENENLIPNPRRKETPEALr d2Ft CRES td2hePtakéA™ REotRBCcouUNt t hat
the surface fhownpreeessesot akRephaaelbnladdi pireBeks B6r BBbaghtbusi on

processes or parallel to them at the nepbrane d.in_t ransport matri x.
Consequent | yT §ﬁ8r58r8ESF§8 g%thSeﬁﬁﬁﬁggﬁe1P5é28%mdécpgﬁgeuﬁ8 t he
separati on efhegpbendheeporensi zescokatheanenhtanecaseobetivesn-4 and 50
[err] in dia - f b 4 . A_t hos rapsport
matrix up tog§%gaﬁye%ﬁeﬁﬁgpégﬁl§%¥§?§ﬁegg?gaégléﬁs%?bgﬁgégéggﬁéngg gge
usual |y cl eatFgssmanpeflutdereimppactiihere is no nol ecul ar sieve type
separation. 2 5 APR 2003 19 Rather, as a rule, alnost all the species of
the fluid m xture pass.through the rane in the course of diffusion and
fl ow processé8® ﬁB&E@EFYetHEgF?ﬁﬁsﬁggg?owaﬁﬁsBPﬁﬁabiSnﬁoﬁéﬁps by means of
surface flowsksesniyitiymeadf gsted, osothbBakepheasepar aki esnetheehtabnt he

i nventive de%EEE [ ,PLOCESS |ndaccogg%nc§.mﬁth ggis invention is based
essentially on i nati clefPects The tundamsnt af EVantage of the invention
lies in the use of thermal desorption, which, in view of the better energy
bal ance, is Ro t t han essi orptiop, but also
faci 11 thtes Lho rSnavar “of SHBot BRces mnreh I F To d T oulE P tesorb by
nmeans of preB¥arésisicRfad #avéFe SabSERAEBSCWELHLiRAI BAXBBFEPNgipbhft s,
acids, etc. Agpa Hesdklibetiheénsenuige1bi ¥BiaRdasebrcthyi o0k -mavenbhea
devices is clearly higher than the pressure, degorption devices known from
the prior ar??p%ﬁéFHSgeQSPﬁ?FSﬁscgﬁ %8 ESHE?ﬁga‘mﬁth pressure desorption
and/ or supplenented with it in the inventive process and device in an
advant ageousygpapeL . Fon EQF§n9§590§§Ob§ ﬁaBF'ék vagyup fyst ; beadded in
the second operating zone If necessary. ?Ie |UI8 m xture can ano be fed
into the firsreapérat PAgazB8AE1IFA whé0¥orWﬂéh a pupbedegraprtefnati on from
excess pressdge;toenegathMecpeesppiepkNa0bdgl mbAst 8ABYE2N0BREr BRAt bR
conmponents fromthe nbr ane _agai n _or fastgr fron1t?§0§?res and the area

e

me .
before the nBRbFafi8™BPGRIFEhTSepsr SEPBRAbEEUFEC™ 1B PR 26@ 20 The
renmoval of fbutdlawxhgresrdepl éked pkothespyetersably adsorbed conponents
fromthe first operating zone after a certain contact period and of the
correspondi ngly enriched fluids nust be carried out on separate routes. In
order to furtherpraceeasseclhecdegreblemsconeeartdefionyokhdepl etion, the
fluid m xturggscap-beibroughtsi p1goptact with other inventive devices in
t he sense of nenbranes connected in series. For exanple, the fluid m xture
extracted fromthe

Advantageous embodiments of the inventive process are

defined in the process subclaims.

The device-related problems are solved by the characteris-
ticg of Claim 13. Advantageous embodimentsg of the inventive

device are defined in the device subclaims.



first operating zone can be used as circulation gas to remove the depl eted
fluid mxture in the first operating zone of a nenbrane connected25 PR 2003
downstream and/or in parallel by managing it in a circuit. In the sa&% mge,
the fluid m xture extracted fromthe second operating zone can be used to
renmove desorbed conponents fromthe second operating zone of a nenbrane
devi ce connected downstream and/or in pargllel. Parallel supply of the flow
to a |l arge nunber of inventive nmenbrane/transport nmatrix devices is al so
provi ded for and especially preferred in this invention. Naturally, the

i nventive process and/ or device can be used both to extract a gas depl eted
of at |east one conponent fromthe first operating zone as well as to
extract enriBhedifiveintlne xpoeesss ropr t hee seepwer bpelr a2F iy Zbned TEPEREE ng
on the separalionsPLobl &M and) Lher PERPEEShESHOht & hes T dathsr CosROpEnt Be as
wel | as of the nenbrane, the expert wll chose where the fluid m xture
occurs that FRIPVHEFeStPRBrest to him The fluid nixture enriched wth
desor bed conmponents can be renoved fromthe second operating zone through

the application of a partial yacuu .reans, of _suctjon Qr means 25
APR 2003 21 of paggpﬁgcélggrP%eEHSQE?XﬁﬁfgﬁXEQ¥?ig%Ebh% §%§§¥Bed conponent s
with it, through tmbebsecendhopkr ati adjaoast The?hﬁvenrfaeepDﬁcés@OaﬁdS
device can be use.[ghaBol Ar e pupbRaA Al pSEPaLabion; B abbeaBa Lor ca¥ampl ¢

t he separation of permanent gases, such e separation of air into N2
and 02, the concehBEaeronadf 2CZirpbmlawer FREPEEAEBREr aPi 8r foFSEeparati on

of hydrogen from ppdustkihal zBhecess gases, chBe genteastabhentouigeparation
of D2 from H2/ D2-m xtures, the ae aLation 0 IatLIe hydroca%bgns from
LR £d

f v
i nflowi ng or outfFBWPRGSE F9i85§i8ﬁ)93ﬁﬁ t RBSI FRECTPEY s al so
possi ble to dry gasepoamdtopfgadentXtiidesiusiing phefemebhti permeehed and/ or

device Inthis regard.,tbermpdagocnti o0, Lewsnansakaoshyguanti tative
separation of waté€r in~a very sinple way. It is also possible to separate
gas/ vapour i xt ur bsasinpi gfi @ sixfacesspstaglibediftenti 65°m KhgddRMon,

the invention Canb?ﬁnHSQQdygrsﬁaﬁﬁab@ LRer trgasedrtt RaSeRAr abeal sot opes
fromm xtures containing f

uid isotopes, to s§ﬁaga e Lioners, %g dry
conpressed air asS®EPRdashighext FSEPCRREISE ¥ohEEnLrSLeIR3ESRhEPERvent i on
al so provides forthksmbei Agsuvsedian arfpadkbrbrdr yospagenics danhi satiood wth
a traditional pressure sw ng-adsorpti.on.proce f I I e
extraction of oxyﬁgﬁrﬁFéﬁgzgSPFfeggo uﬁéﬁgi%g%éﬁcF érgggggcéf%gﬁéhghe
di mensi ons of invedthveedpeictesocahebatvachetd gneapeymesivad comppacnt

gnggkégoggth car-batheryel QWnkehhade Reatengnabeohontel ¥abhepher use as 2
matrix to the second operating zone;

- separate removal of the fluid mixture depleted by the
at least one permeated component from the first oper-
ating zone and of the fluid mixture enriched by the
at least one permeated component from the second

operating zone.

The inventive device to separate a fluid mixture consisting
of at least two components is comprised of a carbon
membrane adjacent to a surface of a porous transport
matrix, the membrane being adjacent to a first operating

zone of the matrix and another surface of the transport



22 interior air filters, e.g. in notor vehicles, correspondingly |asgeapr 203
techni cal systens are necessary to separate air into its main conponents.
Essential advantages of the inventive process or a correspondi ng device
conpared to the known art are found in its structural sinplicity and | ow
structural costs, above all, because there are no noveable parts in the
potential conpact design nor do separate regeneratlon or desorption devices
have to be provided. Al so advantageous i the high, desi gn- based,

mechani cal stability, which also allows unstable species to be desorbed in

a vacuumpa\erik hireh cBesios pspart ilLNper abited afiraks e me_-mm\mb Wbt ot
special materials or expenS|éga|nsula l,ons being reqU|$§f Thi s ventlon
I

shal | be28¥RAEHedtPn an? 8CABCaIIP BT EAB % &% of 2thdFOf | 6% n%,f 8 CES of
the devi ¢g HREsEr LAk QuPfathe dﬂd]pdiﬁsa Dt eo msttaﬁs@dﬁttlma@fmw

I nventive transport matrix with | anel | ar structure. Figure 2 shows a
per spect PFS AGNF oF Ot 11 r 8RS PREFAELTE FFQ8fe z. Figures 1 and 2 show

a transport matrix consisting of a central plate 1 to which [anellar

surfaces 2, both sides of which are arranged parallel to %ne anagt her, are
attached'rmtma@mspow IRREBLENE D FheusituenbhVeTme AP Prare?®f the

| arel | ar d%he Cenc??ig%l\éeéé | 68l ﬁtacgrétﬂée" fh'a%’é’f‘rpil h%virqu%a%?rp%’aéﬁeﬁ%@u al

plate 1. late 1 nnel pa55|n rough it which form
t he secom@&xﬁﬁaﬁlmglﬁﬁm¢©fﬁhﬁ?%e@fcéCtﬁﬁﬁtaﬁel rgoafacaennat dy

e A S8 LB See. SRRSO pdlted siklace 4 B9 seR 1 thy
form, for example in the form of plates and/or tubes or
also of bulk material. Especially preferred is the use of
extrusion-moulded bodies. Thelr manufacture has been known
for a long time in the prior art (in this regard see, for
example, Fuel 1881, Vol. 60, pp. 817ff., DE 21 19 829, DE
36 18 426). Activated charcoal moulded parts are normally
produced through the compression of coal/binder mixtures

féllowed by sintering and steam activation.

Especially preferred as transport matrix material is
sintered activated charcoal with a density of 0.2 -

1.8 g/l, preferably 0.6 - 1.2 g/1, and a BET surface
greater than 200 m2/g, preferably greater than 500 m2/g,
more preferably greater than 800 m2/g, especially preferab-
ly greater than 1000 m2/g, and most preferably greater than
1200 m2/g. Such sintered activated charcoal materials
facilitate a high surface mobility of the adsorbed compo-
nents. Furthermore, such activated charcoal material is
especially suitable for the installation of drilled holes
on the desorption side for the placement of electrical

heat conductors for example.



If electrodes are-now attached to the central plate 1, for exanple,g@n ﬂQ%
two opposite sides (A B) and electrical voltage is applied to the%ﬁ 2 003
el ectric current flows through the central plate 1 in the shortest way,
heating essentially only the second operating zone of the plate. In this
way heating of the |anellar surfaces and, therefore also of the nenbrane,
is largely prevented. The fluid mxture is applied to the nenbrani zed

| amel | ar surfaces fromboth sides, so thgy the permeating conponents can be
renoved subsequently from channels 3 of the central plate 1 follow ng

th | d tion_ | th f [ ' t]
dovi oo, PRBIERnoPs 1R G1S| RAMKAT G BIATE: 1RPE kL aPea gk e < TAERS,

whi ch cage asedt ben praespocketmatdéxomateerindl, vhich dsesalhemivonduct
electricity can be attached to the other end. £ ZlgtAFR é%OB '@4 CLAIMS: 1
Process &4 gnafase #9911 HeRi xtr L CBnFSS nGrof BHEC 't o TonPdient s

whi ch is . GomEy i eReyOfgudeahebleoviing streptspor Eomtfact hagpefrmeeet é8uicdmpo-
m xture at a first, lower_tenperature_in a,first, o rathn%: one with a
car bon mavesntsmetiiostgh sthec fsseRbfaddi %€e§Qﬁﬁéﬁc@° FER T offgVement

transpor t, Il 4 XA Gkt eduliara puthaemgh she farie | £low .whi ch case at
| east one fluid conponent is adsorbed and at | east one adsorbed conponent

of the fluid m xture preferably perneates through the nenbrane; and at the

same timg,; beabing OfpRodutiacenspabild |sofi shantrémetulhe frecheaperand/ or
a part of the porous transport matrix to a second, higher tenperature which

facilitatmentaédesonhiteeydthinntbe ddcrsrardomphents S 52REEShd

oper ati ng,;200ey o S:Mmgapw}@@éltriww%ﬁaﬁgn@ﬂtm&amsr,emtbéo the at
| east one perneated conponent  fromthe nmenbrane surface_ through the

t r anspor et ddedt erier ssoomPrPELESLeR z0fe the sepaldbd VERL X5 G
fluid ni dggh t - £aMBeRENSUE T OPridie
first op§%%$%gg§%%ét%g%%é%f Hkt%lé{f‘?ﬁ?gh%)%tﬂ?gégﬁﬁggﬂaed by the at I?ast one
per neat ediuoimoneihie fapprope isstconbodgavat $RgCASne. 2. Process in
accordance with G aim1l characterized by the carbon nenbrane facilitating

the perneation of the at |east one adsorbed conponent and the
The transport matrix useable with the i1nventive method

must be combihed with an activated charcoal membrane which
itself is preferably membranized on a surface. In this

case, too, many methods have been known in the prior art

for a long time.

Tn most cases, so-called CVD processes are used to produce
carbon membranes. For this purpose the carrier, in the
case of this invention the transport matrix, is treated
with hydrocarbon-separating compounds at high temperatures
(see G. Savage, Carbon-Carbon Composites, Chapman and
Hall, London, 1993, p. 85 ff., US 3,960,769,

US 3,979,330). Almost all known saturated and unsaturated
hydrocarbons with. sufficient volatility are suitable as
hydrocarbon-separating compounds. Examples of these are
methane, ethane, ethylene, acetylene, linear and branched

alkanes, alkenes, and alkines with carbon numbers of Ci-20,



.2 5 APR 2003 25 transport natrix the transport of the perneated co nent
essentially by means of the same nol ecul ar movenment mech ani sm 3.$%$6855§m3
in accordance with one of the preceding clains characterized by the
perneation and transport of the at |east one of the perneated conponents
essentially by means of surface flow of the adsorbed species. 4. Process in
accordance with one of the preceding clainms characterized by the heating
being carried out by means of an electriggl heating conductor. 5. Process
in accordance with one of the preceding clains characterized by the heating

of a part of the transport patrix by direct electri heating. 6.
i n accor @RI W€ h Ny ?ﬁaFHQWﬁe%égﬁmfﬁﬁﬁ?ﬁgl négﬁLhaT%ﬂgg efe Frocess

single and multiple alkyl-, alkenyl-, and alkinyl-substi-
tuted aromates such as toluene, xylene, cresol, styrene,
" etc., and the like. These are used in CDV and CVI pro-
cesses, usually in low concentrations in an inert gas such

as Ny, argon, or the like. It is also possible to add

hydrogen to the relevant separation gas mixtures.

In order to distribute the precipitated activated charcoal
membrane more uniformly on the matrix, the so-called CVI
process (Chemical Vapour Infiltration, for example, see
also W. Benzinger et al., Carbon 1996, 34, p. 1465), which
is described in the literature and is well-known to the
experts, is used in the standard manner, in which during
‘precipitation of the membrane the decomposition gases are
suctioned onto the surface of the transport matrix by
means of a continuous vacuum (“forced flow CVI”). This
results in an essentially homogeneous pore structure being
maintained in the activated charcoal membrane. This
homogenization of the pore structure by means of forced
flow CVI also increases the mechanical strength of the
membrane. Optionally, after the CVI membranization, a
further sintering step can be carried out at temperatures
up to 1200°C in order to further stabilize the homogeniza-

tion and strength of the membrane.

As well, where the permeability of the resulting membrane
is too low, the pore system can be expanded subsequently
by wetting the membrane briefly with an oxidizing agent,

e.g. HNO3, and then treating it thermally.



characterized by continuous or discontinuous heating. 7. Process

accordance with one of the preceding clains characterized by the fEéi&PR 2003
m xture enriched with the at | east one of the preferably perneated.
conponent s being renoved continuously or discontinuously fromthe second
operating zone, if necessary through the application of a pressure

gr adi ent. 2 5 APR 2003 26 8. Process in accordance wth one of the
precedi ng cl ainms characterized by the prpgess steps of Caim1l being
carried out several tinmes one after the other on several nenbrane/transport
matrix structural assenblies connected i.n series behind oneé&?o her. 9.

Process I ddeb$ddRVERFiPNond ofFlihe FHetied figtl HATsSERar: i 28d by the

fluid mxbuneeet Eatiedsh oL A | BSE ianar abbagazdiey bebAe uskth ashe
circulation dgas for the further depletion and/ qor renpval of the deEIeted
fluid mearivapedheharseadpmanbhgngodd ot AlgEdcesSWESnf&RRGrature.

domnstre@H account of the molecular-kinetic and thermodynamic
characteristics of the membrane surface, preferably at
least one component is adsorbed at the membrane, this
means with higher selectivity than other fluid components.
Depending on the nature of the component to be adsorbed,
the selectivity of the adsorption can be increased through
suitable pressure and temperature conditions. Low tempera-
tures are to be preferred on the membrane surface, pre-
ferred are temperatures of minus 20°C to approximately

100°C, especially preferred is room temperature.

In accordance with a thermodynamically driven concentra-
tion equalization, as the packing of the surface increases
the adsorbed molecules begin to migrate in the direction
of the lower packing density as a result of transposition
processes, some of them migrating into the pore channels

on the surface of the membrane, passing through the mem-

brane in this way.

As a rule, at least one of the adsorbed components will
have a higher mobility than the other adsorbates and per-
meate preferentially through the membrane into the trans-
port matrix. This capacity for preferred permeation is the
essential factor in determining the selectivity of the

separation on the membrane.

The transposition processes at adsorption sites are gen-

erally described as surface flow. Behind the membrane, the




10. Process in accordance with one of the preceding claims char acterz'szqgkama

the fluid mxture extracted in the second operating zone being used as
circulation gas for the further concentration and/or renoval of desorbed
conponents in the second operating zone of a process connected down stream
11. Process in accordance w th one of the preceding clainms characterized by
the fluid mxture depleted of permeated conponents being extracted fromthe
first operating zone. ~ 5 APR 2003 -246l12. Process in accordance with one
of the preceding clains characterized by the fluid m xture enriched with

per neat ed conponents being extracted fromth t] zone. 13
Devi ce tREEBPAY tc?ﬂgoﬁéﬁﬁﬁis éggﬁPa?ﬁBet5?§$§$%?§?gggﬁng§gng a carbon
menbr ane; @dbapenior 0s Pteap i etheo pomar sgstenf af poheustranappartt matri x,

t he menbrane being adjacent to a first operatin .and
of the tmahspsrt Hat +PRI \iF chDSES 551 r?&at?‘g?fz’%gr% nve%{]?%%rGhr t%ﬁgace
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13, brane which are immediately re-occupied by molecules from
the fluid mixture. This thermodynamically driven concen-
tration equalization only comes to an end when a concen-
tration equilibrium has been established, i.e. when all
adsorption sites on the membrane and in the transport

matrix are occupied.

Therefore, the transport matrix fulfils multiple func-
tions: on the one hand, it promotes the transport of per-
meated species through the membrane without the components
haVing to be desorbed immediately on the back of the mem-
“brane, while also maintaining the surface flow behind the
membrane by guaranteeing an unbroken chain of adsorption
sites. On the other hand, as a result of the large number

of adsorption sites it operates as a kind of reservoir or

interim storage for adsorbed components.

The transport matrix joins the first operating zone, which
is adjacent to the membrane, with a second operating zone,
which is spatially distant from the membrane adjacent to
the transport matrix. For example, this can be the exter-
nal surface opposite to the membrane side, or also a hol-
low channel, a drilled hole or the like in the transport
matrix. In order to desorb the adsorbed components in the
second operating zone, the invention provides that the

boundary surface between the transport matrix and the



.characterized by the transport matrix being designed in the formof plates
or pipes. 15. Device ir_ accordance with one of Cains 13-14, char i(ﬁpé\FRz@%
by the transport matrix bei ng made of activated charcoal, in particular
sintered activated charcoal with a BET surface greater than 200 ng/g,
preferably greater than 500 nR2/g, nore preferably greater than 800 n2/g,
especially preferably greater than 1000 nR/g, and nost preferably greater
than 1200 n2/g. 16. Device in accordanceith one of Cainms 13-15,
characterized by the facilities to heat the desorption side of the

transport matrix being,.conprised of.radi ant 2 5_APR 2 28 heatin
pipes?zﬁ?ﬁﬁ&ﬁmoQ%ﬁﬁgl%éqg%ﬁ?rﬁﬁﬂ}%ﬁaFiRf%%nagmﬁh?pgﬁapﬁﬁﬂﬁ'ong

heating gavire& ad&beatn e thst aldesndn apaitavinghednanbpotieatddi xn or
of direct electrical_ heating of _an glechéically conductive part of the

transpor PrAEEr e MekepaNaelaRlg dor dhRdE WAH sﬁ@ ADRF GY ik et ipged

char act efbzeddio sy iens dPrchbe sapphyerd and renoval of a fluid mxture
being provided in a first operating zone and devices for the renoval of a

fluid m xture enriched with at | east one conponent in a second operating

zone. 18Ih@§Vithéfrﬁa§elé§‘féktga¥acEWi19e MnXde QR aplel izedaby suaial of
devices in accordance with of Clains 13-17 being operated in series. 109.

Devi ce | Wwauscorfemcexarih @neharughi hgatd s whthaqkestedcey disabingg
br ought EBHAUCRAS] %é@foﬁem@@fnawfﬁ&iaﬂtt '?Peafﬂiﬁ%y PAYA i Ng zone

and oxygenenr i Ing extracted in the second operating zone. 20.
Devi ce i hubvdemiabewpwi t iinheaotred afagiadimgm, microwave radiation,

passage of a heated gas or fluid over/partially through
the transport matrix and similar measures known to the
experts. Heating conductors jacketed with catalytically
effective material can also be used with which, for
example, adsorbed volatile, organic compounds are oxidized
catalytically during desorption in specific applications.
Especially preferred is direct heating of part of the
transport matrix through attachment or installation of
electrodes, provided the transport matrix is made of an
electrically conductive material. Especially advantageous
ig direct electrical heating via installed electrodes with
an activated charcoal matrix. Activated charcoal exhibits
a (negative) electrical thermal conductivity coefficient
which is very dependent on the temperature as a result of
which a kind of electrical channel formation occurs in the
transport matrix with the assistance of which a restricted
area of the transport matrix can be heated very effective-

ly, whereby the membrane layer is not heated in the main.

Depending on the nature of the desorbed components, the
temperature applied for desorption is between 30 and 300°C,
preferably between 50 and 150°C. Where the transport matrix



.characterized by the second operating zone being in the formof channels in
a pl ate-shaped transport matrix which has |amellar surfaces, both sR8ecAPR2003
which are arranged in parallel vertical to the plane of the plates, to

whi ch the carbon nmenbrane is applied. 21. Device in accordance with C aim
20 characterized by the current froma direct electrical heating device
bei ng conducted al ong the surfaces of the 2 5 APR 2003 29 transport

matrix plates vertically to the main plgge of the lamellae. 22. Use of the
process and/or of the device in accord ance with one of the preceding

clainms to clean,polluted i.nflow L.ow Ng: a4.r 3, = | . he

i nterior's® o}f‘eﬁ&l Y \RAFEPES n‘ﬁlgﬂe%%egégg\%gglg% ?ﬁ?ﬁ?@%gg#&ﬁd/ or of
the deviggihbsaceorisibghervitdmparatiirtehe ppetediSH0eCaons narepncent g e a
conmponent from process , gases. 24. LBF of the process and{.or. of the device

i n accortf@elf tOGhE1BM A heCpPESedi Y PR bV Cofi® }%t %2Ry dr ogen from
fluid mxtures. 25. Use of the process and/or of the device in accordance

wi th one of the preceding clajns and/or .to goncentrate

tq separate air
oxygen {Fen Ghermssl @S§QﬁPQ¥%npd£x% S%ﬁ%ﬁ@??ﬂmPﬂﬁe&ﬁﬁc =P gyﬁndance
with one-pintperi eseetig Glitdsthe Hecgadevpntdoingazon«tuesslts in

new adsorption sites in the transport matrix being freed,
disturbing the concentration equilibrium and re-stimulat-
ing the surface flow of sorbates from the membrane into
the transport matrix in the course of the concentration
equalization. In this way, discontinuous or continuous
heating of one side of the transport matrix can produce a
quasi—cohtinuous surface flow of adsorbed components from
the first into the second operating zone, resulting in a
concentration of the adsorbed components from the fluid
mixture in the first operating zone as well as in a corre-
sponding concentration of these components in the second

operating zone.

In this regard it has to be taken into account that the
surface flow processes take place in addition to normal
diffusion processes or parallel to them at the membrane
and in the transport matrix. Consequently, the pore size
of the membrane is not decisive for the separation effect.
The pore sizes of the membrane are between 4 and 50 A in
diameter, preferably between 4 and 10 A, those of the
transport matrix up to 10 um. The molecular diameters of
adsorbed components are usually clearly smaller, therefore

there is no molecular sieve type separation.



27. Use of the process and/or of the device in accordance with one of the

preceding clainms to separate inert gases. 28. Use of the process aqg/
the device in accordance with one of the preceding clainspto separg?éﬂﬁ29®3
I sotopes from m xtures containing fluid isotopes. 2 5 APR 2U03 30 29. Use
of the process and/or of the device in accord ante with one of the
preceding clainms as a pre-concentration stage in conbination with a

pressure swi ng adsorber for the extracti@n of oxygen. .AhY.A& .ALY .Ahl?2
.AsF. AL A&S . A9 . Ay. AU, % A@ A2 '

Rather, as a rule, almost all the species of the fluid
nmixture pass through the membrane in the course of diffu-
sion and flow processes; however, the transport of
adsorbed components by means of surface flow is many times
faster, so that the separation effect of the inventive
device or process>in accordance with this invention is

based essentially on kinetic effects.

The fundamental advantage of the invention lies in the use
of thermal desorption, which, in view.of the better energy
balance, is not only more advantageous than pressure
desorption, but also facilitates the removal of substances
which it is difficult to desorb by means of pressure, such
as water, substances with high boiling points, acids, etc.
As a result, the service life and selectivity of inventive
devices is clearly higher than the pressure desorption

devices known from the prior art.

Thermodesorption can be combined with pressure desorption
and/or supplemented with it in the inventive process and
device in an advantageous manner. For this purpose, a

partial vacuum must be added in the second operating zone

if necessary.

The fluid mixture can also be fed into the first operating
zone in the form of a pulse or alternation from excess
pressure to negative pressure in order to remove non-
permeating components from the membrane again or faster
from the pores and the area before the membrane at which

separation occurs.
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The removal of fluid mixtures depleted of the preferably
adsorbed components from the first operating zone after a
certain contact period and of the correspondingly enriched
fluids must be carried out on separate routes. In order to
further increase the degree of éoncentration or depletion,
the fluid mixtures can be brought in contact with other
inventive devices in the sense of membranes connected in
series. For example, the fluid mixture extracted from the
first operating zone can be used as circulation gas to
remove the depleted fluid mixture in the first dperating
zone of a membrane connected downstream and/or.in parallel
by managing it in a circuit. In the same way, the fluid
mixture extracted from the second operating zone can be -
used to remove desorbed components from the second operat-
ing zone of a membrane device connected downstream and/or
in parallel. Parallel supply of the flow to a large number
of inventive membrane/transport matrix devices is also
provided for and especially preferred in this invention.

Naturally, the inventive process and/or device can be used
both to extract a gas depleted of at least one component
from the first operating zone as well as to extract
enriched fluid mixtures from the second operating zone.
Depending on the separation problem and the properties of
the fluid components as well as of the membrane, the
expert will chose where the fluid mixture occurs that is

of more interest to him.

The fluid mixture enriched with desorbed components can be
removed from the second operating zone through the appli-

cation of a partial vacuum by means of suction or by means
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isotopes, to separate isomers, to dry compressed air as

well as to extract and/or concentrate N;. The invention
also provides for its being used as a preliminary stage in

combination with a traditional pressure swing-adsorption

process, for example for the extraction of oxygen from

zeolites.

Depending on the application, the dimensions of inventive
devices can be varied greatly. Small compact modules with

car-battery low-voltage heating are conceivable for use as
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interior air filters, e.g. in motor vehicles, correspon-
dingly large technical systems are necessary to separate

air into its main components.

Essehtial advantages of the inventive process or a corre-
sponding device compared to the known art are found in its
structural simplicity and low structural costs, above all,
because there are no moveable parts in the potential com-
pact design nor do separate regeneration or desorption
devices have to be provided. Also advantageous is the
high, design-based, mechanical stability, which also
allows unstable species to be desorbed in a vacuum. Very
high desorption temperatures can also be achieved without

special materials or expensive insulations being required.

This invention shall be explained in more detail on the

basis of the following examples of the device.

Description of the Figures:

Figure 1 shows the profile of an inventive transport
matrix with a lamellar structure.

Figure 2 shows a perspective view of the transport matrix

in Figure 1.

Figures 1 and 2 show a transport matrix consisting of a

central plate 1 to which lamellar surfaces 2, both sides

of which are arranged parallel to one another, are
attached vertically to the plane of illustration. The main

plane of the lamellar surfaces is vertical to the plane of
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the central plate 1. The central plate 1 has channels 3
passing through it which form the second operating zone of
the device. The lamellar surfaces 2 are membranized on the
surface. This membranized surface is adjacent to the first
operating zone which surrounds the exterior of the plate
1.

If electrodes are now attached to the central plate 1, for
example on the two opposite sides (A, B) and electrical
voltage is applied to them, the electric current flows
through the central plate 1 in the shortest way, heating
essentially only the second operating zone of the plate.
In this way heating of the lamellar surfaces and, there-

fore also of the membrane, is largely prevented.

The fluid mixture is applied to the membranized lamellar
surfaces from both sides, so that the permeating compo-
nents can be removed subsequently from channels 3 of the

central plate 1 following thermal desorption.

In another preferred embodiment of the inventive device,
the channels 3 of the central plate 1 are sealed on one
side, in which case a suction pipe socket made of material
whiqh does not conduct electricity can be attached to the

other end.
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CLAIMS:

1. Process to separate a fluid mixture consisting
of at least two components which is comprised of the

following steps:

- contacting of the fluid mixture at a first,
lower temperature in a first operating zone with
a carbon membrane which is located adjacent to a
surface of a porous transport matrix or applied
to a surface of the matrix in which case at
least one fluid component is adsorbed and at
least one adsorbed component of the fluid
mixture preferably permeates through the
membrane; and at the same time

- heating of a surface spatially distant from the
membrane and/or a part of the porous transport
matrix to a second, higher temperature which
facilitates the thermal desorption of adsorbed
components into a second operating zone, produc-
ing a concentration gradient with respect to the
at least one permeated component from the
membrane surface through the transport matrix to
the second operating zone;

- separate removal of the fluid mixture depleted of
the at least one permeated component from the
first operating zone and of the fluid mixture
enriched by the at least one permeated component

from the second operating zone.

2. Process in accordance with Claim 1

characterized by the carbon membrane facilitating the

permeation of the at least one adsorbed compconent and the



10" &3109%& () -* &$10968&' () - 9310968 () - & SHL0YB () - & $109B& () - 2" HKHNEl Mol b
Nt NdYNC 10 10 10 1090z#109%& () - OMB1OY& () - S&SL109& () -
sl 1098 () - & 109%&' () - 4t NNNWORS| TniTnTdE: /  10h
10h9@$109M& () -y9*$109& ()-f9' $109& ()-L' $109& ()- 109 ()-' 109%& ()-nToT| T
TVXZZZZxYNC8h 10: 10: 10:*&$10% & ()- ' $10% & () - #10% & () -
Y10% & ()-'10% & ()- 10hZZZ[ k™ aaaadYNC8h

25

transport matrix the transport of the permeated component
essentially by means of the same molecular movement mech-

anism.

3. Process in accordance with one of the preceding
claims
characterized by the permeation and transport of the at
least one of the permeated components essentially by means

of surface flow of the adsorbed species.

4. Process in accordance with one of the preceding
claims
characterized by the heating being carried out by means of
an electrical heating conductor.

5. Process in accordance with one of the preceding

claims _
characterized by the heating of a part of the transport

matrix by direct electrical heating.

6. Process in accordance with one of the preceding
claims

characterized by continuous or discontinuous heating.

7. Process in accordance with one of the preceding
claims
characterized by the fluid mixture enriched with the at
least one of the preferably permeated components being
removed continuously or discontinuously from the second
operating zone, if necessary through the application of a

pressure gradient.
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8. Process in accordance with one of the preceding
claims
characterized by the process steps of Claim 1 being
carried out several times one after the other on several
membrane/transport matrix structural assemblies connected

in series behind one another.

9. Process 1in accordance with one of the preceding
claims
characterized by the fluid mixture extracted from the
first operating zone being used as circulation gas for the
further depletion and/or removal of the depleted fluid

mixture in the first operating zone of a process connected

downstream.

10. Process in accordance with one of the preceding
claims _
characterized by the fluid mixture extracted in the second
operating zone being used as circulation gas for thé fur-
ther concentration and/or removal of desorbed components

in the second operating zone of a process connected down-

stream.

11. Process in accordance with one of the preceding
claims
characterized by the fluid mixture depleted of permeated
components being extracted from the first operating zone.
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12. Process in accordance with one of the preceding

claims characterized by the fluid mixture enriched with

permeated components being extracted from the second

operating zone.

13. Device to carry out the process according to
claim 1, comprising a carbon membrane adjacent to or
applied to a surface of a porous transport matrix, the
membrane being adjacent to a first operating zone and
another surface of the transport matrix, which surface is
spatially removed from the membrane, being arranged
adjacent to a second operating zone as well as devices to
heat the surface and/or a part of the transport matrix

which is adjacent to the second operating zone.

14. Device in accordance with Claim 13,

characterized by the transport matrix being designed in the

form of plates or pipes.

15. Device in accordance with one of Claims 13-14,

characterized by the transport matrix being made of acti-
vated charcoal, in particular sintered activated charcoal
with a BET surface greater than 200 m?/g, preferably
greater than 500 m2/g, more preferably greater than 800
m2/g, especially preferably greater than 1000 m?/g, and
most preferably greater than 1200 m?/g.

16. Device in accordance with one of Claims 13-15,

characterized by the facilities to heat the desorption side

of the transport matrix being comprised of radiant
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heating pipes, a tubular lamp, an electrical heating con-
ductor, an induction heating device, which can be
installed in part of the transport matrix, or of direct
electrical heating of an electrically conductive part of

the transport matrix.

17. Device in accordance with one of Claims 13-16
characterized by devices for the supplying and removal of
a fluid mixture being provided in a first operating zone
and devices for the removal of a fluid mixture enriched

with at least one component in a second operating zone.

18. Device to separate a fluid mixture

characterized by several devices in accordance with of

Claims 13-17 being operated in series.

19. Device in accordance with one of Claims 13-18
characterized by air being brought into contact with the

membrane surface in the first operating zone and oxygen-
enriched air being extracted in the second operating zone.

20. Device in accordance with one of Claims 13-19

characterized by the second operating zone being in the
form of channels in a plate-shaped transport matrix which
has lamellar surfaces, both sides of which are arranged in

parallel vertical to the plane of the plates, to which the

carbon membrane is applied.

21. Device in accordance with Claim 20
characterized by the current from a direct electrical

heating device being conducted along the surfaces of the
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transport matrix plates vertically to the main plane of

the lamellae.

22. Use of the process and/or of the device in accord-
ance with one of the preceding claims to clean polluted
inflowing and outflowing air, especially the interiors of

motor vehicles and the like.

23. Use of the process and/or of the device in accord-
ance with one of the preceding claims to concentrate a

component from process gases.

24. Use of the process and/or of the device in accord-
ance with one of the preceding claims to concentrate

hydrogen from fluid mixtures.

25. Use of the process and/or of the device in accord-
ance with one of the preceding claims to separate air

and/or to concentrate oxygen from air.

26. Use of the process and/or of the device in accord-
ance with one of the preceding claims to dry gases and/or

gas mixtures.

27. Use of the process and/or of the device in accord-

ance with one of the preceding claims to separate inert

gases.

28. Use of the process and/or of the device in accord-
ance with one of the preceding claims to separate isotopes

from mixtures containing fluid isotopes.
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