WO 2012/ 085263PCT/ EP2011/ 073916 | MPROVEMENTS RELATI NG TO BLENDI NG FUELS
Field of the Invention The present invention relates to viscosity index
(V1) i nprwoiorp/gssiegners. I n particul ar, though not excl meirxepkysi/ovives
invention relates to the blending of VI Hinproving polyners into fuel
conpositions, in particular diesel fuel conpositions. Background of the
Invention |In recent decades, the use of internal conbustion

engi nes, powered by the ignition of hydrocarbon fuel, for 10transportation
and energy generati onihascPEGORES NRE EARNGG D6 EB ME S SIE Atk S For
exanpl e, conpression ignition engines, which will be referred to further as
"di esel" engines after Rudolf Diesel (who invented the first conpression

15 ignition fggigegknt$g9§gv¥§@£gﬁe anong the main type of internal
conbusti on ssenger cars and heavy duty applications,
as well as for staid onesyepoveivgenesatialiptas o resutdsofy tiredex hi gh
efficiency. In_a diesel engine a fuel/air mxture is $%€ited by being

20conpr essed {Viht i FPFOT APt REL IR Fo {RePRERDETARTir ePPARPRARR T esul ti ng
from conpresgiof,siteNas been;foundithatcihe-8ddbt1Re BieNiSEOSHEYVE NdeEX
(M) inproving additives to diesel fuel has significant benefits.

W2039/ 118302npforiegappl gne2sdistbofesl t hempsel bions, | iprpvrhgcadarti ves,
in an autonotive %u§% goggositggn nfor t he purpose of inproving the

accel erati on®p&FFor hafce SFPRR T h®Fhal combustion engine into which the
fuel conposigherRgksups b tntendedntoohe introduced. The concentration of
the VI inproving 30additive may be up to 1% w w, although opti num WO
2012/ 085263PCT/ EFPD14¢073918eCa9es, cliR ent? at t oHst aFed S aF dt &> ko™ f or

i nstance, be .0 . B% L1 QF . 254 r
between 0. 1 0030 B G G Thpr ool g adar 11 des Fas ba dosed (o added)
5di riectly i ntoanaspoetatooponrdt energgnpeserabhenf besekanphe avra aeflinery.
Alternatively, VI inproving additives may be pre-dissolved to form an

addi tive co 8§PthHBSPrﬁ?§:bLend, which is subsequently dosed into the
fuel component orpspNPRshpleN. cHuBrdiss6h ULyent 10hasns hee adviant age of

| eading to a nore even distribution of the VI inproving additive in the
fuel . Furtheriblebet hefprendi hg 6Rrbase fel déBAPoneANIingy AbEShe feasible
at all | ocati ; i B [ of:. i L.l itions, in
relatively Ig&ﬂ%%ﬁﬂﬁ?égézakaﬁgrgkﬁggggﬁyeggbglgggi%éégrgggggél depots or at
other5fillinggpaknbs engine in 1892) feature among the main type of

internal combustion engines employed for passenger cars
and heavy duty applications, as well as for stationary
power generation, as a result of their high efficiency.
In a diesel engine a fuel/air mixture is ignited by being

20 compressed until it ignites due to the temperature
increase resulting from compression.

It has been found that the addition of viscosity
index (VI) improving additives tc diesel fuel has
significant benefits. W02009/118302, for example,

25 discloses the use of VI improving additives, in an
automotive fuel composition, for the purpose of improving
the acceleration performance of an internal combustion
engine into which the fuel composition is or is intended
to be introduced. The concentration of the VI improving

30 additive may be up to 1% w/w, although optimum



such as road tanker, barge or train filling points, dispensers, custoner
tanks and vehicles. W?2009/ 118302 suggests a nunber of exanples of solvents
t hat nmay We 200485160 pre-di ssol ve VI inprovi ng 20addi ti vesTiRP2¢ie0e39aé

i ncluding certain fuel conponents and organic sol vents. Nevert hel ess,
there remains a need for conpositions and nethods that facilitate the

bl ending of VI inprovjng additives, specifically VI inproyi ol S,
into fuel 25?ﬂn%%35¥75%8P%eaE%ds%bﬁvgﬁi%ﬁt ﬁ% n%??t%%aahrQeggeg%egrﬁéention
Froma first,agpects e, i s¥eptip8chesi desahl @n2addiriyeceoppestéhon for

bl ending with fuel, the additive conposition conprising: at |east 3% w w of
a viscosity 80lnges ¢\2% wiproving polymer: and a sol vent mixture including

in the range of f . 85% ViV h al.vo of the

sol vent m xture) \(F) qarar%:%‘g}%éd%%ﬁ#‘g%%ergaa}gr%% IC?%%%E aicﬁleasg d1)5% v/v (based
on the WO 2Q124085263RC3/ EPPQ41/ 0F88db6ernt 3o0xr tohpbsvolone 6brt he sol vent

m xture) of one or nore conponents sglected,fr8n1aronatic hxdrocarbons and

oxygenat es. THETRHBI EFvR EBhPDEFY T oft E%EB?E?ﬁﬁ Yo YﬁelTPFgY Bdspect of the
invention haggheenvtoundytg-epable; pariedl apl voehf 86t hyg: andeadvant ageous
i ncorporation of VI inproving polyners into fuel for a nunber of
interlinked cemponastifnrer| yprethéehdet whhak thesuddetgineetépngoseti on
10conprises at, least 3% wW w of the VI _i ing.pol yger t the
amount of -t ho EAaE L FvE S brEBePe POt Baur PR o s B ThEEoFBet SPenni ns
sui tably | owhakhenebydaxetdiysgooneeausnbhandl kngook kaegedqsantbttesnof the
addi tive conposition. 15Secondly, conpared to additive_conpositions

enpl oyi ng ni 881 EP@i ¥fi LrEFEVHRY ofiffiasVeol 8 SBFVENE!( aEUELigHERPER i n
102009/ 118302} Ehenadfly! L¥epaogbestt| 88nBbnthes! AYgNhbONLbazReepILound to
mtigate the trade o etween VI 1 nproving polynmer concentration and
viscosity. 28Thelfattcahavtnehewhddeabveheonposptiioniconpfi ségitivieast 15%

I scos ‘ 8 lLected f hyd b d
oxygenat oe, RABDGRiEPERnaly ERORCRGaNE Lo BRAUEbA CRGnPPFEARERAREYgati on

of viscositypkngkpasesd g¥emukn bHBpopkesenge othdd Fo1850%yvpyigas oil 25
in the solvent mxture. This facilitates handlln%.of the conposition, e.g.
Y]

without the AEEH f6&r rRedt LRAPEE, BABIRSOSf Lpaipi EhlainBeRefNtSbecause the
conposition gonprises a relatively g'gh cancent ratiion of VI inproving
pol yner, as éeggﬁlgegsébgve. §§$h|? ky,aconpareg to an additive conposition
enpl oyi ng a conponeho 0oy heg3thanuguddte di stinbéat ef gagsaopleasofol e sol vent,
the additive c npositign of thg invention is gble 0 nitigate or._prevent
undesi r ed solvents that may be used to pre-~dilissolve VI mprov1n8
20 additives in general, including certain fuel components
and organic solvents.
Nevertheless, there remains a need for compesitions
and methods that facilitate the blending of VI improving
additives, specifically VI improving polymers, into fuel
25 in an effective and convenient manner.

Summary of the Invention

From a first aspect, the invention resides in an
additive composition for blending with fuel, the additive
composition comprising: at least 3% w/w of a viscosity

30 index {VI) improving polymer; and a solvent mixture
including in the range of from 10 to 85% v/v (based on
the total volume of the solvent mixture) of a middle

distillate gas o1l and at least 15% v/v {(based on the



WD 2012/ 085263PCT/ EP2011/ 073916 - 4 - concentration increases in mddle
distillate fuels to which it may be added. Fuels are typically required to
conply wwR2pRaI85®peci fications (e.g. EN 590) that set PETAPROILAZINMOr t he
concentration of fuel conponents other_5than mddle distillate gas oil. The
presence of 10 to 85%v/v mddle distillate gas oil reduces the inpact of
the additive co osiiion o? t?e copcentration oi C ngonents ot her than

mi ddl e distiFPage §asUBFI OFntPEefOL8Shhi Bh*EHES oﬁgo 'ti 8h F8€TSdded, thus
al l owi ng thecagdbhibMes1060aposkt FoBmt 8rBR=bl 8NHedrbREEHANW d84r ange of
fuels without affecting their conpliance with fuel specifications. In
summary t he agdenhgéegonpositi on of the invention thus conprises

purposi vely sel eched compONeDt Sohlal s |0, toeonbhnalion. (oLl ey sprpri singly
effective and convéni ent incorporation o i rprovi ng polyners into fuel
by facilitatkpgethechandbi ngvehitthe nespbsehi 6oubdntbeensbdd requisite
anount and viscositgééand b¥ﬁniti ating aor preventing undesired

concentrat i oR®FheFEagESY| RTERECLYEBI 2NY0FRER T BEFRYE| SEFPFRPE2§ASN0PE in the

sol vent ”iXtVEGihP?BGEﬁgs bignbdshydegecanhonsoand gaynEypheal |y have a
boiling point (ENT1SO 3 Og) W thin the usual diesel range of 150 to 410C or
170 to 370C, idépendinkgdonegrade.-and use. 25In general middle distillate gas

oil may be organigally. or nt hetj cal | erived., A petroleum derived gas
o1y for 1 pet ance b oot AP neac by hel i o aue SEEreRar Tk ATRr o)
processi ng acemp@espet kel edAs800RCR,/wl bfMByebeTaiBpRghengasoiinest r eam

obt ai ned from such 30a refinery process or a blend of several gas oi
fracti ons obCBFHEESI RhERe Chef pPREP)LPPECERS FPELBIVPeFERPCOBL-6€88si ng rout es.

Exanpl es of : Ll WRr Lan e ai . LUn kL, cuum gas
oi I, gas oi|§§§n8%?§iggdbgv@§%%§2?8 %25%%%7?%%%6%%/8%§§?§K& e
t hermal crackhrgeprvoeessdihiggbhtieandsheanylcygl efoilbsgas qobtainedsi nfa fluid
catal ytic cra king uni,t and gas,gil as obtained froma hydrocracker unit.
Optionally a %8t? Feim’8eFPPBESH d8e distillate gas oil may conprise
Spet1ol eum deri vedekerasenechbhastbanto Tygcal V¥, cpgbbok euphderived gas oi
wi Il include one or nore cracked products, obtained bé splitting heavy

é

hydr ocar bons employinghaigad corli siay lalkso9Be 6 lcamprirse &CKVsefierdTFopsch
derived gas gqi, :hhe S%@%ﬁﬁ@/?&g?@%}pr%ﬁ%ﬂ%ﬁﬁ?%@%@”%‘%PbsEQEPEeB@

...
"Fischer-Tropsgﬁeﬁerlve means materi a or Ives from a
synt hesi s pr atectinekna ibnsther bErapschndondensatiivansptbeessadehefifer m

"nonFischer-Tro&sch deri,ved" may be_interpreted accordin%by._A ,
Fi scher - Tr opS€h &@P@V@dl@8§08FP90P°#§@Frc&ﬁﬁ&ﬁéﬁFaﬁFPP F5Ch&rEFGréHe a
hydrggar bon gieeam in tpiChna %HQ%%%Q%‘%EmB@FH%@%n %b&%ﬁas%@ra%dd%gst

hydrogen, is derived directly or indirectly froma Fischer-Tropsch
condensat i on 1pfoudys ofThaeFiogc hersTcoppohengac siedrcteny dreg earpolnic

hydrocarbons and oxygenates, has surprisingly been found
to lead to a significant mitigation of viscosity
increases, even in the presence of 10 to 85% v/v gas oil

25 in the solvent mixture. This facilitates handliing of the
composition, e.g. without the need for heat input, and is
of particular benefit because the composition comprises a
relatively high concentration of VI improving polymer, as
described above.

30 Thirdly, compared to an additive composition
employing a component other than middle distillate gas
0il as sole solvent, the additive composition of the

invention is able fo mitigate or prevent undesired



20nonoxi de and hydrogen into |onger chain, usually paraffinic, hydrocarbons
in the presence of an appropriate catalyst and typically at el evated

t enper at IWO02408§263125 t 0 300C, preferably 175 to 250C) Pamd/PRe11f7I936 uUr es
(e.g. 0.5 to 10 MPa, preferably 1.2 to.5;25MPa). Hydrogen to carbon
nonoxi de ratios other than 2:1 may be enployed if desired. The carbon
nonoxi de and hy drogen may thensel ves be derijved,f |norgan|c

ro a
natural or syAbBREE EaEbﬂPcégcr?ﬁﬁ?EaFPyméﬁg%@rdf?Bﬁ?% % Pebﬁs Or from

organi cal ly dgfiMed:ngLhaps. 23984 Fi 86AeE- IEQP@ ?zégii edegasr-olil tof use in
the present invention nmay be obtained directl ron1t e réfining or the

Fi scher - Tropsempieawntbnfual epdciéschyifpne |ﬁsgan5§ b§Ct r aoetonati on or

hydrotreatin 2012/ 085263PCT/ EP201 7 n r
synt hesi s prgaﬁg? gdalggr gé?ag?lgnaFEag%?nhyg g ea?e%p%?%ﬁgétbggeg
Hydr og r eat nephaganitovel veshydraceagksngit 0 adgustetsbachobEi by tangez(see
e.g. GB-B2077289 and_EP-A-0147873) and/or hydroi sonerisati on, 5which can

i mprove col d¥f Vol BrépeftpBsLbytrneRr8asSl AgTEABCHROpBRt LBR26F BF ahbRed
paraffins. Edé1@§§é8égm98§95%9350ﬁ EH@ éBﬁBeH¥959£6§aBEEEEm LRERSS 1N

whi ch a Fischer- Tropsch synthesis product is firstly subjected to
hydroconversDbhemnuéancmmddﬂeodSSSMéhathagastomhdengéesilesubb&ahtthbly no

i sonerisati on or rocr acki th hy enates, the .qlefinic and
oxygen- contaFﬁWﬁﬁsggﬁSBnéﬁt@?geénd£EH8 ;?gWéﬁgt%Bﬁr?dgFgfﬂg resul t ant
produgt is hydrnpeanveshedounder1enndit ians sushdkhatnhydpeceaekisng and

i sonmerisation occur to yield a l5substantially paraffinic hydrocarbon fuel

or gas oi|l. Thehaesi péderEapgi bhesYy, coppiLléancy gashofrefraction(s), may
subsequent |y gg l§9bgk d.for instance by distillation. Qther post-synthesis
treatnents, Fras po ynerlsatlon al kyl ation, distillation, cracking-
20decar boxyl ati onini somestgathenadadit hydr ovebositiog, oﬁagh@elem@hbyed to
nodi fy the pro erties of Fischer-Tropsch ionde sation ro uc

descri bed forPPAsCaRREPRSUBVARDSEEBE Yafb @gtﬁ 4578885 n?ﬁp?%ér rcalfal ysts

for the Fischerpiharseh,synthesksratipanaf i @&%eﬁi@%@céh@086n359969E|Se as
the catalytically active conponent, a netal from Goup VIII of the periodic

tabl e of theiskemporsetion pérNﬁc@mﬁﬁoﬁaﬂheﬁpéwmerﬁoﬁnt@oﬁépﬂ B ni ckel .

Sui t abl e suc catal ts ar rinstan A 8 An
exanpl e of a %%ﬁ %% Pg %égggggoggsshls tﬁégéﬁ@ﬁgﬁngg t8ihs 38
"Gﬁs-to-liqumé@uleﬁteGbﬁDunte&hﬁOh@gwoéﬁﬁyﬁeéhﬁ kpowntagathegShBS ( Shel

M ddle Distillate Synthesis) and described in "The Shell M ddle stillate

Synthesis WD U £ B385288P€T/ EPY0EPR6 78S i0p Inprgagss  1nvaRedé e Bur gt et
Novengper del'vergﬁeahlaa§e5ahs§wmigeés M@rbgmngﬁ SyaPesh ¥aht Washi ngton DC,

1985, and in the 89 publication of the sane title from
Shel | | nt er nabirpmdlseRetligégmh@dmpanybbng, and may typically have a

boiling point (EN IS0 3405) within the usual diesel range
of 150 to 410°C or 170 to 370°C, depending on grade and
use.

25 In general middle distillate gas oil may be
crganically or synthetically derived. A petroleum derived
gas oil may for instance be obtained by refining and
optionally {hydro} processing a crude petroleum source.

It may be a single gas o0il stream obtained from such

30 a refinery process or a blend of several gas oil
fractions obtained in the refinery process via different
processing routes. Examples of such gas ¢oil fractions are

straight run gas oil, vacuum gas o0ll, gas oil as obtained



5London, WK). In the latter case, preferred features of the hydroconversion
process may be as disclosed therein. This process produces mddle

di still at\e0n2argB8s¥8oduct s by conversion of a natural ga®CiriiPaoia/oR¥acy | ong
chai n hydrocarbon (paraffin) wax, which gan then be 10hydroconverted and

fracti onated. For use in the present invention a Fischer- Tropsch
derived mddle distillate gas oil iIs referablg SU|tabIe f nponent
derived from3 §aklesnfiqGf aCkyRPHBEPSCERer of HRFt RFADERYY ©B %n%ﬁ or a

conponent 15Q§rbM@QiBéQnlﬁ”aaﬂﬁb9908§t5l§ﬁbérCE£Q9§§ S¥ Dt hesisg aéor
i nstance converting gas, biomass or coal to liquid ( erelnafter an Xtli

conponent) . AlElsshebtiﬁbpécﬁrd@rEvbmdéeﬁp@ﬂbﬁr PBipr ePrEaPRylAY XL
conmponent be a Bt L i d) c o] t
cui Tab e i LPsbeakaoRer has tbe R Ee i st it e P AFE P EE mebnadRERT 8L o,

i nst amce sel petedibuamiker osenkerdiesel fandtgas. oTypicatlypnseasokaomn in
the art; such conpaonents nmay be_generically classed as synthetic process
fuels or synfRE&EVECpPBEesslorliel 2BM HAPeCORSPFI 'AF8 GRACHPF conponents for
use in the s X t 0 0 he present

i nvent i on mﬁ?%g?Q%Fg; EBEﬁéﬁédaﬂgeﬁg??3§FﬁbtH2953n825§?0??8%1550 to 900

kg/ 8, preferabl y“"'heomSO@:len8ﬁ0akgq§nB€; ar ds@(EN | SOFB&7B3rand/ or a

ki nematic ﬁg VISC at 40C (VK40) of %ron11t0 e.g.%hS, tg 6.0 MM L2 S
(VK 40C as ﬁgﬁ?g Keser818a) - PRef8PabPytthE Vka0"FsPFRStHE range of

fromd.o0 to 3&9@&%@6&» éeteE@ 2@126@852638§§bEPa@iih@$89ﬁ@an58that
preferably froml1l.5 to 2.5 or 2.7 mm2/s; all as nmeasured according to EN

| SO 3104). & mafR&igasisi| CEORBEABRE fayTpr 8f 6VABRGSEBNPAPAUAD Abré t han
5000 ppnw (pagt r Li.an ur t akly from 2000 to
5000 ppmw, o? %?8%?1838b58828g§d%§%%PHéP Efgggggfigggy¥§%ﬁto %800 ppmw. The
conposition mﬂﬁphb@FTem@sphedecmnEdemay bes&nﬁ@@yppnmd prebedabbyyno nore
t han 350 pp y .no re th or. 50 or eve - of
Sul phur . The s BRI T e HOEE Eg 4088 Edoiedosc HRa: FaBO R ! €8130884.
Gas pil may Q%e@%@%%esb§eg hYagobudbedesuh-Bhrr hsalheBn( HDShpERbhtsalas to
reduce its sul phur content to a level suitable for inclusion in a diesel
fuel conposi PlgiioThe e&cemit ifog @ddﬁdnhYdﬁOQﬁ@ migdHerdived Aiaeetdads 15o0i
may preferably be i.n th r 9 i ly from5 to 30%
mm for exaﬁ%léndlre a%%g%o 565%%%30 nﬁgé%wgghdgH %g?a ly the
aromatics comtrerfesiss in the range of from10 to 35 @6n1n1even mor e
preferably from15 to 30 % nmm and especially from20 to 30 %mm 20The
mi ddl e distillatelBPofafFB8rcoRPRAF NMEG26E-ABaSUFEaThECEREPAY to 12391 and
EN12346. mond%ﬁ %9%%@r5$d§%b%%bh%t%'qgh%e@'%hblhat%sgéilQ'| conponent s
that provide a useful |owered viscosity of the a dditive conposition of the
pr esent |nvem@m@ﬁﬁMman,u®edr25ﬁmbpn@ 3@I¢®ﬁtpm3ﬁ90ﬁ@ olfawe t he properties
of a | ow VK40 _in caonbinati 1 h_a hl%h %r Qnt ent Thus

particul arl y BN 1GES 8aI§ H&ve R NVKZE ﬁ ﬁég 6FFrom 1.0 to 3.0

Mme/s, nore prgfRi@abhirel 3d.¢.2.125 @b BY2CT, pﬁ%ﬁ@&abW@ea7EE&©U26@°hy EN
| SO 3104, and an 30aromatics content in the range of from 10 to 35 @6n1n]
and/or pressures (e.g. 0.5 to 10 MPa, preferably 1.2 to
25 MPa). Hydrogen to carbon menoxide ratios other than 2:1
may be employed if desired. The carbon monoxide and
hydrogen may themselves be derived from organic,
inorganic, natural or synthetic sources, typically either
from natural gas cor from organically derived methane.
30 A Fischer-Tropsch derived gas oil of use in the
present invention may be obtained directly from the

refining or the Fischer-~Tropsch reaction, or indirectly

for instance by fractionaticn or hydrotreating of the



nore preferably 15 to 30 % mm and especially 20 to 30 % mm when

measured by 12391 or EN12916. WD 2012/ 085263PCT/ EP2011/ 073916 -9 The

m ddl e diWOi2D1248826§as oi | nay conprise a m xture of twoPEA/ERRHE/0Z¥ApoONent s

of the types described above. Based on_.the_total volune of the solvent

m xture, the mddle distillate gas oil conmponent may preferably be 5present

in an anount in,the range of from20 to 80% v/yv, n%rgfgreferablg 30 to 75%
r

v/iv, even nDF%?ﬁ?éfgraﬁl?yﬁéh?ﬁi%0@§9 ¥t ahg #bse FabPYa589t B 65% v/ v.
Thus the sol ¥eAtoRLXLHER ?EMdQ&@feﬁﬁékMtﬁéﬁPﬁéﬁg dhn! £Rsb140% v/ v, nore
preferably at | east 30%v/v, even nore preferably at 10l east 40% v/v and
nost preferabyvgracrpelsngs500 sfyuatdihe desiingarengas (8ee. e Addi €Bobal |y or
alternativel i refera ri t 9 preferably
RS TR AR S i e R Gl A T S PR S A e el
at nmost 65% whycn ddheidpsbirel abedgasodSprbpeAt heghbyolnoreatigastioel in
the solvent m xture helps to nitigate or _prevent undesired concentration

i ncreases i nPRPHAFELENsPEI PRRRCPEEI B2EBEhAREN FRePralaPePve E€BRpBEPEFON may

be added. Prsfe&abkxeptﬂ9d9599é§tﬂéﬁ£i%k@&@sga§n0&hiaﬁyab@zécﬂégd'? o
distillate fuel 20conponént of a fuel to which the additive conposition is
or is to be d@ddedch synth&¥eienhandectolablfireylef stheevtednprovi ng pol yner,

t he sol vent Hiéture of the additive cgggosition %ug&hgr.gongrises one or
more conponeRt ST8SPREPET PRoM aF bnaPTE 25hYar oeaFbohe " ahl BRYGERRERS.
Aronmeg i c hydegpatchansa0fiyuse asoRaBrakefBbhCohyHyeearbansiagnpenest in the
sol vent m xture according to the invention include all aromatic

hydr ocar bonshytregpratesr threRdPhgnEft BfuBKyIpRererabipiBPesel fuel. 30
Cbnve“'e“t'ycoﬁpsgeéeggt'g By@ﬁeﬁaééoﬂesgﬁpggseto§B¥RQer858YtQSQ as an

aromatic strea refinery product stfream wth an aronatic

hydr ocar bon pontient éxcbgdirngoB8ésireth updeferabbyt 908 nEnrhnbatpreferably
98% mMm the_ WD 2012/085263PCT/ EP2011/073916 - 10, - conﬁﬁnt may be
det er mi ned byYPESETAEERDE FRPY01SBPCENT2518" PFEFEr 5Bl YISt fe?

e“aromatic

hydrpcarbon coppenenta@y gapsikstnessaphi-abhypeh atemabi-cqhydrocar hpas,
whi ch may be obtained, for exanple, by fractionation/extraction 5from

refinery prodaetrser Eaastasni(s) knéwnriraliiegapst o1Thérarbaanile) hydrBcar bons
may have any aﬁgéaﬁgs;gg”B%f18£1§%%80@o9t9g§taﬁ£éh8g98~S%z%%étﬁgﬂtocafbons
g. ¢ “hy o} ponent

are preferre aromafti drocarbon co nay preferably have
a boiling point andher deasitynandéos trastmpotat dOconparable with mddle

distillate gas_oils. Thus, the aromatic drocar bon conponent may
advant ageous P§ 1HEGE 15263PPr ng L FELAL LPRST E&é%g?t&PPhiggﬁﬁélPaﬁge of 150 to

410Cé0pref?ragbﬁr%zgy§@t§gg§’iggﬁ@r@%ﬁ&@BﬁbBﬁdlﬁgdkgrg§9§fuIH§,dﬁa§ity of
the aromati c hydrocarbon conponent 15may preferably be in the“range of from
750 to 1200 bg/ﬁ@ployed to modify the properties of Fischer-Tropsch
condensation products, as described for instance in US-A-
4125566 and US-A-4478955. Typical catalysts for the
Fischer-Tropsch synthesis of paraffinic hydrocarbons
25 comprise, as the catalytically active component, a metal
from Group VIIT of the periodic table of the elements, in
particular ruthenium, ilron, cobalt or nickel. Suitable
such catalysts are described for instance in EP-A-
0583836.
30 An example of a Fischer-Tropsch based process is the
Shell (TM) "Gas-to-liguids" or "GtL" technology (formerly
known as the SMDS (Shell Middle Distillate Synthesis) and

described in "The Shell Middle Distillate Synthesis



nore preferably from800 to 900 kg/nB (at 15C ASTM D4052). Its flash point
(ASTM D-93) may preferably |Iie above 55C. Advant ageously, the aromatic
hydr ocar b0 200186%ént 20nmay have a viscosity at 40 C ( ABCWED2YZ/08¥91€EN | SO
3104) below 2 mm®2/s. Suitably the viscosyty of the aromatic hydrocarbon
conmponent, when m xed with 3% w w of a VI inproving polynmer used in the

addi tive conposition, remajn be|OWIZg 2/ s géfferably belom/%g 2/ s
1

ma ,

2t 40 C 25(VRT3BES8L, nEaburEd BYZEN 507 oggper delitppedrahmthc
hydrocarbon soppRaent wARY4RL&Lesahbys coN! ahAsRingRsh BOO PEM¥LEFef erably
at nmost 350 ppmw, nost preferably at npbst 100 or 50 or even 5 ppmw, of

sul phur (ShelP8ket And Seribs W8T beaddPBP opabl ycotigoapfeFhat ey t he
aromati ¢ hydrocarbgn _copponen nt al 0 p erably at
ot 30, ppnt WSt ChPEr BRabTy B CHBAE 30 br P10 B Eher RERARWE CaT benvene
(detes m ned byngas, cCoroMIAGEAPhYXtteNO-2042/ PBEREBPET/ EP20114073016

An exanple of a garticularly‘preferred aromati ¢ hydrocarbon conponpent is
Shel | Sol A1581€al¥PraBPRVEXS18RePIOEBAPaNRESYE AR EhSTs08SSt FREAFHR- C0- 11

hydr ocar bonswi: t.h ' n X k % (4 ns{,;sti ng
essentially gpk%g?%?cggggggFgﬁﬁggr%§§§%§n§§séh@9a9@A%§é§%a fgguﬁggrggarbon
conponent s arenvelkaéne afidaxyhéneal gas iBhsed bmavhelvogathgbhunme of the
sol vent nixtgrﬁ, an ﬁronﬁtic Q¥dr car bon %o onent gaé @referably be
present 10i n"EHTSRBGRPT APEABLFARGe™BF  f FORTE F579b%50/ VS nore preferably
15 to 60% v/ vy deveBnierecar ahar abhyt26nh0<80% v/ v, and nost preferably 30
to 40%v/v. Thus the solvent mxture may preferably conprise at |east 5%

viv, nore preferabpy wfe| éasthesoreeseh HoYe bieterabl §5aheT ebsePa525% v/ v
and nost preﬁ%%ﬁ?k& ﬁﬁdhﬁ@sPiggg%Yé¥eag8g355E 9¥d%98§é9881§0Q9 nent.

Addi tionally or "alternatively, e solvent mxture nmay preferably conprise
at nost 90% whviabee fpeéf epabbyeat restv60%vim, aevyen horéipnefierably at

nost 50% v/ v, anﬁ npst ﬁrefera lé at ngit 40% v/ v_20aronatic hédro ar bon
conponent . ASHPGRSEORCEREFEENBATEE ar Bkt FETRYBPBEAr bBh EoRBBRBRE N the

sol vent m xt upeihas keen BQ!JBQaQ@gB%EpEK@@Heﬁ:h@xMF?AQQSEE/M_E:QESEB? additive
conposition low As aforesaid, a Certain anount of aromati c hydrocarbons

may al so be presentcei ponNeriiiadl g2s25bdpsesEl arecgas 6Pl léanpdnent .
Sui tabl e and jgreferr.od overall sarommti.c bydr goatban coRt gptsyof the.gol vent
£ gfy. ygenat n

m xture may He calculat’ed "accordin €s"0r-use as a
oxygenat e corpegentnitn ikhersdkvyebl ynaxtulLecaspondnng e ke bavenBton

i ncl ude any 30qgxygenates suitable for blending into fuel, Eregirabli di esel
fuel . OxygendPdsTMesst aPn lddyden FRTPREFF st FlicHGPE RAi BhSHAFPRERCES™t hei r

Betor dance woe R B S0 LS oBe2aaPeT B0 O30 e T8 CoRRe ER ant Phn
oxygenat es nayspeefter sbllpctent drprmokkycsanbondibkydiogen and oxygen.
Cne advant age associated W th, an oxygenate componsnt i, the sol yent mxture
generically classed as synthetic process fuels or
synthetic process oils.

25 Middle distillate gas oil components for use in the
solvent mixture of the composition according to the
present invention will typically have a density in the
range of from 750 to 900 kg/m®, preferably from 800 to
860 kg/m®, at 15°C (EN ISO 3675) and/or a kinematic

30 viscosity at 40°C (VK40) of from 1.0, e.g.1l.5, to 6.0
mm?/s (VK 40°C as measured by EN ISO 3104). Preferably

the VK40 is in the range of from 1.0 to 3.0 mm®/s, more



5i ncorporation of bio-derived material into the additive conposition. Thus
the solvent mxture nmay preferably conprise an oxygenate conponent derived
from or gaMPROPAIBEIBal , as in the case of currently avai PEBER2MILOT¢ ved
fuel s such as vegetable oils and their_1@derivatives. The oxygenate
conponent nay advantageously conprise at |east about 0.1 dpm gC of
carbon-14. It is known in the art t? 5 carﬁon 14”g #ﬁ@ whi ch has a

hal f-1ife of PaBoGtaBlyobryBars? ndA%i A+ OrJANIT et lerd ISR RA
oxygenat es bggcgggihg {ngglIgge§§@4;5Advantageously, the oxygenate
conmponent may contribute to enhancing the solubility of the VI inproving
pol ymer . Ckygenat%heO@a@s@lhscmm@ﬂwangMQYeptﬁf@mﬁhﬁw eyt sk tab | yobe

roups - 20060) 0000 aRGFEr (BRGCH Her Boar BongY 4P SRR’ a6 SPLPBRBI Ly one.

or nge hydrayyhcgnmypSrcﬁ}Qoneyonayeprgbﬁwabby 5@@&a100®r@ﬁ120©0 18
carbon atons and in certain cases from1l to 10 carbon atons. The oxygenate
conponent neY¥PPlef 8FaBlyeEBRPETELYoPP2580h8PEt PBFYa HBA- pPEPPELBECApProti ¢

sol vent. Rﬁy%g%ﬁém QDI L8hPG; QNG+t Oho IPT B0 6t Bﬁq g{cﬁfe?%f g50ups

are partlcular preferred since it has been found ers and esters
are particul mpkg EhéecBﬁOeppmwsomubtlpseﬁgr&blynpoomong pobynkds. or

30C0nvenient§ t oxy Snate co one t nay g pr.oy ed as gx enat e
Streamwi h 5 8%y ek S0cBhEun: CExaaeHr NG, 0oeuro P ERE: SPaby Rt v,
nost1pr ef er abkym¥@s30344/ 08536dPsd/ EB2041£03398684.13 - 98% v/ v. Preferably,

t he oxygenate congonent may essentially consist of oxygenate. The oxygenate
conponent nay prefefably havela PEPFEFREPolhta (ASTWwdaDrBh iRl $Hkeli¢ange of

from 100 to 536QC, ,mpre pr ngbk¥ggE %gOSEEBﬁﬁgCCOBQ ngegﬁygylggg

suitably be i'n the range o rom prefera fron1§00 to
900 kg/ nB (ENukS@blélSBr zhtﬁuﬁhashlpoandléEwllEﬁb27&9mpnaytpoaterably lie

above 55C, nore preferably above 100C. 10Q0Advant a us e oxygenat e
conponent may have’8 @F%%%E??? PR E PYKERBC ggﬁ%agﬁ?%ﬂf%?t%i $50 3104)

bel oy 6 rmﬂ/@n%ﬁ&apwfgh}gbwgeshhyta& kaﬁggxwe@%ﬁ owWhgN4 L XRARW th 5%
w w of a VI inproving polyner used in the additive conposition, nay remain

bel ow 75 mesyitebpyeferabby tbePbl BOmmEPs arasple (VKtAeCrasgmeasured by
EN |1 SO 3104) hbe_oxygenate _conpon [ ably n,no nore
t han SOO rrg/%O tﬁn?§°p? erg ?E % %%Fggﬁﬁagg%ogrgmgélcs ?g%ﬂ fe?ably no
nore than 15ingtke Sahgbubf(ENoﬂ0ﬂ80t20884% m/m, ev@ﬁrmbeulptéyepabﬁgrred
oxygenates of use_in the present invention are esters, for exanple al kyl
(preferably EF°Foléster 3@1 %t B/85, 280cRSRECHBLAYI T6PMeRyED 88t &rB/Bf

carboxylic a@hQSmQBdQE ﬁ@@%h@@ékgyfgéﬁx@&egeeeh%ghtvgagtBQ'ﬁegbh§edThe

carboxylic acid in this case na or exanpl e an opti onal
substi t ut ed, astpaidghty 6r BP3Ad¢heddcREIlA21mONO-, -or nultifunctional d to

C6 carboxylic aci i subst | nts.i Iug 2 [0)¢ carbonyl, ether
and ester groups. géﬁélgFgﬁFéﬁ 8%5#%#2? %fdgi ?% ¥?%% %%% Qteci nat es and
| evul i nat es, chapbyeatisd tabkybrestaes a( EAAE)JJ_ aadek@dp@&éb@@h@y bat tyeacid
met hyl esters (FAME).
additive composition of the present invention when used
25 in the solvent mixture, have the properties of a low VK40
in combination with a high aromatics content. Thus
particularly useful gas oils have a VK40 in the range of
from 1.0 to 3.0 mm?/s, more preferably 1.5 to 2.7, or to
2.5, mm?/s, when measured by EN ISO 3104, and an
30 aromatics content in the range of from 10 to 35 % m/m,

more preferably 15 to 30 % m/m, and especially 20 to 30 %
m/m, when measured by IP391 or ENI129216.



WO 2012/ 085263PCT/ EP2011/ 073916 - 14 - Et hers are also usable in or as
oxygenat e conponents in accordance with the invention, for exanple dialkyl
(typi cal IWO@P1%352388) et hers such as di butyl ether and dPGEERQI11E7IEE
S5Based on the total volune of the solvent mxture, an oxygenate conponent
may preferably be present in an anount in the range of from1 to 90% v/v,
nore preferably 2 to 60%.v/v, even nore preferabl to 25% v/v, and nost

( , eVe ; 3 ,
preferably 4 to 1@@@vW%@d#ﬁuglfﬁél%%Fﬁeﬁfsn?%%u@%ynﬁQmpﬁBS%r%f%+%B?§@

conprise at Leasl,o1%Vh¥r-"BERpBheheLabky 8k kg@%& 4% -8YBBaMRLE Rl ef erably
at least 3% v/v and nost preferably at |east 4% v/v of the oxygenate

conponent . AdditiBaaktlycorthet eehali velypet hé theveni venktnretvng,
preferably c ri.s t st .90% v/ v, nor referably at 15npst % vlv,
Even mor e pr 1By A5 &t hobt 1380V FaS 8R4 HBGPCBROFSPaB §T AT SHBeLY10% vi v
of the oxygepateeg@npanant amAuhkghnveheneaatet BE oxygenat eocceppoignt in the

solvent m xture hel ps to enhance the solubility of the VI inBroving
pol yner. 20TBCERaBrefgsabhy of tRe addit Vve ¥8hpHSIei BRSIREBPEYeAO tO

conmpri si ng oxygenat,e( g)qaloser gegagabq 8ot hpegBal ¢ /l,evel,sseffor exanpl e
by a specification (e. g. EN 598 , the o%ygenate conponent may preferably be
present in thelsehventxiuxtuneyaprafeonbeént catmponskess fithantof0&qudl,to 25a

concentration or concentration threshald of oxygenate(s) in_a fuel to which
the. addi 11 vemEaRpBErEranoiy GF i8°Ch DA adddd. SFan ROSShBRRECTOBRYi fer ease
in the concentkati ansof /axyaanabetsprefstthgifuelk neaavodedy/ThaiMbie

i nprovi ng pol ymer of the additive conposition 30may advantggeously conpri se
a copol yner thatiddata gesorelor AAgi&ienefily ABn6RERSNESEVABHONBEE BRYCks),

typically se LOM l.ene,..p | ene, ty , Lene, _i.soprene
and styrene #%%%%%F%}g ﬁ%ﬁg%iggo§§2@§%éT%Eﬁz %/0%%3%6p?g%§g%g+ﬁeabl

i nprovi ng pokyser 7hay vpref ervabl ywohe arkelifeckbdgpeltynerst NOsmayv, and

advant ageously conpri se aronmati c nonomer units. st .preferably, the VI

i mpr ovi ng pomﬁﬁgrpﬁﬁfeﬁébéélé&t@SSFréggsW?Weﬁ%ﬁﬁgge&léﬁﬁ&ﬁﬁﬁﬁrQ?Sin

Spariicul ar bliack xc@ROhY RN Smel 0F examplie thosecavaikablemastlkraton(TM D
or Kraton(TM G additi'ves (ex. Kraton) or as SV(TM additives (ex.
I nfi neum Mileilpsl tor métthgese. oPaprierendr vedasplres covlcgds redpohyner s of

styreni ¢ and ,et hyl ene/ hut yl.en naoner,s, .for. i nstance.paly rene-
10po|yisopre%@ﬁg%ﬁgﬁfng%s%%ﬁgﬁﬁo ﬁgFﬁgéﬁgﬁpgﬁﬁg%tggigﬁécgoﬁé%yners. Such
copol yner s mayidie ikleociorgepalymer fiavadef akidenst @redeo¥oIN), 15@ (addle

pol yst yrene- pal yi soprene di - hl.ock copol yner) _or Lhe,Kraton%TN% addi tives
(styrene- butaditérid-2dey PéFe i MBlvode Sopd r §iGk idtlgtendue

15et hyl ene- bulylene ol agk copaly ey %‘iC%E%Ylen%}ﬂdQ% itv%pl%lro% o%%l%@ol)ﬁm?_rss, for

i nstance styrene-butadi ene copol yners. ey may be stellate copolyners, as
for instancec3ViETMe 260 adalest.yr ene- pol yi soprene star copolyner) or SV (TM

200 (a divinyl benzene- pol yi soptene séar opoly ré. 20l t _has been found
that the sol vent HExEORETFE RRPEPCULAY! § onrEud t SUREDTGRD; RGLITEEos ty
i ncreases in addidd M@ rGOMAeSiircORT GORPREICGRIiRG v %bn&&%ﬁ&%b&gf@Qkﬁ@&f t hat
can self assenble to form star-shaped supra-nol ecul ar structures (mcelles)
in so|uti0n1q9mgqyﬁﬂ%mqg@ or more compcnents selected from arcmatic
25 hydrocarbons and oxygenates.
Aromatic hydrocarbons of use as an aromatic
hydrocarbons component in the solvent mixture according
to the invention include all aromatic hydrocarbons
suitable for blending intc fuel, preferably diesel fuel.
30 Conveniently, the aromatic hydrocarbon component may be
provided as an aromatic stream, e.g. a refinery product

stream, with an aromatic hydrocarbon content exceeding

80% m/m, preferably 920% m/m, most preferably 28% m/m; the



25at | ow tenperatures. An exanple of such a polymer is SV(TM 150 (a

pol ystyrene- pol yi soprene di-bl ock copolyner). The VI inproving polynmer my
addi ti onaWVDpROBY08836Ber nati vel y conpri se ot her bl ock copoP¢k#EPI0IRAZTIU on
30et hyl ene, butyl ene, butadiene, isopreng o other olefin nononers, for
exanpl e et hyl ene- propylene copolynerS' pol yi sobut yl enes (PIBs);

pol ynet hacryl at es ha o] ef i ns. ( PAOs i Xxtures thereof.

WO 2012/ 0852%%®WE@611%7§@‘%%W Bgd- oy testrﬂ%t?%ﬂe ??iﬂ 9Fscosity at 40C

(VK 40, as nppsybed, byzé%leké?'&g%l%me%r&ﬁasty& h?@f@&éﬂﬁoz@%&ﬁﬂ@én&@f{
preferably be 700 mm/s or greater, nore preferably 1000 nm2/s or greater.

| ndeed t he Vhaynpeogial eern@rahhy b€ Bzosetid avduocarberssdenBiely at 15C

Greator. 11sMall BRurCEORCER (BN FB08a67 ey St ARy BLo1B60 hiy B or

| owers pref efabﬂnyréﬁﬁzneggfkgr@ﬁutemetreaméeapreéekabw 10 toékgror Tower.
10VI inproving polymer(s) may preferably be present in the addrtrve
conposi ti on PACBATARDOKEIPR2FRENFalgE BFVFr6ﬁ¥35Pbt?g@§mPRWbﬁ6r% preferably

4 to 20% w w, pr L oK p 7 to
12% w w or eve%¥§B6525%?@6§;€ﬁggégdégn@%%e §%§?332?853§%%0?§%ﬁéegﬁﬁitive

conposi tion. ThusTh@eaa@Matlwehy@ngoarbemncqmyommeﬁem@blgrciﬁmﬂbkb at | east
4% W w, mor e, refer at Ieas% 596 MI even nDre ref ; #y east 7%

w w and most PBrEf &r BF i3g pRLg ﬁ/@?nﬁﬁﬁyo@F °po PRYArt i onal Iy

or agernativelyartBecaddihi Meda@eoam@@uu@ﬂe ¥sCOMPEL Sehak, MeBE 25% W w,
nore preferably at nost 20% w w, even nore pre erablﬁﬁat nost 15% w' w, and

most pr ef er aBFymat ifoBbY IT29RRPANoECBYERE L LORAF WAYY AN EREBIRAGY pBRYARR. To
f | h Ki 40C
U 40C as noaeui B By BRI AERYT By B RR en Ll PRV E AR TR B8 Yrhnee, Y

(VK 40C as ne itrve c nposi ti1on may
advant ageousky 0be, ap:eﬁetab@@OlﬁﬁQts 3poéter mblky ateﬁesebEQOEﬁﬁQts, nor e

preferably at _ngst 4 en _nore ef er.abl t most 300 /s,
such as for @QQHEIeTg? ggg?lié %nﬁ%? BFO@éeQEn Xﬁrﬁﬁéfggﬁ ﬁﬂ@?gnengnﬂ I'n
one particul ﬁelwp%%%be? gabedi reat rghgbhesi myent 7y, tbhesaddidi/ve,
conposition conprises in the range of from5 to }5@6m/m/of a viscosity

i ndex (M) merzopz/ecﬁeeaeeecfrernz@@@/ 0?3986 kgim - (3apkoVE nSPSI yner,
ticularl ti t
B ure. ohe GAORER Y TE, SRk e AR oS, TBAO TR 20d g oL ke

distillate gas‘so@rel s55°.the range of from25 to 50% v/v aromatic
5hydrocarbons, and in the range of from5 to 10 % v/v fattépacrd al ky

est er. The aB8VervedesnHporit tBR Aay @bnhr PEEBEREPOFU mEBH?PFves The
one gf rore %ge%afvléel 3qdickisves mRy dbe °gel @eted phuemsanyyugebul1addi ti ve,

such as detergén
below 2 mm’/s. Suitably the viscosity of the aromatic
hydrocarbon component, when mixed with 3% w/w of a VI
improving polymer used in the additive composition, may
remain below 20 mm®/s, preferably below 10 mm®/s at 40 °C
25 (VK 40°C as measured by EN ISO 3104).

The aromatic hydrocarbon component may preferably
contain at most 500 ppmw, preferably at most 350 ppmw,
most preferably at most 100 or 50 or even 5 ppmw, of
sulphur (Shell Method Series 1897). Additionally or

30 alternatively the aromatic hydrocarbon component may
contain at most 50 ppmw, preferably at most 30 ppmw, most

preferably at most 20 or 10 or even 5 ppmw, of benzene

{determined by gas chromatography).



10anti-corrosion additives, esters, poly-alpha olefins, |long chain organic
aci ds, conponents containing am ne or am de active centres, and m xtures

t her eof . WO 20127088263 ddi t i ve conposition may contai n any ROFHFER2014073dei ti onal
useful additives known to the person of ;skill 15in the art. In sone

enbodi nents, two or nore viscosity increasing conponents may be used, such
as a Vi inprovin%%polyner and_a high viscosity fuel or oil conponent. In

anot her embodi merd t HeEP Haye be? ther b bt et X P eF o AP T neT s of the

same of di ffgrenLeSELUET UbaboRLARS;s20R0Mesadvantaoesyel1bbesi oyention are
applicable irrespective o he m ni mum anount of VI polynmer content in the

conposi tion. SThus, coémpanaeskcondiabpest 2 theehnveht COnliesydescanbans

addi tive conposjtion for blending with fuel,. the.additive.conposition
compr | 51 ng. al ottt 25857450 SRUSFR PRIBRILURD) ° Bhpr oyl &b Bolymer - and a
sol vent m xtyhgsk BElHgi BgsbAtthel1vangecof1irgppdftio 858 viyrbbna) m ddle
distillate gas oil_and at |east 15%v/v of one or nore congonents sel ect ed
from aromati c hydtbeaFBohsvandy dkygeraeesCOBPFRIMT 2 2R ricaspeRtant he

i nvention reggggﬁein the use of an additive conposition as defined anywhere
herein for t purpose of incorporating a VI inproving polyner into a fuel,

such as a diesel fastd Fretleeabbyal heolisme WD 2104 2¢4 OBHRGBRCTAEP2O114:073916
- 18 - may further be fgr t he gurgose of voiding g cog&en&ration igcrease
in the fuel BF°RETFEaBYIbAEFHBI COMBSAERT, "8YcRTG$S R8I Y eRENBFE°SH
oxygemnat e asigeéhnéﬁoéﬂimﬂﬁr%h@ekﬁhﬁe Fhertygl smay adwapyagepusky be an
5aut onoti ve fuel. Froma fourth aspect, the invention resides in a

met hod of bl endEagablyi AGotpoPaki Hgva Wrennbps¢i Rgepergher £at 6°acPie

conposition, _the h onprising: ., mXi ol t 3% f

I mpr ovi ng poV§ﬁérgﬁﬁtﬁg§%1g§8F§E%?1X?§?u?g ?ﬁélgg?hg%ﬁ%gﬁﬁggrgﬁégggF from

10 to 85% v/ wiatuaended erdifetrbblat ecgasiekl aandeatt| 8astr/¥5%wke of one or

nore conponents sel ected from argomati c hydrocarbon nd oxggeﬂates to form
i-o

a
an additive E&RPEEFPILEnatangeBlending®VR %86?t?€8%86986¥i €&Fth 15f uel .

Prefesably, bhe gBihad MR%seOPREIFse Bhendingehact REr gnge0bmbkeom 0. 25 to
5% v/v, nore preferably 0.5 t0 1.5%v/v of the additive conposition with

the fuel. Adbhantragecibshycotipentusl. édapsscnpénvand Bhée20addivelye the

conposition nmay _each_conprise a concentration of .a_fuel conpgnent,, such as
an oxygenate® gvﬁggiﬁéégﬁﬁﬁwﬁgyepﬁgﬁ ?ﬁ%ﬁ%ifﬁm fié>Co %e%?%gtggﬁ §f the fue
conponent i npbhe addifkiree1heirgmbess cokar /o, egeal nbeect beetenapntr ati on of

the fuel conponent in the fuel. 25Froma fifth aspect, the invention
resides in a™gél S8&nYdFrt PeR ERE taddrfEvelddnpds esEn 49ack4de conpri sing:

a fugy composihian shayleg 2bush coponent CanGenll abien,0rgongepkr at i on
t hreshol d associated therewth; and an additive conposition conprising: a
vi scosity i ndexngV¥l)y 3@idmoreviong addictneatand ahsolsvénendr ndaltvert hmsxt ur e

of the Tuel EERBORGHE B e S0deER 6 Cotpaertisn [8 R6CgPOaten Ehan the
concentrati ojRcposition low. As aforesaid, a certain amount of
aromatic hydrocarbons may also be present in the middle
25 distillate gas oil component. Sultable and preferred
overall aromatic hydrocarbon contents of the solvent
mixture may be calculated accordingly.
Oxygenates of use as an oxygenate component in the
solvent mixture according to the invention include any
30 oxygenates suitable for biending into fuel, preferably
diesel fuel. Oxygenates contain oxygen in their structure
which influences their physicochemical properties,

including their solvent properties. In accordance with



- 19 - concentration threshold associated with the fuel conponent in the
fuel conposition. The fuel conponent may preferably be an oxygenate as
defined MWMPRAEYW853%r ei n. Throughout the description and PET&IPAEL1ET73% 6 s
Sspecification, the words "conprise" and,'contain” and variations of the
wor ds, for exanple "conprising” and "conprises", nmean "including but not
Ilnlted to", and, do not exclude other noieties, additives, conponents,

integers or SP@p&NVEDTAPBugRBUECERBEARRY | BEFORTARAY cFENRE1BT OPAY s

speci ficationg 1,08, shggygaénegggn@ggﬁgﬁ_the plural unless the context
otherw se requires. In particular ere the indefinite article is used,

t he specificationOns a@V®@t@%@eaS$@©da%$dcmmt@n@ma@Xm@e@$U$a¢®mQO@$nVelI as
155ingu|arit% Eﬂless t he cont eg é eégn referred features of
each aspect of tAE prefeit Wﬁ§ b e’ SEFi b 8 in connection with
any of the othebrpspeelsn 6theroieatuvea Rittheapr esest theveationv | |

becone apparent fromthe foll om ng 20exanpl es. Ceneral ly speaking the
i nvention exEEHHSSEE18RY RBVEI CBReSOSFeRAYMASTBECCBALI RABEBASLAY t he

features. di schagedskn, 5hb§yggﬁgggleaﬁgeﬂengEEHQrea a0, a6¢0ARRYiI Ng cl ai ms

and draw ngs eatu 5i ntegers, aracteristics, “conpounds,
chem cal noietiesiel,greups desccabedofncuenpunéylemamﬂahla papti cul ar

aspect, enbodi nent anpl e. of the ventlo are to be understood
to be applicgﬁFéVFS 5H§§8?H8Fha§8e3?gggﬁ§$ ﬁéﬂ? gt e£5ﬁﬁFe descri bed
hereig unl esge30Qi;ae9wRati phe bhepewkth. c&ﬁbeaéet,mugleasaetagedu@uperwnse
any feature disclosed herein naé be replaced by an alternative feature

P

serving the samprofcaasi hichaf phppose-1 WoNZoT2rH8526BPCTAEP20114673916 -
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(TM, a styrene-polyisopirene s copol yirer, ex. Infineum
contribute to enhancing the solubility of the VI
improving polymer. Oxygenates of use as the oxygenate
component may suitably be compounds containing one or
more ether groups -0-, and/or one or more ester groups -

20 C(0)0—-, and/or one or more carbonyl groups C=0, and
optionally one or more hydroxyl groups -OH. They may
preferably contain from 1 to 18 carbon atoms and in
certain cases from 1 to 10 carbon atoms.

The oxygenate component may preferably comprise or

25 consist of a non-protic or aprotic solvent.

Oxygenates comprising one or more ether and/or ester
groups are particularly preferred since it has been found
that ethers and esters are particularly effective in
solubilising VI improving polymers.

30 Conveniently, the oxygenate component may be
provided as an oxygenate stream with an oxygenate content

exceeding 80% v/v, preferably 90% v/v, most preferably



Petrol eum derived mddle distillate gas oil (D esel) 15obtained from Shell,
havi ng an estimated aromatics content of about 20% m m and the properties
shown i n WaBPR/08526¥abl e 1 Density@5C DI N EN | SO 1218BC8EF2UIRH7IIBO
Viscosity@OC DIN EN |SO 3104 2.63 mRhs Distillation, 1BP DIN EN | SO 3405
175C Distillation, DP DIN EN I SO 3405 353C Sul phur DIN EN | SO 20884 6
"o/ kg FIashpgégtv/g%h%gg%é;g%%;}thgngigg%a%l g%%éggent may

essentially consist of oxygenate.

The oxygenate component may preferably have a
boiling point (ASTM D1078) in the range of from 100 to
5 360°C, more preferably from 250 to 290°C. Its density may

suitably be in the range of from 750 to 1200 kg/m?,

preferably from 800 to 900 kg/m’ (EN ISO 12185). Its

flash point (EN ISO 2719) may preferably lie above 55°C,

more preferably above 100°C.

10 Advantageously, the oxygenate component may have a
viscosity at 40 °C (VK 40°C as measured by EN ISO 3104)
below 6 mm®/s. Suitably the viscosity of the oxygenate,
when mixed with 5% w/w of a VI improving polymer used in
the additive composition, may remain below 75 ng/s,

15 preferably below 50 mm®/s at 40 °C (VK 40°C as measured
by EN ISO 3104).

The oxygenate component may preferably contain no
more than 500 mg/kg, more preferably no more than 100
mg/kg, most preferably no more than 15 mg/kg sulphur (EN

20 : IS0 20884).

Particularly preferred oxygenates of use in the
present invention are esters, for example alkyl
{(preferably C1 to C8 or Cl to C5, such as methyl or
ethyl) esters of carboxylic acids or of (optionally

25 hydrogenated) vegetable oils. The carboxylic acid in this
case may, for example, be an optionally substituted,
straight or branched chain, mono-, di-or multi-
functional Cl to C6 carboxylic acid, typical substituents
incliluding hydroxy, carbonyl, ether and ester groups.

30 Preferred examples of oxygenates include succinates and
levulinates, fatty acid alkyl esters (FAAE), and in
particular fatty acid methyl esters (FAME)}.



-16C Coud Point DIN EN 23015 -10 Fi scher-Tropsch deri ved
m ddl e distillate gas oil (GIL) obtained from Shell and having the
properti eSOABMMESBOi n Table 2: Table 2 Density@5C DPNTER201$073P26 85

776.1 kg/nB Viscosity@OC DIN EN |1SO_3104 2.46 nmm2/s Distillation, |BP DI N
EN | SO 3405 203C Distillation,

Ethers are also usable in or as oxygenate components
in accordance with the invention, for example dialkyl
(typically C1 to C6) ethers such as dibutyl ether and
dimethyl ether.

5 Based on the total volume of the solvent mixture, an
oxygenate component may preferably be present in an
amount in the range of from 1 to 9%0% v/v, more preferably
2 to 60% v/v, even more preferably 3 to 25% v/v, and most
preferably 4 to 10% v/v. Thus the solvent mixture may

10 preferably comprise at least 1% v/v, more preferably at
least 2%, even more preferably at least 3% v/v and most
preferably at least 4% v/v of the oxygenate component.
Additionally or alternatively, the scolvent mixture may
preferably comprise at most 90% v/v, more preferably at

15 most 60% v/v, even more preferably at most 25% v/v, and
most preferably at most 10% v/v of the oxygenate
component. A high volume of the oxygenate component in
the solvent mixture helps to enhance the soclubility of
the VI improving polymer.

20 To enable dosing of the additive composition into
fuel comprising oxygenate(s) at, or close to, a threshold
level, set for example by a specification (e.g. EN 590),
the oxygenate component may preferably be present in the
solvent mixture at a concentration less than or equal to

25 a concentration or concentration threshold of
oxygenate(s) in a fuel to which the additive composition
is or is to be added. In this manner, an increase in the
concentration of oxygenate(s) in the fuel is avoided.

The VI improving polymer of the additive composition

30 may advantageously comprise a copolymer that contains one
or more olefin monomers (or monomer blocks), typically
selected from ethylene, propylene, butylene, butadiene,

isoprene and styrene monomers.



DP DIN EN | SO 3405 314C Sul phur DIN EN | SO 20884 <5 ngy/ kg Fl ashpoint DI N
EN | SO 2719 89C WD 2012/ 085263PCT/ EP2011/ 073916 - 21 - Arommatic

Hydr ocar 0§A<012/085263 Shel | Sol A150, ex. Shell. A m xt ur e PET/EXROIARTIE6

chem cals in the range of C9-Cl10 havi ng itshe. properties shown in Table 3.
Table 3 Density@5C ASTM D4052 893 kg/ nB Vi scosity@O0C

The VI improving polymer may preferably be a block
copolymer. It may advantageously comprise aromatic
monomer units. Most preferably, the VI improving polymerx
may be selected from styrene~based copolymers, in

5 particular blcck copolymers, for example those available
as Kraton(TM) D or Kraton(TM) G additives (ex. Kraton) or
as SV(TM) additives (ex. Infineum, Multiscol or others).
Particular examples include copolymers of styrenic and
ethylene/butylene monomers, for instance polystyrene-

10 polyisoprene copolymers and polystyrene-polybutadiene
copolymers. Such copolymers may be block copolymers, as
for instance SV(TM) 150 (a polystyrene-polyisoprene di-
block copolymer) or the Kraton(TM) additives (styrene-
butadiene-styrene tri-block copolymers or styrene-—

15 ethylene-butylene block copolymers). They may be tapered
copolymers, for instance styrene-butadiene copolymers.
They may be stellate copolymers, as for instance SV (TM)
260 (a styrene-polyisoprene star copolymer) or SV (TM)
200 {a divinylbenzene-polyilsoprene star copolymer).

20 It has been found that the solvent mixture is
particularly suited to mitigating viscosity increases in
additive compositions comprising a VI improving polymer
that can self assemble to form star-shaped supra-
molecular structures (micelles) in solution, particularly

25 at low temperatures. An example of such a polymer is
SV(TM) 150 (a polystyrene-polyisoprene di~block
copolymer)} .

The VI improving polymer may additionally or
alternatively comprise other block copolymers based on

30 ethylene, butylene, butadiene, isoprene or other olefin
monocmers, for example ethylene-propylene copolymers:
polyisobutylenes (PIBs); polymethacrylates (PMAs); poly

alpha olefins (PAOs); and mixtures thereof.



ASTM D445 NEME111111111 Distillation, |IBP ASTM D1078 183C Distillation, DP
ASTM D1078 209C Benzene felLl < 3 ng/kg Sul phur SMsS 1897 <0.5 ng/ kg

FI ashpoi i¥O 2aB10$529393 62- 65C 5Oxygenat es: Fatty RETHEPAEINYI9Iest ers
(FAME) in the formof rapeseed nethyl ester (RME) soy nethyl ester (SME)

and tall ow nethyl ester (TME) obtained from ADM and having the properties
shown in Table 4: Table 4 RVE SME
The kinematic viscosity at 40°C (VK 40, as measursad

by EN ISO 3104) of the VI improving polymer may
preferably be 700 mm?/s or greater, more preferably 1000
mn’/s or greater. Indeed the VI improving polymer may be

5 a solid at 40°C. Its density at 15°C (EN ISO 3675) may
suitably be 600 kg/m’ or greater, preferably 800 kg/m® or
greater. Its sulphur content (EN ISO 20846) may suitably
be 1000 mg/kg or lower, preferably 350 mg/kg or lower,
more preferably 10 mg/kg or lower.

10 VI improving polymer (s) may preferably be present in
the additive composition in an amount in the range of
from 3 to 25% w/w, more preferably 4 to 20% w/w, even
nore preferably 5 to 15% w/w, and most preferably 7 to
12% w/w or even 9% to 11% w/w based on the total weight

15 of the additive composition. Thus the additive
composition may preferably comprise at least 4% w/w, more
preferably at least 5% w/w, even more preferably at least
7% w/w and most preferably at least 9% w/w VI improving
polymer. Additionally or alternatively, the additive

20 composition may comprise at most 25% w/w, more preferably
at most 20% w/w, even more preferably at most 15% w/w,
and most preferably at most 12% w/w or even 11% w/w VI
improving polymer.

To facilitate handling, for example by pumps, the

25 kinematic viscosity at 40°C (VK 40°C as measured by EN
ISO 3104) of the additive composition may advantageously
be at most 1000 mm®/s, preferably at most 600 mm’/s, more
preferably at most 400 mn?/s, and even more preferably at
most 300 mm?/s, such as for example at most 100 mm’/s or

30 even at most 50 mm®/s.

In one particularly preferred embodiment of the
invention, the additive composition comprises in the

range of from 5 to 15% w/w of a viscosity index ({(VI)



Density@5C DIN EN |1 SO 12185 882.9 kg/ n8 884.9 kg/n8 Viscosity@OC DI N EN

| SO 3104 4.5m®2/s n.d. Sul phur DIN EN | SO 20884 <10 ng/ kg <10 ng/ kg

FI ashpoi rwoRbN/@8se6B SO 2719 >120C >120C CFPP DI N EN | SO PCé/EPIM140339140M Xi ng
Procedure In each of the follow nﬂ]e arrpl es the VI inproving polyners
were weighted into a glass bottle and t desi gnat ed anount of sol vent was
added. Repetitive cycles of swelling and stirring were conducted at 25C
until all 15ﬁﬁpépWéngw@§ldm§§®|vé@téﬁdlarﬁan@g@npo&§m§®|mnbéndmag ebt ai ned.
Example 1 (S Iublll%y %f VI V|ng 5 ners

r_ALQ i.C
Hydr ocar bons matl nomer’ e%sofubr leFugé/;fvaOvlgfug‘g 1%8”?%19) and
SV 260 20( TMranas bQSEedmlﬂOe&©h70% newroEeanmdeﬁawedlﬁkddnetevghs

2012/ 085263PCT/ EP2011/ 073916
0il, in the range of from 25 to 50% v/v aromatic
5 hydreocarbons, and in the range of from 5 to 10 % v/v
fatty acid alkyl ester.

The additive composition may comprise other fuel
additives. The one or more other fuel additives may be
selected from any useful additive, such as detergents,

10 anti-corrosion additives, esters, poly-alpha olefins,
long chain organic acids, components containing amine or
amide active centres, and mixtures thereof,

The additive composition may contain any number of
additional useful additives known to the person of skill

15 in the art. In some embodiments, two or more viscosity
increasing components may be used, such as a VI improving
polymer and a high viscosity fuel or oil component. In
another embodiment there may be two or more VI improving
polymers of the same or different structural class.

20 Some advantages of the invention are applicable
irrespective of the minimum amcunt of VI polymer content
in the composition. Thus, from a second aspect, the
invention resgides in an additive composition for blending
with fuel, the additive composition comprising an amount

25 of a viscosity index (VI) improving polymer; and a
solvent mixture including in the range of from 10 to 85%
v/v of a middle distillate gas oil and at least 15% v/v
of one or more components selected from aromatic
hydrocarbons and oxygenates.

30 From a third aspect, the invention resides in the
use of an additive composition as defined anywhere herein
for the purpcose of incorporating a VI improving polymer

into a fuel, such as a diesel fuel. Preferably the use



- 22 - distillate gas oil, Fischer-Tropsch derived mddle distillate gas
oil and Shell Sol A150. Following mxing in the proportions shown in Table
5, the kiWeOrAtZU8526Bscosity at 40C (VK 40, as neasured byCEER201$07¥104) and
100C (VK 100, as neasured by EN I SO 3104)s of the conpositions was

determ ned. The results are shown in Table 5. Table 5 WVII Sol vent

Vi scosity( rmg‘%?’)gﬁt“ﬁ‘g{lé?cb%o%ﬁfgh%aﬁl?gé?gﬁ grggrgrgrabl e, Wwth standard

met hod - too measur a %8% 2 too hi gh Shel |l sol
A150 12.065 bod86htrbiésal iNokegrasunabhe, fuet host andaedstebhedrdi61103 SV
260 GIL 124'g%mponent, such as, for example an oxygenate as defined
anywhere herein. The fuel may advantageously be an
5 automotive fuel.

From a fourth aspect, the invention resides in a
method of blending or incorporating a VI improving
polymer into a fuel composition, the method comprising:
mixing at least 3% w/w of a VI improving polymer with a

10 solvent mixture including in the range of from 10 to 85%
v/v of a middle distillate gas oil and at least 15% v/v
of one or more components selected from aromatic
hydrocarbons and oxygenates to form an additive
compositicon; and blending the additive composition with

15 fuel.

Preferably, the method may comprise blending in the
range of from 0.25 to 5% v/v, more preferably 0.5 to 1.5%
v/v 0of the additive composition with the fuel.

Advantageously, the fuel composition and the

20 additive composition may each comprise a concentration of
a fuel component, such as an oxygenate as defined
anywhere herein, with the concentration of the fuel
component in the additive being less than or egual to the
concentration of the fuel component in the fuel.

25 From a fifth aspect, the invention resides in a fuel
composition and additive composition package comprising:
a fuel compeosition having a fuel component concentration
or concentration threshold associated therewith; and an
additive composition comprising: a viscosity index (VI)

30 improving additive and a solvent or solvent mixture
including a concentration of the fuel component, wherein
the concentration of the fuel component in the additive

composition is no greater than the concentration or



33.63 Shellsol A150 68.937 25.611 Diesel 195.54 49.775 The VKs of
SV 150 (TM in GIL and petroleumderived mddle distillate gas oil (at 400
were not WOR81L¥Ba¥Be 10wi th standard net hods due to t he PRTGW2041492¥4¢ t y of
these conpositions. This could be due tqdhe tendency of the polyners to
congl onerate and build up larger nol ecule clusters/ mcelles, which have
much hi gher inpact on viscosity. 15D ssolution of SV 150 (TM and SV 260
(TM in the &pbRabfeahiRbuFBrepbridorspesoateadeitd Beuft§lpourabl e

m xture with koW, v 0$] Ce 20{12/ 6 1 73916
e exanpP R BOCRBr b T Ty SPo1 CPBBrGvE bGPl yaer Th COygenate)
The sol ubi | i pyebbrebiyi hg eoncepteattenssofie B¥ng¢80agTWhenasheesind in an

oxygenate, nanely fatty ac-id nethyl bester (FA .specifically rapeseed
met hyl ester (RNE??IgﬁéhﬂBFhg?eeé?%?r%@iéSQa%ﬂd?%??%ﬂgn%%h téster (TME).
Fol | opi ng m xpag:irAchReony opakt eRasshevhpiknsdabkadby cbheakhnesnti c

viscosity at 40C (VK 40, as neasured by | SO 3104) of the conpositions
was det er mi ngdrizhéoner eSuths dpedshohAri AxFaple bCoTableiBIkAREd

Cbncentratiomgg%%@w e¥K?0&EH%/$Xn€WEd}n§ but not limited to", and do

not exclude other moieties, additives, components,
integers or steps.

10 Throughout the description and claims of this
sp@cificétion, the singular encompasses the plural unless
the context otherwise requires. In particular, where the
indefinite article is used, the specification is to be
understood as contemplating plurality as well as

i5 singularity, unless the context requires otherwise.
Preferred features of each aspect of the present
invention may be as described in connection with any of
the other aspects. Other features of the present
invention will become apparent from the following

20 examples.

Generally speaking the invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any
accompanying claims and drawings). Thus, features,

25 integers, characteristics, compounds, chemical moieties
or groups described in conjunction with a particular
aspeét, embodiment or example of the present invention
are to be understood to be applicabie to any other
aspect, embodiment or example described herein unless

30 incompatible therewith. Moreover, unless stated
otherwise, any feature disclosed herein may be replaced
by an alternative feature serving the same or a similar

purpose.



9.108 RVE 2.5 21.13 RVE 5.0 41.88 RVE 7.5 117.9 RME 10.0 327.7 SME 10.0
248.4 TVME 10.0 240.8 Mai nly rapeseed nethyl ester (RVE) was

i nvest i gaWOQI12Z[8826¥K40 ri ses exponentially w th increasPhEEPaNdOMMA@t i on of
SV 150 (TM. This observation m ght be explained with the build up of
cross-1linked networks or 15micelles in the solution, which induce stronger
t hi ckeni ng. $ % %0@6m/m/Vﬂ%§fl neg can be dIS ol ved into RME,
whil st VK40 is stTPf FaliAelrangsd %% LaBbtEt308° § . {HEAEDT her
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are used, the VK40 remains bel ow 300 mm2/s at 10% w w SV150 ( :
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Pol yner in CGgsmfPbhenics CGegbli nat the WkbhpAeemati ¢ Hydr ocar bons)

The following components were used in the following
Examples.

VI Improving Polymers:

- SV 150 (TM), a polystyrene-polyisoprene di-block
10 copolymer, ex. Infineum
. SV 260 (TM), a styrene-polyisoprene star copolymer,
ex. Infineum
Gas Oils:
- Petroleum derived middle distillate gas oil (Diesel)
15 obtained from Shell, having an estimated aromatics

content of about 20% m/m and the properties shown in

Table 1:

Table 1

Density@15°C DIN EN ISQ 12185 839.4 kg/m?
Viscosity@40°C DIN EN ISO 3104 2.63 mm?/s
Distillation, IBP DIN EN ISO 3405 175°C
Distillation, DP DIN EN ISO 3405 353°C
Sulphur DIN EN I30 20884 6 mg/kg
Flashpoint DIN EN IS0 2719 72°C

CFPP DI EN 116 -16°C
Cloud Point DIN EN 23015 ~10

- Fischer-Tropsch derived middle distillate gas oil

(GTL} obtained from Shell and having the properties shown

20 in Table 2:
Table 2
DensityR@15°C DIN EN ISC 12185 776.1 kg/m?®
Viscosity@40°C DIN EN ISO 3104 2.46 mm?/s
Distillation, IBP DIN EN ISO 3405 203°C
Distillation, DP DIN EN ISO 3405 314°C
Sulphur DIN EN ISO 20884 <5 mg/kg
Flashpoint DIN EN ISC 2719 89°C




The solubility of 5% w w of SV 150 (TM was tested in solvent mxtures
conpri sing Shell Sol A150 and varyi ng 5anounts of petrol eum derived m ddl e
di stil | at\®OgaR/a§p3630r Fi scher-Tropsch derived m ddl e di CIIHPARIA/0GH46 oi |
(GTL) . Following m xing in the proportions shown in Table 7, the

ki nematic viscosity at 40C (VK 40, as neasured by EN I SO 3104) and 100C (VK
100, as neasured by EN | SO 103104) of the conpositions was determ ned. The
results are SRBRALLA FHBERC2ILYEBFe 7 Shell Sol A150( %/ v) Petrol eum

031430, 10, 5 AL Fhg AL o bATTRLAL or 6300 5020

chemicals in the range of C9-Cl0 having the properties

shown in Table 3.

Table 3
Density@1l5°C ASTM D4052 893 kg/m?
Viscosity@40°C ASTM D445 1.2 mm?/s
Distillation, IBP ASTM D1078 183°C
Distillation, DP ASTM D1078 209°C
Benzene GC < 3 mg/kg
Sulphur SMS 1897 <0.5 mg/kg
Flashpoint ASTM D-93 62-65°C

5 Oxygenates:

- Fatty acid methyl esters (FAME} in the form of
rapeseed methyl ester (RME) soy methyl ester (SME) and
tallow methyl ester (TME) obtained from ADM and having

the properties shown in Table 4:

Table 4
RME SME
DensityR@15°C DIN EN ISO 12185 |882.9 884.9
kg/m? kg/m?
Viscosity@40°C |DIN EN ISO 3104 4.5mm?/s | n.d.
Sulphur DIN EN ISO 20884 |<10 mg/kg | <10 mg/kg
Flashpoint DIN EN ISO 2719 >120°C >120°C
CEFPP DIN EN IS0 116 ~17 -3
10 Mixing Procedure

In each of the following Examples the VI improving
polymers were weilghted into a glass bottle and the
designated amount of solvent was added. Repetitive cycles
of swelling and stirring were conducted at 25°C until all

15 material was dissolved and a homogeneous solution was
obtained.

Example 1 (Solubility of VI Improving Polymers in Gas (il

or Aromatic Hydrocarbons)

The solubility of 5% w/w of 8V 150 (TM) and SV 260

20 {TM) was tested in each of petroleum derived middle



21.145 7.513 20 80 108.240 9.120 80 - 20 13.252 5.652 60 - 40 15.034 5.986
40 60 87.918 6.353 20 - 80 28.162 The critical volune, where the

vi scosi t YWPrR8124088%8 rapidly is higher with petrol eum dePCYER2¢H1LATIIEO
distillate gas oil than with GIL. At 100G the viscosity 15is |ow Such

t enper at ure dependence was al ready observed for the pure solvents in
section Exanple 1. . This is nnit

mcel les at PoRBELL8AFePafupd thghEgh%Egiggg%ghgg?ﬁﬁ%gghgﬁagg%gﬁtngl?Lg.
At higher teppeeaiyres heseist EHEt HRES168N AEO.
Following mixing in the proportions shown in Table
5, the kinematic viscosity at 40°C (VK 40, as measured by
5 EN ISO 3104) and 100°C (VK 100, as measured by EN IS0

3104) of the compositions was determined. The results are

shown in Table 5.

Table 5
Vigcosity {(mm?/s) at
VII Solvent
40 °C 100 °C
Not measurable, Not measurable,
GTL with standard with standard
method - too method - too
high high
8V 150 Shellsol
A150 12.065 5.3861
Neot measurable,
Diesel with standard 16,103
method
GTL 124.31 33.63
Shellisol
8V 260 A150 £8.937 25.611
Diesel 185.54 49,775

The VKs of SV 150 {(TM) in GTL and petroleum derived

middle distillate gas oil (at 40°C) were not measureable

10 with standard methods due to the high viscosity of these
compositions. This could be due to the tendency of the
polymers to conglomerate and build up larger molecule
clusters/micelles, which have much higher impact on
viscosity.

15 Dissolution of SV 150 (TM) and SV 260 (TM)} in the
aromatic mixture ShellScl AlS0 leads to a fully pourable

mixture with rather low viscosity at 40°C.



20di srupted, which keeps the solution at nmuch | ower viscosity. WO

2012/ 085263PCT/ EP2011/ 073916 - 25 - Exanple 4 (Solubility of VI Inproving
Pol ymer iWO@AE/08F363 in Conbi nation with Aromatic Hydr ocZREHE®2013/073M§ genat e)
The solubility of 10%ww SV 150 (TM wags; tested in sol vent m xtures
conprising Shell Sol A150 or FAME (RME) 5in conbination with varying anmounts
of petroleu ' vmngmxmglnthe
proportions SHol : ' S4E548E8 (VK 40, as
measur ed by ﬁkly@@&@é§)4) and 100C (VK 100 as rreasur ed by EN | SO 103104) of
t he conpositions was determ ned. The results are shown in Table 8. Table 8
Pet rol eum deri vedTVD ERsUD { {0/ 9F TANELDH/ G9npRERRE+9nE ned/ 8Y 15@0C 100C

30 70 298. 13QT§§ QQZ %Qs§9d3gﬁ §§00§¥géﬂété9 namely fatty acid methyl

5 ester (FAME), specifically rapeseed methyl ester (RME),

soy methyl ester {(SME) and tallow methyl ester (TME).
Following mixing in the proportions shown in Table
6, the kinematic viscosity at 40°C (VK 40, as measured by

EN ISO 3104} of the compositions was determined. The

10 results are shown in Table 6.

Table 6

FAME Concentration (% w/w) VK40 (mm?/s)
RME 1.5 9.108
RME 2.5 21.13
RME 5.0 41 .88
RME 7.5 117.9
RME 10.90 327.7
SME 10.0 248.4
TME 10.0 240.8

Mainly rapeseed methyl ester (RME) was investigated.
The VK40 rises exponentially with increasing
concentration of SV 150 (TM). This observation might be
explained with the build up of cross~linked networks or
15 micelles in the sclution, which induce stronger
thickening.
Up to 10% w/w VI polymer can be dissolved into RME,
whilst VK40 is still in the range of up to about 300
mm?/s. When other types of FAME like SME (soy methyl
20 ester) or TME (tallow methyl ester) are used, the VK40
remains below 300 mm®/s at 10% w/w SV150 (TM).
Therefore all FAME types were suitable for preparing
pre-blends, with RME showing the highest viscosity in the
pre-blend.
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Example 3 {Solubility of VI Improving Polymer in Gas 0il

in Combination with Aromatic Hydrocarbons)

The solubility of 5% w/w of SV 150 (TM) was tested
in solvent mixtures comprising ShellSol Al50 and varying
5 amounts of petreleum derived middle distillate gas cil or
Fischer~Tropsch derived middle distillate gas oil {(GTL).
Following mixing in the proportions shown in Table
7, the kinematic viscosity at 40°C (VK 40, as measured by
EN IS0 3104) and 100°C (VK 100, as measured by EN ISC
10 3104y of the compositions was determined. The results are

shown in Table 7.

Table 7
ShellSol Petroleum GTL Viscosity (mm?2/s)
A150 (%v/v) derived MD (Bv/v)
Gas Qil(&v/v)

40°%¢ 1ce°c
80 20 e 14.164 5.993
&0 40 - 17.014 6.710
40 &0 - 21.145 7.513
20 80 - 108.240 9,120
80 - 20 13.252 5.652
60 - 40 15.034 5.98¢
40 - 60 87.918 6,353
20 - 80 - 28.162

The critical volume, where the viscosity increases
rapidly is higher with petroleum derived middle
distillate gas oil than with GTL. At 100°C the viscosity

15 is low. Such temperature dependence was already observed
for the pure solvents in section Example 1. This is most
likely associated with the formation of micelles at lower
temperature that induce strong thickening upon cooling.
At higher temperatures these structures can get

20 disrupted, which keeps the sclution at much lower

viscosity.
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5 in combination with varying amounts of petroleum derived

middle distillate gas oil.
Following mixing in the proportions shown in Table
8, the kinematic viscosity at 40°C (VK 40, as measured by
EN IS0 3104} and 100°C (VK 100, as measured by EN ISO
1.0 3104) of the compositions was determined. The results are

shown in Table 8.

Table 8
Petroleum FAME (%v/v) Viscosity {mm?/s)
derived MD Gas 40°C 100°C
Oil (sv/v)
30 70 298.130 58.087
40 60 321.880 57.441
50 50 388.520 56.333
60 40 755,050 58.155
Petroleum ShellSclAals0 Viscosity (mm?/s)
derived MD Gas (%v/v) 40°C 100°C
Qil{sv/v)
50 50 135.160 33.404
60 40 238.960 38.150
70 30 843.230 41.172
g0 20 Not

measurable,

with standard 43,248

method -~ too

high

Example 5 {(Solubility of VI Improving Pclymer in Gas 0il,

in Combination with Aromatic Hydrocarbons and Oxygenate)

A further optimisation of the solvent composition
15 was achieved by preparation of different three-component
blends containing 10% w/w of SV150 (TM) and mixtures of
petroleum derived middle distillate gas oil, ShellSol
A150 and FAME (RME).
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Following mixing irn the proportions shown in Table
9, the kinematic wviscosity at 40°C (VK 40, as measured by
EN ISO 3104) and 100°C (VK 100, as measured by EN ISO

3104) of the compositions was determined. The results are

5 shown in Table 9.

Table 9

Petroleum ShellSolA150 | FAME Viscosity (mm?/s)
derived MD (3v/v} ($v/v) 40°C 1ce0°cC
Gas 0il

(Bv/v)

50 50 0 14G.490 34,205
50 40 10 159.450 36.725
50 30 20 189.870 40.268
50 20 30 250.050 46.507
50 10 40 3056.700 51.2093
50 0 50 388.520 56.333
50 43 7 152,800 36.396
60 33 7 297.520 43.999
70 23 7 778,200 44,110

Up to 50% v/v of petroleum derived middle distillate
could be mixed with FAME to keep the VK40 in a range up
to about 400 mm’/s. However such a solution cannot
feasibly be blended into exchange base fuel, as it might

10 become non compilant to EN59%0 due to addition of 0.5%
FAME.

A mixture of 60% v/v petroleum derived middle
distillate gas oil with ShellSolAl50 gives an acceptable
VK40 below 300 mm?/s. Further addition of petroleum

15 derived middle distillate gas oil results in a strong
increase of VK40 starting at 70% v/v petroleum derived

middle distillate gas oil.
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bl ending wi th.fuehy Lheiafdltiye,conposhtEop }99@@&11%%&91% Fgast Sfaw w of
a viscosity i ndex (VI) inproving polyner; and a sol vent m xt ur e’ i ncl udi ng
in the rangeadfiltwm TOmMpos 859N/ Yovprasbnvddteldhsti Bkawéwgas ell and at

| east 15% v/ o] onents.sel ec rom romat dr ocar bons
and oxygenat é%g §g$§¥ aag? i\sggggﬁ%gg?ﬁ%ﬁ 8?53311%:”] i vﬁe?@h‘] “t'he sol vent
m xture conpnisesraniaconatihg hydecpearbhagelOgorpenent baviepg @,/bobLki BY
point_in the range of 170 to 370 C. 3. The additive corrp05|t|on of claiml
or claim 2, W‘i@iﬂg?ndéﬁté%ﬁﬁﬁl g2fydibcarBoAt cobrpehehb | €/ Bredennei ALt he

sol vent ”‘XtH5§e'Boﬁﬂoﬁ@HHQtsQiec%ééSfEBmGQf%MéylcoﬁyaéoEQrggﬁ%Véxd or

oxygenates.
2. The additive composition of claim 1, wherein the

solvent mixture comprises an aromatic hydrocarbon

10 component having a bolling point in the range of 170 to
370 °cC.
3. The additive composition of claim 1 or claim 2,

wherein an aromatic hydrocarbon component is present in
the solvent mixture in an amount of:
15 15 to 60% v/v, or
25 to 30% v/v, or
30 to 40% v/v
based on the total volume of the solvent mixture.
4. The additive composition of any preceding claim,
20 wherein the solvent mixture comprises an oxygenate
component selected from fatty acid alkyl esters.
5. The additive composition of any preceding claim,
wherein an oxygenate component is present in the solvent
mixture in an amount of:
25 2 to 60% v/v, or
3 to 25% v/v, or
4 to 10% v/v

based on the total wvolume of the solvent mixture.



30 to 40% v/v based on the total volume of the solvent m xture. 4.The
additive conposition of any preceding claim 20wherein the solvent m xture
conpri sesWaROBB5IAat e conponent sel ected fromfatty aciPETAIPRYII/0EWMEr s,

5. The additive conposition of any precedigng claim wherein an oxygenate
conponent is present in the solvent mxture in an amount of: 252 to 60%

viv, or 3 to 25@6 4.1t0 10% v/v, based.on the tot vol une of the
solvent nlxture ¥6%)%§Q§Fb§%2%%?2ﬁ7EE§§§1$67§@ﬁ6pr@§% lngGCf%ﬁ@ additi ve
conposi ti on eheasynpeacediyggnatai sompbaeatnianpexyganake gonponent is

present at a concentration_|ess than or equal to a concentration threshold
associ at ed WFPRCERETBX}GBNALESCEAPBNEAL SAHAA Edef EBRPBBITRBACRO which the

addi tive compasktihefql §s9hciacka Q@tﬁdgﬁg oxfge ﬁQ@eaggm bMEnGOHHO ition of
any preceding claimwherein the VI inproving 80 ymer conprises a ock

copolymer i néhedi ngnansaroémat o wbhoherhel@8dThévaddppweitoaposist bon of

any precedin clal wggr in the VI inproving polynmer conprises a
polystyrenep ylgog%e bl ock copolyner. 9. The additive conposition

according to7any precedingictabsnpybetebn bheani dgiecdishyl tatemgas oil has
a VK40, 15as neasured by EN |SO 3104, in the range of from1.0 to 3.0

me/s, and ahN&E6Et LBE ¥éniBRLOVABINBAsHMEd BYMPP39¢sor ENRZH16, in the
range of frogb%?igﬁe§olﬁ%ﬁﬁﬁhng1% ;ngggg?tkggoﬁggp05|tlon of any

precedi ng cl ai onprising in“the range o rom5to 15 %ww of a Vi
20i np¥ ovi ng Bopol ¥her adidtt Ude ngompoal oad i of nenpnerecatdengi alshe, sol vent
m xture inclu 5% v/v m ddl e Tlstillate as oil; 10 to 50% v/v

aromatic hydF 85?58n§heaﬁa émPSOYé@@VPQ VQFFyCQ@PH SFRyR BSL¥P5YPBBS5ed on

t he total vob@g?lggpgggesahugmbcglébgbg yme}l. The additive conposition of
any precedlng claim wherein the conposition has a kinematic viscosity at
h

40C of less Phan %06 afgisive compggltige @@Cahdaﬂﬁlt@v@nzompﬁseﬁlbg
according to 3oy, 30precedngng! At My L0L: Lhg PUEROSE 0L H NEQLPYr 8Ly a VI

15 as measured by EN IS0 3104, in the range of from 1.0 to
3.0 mm?/s, and an aromatics content, as measured by IP391
or EN12916, in the range of from 15 to 30 % m/m.
10. The additive composition of any preceding claim,
comprising in the range of from 5 to 15 % w/w of a VI
20 improving copolymer including an aromatic moncomer,
wherein the solvent mixture includes:
40 to 75% v/v middle distillate gas oil;
10 to 50% v/v aromatic hydrocarbons; and
3 to 10% v/v fatty acid alkyl esters
25 based on the total volume of the solvent mixture.
11. The additive composition of any preceding claim,
wherein the composition has a kinematic viscosity at 40°C
of less than 400 mm*/s.
12. Use of an additive composition according to any
30 preceding claim, for the purpose of incorporating a VI

improving polymer into a fuel.



i mproving polymer into a fuel. WD 2012/085263PCT/ EP2011/073916 - 29 - 13.
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A fuel conposition an Itrve conpositron package 15conprising: a Fuel
conposi tion hadidng difuéllebrpgmentitonndntialieentoi5&oméentfabhenor
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hydr ocar bons and oxygenates and |nclud|ng a concentration of the fuel
h

conponent, whefeprAdiRévVeoReBRPFALILER Bhthhehpuéhedonponenttianthe additive
o Lo LB AL PRGATSD LUgL TSR Ok coREprLtaLhon.ffpeshol
10 and the additive composition each comprise a
concentration of an oxygenate, with the concentration of
the oxygenate in the additive being less than or egqual to
the concentration of the oxygenate in the fuel.
15. A fuel composition and additive composition package
15 comprising: a fuel composition having a fuel component
concentration or concentration threshold associlated
therewith; and an additive composition comprising: a
viscosity index (VI) improving additive and a solvent or
soclvent mixture which comp;ises one or more components
20 selected from aromatic hydrocarbons and oxygenates and
including a concentration of the fuel component, wherein
the concentration of the fuel component in the additive
composition is no greater than the concentration or
concentration threshold associated with the fuel

25 component in the fuel composition.



