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The present invention relates to a process for purifying a liquid

hydr ocar W&P1{6049 by renovi ng hi gh nol ecul ar wei ght cont afiGTA&RI$01807 qui d
hydr ocarbon fuels, in particular gasoline may 5 contain high nol ecul ar

wei ght contam nants, such as polynerised or oligomerised (higher) olefins,

pol yaromati ¢ hydrocarbons, and_sul phur _conmpounds. Pol yneri sed or
ol i goneri sed ol e}ﬁ(ﬁ E3ndt BRI 93}35%51\]8 Ah}%HEQr BERKOFEBOR tWEL ntri nsi c

result of the gasoline 10 production process. Catalytically cracked
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However, often amounts as |ow as 3% by we t or Tess 6r even 1% by 25
wei ght or |Rely 3 ereslghC | ipdr eea klhen aboyed nent bbnedcoppobhdss. | n general,

several separatg oy hni iy n .art _fqr_separati
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contains substantial amounts of olefins, which may

oligomerise during the fractionation process after the

actual cracking process. Also in the final gasoline

product, olefins may polymerise in an oxidation reaction
15 which can be catalysed by copper.

In transportation fuels, such as gasoline, these
high-molecular contaminants give rise to deposits in for
example the combustion chamber and the injection valves.
These deposits negatively affect vehicle performance and

20 emissions.

The high molecular weight contaminants are typically
present in relatively small amounts up to 5% by weight
based on total weight of the liquid fuel. However, often
amounts as low as 3% by weight or less or even 1% by

25 weight or less already lead to the above-mentioned
problems.

In general, several separation techniques are known
in the art for separating contaminants from the actual
product based on the difference in molecular weight. One

30 such known and applied technology is distillation,

wherein a separation takes place on the basis of
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nano-filtrgtion mgebrane %antment, a lot of equipment would also

15 be required to carry out the distillative treatment.
Moreover, the high temperatures normally applied in
distillation increase the danger of (thermal)
decomposition of the hydrocarbon product. This could lead
to product loss and fouling of the equipment. It will be

20 appreciated that these factors render the distillative
treatment unattractive from an economic perspective.

The present invention aims to provide a method for
effectively and cost-efficiently removing the high
molecular weight contaminants.

25 These and other objectives were realised by using a
membrane separation treatment to remove the high
molecular weight contaminants from the liquid hydrocarbon
fuel.

Accordingly, the present invention relates to a

30 process for purifying a liquid hydrocarbon fuel
comprising 5% by weight or less of high molecular weight
contaminants, wherein the fuel is contacted with a
hydrophobic non-porous or nano-filtration membrane and

the purified product stream is recovered as the permeate.
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15 present invention aims to split the product into two
fractions: a permeate and a retentate. The permeate has
been upgraded in the sense that its contamination level
has been lowered. Consequently, the risk of deposit
forming when used in a combustion engine is minimised.
20 The stage cut -defined as the weight percentage of
the original fuel that passes through the membrane and is
recovered as permeate—- can vary within broad limits: 30
to 99% by weight, preferably 50 to 95% by weight.
The liquid hydrocarbon fuel to be treated contains 5%
25 by weight or less of high molecular weight contaminants
based on total weight of the fuel. However, the present
method is particularly suitable when the liquid
hydrocarbon fuel to be treated contains 3% by weight or
less, more suitably 1% by weight of high molecular weight
30 contaminants. Even at high molecular weight contaminant
levels of 0.1% by weight or less the method of the
present invention is highly effective.
The liquid hydrocarbon fuel to be treated is

preferably a transportation fuel, such as gasoline,

35 kerosene or diesel. Kerosene, for example, might be



present invention is highly effective. The liquid hydrocarbon fuel to be
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menbrane | Ssrgaﬁqi %aalrlcyelssuDé)forttreadnsopnorattatl1eoanStfl(ljenf. A typical example
15 of small parcel treatment would be the installation of a
small membrane unit at a fuel depot or at the retail end,
i1.e. just before delivery of the fuel to the end user.

In the process of the present invention at least 50%
by weight of all contaminants in this molecular weight

20 range are removed, suitably at least 60% by weight and
more suitably at least 80% by weight is removed.

The membrane used is hydrophobic and may be either a
non-porous or a nano-filtration membrane. The membrane
should be hydrophobic, since the stream to be treated is

25 a hydrocarbon fuel which should be capable of passing
through the membrane. The membrane suitably has a
thickness of 0.5 to 30 pm, more suitably of 1 to 10 pm.
The membrane is typically supported on at least one
substrate layer to provide the necessary mechanical

30 strength. Such membranes are often referred to as
composite membranes or thin film composites. Generally, a
composite membrane may be composed of a non-porous or
nano-filtration membrane supported on a micro-filtration
or ultra-filtration membrane or on another porous

35 material. This substrate may in return be supported on a



substrate | ayer to provide the necessary nechanical 30 strength. Such
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conposi te o1éeeral |y, a conposite nmenbrane nmay be conposge©de1dis07
non- porous or nano-filtration nenbrane supported on a mcro-filtration or

ultra-filtration menbrane or on another porous 35 nmaterial. This substrate
may in ret fruir e supporiedseprart -td pyey 0d¢ 60949r PGEA EPE1M@E8ATR i chart her

por ous sup r oMl LT ani rengt h. _The_non- porous
O hano- f1 Ir ot ot Tenbr ane. Ry ol o B iR om Gt Abar o SUBSE A B-out 1 ¢

will be undersst osd udrd Wihthkeieh a saketréeet hbeknesswofllt he 5 menbrane
shoul d be | .G t i thst t he S es, . applied, _A.thi ckness
%Hgéfgéggd {h%%nﬁﬁegﬁgh Q.cggg ﬁﬁ% éhlcgg?sBrgfer

greater than 10 pm may t required. s 1sno &d froma
procdess ecowgmEse Hewplod te sisf Suchen hi tk wenbhsaardwehe sirgpishireant |y

limt the thr ut 1 her eby. decreasi ng. 10 t he anmount of
purified prag)fga%ipéﬁg%lan b%ggg(é%%}%%% %éarn ]uﬁi‘tlmorf‘a%’i ©Bn8®nenbr ane
area. Hydr ophbirechartifs | g atoonpornehdr aad st ase XKnewdceBs tbhenaft cand

(potent 2 ) ShLLGAL! one oacr | 0Ed, G Lot ol ance, Lhe LLggl ront o

, .88 S t
waste streans, Fseparatihg 15" di'sso
sol vents, W@m%mmmmmiﬂ!w rﬁ@ﬁm%@xéslﬁﬂiﬁﬂéﬁygé@izﬁea§9£ ents or
separating | ow nol ecu wei ght i goners djssolved in organic solvents in
paﬂraﬁ wast &4'€ I‘—"ﬁ“oéléjr(;ter(%r %‘ﬁfg@*?cﬁtgg?ﬁ%t MEMbT AN’ WhT che &P e H8Ef BRT 20 for
t he purposearndft tdfe Himesertd insnesitdon she) d have a cut-off value in terns
of nol ecul ar wej ght g{ -2000 Dalton. In the art of nmenbrane separation

200 )
processes, cut- PARE FrTenbrHiicst e TRIMRIIRES exPf ekredn | inDal t on and
are based amhea sdet eid N@dhtya 25 a1 ReHEA 4 o SHF O5BY 09F @phy £ GPO)

using p0|y%%%%%%%e, the treatment of waste streams, separating

i5 dissolved lubricating oils from organic solvents,
separating organic catalyst complexes from organic
solvents or separating low molecular weight oligomers
dissolved in organic solvents in paint wastes.

In general nano-filtration membranes which are useful

20 for the purpose of the present invention should have a
cut-off value in terms of molecular weight of
200-2000 Dalton. In the art of membrane separation
processes, cut-off values of membranes are usually
expressed in Dalton and are based on a determination by

25 gel permeation chromatography (GPC) using polystyrene |
calibration standards. Suitable hydrophobic nano-
filtration composite membranes and their preparation are,
for instance, disclosed in US-A-5,205,934 and
US-A-5,265,734. These composite membranes comprise an

30 underlying porous substrate membrane, such as a micro-
filtration or ultra-filtration membrane, which substrate
may have been treated with a pore protector prior to
coating it with a silicone layer which subsequently is
cross—-linked. Examples of suitable substrate materials

35 are polyacrylonitrile, polyvinylidene fluoride, polyether
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Cross- | i nkiplgenglefié eckiede byypsi nglgmeanknewadl as0ss- heakicngnagent. The
subf§rate suitably is 15 The coated
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Dol i m des ~ HRT/STYT angt oSt SLbKTBR. L por§ESrErd 20 SadRoas paPyeengFene
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andfor silica, 0 ; FOIROSLE S, IETpLane, iy have any desired shape, e.g.
15 The coated substrate membrane may be supported on a
porous support to increase the mechanical strength.
Examples of suitable support materials include poly-
ethylene, polypropylene, nylon, vinyl chloride polymers,
aromatic polyimides, polystyrene, polysulfon, polyesters
20 such as polyethylene terephthalate, glass fibers, and
inorganic supports based on alumina and/or silica. The
composite membrane may have any desired shape, e.qg.
cylindrical or planar.
In case a non-porous membrane i1s used, transmission
25 of the permeate takes place via the solution-diffusion
mechanism: the hydrocarbons to be permeated dissoclve 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
30 hydrostatic pressure.
An advantage of using hydrophobic non-porous
membranes as compared to the use of nano-filtration
membranes is that there is no plugging effect, i.e. there

is no possibility of the membrane becoming blocked by

35 larger molecules plugged in the pores. This could happen
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opti onal | y hepierdiahneceshidly membranes are cross-linked to provide the
necessary network for avoiding dissolution of the

15 membrane once being in contact with a ligquid hydrocarbon
product. Cross-linked non-porous membranes are well known
in the art. In general, cross-linking can be effected by
in several ways, for instance by reaction with cross-
linking agents, and can optionally be enhanced by

20 irradiation.

One example of suitable, presently available cross-
linked non-porous membranes are cross-linked silicone
rubber-based membranes, of which the polysiloxane
membranes are a particularly useful group of membranes.

25 Typically, the polysiloxanes contain the repeating
unit -Si-0-, wherein the silicon atoms bear hydrogen or a
hydrocarbon group. Preferably the repeating units are of
the formula (I)

-[Si(R) (R")-O-Ip- (1)

30 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,
cycloalkyl, aryl, and alkaryl. Preferably, at least one
of the groups R and R' is an alkyl group, and most

35 preferably both groups are methyl groups. Very suitable
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the so called superglassy polymers. An example of such a
15 material is polytrimethylsilylpropyne.

One example of suitable cross-linked elastomeric
polysiloxane membranes are extensively described in
US-A-5,102,551. Thus, suitable membranes are composed of
a polysiloxane polymer such as described supra having a

20 molecular weight of 550 to 150,000, preferably 550 to
4200 (prior to cross-linking), which is cross-linked
with, as cross-linking agent, (i) a polyisocyanate, or

(ii) a poly(carbonyl chloride) or (iii) Rg-551(A) 4
wherein A is -OH, -NHp, -OR, or -OOCR, a is 2, 3, or 4,

25 and R is hydrogen, alkyl, aryl, cycloalkyl, alkaryl, or
aralkyl. Further details regarding suitable polysiloxane
membranes can be found in US-A-5,102,551.

For the purpose of the present invention the
preferred non-porous membrane is a cross-linked

30 polydimethylsiloxane membrane.

As indicated herein before the non-porous membrane
may be used as such, but may also be supported on a
substrate layer of another material. Such substrate layer
could be a microporous substrate as described supra in

35 relation to nano-filtration membranes, i.e. it could for



pol ysi | oxane nmenbranes are extensively described in US A-5,102,551. Thus,
sui tabl e nenbranes are conposed of a polysiloxane pol yner such as

descri bedompoEdhavi ng a 20 nol ecul ar wei ght of 550 to 156Cc®@Po1/qusef er abl y
550 to 4200 (prior to cross-linking), which is cross-linked wth, as
cross-linking agent, (i) a polyisocyanate, or (ii) a poly(carbonyl
chloride) GPSEAOE RE &SRS Taltferide £F sPelorcrikpnit Olepr -OOCR a is
2, 3, or 4poa§/vm§'18desléﬂmrmeime,alﬂealyeﬁ{éfé 7irFEJY<_§:% 0a} %&1@ aLyl, or

aral kyl . Further details regardi ng suitable polysiloxa ranes can be
found i n USMASS-102, 551. For the purpose of the present invention the

preferred non- PROWS, HIRIINANE oSyt DS 3rdd 1 pol ydi tet hyl sil oxane
menbrane. As indiecat end herei n before the non-%ge}to%% nagénb%aénrsgt ér/r(wgsfil kf)}é used

as such, buelFlf &udo e SiFFTaEPlon & st réit%e hayerigit andthegh
material. Ruak SURSt A drd¥eht Lould vm]]a oyl %@Wé&%é&b{?ﬁé@&é‘s
35 I tration nmenbra

descri bed supra in relation to nano-fi nes,"i.e. it could
for - 8 WOLELNEEIAYRGNERF]/MEBEP tiarsiraTte bies alsubstemt ef omde of

pol yacryl opi; telrich e+ Rl By idens. S [ | yet.her im d@nor pol yam de
i ni de. The Non- porous Menbrane s&gfu agté?%t ;tieonr %Oa%ogals © 509 hY "B wei ght  but
mor e pref emalbyaaes| gadta i@80%0hy twdieghstt ¢f0 thigh wermdtec Wd Aarcampd @@ sant s. |t

W Lly be appregiated that the  nmlecul ar jght of the contam nants is
di ffer ent ﬂgr gi %f BPeRC R G& & tg%be % rez\z:lMt?de " Port gastt iHE ar%a‘f mt
menbr anes uetkdi.nThg dtralogdsn 5EYHGyhweicdkicudfa ¢ erpudsd sL G haviwig B
nol ecul ar \é%i ggtcaofne%log or_, more ¢an seuiwt.ngl y beeﬁﬁjsed. The fraction of high
nol ecul ar ¢onpounds “that wiitl " BeFétai ijpt fBhih&l8619e Rdpend on
t he degreecabsseldagihignkifnghef mchd raerhr ane, dtheysStage cHe the
temperature and the interaction between the fluids to be
15 separated and the membrane. At higher temperatures the
retention of higher molecular weight components will
deteriorate. Furthermore, since a non-porous membrane
does not have a sharp cut-off value, compounds having a
lower molecular weight will pass more easily through the
20 non-porous membrane than compounds having a higher
molecular weight.
It is preferred that the liquid hydrocarbon fuel is
contacted with the hydrophobic non-porous or nano-
filtration membrane at a trans-membrane pressure in the

25 range of from 2 to 80 bar, more preferably 10 to 50 bar,
a flux of between 200 and 5000 kg/m2 membrane per day
(kg/m2d), more preferably 250 to 2500 kg/m2d, and a

temperature in the range of from 10 to 80 °C, more
preferably 10 to 40 °C.

30 The invention is further illustrated by the following
examples without limiting the scope of the invention to
these specific embodiments.

Example 1
The experiment was performed using a hydrophobic

35 membrane consisting of a non-porous cross-linked poly-



tenperature and the interaction between the fluids to be 15 separated and
the nmenbrane. At higher tenperatures the retention of higher nol ecul ar

wei ght compaveesds Wil |l deteriorate. Furthernore, since aPGQarEPODOBOS
menbrane does not have a sharp cut-off value, conpounds having a |ower
nol ecul ar weight will _pass nmore easily through the 20 non-porous nenbrane
t han conpouﬂﬁgeﬁaV?ﬁ@laxﬁpﬁhéFDMﬁ§Iéé Far PREEGAL 2 thickngsst @fr @d Mithat t he

liquid hydrogapbenctiueh ks utemrtagtedrwitbnt Be1hydnephabiye n@Rrgorous or
nano- filtration nmenbrane at_a trans-nmenbrane pressure in the 25 range of

from2 to SOeBRFalfpr &Npr BEBPABRG Y85t BOBHLEEr 10 & fillexw 6fldehwed®a200 and

5000 kg/n2 genbhane per €ay réka/ nBd) cuRee Roef enably 22aQ 0 42500 kg/ ned,
and a tenperature in the range of from10 to 80 C, nore preferably 10 to

40 & 30 TheutheenfPénthe FREERERLRI| G8Er 8EEGCHY vEhambIreo® BFeaexapl es

w thout Ii '6bngm§he scope of the invention to these specific enbodi nents.
Exanple 1 e expefinment was perforned using a hydrophobic 35 nenbrane
consi sting of aFtwihspedogsscloss-winkedtpabyitives WOs0(£609%49m a

PCT/ EPO1/ 01807 _di net hyl si |l oxan P | ayer havin t hi ckness of 2 pm
support ed oﬁt%ﬁaﬁ?tyﬁ§¥??t?ﬁf?oﬁh%oggg%hgﬁgﬁiBélFﬁEg)%ﬁﬁﬁbP&WQ.a?ﬁe
menbr ane wasasountedlanea blow erkl mbaviage . anhenpetnbatet hasf eed, an

ouLL&t for the erngate an g outlet_ for the retentate. The effective
merbY ane ar BACHERT100° chPO RF hi BR&UC 95861 FRESIFRREUY2SdAPCYFeEWES f ed

froma storpgesvessgt v8t9eihe flow cell using a feed punp and was
circulated over_the nenbrane. The perneate was 10 recovered as_product
whil e the retentdfRehRs FecyefedgpSure during the test were 21 °C

and 10 bar, respectively. The runtime of the test
amounted 700 minutes, after which 66% by weight of the

15 gasoline supplied was recovered as permeate (i.e. a stage

cut of 66%). The average flux was 2200 kg/mzd.

The feed and the permeate at 66% recovery were
analysed by gas chromatography (ASTM D6293-98). As an
indication of the amount of high molecular weight

20 contaminants, the amount of unwashed gums (ASTM D381-94)
was determined in both the feed and the permeate. The

results are indicated in Table 1.

Table 1 Feed and permeate analysis
Components Gasoline Permeate
feed
naphthenes (%wt) 4.01 4.16
iso-paraffins (%wt) 32.28 32.15
n-paraffins (%wt) 9.38 9.03
cyclic olefins (%wt) 1.57 1.77
iso-olefins (%wt) 8.53 9.02
n-olefins (%wt) 4.09 4.14
aromatics (%wt) 35.69 35.72
unwashed gums (mg/100 ml) 15 2




the storage vessel. Tenperature and pressure during the test were 21 C and
10 bar, respectively. The runtinme of the test anobunted 700 m nutes, after
whi ch 66%d1/e0ei9ght of the 15 gasoline supplied was recovecedkrar0iser neat e
(i.e. a stage cut of 66% . The average flux was 2200 kg/ nmR2d. The feed and
the perneate at _66%recovery were analysed by gas chronatography ASTM
D6293-98). As aRrorndrBAEi dnibf CBRePEMSERT &Ml Ghensracandr okeindl

cont am nantﬁolébéléqveehtgﬁlﬁe%%h% s %%EMt@?»%lfa%@lon\A@% det er m ned in
both the feed and gerneate resuPts are indicated in Table 1.

Table 1 Feealaﬁafaéﬁﬁﬁ veraﬁap§§|§Ome@ﬁﬁ@néﬁt§h@a§@ﬁpdenpeﬁﬁéake f eed

napht henes ﬁé@%} 4.9L ﬁe%@rahéos@?aQB ﬁ%% (%%&%h%%m%Qeng%%le 1paraff|ns
(%) 9.38 9.03 @%;|IC ol efi ns i so-olefins (%w) 8.53

9.025 n-ol eshags( ey aldotypriga agéﬁ@ﬂﬂ@§ @@W@pn35t69a3® P2assimgashed guns

(mg/ 100 nl) 13 %embggnevgkgllgggggleg[/ P01/ 01807 From Table 1 it can be
seen t hat tﬁe content of high nolecul contam nants in the perneate

fraction is S|gﬁhélGQW@B?ededumédW§®ﬁpaPédY§6dthe ga&sHlSi.n@hikeeed before the
menbrane sepay,ation. ﬂgmgt 0BHURLEy TaPLE ha3niovs sLbal . lyilepl, gasol ine

conponents are passi rane non-sel’ el y. The ‘unwashed guns
wer e anal ysBgabgl&C2MS. The unwashed guns appeared to be mainly C13 C30

hyd{BCarbons. E%89H£§ gxperiment was performed using a hydrophobic

membrane consisting of a non-porous cross-linked poly-
dimethylsiloxane (PDMS) layer having a thickness of 10 um
supported on an ultra-filtration PolyAcrylo-Nitrile (PAN)
membrane. The membrane was mounted in a flow cell as

15 described in Example 1. The effective membrane area was

100 cm?.
A finished gasoline without additives feed was fed
into the flow cell as described in Example 1.
Temperature and pressure during the test were 21 °C
20 and 10 bar, respectively. The average flux was
500 kg/m?d.
The concentrations of unwashed gums (ASTM D381-94)
and copper, and the colour (ASTM D1500-98) were
determined in both the feed and the permeate at 66%

25 recovery. The results are shown in Table 2.
Table 2 Feed and permeate analysis
Components Gasoline |Permeate

feed
Unwashed gums (mg/100 ml) 24 8
Copper (ppb) 22 4
Colour 2.5 1

From Table 2 it can be seen that both the

concentration of high molecular contaminants (unwashed



10 Anot her experinment was performed using a hydrophobic nenbrane

consi sting of a non-porous cross-linked poly- dinethylsiloxane (PDVS) | ayer
havi ng awbligbsaess of 10 pm supported on an ultra-filtrabPCompPo1/01807

Pol yAcrylo-Nitrite (PAN) nenbrane. The nenbrane was nounted in a flow cell
as 15 described in Exanple 1. The effective nmenbrane area was 100 cn2. A
fini shed ggsoisinendi dempe raddi ttihee P oesh ast faart idmtaxrd he fl ow cel |l as
descri bed in I : rat and, pre re during the test were 21 C
20 and 10 Sé?%?ggﬁg‘g%y\,é V. %hdg Cg{/“gjr age Pclrouﬁ\l/\%cs l%o%]%ggan%il%e
concentr at fers b fumwadted mguming (ASEMHRBM-134). and copper, and the col our
(ASTM D1500- 98 I .erm in the feed and the perneate at 66%
25 recovery. T)ﬁg\éferggluggggjrneos%ﬁgv}\lﬁ icﬁo%%%gl 230 .Cen%arba&eloi1 cﬁgﬁﬁuq‘b]ecfneate
anabysi s GgnporembeonGdselli hy Rérargates ssec cddmwhshedguse (ng/ 100 nl) 24 8
Copper (pphb)._22.4 lLour_ 2.5 1 FEraom Tabl it can be seen that both the
concent r at il}SHeSFlﬁing N N T Eo %ﬁlaaﬁtt gLe(stfn\ﬁefé]r?eecf:'C—""tiailySW§1 01/ 60949
PCT/ EPO / 08QYmeglirs) iand reapfeonisn Wild perdwate fraction are

significantly reduced conpared to that in the gasoline feed before the
menbrane separation. The reduction of the copper concentration in a |liquid
5 hydrocarbon fuel by the process according to the invention has the
advant age that | ess copper-catal ysed polynerisation reactions will occur.
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