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PROCESS FOR SEPARATI NG COLOUR BCDI ES AND/ OR
ASPHALTHENI C CONTAM NANTS FROM A HYDROCARBON M XTURE

wWo2@bM40367 t he | nventi on The i nvention is direcP€dEP®OFN055121

process for separating col our bodi es and/or

asphal theni ¢ contam nants from a hydrocarbon m xture

usi ng a nmenbrane, by passing part of the hydrocarbon

m x 0 ek &+ t r i

e S e by Pt ke | RPE/SEREs P Ok ApppgrmEIc
menbr ane a BPHTEEENBOT SpéiRptlafe HNAROGGREONe U &8 RE

content of col our bodi es and/ or asphal t henic

contam nants . Background of the Invention Such a

pr ddeds lods theedngevelioped i n the past by the

applicant of the.present,.i nventi on, and reference is .
mde T a1 CexTSTG 08 the SACGTHAL LondI DRRFERE TOf Sebarating
apploleatrd @oddietsh apualyloirc atsipha LINaen® 88h24836ants from a

I nt er nat i onal Pat%nt appl.ication with publication No.
VWO'GSFG55E05 T Aiid |uﬁteePﬁ&PigoﬁaPef9§nF8HF'agb’l PESCrOA RGrt of
PCUhEP2QRA/RE050A Mickupeblfirshed @bctiheipel @bl by pédaheate

of the present application) . W 99/27036 di scl oses a

pr 6¢&€s ot sy %%%rﬁ&elloﬁélﬁ OV e RS VB Ineans N6t PERRIcate
Velsli N QN t3iee 2Pracki B0 hPHeeesSbbhoPedneaftamiaiahgd a
feedstock. Prior to feeding the feedstock to the steam

cr ZEEEICO CRAER Y RE COCRF RAAES SaPed erpdeRNALERENHE

f eedseir@ek rywtgans of a nenbrane separation. By
renovi ng contam nants fromthe feed in this manner it
i s Basdkgnauac efudhe ffaveatdRl e, so-called bl ack

condensRl-es 29 feedst ack E%%npﬁ%Qéﬁb?%d|QWeEh%|%EE%Sby the
The term bl ack condensates is conmmonly used to refer

t 0 apFAtigntacdd thet Mrgisegds 1I0oRaEASary eanavied§ rancASTN made

Cmfgf'éyéﬁ%fy'ﬂgmﬁﬁe Qﬂﬂgyhé%ﬁgh%qa§EQ%anab%gﬁ%ation with
publication No. WO 99/27036, International Patent
application with publication No. WO 03/035803, and
International Patent application No. PCT/EP2004/050507

(not published at the pricrity date of the present
application).

WO 99/27036 discloses a process for preparing lower
olefins by means of the well-known steam cracking process
from a contaminated feedstock. Prior to feeding the
feedstock to the steam cracker furnaces the contaminants
are removed from the feedstock by means of a membrane
separation. By removing contaminants from the feed in
this manner it is possible to use, for example, so-called
black condensates as feedstock for preparing lower
olefins. The term black condensates is commonly used to
refer to contaminated natural gas condensates having an
ASTM colour of 3 or more. Direct application of these

relatively cheap feedstocks in the above steam cracker
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rel atively cheap feedstocks in the above steam
cracker process woul d not be possible because the

w@oembam3onant s and/ or col our bodies in the feedP@DBEPIHOS/055121

give rise to excessive coke topmation in convection
sections and associ ated steam cracker furnaces. The

co n d | Qur pes _are_typjcal
R R DI
presdﬁbrlno@oamtbbdéssoﬁnséherﬁbedﬁ&@umdtbeVe rise to

drocarbon m col.our ntes
e i T W e e T T T
ra53sﬂeﬂbtadessepﬁrataohemnfhrnhcmas found that the
flux, ressed iin feed rneat i t hroygh the ,
ey 2 e EP CaRAran e BROGBT Ha)oHbePeales fopckrpioally
framga maxe&uﬁhyabu@yahcaé@undyﬁebcaxaﬂﬁbe &B@ahkgén(ﬁb
2 .day) to non-economcal |ower values, and th

atPF?E@PélequéﬂFﬂﬁéeéfOﬁhéeﬁﬁﬁﬁﬂaﬂé sshipf 5be EVdFHEarbon

fepdxshde, aguaitn egmaﬁkthﬁaleéscohﬁUteBQQhQStaedbgbcess
asphal thenes . International patent application wth

puBcreaeiss Re. WA0963£335803ndaskrprbesandpfsamgsmepbrane

sepapakatiehouhikodiegaangdtanqasphal thenkGux, expressed in
contam nants from a hydrocarbon m xture by passing

pafeedf pefacRydngc ARBOHIR khar BeRRranghParmeABRriRemeter per

ovar (WRi.ch OBADr 3¢ 10" e$8Hr § ALLERLANGE1L8 of around for
mai ntai ned t hereby obtaining a hydrocarbon perneate

haéka@paerad@@e&ngmﬂeabyoft@ohaupebedbmscamdAGWer values,
cont am nant s, terval s the

at. sel d
o BERUBLd e FRCaOraH Lhe RUTBPANGE She peThrana pyrface

| ower edlebyegiorpRg Hhe EbOWéﬁﬁs&E@ohyéEoéaﬂaﬁﬂ bodies
m xture to the feed side of the nenbrane. Stopping the

f eé@d PswasRAGHe8REl e be achi eved by stopping the

oper at ifgRe@hag ibegd PHABNtORpBY itBEY6hI REthhBublication
hydr ocar bon m xture froma position between the feed

pubp -aH@® pﬁéoﬁéﬁ@@aﬁ§SF61§e§o§lPFQﬁeﬁﬁsFPeéﬁPGFaFﬁeCOlour
fe%@dﬁ%@panﬂh%Q tRenBRBLAR® contaminants from a

hydrocarbon mixture by passing part of the hydrocarbon
mixture through a membrane over which membrane a pressure
difference is maintained thereby obtaining a hydrocarbon
permeate having a reduced content of colour bodies and/or
contaminants, wherein at selected time intervals the
pressure difference over the membrane is substantially
lowered by stopping the flow of the hydrocarbon mixture
to the feed side of the membrane. Stopping the feed flow
can for example be achieved by stopping the operation of
a feed pump, or by recycling the hydrocarbon mixture from
a position between the feed pump and the membrane to a
position upstream of the feed pump. When the membrane
operation is resumed after stopping the feed flow, a high
permeate flux is observed again.

International patent application

No. PCT/EP2004/050507 describes a process for separating
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operation is resuned after stopping the feed flow, a

hi gh perneate flux is observed again. Internationa
w@aioeto3appl i cati on No. PCT/ EP2004/ 050507 descPCheB20a5/055121

process for separatingcol our -bgdi-es and/ or

asphal theni ¢ contam nants from a hydrocarbon m xture

U?SBgoﬁr”%%B&%BeaR@VBEQaﬁ ggﬁghébqg @Bgtgmﬁﬁgﬂggt? om a
S| de, by contactlngt e grocar on mxture wit ﬁe
f ebttdgioda ropont e xiyaprdr agengwhemeinbrbeewkeninbeaf éedd side

3ngge5n?%Eﬁe§Ege?}§%:tPﬁegggggé@§n8 ngsﬁ?acheﬁgon

rence I's app passrng par
hydiatarbomihxthee feedmstide béetthsi demboahhe pbemeahe

Si and_obtai ning at .th erneat e .si de o& t he
ol AET] SR GES AGH BBFICALE. Fadingoh Fifubghorane @
coptestuak ddlfderchodi és apglaedasphakthgnpassing part of

contam nants, and by renovi.ng the hydracarbon, perpeate
rOheL Ry BSTASEES BLAbUOP ERSTEAG SRS ahaPorh GUE: ng
sebeceired tki B8 dentedvabsathéngesmyvaheobehypdaoeashdn of the
perneate fromthe perneate side of the nmenbrane is

ot BEPEASDS thay ERE5PESsBPETaRE FePaNiBI0Per cHged content
MeglEr ave oug berpesakinby osubsbaatitakhycl everasin¥heB, and by

the nenbrane operation is resuned again, it was found
t h&ETPERPaltd cc BY B CRERBPe BT R §h T Plix tR§aPRIMeate side

Therehare mefbeBRieNd whiefigedulriay as1bht¥E 034@35803rvals
or stopping the perneate flow as in PCT/EP2004/ 050507

, B6eh r8MegRed ofo NypEraREPPRe PRERSRERe fEEPal R BRTTRRLS

oven gextended &%&b%%%eoﬁst%%%p%%@tEBUQHﬁkYth@iFQ%H&ure
having to replace or take the nenbrane unit off-line

f odidifeaningg. cUST5 the5MeeQranscliss ésmansehed ynethegantially
fOﬁo%%?%phﬂ%h%%Pﬁﬁﬁﬁ@%@%§a5%0%§%§%%xoﬂ is w@ggﬁga 888in, it

[
heavy oil is fed t a ceram c nenbrane,
wheesi foung ithietti alelrpekgegeapobe sermevefl eliehdohafilex
menhrane is first reduced by deliberate fouling,
f ol I’'owi ng whi ch asphal t henes can
Therefore, stopping the feed flow as in WO 03/035803,

or stopping the permeate flow as in PCT/EP2004/050507,
both allowed to operate the membrane separation unit over
extended periods of time continuously, without having to
replace or take the membrane unit off-line for cleaning.

Us 5 785 860 discloses another method for removing
asphalthenes from heavy o0il, wherein the heavy oil is fed
through a ceramic membrane, and wherein the initially
large pore size of the ceramic membrane is first reduced
by deliberate fouling, following which asphalthenes can
be removed for some further time, until the pores are
completely blocked.

It is an object of the present invention to provide a
membrane separation process for removing colour bodies
and/or asphalthenes from a hydrocarbon mixture that
allows to operate the membrane unit full-continuous over

extended periods of time, and without the need for
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be renoved for some further tine, until the pores are
conpletely blocked. It is an object of the present

WO pove#i3on to provide a nmenbrane separation prPCEBB200©055121

renovi ng col our bodi es and/or asphal t henes froma
hydr ocarbon m xture that allows to operate the

”eggﬁﬁﬂgaugk%ﬁﬁﬁhb 6?”%%@50§§ ngﬁegcéeﬁﬁﬁg Q€r5°g§m8fscale

out “the need for- - regular stoppin
of ofeddugs.perneate flux at a tinme scale of hours.

SUBTEREY %h%hgn&gg%hggohn accordance wth the
preseﬁf—&ﬁVEﬂfoﬁrf+ﬁ#1rﬂﬁ§ vi ded a process for

separaﬂhngccokdancboduéh ahd/preasphahnhentcon there is

cont am. m rocarhbon, m xtur USI
nme rgﬁgg aVI r8ce$€€§g %g gnatln egﬁgg e gggles gnd/or

coabphaﬂmgehhe bpdtamanbnnsnfxbmre Mydhothebbeedlstdee
erneate s

of the nenbrage ang bg re ng %

o K aReee BB apantre ks Posed, Bhgk g Bch BaRgRte siae,

agbgucobcﬁbesnggdberhgﬁmbabtbenhm;ecntanwmaPrshe feed side
er_el t he rane 1. s._arrange I N Ira u

e the Remra R eBrahe koatrees! AtathEl PaFlsaTELRade 2

merpHaBeaabeonwpklrmkaewn hkofingppal ireaticeds cbAtagueeds colour

systens such as was ter streans. and wate
deBaFRRat PR/ OK éﬁpﬁ‘éllmgex%ﬁnGoﬁéﬁﬁlﬁﬁﬁQtﬁodUPEreln the

t YRie@dlrhyeCarRphirsasgadneabrangiassepblyuall WdBbrane module.
menbr ane sheets between which a perneate spacer sheet

i s saniffmbreas Qﬁ&u%ﬁﬁcHnnénﬁpéﬁélégsgﬁBPQ PemeEgPgdare

at yhnegnsidesorTRephounthopisden aq6@BN8CEQdtERs@such as
perneate outlet conduit such that the area between the
nmefBsafeyater streang esmnAteat desawinRtine-i At epPisplly

of LheL %%'rtane%otdca@eofty @%a@fl %%mg%q@egngsm@mkcgqe
o By

spacer sheet is arranged assenb y wth feed
spa@@ﬁm@ﬁ@epf‘§WPoWE@@rapeaﬁb@ﬁa8th@tpéﬁneahecbuﬁl@ﬁrmeate

CO%%%%%T LReet is sandwiched, and which membrane assembly
is sealed at three sides. The fourth side is connected to
a permeate outlet conduit such that the area between the
membranes is in fluid communication with the interior of
the conduit. On top of one of the membranes a feed spacer
sheet is arranged, and the assembly with feed spacer
sheet is rolled up around the permeate outlet conduit, to
form a substantially cylindrical spirally wound membrane
module. During normal operation, a feed mixture is passed
from one end of the cylindrical module between the
membrane assemblies, along the feed spacer sheet
sandwiched between feed sides of the membranes. Part of
the feed mixture passes through either one of the
membrane sheets to the permeate side, and permeate thus
obtained flows along the permeate spacer sheet into the
permeate outlet conduit from which it is removed.

Fouling and associated reduction in permeate flux is

a well-known problem in membrane separations. Separation
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forma substantially cylindrical spirally wound
menbr ane nodul e. During nornmal operation, a feed

wWOorRoob/4807 s passed from one end of the cylindrPCHEP2005/055121

nodul e between the nenbrane asgenblies, along the feed
spacer sheet sandw ched between feed sides of the

Tegbr 888y PREL 8L LA beedsah §95§n838§§8mtQrgggDocarbon
ei ther one o rane s e
siméxtamd perﬁeaaekthbstobsahmgdlplpmsnalbngmembrane

-neate spacer sh into th ernmeate outl et .conduit
oM dRan  ARe £5 SRk, b eburrRERIRA as 8L Ebage L bne)
redﬁcthencbntpannaate tempved andebkbeckneenopr ehkegubntities

rane separations. Separationof . col our._ bodije .
P or CRE BRar e b oA PORER ny HPOCAF bBnaht ABAFE: Tswg® oF the
tasbtbmamlksuheghbndpbaﬁegbOupEﬁbranetﬁQunbngt doge E@en
t he natureF§cheni | ecul ar mel of the

i 7
coRPafi nERES TFeMBVed%and hBESGEB of VR taaﬁntPtP8§589

coptkanieants kn&obyedoftmem@@bhﬁ 8kpheast ohAsWi¥u0H thBe have
total m xture, and can E to 5 ww% 10 w % or. even
&

noFenspersre HﬁRPﬁgatﬁ@lﬁﬁé nWOPH9eﬁ?W5ﬁan§ peryém in such

skl bedckRst hgiact ehemephrangvaepabati s waHl deBat hetween
have consi der ed u3|n% a_spirally wound nmenbrane nodul e
n

i NMeTRKagepEHeess, ag ééOPﬁetésaééeavapﬁasreSh@ﬁtthé sO

fe@@m@%kwe%ﬁaﬁeE@Eﬁﬁ%lé@@%ﬁso@ngoﬁbgﬂgbBBQeEesﬁd Bacer
sheet is so limted that accurul ati on of col our bodi es

anapphadsprarshéned ingupHgdwsardlicesnl faph flggradation of
degrada h%n %&f%F%QB%%e ?Ef%°&€§n694 9§a§e45§oz7§x€ﬁgle

states xanp e t hat e maj or di sadvantage o
spithalt @@ﬁfm@upatd@ﬁadgapﬁ§QEnaﬁuthﬁySPQraéc@ﬁnﬁdapéation

FUIENS BALLITU AL IR ocgifel 0, COUbl, B, L08, e
thm@tae$|QMBf¢©aﬁpupﬂ®bl@ﬁ1%hﬁhf§pdraphyewogmdd Also in

Cab%r'd%g% 1%8fQ%" 9.8 e&@%df%ﬁﬂtsBagﬁrnWEPEQnEeﬁ¥ oblem

i n Subsi I'ng per e out ut or even un
Cawumhd@@arally wound cartrldges is fouling of the feed

spacer which results in subsiding permeate output or even
unusable cartridges.

Applicant has surprisingly found that a spirally
wound membrane module actually allows high permeate flux
to be maintained over extended periods of time in the
separation of asphalthenes and/or colour bodies from a
hydrocarbon mixture. It has been found to exhibit in fact
far better performance than a plate-and-frame module. The
module can be operated without the need for regular
interruption of feed or permeate flow, respectively, or
other cleaning operations for periods much longer than
just about one hour like in the prior art, e.g. for
10 hours, one day, one week, or even longer. During the
period of continuous operation the permeate flux rate

does suitably not decrease to lower values than 50% of
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Applicant has surprisingly found that a spirall ywund
menbr ane nodul e actually allows high perneate flux to

wheoorniasdai ned over extended periods of tine |PCT/RAR2005/055121

separation of asphal thenes andgor col our bodies froma
hydrocarbon m xture. It has been found to exhibit in

fact far . te rf a I -and-f pranme

e R o dare Bk bar St ated Gl Rour Fhe’ Raedmost

f opreégukbdi yi nbér topeirohheh Pé&d or perneate fl ow,
respect.yel or her . cl eani.ng eratiops for_periods

nuch I@ﬁégP%thﬁnﬁégg géog mégetﬁgu%nyﬁﬁ PR tRe?pyi Bpnner,
artif esgbeflaevéd haatsthenaidaygr onebweekceoantev®B membrane

| onger.. ring the period o ont i nuQus operation the
DoPREk: sTHe S OmhiE Rk 8 Plat Ry At PianrnReabiey) bagred by
vakues ptrbaens0%af the ifaktli abatkux, hpipketabpyeneht

| ower than 70%_ nost preferably not | ower than 90%

W PRBES 1R R FB“F?EFPaPﬁé Pﬁv@ﬁ?i@ﬁmpﬁaﬁﬁy manner ,

it is bekirevadithahet hechi ghaketunbyl gnegpiakntbg of at
menbrane feed side conpared to a plate-and-f rane

mdGREL CalsBE bJorRePpFESEARSYORTt hEAPEed BPacéPp, Provide
helkps £t @ iBLeVephcdeReSithkORc0h §9AEANLAANESPBALNG 4
menbrane. Preferably the feed spacer has a Fhlckness

of maximeasthacénems méré prefer ablywapuféastentnfiempgane
Pr ayirgg csukhi gent xRacCendb hhephiegd i d8undNflodule.
typically a maxi mum thi ckness o? 3 mito aPIow

suf fi cifert feedbsaRcesushatebly berpasredsi at grad of

spi I, : ule. e p sui.t.ab .
A T
bokes weehe staanegls ) poi nt s bet ween strands) . Suitably

the st f | |
the Tosaliohtaarrd soetras cp i diopfEle e, Shngthties or
mefesane imbdihe, longfieuabngl70idegtées of tésssprordly

pr%%%%%b%%n%%a %g%%%%lgt b%%%Erngy 4% g%%&%%%'oénless,
more preferably 60 degrees or less, e.g. 45 degrees. An
angle of 90 degrees would be perpendicular to the main
direction of flow on the feed side of the spirally wound
module. By tilting the strands away from that
perpendicular direction the likelihood of contaminants
accumulating at the strands is minimized.

The feed spacer can be made from woven threads. The
thickness in this case is the thickness of the crossing
points (bonds), approximately twice the thickness of the
thread. Due to the difference in thickness at the
crossing points and the strands in between, feed can
easily pass along the feed side.

As a further advantage of the spirally wound membrane
module over plate-and-frame modules it was found that the
separation under comparable conditions removes more
colour bodies, i.e. a lower colour index of the permeate

is achieved. Without wanting to limit the invention in
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angl e of 90 degrees woul d be perpendicular to the main
direction of flow on the feed side of the spirally

wowewnd4asodul e. By tilting the strands away fr oPCT/RB1005/055121

per pendi cul ar direction the Likeli hood of contam nants
accumul ating at the strands is mnimzed. The feed

?pgﬁgfmSBHeQG Qﬁdﬁ ¥8”tﬁ$£eﬁﬂé-hIQﬁeEhkﬁkﬂﬁiénce at
inthis case'is the ess 0 e crossing pol
(bbhdsmemhppn@xfaaﬂebydempompahedthocknp@stefanﬁeframe

th%SéHlePUSah &thd%hgeé?QQS EQ 5?'9Fge§ée8t é%ger helps

crossing’ pol n FARAS i R bet ween
eaSDIprpasstabongehheateed polleridasianfatt hbe feed side,
a vagtgﬂe of. the_spira ane no

AR, BRRrPrr ke uhRatY; PR En B R PR TBTHuE BY8Les

seaadabmoasphdethenﬂpatabbeseondrbughsthenmumsranée
col our r coloui}ln e

dj
ot reaFBe; BYAERFaCRAT WE EOGE VAN nGORba PP FpBLRANES

i nggaybencobnany peAnes, whith helileyedet bak hparhbgbabn
turbul ence at. the nmenbrane feed side co red.to
pl BEELHAE- £ FamElRBdGPEOUEaudBE B§0Fﬁ§snggsgﬁﬁé 6PVFHElon

feed ppacenmihebpsot-oupeevenh ¢enaenbEaki 8Bove a Certaln
pol ari zation at the feed side, and therefore mnimze

t hEOdRYKCENASK - cdFolirShbaresd 5ﬁdberpa§ﬁhspﬁﬁéﬁ§suﬁeful for

paﬁ?d&%&%%%@ntR@x%ﬁ%@%aﬁﬁv1ﬁg aRyd59paEBeBL I XhHESS above 2,
contal n contam nants and/ or col our bodi es, which

wi fih gavs ichd aly @fodaPBoRORExt BFedataarknst &bl sgeordance
Th%ﬁﬁp g%ﬁ %ﬁsb6'sTh@vg@%Moeouéueogflkﬂbtsgr&egt@sgs found

st ocks above a certain col our I ndex. vvas
f otird beO lb®epaithiroularny a§@ﬁ@umﬁ§reﬁydré@aﬁboﬁhan /

e%algﬁvP%gtﬁ% égIMLQO%?UEhbn%? gé9¥go% fe.a and

part# more, as deter I'n accordance
Wi PpeASTMND1S00JiTRENASTN tbkomembf anke speRmBEALEN| Process.

(o494 (B8 Lo HieRce B8 SATELAIEY BARTaLOVRE i

andowerlng of the dimensionless colour index by 10% or
more, preferably by 30% or more, and most preferably by
50% or more.

The contaminants and/or colour bodies are typically
hydrocarbons with high boiling points and which do not
easily vaporise, even in the presence of steam. Examples
of such hydrocarbons are polynuclear aromatics,
polynuclear cycloparaffins, large paraffinic hydrocarbons
(waxes), and olefinic components such as polynuclear
cycloolefins and large olefinic hydrocarbons, especially
diolefins. The contaminants that are removed by the

present invention have typically 25 or more carbon atoms

(Cog+), equivalent to a molecular weight of at least

350 Dalton. Typically only part of the lighter

contaminants, e.g. in the range Cp5-Cy4p, 1s removed by
the membrane separation, e.g. 30% of the Cpg fraction,

whereas heavier contaminants, e.g. Cyqqpt+, are nearly fully
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operating conditions of the nmenbrane separation
process. The process of the present invention can

wOo e®alo103dn a | owering of the di nensionl ess col PCF/EPWIENS5121

by 10% or nore, preferably by 80% or nore, and nost
preferably by 50% or nore. The contam nants and/or

CObggakQQd'%§5au%asmﬁp0@hgymg% Logar gasa%%thr cglcally

boi'Ti'ng poinfs an o not ~easil'y vapor even
i nrehevpdesentbeobesthmealre . ERappkestbe dméherent nature of

i R A
(maméspx agénekaﬂﬂglcheohpaneetscsnthmaﬁapebyaddlmate to

ool efi ns e fInIC dr ocar bons,

2 pbEr PG SPari FbL°HRaRkahr ahFaRoLotRat TPy increases
rewﬁtﬁdthy thacphesant onnv€nthencbayvemtypheal | ¥nd5a0k0
nor e carﬁgn atogs g 5+) equi val ent t& a nol ecul ar
wePGRETEE 4t "L&8stRS50 BEFEEAS *93?83 Ry BRE§Dpart of
the |i ghtenyaebtarbbaninsxt8res tb bbeukangenCehe (BPocess
is renoved b¥othe nmenbr ane separation, e.g. 30%of the

C28CFPAEE PN FowhBPeRE CRERYI ¢PVEBRE SR ABRL SU1E3GLYCA0+,

arﬁya@@ebybbulhx&ka%@gdhéaQQEM@%a1Byt&5@ pBiDE AgepaRdt of
are practically renoved in t erneate. Due to the

di BrepERE ﬁ&?@r@oofccéﬁﬁaﬁlﬁQnt§e€H§?r¥oﬁP#P5uP§ iLgss than

di Eher eat ?%%&%%%b&? gobayr r-g8neryl byihheoReauksr than
contanlnan add noife to the colouf than the lighter.

Théo@oléurmpﬁ@epreﬁéﬁééééswwﬁbhatﬂéocéﬁ@@ﬁﬁratp@mn@fof less
th%hgﬂn%%%‘nénténda@@e ﬁergeBEEgEEXbWth bBeI Lecovery

average nol ecu ar wei g t rocarbon m xtures to
bep@g@d o ﬂﬁ@5p¢6@95§5§cc§rdeﬁgrm@nﬁﬁebwré§§wtD 2887. Such

?H&b%%r%%% RYLE ALY ?&ﬁrB%a%gﬁaﬁghé%ggggyangkgggg&?s,

|n| point of greater t
red@@@ﬁymp@@medOfnhéygaﬂhanSGOOHGGmsapeeferabbynaagswated)

Qf?%%gkégﬁfkgkgggﬁke%§FL?§§P6g9uge aene SRRl €528 Yight
crude is a p0331ble feed. A particular example of a
suitable hydrocarbon mixture is a naphtha (a straight-run
gasoline fraction) and/or a gas oil (a distillate,
intermediate in character between kerosene and light
lubricating oils) fraction. The colour bodies can be
contained in such a feed by its nature, but the feed can
also have been contaminated in a storage tank or in a
pipeline during transport, e.g. from a refinery to a
steam cracker.

Another example of a hydrocarbon mixture, which may
suitably be used, is the above referred to black
condensate, which is a contaminated natural gas
condensate. The natural gas condensates normally have an
ASTM colour of below 1. Contamination occurs when such
gas condensates are stored in storage vessels or
transported via pipelines through which also, for

example, crude oils are stored/transported. Contamination



10

15

20

25

30

35

than 450 0OC , and even nore preferable a 95%recovery
poi nt of |ess than 350 OC determ ned by ASTM D- 2887.

w@mb/okngar ocar bon m xtures can be crude petr ol BCEP2005/055121

fractions, (contam nated) natupal gas condensates or
(contam nated) refinery streans, but also crude oi
Suelnag dol LaBLCLUAALSBRASS L BLeqligeds ARBLLLCHL B
exanpl e of a suita ydrocarbon m xturé s a nap a
(ahsawaEghhydmncgabohlﬂeréaastisn)cahaédria gaslobk faar-
di s n i a ct.er n kerosene
Rt N S L S R R
bomnaSumaB bempmmsangedubetauthaalpeed by mbsenahane90 wt$,
but tge feeg cap. ﬁ been_cont n1nat g p_a

st 8Fagé tank28r ¥ r808F§8PFn8rdﬂPFﬁg YPéﬁ%E Yi'-5etg. €12
frg§H§oEg§bgg%y to a steam cracker. Another exanple of

a hydrocarbon m xture, which may suitably be used, is

the abdvBYAsPerrbant BikLaER t6ndehidnid, miktuhei shat

co Lnated,n | ogas+€0 e S
i R e
Codtanitn&@bi stizobydreocaiennsucHydasceohdensébes ar gontinuous

Sagéggﬁi% fkﬁraﬁ§x¥8§%e'§f°5 %&g@ng@ESQtVb% QEPSE'QSS

or €éxa e ol
stpmedbhmanspmtabdy ﬁontanraathencéh athmsoceurbdunnnghe
pr ductl due Lo _contact MAth avier. hydrq arbon

?8§WB 8rc§ﬂFe8 RiE zefl oFmﬁearﬂEFPtc%Hta%1na FgRved

Natutalr .gas condensates are typically n1xtures

o 20 hGaPBUaFaafs *br ThBLe EPBFEArFy e5t0n cpver mads of a

hydeagar hea®rand bmdrecaabenlayétureuppoatﬁImade of a

m xture that _contain ast 90 wt % ocar bons,
pr BPEPHS| JPEFPTRBEst T 3@ ﬁ?&?o&ér68ﬁ§gg%ydﬁ8c8F68H96d

formaa eoRt peuadstphasewel riketmcxttvugh theadshBkl membrane

awo%gtlggeﬁa%%d %%en through the base layer, so that the
pressure difference over the membrane pushes the top
layer onto the base layer. The dense membrane layer is
the actual membrane which separates the contaminants from
the hydrocarbon mixture. The dense membrane, which is
well known to one skilled in the art, has properties such
that the hydrocarbon mixture passes said membrane by
dissolving in and diffusing through its structure.
Preferably the dense membrane layer has a so-called
cross-linked structure as for example described in
WO-A-9627430. The thickness of the dense membrane layer
is preferably as thin as possible. Suitably the thickness
is between 1 and 15 micrometer, preferably between 1 and
5 micrometer. The contaminants and colour bodies are not
capable to dissolve in saild dense membrane because of
their more complex structure and high molecular weight.
For example, suitable dense membranes can be made from a

polysiloxane, in particular from poly(di-methyl siloxane)
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present, suitably not nore than 5% this can be in the
formof droplets and/or a small quantity of dissolved

wowRi0e/0403The nmenbrane suitably conprises a top PEHEP2005/055121

made of a dense nenbrane and g @ase | ayer (support)

made of a porous nenbrane. The nenbrane is suitably so
arr, t r 0 Lr g

e R R

| aperengodht hat thhempmbssnee 8uifebéaceooves néwbranes are

”9585§R8ngﬂéﬂ§§ the ¢ tERNkay§61§ ?d&?ﬁ6885$ @g& (pARS,

dense- nenbrane ayer he ac rane

sep@u9€eﬁekhﬁ1@@nq@Enmanbglyveﬂylmaehédiggabbgae (PVDF)
m xture. The dense nenbrane, ich is well known

onéngkppr@as|ﬁoﬁMgeéﬁﬁFlHa§oEFBMéﬁﬁﬁeéPEEEhrtﬁaﬂ Fﬁé be of

hygE@CQQB@ncghﬁbHﬁg H§§§e§o§ah@tQEH?EQBQtQMnd'330|V|ng

in and diffusing through its structure. Preferably the
deﬁ@éoﬁéﬁﬁﬁaﬁéohayérrﬁﬁgrées@sméﬁﬂéd cross-|inked

struct X d 7430

Thet i BenaenbSpn gy SULLRL LEREL 2R ok Panth FheTds

pr efydrabhpbas mhmhraseposslbhet SatEabtyathmayhbekpessent

RSB LSRG BESLERTALNGDS Vi e oo

S mcrone n1nan S an
arEhaotecapabke to di ssolve in said dense nenbrane
becaUSﬁ of thei eO%ogReexrstructure en g cr th
nol ecu gFlmglgﬁParEo% Bxanpl BECSGIF abrat g cE€ across the

nenbmnahresecan bgpﬂadel&rbataepolﬁsahdxaﬁebarnand more
particul a frﬁnkﬁ°|é ggi §§I si | oxane) (PDMS). The

poP&Gs SheRYan& “I"ayEr “pr 64 REEhani cal strength to

t he nemhéapeessuttahbéanbQUSaﬂEbbrapp$1adein parallel-
Pol yAcr IoNltrl (P% % %An1 eln1d§ + TigZ %PAI),
PoPYEELREF i (G éoPﬁélf PBEPOFRYEI GEREBPEPEST FARPEPVBFT,

and ipeneusepalrutebhaklteer, oBrhyheagboBIREhL sagdmpanshag two

of the type comonly used for ultrafiltration,
naﬁéfWPFFaF@8HGSFl év§F§§r6§ﬁ8§l§ téps, whereih the

retentate of a first separation step is used as the feed
for a second separation step.

The membrane separation is suitably carried out at a
temperature in the range of from -20 to 100 °C, in
particular 10 to 100 °C, and suitably in the range of
30-85 °C. The wt% recovery of permeate on feed is
typically between 50 and 97 wt% and often between 80 and
95 wt%.

The invention further relates to the use of a
spirally wound membrane module for separating colour
bodies and/or asphalthenic contaminants from a
hydrocarbon mixture.

Description of the Figures

The invention will be described in more detail and by
means of a non-limiting example and comparative example,

with reference to the Figures, wherein
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The menbrane is suitably an organophilic or
hydr ophobi ¢ nenbrane, so that water that may be

w@e@ses30T n t he hydrocarbon m xture i s predom PEREP3005/055121

retained in the retentate. During separation the

pressure difference across the menbrane is typically

betmee@éguﬁgd%69c9@ﬁaéfga99 esﬂéﬁgega?%¥r9fi ﬁguﬁg

and 30 e present invention can be app ed in

pamaibehopematisdie¢ groups of ) menbrane separators

COMPr | $eqfrS! DOLAREPALALLOR: SLERy 07 cL04COBOOLIRALSe £rom

conprising two or nore sequenfial”separatio

wheoeen theepdsentate of a first separation step is

used a he fe S d ' tep e

nenbragégsgsgrggléﬁalgbsgﬁgwa§ﬁ§§%?%%%9%gt§a¥eég spacer in

tenwerduﬁferenttb91eaDQE1ohst®Hh 28spect0000the main flow
articular 10.to 1 and ,sui in the ran €4 of
e ESHEon TR Read Pecoaary CorE peF rbar e BmbFEag )

typlcthgubetmeehoﬁe pedmeatmﬁ9&aﬁda9f&eﬁubetm5ﬁnoso

and 95 wt% The invention furth %Iates to the u

of S§PEpRFAPPyY EWBENECheBF afig2RB 8|8 fBFlggparﬁPFﬁaf?y wound
comembrindi psdand/ ahdaspbakbhghir6t €08t aRbgnEsSotr anpaate-
hydr ocarbon m xture. Description of the Figures The

i neBATESATRI MPBéSdescribed in nore detail and by

Means 19fled AABcki Pt bAYoeXanR! enaadrgeAparative

exanpl €, With reference 1o the Figures, whereinFigure.

1 schefft PEAMPyesR6WE BP3BRIAYI YoRBEnHeRBRBREnBOdULe is
modehenaki 848 y2 spBews isckegntical | yna &@aqlépgcebmprlses a
made from woven threads; Figures 3a and show
Scmém@ga@g|p§s§mpé§d5553@§r1§nformed of two rectangular

membrane sheets 7,8 between which a permeate spacer

sheet 9 is sandwiched. For the sake of clarity the
membrane assembly 5 1s shown opened up, but in fact the
two membrane sheets 7,8 with the permeate spacer 9 in
between are sealingly glued to each other along three
sides as indicated by the glue 12. The membrane sheets
7,8 are formed of a dense top layer and a porous base
layer support (not shown for the sake of clarity). The
base layer is arranged at the side facing the permeate
spacer 9.

The fourth side of the membrane assembly 5 is
connected to a permeate outlet conduit 15 such that the
area between the membranes is in fluid communication with
the interior of the conduit, through openings 17 in the
conduit. The permeate outlet conduit defines a
longitudinal direction of the spirally wound module.

On top of membrane 7 a feed spacer sheet 20 is
arranged, and the assembly 5 with feed spacer sheet 20 is
rolled up around the permeate outlet conduit 15, to form

a substantially cylindrical spirally wound membrane
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two different orientations with respect to the main
flow direction along the feed side of the nenbrane;

w@eaeBigor e 4 shows perneate flux as a functi oPCDEP2005/055121

separation tine for the exanmplie of using a spirally
wound menbrane nodul e and the conparative exanple of a

pl - tai) ed cLlption. of :
R AP Ry P T o Sy ae Bwiched
nodeteces tohedanseatdy Shpensi hoFhguyetlle. fde sbdel ef

1 [ nbrane assenbly 5 that is forned of
tmﬁgggg?igéu?ag?nenbrane sheets 7,8 between which a

per neal ke spadeiesheetofmaslganomi eheed Foratheusake Ofiot
claﬁitx t he nmenbrane assenbly 5 is shown opened up,
but"PH™ act the two nmenbrane sheets 7,8 with the

per neaT ke spadei e 9fonmbepaeencfire seabimge ysgharest ton

each,other along three sides as,indicated.b h | ue
SR enbPand theared,SeRafie 1 oFhEl Sat¥ated Hhon
Iﬁyeguﬁédl? m?éopsi?ase%éayes se?@oat BmothshOM@dﬁ0Mped by
the sake of clarit easear'sarrane at

the &pge PH@Pn§6tE§ bh?nga?g §ba%e¥89°% the FoupEAne
sigeq@lict he nBELr AREcASSENBhYebsi 81608NEREEHeEQ 8pacer 20.

perneate outlet conduit 15 such that the area, between
t hBufiefBr anBEeP8UFA ffGF BT EBRfURPREL F BN PR tRE Petween

i ntgLi eeegf sthe @@nQHBtthEhFQHﬂQaQQGQRBQS(éﬁtl@tt@5 of the
conduit. The perneate outlet conduit defines a

| ongrmaarAarcafnett ton 8f Ehe BpTPERNG WoHRESmbduPert of
Cnthgpfggdnﬁggéégetﬁréﬁgﬁeghépﬁéﬁﬁr§ﬂ@eénaofl§ws along the
, a [y 5 wth 28

arrange the asse feed spacer sheet
i speoinkedeuprareund?t hatperhearervagtet cebhahi conguifols

fo%ghﬁ %H?%haggkﬁkg¥ecxbiFgfkgﬁbvéaiéelkxeweaeﬁet 45. The
nmenbranenodul e. ter rolling up, the feed spacer is
sapdwicchédtbet ieend thetdeéagdenvbpprrapersef dpnrAagovhAe at the

fe%gtgkqgtgfoutlet side 50 of the membrane module 1. Part
of the retentate is recycled to the feed side via recycle
conduit 54, and the remainder is removed at 56.

The feed and permeate spacers are made of a material
that can withstand the conditions during use
(temperature, pressure, chemical environment), such as a
suitable polymer, but metal is also possible. As shown in
Figure 2, the feed spacer 60 can be made of woven polymer
forming a nearly quadratic grid of openings. The
thickness of the threads 61, 62 from which the spacer was
woven is for example 1 mm, such that the thickness of the
feed spacer, as determined by the corner points (bonds)
64 formed by two crossing threads, was 2 mm. The size of
the openings is chosen such that the two membrane sheets
do not contact each other under the influence of the
pressure between feed and permeate sides. A typical
characteristic length of the strands 66 between bonds 64

is 5-10 mm.
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menbranes 7,8. The nodule is normally contained in a
housi ng (not shown) . The nodule forns part of a

wOoresban3e’ separati on unit 30, which is also  PCT/EP2005/055121

schematically indicated in Eigue 1 . The unit
receives feed at 34 that is punped by a feed punp 36

to the sihde f i nt .

whi ch FE8Ehe ope afidnd! sHASHEEIPAELS T S pagely P wien
pressdretdcf bpepnoest hatangedusnthi nest behaesnrahds 73, 74
feed side 40 and the.perneate side (outlet 45 of the
hoERERt 7 aRanRL oo S Re TR SR P E Pt Suding |

of dihecteed passésthbrpaghethe ovtbetnecaddit!| oms spirally
al ong t he perneat g, spacer iinto the perneate outl et
coRatne TelrHBon i oh oerath: b hachSp MhbvEd SrSt et to the
outhheh 4bowTherpattionfothehéeedetinaiddi d not perneate

is renmpyed at _the retentgte outlet s

i de 50 of the
menbr ahtIHBEUPR 1OVPaft %?dtﬁ%a?%fe%fa?%l?gt?écﬁ%?%dthat

tothhetheeddsi de \(karkpaychs) cRaGYi &nd4rientathen
remai nder_ is_renoved at 56. The feed and perngeate

spBEEPSNEieuhage B thenhl el dl TeRht OBanlhi tAsPEhYcYRE that
condihi QRSoduEhRgtYse (LeppeLabubBe PHEESHESmiRARAT Ca
environment) , such as a suitable polynmer, but neta

i sdaPs6ipassi bnetha seghens PR FRgtrerotreaRect ke
Sp@EFBn@Q 6an benmpdg 9Ewm@YeEhQOk¥§§5nEOB§1Qgeaindicated
nearly quadratic grid of openings. The thickness of

t héorhicbadsake, o62cipsiatwhi ch the spacer was woven is

for ex : c h Lck Sy, of f
spacer%ngéﬁgé?g?%Pagng§H?EEEcg?%g%fpgﬁﬁtEQ(%gﬁgé)@E%

f opretieby et wpaceossEngyrhreddy, thasnernhhalhéhei Zeedf

th% g@%”t”%ﬁ o %ngﬁ@a§gﬁgttgghtgmgngﬂg nﬁgp%aggen removed
sh&Bt's { ot her “Gnder th

0 not “contact "eac e Influence
of fbhéipgessunetbet peentficed andupemhebhe pedmsatA side.
tyeicw
xanple

A black condensate having the properties as listed in

Table 1 was fed to a membrane separation unit. The

separation unit contained 0.4 m? of total membrane
surface. The membrane was arranged in a spirally wound
membrane module in a so-called multi-leaf arrangement.
Three equal membrane assemblies are arranged around the
permeate outlet conduit, connected to the conduit at
different positions around the circumference of the
conduit, and rolled up with a feed spacer sheet between
consecutive membrane assemblies, i.e. in total employing
three feed spacer sheets. Apart from that, the membrane
unit was generally arranged as discussed with reference
to Figure 1. As membrane a PDMS/PAN 150 membrane was
used, as obtained from GKSS Forschungszentrum GmbH (a
company having its principal office in Geesthacht,
Germany) comprising a top layer of PolyDiMethylSiloxane

(PDMS) and a supporting layer of a PolyAcryloNitrile
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characteristic length of the strands 66 between bonds
64 is 5-10 mm Figure 3a shows schenmatically a feed

WG p@eo103T1L Wit h quadratic openi ngs arranged suPCI/EPBIDS/055121

the strands 73,74 forman anglig of 45 degrees with the
| ongi tudi nal direction 78 of the perneate outl et

conggﬁf ang gglrallgeﬁf ?EQU| W$%gu/%§rec%lused

on Ts eqU| e main on on ©
t hehiebdtsedetr&ndsree3b shoMsnadfeedhspaspecBlto the flow

ori,ented,. such tgﬁ %he thr ads 84 (strands 85) have an
or fehtS ﬁ8ﬂ B8r beRdf ctfart % the flowdirection. It is
bel|evadféhain§ua@aﬂn ooi Ehgrate oh, | shevfeeprohettive was fed

cont am nanpt depositi in he eglons 88 jus stre

ofStng SeFandL 85, KpHPYTatt ohiof ERATTRG! SRR BRCAPR Unit,

i ndheated parttbe sa&ereﬁeﬁtatetwas récyena@nah@nmixed with
perneat e spacer can be used. The _perneate spacer

tybFEaPr! oeHi ifeFPehaf PREVFRES §53€EFOHS|n Eagﬁecut of

hegybesk %9@?@HtgantéeaawssbgseaiﬁaaveﬂhéOﬂééagmhﬁtﬁgé is
a practical issue at the Eerneate si de. Exanp

bl BeRSe8ndErBaPeeh8PAng Lt EepFﬁbéF@Fé§aésmP¢§@%db?ﬁween the

Taplgplanesabednhoiaseabhagecaepacali @Palbtt shdbe
separation unit contai ned 0.4 mof total nenbrane

supbndwicithed henvranefaad aifamged theamspbraneg-wound
”E”braBSrHDQE' énf@eﬁomgﬁg+fg ayggés'@ﬂéoegﬁagg@ﬂgptone of

Thr ee equa ms rane asse Ies are arrange ar ound
t hehpemambtreneutheeteohduthe penmegtedsidet handonduineate

at ¢ hgfSE%anegsFE%QQSa?EHHngh%hggghégﬂgf§é28€§ ghebPeinto

condulit r ol up wt artle spacer eet

betheepecmaseeuDHVéenenbndneta§sembWhésh iteisi nemovaf.

enpl oy| three f ge h t ,

t he neﬁgga RECGRrt g1§@§%§ra IS%§ tﬁg:@gm££§ﬁ%cﬂgée30 bar,

W tvherefier eheepressure at the permeate side was nearly
atmospheric. The operation temperature was 65 °C. The
colour properties of the permeate was an ASTM colour of
less than 1.

The total experiment time was 48 hours. Curve a in
Figure 4 shows the flux F of permeate (in kg/(mz.day) as
a function of time t (hours). The flux did not measurably

decline from an initial flux during the experiment time.

Table 1
properties black condensate
density at 15 °C, kg/m3 776.9
components not volatile at 17 wts
343 °C
components not volatile at 0.7 wt%
538 °C
ASTM Colour (ASTM D1500) 3
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to Figure 1 . As nenbrane a PDVS/ PAN 150 nenbrane was
used, as obtained from GKSS For schungszentrum GrbH (a

weewpampohavi ng its principal office in Geest hBCIEP2005/055121

Germany) conprising a top |ayam of
Pol yDi Met hyl Si | oxane (PDVS) and a supporting | ayer of

a g§|%§§£¥£9gné£é¢§igAN) A feed spacer of 1.5 nm
f which the strands were inclined
mnth r'espesame ofeh@ Wadwassedt¢oRr on ndEb e wiie.

z$£§£%é€ g??%ﬁ égyg ggr -Eeﬁﬁ%ﬁ%@ﬁgrggétﬁggufgswﬁggein

our t rane separation

Unhe @Qﬁéem@mpaéheo&agh@sé@teﬂm@t@eM@@aﬁ@caﬁé@dwggdl.5 m2 .
mxed with fresh feed.so that a perneate fraction

("Ehagteedt *3taf veDos 68Ot he Ko RF. faed BRAST odf aFhed.

Th?ef@ﬁgaﬂbX&HEeré§%8§§§egoffﬁﬂtOﬁﬁufﬁdfpéwthgte to the
cylindrical nodul e between the nenbrane assenblies,

a|6ﬁgdtﬁedee@é shacePEhaRe BaRAWF cPEdl BRP wkehn ¥ ceas
g§§v9& BheTQEEQ£§9§§e,R@i%f@£eﬁ@faieﬁgegéﬁfér§nd

ses t rough el ther one of the nenbrane sheets to
theepmﬁﬁEaDe §rdetiandopepheadeinhbiBipbvay nedrel ows

al 0Nt RE THALRoSDAGE! a8NeR! thD! OrLUeoRE! DRENS) o

condu from ch'it isre e pressure
di f f er @heepoveeatbefherbdahne aws 20sbadismhayedninhBigure 4

pressure at. the per neat e i d S j
Ta2oRRFaRi Bt SRBcrarlre sas: BE OEE TLis “HBPERY hbtnay
preppataesonfsnbalpeCanang flasmaa ASTMigol vatuefofess.

than 1 . 5 total experinent tine was 48 hours. Curve
a BﬁOFkgdK@ 493Kbwshhehf LaxtRoughpetpeRpedppnto the

k9§é§%s§@xbnaéfaceyeezleedQEstbHethe(hegasildeTB@ £hux
ot nmeasurably decline froman initial flux during

th@e@bpéneneﬁp CEABOrFapPEmeabfipat BEr vefERANPV 8L The

pE%ﬁ?mﬁ@élgaggeglﬁﬁgesao@EHBEﬁQ§ YBphr88ubAPEHe flow of
ate-a rane nenbrane nodul e wherein

permeate was manually stopped by closing a valve in the
permeate removal conduit for 5 minutes. During this time,
the pressure at the permeate side was found to approach
the pressure at the feed side to within 1 bar. Each time
when the valve was reopened again after 5 minutes,
permeate flux was resumed at about the original maximum
flux value.

The permeate had an ASTM colour index of 1.5, i.e.
the separation using the spirally wound membrane module
according to the present invention removed more of the
colour bodies than the separation using the plate-and-
frame module.

Moreover it shall be clear from Figure 4 that the
average permeate flux obtained using the spirally wound
module is significantly higher that with a plate-and-
frame module.

It shall be understood that in the event that

cleaning of the membrane module from deposits at the feed
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t he same nenbrane was used. The nenbrane area was 1.5
nm2 . The feed rate was also 70 kg/hr, and part of the

WO edoen¥@dE was recycled so that fluid flow ratBCT/BP10b&055121

feed side of the nenbrane nodylge -of 1000 kg/ hr was
provi ded. Tenperature, differential pressure and

23%1 g;%on i&aﬁé ggcggggfyegféﬁetg ge%%gﬁﬁw¥lme of

e Sane as revi ous exanple. The
pespenseidh uxt]da$ acam ebal sondilspl aymz@lthmnd Fk:rgazwze #nashe art,
curve b .. The perneate flux declin Sq durln ; 0o mal
seé%?a??%ﬂp%?g%Yff%%%f?? ¥+%%1a KT PhT vard {ca .

820 kgThénprdegés abcehdisg t hougid imwémtxbmais)$mmtable to
de ositlgn of col our bodi es on the eed Slg

rafgd ¥8 PERELTES pePIBATEFILY, E?Te? %%gy eSpeClallY
ap@h@XkaﬁéﬁkdeBOnbp@&&So@ﬁdﬁﬁgaaéssep@faa|@@eaﬂeoflﬂmphtha

']
o PELIEEL Scveg, TRNUBl Ly, RBEd. O£l g2l 1. S Yol P! o

thistthfBtet hRiBRESSHEQiAE LheipEer8tste SbdHeeMBBat OUNdof
to approach the pressure at the feed side to within 1

baFOn aRhnen ke mﬁénb?h%uQEF%%de% FRBpehdat hgar hi gkt eplumn

5 AbPHLEESeaRCtABALEchhUXrMBRe L CBUPRECEL . abpdtetiBly the
original maxi mum flux value. The perneate had an ASTM

coretientadexisf supBlipdetot feckepar @i fbhl lidt hgnt pelumn of a

Spké?Hh¥r20H@QaHEQbEHQevHPﬁHh§ ésﬁgégéﬂgstefthﬁe retentate
pr esent vention renoved nore of the col our bodies

t hanet hésseparadi on tbengrufe pehrelendf Faneshoakl eormally

Mo t .sh b h
EfBEEi el BT E BUERa ML AT AL Uk P bl 1Y

wound Aodokdinglgi ghhei passépthighentipat fwrthen provides a
Pl gtecandiLang, modyl €, LhySBAL! oPecyRdREStod, tHALLRn the
hydrocarbon mixture is a liquid hydrocarbon feed from
which light olefins are to be produced by thermal
cracking, wherein the membrane forms part of a membrane
separation unit in which the hydrocarbon permeate is
removed from the permeate side of the membrane, and
wherein a retentate is removed from the retentate side of
the membrane, and wherein the process further comprises
the steps of:
(a) supplying the permeate to the inlet of a cracking
furnace, allowing the permeate to crack in the coils of
the cracking furnace in the presence of steam at elevated
temperature and removing from the cracking furnace a
cracked stream which is enriched in light olefins;
(b) guenching the cracked stream;
(c) supplying the cooled cracked stream to a
fractionation column;
(d) removing the retentate, preferably by supplying it

to the fractionation column or to a crude distiller; and
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cl eaning of the nenbrane nodule from deposits at the
f eedsi de shoul d be necessary after a certain tinme of

woep@satizon, this can be done by a net hod knownPCTEP19e5/055121

art, for exanple by rinsing_-whyh_a suitable chem cal.
The process according to the invention is suitable to

be used to separate contam nants,fro e .
esB%%iaFFWOYﬁ grgF%?rggetgg%l%th%%ng%%%% g@?t%%? %plumn a
Stease Qs naiphedra, cf aokethofside ohif WheA-BORABHMation column

descrj bes an exanple. The. retentate which,contai,ns an
i rierehied® tontl n‘l?‘?aﬁf%% %ﬁ‘{ R HaRt sanrrday&boem the Fotron
suppl tied foatbeofigatdn onatwmn £ dbemtronovnséaream t he
st eam cracker furnaces. Preferably the r tgnéate is

a

suppl i B0 @S LPUdE i RTFT T4t i Y ot e HeTYeess

becausspt ey alh 0bBdEPMPRAEN S Oin tihe sRdeited covse a
al so found in_ the crude petrol eum feedstock nornal

sUpb¥T bELEBNERY dOEP LRI sEHTF R FHHOL ot unfh, N19h average

Acephdi Nghys 1HeaPRESERY HhPVeshlsRidgriher fosoVigesl @ and
process according to ang one of clains 1-13, wherein
t HeeRERBE af BOAL AT XPur 8CeR Al | Fifi HRPWRIrREAT PR Peekne step

from whiehyt hghtnol e£L8Star end 05 REe Br QUL efleyr & hET BB ¢
cracking, wherein the menbrane forns part of a
nepbeahecd epakat # CREATENE N ARPEhVEheh efflpEaR®oh Pressure

peﬁg?f‘&?ehéef%@M&ﬁnég%ahetp@w@et@b%%% LPethe
menbr d

ane, and wherein a retentate 1s removed fromthe
r ebennatbesstideobft hee npepaaee anpewheres nhaneng a reduced

process_furth ' t p : plyin
R R e i A
al Fewkengathespdeneat ehéomenacknenat heteontétepf anfleremoving

cracking furnace i.n_1he t t :
b HEGPEaaa PATbOP nbCr FORRE Rt CPACk Rg TIPRARg! g nerein
crackedgsteeantwebi chmesienercheéd thel rghtval ebfnsydEbyarbon

quenching t he cragked stream (5L spPPhYi RGnbDEngORLed
stopped so that the pressure difference over the membrane
is temporarily substantially lowered.

Suitably, the membrane in step (a) comprises a dense
membrane layer as described hereinbefore, which allows
hydrocarbons from the feed, but not asphalthenes or
colour bodies to pass through the membrane by dissolving
in and diffusing through its structure. Such a membrane
is suitably also used when the hydrocarbon feed further
contains salt contaminants, which are present in water
droplets that are dispersed in the hydrocarbon feed. Salt
contaminants can come from formation water or from other
treatments at a refinery, examples of contaminating salts
are sodium chloride, magnesium chloride, calcium chloride
and iron chloride. Other salts, such as sulphates may be
present as well. The water and/or salt will normally not
be dissolved in the dense membrane, and therefore the

permeate will be free from salt.



fractionation colum; (d) renoving the retentate,

preferably by supplying it to the fractionation colum
wW@roobo4@0Tr ude distiller; and(e) renoving fronPCTEP100§055121

of the fractionation colum_a;gaseous stream fromthe

side of the fractionation colum a side stream of fue

oi | onents and fromthe bottaom of th

fractiGrett bh Fot UIPGE bott ST esH RIS (R Phethe

prrﬁérﬁ?@iam@vsﬂél@méﬂnelﬂmmm q%m:egsti@mm@imlefasEe and in

order that n_be operat ed over nificantly

pr oo ngEYR ‘ﬁe @ 34 a‘i‘eb%u%t@lﬁe a%ér‘% Qfl%&ocer%‘?s fgeds

achi &y eshn 8yp F 6phaes ngo t fiené eeslr & uppd y1 aneld nemn@re-9927036,

separation step of the known process by the step of

sub%l@?ﬁbl?%éa¥eéﬂ et %%amm1£t of a menbrane unit

provided with a nenbrane, over which nenbrane a

pressure difference is maintained, thereby obtaining

at the perneate side of the nenbrane a perneate having

a reduced content of col our bodi es and/or

contam nants, and at the retentate side of the

menbrane a retentate, and renoving the perneate and

the retentate fromthe nenbrane, wherein during

selected tinme intervals the renoval of hydrocarbon

perneate fromthe perneate side of the nenbrane is

stopped so that the pressure difference over the

menbrane is tenporarily substantially | owered.

Sui tably, the nenbrane in step (a) conprises a dense

menbrane | ayer as descri bed herei nbefore, which allows

hydrocarbons fromthe feed, but not asphalthenes or

col our bodies to pass through the nenbrane by

di ssolving in and diffusing through its structure.

Such a nenbrane is suitably al so used when the

hydrocarbon feed further contains salt contam nants,

which are present in water droplets that are di spersed

in the hydrocarbon feed. Salt contam nants can cone

fromformati on water or from other
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treatnments at a refinery, exanples of contam nating
salts are sodium chloride, magnesi um chloride, cal cium

w@bkdooos3e’r and i ron chloride. Gher salts, suchPGEEEP2005/055121

sul phates nmay be present as_wel,l . The water and/or
salt wll normally not be dissolved in the dense
menbrane, and therefore the perneate will be free from

salt.Details and ranges of Qqﬁré%hqg paraneters for

t he menbrane are given i ption hereinbefore
and in the exanple. Details about the cracking

proces f eeds_. used and .oroducts obt.ai hed e

di ]gtl oé%%c??}s V@%—%%%nq nCOpIZIOrLf [ ckﬁ Oglresl ﬁarr%c}(eor

exasph£l €hén#c | cdhtSarli naky ©csen forh gépacatbory reiot owre
bodi es and/ or asgha%thenic c§%%€nin nts %ron1a . {d
hy'd? bR%r BoRSAPXRLT " UEHAY & rEE RV iy BEFRey-© Steey
sigle adgtacpengeaie Bydeochybeombeturg witeh the feed side
hydrocarbon m xture with the feed side of the

mefbr BRE, PHRATBYC r PRV NY BEMYIE Pet et e R gReyte side a

hyidy Q8¢ DBPoREE 8B £r HaAWA PN G 4 efb@eske € b edn®fof colour
col our bodi es and/ or asphal t heni c contam na

ts, .
WP ai 5o { B ABRDR BFE" | SheR angeRt AL BRRT 1 df 1S Sbrhe

MenbraRen 80HY! £r r Znge&T PEESSSBELLLT T NGohid Ghétiprdne module.
wherein the process i s conducted continuously for at

| edst BDOR®HPSACPPEIErAbFY @taimakt WhRrMy, thererocess is

pr a s a Wi £h eRPL PG, tPees
fegéﬁéﬁggggfE?hgﬁﬁgﬁggg%gggg ?M$$%§§§s accordingﬁt% srably

cl atmigastwheeefayt heoreerrsfeeaby oaf ylerganedsi ¥eeke
flH?tﬁqueET@QB?n?QEH%gPeéBeSﬁ&@béﬁnghguﬁéﬁﬁrane.

contrnuous oper at “has dimnished to 70% or |ess of
an3ini Pratesbuaccardipgotesslateo? di wgerolanyhenteed side

Cl ALMB1 31 MORERT Dol BReSPLAR! LY YOLRD- BEND AOEADEHL S
conprrsed a feed spaceér having a thi ckness o a?_least
0. iembrapeefierabpycantlivastsioparabionpPpggedsminished to

acGgEding; Lo any ope;Ql Lyl pr d:4, wherein
4. Process according to any one of claims 1-3, wherein
the spirally wound membrane module comprises a feed
spacer having a thickness of at least 0.6 mm, preferably
at least 1 mm.
5. Process according to any one of claims 1-4, wherein
the spirally wound membrane module has a longitudinal
direction, and comprises a feed spacer representing a
grid of openings defined by strands and bonds, wherein
the strands form an angle of 80 degrees or less with the
longitudinal direction, preferably 70 degrees or less,
more preferably 60 degrees or less.
6. Process according to any one of claims 1-5, wherein
the spirally wound membrane module comprises a woven feed

spacer.
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the spirally wound nenbrane nodul e has a |ongitudina
direction, and conprises a feed spacer representing a

w@eriod/oaf30openi ngs defined by strands and bondspPCTP2065/655121

the strands forman angle of 80 degrees or less with
the |l ongitudinal direction, preferably 70 degrees or

I
s Al P Lol S0 1 oS
suﬁmeum@mmmmmmi¢mm¢m3m@snndunewammwmaﬂ%zrﬁunuﬁeﬁ%%d

spa Pr ocess accor {Q any e of
@?lﬁal?%e Wgrﬁ)r%lﬁ%p con”prlgees a(? {a‘_i/éjroro e O?H%Pane

de&nse mmmééﬁ]eacamjrcairsgmpmrany ayres dmdela)ifmsa ]po"lr,oumerein
menbr ane. Pr ocess. acc to an of C

f%) © (PP eF MEPRE YinskS "ﬁ%? aﬂigori‘s rPa e B as a
g%dﬁ‘y @i(&m@tlsjaphsasozaam@jy (di - net hyl SI I oxane) . 9 .

rocess accor any one of clai e
LS pr S5Sres i FFRr SIS r bt e Horblfle durd mghherein
SepRs ab+88s i e bel Feehedée aidlr 38k bitie mMéhmbRiMEessring
according to any one of clains 1-9, wherein the

mendPahetien operaeeteat R0 t@Mpet dtA%: of at |east 30

0G g. Peebetabl ¥cabrh£astt 4020 onds € Prefes ably, akherein
| east 65 OC . 11. Process according to any one of

cl BiRersMamDANQhEF ePREFRECHYRF 0R aF BBRE R X4 1R o hadl aheast

ASTY e@l oyr - of - ahPyesR 1oREEf £oabty ROBYEpBe AEESH Ty N
to ASTNfdgs%O r1 yﬁ?oce%s accordlﬁg to g%y one ofy o

cl héeast1631° Cwherein the concentration of col our
bogiespé aLot é‘é@@?&&x‘?&”ﬁ& &x‘%{}‘t@ﬁ% N@AtS1h s he-10, wherein

rocar on mxture is W %or nore. 13. Process
actbedhmgrooaahgnomexbﬁrel hamsan-A3TMwheleih ¢heabove 2,

DSELEEELORT, T Sotopathan ask ettt oo
Prb2es8raceesdangotrdingytonanpf ogeaphsclails whétei wherein
the concentration of colour bodies and/or asphalthenic
contaminants in the hydrocarbon mixture is 1 wt% or more.
13. Process according to any one of claims 1-12, wherein

the hydrocarbon mixture is a contaminated natural gas
condensate or a contaminated refinery stream.

14. Process according to any one of claims 1-13, wherein
the hydrocarbon mixture is a liquid hydrocarbon feed from
which light olefins are to be produced by thermal
cracking, wherein the membrane forms part of a membrane
separation unit in which the hydrocarbon permeate is
removed from the permeate side of the membrane, and
wherein a retentate is removed from the retentate side of
the membrane, and wherein the process further comprises
the steps of:

(a) supplying the permeate to the inlet of a cracking
furnace, allowing the permeate to crack in the coils of

the cracking furnace in the presence of steam at elevated



the hydrocarbon m xture is a liquid hydrocarbon feed
fromwhich Iight olefins are to be produced by thernal

w@e@ekiasg? wherein the nenbrane forns part of BCT/EP2005/055121
menbrane separation unit in_which the hydrocarbon
perneate is renoved fromthe perneate side of the
menbr ane,, and wherein a retentate is removed fromthe
reﬁeé?ﬁ%lféet%lf%earbcf E%O%rg%oé? tglned S aechgllnr? ttauerrlace a

procesised Ust hedm oangrh sies drhel cteepsiroflida) «legpfping ng

the perneate to the inlet of a cracking furnace,

al Wi ngUEREN pRY nkaE T kT AcKE TR he coils of the

cr ki ngupplpasg tRet beope@senseked steammato a

el evat edt enperature and renoving fromthe cracking

f uF el APt Bk P 5 %am which is enriched in |ight

ol efj NSrefbYyiAYePEBI PEtbREatE ACKLEfSTABRN by C3upplying it

suppln%kilng t he cool ed cracked streamto a\éq{ra tio afiop

cotantie (Ey2¢ehoNd hiPh HeetwtRmate® preferantys er; and

supp| yi pemblihg Ebemf tBEt tOPabEOAnEOEHABL DbnkOidnCEYUEmMN a
e

distiller; and”(e) renmoving fromthe top of the
f raes¢onat $oreadl UFRCA gasedt@de stk celte FramtiRAkieR column

OfatgfdérQEEQ%ﬂa$foPu§Pl&ff o &iee st & eant of rdeth®ibot tom

conponents and fromthe bottomof the fractionation

cobfinhhe Boatbhvseteam cabumuse Pt &8 pF FEFFY- wound

me faﬁﬁe”89“£es 9£aff£a&@§ﬁ@9m Pk« bRdhepe ang or

asphal thenic contam nants from a hydrocarbon m xture.
separating colour bodies and/or asphalthenic contaminants

from a hydrocarbon mixture.



