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. 'TREATI NG FUEL The present invention relates to a process for treating fuel

and in P&4ACHH4r to a process fmmmmﬂlmwmﬂmmtnl ng a gasolraTeGhzdnassar bon

fuel. Hydrocarbon fuels, comonly crude oil, are used in nmany
applications, for exanple as transportisdiadel s, power generation, heating and
lighting. 5 Typically, the products available fromthe sinple distillation
of crude oil undergo further processing to provide materials of sufficient
qual ity for narket use. Exanples of such processes include ﬁmmmwﬁmwmmmmgnd
hydr ocracki ng of high boiling material to |ower boiling pro '
reform ng and i sonerisation to provide better conbustion qualitygooand c)

al kyl ati on/ pol ynmerisation to convert gases to liquids. 10 In addition to
these standard processespradHIPLH ongg§ﬁ@é%quLinprove product quality
by the renoval or transformation og'lnpurltles exist, for exanple, d)
hydrotreat mnent to renove sul phur species; e) Merox and copper sweetening to
convert/renove sul phur species; and f) clay treatnent to renove surface
active species. The utilisation of current processing and purification
processes yield products of 15 appropriate quality for market use.

However, as the products originate froma natural source, often trace
anounts of col oured species remain or are fornmed through further

processing, giving the finished product a yellow green or other
colouration. Such a colouration may be detrinental to the product's market
acceptance as a high quality material, or cause conplications where dyes
nmust be ad O : (L for ..-?20.custons or. dquty purposes.

"t 1 s known T4 or adt setiaREhleaS a R o Yeatidd nE MR e TBOD | erove

hi gh- bodddsadpr deoblounsifige grsudine Gryphaicaden 9. SEP 2005 WO 02/ 079349

PCT/ G602/ 01334 The decol ourisation of asphalt-kerosene solutions is

descri bed %iy% rpQhiuclsycamiraRly satircgf fom emdg o1l nsechimdmany 32: 4761c. A
vari et yppficARser foe | i ivat JUsed. . The
decolouP?sing pbme?hgghgg%gggﬁggfﬁ§&&¥§5§%g§§?? é&g%ﬁkﬁﬁ%qﬁéL?§40.

Decd! ounipsiaily, terosbuts, avgdadt iom tadimet dedtidlativnlbsérulie afleadegbny clay is 5
descri?g% in CA 23:298a.k§9n0val oé Igﬁd tetraethyl and colouring matter
from | eaded PrYESIPE FePRLidsdnaigiapls PEsRIAFIea] qyadily Brimerkelsisei BaamplesCA

39: 36592 su 00&ssaCink i (o j Eh: - 4470h.
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chl or o3V pHkng progeeisyr i) befgrbing@addgom@satioDex plovideiteatl esmfstiohght  o0i | by

cont actyf g Waddl Ak HAAShIFAERMoh o 55%H DES iR 36370
10 In addition to these standard processes, a number of methods to improve product
quality by the removal or transformation of impurities exist, for example, d)
hydrotreatment to remove sulphur species; €) Merox and copper sweetening to
convert/remove sulphur species; and f) clay treatment to remove surface active species.

The utilisation of current processing and purification processes yield products of
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appropriate quality for mark_et use. However, as the products originate from a natural
source, often trace amounts of coloured species remain or are formed through further
processing, giving the finished product a yellow/green or other colouration. .Such a
colouration may be detrimental to the product’s market acceptance as a high quality
material, or cause complications where dyes must be added to give a specific colour for
20 customs or duty purposes.
It is known to produce water-white gasoline using distillation to remove high-

boiling, colour-forming compounds.



10 A novel and sinple industrial nethod for the removal of trace 2ah5GRt &0%f

‘col oured species from gasoline has been found. According to the present

i nventi omyggreshs provided a process for decolourising a liquid

hydrocarbon fuel which is a gasoline, the process conprisi #§TéeBr2aasiing at

| east part ﬁlI the |liquid gasoline with a decolourising carbon. 15 It has

been found t M4 E6NCHEF NG of sephglidesroseac wplutionshis diearibed i iSéghear bon

renoves ayah&asto $ANE € Ht i nitq. el ected fromthe group

consi sti nggof c:hndanes, j%nBtar) th%fmergrigé,i‘pﬁz nt%r‘@ﬁ’@é)fOfbﬂfk@fbéptsamddydﬁhgnzenes

and i xt (eB¥ateherrbon arclined. ahe 06ddidi@isti Fovb et dAAely Ch.Of..Lhe present

i nventi orbst%be 1S E?r oV dg{d a proce_ss%i‘}zor rem)v{ n%%i}oar%’sl éc(ﬁfﬁ‘h%edrﬁ}c‘}ﬁgcar bon

fuel s, espéci al |]%F°8, VHPngeerogend, gaspling eneé peoleoin distiltred 1r§mgrh&,1§j,gs sel ect ed

from the dgs@ibRdGRON $1-K9 f. ] n hal enes, phenant hrenes, pyrene,

al kyl benzenes and m xtur%é%ewggggqﬁg%%tggggbg&@ P maAter frondedtd ng at

| east paresadmetisingliyguited Ay ditiogtaihdchingd in @AB@Cj@ePPyUg@gp%Citne w th a
L ", DU T g .]vgﬁf] lay.,

decol Our'lsS%cgdgs%xriEch‘ %’heqf' el may be a diesel fuel or prefer Y, 3

gasol i ne.” Wier e PR Gel 2 %4 Qhdilkeselovrising andhisoflamsingmsachel gasbliabl e f or

fueling anth HmewiuhyReorefultiesElde218H 9! ofcexanpl e, a notor diesel

engi ne or_a marine di eselu @nag}éﬁéi.e g?g)'y{tﬁ‘éé 2?(143831 wﬁloﬁa%loﬂlrﬁ,llg&lhe f uel

may be aCHbysPniabes with wotivated etrbanisgrsaibodsniipE1e®oi N any spark ignition

engi pg. The | be a kerosene for use in an aviation turbine engine as
jet fuel orkglg)rve{ﬁ%ésil p&‘ﬂ&%ﬁﬁ”ﬁé@%fqrﬁ}ﬁ%%@véhgfh@eaﬁhmmltsn@ftiveIy, t he

ker osenecatayrel8pediellomSyadolf 48] ing or lighting and the clear
product may have a dye isgntr(;duélég%tnoﬁﬁg% differentiate it as such. It has

been found tfi&tothg tpilissntent mventidthepe o eiiea agasdsi RE dREANHGL, W ch i n
I'n

use, progyg VartR [ deposits conpared to untreated gasoline.
parti cul Saj%f&fﬁlﬁ# use. PD%% r{ﬁeelg‘%@gﬁisr?egaﬁiﬂé%élﬁe RIvESsS conutisyngmontietiag at least

si gni f i crant dfythe éiquiclechs6RFOWER h‘a@cd}&?ﬁgﬁ%cﬁng? SEP 2005 WD 02/0793- 19
02/ 01334 deposits. In one experinent at |east, the deposits were

PCT/

foun]gato be 't BefUR%ER fowndithpbsstacting lovgasbiite withthe decodalsmadtsi Ng a known
gasol i neggt s Ltkve, .Furthernore, _the gasoline product in use
produces o educgg%sﬁ?(grﬂé %ﬁ?‘fedi‘“&“a ﬁ%gﬁ?‘f%e.d fFARSBS BEMY qongistinggl mdause  or

even el insphthakentd)phasedhtoss, &/ a8y Mergasald Nt gadditives. 5
%ggréli rreg?;eof theng?g]cétgxnrtgg ?ﬁ%’rﬁ’ti on there is

Thus, accorg(jlng to gmot her e
provi de t he USECTRIRSdpaduthegasnccorl thagiasent iobertigatoleiinprasardi ng to the

present pr&de8NtdrQ ool 2 .angi,ne _de its, preferably to reduce the
engi ne éjr pOSi tS ?8%?%8 fngHgﬁulﬁg&gpcgﬁgﬁﬁg&,ﬁspgﬂa]@égm@@aﬁg@m tomee gr oup

conglst ioh§aet irnpusiten geleeteil Mot the ¥sé1@MBoneREhHSf iddakts, nmh%génesengi ne
t

conbust i ] er and engi ne exhaust system 10 Al so, e présent
i nventi gﬁ&ba%@\%ésspgeﬁﬁt%gﬂgwmeédﬂéFlﬁgjtvéf’ﬁgihﬁ@Oﬂebop'rctcsss/\ztmhquﬁsing)rrpri ses

conmbust icogtaétingat It Kark 9110 ' al.ine.produced hy a process
according to the pr eissent i nvglgﬁq nké&%é?ogir%%ﬁfsl?eﬁlﬂ& RN BB engi ne
deposi t §eepleuriging eashon.nThe fiebmay bonelidsor Adel @ﬂpr‘éﬁér@!ﬂ&?ﬂ gdSoRAL.t {3t oup

consi st 'tlﬂ:gﬁxglfistar}ﬁes%pﬁl'eﬂefhc! HlleF;[nay be suitable for fueling any known type of diesel

, : . . .
25 engine, for example, a motor diesel engine or a marine diesel engine. Where the fuel is

a gasoline, the fuel may be a motor gasoline or aviation gasoline for use in any spark

1gnition engine. The fuel may be a kerosene for use in an aviation turbine engine as jet
fuel or for use in a ground based turbine engine. Alternatively, the kerosene may be

used as a fuel for heating or lighting and the clear product may have a dye introduced to
30  differentiate it as such.

It has been found that the present invention produces a gasoline product which in

use, produces less engine deposits compared to untreated gasoline. In particular, in use,

the gasoline product unexpectedly produces significantly reduced combustion chamber
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system engine inlet valves, engine conbustion chanber and engi ney ex$rauS0s
‘'system 15 The gasoline of the present invention has been found to
particul &0 92/0mduwce deposits in the engi ne conbusti on chapdetpoTs,
advant ageously, the gasoline of the present invention nmay be used in a
direct i gkgsiittomh 8858l [ I dre ' ifectly .into the
conbust i onﬁ%hanb}ar_. Trggﬂg}egggr%?ﬁit’%igﬁdgﬁs {giérseofopéggggg%%hugec{stﬁlaplﬁﬁ?] cont ent
of the | bgadbgawbichneacldevedhisoly atenpvwassissling detegeheadditiyev Buthdrarsul phur
contents in the gasqline product. The present .invention also .provides a
net hod ofhepﬁasghg%qq’%fé’gﬂﬁtlﬁ?’g PO Bceﬁég‘glcre&&ﬁewl?’ﬂgﬂfj depestise ddresedrengtitst | |l ati on
to reTTDVﬁlaP!r&ﬁlrd@_@r'dVé\gelix%ma%%eE@édﬁo‘f‘ﬂlé‘l&m%ﬁ%ine £ %&ﬁ@xmﬁ}'ivest. he |iquid
fuel égaso ine) is passed through a carbon filter be O renove trace

col ow at i on. veseording teapoties enbedipessothe presentninvadisonah@aid proiie of the
25 decol gur.i si.ng _carbon..into .t he fuel asoli.ne), and then renove these
particl eg{éfurstg)r]ﬁl ? ﬁggkf’%@fmfl 55%‘8?%Q.r{‘él_)gaécflf’%racf?lgéﬂéfé’rf 1¢ PIRATCRYBEAR $our ce may
be used tqiup¢ epgine deMBits,daeRF MUY okdtcaBE BRdINE AB)AYE ornik dlil &t g&&%%@t

i nvention. However, carbon sourced from wood, coconut or coal 1Is

pr ef er r edpcatipiesdggiehiomaic Beoupconsisingo fithe ceginapilet sysiem, zopide irdekal i or
steamtr : I e decolourising carbons are described in Kirk 30
Q hner Eﬁ@&%%é‘é’?gb‘t&? H%hoenn%](?abeﬁ%nc Yk begeyk,ha‘ésr cfy%(ﬁintion, Vol 4, pages 562
to 560. Pref edsgdhaipesimitvieaiingpraidonsnabe bereabtiab REGNE HOSBsNOKLlich
General Filtration, CPL . Carbon Link and Fengroup. 2 97 SEP 2005 WD

02/ 0793. TYNPEIEEEOIPNANERE aTsparly 1galtiopgasHe; Ha3sokny phedusediby egrdoessm cr ude
oil: for L N ri il distillate..

prt er ably URe ¢ it RRE Ry M P BRTRO BiEn deflsd T Ep e gt pistc " ch
has beenfdrmedtiedt leystone levationseleatd fibm thelgtaupi cumsRiag 6SthicRggmt aRst Q)
cracking and/or h drg&:r%cki ng;. b) reformng and i sonerisation, and c) 5

al kyl at i W%ﬁﬂ%@%‘g VBies, FHaing combustion CARIDET fngd engirgexdpsg sysem. been
treajed to THPLAVELLLPOY UL - roation of

i mpurities. Such trgat rreng)tresg#@é)]s&l}ﬁr??%&%lggﬁiBﬁ%?&ép ﬁlgg{aﬁgﬁ%och renmove

sul phur dgesites) the eniae crmanstianappmber. Sheatadnamggéousho theasabdlireraivae sul phur
speci es; and f.I)l cl.ax t reat nent tg“rem)ve,surf ce active species. The fuel

(gasol i nBF ST yTAREET BH B 1ol dhb BRES t SRHANERS Bl RGP AR WheISM 180 ot her

sour ces, intdahc ABdiFRaNisdlihPEQEERESE ch@hbdfhe manufacture of aromatics,
ethers or material derived from bi omass such as et hanol or nethanol.

Preferably, Thepfsalt ifvsation alse yedvoapthe selphat cdndargtof dimeliqpad gisolinec fracti on

of csude .okl or derived.fromcrude oil. The fuel asol ine), may conprise
ot 18t maBhnfa SR IR ENCREL S KDY s Qphir bRk Ot SRS B af 11 1 ¢
fraction. Typheplebont inwRatipaaRb btdidesfaragthb®Bf pARluedERydteresh®d gds8fgt one
saturated, aliphatic hydrocarbon of 4 to 20 carbon atonms. Preferably, the
al i phat i WithQurtbe Bpssbler distifntianely rampye hizhchwiling: catayrdorming semppunsisat i ¢
hydr ocar bons L R ' i near drocar bons

i%cl ude n- b%ﬂtégérﬁ%@ﬁn@%gﬁﬁta gjnigl,gl (1%5 ﬁog@gﬁg})a%ﬁté%{%gg%? Cﬁ&?@@%ﬁé?&ﬁ)- oct ane,

N- nonanerermovder@neplonration. However, it may also be possible to introduce particles of the

25 decolourising carbon into the fuel (gasoline), and then remove these particles from the
fuel (gasoline) after treatment. Any carbon source may be used to prepare the
decolourising carbon employed in the present invention. However, carbon sourced
from woed, coconut or coal is preferred. The carbon may be activated for example, by
acid, alkali or steam treatment. Suitable decolourising carbons are described in Kirk-

30 Othmer Encyclopedia of Chemical Technology, 3" Edition, Vol 4, pages 562 to 569.

Preferred decolourising carbons can be obtained from Norit, General Filtration, CPL

Carbon Link and Fengroup.
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undecane and n-dodecane. Suitable branched chain hydrocarbons inclpdesep 2005
‘al kanes of 4 20 to 8 carbon atons having at | east one branch (e.g. 2 or 3
branches)w'gr?) }ofl)éi‘f al kyl chain. Exanples of suitable branched al kanes

i ncl ude i'%0-Bifahe, iso- pent ane, iso-hexane, and i so-oct aRET/CHR/0135e
(gasoline) may al so conprise at |east one olefin. Preferably, however, the

ol efi n cont effhe 6ifel (gmofite) méYBs Shireed) frér chedSoil:fane2Rnple] e o Blife ma
preferabl¥ l.ess than 10 25 vol % Where an olefin is present In {”hg fuel

(gasol i n&PMPHRR eudeiol datillate  Bisleipturbe ftclmrgasolime comprigssaphde o6 t 0 8
carbon atQRes: € pbe. | i I nched. —Suitabl e exanpl es

i ncl ude pent er?e@i gg?gpg%{ﬁg?%?&%b xfgﬁe%rqﬁ?%{%-ogé&%%?,&vﬁ%? IERESSYI8 Sps: »

met hy| - perdcking aadtbraydioctakéng; bprefofininSuad isahieeiRsonayd kg produced by any
sui tapl e ! t ho nown in the art, for exanple, by catalytically or

t her mal | Pikgfatiopipqlyactisatipny d he soide ogfligHiadreay alsotae beest tr¢ajabiol | ne) may

al so compfbsReak t hGS; : .aromat i ¢, content of the
f uel (gasol)i ng? is | g%g]t%, ﬁgﬁﬁ%(r)eﬂ%/gg&/gﬂﬁéggg&%}agkg%gblﬁgllfnﬁl%s§Llf@1gﬁatm§§t vol %
even nor éteps gicbidals) piydicessattriantodBmood Salping sposies;p) d@orbhy cojpees than 10 4
2 9 SEP 2005 VO 82/ 079349 PCT/ C?BPZ/01334_ val % . Suitabl e aromati c conpounds
that may “B&" P8 Eh ORI IRV SHPNCIPGHES (2L fe HigY tsatmeniyto resmnoypisarfeceand
trimethyly Bg8s. Phhidl EshsOfind VRIS . S0 _be present. Such
m xtures may be dseri ved f?%ar.sn é%ef}e]all yti %aﬁ@%gygﬁﬁgﬁﬁ%%ﬁﬁl&%@%%m i ne

obt ail fed othiep porasesmpiad, asfohemitu arogessapfir e niRnefaerabb§arotiaticd, uglers@asol i ne)
is 5 subst of benze or exanple |ess than | vol % The fuel

tihally f )
(gasol i né}? ‘%ﬁ"{l/g%\[i‘és/eg %%ﬁtbé?rﬁa%f‘tsulﬂgg%?t{l OBWQk'e. Sui t abl e oxygenat es
i ncl ude al COP@f&a@l'ych%tfbé’lr@aso‘-’fi‘ﬁﬁ‘gcﬁ‘ﬁpr%%?Mgst%%g g%ﬁ? nlﬁ}ﬁ!fra%fig'l%ﬂrug%yl

Preferably, an asymretric ether is ‘enployed. es include mne
tertiaryoB@rger em(cArBRY1]. The fugl (gasalinied meymenyirise ahastad(dy o] ke

(gasol | nERhebi5ddkes, 20 So B3 s pish BB BB Vor T AL RO PG f6kiRe of t he
f uel 1§ gasohpnek at abtass sahaited ARFhat DN 8rocRARhTaARbY0 dafiss dihah 180C, for
exanpl e, _between 155 and 175C. - The sul phur content of the fuel (gasoline)

i s pref eFESFpblyeds aliphatia bydpearbereanpines fdp B8loprbonetems.hEhess appimticeven
o e b ekebhind £37 5 Aoy BE s ORHe REGLEN BN ap RS et

0. 5ppm The ine) o resent | & Mot or

Cct ane Nobutang, n-fddthle, ntheabnd, @ashta2, n-aasare, Restais h-foahad a-ddahen- (RON)  of
at least 92. Preferably, the fuel (gr%zlol ine) has an MON of 85 to 90, and
an RON ofnépsapeantpydodgrane. gpitgbiekgnehsd)cham hyssogarbensrinclvde elianes i day have

8 80 SR BN 9.0 el SRR Bl 0 o
pr ef er abEyampleeaf siitabhabradchitd ajifaneginchule éspbethes, dbd-pentgie ddoeiextingand. 72
g/ cns. Pfsgfo%{a%gl y, the
The fuel (gasoline) may also comprise at least one olefin. Preferably, however, the
olefin content of the fuel (gasoline) is less than 20 vol%, more preferably, less than 10
25  vol%. Where an olefin is present in the fuel (gasoline), the olefin may be an alkene of 5
to 10, for example, 6 to § carbon atoms. Such alkenes may be linear or branched.
Suitable examples include pentene, iso-pentene, hexene, iso-hexene, heptene or 2-
methyl-pentene and a mixture thereof. Such alkenes may be produced by any suitable
method known in the art, for example, by catalytically or thermally cracking a residue
30  from crude oil.
The fuel (gasoline) may also comprise aromatics. Preferably, however, the

aromatic content of the fuel (gasoline) is less than 50 vol%, more preferably, less than

35 vol%, even more preferably, less than 25 vol% and most preferably, less than 10
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density of the fuel (gasoline) does not exceed 0.775 g/cnB. The flgagl SEP 2005
‘(gasoline) nmay be prepared by any suitable nethod, for exanple, EE

bl endi ngWapprwopbat e conponents together. In one enbodi memcr/d¢ ke sml
(gasoline) is prepared by blending iso-paraffin (al kylate), hydrocrackate

and i songgt gum@mﬁ{amw@pomqnsn by tégrggaitgﬁ%en@gp@cw%l@% ge such

that it forns 20 to vol refera or exaerIe 60
vol % of mhe-fyilensl anKiUBme(lgdlsamlzmm) chitmc)mﬁzirormmid' hmnpamﬂsnha)ozﬂs&ycdr ocrackate

| d f 3 f bl 30 10 to 30
oorosYs e, e R Mt 3hay By AR P iy e fwﬁéra%#segm 56, The

anount  odbtdiSQES @I RS He B aPRILE UBFEfERBLEy, He fu 50 vol %
pref erabl ,l 20 to 2% vol % ?E{ﬁ quglr%pl e, 30 \yo %of@r Pm}]% fuel

(gas@l i mapstewinpodias dibentanenfoy catrsple léss tkes] valib.e to i ncI ude reformate

and/ or Full Cat tical irit 5 005 WO 02/079349
o) B02/ 01357 TAERaT e RaleY o g bt oS St gFBﬁbe‘Fhlég@Pé‘ieﬁrer may
be enpl ayeddé Acakbls a:m)ém&rs%cﬂ afs@t}ﬂﬁow&h%aliwetﬁés@mp}&”eragg | % the
latter, in an amount of O to 30 vol % for exanple, 15 vol /o Part of the

f uel (ga@&ﬂnméjc eHagr lbénw@@de@\amplﬂsqubgiqmethb/btqnfn@yémtyhemhﬁemMT@E)by 5

contacti nent s Lhs8 the fuel. (gasoline)
separ at e ﬂémarg{)glﬂ%%hg andﬁn?tﬁ@qg af?’o?lmﬁ ore %of%‘hidm Begﬂlgmﬂt%f produce a
f uell0( gasgeme) infthedile]l (@isoUhotis 1086 fhanNatovwl y, the fuel (gasoline)
conprising one or nore conponents may be treated as a whole. The fuel

(gasol i ne) Masgiersdlya thofimal bgding o O(Sﬁh%fwhfga@@ilr@agmllesm@aﬁ(QBO‘iﬁenorn any 10
spark i i,ne. ueI asol i ne y contain
convent ﬂﬁﬁ’{if %gyd‘éqsg IS-BD&: r§§a‘ég]§oli"?q’i8‘3r? bgfla %Lﬂ%cggdl tives. An exanple

of 2, 4%t e 9he salt ikt or &P GAAIRPRLREQRINY 1AL (prLrfher ably. at

| east sone of th ditive remains int gasol 1 added to
t he gasairelembéyf, iess thandapprantveninmdre phefepbbs ma thanviepprh pand Rostfpesfadably,

gasalsi ngl 13 %{ gared by the present invention is substantially free of
gasol’i ne¥ @Pﬁ’ additive. Prior to treatment by the nethod of the

present i nvemgifgs], (fgaéaﬁn@)acsfqhé PRsEMYnRAMEn ?}ﬂal‘v’eahmlrmwelmﬁnwétl ng of
greater than 5 yellTow greater than 5 blue, for exanple, greater than 7

yel | ow PEANEe! QtHazn:t #2.nden R¢s¢ar@hé>céaméﬂim’e¢rt(RQhﬁ)eo doist b Prefsrably.| P 17
rating bI u f t ent i nvention, the
gasol i ncem%glfygﬁg(ﬁ Elqg 552 o] &(?N éJ‘bgftg 5 than 5 yell ow/ | ess

than 5 bl Ue,ThE(ﬁlieIﬁ@sﬁﬁhe) oﬂtﬁ@preséﬂnmeawlehiawlalveaaw@azrapsumra@urdor eferably,
|l ess than_ 1 yello | ess than 1 blue. In one enbodinent, the gasoline has

an 149 17(RrVd3f)|0ﬁéoéq’ 100 WPgsenrefgvably 30 91 GekBet t er treat ment. In anot her
nbodi t, t t t.
The. gasol | 2ore asaHRE A et ey B PPl Coo R Bt Slah o ot

i nvent i cgreaté¢rNhah 0. r79157/cm S nbe pfeéerbbiyt greateetinh P&t gloméufr&Geabatie Test for

col our det er m nat i.o ng to the progess of the present invention,
t he Saytf%f’f“yc%fngﬁ fue?(&f’?%{j‘ebfjo‘isﬁw exceed 0.775 gem

The fuel (gasoline) may be prepared by any suitable method, for example, by

25  blending appropriate components together. In one embodiment, the fuel (gasoline) is
prepared by blending iso-paraffin (alkylate), hydrocrackate and isomerate together. The
amount of iso-paraffin employed may be such that it forms 20 to 80 vol%, preferably,
50 to 70 vol%, for example, 60 vol% of the final fuel (gasoline) composition. The
amount of hydrocrackate employed may be such that it forms 5 to 35 vol%, preferably,

30 10 to 30 vol%, for example, 20 vol% of the final fuel (gasoline) composition. The
amount of 1somerate employed may be such that it forms 10 to 50 vol%, preferably, 20
to 40 vol%, for example, 30 vol% of the final fuel (gasoline) composition. It may also

be desirable to include reformate and/or Full Range Catalytically Cracked Spirit
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gasoline prior to contacting with the carbon may be | ess than 10 ardses tgs
‘contacting wth the carbon nay be greater than 20. These and ot her aspects
of the iW‘ﬁe&t/(hQﬂ()V"i Il now be described with reference to 30 Fi ﬁure 1,
which is a schematic diagram of an apparatus suitable for BaVEBPHY3sUt an
enbodi mrent of the present invention. Figure 1 depicts an apparatus

conpri si (RRGCYdAahe Al {@8Klidd) compbiitiber The Fdrmie? n@[}db@emﬁlégw Q{49 unit 14.
The gasoline tank- 10 contains 2500 litres of gasoline. The filter 6 2 9
SEP 200520¢32f 6819449 BeTiocnorpiea3Q velih:tha jatiebrin jastamasnt af 06530 velte dr um
whi ch h0ﬁg§ar§?1gj1§gglt>/§ed of acid-activated carbon granules (180 kg). The
nmonitoring unit 14 conprises an additional filter, which is suitable for
renovi ng trateet afdhbding (gasdlingtrany bé nenpbsabrding t@thruspschéinventiGesly t 0 punp
the gasoline fromthe tank 10 into the b filter unit 12. The gasoline flows
t hr ough THERHPE PBF OpBYPrap! thecapwogenty Windheromapnissdhe fush(gasphiraseparhtagly
pressur ey el ¥ . -and J J o tdhan 15 cm
hator as e R R S g iy (R EE R TR (e
filter upiotiuc2 Alermasivietyo tledfubl/(gasdlinel copmighe on@0r mdre tomgesintsahhebé 0

mai ntai n_t he tenﬁg{)ﬁture of the filter unit 12 below a threshold of 10

30C, to g?f’st‘fflraé”t % he l'i ghter gasoline conponents do not boil. However,
i f the threshplmel @IRAIRY HaS Yo BCFEASHRe Br Q(rﬁﬁéH”&‘scflﬁl«s'f‘fﬁf us\éa}{%\égy 24 may be
opened to vent any excess pressure Safely. Once tl’%e gasoli ne has

conpllet e$pprk ighitea dngiteer unit 12, steady- state operation is achieved, and

passed o t HOMHOR CAvTiig) Enietine O RERE Gy PP S Al eIor VeS SughroEo franul o5
or Wwat erdéérbEmiafgtivied KR@xRROMISH 2 di& cERHAURM e i BIBIBHiRO1ERLRf €SSUre s
applied across the nonitoring unit 14, and this is maintained at |ess than

15 cm waadslitive. Fselerdyirabtbashsogeriofehe 2dditiveregeaing muthie el (prsotiue) oi & t hen

renoved f the monitord ng unit 14 nd transferred t storage tank or
iyt S SR B8 SRR et S teode ARl PR n b o o
gr eers cg;blepurad bP e pRSent I1B&hA6n ACHBEENGl Y fPed dakbBhd ddit e addfiveol eum
standard test nethod 17 for colour determnation (I1P17).” This test

conpar es t hTakplisatmensby e methefl of the, present iventien.Bheigasolint syagere col our s.
The hi gh - I The gaso] i ne was
t hen pasés?{e 1? ﬁ/re'fg%kg ?ge )fa}lﬁgé)r *c%t%?rlﬁa?lﬁgalo%gg{:%%%{s%ﬁlce S a'BPllgmet er with

a gl ass gemntethat 0 yeHlbai/ greitbethaauiime. Mhae ealbodimedt, tHieabbliteiedn RBD! | ne
was then .neasured according to | P17. The results are shown in the table

bel ow. TeEpBaS2 YRRV 10&luG| S esasdmentdly thareseptdnvieation teagaseneasibur JP
179.4) Yehdveuwh /Ili(i’?qreﬁ!)%ﬂﬁug raYﬁlglo?\MsQ tl‘ﬁm%l Ylow/less than 5 blue, for example, less

than 3 yellow/less than 3 blue, preferably, less than 1 yellow/ less than 1 blue. In one
embodiment, the gasoline has an IP 17 rating of 0.7 yellow/0.5 blue after treatment. In
another embodiment, the gasoline has an IP17 rating of 0.1 blue after treatment. The

gasoline is preferably water-clear after treatment by the present invention. (N.B. IP17 is

[xe]
N

the Institute of Petroleum Standard Test for colour determination).

According to the process of the present invention, the Saybolt colour rating of the
gasoline prior to contacting with the carbon may be less than 10 and after contacting
with the carbon may be greater than 20.

These and other aspects of the invention will now be described with reference to
30 Figure 1, which is a schematic diagram of an apparatus suitable for carrying out an
embodiment of the present invention.

Figure 1 depicts an apparatus comprising a gasoline tank 10, a filter unit 12 and a

monitoring unit 14. The gasoline tank 10 contains 2500 litres of gasoline. The filter

6



Det er gent additives6843 ng/ 100m 7 2 9 SEP 2005 WO 02/ 079349 PCT/ GBORP (21534
"The test denonstrated that post the carbon filter, the green col oration was
practi catVO 247?34 enpved from the sanple. In addition, andPSEGRRSIIGl Y, the
carbon filter did not renove all of the detergent additive (of the PIB

am ne ty, Jel=tnso! | E%@]g =R\ 1e fuel.-derived

col our edlggt)plezm es. %SEéf;a?rqustraﬂﬁé ar’rtp‘Jr}ga} fi‘{;\lxlfjafg; %ggg%%{%d&:%yg%tf‘g%v%gﬁgg ,

acti vat egtamadedd80 kgD TheshBaserifgehit 1GasnbiipeBase dfisehl fost wAthiiyat ed Car bon
Col our 1P179. 3?Yel | ow /10.0 Blue0O.1 Blue Detergent additives6832 M/ 100 m

only a tueble _rrﬁfq?é“%‘ir%i?rcéf‘?%ﬁ apgRRisied and again, not all the PIB
detergent ' addklfBn Wsuh G TRYEHsed TH bABIIEXRBIL IR e bu B[ OV NG
e per g 4

further decolourisation ekxperinments we ornmed using a fl ask
fittéd wiltdr waitd@ndéresmsolinst flowethraugh the fifjer btdurte rardifdalt oF pedimdirg Aof
gasolin dose of various activated

e.was .originally used al on ifh a.
car bons Cf%%?ﬁn{} rﬂlgﬁgreslﬁli‘%ﬁ%‘facrﬁitgeg%“tzéngise‘ﬁé‘ﬁ‘éﬁ”?@r@té?slséb@dl%mi sual check
of col ou\pat@}eggm@gsu}éag)yethg%ra{,%@fl&out before |arger sanples were processed.
The results are shown’in Tabfe I below. S WD 02/0793-19 2 9 S E P 2005

PCT/ GB02/ 01334start-up, khe tampera@yre of the filter unit 12 is monitored by a thermocouple
20. It is desirable to maintain the temperature of the filter unit 12 below a threshold of
10 30°C, to ensure that the lighter gasoline components do not boil. However, if the
threshold temperature is exceeded, a pressure relief valve 24 may be opened to vent any
excess pressure safely. Once the gasoline has completely filled filter unit 12, steady-
stat¢ operation is achieved, and no further temperature rise is experienced.
Once filtered, the gasoline is passed to the monitoring unit 14, where any traces of
15 carbon granules or water entrained in the product are removed. A differential pressure
is applied across the monitoring unit 14, and this is maintained at less than 15 cm water,
as measured on gauge 22, |
The decolourised product is then removed from the monitoring unit 14, and
transferred to a storage tank or drum.
20  Examplel
In this example, 500 ml of normal gasoline (with typical green colouration) was
tested according to the Institute of Petroleum standard test method 17 for colour
determination (IP17). This test compares the sample to a series of red, yellow and blue
reference colours. The higher the number, the more coloured the sample.
25 The gasoline was then passed through a filter column, ca. 20 cm long, 2 cm in
diameter with a glass sinter to retain the carbon. The colour of the filtered gasoline was

then measured according to IP17. The results are shown in the table below.

Test Base Fuel, Gasoline Base Fuel Post Granulated
Carbon

Colour IP17 9.0 Yellow /10.0 Blue 0.7 Yellow/0.5 Blue

Detergent additives 68 43

mg/100ml




42 OE Got jCZ. cad an on a)r- CJas 00 Uo Qa) oan. O C/2]g CS:EI%’JZHOS
QN --"CCCMMMM 00 zz,-. , NN NNNNNNNN ++++++++++++
WO 02/079349 PCT/GB02/01334
The test demonstrated that post the carbon filter, the green coloration was
practically all removed from the sample. In addition, and surprisingly, the carbon filter
did not remove all of the detergent additive (of the PIB amine type), demonstrating
5 particular affinity for the fuel-derived coloured species.
Example 2
Example 1 was repeated the acid washed, activated carbon:
Test Base Fuel, Gasoline Base Fuel Post Activated
Carbon
Colour IP17 9.0 Yellow /10.0 Blue 0.1 Blue
Detergent additives 68 32
mg/100 ml
10
| Only a trace of blue colouration remained and again, not all the PIB detergent
additive was removed.
Further experiments.
15 The following further decolourisation experiments were performed using a 500 ml flask

fitted with a condenser, stirrer and temperature indicator. 150 g of gasoline was
originally used along with a dose of various activated carbons from various sources.
This size preparation allowed a visual check of colour removal to be carried out before

larger samples were processed. The results are shown in Table 1 below.

[2]
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The Saybolt analysis of the starting material was +2. The results 2 8 SE&bRWH
‘I show that it was necessary to dry the Aldrich carbon at 140 degrees

Cel sius {5 0207391 S prior to use. \Wen the experinent was ted a
Saybolt col our of +23 was achi eved after a residence time i(;)éfe'lo/gm’%/"'f*”hour 5
The nost succeﬁsful car bon sanP i.n terms of colour inprovenent, is

evi dent |y t he I'Royayboleanalysis of Igcdarting notei ey +3f gasol i ne a Saybolt of

+24 was achi evigd rafheh r I fo Hhi d car bon may
prove slightly pr g{)“{]e#é??{é%dlu%l Wﬁahlt%g?lgg%gzgg ﬁﬁgga“gr:‘h‘éar AUk nost
successf Uk0 ldegnabi CelamisdocDhoutts pofor 2 0scatVlicahe e@erméﬁmh fepklte@ht ai ned from

Sutcliff S@% tn %bout the sanme length of tinme but at 'a | ower dose of
0.35 % %\?Y ‘%‘fjga Qi 9t ﬁseaCéltﬂJeéra&tﬁmaw@a%kswe@é[ﬁplyel hewppl i ed by BP G I,
pr oduged The SaUb Al doc AL hihialih Binf drEsiale g gﬂg‘w{shéfdeeh@égf at a

dose of 0.17% w v: Wien nore carbon wa
i npr oven@hmt iGA T dhtaudose B0 % wggégnmmbatSayMt GHFMWayM11@Je6%ﬁ@Noﬂ§esent
in exces M %H'H? f{)‘i It mght he possible to use a mXture of
car bons, R Pé’fﬂ‘\r Ongﬂﬁyc?rP’f"f @‘%ﬂé‘é’l{%ﬁmah@dmmthe car bon
sanpl es f&hmomg. 2000 litres of gasoline was divided into two lots
each of 1000 litres. 1000 litres 20 was contacted with an activated carbon
to give a dec&]hé@leh"s@dstmuochmﬁll 10D Gy astara@dounas +2Puthitvedosiea sirfige as a

red f ne deposit formng

b Th t
Pl e iy A P P R e
102E Test). "%ﬁl%ﬂ\l/ﬁ@fgﬁ‘som@ Thd CES, g?ﬁntfl&l‘edarbo}a"&%n]ﬁ)?é% icdrfy SPeyn I n Table

2. Visual ratin eposit formation in the infet s stem(manlfold i nl et
port, i npeqducgba Swhs&ttccdmr dfrit1&tafienlnvesidance p)nwvsfrlé romcoatdedhse BEP.OBY4t

welghts e orddfor t he inlet I osits, tulip solubles,
face dep\g@l t\svh%ﬁ vaI véhl\s}\églbf arg afdg?a/t%ﬁ W(C" u'g‘Pf%%mt?Hh’r’r‘tfé’llou(fp Mg on crown
and cyl i seigfestoeiad the PO vis hRELK RSNt FRASAMBIM St oied| §logBde for the
conmbusti on chanber (piston crown and cylinder head). 10 WO 02/ 079349 C

(2) é -t ét)mtgélt €posyle ¢y usela mixgE of(g)arllgngrfocham)ple @6nik@ré Me 00
- Sutcliffe Speakman and Norit carbon samples

Engine Tests.
2000 litres of gasoline was divided into two lots each of 1000 litres. 1000 litres
20  was contacted with an activated carbon to give a decolourised product. 1000 litres was
put to one side as a baseline fuel. The two fuels were compared for engine deposit
forming tendency using an industry standard test featuring a Mercedes engine (M102E
Test) running on 300 litres of fuel. The results are shown in Table 2.

Visual rating of deposit formation in the inlet system (manifold, inlet port, inlet

Q)
n

throat and inlet valve tulip) were recorded. Deposit weights were recorded for the inlet
valve (tulip deposits, tulip solubles, face deposits and valve wear) and for the
combustion chamber (piston crown and cylinder head). Deposit thickness

measurements were made for the combustion chamber (piston crown and cylinder

head).

10
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LCLO (nr- NN6 .6 Ltitir OU C 0 L 0O E cn O Qg dgp 28
‘"CUto 2 OO0OU O.. (10N QY CVC OO=Fes- (D3O to oc_o
C) .D C &vOo®br934P SEP 2005 PCT/ GB02/01334 . SUBSTI TUTE SHEE]: }n Jg )
SEP 2005 WO 02/ 079349 PCT/ (GB02/ 01334 The results in Table f1 at th

etter i ne .cl ean] i ness than the

d | [ d | | des
bacel ine. fuel HIEE BbbaUe BrRTHah S BR BHoIPHUE ERGHASdaohIbvidon Pyt
decol our ieggifle tRRenfintgs thah Tthehl?e%el%?é REel YR ProcBlEIREE ﬁr@@gdt‘?ﬁvé?moﬁr})ag goM

deposits in the engine.
only decolourised the fuel, it has selectively removed species which form deposits in the

engine.
5 The decolourised gasoline fuel provides similar performance to the base fuel
plus a known gasoline detergent additive (330 mls /m> of a conventional additive such
as BASF Keropur 3540 K5) with the additional benefit of also reducing combustion
chamber (piston crown and cylinder head) deposits (this is highly unusual). The
gasoline detergent additive provided little additional benefit to the already 'clean'

10 decolourised fuel and in some instances make deposits worse (additive causing carbon
in the combustion chamber). The process of the present invention has therefore
produced a gasoline fuel which is of low deposit forming nature and no longer
necessarily requires a gasoline detergent additive. The process of the present invention
has reduced combustion chamber deposits which conventional detergent additives can

15 not achieve.

Careful sulphur determinations for the two fuels indicated that the baseline
contained 49 ppm sulphur whereas the gasoline product had 47 ppm sulphur
The process of the present invention has therefore provided a useful 'polishing step'
where sulphur species have been removed. This may be important in achieving very

20 low sulphur specifications of 10ppm maximum sulphur. Since it provides a further
potential 20% reduction in sulphur content.

The spent carbon from the decolourisation reactor was removed and analysed by
desorption mass spec. Results showed the carbon had adsorbed species such as :

indanes, naphthalenes, phenanthrenes, pyrene and alkylbenzenes. Only trace quantities

9
W

of these materials would be present in gasoline and the use of carbon for their selective

removal has given benefits in reduced engine deposit formation.

Vi)
N
2
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5 The decol ourised gasoline fuel provides simlar performance to the base
"fuel plus a known gasoline detergent additive (330 mis /in3 of a 9249 Sgp 2005
conventional additive such as BASF Keropur 3540 K5) with the additional
benefit of also reducing conbustion chanber (piston crown and cylinder
head) deposits (this is highly unusual). The gasoline detergent additive
provided little additional benefit to the already 'clean' 10 decol ouri sed
fuel and in some instances nmake deposits worse (additive causing carbon in
t he conbustion chanber). The process of the present invention has therefore
produced a gasoline fuel which is of |ow deposit formng nature and no

| onger . necessarily requires a gasoline detergent additive. The process of
the present invention has reduced conbusti on chanber deposits which
conventional detergent additives can 15 not achieve. Careful sul phur
determ nations for the two fuels indicated that the baseline contained 49
ppm sul phur whereas the gasoline product had 47 ppm sul phur The process of
the present invention has therefore provided a useful 'polishing step
“wher e sul phur species have been renoved. This may be inportant in achieving
very 20 I|.ow sul phur specifications of | Oppm maxi mum sul phur. Since it
providegn%anrther potential 20% reduction in sul phur content. The spent
car bon flf%%bé‘ss%mhwﬁggﬁbinq Ui EREdrocaraes fuetsypyleast aome afihgesed by
deSorption Ss spec. Results showed the, carbon ﬂ@ﬁ adsor bed §H§%ies such
as : i bdpumitics snleptet fedra thesgropp eonsisting Of éndangs, napinal pRES PRPRBRBPEves. Only
trace quantities, 25 of these riale rs toak i 4 ne and the
use of é’éﬁeBB’rP“I‘gPe’fzﬁBFsra e'?“é‘cWi%%/gleke%éﬁg\\%ﬂbﬂg‘ge%lavlgﬁsgegﬁg?i]ﬁa?nd reduced
engi ne deRest bl JrqEyRké@Benelfdr 38 iBER a20ibn Ghrhinvenging.as A jgfoelefy usem r enovi ng

f liquid hyd bon fuel's, at |east -..qgf. t ' iti.es. sel ected
{1 ombt he aubaso SITEIF $GEDE OF FRIANE LT TeARRE RENEHEE TRResiRPERLEDe D Pone,
~al kyl be (rg}fz)@ggﬁ,sn%aggfg% ;gg,lzl é?ﬁlgtllglgﬁcﬁﬂdroéa?bdmﬁﬁhw!thg deelouiising a3rbangasol i ne,

(b) a u rosene for use in an aviation turbine engine
as a j el fluptocedsars demetinin Blaim grinwhdchohs duelisip BRSOYDENgi ne or for use for

The. 11 qd dh RyFocar Bereirubingg iavid pesron ful WOl slsting 8RS 0 es as
cl ai med i o.¢6d @imprsib g coth@hgldt eeabiyRirt 6fhaligaisgasoline ith Adprobaising or

decol ourising a 1iquid hydrocarbon fuel which is a gasoline, the process
conydMi sicatbopont acting at |east part of the liquid gasoline with a

decol ourj s ng 10 carbon. 4. 3%yt Bleritiof @lethu8) i8 réducedii ch t he
sul phur “ché‘ng‘?’?tessoﬁs Cﬁlﬂg%pdgélaf@:;ﬁégﬁ%éﬂ gﬁJ A process as claimed in any one

of the py expeidags & dhifmediin anpbsatiof the pfacellingslaims sewhichiiho fighisPagsidpon
filter bed to renove tr g& col ouration., 6. .A process.as clained in any one

6
of . the phewuebipsgthondilias bed rmaYefie® {81 sing 15 carbon i s prepar ed
from M%Q’A?)?&cggsués QLincR3h any one of the preceding claims in which the decolourising - .~

15  carbon is prepared from wood, coconut or coal..

7. A process as claimed in any one of the preceding claims in which the carbon is -

- activated. |
8." A process as claimed in any one of claims 2 to 7 in which the gasoline is a motor

gasoline or aviation gasoline. | |
20 9. A process as claimed in any one of claims 2 to 8 in which the gasoline has a density

which does not exceed 0.775 g/em’. |
10. A pr_dcess as claimed in any on of claims 2 to 9 in which the Institute of Petroleum

Standard Test IP17 for colour rating for the gasoline prior to contacting with the carbon

13
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7. A process as clainmed in any one of the preceding clains in 1 ch
"carbon.is activated. 8.' A process as clained in any one of cl m %Et'hg““f}
in which the gasoline is a notor gasoline or aviation gasoline. 20 9. A
process as clainmed in any one of clains 2 to 8 in which the gasoline has a
density wglgedat&@m 510¢11@wgeRetrGhah/db Bk a8 aftdOconfadiing G dsthasabbaigTREs i N any
on of clains 2 to In which the Institute of Petroleum Standard Test |P17
for col oupar étYFH%WfI'EﬁS th#fe> B0l i ne prior to contacting with the carbon 13 -
AVENDED SHEET i hham I bl ue and
after coﬁiagpﬁ%ev%hagﬁ%dégraggﬁﬁ%gf gss g)hgénaJn \QK‘(cﬁ tﬁﬁ;%sogr&ta ug 5 bl ue.
11. A proebsgobthegasdlimecbrion tangntactmgoditic Hhei aasbod lsdeés(]haml@vhmd:irﬂetrhe Saybol t

colour, rating of .th asol i.ne ri r contacting with the carbon is |ess
than 20 a‘zr?d‘wégfl%?’v”théﬁﬁgﬁft%%ﬁ Wﬁ &'ﬁ“?ﬁe carbon is greater than 20. 12. A
gasol i ne pzo,ngﬁﬁﬁml@xbrmeeIB? a8 oﬁéaf@rénﬁsm iiL. 13. A gasoline as clained
in claiml1l2 substantially free of gasol i ne det ergent additive. 14. A

met hod of13. eftshgemi@e@ﬁglme@erp@lsnm wbséantr@limﬁnebsv ga@@lmﬁtwggmaddmwark

ignition i.ne rod a 0ocess as ny one of
oo 5 FE Hudh SFR R Bl e YR R P R TR B e
gasol i ne jpsitisHRAERAB! 4 pAdoYiné pRRAIUGEd bPapRldefiensdedifle@eNtn dﬁé‘ﬁ’é &f M8msBoio A
met hod as claimed in claim 14 or clai-m 15 in which reduced engi ne dep03|ts

are' 10o Hed |n at | east one |ocation selected fromthe group consisting of

e oo . A P EhRin SDIE 1o in LB P SUERERTTaL bpn chanber

and englne ex ion en
gasol i ne gus@l@m&dergyntaadﬂhmess as cl a| ned |n any one of cI ai s 2 to 11 to
reduce engj ne deposi t e as cliqrred in cIa| m 17_in which the

gasol i ne A msdiodhas C;‘I‘lf‘}l?%fm gslé"‘éfl Ipasiimle Inydtigh greeedenging deposispargg.  Use
2t 1 onstoone R e R e R TR ?‘%u%%ﬁi‘???fféggﬁ'@i@'%ﬁgfﬁg "
i nl etlsysiystem, emginaenleti vales, mlmmmgomehmﬂxmmeogm leabdst syatedn.engi ne
ex hagst 57 tl?sryin ]éllspérl}él':ilgn[)l%%n %'HEEI,' of a gasoline produced by a process as claimed in
| any one of claims 2 to 11 to reduce engine deposits.
.18. Use as claimed in claim 17 in which the gasoline is substantially free of gasoline
detergent addi tive. _
20 19. Use as claimed in claim 17 or claim 18 to reduce the engine deposits formed in at
least one location selected from the group consisting of the engine inlet system, en.ginc;

inlet valves, engine combustion chamber and engine exhaust system.
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