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PROCESS FOR UPGRADI NG A LI QUI D HYDROCARBON STREAM W TH
A NON- POROUS OR NANOFI LTRATI ON MEMBRANE The i nvention

WO 00aexs71 0 a process for upgrading a liquid PCT/EP2004/052754

hydr ocarbon stream and, note particularly, for
upgrading a liquid hydrocarbon transportation fuel.
The renoval of contam nants such as pol ynucl ear
aromatics

| d
nofiil ) (e donrar e ARRCCH AL SR rr AL §QkotbTon awo-

hAEERY Ker osene by neans of nenbrane separation
is known in the art . In US 5,133,851 for exanple is
descr FB8d 1aVERs&ess redatehe treduptirerssf fole upgrading a

cont.en ar, ee 1 X caonsi.sti.n
egggﬁgﬁaﬁ&yﬁg?%%éggg5%%%8&’gggg} &%%%ep€5%&§@&€%&¥’ for
gaporhdisgcentdeted WydtozaiBbal trasebestiave ofericane.
Pol ydi pet hyl sil oxane is nentioned as_a particularly

pr ef eifggd TREABRANE InECBERRINAALE SEFReafe PR IYPEGIERY s

QE@RE%QC@UaBéE%%BHe%%i @Bﬂbﬁ?ﬁhsab%%EelO%bWB Qf 16N S rom

0

hydr ocar bon f m Xt ure. roar bon retentate

f Lagtiion hiyaviong rbogr edtrepmnenkacted smghalo 1d et erfasicd 1,
obtahn%d. I%b S 5,962, 763 t he re¥oval of hydrocarbagns |
whERPE PRI GRS SRFCRE S0Pt MEARSy 8T4BE e aRfd SePagaon 1s
f rapwa str eam af-+l.i ght hydrocarbons such as napht ha

and gasoil is described. The contam nated stream of

| i ght TRyHPoarBens Sils fouppkiprpleoia mesbrabedandprocess

S%Bgr%hgdrggg%t§oﬁe%¥?%hg %%Eg%ﬂhgg%e%tsn%lg %%%%%%%& on
stream "Pol'ydimethyl'si 'oxane 1S nmentioned as a
stietdbhe xmatrer icanh sfiet iagnesbeane atlo ysefakatr®@sene or
hydr ocarbgns with a high boiling.point froma |
hYarsd rbgﬁes SQHENe %r gasoil”is contacted with a metal-
selective membrane. Polydimethylsiloxane is mentioned as
a particularly preferred membrane material. As permeate a
product is obtained that comprises at least about 70% wt
of'the hydrocarbon feed mixture. A hydrocarbon retentate
fraction having a greatly enhanced metal content is
obtained.
In US 5,962,763 the removal of hydrocarbons with a
high boiling point (above 480 °C) and/or salt from a
stream of light hydrocarbons such as naphtha and gasoil
is described. The contaminated stream of light
hydrocarbons is supplied to a membrane and separated into
a permeate stream and a small retentate stream.
Polydimethylsiloxane is mentioned as a suitable material
for a membrane to separate hydrocarbons with a high
boiling point from a hydrocarbon stream.
In WO 01/60949, a process is disclosed for purifying
transportation fuels comprising at most 5 wt% of high

molecular contaminants by contacting the fuel with a
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In WO 01/ 60949, a process is disclosed for purifying
transportation fuels conprising at nost 5 wt% of high

woriosouear contam nants by contacting the fuel PGU/EP2084/052754

2 - hydrophobi ¢ non-porous or-ngnafiltration nmenbrane.
The menbrane is preferably a cross-1inked pol ysil oxane

TRrLEBSCLToe 308 ik crORLEPR B0k R VLA . mne

pefcentage of the“origina

t hembyeaberane ame fiexabdgyoveredsaslpakaBabely sy uaky
from30 to & % by weight, preferably 50 to 95% by
wWBFBRE 3 Pn thE §5698 CdéscrPBEdnBFi e &he pedgdises,

t Berbehentat %fStt!h‘éa:ES‘rii%iEﬁh.aH%@ xhgqgg%tsggg Eﬁ;@_ugh

contains a relatively high anount o am nan
Thhe mapbireset hat tlse reepentratieast peanchas tombg vary

cleaned.or further processed before it can be used as
atts Pc%glg%Fogyc el E%ecpﬁﬁﬁﬁrﬁglﬁeﬁgt§0095FepﬁiWelght-
Si t esThOthkr apsper-takicepbdebsiot! §2Ri BYoBEsEUEL hehe

processing facilities are not generally aval | able.” US
2068£DE28255 ARt dseredptiyedysemadésandsehest coatains a

TEOLB-S5PAEH SRBEAOERocLAC IR Y IROSTIRN e o

contal ning na r mis C

mehbr apecaepaeakic@BamonasCcoBt BentNgadcAEBRr #aethavi ng
a sufficient flux and selectivity to separate a
pBFRESEacrr REEPER éhr FEReBSi HgfoRdt Accapmercial product.

nﬂQ@@&@H@&'Cahyéggeégbeg seegﬁhngmge§UkB@PEréﬁggéﬁﬁation

and a sul phur - deficient retentate fraction.

stiphar - déthviient orefemthee poopebsséagnfakbedsttibanam® not
@6bx me'ght of .the.feed, and preferably contains at
I%Ss?r?B % BY “h F§%F; preferably at |east 80% by

wei ghysopotBgotoBabsf erdipaseedadver 41 B818BBABr aNGelective

(QSQg%ggghségg%g i%h g¥g2g22T¥n~;hich a hydrocarbon-
containing naphtha feed stream is contacted with a
membrane separation zone containing a membrane having a
sufficient flux and selectivity to separate a permeate
fraction enriched in aromatic and monoaromatic
hydrocarbon containing sulphur species, and a sulphur-
deficient retentate fraction. The sulphur-deficient
retentate comprises no less than 50 $ by weight of the
feed, and preferably contains at least 70 % by weight,
preferably at least 80% by weight of the total feed
passed over the membrane (paragraph [0026]). Typically
(paragraph [0016]), the hydrocarbon streams contain
greater than 150 ppmw, preferably from about 150 ppmw to
about 3000 ppmw, most preferably from about 300 ppmw to
about 1000 ppmw, sulphur. The (sulphur-enriched)
permeate fraction is subjected to a (further) non-

membrane process to reduce sulphur content. This non-
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(paragraph [0016]), the hydrocarbon streans contain
greater than 150 ppnw, preferably from about 150 ppnw

wo eooaloeer2 3000 pprmw, nost preferably from abourCBBP2004/052754

ppmwv t o about 1000 ppnw, sul pbug._The
(sul phur - enriched) perneate fraction is subjected to a
her nonmenbr ane_process, to reduce sul phur

CBRpbREhe HREERER" 805 COHEﬁBFéﬁEabr8Eé§§qur§moval

cesgrAblogsl subphuydrereyatihgchpakag¥apt: QO012]
hydr ot reating (parggra ph [0012]). The point of th

pr oce§8€oPOLBL2063 @79295es§ Y3 W§d@@@3éﬁﬁuﬁ€55fls to
t h f
hPSasRBaRgreaUET LOR-INAC LR SRLAERL ROl L gEae

L
costs an to avo on

naphhhéne cemponndsfi Bokksi dnaatal ytrbedchgakogenbkf@eh of
na ht ha ggara raEhs [0004], [0012])._US 2002/0007587
GE1Bt % PRI 8ENEsE8TROPPEE 3B féPlEUF?FﬁﬂN§l§

|b98bﬂ1hﬁdR9@@§bQQpBHﬁ5 quggb§5gﬁs [%%exgmeagpgﬁ?f.

| ess of high nol ecular we t “cont am nant
proce¥§ 2@&@/0@@%586nKGeUSng_the fudiseiibhea a process for
hydr ophobi ¢ _non rati on nenbra

LB BHeRE 2 PR e Y B SHBLEO%: Fukty CaIETRELo0es, HobY

thel Hti bredepsodyuchighr faM-a8108r fBaLAt( PALREM3RRNL S,
[0008] ). The wei ght percentage of perneate as a

pehée t R§ECEF ST eeuPEaRedarynipchingbEbad fued wéth3e to
p bl Of 9

(ByaPaBR Poben P o8 b ndanpres PorlgbhPibrege o

cpnedubetaSpﬁﬁ&EbydmpkghuCcfstheagasehﬂneebeeerlﬁhethe

isS noQ dlsclosure relating to the retentate,
hBWEvE-edcBHPHYEE EEFPPWeéSbyeHW§FF?IéPPéﬁgéépﬁeJOOOBJ)

p?ﬁ@g%@@?hE09Q§LentQ6e 0919é9ﬁéété32§|£) g&%%hg%%? &f feed

process urif | iquid hydrocarbon
Cgﬁprwgmygwgtmgbybroad limits: 30 to 99 % by weight,

preferably 50 to 95 % by weight (paragraph [0010]). 1In
the examples, the permeate constitutes 66% by weight of
the gasoline feed. There is no disclosure relating to
the retentate, which, however, could be purified by
distillation as per paragraph [0005].

WO-A-01060771 (Shell) discloses a process for
purifying a liquid hydrocarbon product comprising 5 % by
weight or less of high molecular weight contaminants
having a molecular weight of at least 1000, wherein the
product stream is contacted with a hydrophobic non-porous
or nano-filtration membrane and the purified product
stream is recovered as the permeate. Typically, the
liquid hydrocarbon product is a polymerisable hydrocarbon
such as dicyclopentadiene, and the process steam that
passes through the membrane and is recovered as permeate
can vary within broad limits: 10 to 99 % by weight,
preferably 30 to 95 % by weight.
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wei ght or |ess of high nolecular weight contam nants
havi ng a nol ecul ar wei ght of at |east 1000, wherein

W0 b@spsmarct streamis contacted with a hydr opPGDER2004/052754

non-porous or nano -filtration genbrane and the
purified product streamis recovered as the perneate.

Typi cal | the, liquid hydrocarbqon product is a
polynngﬁgBPg ﬁb8?8c&Fbﬁﬁ SHERTAL CdildPditapdntadete, the
andtufte procassliteam hija-oRasses Phoeugh tike menbrane
and is recovered as perneate can vary wthin broad

| MRrfis 019604 199 thehprwduglis, speetidriablly y3mens ighed lyre
wehght . - P 0 re ks no_specific,limtation
e P e BN BB BB 8D B it g
WPaALAt08@71Y, thbeepiotitatsiageai biolFhley ikemilicornad famng c
al | indus%rially produced chem cal product streans,

ngPpculg Py PEREEE tEoREN AiRd Udepenpmer §Bice heltemositems,

b@ﬁ@-n&ﬁ%dD%QQH%&%s”%f h@%hﬁ@eh9ﬁﬁo?5rgg eﬁr ducts include

het er oat ons, and naned exanples”o I qui ydrocarbon

phydyoteripol pde bgdr suahbas pgclespentadiecas,

cycl opent adi ene, di cycl.opentadi ene, 1,

TS P BT eR Rt ana ey clorerdnd st ruREe | Sygiahexene,
butgdeane, iebprendpepiadiugbace,t £aRs113ppen@dinane,
benzene, toluene, xylenes, ethene and propene. Naned

| tgang Ry PoparbeAiphedubeszeosr atriligniet evdgne®s &tdene

y ate vyl sack yl .
e hy PAeERberyi NpBo o BEA By Rikon, epogpte containing
- ReB2068FBhsobrki goictyhy deegashen trayipacratiaee buel .

It has_now surprisingly been found that it is_possible
t@eagalgeﬁsﬁcrgéﬁaﬁs o NRZR0S] PPr BEPGH Offe i BRePL91060771

sepanakeid hiAvbeaRBdnoeashan LEaRsBer Fakhon fuel into

a perneate and a retentate in such a way that no

cl eanffighas now surprisingly been found that it is
possible to use a non-porous or nano-filtration membrane
to separate a liquid hydrocarbon transportation fuel into
a permeate and a retentate in such a way that no cleaning
or further processing of the retentate is needed. The
retentate can be used for the same purpose as the inlet
hydrocarbon stream without additional cleaning or
processing. As permeate a high quality product is
obtained - for example a choice grade transportation fuel
that can be sold as a premium product.

Accordingly, the present invention provides a process
for upgrading a liquid hydrocarbon transportation fuel,
wherein an inlet stream of liquid hydrocarbon
transportation fuel is contacted with a non-porous or
nano-filtration membrane and a first liquid hydrocarbon
outlet stream is recovered as the retentate and a second
liquid hydrocarbon outlet stream is recovered as the

[s)

permeate, wherein the retentate is more than 70 weight $%
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or further processing of the retentate is needed. The
retentate can be used for the sanme purpose as the

WO pdos43syzir ocar bon stream wi t hout additional cPEHEPIVG4/052754

or processing. A s perneate a-hggh quality product is
obtained - for exanple a choice grade transportation

f uel d 0
8 o bR P S B TR R G strapeand the
f O r sitp grradli tige as ¢ ¢ opud dolnty 0 1o cir dosam t eaaets pf)ﬁlﬁil Obthe

fuel ,.wherein an inlet streamof |iquid dr ocar bon
ST T O FrEraTS BT A1 QP (SR, s BU8F -

nano-fi | {xat i SBarbs aher Ry a4 1 #18d iﬂ@éﬁ@lon, an inlet
hydr ocar bon outlet streamis recovered as the

reftesamnt @t ahuqlal@elcmadow:cmm eiseerbonioutfeel is led
streaml recovered as_t he er meat e,. wherein the

r Bt AT P AP & t Fan PRI GRT BER S e TR et

St & €8 2180 0 ey & dic & o ) eA §if§t§%@tﬂﬁeﬁ her &85t cand
the second outlet streameach fulfil the requirenents
f%%q%%ehy@mcwl?mtm UFEPRYCE? @A FrEre Fatemeate and a

PLOLESS AgcpLdi té‘fi fyen O}gﬂ; &;af rl%é dféfsg&%red

l'iqui d hydrocar n anspor over
e - g QST T 2 Nan OPlod Opiso cesdr amed 1 hibbns Sim eshst pndbcé s

rocarbons. A first outlet streamof liquid
tﬁvfb‘? L BONO | €h¢ cLaVeR bt s ¥ o1 o Fht SHEN s, moTe than

SES Ok gt | £ 81§188M Qf ef | G LLAYLL OLALDOLS] 1Sy the
recovered as the perneate. The process condltlons In

thRprate s3s deklorliaiget o the invention are chosen such

L1 P DL G0 61 BSOS SERAN B e
asesahh Nghd® d¢die bhavesdd ofor atramd b risd f Bam fhat can
k§2$§¥§L£5r1£g§n§pgééggééggféfieég that can still be used
for that same purpose, since it still fulfils the quality
and composition requirements, and a high quality permeate
stream. An advantage of the process is thus that a high
quality permeate stream, i.e. having a higher quality
than the in;et stream, can be produced whilst obtaining a
retentate stream that has substantially the same quality
as the inlet stream.

The liquid hydrocarbon stream may for example be a
transportation fuel such as kerosene, diesel or gasoline.
Preferably, the liquid hydrocarbon stream is a diesel or
(most preferably) gasoline base fuel.

Reference herein to a diesel or gasoline base fuel is
to a hydrocarbon stream boiling in the diesel or gasoline
boiling range, that is without further treatment suitable
as a commercial grade diesel or gasoline base fuel.

Additives might be added to the base fuel before they are

used in an internal combustion engine. Those skilled in
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separated into a retentate streamthat can still be
used for that sane purpose, since it still fulfils the

w@abio#267and conmposi tion requirenents, and a hPQITEP2004/052754

quality perneate stream An advgntage of the process
is thus that a high quality perneate stream i.e.

h | i n,the ,.nlet stream. e
?g Ugg w%g?e%pg%%gﬁﬁ¥ﬁg gaFnggfgﬂgnsPfeéggﬂﬁéweﬁa§oeS
p

sunbst aphisalikytehe faawbeguakbbymasthe i Rhet palseaRe .

The liquid hydrocarbon stream nay for exanple be a
tFaﬁeﬁépﬁaﬁpéndﬁ@éﬁls@@ﬁl§§VﬁérégénénOMmeg@|t@e art and

g@ﬁ@hhﬁ% Bﬁ farably lqﬁ%%%?u%g h Ocarb%gp%tﬁe%@rr051on

di esel nost preféra gasoline “bage
Rehhnbmterherdemetgeatéledeha@brgasd&b@eahﬁB%yﬁw@eﬂyt or
roc rbon Strean1b0|llng in the diesel or

to.
g%&gﬁfﬁg IFﬁﬁrﬁﬁﬁgé ULHSt i s without further
treatGEBbl&Hbtﬁggg @§e§80995§581§kt@6ﬁggég @%%Euges of

gasol i ne base fuel. Additives mg

bhyérﬁG§rbbéﬁob@lﬂh@g anethsedangeaﬁrpmtéﬂnéb to 230 °c,
C ustion Those n- 6 - the wil |
et Jd S E R R R A
Caﬁ&brﬂmhg tBubuﬁmétbf@ﬁHﬂEBE ofif ofthenbageafrieiesel base
Gasoline and di esel additives are known in the art and

i AEPhdetYBiFadly AONTRILA Médtusesanti hydiregarbons boiling
CORr PALOBALBNI LA 9500ekCEGeRbs, ~dehazers, dyes and

synthetic or mneral oil carrier uids . Gasoline
base fTuels aypadabhhyagentéi hhai grocessobchydtidagr honshe
oilin nge from30 to 230 , the optinma

réﬂ&%ggéﬁa %FgFlppaWPﬁﬁe EF€8§mv8FyFﬁBt§@&8?&FﬁgSF6eam
cthgatﬁagnaosg@s@meaheahsryfa&thgke§§bc€§§%dfa%'§roduced

tXEiC?Lg¥1802§g}2cgkééﬂrgirggmgyg;ggﬁgggnzrgoLommerc1a1
grade hydrocarbon streams. This makes the process
according to the invention particularly suitable to be
applied at fuel depots or at retail sites, where no or
limited processing facilities are available.

It will be appreciated that the stagecut, i.e. the
weight % of the inlet stream that permeates through the
membrane, will be chosen such that the retentate,

i.e. the first outlet stream, can still be used without
further treatment (further processing). The exact stage-
cut therefore depends inter alia on the composition and
quality of the inlet stream. The inlet stream preferably
contains less than 150 ppmw (parts per million by weight)
sulphur, more preferably less than 140 ppmw (e.g. 138
ppmw) sulphur, and advantageously less than 50 ppmw
sulphur (e.g. less than 25 ppmw sulphur, for example 22

ppmw sulphur).
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in the range from150 Cto 400 C. It is an advantage
of the process according to the invention that no

WOR®E04%7T eam or cont am nated stream t hat has POI/BR2004/052754

cl eaned or further processed is7produced. Al |iquid
hydr ocarbon streans produced are conmerci al grade

hyd treans. - Thi kes .t proce aGce rdln
R RN 0 T R o L S

ausfuekh@eﬂdtbyoth&tmE@baaheSBbe$etWﬂQh%en0n@&é @@éf@%ably
processing . facilities are available. It Wil i
EgFeE g&agﬁaﬂstﬁé $Padectieignte Pﬁet@€|gmﬂe%)@ﬁream

tmﬁelab%&r%ef%%Ebkh%htp%aﬁeﬁkeéekhpgu%@t&?%g”%ﬁg A1

W | be chosen such that the reten
oanﬂéprstmeawrmembrahelbrbesusedfwmtboghv%urbagmeablllty

urther processing) . The exact stage cut
tﬁer%ggrgeﬁéﬁéﬁﬁs inter alia on the conposition and

qua|lTMeoﬁrbbésbnb%ko%ﬁ&ﬁ?"koTEﬁe'Qh@%n?&%ﬁaghn
preferably contains |ess ppmw (parts per

nmrPVRBRapgowsiyhbr sobphed, ahoﬁegpseﬂenabby Heesetlhaepot

suI and ,adva t eousl y
1 £8 BPRMUEE, nckal BRIIL SHLBRhe BR7R0HeTL BARITY,
smpphmeatEOrfemﬁnnhé aalapgmaaélﬁﬁsé)fuel tBé@fQ%aQE%med
at least 80 weight % of the inlet streamis wthhel

b9ttﬁeaﬁeﬁﬁpaﬁe aber seEANAAES RBRE pFePbEabhpdt he also a
rﬁ&@ﬂt@ESdéSggéoﬁgngso%ehggge%bBg Eh%u%ﬁlegl%hoggggﬁF

he deSired Stage cut can be set y settingt
amdgbr dnéﬁsr-menbpmaeqpaé$Syraspebta fremnthe inlet base
rocess accordin

PECT Vet PASEahCaBVantagBBuF S nEoRphrPed AEoRonY
gﬁﬁ@kh@é eandkegel ﬁﬁ@otwo different main grade base fuels
(inlet and retentate) at such depot, it is preferred that
the main grade base fuel that is produced as retentate is
directly loaded into a transport truck. It is an
advantage of the process according to the invention that
start-up and shut-down is very easy, since a membrane
unit can easily be switched on or off. Thus, in case of
direct truck loading, the process will only be carried
out if and when a transport truck is available for
loading of the main grade base fuel.

Suitable membranes for the process according to the
invention are non-porous or nanoporous membranes that are
resistant to hydrocarbons. Suitable nanoporous membranes
are for example ceramic membranes or nanoporous polymeric
membranes. These membranes are known in the art. Examples
of nanoporous polymeric membranes are cellulose acetate,
modified cellulose, polyamide, polyimide, polyetherimide,

polyaramide and polyethersulphones.
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to produce choice grade gasoline or diesel base fue
(perneate) fromthe main grade base fuel that is

wG@ee@msewear that depot. The retentate that is OPCHEP®O4/052754

is also a main grade gasol i ne—og di esel base fuel,
although it mght differ in sone quality aspects from

the i e n 0. avoi he need for two
diffe?gﬁ?egggggéetFénﬂgﬁggén%hégt%oggéf?grgﬁ%cnﬁPﬁ_porous
ghetbrbase fhel byfirnpbbbandnoatparatie) mahbsHak depot,

i% is géiferred tgat t he na#n grade base fuel that is
produtad-4s SHRPA Sgeopsaﬁi 82PFy°rBaBegorat guRstrate
trapspotb pkuekde!Ehbsnéeeégxegtﬁgéhgﬁikgﬁ EEg%ﬁ%%h. The
according to the invention that start - up an

sROTbEBARiPE @&r porapprossnvembrapabandepombtiscanbstrate

eas] itched.on _or, of f. Thus, in , case of direct )
t?%gé¥|ggd?ﬁ%%“tﬁSfSFSESsgomFF|C8WP9SbEecﬁﬁPg€an8§t°Ffthln
aftilmhebmpobiaasporhet Avakpbsoay ankabk8nkomal0adRgpal ysed
the main grade base fuel. Suitable nmenbranes for the
p¥otBeutagcsHlrRgat s, t Rati Ateniibnbar endenspepdutshet in
n 0L 0 a a [
oA car base. "do apraagaoss, A8 ALABLahS nouip pe
exafifieiertanbcwirehbtandstbe passparessappliyseri g

These nmepbranes are known in the art.

EﬁgﬁéﬁgggéfgﬁﬁﬁsﬁﬁrBh@np$PyH@rW%ynﬁﬁﬁPaﬁ@srﬁﬂEired-

cehiyl psengeepateerbbdi Eied seblybese. «POLh¥AMELey i cwpoint,
pol yi m de, polyetherim de, polyaram de and

pa yeuabr shipkonesbrage- wpi &f eighi §icahelyehbmaneths a
h . nenzporous, nenbrane, The, hydrophobij c
PUALIURLE, BerR ALRLPBIL oA, dABRYERoRLE e,

S nenbrane 1T's typically su

oaethbeRnsssubst Faba bayetot BOphAYi geetbeapegessary
nmechani cal strength. The conbi nati on of non-porous
nefPFahetand®pdfous substrate

In case a non-porous membrane is used, transmission
of the permeate takes place via the solution-diffusion
mechanism: the hydrocarbons to be permeated dissolve in
the membrane matrix and diffuse through the thin
selective membrane layer, after which they desorb at the
permeate side. The main driving force for permeation is
hydrostatic pressure.

Hydrophobic, non-porous membranes as such are known
in the art and in principle any hydrophobic non-porous
membrane through which gasoline can be transmitted via
the solution-diffusion mechanism, can be used. Typically
such membranes are cross-linked to provide the necessary
network for avoiding dissolution of the membrane once
being in contact with a liquid hydrocarbon product.
Cross-linked non-porous membranes are well known in the

art. In general, cross-linking can be effected in several
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| ayer is often referred to as conposite nenbranes or
thin filmconposites. The non-porous nmenbrane may al so

wheodsed7n t hout a substrate, but it will be uPOPEBL00€052754

that in such a case the thicknegs—of the menbrane
shoul d be sufficient to withstand the pressures

appl,ked thi SyHOr .t.han. m_may then.be
PO FasoA CEARERSL POLEt LN, BB ATERRS agente,
eéddorirs opitéwpailit, baseshehctHhi bl &Eﬁaﬁaaeiggu
significantly limt . the. throughput of the_nenbrane.

Thg n%ﬁ8P8ﬁ8¥n8§ ﬁH%%an?hiER 8SBLeY PVaimiabiet 6T39Smm

, 1phekear abhy-pefrohsomehbtandQ H?é%ckBsgaﬁgnﬁeHog}gg%§ﬁé

menbrane i s used, transm ssion of the perneate

pFabbeyi-haske sembranas, dpff wbioh thehambssrltih&ed

h t erneat ed_di sspl.ve_i n_the nenbrane
SR 8ot BB R P Suahc: RebChiH Cdraty veCrbnbodnup of
| agebraabter Cobsehliheyddpsoybi abkbhe penReahesSLYe known
The main driving force for perneation is hydrostatic

ptBsElife2THy df6phBBREPLACAL PBr BESSeRBr ARds aypéﬁegly, the
a ' h -angdyin principle any hydraphobic_ .
258149900 AcbIEoRL A0 L BELOEL ALy DUGLGRIOBLE o
tthasamiliednvaaonbebsakuhiydnogdhf dushonydeebarbsm geanp.

be used. ically such nenbranes are cross-linked to
PP LRGPy HOEeSERR) ChRBBRKLF of TavaEdFhg PSSBLAL (Bh
of the nmenbrane once being in contact with a liquid
hydr ocar bort [p¥id&IdR ' )cPoda— I i nked non- porous (I)
nmenbranes are well known in the art. In general,
crossihi nkéengboaa bermbhiectRdahd BevRAdl be- tMBYSambObr

| 82E 2028 DY N8 2 bR EhE My i5en LR L Ry A8 8 2 hon group
selected from the group consisting of alkyl, aralkyl,
cycloalkyl, aryl, and alkaryl. Preferably, at least one
of the groups R and R' is an alkyl group, and most
preferably both groups are alkyl groups. Very suitable
cross—linked polysiloxane membranes for the purpose of
the present invention are cross-linked
polydimethylsiloxane membranes or cross-linked
polyoctylmethylsiloxane membranes. Preferred polysiloxane
membranes are cross-linked elastomeric polysiloxane
membranes.

Also other rubbery non-porous membranes could be
used. In general, rubbery membranes can be defined as
membranes having a non-porous top layer of one polymer or
a combination of polymers, of which at least one polymer
has a glass transition temperature well below the
operating temperature, i.e. the temperature at which the
actual separation takes place. Yet another group of

potentially suitable non-porous membranes are the so
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and can optionally be enhanced by irradiation.
Exanpl es of suitable, presently avail able cross -

WO povR@tk6mON- por ous menbranes are cross -l i nkedPGI/EPIOHIE52754

rubber - based nmenbranes, of whighy tthe cross -1inked
pol ysi | oxane nmenbranes are a particularly useful group

0 r 0ss-linked pol ysil oxane nmenpbranes are
cronean SRRErarp oSy po LYERERe ¥iorteaPee 105, segh 2
Typtealiby, ishpobptyshbenanesl ¢optapynthe repeating

unit - Si- O , wherein the silicon atons bear

hydr ojeniBeigahydrbese bepefebapth®reperpdryus Heembrane may

repeat. LRg. unj ar f. ( - i (R(R)-0

-S? ?g%?)a?nb% %’a%%gel%2§ﬁ%?é?yéﬁgn%%ap°L§%§ %é fhe
samesbratef layentofnencepe eseat e Ay dl 09l s@bstrate layer
hydr bon group selected fromthe group consisting

0 O%fay € ar ?R§$?°€9E$o%¥k@??oﬁ@yPPSaﬁ@b%mkﬁﬁ?llayer-

Pr Yofd o) a Ris an
R s Py BTy MBS R A e Bt ar e yi
grolipscrybeyitunitablBAK) pssolyebked poigsi (BRAper poly

nggp&an?? Lor the purpose of the present invention are
cro5ec - [Fhked pol ydi et hyl si | oxane nenbranes or cross

- |1 nkeglr pehy oefyé sred hyhshb Px30 euREADT ARG Sbe P&;?f)fiéédin the
pol ysi | oxane nmenbranes are cross -linked el astoneric
PO YSE FBxaReOhehRY abesthal severkhienr ubbelr yasohlaposbest,

e I : e ubbe nmenbrane
BB S0eRoGRU b Do L0-0onsial ool URELY, TEPRERDER: &
| Byat sheeheoposyiesl Oﬁomdaﬁélrhhﬁélilenu@it pol yrmers, of

whi ch_at . | east _one polynmer has, a glass transition

t enpetattf epjv’\%’??“b%‘fo Thetlbpetat$hgStenperbt upentacked

Lhecth ePREr AbkbPad X £ht tH€s-membrane pressure in the
range of from 2 to 80 bar, more preferably 10 to 50 bar.

The flux is typically in the range of from 200 to 5000 kg
per square metre membrane per day (kg/mzd), preferably at

least 250 kg/m2d.

It will be appreciated that the operating temperature
depends inter alia on the membrane material that is
used. For polymeric membranes, the temperature is
preferably in the range of from 10 to 80 °C, more
preferably 10 to 40 °C. For ceramic membranes, the
operating temperature may be higher, but will be limited
by the boiling point of the inlet stream. For gasoline
for example, the operating temperature will be below
100 °C in order to have a liquid inlet stream.

Examples

The invention will be illustrated by means of the
following non-limiting examples, in which temperatures
are in degrees Celsius and, unless otherwise indicated,

parts and percentages are by weight.
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actual separation takes place. Yet another group of
potentially suitable non-porous nenbranes are the so-

waoos/oemlt ed super gl assy pol ynmers. An exanpl e pET/BPzohd/e52754

material is polytrinmethylsilylpropyne. A s indicated

her ei nbef ore the non -porous nenbrane may be used as
spghmphet 1is preferably supported on a substrate |ayer
of —Tanother material. Such substrate |ayer could be a
nmacr opogeaslinenksbpor suseambstompeshayen. ahiappbpsrefies
suitagle subshrg&enﬁgterials are polyacrylonitrile
(PANF'CBBI yBt haP FnideVEPEFPBFaEERY WathBed( PFPss-linked
VpbL9USmbYR9S:OloRBAR! A0BMIN! kiErBRYnBe, 20R! LOfn:B1HAS S
process according to the invention, such as fla

shéel, umpatakowmundnpersohkrevwsfinbe et peABRAABrHALL S,
preferably a flat sheet or spiral wound nembrane unit.
| PTRSSPEETf efr éd PRat The PhRree suktewasi $0cwaigbtéd

418U 1P PREBEZecRL oy LR, IETRLARE, DLE°RILE LD Lhe

baembFhasef [(ixei sréyphntateywan bhewesgne of ofr eAe20Q1te
guare_nmetre nepbrane per day (kg/ md) ,

5000 k
orbrerhl 5hd: Cheatt B SUARGI AL/ b WFRF BEmBrane was
aﬁ@ﬁﬁ@k@éﬁdohhétsﬁBﬁoP@ei§§éPQOE?HP??%%?&foﬂﬁefgﬁéFéFAN)

inter alia on the nenbrane” materia IS use

peoiyheai thhekbeasesf tbeuwenperature is preferably in
the range of from 10 to 80 C, nore_preferably 10 to 40
C . Fﬁ? CRILRT cLHehDr abe’, 2nAenbpef athet t eabBeatapesits

meyvhe Bhahebmphst 1 ¥h! LBt mitsds ¥st?§cg9i%£98 measured
point of the inlet stream For gasoline for' exanple,
t her opeeainhegt t Enplr atlie ereféhtbee behdweche permeate by the
“Toyota Keep Clean” and “Toyota 1J%Z CCD” procedures,
respectively, described in EP-B-1230329, at pages 11, 12
and 14. The results are shown in Table 2. The amount of
polynuclear aromatics (PNA) in the inlet fuel, the
retentate and the permeate was assessed by means of UV
absorbance. The results are shown in Table 2.
EXAMPLE 2

Example 1 was repeated with a different gasoline
inlet stream. The composition and characteristics of the

inlet gasoline stream is shown in Table 1. The results

are shown in Table 2.
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agwl g¢onbusti on ¢
d far the inlet

fuel t he

r EBBn{(%tle and the perneate

nd " Toveta |- JZ CCD" nrnha

b35 the "Toyota K

ures. FQQHQPfI \VI=
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polynuclear aromatics (PNM

Li% The |nIet fu

éoﬁhe

Feteptate and the perneate

Wt ASSEessed by
shown in Table

MEANs of V
2 . EXAMPLE

hanhaprp The results ar
ZPExaﬁﬁlﬁsl(mag/Vépeated Wi
10}

tl\Oalbei fferent ¢

yr ot oy

aso¥ % ne

{2%8t5§§g§?1 .u; bynyuolu

\26094,1 eharactet

Srigpot

g Vv
aromatics (% v/v)

(<}

50.73

23.71

sulphur (ppmw)

138

22

n.a. not available

Table 2 Results

Example 1

Example 2

inlet | retentate

fuel

permeate

inlet

fuel

retentate

permeate

260 222 91

30.8 | 25.

0

635 615 631

265 290

257

192.2193.1

119.

8 15.2 [17.

7

10.3

It can been seen from the results in Table 2 that the

quality of the permeate stream is significantly improved

as compared to the quality of the inlet stream,

especially with respect to

cleanliness.

The amount of

inlet valve deposits and the concentration of polynuclear




inlet gasoline streamis shown in Table 1 . The
results are shown in Table 2 .- 12 - Table 1
wW@0%$3672 on and properties of inlet gasoline BEXEHEP104/152754
Exanple 2 RVP (hPa) n.a. 589.Density at 15 C 0.779
0.722 (kg/litre) RON 98.8 95.2 NCN 86.9 87.5 I1BP ( C)

3 = C ). 203 160. 4 2 ElQD 31.3
e P 5 s 60000 SR AR, A SRR 3 e
Vi eR62 94 ©i2r 8Fm i HEBHG € Ss{ GV MYarbil 7 3d@8e 7o st BAUT

&Epnmb 138 22 n.a. not available Table 2 Results
LRt el 9 TRt INpRPEeneRt ekt A bk yewt Bh i reepect to

ARSI BB 1 o205, 0
193.1 119.8 15.2 17.7 10.3 It can been seen fromthe

results in Table 2 that the quality of the perneate
streamis significantly inproved
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as conpared to the quality of the inlet stream
especially with respect to cl eanliness. The anount of

WO 084262t ve deposits and the concentrati on of PCT/EP2004/052754

pol ynucl ear- 13 - aromatics gs significantly
decreased. The quality of the“retentate stream has not
significantly deteriorated. There is even an

i mprovenent in quality with respect to the anount of
inlet valve deposits.- 1C4L-B 1L M process for
upgrading a liquid hydrocarbon transportation fuel,
wherein an inlet stream of |iquid hydrocarbon
tTanpgtateon forelupgradimacd etioviid }aycﬁh@cblcar}@@lﬁ ous
or nano-filtration nmenbrane and a first liquid

hY e R0 Bomt boR | BRe St reaprein rarovelel slsreas of liquid
Joll] cas | -

R P e R L L S B ERe P flen @ won

rpmmmmai@r|samwféllhamtﬂ@nmmembmaﬁ&oéndh& Entet liquid

str nd whe the inlet streamand the first and
ORI BT TS 61 7 BRAIBabh FEFITPTEherT obliF r BRERRBALe

fé’r’id basge E&igh m&;@wthf/&fébﬂb@ﬁ e@ﬁﬂ?@*& s€reaft PEOCeSs
according to claim1, wherein the |iquid hydrocarbon
trm‘p%)r@(étﬁi@ntlﬁ@eper@e@it@sewh@)reg@sbﬂlﬁi necberbatgels Bore

eruRt D SRLOE O CREPeR GATLR Suftett REFhPt i Fotne

1ﬁ&éwO§ESéamC§ﬂddtn§ fDr@ﬂya@@et@é Skbadbnd dutdeB stream
mhereln the retentate, is in the range of from85 to

vRight fod b Lt Hei rpariseprenks Bor ?@5?0%%%% %kEBPHan

te, Ay Pner Qi fbatms 1 to 4, wherein the first outlet
streamis directly |loaded into a transport truck.

2. A process according to claim 1, wherein the liquid

hydrocarbon transportation fuel is diesel or gasoline
base fuel.

3. A process according to Claim 1 or 2, wherein the
retentate is at least 80 weight % of the inlet stream.

4. A process according to any one of Claims 1 to 3
wherein the retentate is in the range of from 85 to 95
weight % of the inlet stream.

5. A process according to any one of claims 1 to 4,
wherein the first outlet stream is directly loaded into a
transport truck.

6. A process according to any one of Claims 1 to 5,
wherein the membrane is a hydrophobic non-

porous membrane.

7. A process as claimed in claim 6, wherein the membrane
is a cross-linked polysiloxane membrane which is a cross-
linked polydimethylsiloxane membrane or a cross-linked

polyoctylmethylsiloxane membrane.



A process according to any one of Clains 1 to 5,
wherein the nenbrane i s a hydrophobic non - porous
woreebiase2 7. A process as clained in claim6, PEUTEPI04H052754
the nenbrane is a cross -linked-pol ysil oxane nmenbrane
which is a crosslinked pol ydi net hyl si | oxane nenbr ane

or a cross -linked polyoctyl met hyl si | oxane menbrane. -
S - roée%rso%%%%r GGG gl ng,L9 Clsalm § o%vh?ere%e%
fhe ReRBPERESi § suppoPt on a nacropordu

mmmisswwotrﬂewm ap matebablryua Io&yecres@‘porous
pol yacrylonitrile (PAN) K pol.yimde (Pl),

ﬁm@t e ridicde (prl!fl@erab yAaprl@(y@gcs Oécmld/aﬁ@fﬂl&w
I esé\ﬁz hgoqflg“ljdet 9 m%&e'p%l}(l%%h'e'ijl‘ﬁﬁd%t rgamcont ai ns

pnw sul’phur process accordlng
ta Cmapmd@ewmemmqmndumq tloetangt cagamodoltiaiims |les® t8han
%ﬁ%ﬂgygNéiglﬁgiet stream contains less than 150 ppmw

sulphur.
10. A proceés according to Claim 9 wherein the inlet

stream contains less than 140 ppmw sulphur.



