WO 2005/ 042672 PCT/ EP2004/ 052754 1 PROCESS FOR UPGRADI NG A LI QUID
HYDROCARBON STREAM W TH A NON- POROUS OR NANO- FI LTRATI ON MEMBRANE The
invention relates to a process for upgrading a |iquid hydrocarbon stream
and, nore particularly, for upgrading a |iquid hydrocarbon transportation
fuel . The W@At¥/A#266% contami nants such as pol ynuci ear 5 BF&HREI0LEIZ74
organonetal conpounds, water, and saltlfrom I|iquid hydrocarbon streans such
as gasoline, gasoil, naphtha and kerosene by nmeans of nenbrane separation
is known in the art. In US 5,133,851 for exanple is described a process 10

for the redyction of the melal content,Qbs@y rdEAsarben, wbeadrBbX ol fayo-
consistin ﬁﬁ?%g -1 E%m&f Kerosene or gasoil. The kerosene or gasoil is
cont act ed- “a netal - selective nenbrane. Pol ydi net hyl sil oxane is

mentioned as a particularly preferred menbrane material. As perneate a 15
product is obtai Re§ LRIFETCERPr ITSdStar [ffadt PasGWS 7 muprwfadiied Hydr ocar bon

feed m xture.,, dr. retentate fraction having a greatly.enhanced
nmet al contenfléggéokggﬁﬁé%&q4$ 5?5582, fW%?%%ﬁﬁ%gkc%#%¥ﬁ¥ho At bons with
a 20 high beiphiragipei Bt 1(iaRove K80 anrd airsdidofdome, sideam of |ight
hydrocarbons such as naphtha and gasoil is described. The contam nated
stream of |ight Thgdredwrsensh sosigpliined tso saare s arelant-separated into

a perneate stream.and a |1 retentate stream 25 Pol ydinmethyl sil oxane is
N 25 °4ai o%%enﬂn}ﬁta S E T até eor’se%{élclfi a?aeﬂ%yﬁlf%r&ar bons

nmentioned as "a sui abl'e
with a high 1iquid hydrocarbon streams such as gasoline, gasoil,

naphtha and kerosene by means of membrane separation is
{ known in the art.
In US 5,133,851 for example is described a process

10 for the reduction of the metal content of a hydrocarbon
feed mixture consisting essentially of kerosene or
gascil. The kercsene or gasoil 1s contacted with a metal-
selective membrane. Polydimethylsiloxane is mentioned as
a particularly preferred membrane material. As permeate a

15 product is obtained that ccmprises at least about 70% wt
of the hydrocarbon feed mixture. A hydrocarbon retentate
fraction having a2 grezatly enhanced metal content is
obtained.

{ In US 5,962,763 the removal of hydrocarbons with a

20 high boiling point (above 480 °C) and/or salt from a
stream of light hydrocarbeons 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.

25 Polydimethylsiloxane is menticned as a suitable matsrial
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

30 molecular contaminants by contacting the fuel with a



boiling point froma hydrocarbon stream In WD 01/60949, a process is
di scl osed for purifying transportation fuels conprising at nost S wt % of
hi gh 30 nol ecul ar contam nants by contacting the fuel with a WO 2005/ 042672

PCT/ EP2004/ 052754 _- 7 hydrophobi ¢ non-porous or nanofi j 4y%¥brane.
The nmenbra ngééfF%ferably a cross-1linked _polysil oxane ﬁé%ﬁ‘ﬁgﬂ%f“ he stage

cut - defined as the weight percentage of <t he original fuel that passes
through 5 the nmenbrane and is recovered as perneate - nay vary from30 to
99% by wei ghhydpophebabl yo56 poar %oy naricght « ralkh ochhecabewe<degeri bed pri or
art processes,ﬁghe retentate streamis relatively small and thus contains a
rel ativel y hPGRCLABENE SoPTESREEM Nakt §TOFR s Lk @9 1¢154L %80  he retentate

stream has tﬂeﬁﬁr%h@an%eorstfaltb{?t e Rracessed el ore Ll.igan be used as a

commerci al product. Especi al at depots or retail sites for transportation

fuels, cleanpagcenthget ber threocasisjing If duelli tihes asesret trgenegmal |y
avai l able. 15 US 2003/0173255 (Wiite et al.) discloses a selective nenbrane
separ atd on prBEeBEMPRERIF GRa Ify dresCTEBGRL 6o REaMsEg maPthd 3¢ed stream i s
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sufficient flux and sel ectivit séparate a perneate enri ched

in aromati c and mAnQaroEBbive-dusdacacberieentainiprgcswlspRyr tspeci es, and a
sul phur- deficient retentate fraction. The sul phur-deficient retentate
conpri ses nofF&8§steR&n SEG SRy Swei gt 15T livhemaflde gndartdiisr efsYtabing @ont ai ns

at least 70 %%EXt%%EQchigh amount of contaminants. This implies that
10 the retentate stream has to be cleaned cor further
{ processed before it can be used as a commercial product.
Especially at depcts or retail sites for transpcrtation
fdels, cleaning or further processing facilitles are not
generally available.

15 US 2003/0173255 (White et al.) discloses a selective
membrane separation process in which & hydrocarbon-
contzining naphtha feed stream is contacted with a
membrane separation zone containing a membrane having a
sufficient flux and selectivity to separate a permeate

20 fraction enriched in arcmatic and meoncaromatic
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,

25 preferably at least 80% by weight of the total feed
passed over the membrane (paragraph [0026]). Typically
(paragraph {00161}, the hydrocarbon streams contain
greater than 150 ppmw, preferably from about 130 ppmw tc
abcut 3000 ppmw, mcst preferably from about 300 ppmw to

30 about 1000 ppmw, sulphur. The (sulphur-enriched)
permeate fraction 1s subjected to a (further)} non-

membrane process to reduce sulphur content. This non-



25 preferably at |east 80% by weight of the total feed passed over the
menbr ane (paragraph [0026]). Typically (paragraph [0016]), the hydrocarbon
streans contain greater than 150 ppnw, preferably from about 150 pprmw to

about 3000 .. most preferably from about 300 ppnw to 30 about 1000 ppnmw,
sul phur . THPQD%’BQ’W@E&_%” ched) perneate fraction is su j%@*&éﬁé"’({}a‘ﬁ”
(further) non- nenbrane process to reduce sulphur content. This non WO
2005/ 042672 PCT/ EP2004/ 052754 3 nenbrane process is a conventional sul phur

removal techR@h®8¥ne & hedBdral reatd ng {Paragr aph 2 vahe point of
t he process of US 200 /017325510%5 to reduc‘gﬁg%ount %?Q%y%l%%%grbon requiring

hydr ot r eat ment¢<hBobedhy forg + eagbnst mfatciost s(mckdoaavoi d0bgdr ogenat i on of

ol efin and naphthgne comounds in fluid catalytic cracking (FCC) naphtha
(par agr aphs [ 0004]"< [T01 )O%S%@Wﬁﬁ (1@%0%%/%175‘52%?3%%%%3 a

process for pusi &y agand Il AYSE09ALDN ek COMDYob g Sce by 10 vl ght

or less of high nolecular weight contam nant process conpri ses

cont act Png t heotluefomi 1¢r2onhyaf opbwld EmMbre@arowsd onydangehitioat bon

nmenbrane to (ﬁiogluce roduct stream _and recovering the purified
a

i.fied
product stre %Jsl%e?l??%g{%ht%‘h%r%ﬁwc[% PR BB yRecqef it iper cent age of

perneate as a-pPeFEe a f 4 h&an al el @ad Fhphbsi 30 to 99 %
by weight, preferab yg%)(gto 5 % yﬂ:v%l ta\%(%g;ra%(?gbﬁ’[(gg%ﬁ? In the

exanpl es, the pert®al®@dnEl134it edCE6%%dty aleighdioflotbe gasobiaesf eed.

There is no discl|osure rell.ati,ncg to 20 the retentate, which, however, could
be purified b@url ying a ligquid hydreccarbon fuel comprising 5 % by

, 10 weight or less of high molecular weight contaminants,

;

which process comprises contacting the fuel with a
hydropheobic non-porous or nano-filtration membrane to
produce a purified product stream, and recovering the
purified product stream as permeate (paragraph [0008]).

15 The weight percentage of permeate as a percentage of feed
can vary within bread limits: 30 to 992 % by weight,
preferably 50 to S5 % by weight (paragraph ([0010]}. 1In
the examples, the permeate constitutes €66% by weight of
the gascline feed. There is no disclosure relating to

20 the retentate, which, however, could be purified by
distillation as per paragraph [0005].

WO-2-01060771 (Shell) discloses a process for
purifying a liguid hydrocarbon product comprising 5 % by
weight or less of high molecular welght contaminants

25 having a molecular weight oi at least 1000, wherein the
product stream is contacted with a hydrophobic non-porous
or nano-filtration membrane and the purified product
stream 1is reccovered as the permeate. Typically, the
liguid hydrocarbon product is a polymerisable hydrocarbon

30 such as dicyclopentadiene, and the process steam that
passes through the membrane and is recovered as permeate

[=]

can vary within broad limits: 10 to 9% % by weight,

23

preferably 30 to 95 % by weight.



distillation as per paragraph [0005]. WC- A-01060771 (Shell) discloses a
process for purifying a liquid hydrocarbon product conprising 5 % by

wei ght or | ess of high nol ecul ar wei ght contam nants 25 having a nol ecul ar
wei ght of at |east 1000, wherein the product streamis contacted with a
hydr ophobi ¢ non-porous or nano-filtration nmenbrane and the purified product
streamis recovered as the perneate. TypicgJJyQ the |iquid hydrocarbon
product is a polynerisable hydrocarbon 30 such as dicycl opent adi ene, and the

process steamthat sse rough the nmenbrane and is recovered as perneate
can vary wthin br@&%%PFﬁgtggeﬁﬁ 1D 99 ﬁ%?ﬁﬁéaﬁgﬂﬁﬂltaﬁﬁgPeﬁﬁbF$ 3%t o 95 %

by weight. 4 Adthawgbset haseliguna Bpetdddfodi FHiatic@n ias to the nature of
the liquid hydrocarbon product_in A- 01060771, the products specifically
mentioned are "SRRG al F pPERERES HRGF dEIcadlya mentdonegnares

particul arly those igRitaicabnly apPehyedd | Sdthf-Ll ¢fddivet Rerdanbhe products
may i nclude one or nore heteroatons, and naned exanples of liquid
hydr ocar bBn pr RRIGESHAZLEJIERCRS dFOR SR HoARp et Rl ymsudiFa®d ec pdrespanradi ene,

di cycl opent adi fig,g.1, dneysk-8heXadi RO, iYLy mbdeShEkeReatbRgPr ene,
but adi ene, cis-1, 3pentadi éne, trans-1l, 3-pentadi ene, benzene, toluene,

xyl enes, et henendapangropsABPlaanel 1i@quid dcamher produsts domtadri ng
heteroat ons ar §, Rt Rul-pa rgégtge ety égﬂé%é%ﬁﬁéyq%ﬂﬂg%ghylnethacrylate.

There is no nentiion I n 1680771 15 of ocarbon transportation
fuel . It has nodywlppentagiynbech, Jotyelehmtadienss cyclohexens,

10 styrene, iscprene, butadiene, cis-1,3pentadiene,
trans-1, 3 -pentadiene, benzene, toluene, xylenes, ethene
and propene. Named liquid hyrocarbon products containing
hetercatoms are methyl acrylate, ethyl acrylate and
methylmethacrylate. There is no mention in WO-A-010680771

15 cf liquid hydrocarbon transportation fuel.

It has now surprisingly been found that it is
possible to use a non-porous or nano-filtration membrane
to separate a liguid hydrocarbon transpertation fuel into
a permeate and a retentate in such a way that no cleaning

20 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 permsate a high quality product is
ocbtained - for example a choice grade transportation fuel

25 that can be s0ld as a2 premium product.

Accordingly., the present invention provides a process
for upgrading 2 liquid hydrocarbon transportation fuel,
wheresin an inlet stream ©f liguid hydrocarbon
transportation fuel is contacted with & non-porous or

30 nano-filtration membrans and & first liguid hydrocarbon
outlet stream is rescovered as the retentate and a second
liquid nydrocarbon outlet stream is recovered as the

permeate, whersin the retentate is at least 80 weight %



possi ble to use a non-porous or nano-filtration nmenbrane to separate a

| i qui d hydrocarbon transportation fuel into a perneate and a retentate in
such a way that no cleaning 20 or further processing of the retentate is
needed, The retentate can be used for the same purpose as the inlet

hydr ocar bon stream w t hout additional cleaning or processing. As perneate a
high quality product is obtained - for exanple a choice grade
transportation fuel 25 that can be sold as & prem um product. Accordingly,

t he present inventjon provides a process for upgrading a |iquid hydrocarbon
transport ati on®fugbhe 1fheFeFRTeAM M “1SreAR 09 iigdrE RyEPBBarBEnthe

transportationghipgl hLedCORE agE@haV dut BN YRRNO S B £39£R@NEREI [ tration
menbrane and a first liquid hydrocarbon outlet streamis recovered as the

retentate and ZegBEBRASHRFEPE PRRR dialhoH thstef ustheant reareenier ed as the
perneate, wherein &Hetﬁ§F§%5@E§%'ééégrd%?%SEoﬁ%pﬂekgbgngi?ﬁ5 aQfshhe.inl et

stream and wherein the inlet stream and™t he Irs n e second outl et
stream eakh fulstrearhef requiddrpinesdmhorhasanepeictattihoufuélrifeled

treatnment. In tot}grp%ogg§§%r G gd‘;p%ﬁé}%é&é@:\ugsg\é‘% ir . @Rajcn:LLgt 5 stream of

l'i quid hydrocarbon transp I on OVEer a non-por ous or
nanopor ous nentrafstéhat teshydrwistbons .t @ Hidistcanubdrs. shréansef out | et

streamof 11 ayid, DYCEOGALDONS,S {LGNELRL 35 Lhepcelentale. ang g , second
out | et strean1§ﬁ IQUIg yd%ocaf%ons S Tecsverdd TiG &S Ehk per%%%t%. The
process condi t sensnédncthkeproceset @i ddgiiing Hydrbkarbnzenis oneaseecddsen
such thaf,at least, 8D WeLAnt Q0 FNG Y ebrdlt§l: SaMADNSLL DY the
. according to the invention are chosen such that at least
| 80 weight % of the inlet stream iz withheld by the
membrane as retentate.
In the process according to the invention, an inlet
15 stream that can be used for transportation fuel is
separated into a retentate stream that can still be used
for that same purpose, =since it still fulfils the guality
and composition requirements, and a high quality permeate
stream. An advantage of the process is thus that a high
20 quality permeate stream, i.e. having a higher quality
than the inlet stream, can be produced whilst obtaining a
retentate stream that has substantially the same guality
as the inlet stream.
The liguid hydrocarbon stream may for example be a
25 transportation fuel such as kerosene, diesel or gascline.
Preferably, the licguid hydrocarbon stream is a diesel or
{most preferably) casoline base fuel.
Reference herein to a2 diesel or gasoline base fuel is
to a hydrocarbon stream boiling in the diesel or gasoline
30 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

uged in an internal combustion sngine. Thosz2 skilled in



menbrane as retentate.. In the process according to the invention, an inlet
15 streamthat can be used for transportation fuel is separated into a
“retentate streamthat can still be used for that sane purpose, since it

still fulfils the ality and conposition requirenents, Nhegthzgual ity
per meat e \g r‘%‘%&%@% advant age of the process is thus thgféwg:})%?dé{? 20 quality

pernmeate stream i.e. having a higher qual i6ty than the inlet stream can be
produced whil st obtaining a retentate streamthat has substantially the
sanme qual ity thas ae wWinlletarstreeamtsThendd quicd iy ecarddn stveamioay f or
exanple be a_ 25 transportatjon fuel such as kerosene, diesel or gasoline.
Preferably, tfeé ISR Hdr oddtbdie streammedta” difeddie dasg npstl pr ef er abl y)

sasoline baseddiglindtelef eNGRAEIRIN Lo R duasal, o, 93sql0e, basg,fuel i
to a hydrocarbon streamboiling in the diesel” of gasollne 30" boi 'l ng range,
that is w thdutcifude hérutt reat mesyd Siiitadl o, asra icoRRIGi©d, gradecdi esel or
gasoline base fuel. Additives m ght be added to the base fuel before they
are used indRiNTaTR EHESTon SR5IaFETSThos@e s aTd ety HR§DL2005/ 042672

PCT/ EP2004/ 052724+ &1 the ard, Wi |, appreciate that addition of additives
does not const;%t uateql'_)"T“urc?%e—r trre“altdnj‘“ecfls:)'" of the base fuel. Gasoline and

di esel additives G knowbddge thes lar toyaidalincldge.a butmateahet bimted to,
anti-oxidants, corrosion 5 inhibitors, detergents, dehazers, dyes_ and
synthetic or DYAGRKSGEIPUIT RArking ¥ (ihes . raceiol G5 bdse ¢ uePsZ8Ypieal |y

contain nithﬁ§§n§Htimal_ranges and distillation curves varying
10 according to climate and season of the year. Diesel base
fuels typically contain mixtures of hydrocarbons boiling
in the range from 150 °C to 400 °C.
It is an advantage of the process according to the
invention that no waste stream or contaminated stream
15 that has to be cleaned or further processed is produced.
All liguid hydrocarbon streams produced are commercial
grade hydrocarbon streams. This makes the process
according to the invention particularliy suitable to be
applied at fuel depots or at retail sites, where no or
20 limited processing facilities are available.
It will be appreciated that the stagecut, i.e. the

[+]

‘ weight % o

I-h

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

23 further treatment (further processing). The exact stage-
cut therefore depends inter alia on the compositicen and
quzlity of the inlet stream. The inlet stream preferably
contains less than 150 ppmw (parts per million by weight)
sulphur, mere preferably less than 140 ppmw (e.g. 138

20 ppmw) sulphur, and advantagecusly less than 50 ppmw
sulphur (e.g. less than 25 ppmw sulphur, for example 22

ppmw sulphur).
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oiling in the range from30 Cto 230 C, the optiml ranges
and distillation curves varying 10 according to climte and season of the
ase fuels typically contain m xtures of hydrocarbons boiling

rom150 Cto 400 C. It is an advantage of the process

he invention that no waste streamor contam nated stream 15

cl eaned or further processed _is produced. Al liquid

reanms produced are comerci al ’ grade hydrocarbon streanms. This
ess according to the invention particularly suitable to be
applied at fuel depstdedptal? reright § ofs thghdpdehostrean if nviehetdcessi ng
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Ide rQ¥ wei ght) sul phur, nore preferably | ess than 140 ppnw
(e.g. 138 30 ppn%% squhur, and advant ageously |l ess than 50 ppnw sul phur
(e.g. less than 25Thpnprscdphuagcdmiingxampica=22nvppmosutahur). 7 At | east

t.he inlet S ami.s e _nmenbr

etentate,

FYRECSPEPE ni{ét 2| aspgfvs\{ett%%%/\g%stﬁg 195 oP*t ggg?%f ecﬁe%cf? eam The

¢t peadube skdidy setdd npsidldzel ow andsel base fuel
(permeate) from the main grade base fuel that is stored
at that depot. The retentate that is obtained is alsoc a
main grade gascline or diesel base fuel, although it
might differ in some guality aspects from the inlet base
fuel., In order to aveid the need for two different
storage tanks for the two 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 whemn 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 nancoporous membranes that are
resistant to hydrocarbons. Suitsble 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 acetats,
modified cellulose, pelyamide, polyimide, polyetherimide,

polyaramide and polyethersulphcnes.



5 trans-nenbrane pressure for a given perneability of the nenbrane. The
process according to the invention can advantageously be applied at a
" gasoline or diesel depot to produce choice grade gasoline or diesel base

fuel to (pesbRabek,fromthe main grade base fuel that ispstgpReiRtsst hat
depot. The tetentate that is obtained is a?so a min grade gasoline or

di esel base fuel, although it mnmight differ in sonme quality aspects fromthe
inlet base fuel. In order to avoid the need for two different 15 storage
tanks for the tweréfefrebent fBEntgradenbase fubksrophabet and-petentsate) at

such depot, i 4 eferre h he main _grade base fuel .that is produced
as retentateh%§$§%$%écﬁﬁﬁ g g ?EhP%%S QoFr§%§88th WﬁEﬁPelrSis an advant age

of the processpacsdldi Bgpberthe bAvert ieasthahe 20rsharkudRtaBdeshut-down is
very easy, since a nenbrane wunit can easily be switched on or off. Thus, in

case of direéevefruekpresdidsgthenacprscess werhanabylbeteancitéd Thgt if and
when a transgortiﬁégck igfavaiLabIe1for gi%oading gf t he nainb%%adg base
fuel . 25 Sui taBre" AensPaies For PEREYSr BEBSS 2REC 6P RGTEESt REP MGt i on are
non- por ous 0N zPAROopPer 8ds cAEFREAReS L Rat A8l e ombesh stapknhe sRvdr ecanhans.
Suitle nanoporous nenbranes are for exanple ceram c nenbranes or nanoporous
pol ymeric néibhafeBPoThEse -mBner aves Pareuknownbiranehaaar &l sexdeplhesd30 of

ool yan do. pBEYRPBe: BOPFERGE nPdS. *piidr F HBSBRaRery SERGr S8t phones.
WO 2005/ 0426¢2-RC3/ ER3804h@52734 kB ss of the membrane should be
10 sufficient to withstand the pressures applied. A
{ thickness greater than 10 pm may then be reguired.
This is not preferred from a process eccnomics viewpoint,
as such thick membrane will significantly limit the
throughput of the membrane. The membrane may have
15 a thickness of from 0.5 to 30 pm, preferably of
from 1 to 10 pm.

In case & non-porous membrane is used, transmission
of the permeate takes place via the solution-diffusion
mechanism: the hydrocarbons to be permeated dissolve in

20 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 1is
hydrostatic pressure.

Hydrophoblc, non-porous membranes as such are known

25 in the art and in principle any hydrcphebic non—peorous
membrane through which gasoline can be transmitted via
the sclution-diffusion mechanism, can be used. Typically
such membranes are cross-linked to provide the necessary
network for avoiding dissolution of the membrane once

30 being in contact with a liguid hydrocarbon product.
Cross-linked non-porous membranes are well known in the

art. In general, cross-linking can be effected in several



Preferably, the nenbrane is a hydrophobi ¢ non-porous nenbrane. The
hydr ophobi ¢ non-porous nenbrane is typically supported on at |east one
porous substrate |ayer to provide the necessary nechanical strength. The 5

conbi nat i .non:porous nenbrane and porous substrate pdEy@hod et en
referred S@)§%°@%%ﬁgsite menbranes or thin_ filmconposites. The non-porous

menbrane nay al so be used w thout a subétﬁafe, but it will be understood
that in such a case the thickness of the nenbrane should be 10 sufficient
to withstandvehe, pfegssumedamesl bedreActtihicknebscgreatéinkhan &@epmsnay t hen

be required. _This_is not. preferred froma process econon cs viewpoint, as
such thick nﬁﬂgrgﬁg ﬁ?&ﬁd%%}ﬁﬁ'éhﬁpﬁﬁnP? i PYt hET2ERRGLGRPUt of the

menbrane. The nembeapne Ay haverhdia,t Birekness obEEoaL0e5.10530 pm
preferably of froml to 10 m in case a non-pgrous menbrane i s used,

transm ssi onlipketheopempmate tekés apkacerei arphe-3ahutidonidifbusi on
mechani.sm the drocarbons to be perneated dissolve in_ 20 the menbrane
matri x -and dFFFEée_gﬁF e 3itn QEF@%EFQet%@nﬁF&ﬁé'ﬂé?éF?after whi ch
they desorb abithe 1 perEdartdes The mBLAPLiviag force-ter jperneatd on is
hydrostatic preSsure. Hydrophobic, non-porous nenbranes as sugh are known
25 in the artmeabdanegspridigs-€ iavhedhpdigphdbixaneronepbronss eerbiaonert hr ough

whi ch gasol i ne % n be tr%ggg%%%ﬁggyi%, t he sglutiog-diffusLon qechanisnl can
be used. Typi€alt a§ﬁgh i art& OB §ss=r irAKked “to SWB&F&% Ehetﬁﬁtessary
network for awekdhng dinxsoldidan Ok Hehe JgeaRraRe ence 20 _Bei Nghh qont act
with a liquid hydrocarbon product.

10 the silicon atoms bear hydrogen or a hydrocarbon group.

{ Preferably the repeating units are of the formula (I)
-[S1(R) (R"})~C~-]p- (L)

In the above formula, R and R' may be the same or
different and represent hydrogen or a hydrocarbon group
selected from the group consisting of alkyl, aralkyl,

15 cycloalkyl, aryl, and alkaryl. Preferably, at least one
of the groups R and R' is an alkvl 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

20 polydimethylsiloxane membranes or cross-linked
polyoctylmethylsiloxane membranes. Preferred polysiloxane
membranes are cross-linked elastomeric polysiloxane
membranes.

- Also other rubbery non-porous membranes could be

25 used. In general, rubbery membranes can be defined as
membranes having a non-porous top layer of cne polymer or
a2 combinaticn 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

30 actual separation takes place. Yet ancther group of

potentially suitable non-porous membranes are the so



Cross-1inked non-porous nmenbranes are well known in the art. In general,
~cross-linking can be effected in several WO 2005/042672 PCT/ EP2004/052754 9
ways, for instance by reaction with cross-1linking agents, and can

optional | enhapced by irradiation. Exanples of suit e58ht Yy
availablexﬁ$§ggg{%Fﬁked.non-porous menbr anes are cross-ﬁ?%ﬁ%%ﬂég:?bﬁhe 5
rubber - based menbranes, of which the crossfl immked pol ysil oxane menbranes are
a particularly useful group of nenbranes. Cross-Ilinked polysil oxane

menbr anes ar eakbewnsuberihesaytpol pheexanph ecksom &5, 4021551, Typical |y,
the polysiloxanes iontain the re eating unit -SI-0O, wherein 10 the silicon
atons bear hJ8r&géf-orSaPAyUFbEBEBRKL § b OPYREerably the repeating units

f the f 1) LS e Qe N Ln the above formula, R and R
Ty be the sam OF OFEFBr A AROLY 2Rt SBrt hydT GO a1 & RYHF LS B or oup

sel ected fropet heegr aypsaensi stt ngsoprakkydn1ar shkybrtd® syckoal kyl, aryl,
and al karyl . Preferablﬁ, at least one of the groups R and R is an alKkyl
group, and nBgbstppéfedabey Bt AngEdapsmaterarkyl Sgtbupshbsveryesdiavad e

-linked W nmb f th : h t
nvent | on ar BO0PHaE=l FrRed 38 pors o oTRGT AP T e ana HENE? ARed S9E Fer oss- | i nked

pol yoctyl met hyksibhexane meibsanessubsebersedapalysitoxage nenbranes are
cross-1linked el astoneric polysil oxane nenbranes. Al so other rubbery

non- por ous nefbrvaseylesatdibe (PBNusedolyatigenetmider uBB&) prnmpetivanes can be
defined as imide (PI).
10 Various types of membrane units may be applied in the
process according to the invention, such as flat sheet,
spiral wound or hollow fibre membrane units, preferably a
flat sheet or spiral wound membrane unit.
It is preferred that the inlet stream is contacted
15 with the membrane at a trans-membrane pressure in the
range of from Z 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.

20 It will be appreciated that the cperating temperature
depends inter alia on the membrane material that is
used. For polymeric membranes, the temperature is

Q ~

preferably in the range of from 10 to 80 °C, more
preferably 10 to 40 °C. For ceramic membranes, the

25 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 liguid inlet stream.
Examples

30 The invention will be i1llustrated by means of the
following non-limiting examples, in which temperatures
are in degrees Celsius and, unless otherwise indicated,

parts and percenitages are by welght.



menbranes having a non-porous top |layer of one polyner or a conbination of
pol ymers, of which at |east one polyner has a glass transition tenperature
wel | below the operating tenperature, i.e. the tenperature at which the 30

actual separation takes place. Yet another group of pot I VoS4t abl e
non- por ou¥ Mi¥hHP4ahEs are the so WD 2005/ 042672 PCTIEPZOdﬁﬁ%?%@%%b§?410

cal | ed supergl assy polyners. An exanple'oﬁlsﬁch a mterial is poly
trimethyl silyl propyne. As indicated hereinbefore the non-porous nmenbrane may
be used as siXAMPbutliis preferably supported on a 5 substrate | ayer of

anot her materia.lA Suc subsIHaLe | ayer could be a nmacroporous or nmesoporous
substrate |ayer.” BHnptes i~ Sui T a2 subEtR AT €t 1reft i@l Braperties

p0|yacry|0ni£§i%ﬁo&£¥@ﬁ Taﬁ?%yfﬁhﬁésiQBQEaége )wf{hﬁglgroggtggn&gb)' 10

Various types of nenbrane units nay be appli I'n the process according to
t he inventi opelpdthedsyidntosheet (PDSP) ratmwonne ©f thokl owitikbes smenbr ane
units, preferably a flat sheet or spiral wound nenbrane unit. It is
preferpbed thaf hemiat etosn reampesatontagt@d: fawsndmbheneenbr ane at a
trans- nenbrane pressure ig the range of from2 to, 80 ba nore preferably

h
10 to 50 barPTeFRBIF|Ux ®35i cBRFySFRIENELF atiy® of FRoMSG0 to 5000 kg
per square nptre fEMHL ARe: Peks (kgLgRd) . PLELELAbLYLAtoLRasE 250 kg/ n2d.

-

20 It will be appreciated thatd?%% peratlng'%enperature O8§pen S inter alia
on the nenbrasebrater(alet hattéstasedwakobOpotygrti ® cEnbhanes,lethe
tenmperature égream) and the flux was 150 1/min. The membrane was
10 supported on a support layer of polyacrylonitrile (PAN)
with a thickness cf 40 um.
In engine tests, the amount of inlet valve deposits
{(IVD) and combustion chamber deposits {(CCD) were measured
for the inlet fuel, the retentate and the permeate by the
15 “Toycta Keep Clean” and “Toycta 1JZ CCD” procedures,
-respectively, described in EP-B-123032%2, 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
20 absorbance. The results are shown in Table 2.
EXAMPLE 2 |
Example 1 was repeated with a different gasoline
inlet stream. The compesition and characteristics of the

inlet gasoline stream is shown in Table 1. The results

25 are shown in Table 2.



preferably in the range of from10 to 80 C, nore preferably 10 to 40 C. For
ceram c nenbranes, the 25 operating tenperature may be higher, but wll be
limted by the boiling point of the inlet stream For gasoline for

exanpl e, e rating tenperature will be below 100 C i LLo-.have a
liquid i n']gvg)[m@%%%tﬁ\ Exanpl es 30 The invention will be %T%Pg‘ﬁgrj'g)t:% 4by means
of the following non-liniting exanpl es,” il¥ which tenperatures are in
degrees Cel sius and, unless otherw se indicated, parts and percentages are
by wei ght. WRI0OS5] 0426 22 ER2O0M 0527540 EXALd ARLE 11 A gasali ne-inl et

stream (conposition and properties as shown in Table 1) was’ contacted with

a cross-|inked polydi met hyl sirioxane (ﬁggﬁ[fﬂgnpraﬂe*ﬂm&%%@gﬁyrpkness7 5 of
2 mat roomtenperature and a transnenbranéDpressure f ar.” The stlage

cut was 10 wveight¥ga) i.e. 10 wei ght % gfntdhe gasoline peygweated through the
menbr ane (i was 90 weight! % of the inlet | streanm) and theg fl ux
was 150 1/ niPendhey membtare was 10 suppdriEd on a suppddrt’d2ayer of
polyacryloni{rileu(P N) with a thickness of 40 m In|engine tests, the
amount of i|ni&q/ k¥ deposits (1VD) fand conmbusti on chanber deposits [( CCD)

wer e neasurgghytor tne irniet—fuet; [he£§§P§nTaIE‘Hnﬁﬁﬁ§5. rmeate by tihe i5
"Toyota Kegp O ean" and "Toyota 1JZ COD' procedures, respectively, described
in EP-B-1230820, at pages 11, 12 and [1# . Jhe results [ar®e shown 1n Tafjl e 2.

The anpunt jof —polynuclear aromatics (PNA) in the inlgt fuel, the

IBP (°C) 35.4 35.3
FBP (°C) 203 1e0.4
4 E70 13.7 30.2
E10C 31.3 53.7
paraffins (% v/v) 10.18 5.86
iso-paraffins (% v/v) 26.5%4 £2.87
arcmatics (% v/v) 50.73 23.71
sulphur (ppmw) 138 22

n.a. not available

Table 2 Results

Example 1 | Example 2
: inlet | retentate | permeate | inlet | retentate | permeate

fuel fuel

IvD 260 222 &1 30.8 25.0 7.0

(mg)

CCD | 635 615 631 265 280 257

{mg)

PNA {182.2 1183.1 118.8 15.2 [17.7 10.3

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

5 quality of the permeate stream is significantly improved
as compared to the guality of the inlet stream,

especially with respect to cleanlinessf The amount of

inlet valve depcsits and the concentration of polynuclear



retentate and the perneate was assessed by neans of UV 20 absorbance. The
results are shown in Table 2. EXAMPLE 2 Exanple 1 was repeated with a
different gasoline inlet stream The conposition and characteristics of the
inlet gasoline streamis shown in Table 1. The results 25 are shown in

Tabl e 2. WHOROEHKR2672 PCT/ EP2004/ 052 754 - 12 Tabl e ICEGHHYE’t76h and
properties of inlet gasoline Exanple 1 Edanple 2 RVP (hpa) n. a. 589
Density at 15 C 0.779 0.722 (kg/litre) RON 98.8 95.2 MON 86.9 87.5 |IBP
(C) 35.4 35.3..FBR:(C) h303:1 cab 13:.% E 234 jaffins
(0 v/ v) 10, 187866 e paraPt 1As (o Viv) = 25-87 82, 87 Sramaties (ohuiv)

50. 73 23.71 rstkphate(ppmepnld8s22otnsagnnbdtcavaillyabkéeTablret2dResul ts

Exampl e 1 Exampl e inlet retentate perneate inlet retentate perneate fuel
fuerp T%%re %s even an improve%ent in qualgty w1tg resﬁ%ct to

the amount of inlet valve deposits.



| VD 260 222 91 30.8 25.0 7.0 (nmg) CCD 635 615 631 265 290 257 (ng) LPNA
1192.2 193.1 19.8 15.2 117.7 10.3 It can been seen fromthe results in
Table 2 that the 5 quality of the pernmeate streamis significantly inproved
as conpared to the quality of the inlet stream especially with respect to
cl eanliness. The amobunt of inlet valve deposits and the concentration of
pol vnucl ear WD 2005/ 042672 PCT/ EP2004/ 052754 - 13 aronmatics has
significantly decreased. The quality of t iet?ratentate stream has not
significantly deteriorated. There is even an inprovenment in quality with
respect to the anmount of inlet valve deposits. 14 - CLAI MS 1 A
process for upgrading a |iquid hydrocarpon 1 ty apsportati on fuel, wherein an
inlet streamof |liquid hydrocarbon tTansportation fuel is contacted with a
non 5 porous or nano-filtration nmenbrane and a first liquid hydrocarbon

outlet stream s rgcpyeredsasot hepgA@IHAlL 1iﬁ:ﬂ€ﬁh§ﬂ§@&grﬁbﬁm d hydrocarbon
outlet streamis recovered as the perneate, erein the retentate is at

least 80 wei ghtTaREPOFRBLiARet el cHIFT 2 Hheidiat SHEced Phl ddTifeam and
the first and h%ré@&?ﬂgnoﬁiéﬁé%éfﬁﬁéi&neﬁﬁlfi@ fddnthbhe hequhegenba. for

base fuel without further treatnent. 2. A process according to claim 1,
wherei n the | i gergus or nano-filtration membrane and a first ligquid

hydrocarbon outlet stream is recovered as the retentats
and a second liguid hydrocarbon outlet stream is
recovered as the permeate, wherein the retentate is at
least 80 weight % of the inlet stream, and wherein the

10 inlet stream and the first and the second cutlet stream
each fulfil the reguirements for basze fuel without
further treatment.
2. A process according to claim 1, wherein the licuid
hydrocarbon transportation fuel is diesel or gascoline

is base fuel.
3. A& process according to Claim 1 or 2 wherein the
retentate is in the range of from 85 to 95 weight % of
the inlet stream.
4. A process according to any one of claims 1 to 3,

20 wherein the first outlet stream is directly loaded into a
transport truck.
5. A process according to any one of Claims 1 to 4,
wherein the membrane is a hydrophobice non-
porous membLAane.

25 §. A process as claimed in claim 5, wheresi.i the membrane
is a cross-linked polysiloxane membrane which is a cross-
linked polydimethylsiloxane membrane or a cross-linked

pelyoctylmethylsiloxane membrane.



hydr ocarbon transportation fuel is diesel or gasoline 15 base fuel. 3. A
process according to Claiml or 2 wherein the retentate is in the range of
from85 to 95 weight t of the inlet stream 4. A process according to any
one of clainms 1 to 3, 20 wherein the first outlet streamis directly | oaded
into a transport truck. s. A process according to any one of Clainms 1 to 4,
wheretn the nenbrane is a hydrophobi ¢ non porous nenbrane. 25 S. A process
as claimed in claimb5, where-_i the nenbrané® rs a cross-Ilinked polysil oxane
menbrane which is a cross- |inked pol ydi net hyl sil oxane nenbrane or a
cross-linked ol yacPyPaAesayRRFILaing: Wemblaime 5 or1§, wrhemepnotbes according

to claim5 or reint FF@Q i orte a [LOpPOrous or
Mesopor ous su%%ﬁ%gygrs, LJSpl'?% er a‘%?ﬁﬁaé Isma{/éejlféijoqrrob%l %%cpf%%f:?fg?l e (PAN),
pol yi mi de (Pl) suppopetl yevbef i prefedfly . a SlBreA df pedyscagtondtsgibo any one
of Claims 1 to,[ ereln.the i t stream contai.ns | ess_than 150 ppnmw
sul phur. 9. A ﬁ?@@ﬁgspﬁégbwagﬁgPéﬁ)(]%ﬁrﬁ x&#ﬁﬁﬁﬁ$¥9ﬁe(?ﬁgét stream
contains d ess hanalgfoppsy seddPfding to any one of Claims 1 to 7

wherein the inlet stream contains less than 150 ppmw

sulphur.

9. A process according te Claim B wherein the inlet

stream containz less than 140 ppmw sulphur.



