WD 03/ 035803 PCT/ EP02/ 11712 - 1 CONTI NUOUS PROCESS TO SEPARATE COLOUR
BODI ES AND/ OR  ASPHALTHENI C CONTAM NANTS FROM A HYDROCARBON M XTURE The
i nvent i orwiosn3@sssest ed to a continuous process to separat e PCa/EPO2/1170HI €S
and/ or asphal t heni ¢ contaminants from a Hydrocarbon ni xture by passing
part of the hydrocarbon m xture through a nenbrane due to a pressure 5
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havi ng a reduced CENTIMWOUSF PROCESE TPoGESSRAAE/ COLOURt BRDIA&St AND/Skch a

process | s knoun, {50m. W0y 0927038 Tih6c PURL £ok 80 Alsslosps, fyppocess

for preparing | owe I NS nmeans  of Known™ st eam cracki ng
process from a contam nated feedstock Prior to feeding the feedstock to

t he steam cracker r h nt,am_nant.,s, are r ved fromthe feedstock
by means of a nen%%%ng%%géggrgtﬁg B EdoTPng SSH?gﬂPﬁgﬁtErPFSEFtEQ f eed
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more. Direct hgﬂmbcaabounmﬂ&thhesthmeh@hlmemymbheap ﬂeedsboakereesbﬂe 20
above tean1c&a§§ rocess gg not g@s%b bbecgﬁ .the contam nants
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square nmeter per dayh degpreased gui ekbynf Fesnawoexi-sopyyakueraf saround for
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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

15 this manner it is possible to use, for example, so-called
black condensates as feedstock for preparing lower
olefins. Black condensates are contaminated natural gas
condensates having an ASTM colour of 3 or more. Direct
application of these relatively cheap feedstocks in the

20 above steam cracker process would not be possible because
the contaminants and/or colour bodies in the feed would
give rise to excessive coke formation in the steam
cracker furnaces and associated convection sections.

A disadvantage of the process according to

25 WO-A-9927036 is that the flux, expressed in feed

permeating through the membrane per square meter per day

decreased quickly from a maximum value of around for

example 1200 kg/mz.day to non-economical lower values.



period at a high average flux. This object is achieved with the follow ng
process. 5 Continuous process to separate col our bodies and/or

asphal t hewoa3osssoan nants from a hydrocarbon m xture by pasgipoyipazt of

t he hydrocarbon m xture through a nenﬁrgné, over which nmenbrane a pressure
difference is maintained, thereby obtaining a hydrocarbon perneate 10
havi ng a reducedTeentlieCHf c€okbar pbeders andfokiovomnsahbnpmbsideherei n at

regul ar time,i. al - essu i r % he rane i s
substantialI?kBFg%éfegbaggpF?%a%?sggggégégdgpﬁgtgtﬁ%oﬁPﬁggaggﬁﬁedecrease
from 15 a nagidom v4l aehtighaavenegevalug. By reducing the pressure

di fference when f reache . ai_n Lnimal acceptabl e value it was
f ound . possi bl e t%H%Se%§§80%t%g %%%%%gﬁé gé%%?ﬁBFg%O$?°WﬁggopfaFﬁﬁF'naxinum
fl ux vhen t@enteénbprasepsepacat tonsepsratsunedoagabodidbusna/siknpl e 20

process was i aich did not require th re__conpl ex, back flushing
oper ati on. B%géﬁ?ng ﬁ%ﬁ Fggkg%ﬁ%?Pﬁﬁsgﬁg@datEYE%BF85QO?h@lFFH§eOQ¥r a
nmenbrane. A pdssadyaptageoifsthbdabydtotsrbonemtetplexthoocgnt sol and it

requires for_ex | e more_equi pment_such as back flushing 25 punps and will
pr oduce nDrém%?gggnﬁhmﬁﬁFﬁdgﬁfggkmﬁvgrﬁ?%dﬁcP?eifgﬁ? ghfgﬁﬁeﬁﬁgethat t he

nenbrane i s fetnedihyd, athbieby opbtayetngadenofiracdense pepheape and a
supgg{t Iaygr made of ﬁ gorous nen?ra e, back flushing of . perneate can
cause damage’ d¥+PRe?t AFHUHEASEOHERDF at. ©26°RGr PRELC5dVAR @Fes and
preferred enbogtambhantk) | wheretesgt i begubelova mdhenbygvorarbga m xtures

wi Il contain contaningn%g and/or_col our bodies, which will give_ the
hydr ocar bon PHFXPUFE G>HAPKFRAS cof Btir tRa B BPheRS s1df Swpssankb@hivon 35 is

especially disweted.to hydrocarbon m xtures having an WD 03/ 035803

PCT/ ERPO2/ 11712 - 3., -
Applicants observed that the flux would decrease from

15 a maximum value to a lower value. By reducing the
pressure difference when the flux reached a certain
minimal acceptable value it was found possible to operate
the membrane separation at the original maximum flux when
the membrane separation was resumed again. Thus a simple

20 process was obtained which did not require the more
complex back flushing operation. Back flushing is
sometimes used to improve the flux over a membrane. A
disadvantage is that it is more complex to control and it
requires for example more equipment such as back flushing

25 pumps and will produce more of an unwanted black by-
product. Also, in the case that the membrane is formed by
a thin top layer made of a dense membrane and a support
layer made of a porous membrane, back flushing of
permeate can cause damage of the thin dense membrane.

30 Further advantages and preferred embodiments will be
described below.

The hydrocarbon mixtures will contain contaminants
and/or colour bodies, which will give the hydrocarbon
mixture a darkish colour. The process of this invention

35 is especially directed to hydrocarbon mixtures having an



ASTM col our of 3 or nore as determned in accordance with ASTM D1500. The
ASTM col our of the perneate is found to be |ower than 2 and sonetines even
| ower t hawob3/o3zsependi ng on the col our of the hydrocarbonPpCagpoand1hb
operating conditions of the nenbrane proceéss. The contam nants and/ or

col our bodies are typically hydrocarbons with high boiling points and

whi ch do not Aea%i lgplvapordSe3 @V edren alshelddesaness afnh e’y 8, of

such hydrocar I ol ynucl arqQmati cs, 10 pol ynucl ear cycl oparaffins,

| arge paraffi %g@@h&}% ar%@’r‘?s Aes?f\r%fé’g UIaRd SREF NGe@dp drfefoasude as

pol ynucl ear  byclleokef ivhmrar drar gemelehicri e vRydnesabang speci al Iy

diolefins. Th hydrocarbontgjxtures to be used in the process 15 according
r

to the presenfSPRVERTI% A S HOaBEy O thirdeo faFerambatufeschavicdng an

initiag boiliBgepaitAhgOicorgliedial bFarn20nendRdnd $3%dec0very point of
| ess than 600 C ;%ref erable with a 95%recovery point of less than 450 C
and nore pref er abF&Sa COFHAREEGNESy 2pEY AL 6PLPugs bpdicsanrestyoidetdyni ned

by ASTM D- 288y q26eh rit-06ArPOom i gfl ¥b4H§5 CRB 1Re sChude Retholeum,
fractions, (contam nated) A natural gas congensat es or (contam nate
refinery str8afelYAN2ERLASISe 6Vea 3ni thBI BrRyenscacfon traxt. uEEaples

napht ha fract bencushl elyciasabeenscantanbnahed1Ln .t he g9 starage tank or in

t he p]ieci)eline when transporting said fraction froma refinéefy to a steam
crackdt. AnotReLYnERARPIre C¥ClaPRyaEEEaFbohanpRt Rrsafiinél hayirsuathbhy be

used, is the @QQX@sﬁef%h@e@l%?ighefgoﬁgeggﬂﬁgt ucWLEN LS o ﬁ%ﬂtaninated

nat ural gas condensafe. The natura ga condensates norma “flave a ASTM
col our of bel efclooledinaningt Llangecelefinhenhydechcgaboosndeasatédvyare
stored in stgrggerygssels or transported via pipelines through which

al so, for exanple, crude oils are stored/transported. Natural gas
condensates are tYpechiiyowerbghossgtdres4to PETHERPA2LA1TRR process

15 according to the present invention are suitably

hydrocarbon mixtures having an initial boiling point of
greater than 20 °C and a 95% recovery point of less than
600 °C preferable with a 95% recovery point of less than
450 °C, and more preferable a 95% recovery point of less

20 than 350 °C determined by ASTM D-2887. Such hydrocarbon
mixtures can be crude petroleum fractions, (contaminated)
natural gas condensates or (contaminated) refinery
streams. An example of a suitable hydrocarbon mixture is
a naphtha fraction, which has been contaminated in the

25 storage tank or in the pipeline when transporting said
fraction from a refinery to a steam cracker. Another
example of a hydrocarbon mixture, which may suitably be
used, 1s the above referred to black condensate, which is
a contaminated natural gas condensate. The natural gas

30 condensates normally have a 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. Natural gas condensates are typically



m xtures conprising substantially, i.e. nore than 90 % of C5 to C20
hydr ocarbons or nore typically C5 to Cl2 hydrocarbons. The nenbrane

sui t abl y wormpisses a top | ayer made of a, 5 dense nenbran@CampPozitiase | ayer
(support) made of a porous nenbrane. Thé menbrane is suitably so arranged
that the perneate flows first through the dense nenbrane top | ayer and

t hen t hr oughmtibes urgse domperi sigy tshiks tehe 1aglessdr-& -dimofiier éhea §¥eimtishe

menbr ane pushes - he t 1 e e 4l . dens nbr ane
| ayer is thg%acct5ualO %‘%?2{?2:36%@%526%% g@%% tﬁg ?gr}tlyrqn%r?a‘rﬁlltas%fﬁgm t he

hydrocar bon gl xt¥-@.rpobies .dense menbrane, which is well known to one
skilled in thée art, has properties_such that the hydr?carbon 1 Xtyre

passes sai d menbr&fe MSPPERNG SYHERPRY FATRA SESF PudioRy B ESulRde T 2

structure. BrefQr sy the dense markr angdrayeudiRytd serdeablred
cross-linked structure as for exanple described in WO A-9627430. The
t hi ckness of PEEOUSe ASERAT -afde MEYOrane defSeildiy Yas - Ritk 229 Sbssi bl e.

Sui tably thegh%% thjec i Batwee 1 b sand nl% g o lRin s P reb@rabley
between 1 and 5 mcroneter. The contam nants and col our bodi es are not

capabl e. t 0 ditosollgyeim el dhighdhreaghr &he bscadsyedt tHeithafoitéconpl ex
structure and, lah JTol @od A MPIA. (R RXBHRLR Siiablacdenge nenbr anes
ySi

25 can be madé froma po oxane, in particular from poly(di-nmnethyl

si | ox@ne) (PDEBEr T pdrttvudammbreass . Tiredepssy iEP nadichadRiveal 1t rengt h
to the nenbr : i_tia y I NI 2AN)
Pol yAni del m%@% aﬁ%gllf‘l( %lAﬁ &g%}%%’l&@fﬁg %%ag&%PE%eY%g%easo?ggﬁiﬁf t he
t ype commonl yhes éydrercankarafriittats.ofhe demef Imemyae orhiéPerdse osnosi s.

e P SR TR0 e AR PR S5, WA R el
al ter nat ed wittla ts exdhen ch Wi 30858 03 xRPCTHeERGZ/SEE7 E21d membrane by
15 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
20 thickness is between 1 and 15 micrometer, preferably
between 1 and 5 micrometer. The contaminants and colour
bodies are not capable to dissolve in said dense membrane
because of their more complex structure and high
molecular weight. For example, suitable dense membranes
25 can be made from a polysiloxane, in particular from
poly(di—methyl siloxane) (PDMS). The porous membrane
layer provides mechanical strength to the membrane.

Suitable porous membranes are PolyAcryloNitrile (PAN),

PolyAmideImide + TiOp (PAI) and PolyEtherImide(PEI), and

30 can be of the type commonly used for ultrafiltration,
nanofiltration or reverse osmosis.
The process according to the invention comprises
first time periods at which the actual separation takes

place and a high flux is achieved, alternated with second



5 time periods at which the pressure difference over the nenbrane is
substantially | owered when conpared to the first tine periods. After the
second tiwe opmsisezls it was found possible to operate thePoFmPOANT12
separation. at 5 substantially the origi®al~ high flux again, wthout
significant deterioration over prolonged tines of operation. Wthout
wanting to |iglirde theiicneentd avhiah ame prasneme idififedeeldeevadt vate t he

foll owi ng nmechani sm contribytes ta .prevent degradi ng nenbrane r f ormance
due 10 to defBEIFEN§ oIS Sl{t?dﬁléagt ngllo(‘ﬁdrerf %&%rﬁ%}@p¥§rﬁf2€rﬁ% s on the
nmenbrane surfRaget BUmdpaneidli QEtert i eders e dinangdrs gwpolitewas
significantly, due to the hydrocarbon that is dissolved in and diffusing

through t he ffeMst anssiple GheRHabam &S e e RPN ES s 15

i ncregsed durdyms-epariatign. 1 thoughdihe igeldiing dgaisorewhautcount er act ed
by the pressure difference over the menbrane. Wen the pressure difference
i s significamigpifismeredeteriarafelqre i et SFefsd S fdr ane can

expand so thaf,d s i1l Chnessdnaiaases ddharedy torsativithAdran deRosits
on the nenbrane surface. During separation the pressure difference across
the nenbran&annegrefidr difl W@ét%@éﬁ Hhagndhe0 fodrl catd hdtes a3 éer abl y

bet ween 10 a;af!in%(}i d‘:esD‘-'U'd dgtt 1By dALRY Ylmia iy AdVenRIRs sl

di fference i owered the 25 pressure difference is préeferably between 0

and 50bar, rtov elqpostidraily asslow Pashesan@diest anrstataitye 0 bar.  The
pressur e di f{eLGA LA LS UHAN AL L LR ACOPALIAY PPURING rEans

upstream and/or downstreamthe | ranes.” In a preferred embodi ment of the
i nventi on t hehe3RidrmmemanpEng Hes prvasisifre sdtgry. 2@yt it efugalt® itheachi eved

by Stoppi ng. L1, I a0l GONaN nalad SINAIOGY oy H4UILnd GrtmgEprbrane.

Thi s can be achieve y stopping the punping neans. Stopplng an
activating purt memieaTs . SL. wottha wadyiskiesis aifl ehd denss meatkhimamentier ei n
the Rgessureincreased during operation, although the swelling is
somewhat counteracted by the pressure difference over the
membrane. When the pressure difference is significantly
lowered, it is believed that the dense membrane can
expand so that its thickness increases, thereby loosening
20 any deposits on the membrane surface.

During separation the pressure difference across the
membrane is preferably between 5 and 60 bar and more
preferably between 10 and 30 bar. During the time
interval at which the pressure difference is lowered the

25 pressure difference is preferably between 0 and 5 bar,
more preferably below 1 bar and most preferably 0 bar.

The pressure difference can be suitably achieved by

operating pumping means upstream and/or downstream the
membranes. In a preferred embodiment of the invention the

30 lowering of the pressure at regular intervals is achieved
by stopping the flow of contaminated hydrocarbon mixture
to the membrane. This can be achieved by stopping the
pumping means. Stopping and activating pumping means is
not always desirable. In a situation wherein the pressure

35 difference is achieved by at least an upstream pump it



35 difference is achieved by at |east an upstream punp it WO 03/035803 - 6
- PCT/ EPO2/ 11712 can be desirable to recycle the hydrocarbon m xture from
a positi owolaiwsssen t he operating punp and the nmenbrane toPCa/EPO¥i1171DN
upstream the operating punp w thout stopping the punp. In this manner the
flow to the menbrane can be 5 tenporarily discontinued while the punp can
remai n in itsanoper geisigaipdde.tAlnearvrdts éley hyls oggsiosamipimyiend nesans
can provide a I rb j xture f .onr a n |0 ating
menbr ane sepe‘?r 2%6 %’rl%g%no%e% t(r?re)g!rrio rtglepgﬁ%lrltagllg%pgru tg{bi %& %g re%1 t?gg{egrw%élreaﬁ%rel

oper ati ng nenbrase tibh sgEdraam $heeaghe redpagaompo W ighowns oft osgpangat or s
provided with.an individual .valve taq inter t .the.fe t ai d _separ at or
or group of g@&alpﬁ“é)r's.ldrbihc Sosnllar?gnee{:n(}%eo%léie’nécq %hae gnce!g(ﬁnl?ern nl%alccér?a%%er t he
separat e val wesiddie ri(lgr elipscof)imerbnnd es ehar gutps cean deemadperiat éd s
according 15 to the process qf. .the present invent iton wi t hout. having to
stop the upstPERAPH NOHFe gﬂﬂi?er S Bef End A & e P Oper @ &5 g oups
of) separat ¢z GRS A ISidig e rsepaAndbitarestfeed Erbodirentsn corpri si ng
two or nore sequential separation steps, 20 wh%rein the retentate of a

first separatidht RIS g e e EFPPIF 8 s ECofd s éfarati®on st ep,

are preferregar{neskigded iy thewd ocrampagadile] delarading tieenaptieral
tinme Beri ods of continuous separatigon and the W peri oqcts at which the
presdbre di f fERaTEd oS 253G b ISRAEHYy AoRerY i MG THE average fl ux

over the MEHYANRSLRAE @in Widdiwidua swakedelermitratigt tWd Fecaier age
flux is here neant the average flux over both separation and .interngediate

time periods.torfadd SeRET IS (UbIF I MiniSHEPSE A& i Y FdY & %hi ch

the 30 pressyfdisSubstaAndfldit 1 0WelardRd: e Bepaha Hherdlives ey iod at
whi ch separation takes place. The flux wll decrease in the separation
i nterval s and SEUREhIAE IWREFbHNRE fI9PAIFECE TSRS ORGT 3R GRS 1Y

naXiﬂgnlvalu%o the process of the present invention without having to
stop the upstream pump. '

The above-described and parallel-operated (groups of)
separators compriée a single separation step. Embodiments
comprising two or more sequential separation steps,

20 wherein the retentate of a first separation step is used
as the feed for a second separation step, are preferred.

One skilled in the art can easily determine the
‘optimal time periods of continuous separation and the
time periods at which the pressure difference is

25 substantially lower. Maximising the average flux over the
membrane separator will drive such determination. With
average flux i1s here meant the average flux over both
separation and intermediate time periods.lThus it is
desirable to minimise the time periods at which the

30 pressure is substantially lower and maximising the time
period at which separation takes place. The flux will
decrease in the separation intervals and suitably when
the flux becomes less than 75-99% of its maximum value
the separation interval is stopped. Suitably

35 between 5 and 480 minutes of continuous separation across



the separation interval is stopped. Suitably 35 between 5 and 480 m nutes
of continuous separation across WO 03/035803 PCT/ EP02/ 11712 7 the
menbr ane Wbtoa/osbes wWith tinme periods of between 1 and 6®CEEPOY/ES]2
preferably below 30 m nutes and nore preferably below 10 m nutes and nost
preferably below 6 mnutes of at which the pressure difference is 5

substanti al | ytHeoWim@skanbh e I8 SERA alin®n det ivdd ald Yodfddredi out at a
tenperature in the range of from-20 to 100 C_in  particular 10 to 100 C

and suitabl y 3d AP LRSS BESETRRNY RFL Perde HIEWe T 8 iC45 ef er abl y
bet ween 50 1Qa%k &b W Baand, Ny enithefey allyy meatongan R0-and, Ye e The

process according to the invention is suitable to be used to separate
cont ani nant s § MW Fead, adspididt I§he e serd dd s Biae ki condensat es,

for agsteam cfackelnofa1 Whildy MR 9927036 describes an exanple. The
retentate 15 which contai'ns an i ncreased concentration of contam nants may

be supplied to tH& membreTs isePaciinmm dowsstitadmhy R Sieshmur adk ey
furnaces. Prefgrably e neten athds o SRRl €0 d @ A 1gide: disgtillation

colum of a refinery ecause the various conponents of the retentate are
al so 20 foundantideay dde frethddl elin fasststdialdor rdl 140 supplihed Wi sai d

crude distill tcio%ﬁplo er E’éﬁ\ggtf'(%re& \#g Igrl%%ec_{%%qr}j q%&ev%\séat 2 s of the

foll owi ng non-T1mting exanples. np 25 A black “co avi ng the
propéfti es asnd Sedtith arfalarel prsstdred lat etvatee G0 B0 IQY hdikr- to a

e e | SSPL AT Ml A0 CMET JE Lo Rl U L ARy 81
conpany havi g itsedricncigrsd rat30 ayfrftame HantGe dstdmaehtfee@ar rspe)cicolnyr i si ng
a top layer chhe ﬁ:oelzye[%r'\éb& f{yol %fa%ﬁ?nceon(doe%l\é@te%r}d flo%: SaUpsDcOerathl r@ca!ce}é/eerr o% a
which WO-A-9927036 describes an example. The retentate
15 ~which contains an increased concentration of contaminants
,may be supplied to the fractionation column downstream
the steam cracker furnaces. Preferably the retentate is
supplied to a crude distillation column of a refinery
because the various components of the retentate are also
20 found in the crude petroleum feedstock normally supplied
to said crude distillation column.
The invention will be described by means of the
following non-limiting examples.
Example 1
25 A black condensate having the properties as listed in

Table 1 was fed at a rate of 100 kg/hour to a membrane

separation unit at 40 °C which was provided with 1.5 m2
of a PDMS/PAN 150 membrane as obtained from GKSS
Forschungszentrum GmbH (a company having its principal
30 office in Geesthacht, Germany) comprising a top layer of
PolyDiMethylSiloxane (PDMS) and a supporting layer of a
PolyAcryloNitrile (PAN). The pressure difference when
separating was 25 bar. This pressure was alternated by

periods at which the feed was stopped resulting in a



Pol yAcryloNitrile (PAN). The pressure difference when separating was 25
bar. This pressure was alternated by periods at which the feed was stopped
resul ti ngwore3m3isms 03/ 035803 PCT/ EP02/ 11712 8 pressure dipCr@rencyinf O
bar. Experiment 1 was started at an oper@&tion tinme readout of 740 hours,
and the flux across the nenbrane during the first 2.5 hours of the

experi ment wasr&ssshowi f fie Fegekk eod. 0 Ther CoLovkr bnPrioperihessvirtbe at
perneate was an ASTM col our. of t ha The procedure asafescribed

| es
above was sub%%q%%%ﬁ?@lO%o?%?%u%%agﬁ?tn% e?%%éﬁmﬁ R stRantl tRe 1 ux

across the negbsanetivs . mémipEan€nai Ayt bige SBEs@s2 | H hbersi 65ttdo 2.5
hours shown in Figure 1. The average flux therefore did not decrease.

Table 1 prop@¥Ree"$Hacke e oditletRare Hensteyrarl 15Tk ?%}ﬂ@r750 | Bp C <36
95 vols% BP C 30gpe ASTAM Gof otlie (ASIM HLS0P3 s 8an Goomar a1 yer Exanpl es Exanpl e 1
can be conpared with the results of a simlar test canpaign wherein the
sane nenbranesl@hd?the 15 sane condensate feed was used. The feed

differential prespie,Qyedqthe IBNRLAOLI NES AbRaAryad eopesaeec AP C  feed
rate 80 kg/h. The flux across the nmenbrane in the conparative exanple is

shown i'n Fi gureninue@ konphe®t i Vean ek@¥mpheuvias andrtle Bluanaepesation
time readout ﬁﬁeqﬁeﬁ;@ax@%; Jﬂﬁefié&ﬁaiﬁg&cﬁ%té’aﬁ?n@s SO%0 ofi e t Peripi ti al

%
flux during the first 200 hours of operation. The flux di.d not reach a
st eady state 2ohdieioh.sOWR Expeiywentl s ateraeychl vkt bheareboee
pressure diffesenti alcovgrsthe menbrane a decrease in the flux is

Table 1
properties black condensate
density at 15 °C, kg/m3 750
IBP °C <36
95 vol% BP °C 302
ASTM Colour (ASTM D1500) 8

Comparative Example

Example 1 can be compared with the results of a
v similar test campaign wherein the same membranes and the
15 same condensate feed was used. The feed differential
pressure over the membrane was 20 bar, temperature 40 °C,
feed rate 80 kg/h. The flux across the membrane in the
comparative example is shown in Figure 2. The comparative
example was started at an operation time readout
20 of 120 hours. The flux reduced to some 50% of the initial
flux during the first 200 hours of operation. The flux
did not reach a steady state condition.
This Experiment shows that even with a lower pressure
differential over the membrane a decrease in the flux is
25 experienced when the on-off mode of the process of the
present invention is not applied. If this Experiment was

performed under the same pressure and feed rate



25 experienced when the on-off node of the process of the present invention
is not applied. If this Experinent was perforned under the sanme pressure
and feed wetos/0¥8093/ 035803 - y - PCT/ EPO;/ 11712 conditi oreTaEPIEXEMD|l € 1 an
even qui cker decrease in flux would have been observed. As brlefly poi nt ed
out in the introduction, the present invention can for exanp gi used
with particuF@rdibiongvant BEaMPhE alppBca¥En ﬁub?%%ﬁcﬂﬁﬁr??éﬁtlBI Pfis from

aliquid hyd&ggﬁabggvgeggegyog§@9§egf thermal cracking, as known from
WO A- 9927036 known Erocess conprises the steps of (a) supplying the

feed to the inl eksoprie aketedoouhi £npklei Hebr ot 2o%enblane, and

removing f ro&é@@nt%ﬁ@@ﬁ‘%foﬁ' denarper EﬁéﬁﬁlénﬂeflEQéf&it\kﬂfthebgﬁt%Qlﬁkde a
retentate; supplying the perneate to the inlet of a cracking furnace,

al | oWii ng t heapeantage id @rRERCEASt AE BEPAYCEHRY 150RheOLPEARFNELPr Aace i N
the presence, 9 uiﬁeﬂga §£ﬁ¥ﬁtEgeamﬁpeﬁééﬂéeo@”@hé?ﬁ@!'BQaEngPthgs

cracking furnace a stream I's enriched in Iight efi ns; (c)
quenchi ng thbnowacﬁedmsW®eénﬁ92393§upﬁh?|thWhePEQ@ﬁéﬂ gPHPKEESSt EBEM to a
20 fractionatjon cglunn (e) supplying the retentate to the fractionation

. STOf". . . )
col um; and f ? renoving fromthe top of the fractionation colum a
gaseous stream flapnstupelgide bhet fieeflr hot tbhaatnbat 256f cal ugmbaasede stream

0 oo baRRTROBRCL2a2R0, LERME  BEnchOhLomLRl LOROTEAG! FOBA! LA Col um 2

bot t'Om st r eall™™ rocess is a St eam cracki ng, napht ha
cracki ng or pthykene andefacparmagteThedffaomlbhatrehenbaUﬁnsugeaﬁso cal | ed
"primary. 30 %ra%t%onator' . The gaseous streamrenoved fromthe top of
t he rectentace;

(b) supplying the permeate to the inlet of a cracking

furnace, allowing the permeate to crack in the coils of
15 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;

(c) gquenching the cracked stream;

(d) supplying the cooled cracked stream to a

20 fractionation column;

(e) supplying the retentate to the fractionation
column; and

(f) removing from the top of the fractionation column
a gaseous stream, from the side of the fractionation

25 column a side stream of fuel oil components and from the
bottom of the fractionation column a bottom stream.

Such a process is also called steam cracking, naphtha
cracking or ethylene manufacturing. .

The fractionation column is also called 'primary.

30 fractionator'

The gaseous stream removed from the top of the
fractionation column comprises light olefins, such as
ethylene and propylene, and other components, such as
hydrogen, methane, C4 products and pyrolysis

35 gasoline (C5+). Downstream of the fractionation column,



fractionation colum conprises light olefins, such as ethylene and

propyl ene, and ot her conponents, such as hydrogen, nethane, C4 products
and pyrolwyeios/03Bogasol i ne (C5+). Downstream of the fracti ecatiponicvet unm, WO
03/ 035803 - 10 - PCT/EP02/11712 the gase®us overhead is further treated to
recover ethylene. Fromthe side of the fractionation colum one or nore

si de strean( $hd gasaioe) bermheddtisc fusditeai fsehtield ¢iol r®cogwFonents. From
the bottom of the fractionation colum is renoved a liquid bottom stream
whi ch cont ai %< 3&7&? cracked fuel oil. Part of the liquid bottomstreamis

cool ed and i xed pidnh thie sdriac bd téie amatishaedmnotoflmen] Grfer @t MorE i on
colum to quench this st r%am The r.enai nder enoved .asSI nutae;% Jiyel oil.

IS
Upstream of tHES rcS38H&ri dF dGhFn F9R0 RISt &PRGE ¢racki ng
furnage. The ddrfbitdr ocarbon feed is preheated upstream of the cracking

furnace or 15 inside the upper par f the c¢racking furnace. .In the

cracki ng furnace 4@ Itih(‘fuib(i’tﬁfﬂ{)@ rtgk?n %{a‘l’%&rﬁr}iag Inrsctoril‘\r}lgp&rsl zed and
subsequent | y haskad.a Mapefiid ¥d@bnofstdmn Widwhd doydredear berawst ream t akes
place in the presence of steamin a vaporizati,o bcg;il qutlat ed i.n the upper
part of 20 tEatrkifel GidacEaithéte 5% B W Eb SN EER B the heat
fromthe hot flie 9a5q ThedPREM P He drddied erackimafsmaee 95 wad | ed

the convection section. After the streamis vaporized, it enters into the
pyrol9si s coitadinianms gdicatumedtq CHICh &G SOGSAF f CENDHYIL t he

pyrol ysis coijﬁs I}y&{(g)‘p%té%n%@g@ Fﬁlr@ﬁﬁlke(plili_n the presence of steamto obtain
e

t he desired product. isis nown, and the conditions for

vapori zati on and Urgtasdm® ard e 1a R Bl qlumte dde 1889 ar% used are
naphtha (2 stral ghta"n endd SRROLAY fAsdonmand/efugan pidodarbon
, feed is preheated upstream of the cracking furnace or

15 inside the upper part of the cracking furnace. In the
cracking furnace the liquid hydrocarbon stream is first
vaporized and subsequently cracked. Vaporization of the
liguid hydrocarbon stream takes place in the presence of
steam in a vaporization~coil located in the upper part of

20 the cracking furnace, where the liquid is vaporized Dby
the heat from the hot flue gas. The upper part of the
cracking furnace is called the convection section. After
the stream is vaporized, it enters into the pyrolysis
coil in the radiant section of the cracking furnace.

25 In the pyrolysis coil hydrocarbons are cracked in the
presence of steam to obtain the desired product. This is
well known, and the conditions for vaporization and
cracking are well known as well.

Feeds that are used are naphtha (a straight-run

30 gasoline fraction) and/or gas oil (a distillate,
intermediate in character between kerosene and light
lubricating oils). Such feeds, however, tend to become
more expensive, and this triggers the interest in using

-other hydrocarbon feeds for the cracking process.

35 Examples of such feeds are certain condensates which



internediate in character between kerosene and light lubricating oils).
Such feeds, however, tend to beconme nore expensive, and this triggers the
i nterest Wo 03933303 ot her hydrocarbon feeds for the cracki rgTmrPoress2 35
Exanpl es of such feeds are certain condersates whi ch WD 03/ 035803

PCT/ EPO2/ 11712 conpri se naphtha and gas oil conponents. Condensate is a
m xture of hydemeatbonsamhilch and gomedi hesonpaticed. Wendensate al s gas.

These feeds, ho , Al i o] 1 Sy B C i relof
particular r eeré%\len%%.O%ﬁf%%&%%%%%nwﬁ%%%%r %I%%Cl\-/;\nx%)% ﬁ%‘?\%&%g‘? J?ch}%g
poi nt and on ndteurat has hand salts present in water droplets which are

di spersed in the r@grear%eof | i ngt hydrocai bons. tI—glidnr ocarbons with a high

boiling points ar 90 hyaercti)sc’ar ons: whi ch do Aot~ easi %IHR/%{?)JOIF?I}%S,' even in

the -presencerwd sdreoamirzanglase obf spreht hydrac ardbnsrace. @ol ymnecdear
aromatics, pal ynucl ear cycl oparaffins,, |large . paraffinic hydrocarbons

(waxes), ando%%/%#m%r% t"%ltlgu%hhja%lg%cij]rﬁﬂ:q e%‘?l@‘yc‘-l%%l ¥t i WS and
| ar ge ol ef i ni tH&r yshd ot bonpospeenial 1y whiodefdnsel fesehhtighabei | i ng

poi nt hydrocarpons are soluble in the Light hydrocarbqns, and the solution
usual |y has 2R &EFS o]trbu%e? o?tlé‘?(aalﬁp‘?é PJa‘H“A Tt OUCT - 3 or nore,

determ ned i n acopjdiaieerbond WiASTM DLE0. b AL examd ntad @r€ont am nat ed
liquid 20 stream contai ni ng |ight h%%rocar bons is a black condensate,
whi chOis a m&x%%ﬁbmr@yﬁbﬁ% T PR ERRT TRes PYFHuERd MR t h

natural gas hewd&uh@d ASTM L0l OUtxabl Ss 0O6f N Hhersotisshdaded |iquid
may al so include waste streans for the refinery. 25 The saJts in the

hydr ocar bon SReEEMCIFI] TRRAFToM PO YRIET HiR Mt ¥R F3 b ot hetarge

treat ments atps-4£fiNES Yhyd BXHBSSs Of w £ pN N Ik SRS @i SOLH 1N
chloride, magnesiumchloride, calciumchloride and iron chlorjde. O her
salts, such aSu@ldhaRey ML e preskerleinpel|and large olefinic

15 hydrocarbons specially diolefins. These high boiling
point hydrocarbons are soluble in the light hydrocarbons,
and the solution usually has a darker colour for example
an ASTM colour of 3 or more, determined in accordance
with ASTM D1500. An example of a contaminated ligquid

20 stream containing light hydrocarbons is a black ‘
condensate, which is a mixture of hydrocarbons which are
sometimes produced with natural gas having an ASTM colour
of 3 or more. The contaminated ligquid may also include
waste streams for the refinery.

25 The salts in the hydrocarbon streams will 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.

30 The membrane separation step of the known process
serves to remove the contaminants from the feed. If the
contaminants are not removed, they will remain liquid in
the vaporization coil, and will foul the inner surface of
the vaporization coil. Fouling by deposited components

35 will reduce the heat transfer and will consequently



30 The menbrane separation step of the known process serves to renove the
contam nants fromthe feed. If the contamnants are not renoved, they wll
remai n | iW0iod/083803 t he vapori zation coil, and will foul theCrmrer1guzface of
t he vapori zation coil. Fouling by depo§iﬂ§d‘conponents 35 will reduce the
heat transfer and will consequently WO 03/035803 - 12 - PCT/EP02/ 11712
adversel y af fattetdel perfbeoantciee gbeaf ctrmamce rat kerstedbr eoyekerfoul i ng can

even cause pl i ng of the .vaporization coil. Jdn the kn rocess
Cheref ore T OUTHE 51 HeTuiSrTons Fert cattos 1Bkt 22" HE known process
can be i nprovetbduyi retki g esEl of Inthiee prresentprowend | dneraforeefothatgi t

can be operate over_a sjignificant] rol onged. tinme period at a high

aver age PIUX.Ogb?mﬁ'Y$@9fﬁ%%%h D Ave tf%nr?%'%e%an bepachieved by %0

repl aci ng thﬁ feeméufmbwn a;rwbmgr@L@amfe }S@pﬂﬁpaﬁd\ﬁéd _sd%epna)hfn@ h@sﬁbﬂ@ﬂ\ﬂ _
rocess the step of su ing the feed to. the inlet of a nenbrane unit
brovi ded wi t hERE HeMBTSHe, TUERRT Lohi Th HENDF SRRt BT dSAhrRe dPPFEF ERRe | 5
mai ntai ned thesehy ohhal fidgnalytheo pefdeateind deeofod het nenhigine a 15
perneate having a reduced content of col our bodies and/or contam nants,
and at the r A% St¢e of the menbrane a retentate, and renoving the

perneate and the getentale ptéoemt henvEi aesh Whes el o at a E1eDa &dl }5;%:”9
intervals the pressure difference over the nenbrane is substantially 20

| oner€d. AccofeR¥RFINT tHeS pFeR@ntUPPLEM IS MIth e FRRATHeson Shebceks

according to gy SR pEbEd &5 do 18he Woes®l & thi@p ydicandoneghxtyre is a
l'i qui d hydrocarbon feeJDfronl which light olefins are to be produced by
thermal 25 crigdekiHyetnef e Mmemeraehiahe PrMAoRAriibl a nerdFane:

separati on unije i n,whiiedhier ydr 9carbon, perdeet &rdisee F 5N S {5 O 4 he
perneate side of the nenbrane, and wherein a retentate is renoved fromthe
retent ate sidahefeby obtaining at the permeate side of the membrane a
15 permeate having a reduced content of colour bodies and/or
contaminants, and at the retentate side of the membrane a
retentate, and removing the permeate and the retentate
from the membrane, wherein at regular time intervals the
pressure difference over the membrane is substantially
20 lowered.

Accordingly, the present invention further provides a
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

25 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

30 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

35 cracked stream which is enriched in light olefins;



t he nenbrane, and wherein the process further conprises 30 the steps of
(a) supplying the perneate to the inlet of a cracking furnace, allow ng

t he per mrewD®31085803 ack in the coils of the cracking furna®€TiEPO2/NET1Pr esence
of steam at elevated tenperature and rerdvi-ng fromthe cracking furnace a
35 cracked streamwhich is enriched in light ol efins; W 03/035803

PCT/ EP02/ 11712 - (38 qhbhcAYRRCRhBIcthEKEH askedag)ream (c) supplying the
cool ed cracked streamto a fractionation colum; (d) supplying the

retentate to the f¢hcEPBRAYLBE tBecePohnd ahdcke) FEABIRNGOfRom the top of
the fracti onaki9h: sQhHMonacgaggays stream fromthe side of the
fractionation colum a side streamof fuel oil conponents and fromthe
bottom of the fratdl opEPPbHiBE| GhA Bebettahestechne fpashieaptiyont he
menbrane in s rises a dense nenbrane |ayer as descri bed

her ei n efore,Eﬁg?&ﬁ)a%ﬁgas hydr ocarbons fromthe feed, but not asphal tenes
or color bodies {®) passovhrgughonheheehbp ane bhedfssotipnpgtianandlumn

di ffusing throu j S re c rape, { k | so used
when t he hydr%cggﬁ%%§?e%gy§%¥fh£%§Hch§a$%§Qs§?tt%%n%gﬁgggﬁﬁg#xaﬁich are
present in wateiumdrapkiéts thacaamrefdfspérsed compheehydravdr boamf ekd. The

wat er and/ or sa i : i | ved. i menbr ane,
and thereforeg?téoﬁg%%egﬁén§%%¥tg§£??ggg §§P¥¥§n$s§ %Eg?hgggég%Fane
separidti on i s carsukdabuy, atha meehpenatimestiept he) raogerdsesrantddOséo 100

Cand 0 SlBlet® B0 bR TRSEL AR ELIERD BT IRILE £ RTA. ot i ate
detai |l s abouthydeccapeoasi bnonf thhefaedbrlane are gsyealtantheodesciopti on
bodies to pass through the membrane by dissolving in and
diffusing through its structure. Such a membrane is
15 suitably also used when the hydrocarbon feed further
contains salt contaminants, which are present in water
droplets that are dispersed in the hydrocarbon feed. The
water and/or salt will normally not be dissolved in the
dense membrane, and therefore the permeate will be free
20 from salt.
' The membrane separétion is carried out at a
temperature in the range of from ld to 100 °C and
suitably at 40 °C, and the méss ratio between permeate
and retentate is between 1 and 100, and suitably
between 5 and 20. Examples of further details about the
operation of the membrane are given in the description
hereinbefore and in Example 1. Details about the cracking
process are given in the example disclosed
in WO-A-9927036.

BS4/TS1173FF



her ei nbefore and in Exanple 1. Details about the cracking process are
given in the exanple disclosed in WO A-9927036. BS4/TS1173FF WO 03/ 035803
PCT/ EPO2/WO03@35803 14 C L Al MS 1. Continuous process t®Cyapraz/at7e2 col our
bodi es and/ or asphal t heni ¢ cont am nant-s If4 em a hydr ocarbon m xture by
passi ng part of the hydrocarbon m xture through a nenbrane over which
menbrane a pressure difference is 5 nmaintained thereby obtaining a

hydr ocarbon perneate having a reducedLchnIentSof col our bodi es and/ or
contam nants, wherein at regular time intervals the pressure difference
over the nenbrane is substantially |owered. 10 2. Process according to
claim 1, wherein thethrubnanprocenprtsesepatapel ayesunvideddés aadense
menbrane and a _support,layer made of a por ous nbrane. 3.,Process
according to ATRET 2ICUAGr EPRCEHETABRS of FBnBr BHAT PSoRRAR FibhIES DY

pol ysi | oxane saiehing papodl yfdihelhya®bbBytbshlaxapere térokgRCcESS accordi ng
to any one of clains wher e ressure di fference across the

1-3, ‘ejn the
menbrane is DBETRENS ORRH 8Blﬁhrmﬁﬂ?F e sRpRFSEF R afllt bBEGRER BSand 5 bar

when g he pressimes dhé§etragebySobeueretyas hhersegrbar pémme2Pei ntervals.
5. Process according to ¢claim4, wherein the pressure i fference across

the menbrane BRYIRHY 2ePRFEEFENCPETCRRt WeeFCLOUANICREEHARNAEOL Pr ocess

according to a&y:-QREnQhit§) akABrdiR, aWheE@iNar 256iAd {£O8LRL1LI PBei Ntervals
the pressure difference is lowered to O bar. 7. Process according to any

one of clai mPASBSULRFRf ACTEIAR PERT oblRe dReBetaRenls awashaotiihlyes of
continuous  {owered.

10 2. Process according to claim 1, wherein the membrane
comprises a top layer made of a dense membrane and a
support layer made of a porous membrane.

3. Process according to claim 2, wherein the dense
membrane is made from a polysiloxane such as a poly(di-

15 ‘methyl siloxane). )

4. Process according to any one of claims 1-3, wherein
the pressure difference across the membrane is between 5
and 60 bar during separation and between 0 and 5 bar when
the pressure difference is lowered at the regular time

20 intervals.

5. Process according to claim 4, wherein the pressure
difference across the membrane during separation is
between 10 and 30 bar.

6. Process according to any one of ciaims 1-5, wherein

25 at regular time intervals the pressure difference is
lowered to 0 bar.

7. Process according to any one of claims 1-6, wherein
time periods of between 5 and 480 minutes of continuous
separation across the membrane alternates with time

30 periods of between 1 and 60 minutes of at which the

pressure difference is substantially lowered.



separation across the nmenbrane alternates with tinme 30 periods of between 1
and 60 m nutes of at which the pressure difference is substantially

| ower ed. W0 0083385803 PCT/ EP02/ 11712 15 8. Process accodirrepoz/oi7et ai ns 7,
wherein the time period at which the prelssure difference is substantially
| owered is below 30 m nutes, preferably below 10 m nutes and nore
preferably beBOMIBrUbBHBeaccﬁr@lnBr@OeS$aﬂﬁQOleWgekélﬁnYh@nelﬁé clains

1-8, wherein _the re erence is sa ?%antlall | ower ed by _stopping
the flow to tR&" ﬁ8 8 lf CBFoRESSSHER o Y §rFBC§n§ SoREP§FaRFARAEY1- 6,
wherein at Ieaﬁéraarhsobeuba poessHueed| f heeeneabagr Besovheo1Ri ARABEANe

results froma pu upstr rane and wherein the pressure
di fference is? Pgmggﬁﬁ Bte E&G#EV gEEb PrfePVaPE- by recycling the
hydr ocar bon mbxt upeotesm aacpedihiyoBobghpesnet b eRP8RALI N9sPUNRe2BYNt he

membrane to osi tion upstream the operating E nE 15 11. Process
according to Ehg Bﬁ@séFrélgﬂﬁgefeTGe &ﬁe?%?ﬁtaﬁ e2hydr 564PBBA BYxture has

an initial boktbpgiRgi Bhe @neat eb thanmefptaand a 95%recovery point of
| ess than 600 C preferable with a 95%recovery point of |ess than 450 C,

det erm ned bylAsTRFeP887. 22g0xdingr beed’y aedr of ngledmany—6nevbereiai ns
1-11, “here'nattﬂéa9¥d889%rQ@ntﬁbxbyé§sﬂéé amfé§ﬁékeelge&ogémgﬁgve 3

according to ASTM D150 . Process according to claim1 erein the
hydr de@ir bon riSERFRNESTESEAREaRTARt adPWaP LVRSLHa8m REecoatbnaateand a

WNWW&M&%%%H%%%@%e&%%&%%Nﬂgg&%g%@&dm“

1-13, wherein the hydrocarbon mxture i1s a liquid rocar eed from
whi ch |ight oté@@n%néﬁévﬁésbprr@émeéun%ythﬁehﬁﬂr00€réeklmgxtuherérnmthe

menbr ane f or ng Iﬁg&it%nabamean@héoosgpgffﬁ@OMIB' Lnbne B! G8nbPEne to

hydrocarbon per
a position upstream the operating pump.

15 11. Process according to any one of claims 1-10, wherein
the hydrocarbon mixture has an initial boiling point
greater than 20 °C and a 95% recovery point of less
than 600 °C preferable with a 95% recovery point of less
than 450 °C, determined by ASTM D2887.

20 12. Process according to any one of claims 1-11, wherein
the hydrocarbon mixture has an ASTM colour of above 3 |
according to ASTM D1500.

13. Process according to claim 12, wherein the
hydrocarbon mixture is a contaminated natural gas

25 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

30 separation unit in which the hydrocarbon permeate is
removed from the permeate side of the membrane, and
whereiln a retentate is removed from the retentate side of
the membrane, and wherein the process further comprises

the steps of



removed fromthe perneate side of the nenbrane, and wherein a retentate is
renoved fromthe retentate side of the nenbrane, and wherein the process
further cwopsiossss the steps of WO 03/035803 PCT/ EP02/ 117 PEZT/EP0X6171% Q)
supplying the pernmeate to the inlet of ~a l& acking furnace, allowing the

permeate to crack(ip g@ﬁpﬁgiha phe é@ﬁn&é@é‘kté‘gtlfxé”ﬂﬁ?_@t Eftg PLregenge of

st eam at eIevated tenperaturé and rTenoving fromthe crac Furnace’a 5
cracked streaﬁdmm¢@ﬁ,|@léﬁWieﬁeﬂhﬁnP$i@ﬁ@t©l@@lﬂgaCk(bp éh@n@@lh@ ofie

cracked streamo (€)2supRLYERGnLbE £00kRd grackedosbeeaiLln ac {{aglignalion

colum; (d) supplying t retentate to t actionation um; and
(e) renoving ﬁemp¢r$mwr©panﬁ remofingtfovattloa cohakhngafgasaorisast ream

fromthe side.pl 08 LtaglhopAl LA o Coh N8, SLe: sLheam oF; fyel ol |

conponents an romt om of ractronatio bott om
stream (b) quenchlng the cracked stream;

(c) supplying the cooled cracked stream to a
fractionation column; .
(d) supplying the retentate to the fractionation
10 column; and
(e) removing from the top of the fractionation column
a gaseous stream, from the side of the fractionation
column a side stream of fuel oil components and from the

bottom of the fractionation column a bottom stream.



