
WO 2 011/045334PCT/EP2010/065314 1 PROTECTION OF LIQUID FUELS FIELD OF THE 
INVENTION The present invention concerns the protection of liquid fuels, 
such as lwQuaii/aiS33is typically used in engines employedpC^/IJPISW/06tel4notive 
power in vehicles such as, although nt»t Slimited, turbine engined aircraft. 
In particular, the present invention is concerned with the protection of 
such liquid fuels from the deleterious effects of contamination by water, 
such as the effect on engines caused by the presence of water as a separate 
phase in a fuel. The p r- p c; P R R Oi liK ti K ) XrO tvi I il ty-Wr K k-811 y provides protection 
to liqi^jiJjj|yie^Srp^^c^T^.gerp|0raiation, thereby reducing the potential for ice 
slugs lu Lie diawn in lu llie engine. lOThe present invention also concerns 
compositiongr,he^)re®ftibia^erfii5»a cfeheefcfls Iferfpstaaatoiosfiliqofil fuel®, s&dda£lw{xrid&eitetes . More 
particularly, though not exclusively, the present invention concerns 
water- MP-m'iy #^n(lor a 

invention concerns clear aqueous compositions which comprise 15at least 99 
wt% of paoftdtapjoiiaf sfideMqiaddudsfrQfflrthirddetsriai^ecffliittsiixf cdiiferrpn^pa±>^&aater, aJchstudlr 
compositions, which compositions are useful as a fuel.for turbine engine 
aircra «e size 
of the t09iqgPae[l&§TroWfte f<9rn?cfi©W,' thgtfsgf erabiy 
no greater than 0.1[Lm, and their preparation. BACKGROUND OF THE INVENTION 
2 0Jet ffateiiJgffeeaotei^irfeisicesbg^tffiljf^-sianifttcfeLthfTa^in^ank of a turbine engine 
aircraft wiUa small, quantities of free water from., condensation arising, from ,.,10 , The present invention also concerns, compositions, a method lor their preparation ana use the changes in temperature due to altitude ch'anges. On the^grouna the 
fuel/t^U c6@©®§'S^&.lM@re<^PticPuto^fthfeSglPnat^k^Slufe^etyfiHe/pr^fttLia^eiftfen^feftS^lfe it 
typically ranges from -22C to -39C. Over a number of temperature change 
cycles SK)MM£C u^s^^efafea&tflwcgfgieaai^ter 
vapour to the accumulation of water within the fuel tank 
which may exist as a separate phase or free water within the fuel. If the 
free water ils spamai^ttfedprfe^npocrintodcofeireffig:eleaimqtub®jsfiM)©ilpofeiaiDkswhich «©mpfi®3rm 
slugs of ice (ice particles of sufficient size such that they may be 
trapped11 testt$ewtMa to 
the ^r^s^l^y^.S.^peing 777 
aircraft lost sufficient power to cause 30 an emergency landing at Heathrow 
in Janixam^iGrOOShcaciie tk^Me^efifaapAettsizsnDfdlfe water pfetSaiiltbg otHi^a^btfJocgfcafM^frarf rom 
the fuel, tanks to,the engines fAAIB interim report No 2 G-YMMM) . At 
present?; heaters, materials such 
as diet5^(bgi^g^Q|j3*fj5)^)j,n'j)j|jmgijp^ig|^rif^^r (DiEGME) are mixed with aircraft fuel 
to prevent ice formation m the 

20 Jet fuel often becomes contaminated in a fuel tank of a turbine engine aircraft with small 

quantities of free water from condensation arising from the changes in temperature due to 

altitude changes. On the ground the fuel/tank temperature can range from -18°C to +40°C, whilst 

in flight it typically ranges from -22°C to -39°C. 

Over a number of temperature change cycles, for example over a number flights, 

25 condensation of the water vapour can give rise to the accumulation of water within the fuel tank 

which may exist as a separate phase or free water within the fuel. If the free water is permitted to 

pool and freeze in the fuel tank, it can form slugs of ice (ice particles of sufficient size such that 

they may be trapped in the fuel filtering system) which can be potentially harmful to the function 

of the aircraft engines. Indeed, it is believed a Boeing 777 aircraft lost sufficient power to cause 

30 an emergency landing at Heathrow in January 2008 due to the formation of ice reducing the flow 

of fuel from the fuel tanks to the engines (AAIB interim report No 2 G-YMMM). 

At present, as an alternative to employing fuel tank heaters, materials such as diethylene 

glycol mono methyl ether (DiEGME) are mixed with aircraft fuel to prevent ice formation in the 



WO 2 011/045334PCT/EP2010/065314 2 fuel. Whilst DiEGME is about equally 
miscible in both water and fuel at temperatures above freezing, careful 
monitorii^o<ittliiQ3§|334he mixing process must be adhered toP6lC/EiPldl0/065B&B to 
ensure an initial homogenous fuel. However, no matter how carefully mixed, 
DiEGME has a tendency at temperatures significantly below freezing to 
preferentially concentrate in the water phase. 5 Thus, due to 
disproportionate distribution of DiEGME in the water and fuel at low 
temper^rSilslBS^gdialW'MWSsanlSMbteiS bftite^a^hSMyu«tfK tgiBSP'gSSisfeve 
f ormati^^J a ttefiSMPSe aiSll ffesMstireThe 
presence of the DiEGME in the aqueous^phase will prevent some of the water 
in thi anphiiaiafehcfiTO^nbtiKrfiDiibfloiwavdi^eo nHflawetaftC hm&tondendyas an 
unusual characteristic in that it forms a gel like substance at low 

W^^^pple 
3eliY" AY^i9Gel%Vtc^i^rctos, 
attributed several aviation accidents to the formation of this "apple 
j elly" i matffea dot ID i ££i I\4E ME ths ff&c 1 fpha:3c ctaaiitesl a(sgptoatei^u©aaisgih^se 
disclos.es the, in^pgrnpratio^ .of, certain acylami^oalkyl glycine betaines into 
liquid 
temperc^&^t betaines 
are shown to reduce the temperature at which cloudiness or haziness 
develo^lixlffle fei^s$^g]o araetfi&st^ieiiteMs§n gdel&£ri® fegan]c§ a£jp^tegi§>g®tig-©s:be 
caused .by the appearance of small ice or< wax. Gxystals . • The . visual-,, TTC ID tne gel like jiffifstance is commonly referrea to as apple icily2 m thejiviatipn inaustrY.TThe.yS appearance or these smaxl ice;or wax crystals indicates that a significant 
proportp^eiraOAvktign Sa£>c8ffibSftd s©fer5i9«lati&3i%gcM#nt^SSti©3femti©^oetQ^tals, 
have a particle size above at least 1 gm. Aircraft fuel 20containing 
dispersMte JW':P^e^MTOSfl^^s-l lam in size tend to demonstrate 
instability^^e^^^^^p^^g^n^^^^^p^^j^ and/or 
agglomerate with other ice particles, leading to the potential formation of 
ice sligj^cine betaine.sIittoilkiiadihyidtrcjeirbonDffijcb^ajctimeattiCitiaftifnicl^itfciraproVo lmetfampEralttrc 
eliminate the. formation of ice slugs, and appl.e jelly in fuel in the fuel 

ive in fuel 
oils t<*edr®$Hffife SWffigfra0gdififes5f?yto®ftgv^ ftfzifi&&fsr 
beneficial performance additives has been known for many years. The use of 
wa t e r acfecteedfidlietlasiagedLby tha&pjLQMafltee ©£ ins a It ice ±mpa®M£gysfelli® Tchs cyisto^aipe^paofftoLfe s of 
e.g. cutting oils has also, been known for^many years. -Water is incorporated 
into trfiesMi¥MiSiecf1H5¥SeWttSiP1¥gWt 8rartM?£fe9Pffi PgM&Sion. 
3 OWat af gWJrieM?&Pcr£ aSFgeiSiWit^rtfel^aiSad^^Iea^qcpaieAir^kftqiidigreat er 
than 1 lam) tend to have a milky appearance. These emulsions require a 
nurSQer Q§eta^i^^g£f)jioa^iigl^feictetaSfep^sl ig^bifi&feides 
to overcome,.problems associated with addition, of the -water .phase.. These tne particles mnsize can drop out off suspension and/or agglomerate with other ice particles, . . macroemulsions, due to crreir large water droplet size, also tend to exhibit 

leading to the potential formation of ice slugs. 

It is an object of the present invention to reduce or eliminate the formation of ice slugs 

and apple jelly in fuel in the fuel tanks of turbine engine aircraft. 

25 The use of water as an additive in fuel oils to reduce emissions of pollutants and to aid 

incorporation of other beneficial performance additives has been known for many years. The use 

of water as an additive in lubricant oils to improve the cooling properties of e.g. cutting oils has 

also been known for many years. Water is incorporated into the fuel and lubricant oils in the 

form of a water-in-oil emulsion. 

30 Water-in-oil emulsions formed with a large water droplet size (greater than 1 urn) tend to 

have a milky appearance. These emulsions require a number of secondary additives such as 

corrosion inhibitors and bactericides to overcome problems associated with addition of the water 

phase. These macroemulsions, due to their large water droplet size, also tend to exhibit 



WO 2011/045334PCT/EP2010/065314 3 instability that leads to oil / water 
separation. Naturally, this is unwelcome as it may lead to problems with 
not only W0C2lMlW)3535ailure but also problems with ignitioBC®/ig,201l»ffl6SS14 
diesel-engine. Cutting oils, based on3water-in-oil emulsions, have been 
used to lubricate machine tools. The excellent coolant property of the 
water has been demonstrated to improve the life of the 5tool. However, the 
incorporation of water coupled with the instability of macroemulsions give 
rise u6B'il'®5®,asIiteaLl«l4lo 

rpflfeteSftilPinof the metal. Water-m-oil emulsions formed with an average water 
droplet sizCuQfin^)oi^baHod30ni©aQ-7-inpsitefT®jlsibi^haNfc ISccftiiiictl tB>rlute(Si$o maichiec tools, 
preferably of from 0.03 lam to 0.08 lam (hereafter referred to lOas 
"microeltelc^^lfSM0^PffiP5flMi,ten^atcrAhaefe^#P^str^dfoimTOc^fe§fe%ater 
^ro§le^O(^fi§wi^crfl^9¥ifcoPpo9l2tidfRTf ^^^;oS]^SVi9'ii::tfii>iSfebflftf SSi£ro<SflJil§i(Sik^^ an 
appearance which is more aesthetically pleasing to the user but also offers 
severalrisro&qj othca^ktetragjaKhGisrihc ltjferaci^aof^broiirwE^iitets-ckiKesfcdsyiiltadBteiorMjfeis^er 
translucent or clear microemulsions tend to be more stable than the larger 
droplei%fe™TSf%Slff8%tolStti,m9S- the water droplets remain in 
dispersion ]W®8Mi-WliriaBicMlibAfe0<^i9f-Jii'a«»^I®9ein|ftSJil®t 
separation. The small droplet size also appears to negate the need for both 
corros ir»rfcgafeiyi®fiQitfira ofiifesf from 0.03^©! &gB&cr^g®*<e£p^c^tto al) 
discloses the prpblero of, water accumulation- in fuel oil, storage- tanks,, 10,.as microcmuKions j are translucent. AlVDical value for the-averaee water aropief size is abpUt resulting from tne ^breathing" of storage vessels, presenting a problem of 
rustinc0..04rpmi¥biil§Mll^©^4@l^e^fei©fly ^gg^eapf^SSi^ii^rtiia^igtegstetiiSll/uel oil 
compositions during storage it is 20 disclosed to use a compound selected 
from a ,al^ a^dhc yF3^iffli^*ipithalamic 
acid g&W 4 
and 30 carbon atoms per molecule as an addition agent to the fuel oil. 
There :iskedcmi<fltysm^6rarrisi©fis,t^#iea(£0t&itdi©pLle&gieim&m ifidispitag)nWafc^r -amahda>iicht 
microemulsions of the f.u,el oil. . US-A-3346494 .(Robbins et al) di^io^Mdpe^^w^ pfefMatffiS&g sM$mw$$i7g ata®tenc8atc 
c omb i fi>&dq£r torigHf S ifically a fatty acid, an amino 
alcohol and an alkyl phenol. FR-A-2373328 (Grangette et al) discloses 
the preparatii&iA-&K)5££6:fAadmlsscl®.\\glissfosesithepxabl©aifwwtet 
sulphur containing surfactants. US-A-3^876391 (McCoy et. al) discloses, a 
procesil'W Jmff SEelfeg , 
which rrpyingfbftt^4fflieiift§®8,a^;^lnc2:'tt^feit^taiiS?TiSiigviSliM'o&^H^iSti^-^Aii&fti^fora^i^is 
microemulsions are formed by use of both a gasoline-soluble surfactant and 
a ftarpyi in 
the worked ^anrales -are-.ethoxvlated npnvlphenqls c • , • u , ncxanyarophtnaTamic acid ana a rraaamic aciaaml meir salts or primary amines having between 

4 and 30 carbon atoms per molecule as an addition agent to the fuel oil. There is no disclosure of 

the addition agents forming water-in-oil microemulsions of the fuel oil. 

US-A-3346494 (Robbins et al) discloses the preparation of microemulsions employing a 

25 selected combination of three microemulsifiers, specifically a fatty acid, an amino alcohol and 

an alkyl phenol. 

FR-A-2373328 (Grangette et al) discloses the preparation of microemulsions of oil and 

salt water by employing sulphur containing surfactants. 

US-A-3876391 (McCoy et al) discloses a process for preparing clear, stable water-in-

30 petroleum microemulsions, which may contain increased quantities of water-soluble additives. 

The microemulsions are formed by use of both a gasoline-soluble surfactant and a water-soluble 

surfactant. The only water-soluble surfactants employed in the worked examples are ethoxylated 

nonylphenols. 



WO 2 011/045334PCT/EP2010/065314 4 US-A-4619967 (Emerson et al) 
discloses the use of water-in-oil emulsions for emulsion polymerisation 
processeawo 2011/04533S-A-4744796 (Hazbun et al) discloses ECaiEi'eoiW&fiSSr^in-fuel 
microemulsions employing a cosurfacta&t combination of tertiary butyl 
alcohol and at least one amphoteric, anionic, cationic 5or nonionic 
surfactant. Cocoamidobetaines are disclosed as possible amphoteric 
surfactants. US-A-4770670 (Hazbun et al) discloses stable 
water- in-
Phenyl at s^ast one amphoteric, anionic, cationic or nonionic 
surfactant. Cocoamidobetaines are disclosed as possible amphoteric 
surfactants .U$J$t-474£09@$Mfeb66®hfflidisetosc^stebJdw0tioBie&cfcmKfra<alJ0lstonmiraf3tayetg 
useful in the preparation of lOoil-in-water emulsions. There is no 

oil 5ph^^0n^pcZ\)^^^1^t;2^0(:((^1Y[(j|.(^^^tlj^esdl^(sg:j].ggg;^j sftfacfents. 
water-in-oil emulsion fracturing fluid including an emulsifying agent sold 
by ICI unde]U&-]^4't'Mtea§i(Ha^buHyf)d|:Bd©£'lo^®^!6M«nwateettru£©L]6gamgnral§©ntempk)^ingot 
disclosed as being C6-C15 alcphol .ethoxylates or mixtures thereof) .. 
15Mixt&®lur4#fflS WSfiSiSBS10 or 

surfactjga(^1ifi®jfHg4Jt'c®ggiji11i|g(fetHggi!j.gci66BsfifiSEijS5®ft<ai|»its#ic3»rfiliSfltiin3 
detergents. WO-A-9818884 discloses water-in-fuel microemulsions, 
including e:^&i^M33§£8 &&£viii£i6tia& fefil@s^cM|fMtSiltii§ix&ir^8usgM«hte , 
with 6 ED. groups, .mixed,,with a jpolygJ.yQ.eryl-4- -monooleate, - and mixtures of „„ 1IL _ oiEin%atcremulsions.There is no dKclosrag-bYany watcr-m-oil1microcmulsioln comprisum,af C9-C11 alcohol ethoxylates mixed witn either polyglyceryl oleates 2(31 mear 
alcohoJlgasPit) ©itpfeasi.an alcohols. The presence of the polyglyceryl oleates 
and POE sorbitan alcohols tend to have detrimental effects on the viscosity 
properties «&^i4WH^!Pt\#a?Mrtfftgntal 
effect m& b^tcffe Wffliark Hynern^P^e^i13 9 
discloses a water-m-oil microemulsion, including a surfactant inixture 
c omp r i somt&si £yi t^^irtsaffid dotadrisictecd ̂ iibeifg. £|-C,i 5 alcfited (Stex^Ikte©to© inistotBS^t^etedf^ and 
optionally a tall oil 25fatty acid amine. The water-in-oil microemulsion 
ma^Pbe an iiMl^mafC^6b^^l:ctRoxy|atcs WS -cRWmc3]ft^EOTl^n -oil 
microetftyi^pfeeai^^^(SF^|-.^flSig^?|at^omprising a C6-C15 alcohol 
ethoxylate, an amine ethoxylate and a polyisobutylsuccininide or sorbitan 
ester. The v^0feA-9M88)8.4di»(ilQafis®f0ttstii<fkeliiiajyrcJseiufci(ffiSei2icluding exampfeB>«£su.cii01815 
discloses,a fuel, particularly for .diesel^engines, in microemulsion .form, 
30 comEfflfafflf "FTOffflld1 

emulsi^fgQjg^^le^ teyftMui^5LoP6P-Of^^<Sio'P^flife^lafefeLSiixe^i-with either8feites 
discloses a stable, clear water-in-oil microemulsion consisting of from 
abcSfit ^ing^ad'Qolwis^raPc^fe^itpa^^i^^hgf^geiMlgcSiifihegBDlxgiyie^uptle^ '•mifOE 
non aque^^jDjiage^ have detrimental effects on the viscosity properties of the emulsions 

which, in turn, has a consequential detrimental effect on the lubricity properties of the emulsion. 

W0-A-9850139 discloses a water-in-oil microemulsion, including a surfactant mixture 

comprising a fatty acid amine ethoxylate, a C6-C15 alcohol ethoxylate and optionally a tall oil 

25 fatty acid amine. The water-in-oil microemulsion may be an industrial lubricant. 

WO-A-0053699 discloses a water-in-oil microemulsion, including emulsifying agents 

comprising a C6-C15 alcohol ethoxylate, an amine ethoxylate and a polyisobutylsuccininide or 

sorbitan ester. The water-in-oil microemulsion may be a fuel. 

EP-A-1101815 discloses a fuel, particularly for diesel engines, in microemulsion form, 

30 comprising a liquid fuel, an emulsifier and an emulsive agent, the emulsive agent having an 

HLB value higher than 9. 

US-A-6716801 discloses a stable, clear water-in-oil microemulsion consisting of from 

about 5 to 40 wt% aqueous phase and from about 95 to about 60 wt% non-aqueous phase. The 



WO 2011/045334PCT/EP2010/065314 5 microemulsion includes from about 5 to 30 
wt% emulsifiers consisting of i) a mixture of C6-C15 alcohol ethoxylates 
each compa?©3an#)4i33®m 2 to 12 EO groups, ii) 0 to about 2ET71M010/065314 
polyisobutylsuccinimide and/or sorbitan ester, and iii) 0 to about 90 wt% 
amine ethoxylate. The microemulsion is described to be useful as a fuel 
and/or lubricant/coolant. 5Mixtures of liquid emulsifying agents suitable 
for use in the preparation of water-in-oil microemulsions are disclosed in 

alkY1. cohoi ethoxylate comprising 
f rom 2 ptDdyi^u^si@rmiipMecaird/©r Bdrkittatr©,t(0)^an!5tuQ)iO $dLabdm<D20 ©A'tosEjiiiafeAexylpteeTterably 
the mixture, 0.5 to about 15 wt% (C6-C24)alkyl 10 amine oxide and 0 or up 
to on the total weight 
of ^mul sif 1 suitable foFQ5^in9fe ^S4Pfn-(fiFt 

references, however, discloses the performance of water-inoil 
microeniiiiiE!Mmiisi®rb aterfipdDscddEr^¥OaA-0170l)i3 y)6. S(MkJnbcturbieIoiMrr®n(ljy. rcferffid .to M 
SUMMARY OF THE INVENTION The present inventipiL In its,_va^rious, aspects, is 
asset meni1S<e€ti<i>nH®58i«gfflt|i% am<itrfswW ta,,y <4# bgK!Went 
invent E^g&tp^l# of 
dispersing water in a liquid hydrocarbon fuel to provide a stable clear 
water - $1^1© <^gutttfewgi ter 
phase is -no q-reater than Q. 25r,lam)/2Q, in a-liguid, hydrocarbon fuel , , , ^ ID . amine oxide ana 0 or unto about 9Cwt%ipther non-10 ni&emulsimng agenQjaseaon. tne total comprising less than 5i) ppm water to reduce or substaniriarTy eliminate the 
formatj^@iglstitof®s&&ifyfo|UiginthiH(fe^iS«lfei©R. fuel of ice particles having a weight 
average particle size greater than 1 lam when said liquid hydrocarbon fuel 
is cooled tc^(HB^^1i<aite'g 
amount o^fe^n^o^^pauFe^^hydrocarbon fuel 
is sufficient to disperse at least 50 ppm water in said liquid hydrocarbon 
25fuel. In another aspect, the present invention provide a method of 
reducing or substantially eliminating the formation in a liquid hydrocarbon 
fueil o^-Q lTjBeP$e i g h t average particle size greater than 1 
lam when ^yie 
range of from (J to -50C, said method comprising a) providing a specified 
amount of 1 ilqisMa^cla^htipsesBbbMcnflk^lp/o^dasdthilb^ti®isa-Brf@etatfliifet is 
comprising, less. than 50 ppm water, ,b) providing at, least one surfactant 
that 
provid^j^^ipf^x^^ ffl§&fti^teit1&i2f§;bl:tHB:kfiij5^K@S^#,4d?If)hWfc^S'S41|rdate tlfttfic[P3-^6ms i z e 

of the dispersed water phase is no greater than 0.25 lam, c) adding said at 
lea$t d&<§ watro to reduce or substantially 
2011/045334PCT/EP2010/0653-14. 6-of .liquid Jiydrocarbpn fuel in a-n, amount ^ .eiirmnate tne formation m sain Tiquidnydrocarbon fuel or ice particles, having .a weightaverage sufficient to disperse at least 5xT ppm water m *said liqurtT hyarocarbbn 
fuel, ^m^tic^ sigfeLg^iflSfstaf 1 <&hSfi siii4i^tiid%dr(^ltjf)&cfMii£in 
hydrocarbon fuel. In another aspect, the present invention provides a 
method %f raPg?filf"M#i4:h after 
re fuel l^§oc^rl3o?i(%i&^si&®f^SPfi%i^rslc^:Fffea^t<:^) j^&rFWkfelSPsaid liquid hydrocarbon 

25 fuel. 

In another aspect, the present invention provide a method of reducing or substantially 

eliminating the formation in a liquid hydrocarbon fuel of ice particles having a weight average 

particle size greater than 1 urn when said liquid hydrocarbon fuel is cooled to temperatures in 

the range of from 0 to -50°C, said method comprising a) providing a specified amount of liquid 

30 hydrocarbon fuel, said liquid hydrocarbon fuel comprising less than 50 ppm water, b) providing 

at least one surfactant that is capable of dispersing water in said liquid hydrocarbon fuel to 

provide a stable clear water-in-oil microemulsion wherein the droplet size of the dispersed water 

phase is no greater than 0.25 urn, c) adding said at least one surfactant to said specified amount 

comprI y/ofh f E6SL 
betame, about 5 to about 9 9 wt% C6 - C15 er 



5having a weight average particle size greater than 1 lam when said liquid 
hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50C, 
said metlwO 200*03333$ing a) pumping a specified amount ofPti/jpffielotopirccarbon 
fuel into a fuel tank of an aircraft,6 said liquid hydrocarbon fuel 
comprising less than 50 ppm water, b) providing at least one surfactant 
that is capable of dispersing water in said liquid hydrocarbon fuel to 
provide a stable clear water-in-oil 10 microemulsion wherein the droplet 
size oS>f4HBitySSl0KMl»9 go fiBmHStfjsr ifi paiMilSSisb 
sa".a flilPunt 
sufficient to disperse at least 50 ppm water m saia liquid, hydrocarbon 
fuel during lQ&n6tfitteaspaa,it<fic ^demeritdn\h^d<EfropecKM®a afhaaEodUsf ipfirotlst| anratoradtewflh fuel 
tank, and d) dispersing said at leapt one surfactant in said liquid 
hydrocMi4ih*c^bmM at 

water pick up during the process of transferring the fuel from refinery to 
fuel demoted ta,l^pt©iMpBsiiit11i©mn^HDflferiBQi]^]5i)^ sa»toQlii(&diriiatipi|mpi)^aiJnpiu.g:6i the 
fuel using^a, standard fuel .bowser .that is. currently. in .operation at any 
airport?PeTO directly 
into t^ru(j|MSsitQSe SurY^ftStfihkt &n(Vor 
standard injection system. 20In another aspect, the present invention 
providf£§P^Mc rn&l "h^iifui^ htf&®sgr<ban ^4>kaC 1 $^eW$gfrieiQj[]_ e s 
having a- weight average, particle size greater than 1 .lam when ..saicLliquid , ID 3 mLcroemulsiqn wneremThe dropTef size of mejRspersea wafer onase is no sweater thanTr2j unv ^ hydrocarbon fuel is coolea to temperatures m tne range or from 0 co -50C, 
said 1 %JiM<$nj!ay^tfQefeS&Q®c 3ff>gai<$ tifpffld hydfobarto>ifUc4 5n fcPaiA§iM sgffiBient to 
preferably 45-500ppm, of at least one (C6-C15) alcohol ethoxylate 25and/or 
ii) frc5feWWt ̂ t^ rW$wg£fti',n ^liqigd^(gro^feon gtg|^fluidof at 

least ^QrokSfton 9$$ .^|^i^rl"c.daiWtiAc^i d ̂ fcii TtSM,^iilf ̂  dfefj^fhS^aid at least afe t ° 
the surfactants/emulsifying agents, an aircraft fuel may comprise one or 
more acMidtikp^Eydrocaitoariefiifels Aiscateser&edtia&iMetkiiiddBiLgddii^lSie cerntp©.Qtidalatnctrsi,s nrofflrtal 
deactivators., leak detector additives, corrosion inhibitors, lubricity 
im^ov^^c ^hose 
skillec^faiiifefrlfl^ tfiffoel fftMh ftftS&5^^^^&§pot.9K^\;cSi^)olftfe&^6a#<Bi-^u]5Pfit^¥id fnffiillfely 
In another aspect, the present invention provides a liquid concentrate 
compri34ixgd ©'St^dhctf®La.yng a(At^odard feel bowsar .tllatdtfciOTcetl^jn ®pOT®ti(atr^hioj<§i$.oyt. The 
emulsifying agents,-. W0, 2011/.04533.4PCT/EE2010/065.314 .7 (.B.) 30 to.95.wt.% of one or##effl5ff8s^site^yteff«54sMffiiy^epw!Dasit)isIttini>e8rtfe or 
more ^"bctlibrfcfysfe&i. wt • % of one or more organic 
solvents. In another aspect, the present invention provides a process for 
mai2@f acturiiJ§ aio%eica$g^}tttfea^s^ i®^i&4]egffi(ks^#irci®t^Mcixa«ii£^(tay.Q«dthat 

liquid hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50°C, said liquid 

hydrocarbon fuel comprising: 

i) from 45 to 4575 ppm, preferably 45-500ppm, of at least one (C6-C15) alcohol ethoxylate 

25 and/or ii) from 0 or up to 425 ppm, e.g. 5-425 ppm, preferably 2-50ppm, of at least one (CV 

C24)alkyl amido (C|-CV,)alkyl betaine. 

In addition to the surfactants/emulsifying agents, an aircraft fuel may comprise one or 

more additional components such as static dissipaters, antioxidants, metal deactivators, leak 

detector additives, corrosion inhibitors, lubricity improvers, alcohols, glycols and other standard 

30 products known to those skilled in the art, and contaminants, such as fatty acid methyl ester. 

In another aspect, the present invention provides a liquid concentrate comprising 

essentially: 

(A) 0.1 to 10 wt.% of one or more amphoteric emulsifying agents; 



In another aspect, the present invention provides a stable 
water-in-oil-emulsion, preferably a water-in-oil microemulsion comprising 
(a) a liquid 2filMflt533ar oil which is immiscible with water; PC:®/0PiMp/O653l4L wt.%, 
preferably up to 0.1 wt.%, based on tfre amount of (a), of water; and (c)10 
to 10,000 wt.ppm, preferably 10 to 1,000 wt.ppm, based on the amount of 
(a), of a concentrate as described above. In another aspect, the present 
invention provides the use in a liquid fuel for a turbine 15engined 
aircraf(§)of a con&9#£ii^°Si°afeSWSi^nkB^ko>^gs4H^5jH!&;liquid fuel is 
immiscible with scavenge free 
water which exists m or is introduced into the said liquid fuel or oil as 
a conta(fi)^nant by Oft0266iiJ^/oa)f©ti©biffio5ca(trgaaridBo-l©3dts-.emulsion or 
water-in-oil-microemulsion, thereby to render or retain the said liquid 
fuel or oil ISmthe^B^'t&efi^nt^TOtigifieeY^sg^(^?6sfo£^n^^ftgainvention 

Pro3id^n^tM^^eafibSffW(WMacf^dMfFc(^^1§W^(l3)rkr6)ffiMtipff6ilduced 
as a contaminant into a liquid fuel which is immiscible with water, thereby 
to rencMat®mper^ti®iintlitaT©ng®dfifr(MiqiliQ.0(ff tfi^iC^eferab^alKCetosrtflfiCe, which method 
comprises: adding to a substantially water.-free, liquid, fuel or. to a liquid 
fuel contamffliE#eV¥ERctf¥g£rW4F¥mSBWi*?it?ra%S6Mi-S@uBPjVe in order 

water-in-oil- 25 microemulsion. 
In each aspect of the present invention that references the concentrate as 
descrilfe}} above, tiffinwta|pr;(D) preferably add up to 
10 Q% . The term /' fxee-wator" refers ,t,o .water present, as, a separate . 10, , (bl . . , .up to 1 .wf7%, nrcrcratflv un to (J.l wt^%„basccfori tne amount OT.fah of ^ ml_ . visible liquid phase m a two phase liquid fuel and water mixture. This may 
arise from entra^^air; or water that is 30dissolved in the liquid fuel 
phase. Dissolved water becomes free water with lower temperatures due to 
the recfefction in In the above 
aspects of the ii^kfSfYa),^ cSff^frW^f Seffl)g(t§b(WS. or is . introduced into 
the liquid fuel as a contaminant i.e. it is not water which has been 
deliberatel^lnaddtfedr dspedtJAe ̂ riagcnitdnvdtiCiofi! pfloV/dMSlSSiM?(Iff ^ 3il] 2 ifllfQc'l Cf66 ai llui-bi&c 

15 engined aircraft of a concentrate as described above, wherein said liquid fuel is immiscible with 

water, characterised in that said use is to scavenge free water which exists in or is introduced 

into the said liquid fuel or oil as a contaminant by forming a stable water-in-oil-emulsion or 

water-in-oil-microemulsion, thereby to render or retain the said liquid fuel or oil in a usable 

state. 

20 In another aspect, the present invention provides a method of scavenging free water 

which exists in or is introduced as a contaminant into a liquid fuel which is immiscible with 

water, thereby to render or retain the said liquid fuel in a usable state, which method comprises: 

adding to a substantially water-free liquid fuel or to a liquid fuel contaminated with free water a 

concentrate as described above in order to form a stable water-in-oil-emulsion or water-in-oil-

25 microemulsion. 

In each aspect of the present invention that references the concentrate as described above, 

the amounts of components (A) to (D) preferably add up to 100%. 

The term "free-water" refers to water present as a separate visible liquid phase in a two 

phase liquid fuel and water mixture. This may arise from entrained water or water that is 

30 dissolved in the liquid fuel phase. Dissolved water becomes free water with lower temperatures 

due to the reduction in solubility of the water in liquid fuel. 

In the above aspects of the invention, the free-water exists in or is introduced into the 

liquid fuel as a contaminant i.e. it is not water which has been deliberately added to the liquid 



fuel, such as water added to a liquid fuel in the preparation of a 
water-in-oil emulsion or microemulsion. The free-water exists or is 
introducs«toaBlM)4533mtaminant in the liquid fuel or waterp©to®©2(HQ/9653ttffcter is 
added to the liquid fuel accidentally8or inadvertently, or the water is 
ambient moisture such as from rain or condensation water derived from 
changes in humidity levels in the 5atmosphere whilst the liquid fuel is in 
a tank vented to atmospheric conditions or in a tank which is subjected to 
wide aspects 
of the 

.iquid fue] 
conditional et^iavaaOTdsiaddedio flic^efti^fetac<j]hdbaklly®yitMvdmtorl9(3®ictfed\\aarambient 
contaminant could comprise 0.5% by weight or more of the combined weight of 
lOwate^^^^tlM^W," Wt 
tha^ i%tfi5^§ftfeifec\^hits'PSie^I!^19J1fiiePii it?5t<5SiSitepftflfiftJonHftijis ^hich 
comprise significantly less than 0.5 wt% of the combined weight of 
free- wafc atbj ©atell tbiqidd (fcn^K^urelchrn^^anqiil© ̂ h&ypjaoaarlpft tethsna)dxiYrtasp&t£ erlstfeewa t e r 
contaminating the liquid fuel will he .less than Q.2.wt%1and more, typically less ti?iffeB^te™nBwMrer^ercSP(af%%-^e^<rmc§Atf1,8liet?Hi1%»ft.ed 
weight coMSte Aemou>KrfResWfeiWBfflnfe9 bSct as a 
scavenger and a "scavenger" is a substance added to a chemical reaction or 
mixtur4n^neg4ft^i<^«ni®lt otpoafe^fit^goiskine^Fgiatelof 
English Dictiqnai^ya fo,urth Edition 15 98,,-Reprinted .19,99 (twice), , r 
TT nt) wfflcr.analmujdffljcn it win be apparemtoinose skilles m tne art theft m nracficc tne amount or HarperCollins Publisners. ^ The terms "liquid nyaroearbon fuel^, 
"hydrocfpcP£^itcif&t#iia,frii<0Jht'Wililqyfii^alt|w^)irl'prfeg'§ighff*P£Siifty l4§^Aa#8.59Wl9^6&tfefei;9ft^)ified 
equivalent generic terms for liquids such as jet fuels, aviation gasolines, 
militaf^ii^feg-^Sia&d l^H^ilsFo^^Q^^^Jc^ct^^giin/^lfrgg-^tefxeaded or 
unlead^^^l^j^^^^^g tMWw^o^d^tyMt^¥han^W/o,°ils' 
fatty acid methyl esters (FAME), poly alpha olefins and mixtures thereof, 
all of swtilia^.S5:®^,g)93r4mJ-Hy^wetgh1sdid;fearegfailiiBiBdiacigfciefwateiian^MtcpiidflEhe liquid 
fuels most suitable for practising the present invention are the 
hydrocarbon %^rnii¥gyerWSs€ie^ite^6tlfai^ev^iriancyVi^%vagergi%fe5.W?cM^ary 
grade rf&ftrP£k'ccteft&fiWc'c«^ii?fe0®Mtures 
thereof, and mixtures of the aforesaid with 1% by wt or more bioethanol 
and/or S^Eh ©ictifflnaigr, f<&i£rfe&iaom<4@^;Rcpeatg^ l?8$i$)vice), FlarperfMimljlibiisfyersjf the 
microemulsion forming surfactants./emulsifying agents,,,to. reduce or eliminate 
the formati<®Mmy^Mto#0§i& 2fe 
hydroce^^ii^teS&icFlMffis fdr^-qtoga§&Ms, as 
a contaminant. Thus, in each 30 relevant aspect of the present invention, th<20li(p3(fe %©teldie^s; fe^f^^afgfes/pg^&Cte^q^fflunfegd^cEMtfeiqaaffihth^r 
example in an, amount of up, to, 500, ppm e ..g., 1,00 1 iPire£e,rabl\j the 
n . . n ncavy, fuel oits, Dioluels, waste oils, fatty^eid methyl esters. fPAME), jooly al ah a diet ins arttl liquid fuel is for a turbine ehgined aircraft i.e. a Iiqum turcine fuel. A 
1 i qu i d ifikKfei^feerlut ill if whidhUSffe iOftrfll^a^ngMiite^ttegtsdMe witfei^ati© Tk¥ 
aviation. These include, for WO 2011/045334PCT/EP2010/065314 9 example, 
f uels Jfetfr^Sglinxentj^tar^jhy^mfarb^fu^^gj, igost^^abfei 

^el^avihffo~n7gaso line, military grade fuels, biodiesel, diesel, kerosene, gasoline/petrol and 

25 mixtures thereof, and mixtures of the aforesaid with 1% by wt or more bioethanol and/or FAME 

such as rapeseed methyl ester (RME). 

The ability of the microemulsion forming surfactants/emulsifying agents to reduce or 

eliminate the formation of ice particles greater than 1 urn is demonstrated on hydrocarbon fuels 

containing FAME, such as rapeseed methyl ester (RME), as a contaminant. Thus, in each 

30 relevant aspect of the present invention, the liquid fuel may comprise FAME, such as RME, as a 

contaminant, for example in an amount of up to 500 ppm e.g. 100 ppm. 

Preferably the liquid fuel is for a turbine engined aircraft i.e. a liquid turbine fuel. A 

liquid turbine fuel is a turbine fuel customary in civilian or military aviation. These include, for 

JP-4, 



JP-8 and JP-8+100. Jet A and Jet A-l are commercially available turbine 
fuel specifications based on kerosene. Current standards include, for 
example, WGTMl 10)43335 5 and DEF STAN 91- 91. Jet B is a mop€TJtEP3flll»/^653ifct fuel 
based on naphtha and kerosene fractions. JP-4 is equivalent to 5Jet B. 
JP-5, JP-7, JP-8 and JP-8+100 are military turbine fuels. Some of these 
standards relate to formulations which already comprise further additives 
such as corrosion inhibitors, other icing inhibitors, static dissipators, deterg<a5Wpl<safe^ftf!jte4»!giBritilte{fa8!tAe',et gfc&.Jp-5. JP-7,The 
term A& fue1' 
such as a hydrocarbon fuel oil, that is nor miscible with water at greater 
than albas&l dh.M-oseafe.eEurr®iir^fifl(teaasLpcM©,tfogajaa^te^ ASTEM DD l@S%andiDBE SIftJvf 91-
admixture of liquid fuel and water above 0.05% separates out on standing in 
to two a more 10 

mic5oe*g.W5,fJ?^W^i§idrJ#^±i^tkr^iim4ute%asr^r§fttaemdgMiMfei% 
surfactant or mixture of surfactants which is capable upon simple admixture 
with a fiim^aiticmsadjiii5hralKadgc(&ii^risd.&ifcteadiihii[v$S(Sddito (phasesinMbitor^ix^ieidcii^iel 
and water., of 15forming a water-in-,oil microemulsion. Fprmation of the 
microeiMM® fcient 
temperature ife-ta-m 'ilftruM^cl ^£ictt§4riMisffM&#Rfc ^ertfbfgrsW-S^SM fBSy®}eh%isg two 
visible immiscible phases of a liquid fuel and water, when the 
water: n®t^ci^ja#k§v^;&Ei^teii^H&oig:ifel%M4eib^faftMiiar 

proces^tt&fiirigilfritNvfc'-plSis^climentation, screen clogging and rusting in fuel 
oil compositions during storage disclosed in US-A-3095286 has not been 
investigated1?1^^ ag^n^fa3t£g^i^$rWi^a^%^^W%^t ayjsed 
beiiev^^r^tfo sffcxture 
with a mixture comprising two visible immiscible phases of a liquid fuel 
and watidmixt&GDOffiiltoaifMjityiirc dctopraafo|pitodx*risihkjanntaasdlilecplhaxesdf atiqMf^2k(S$5\2i&fr ofre 
not 25cons.idered t.o be tnicroerrjulsion-forming surfactants/emulsifying agents 
as ̂ eqifefMBglycine 
betain^^^g^ $$ alli^n^^ ft© £° form 

stable, clear, water-in-oil microemulsions upon admixture with a mixture 
compriaAk^rttsornpdsl^lM) iitsMoskmilaii©b^ptoses offi 1 k]uildi%ali®dfvM^ir, »Mn#®ter. 
Accordingly, the acylamidoalkyl glycine betaines,disclosed in US-A-2886423 
are notw#SnMMfa% 1WrbSeffiMMllteia^gMSi|WfSiaiW^fflai'BiS^ing 
agents s§ffa§t§fi^Rftf?c14%r^§mpPe^^fIftlelak@d/ftR:ft4(Bflero¥ffiWBK^iIi>riof9H dance °f 
any doubt, the expression "one or more stable, clear, water-infuel 
mic?£oeiM®|if>©§<i i n& & it^t^nt 
excludes ,am,ic acids of formulas .-(1.). .(.-21^ (3^nrandj J.A) and their- salts of 
primary amin^s^^iaving We^tfee^®^: ana ^(T / 0^0b535.4 10 
carbon aiittMea aggttts ElfeitesMlie lM£Ad3i{©3lg>&i*l riWb&fevM ScPfiMi%febfe}(SlefeJi^vater-in-oil 
acylamidoalkyl glycine betaines as disclosed in US-A-2886423) A 
suitab 11'cSWimMlfer a 

optionally a tall oil fatty acid amine. 5 Another suitable surfactant 
mi^l5ura:oma^crcd)ili^lidi®ttr«acrfilflsiQii-^oiaifjQg)laarra(^tiiti'd(xrp"illaitf^ng)Hg(ait1giasxtlcqiriecddfi the 

present invention. Similarly, the acylamidoalkyl glycine betaines disclosed in US-A-2886423 

(Vitalis et al) are not believed to form stable, clear, water-in-oil microemulsions upon admixture 

with a mixture comprising two visible immiscible phases of a liquid fuel and water. 

Accordingly, the acylamidoalkyl glycine betaines disclosed in US-A-2886423 are not considered 

30 to be microemulsion-forming surfactants/emulsifying agents as required in the present invention. 

However, for the avoidance of any doubt, the expression "one or more stable, clear, water-in-

fuel microemulsion-forming surfactants" as employed in the present invention excludes amic 

acids of formulas (1), (2), (3) and (4) and their salts of primary amines having between 4 and 30 



such ethoxylates and/or a fatty acid amine ethoxylate and a 
polyisobutylsuccininide and/or sorbitan ester. Particularly suitable 
stable, a&ea81,l/Q4sa3®r-in-oil microemulsion-forming surfaEe®ffiteS0ia/065314 
amphoteric or comprise a mixture of sliflrfactants including at least one 
amphoteric surfactant. Preferred amphoteric surfactants are betaines and 
sulpho betaines, particularly betaines. The 10 most preferred surfactants 
are the emulsifying agents herein below described. Though the 
physic^rt^St^tes SCM^idf^xl^lilfiafer s t ood, 
ifc is compositions comprise an aqueous 
phase distributed within a non-aqueous phase, wherein that the aqueous 
phase is dist^bibtosdjrfkaabtlMixiMmiTmfujacmfffiispkC^C'iialcdW cfta^laCtfoidrapdtetaf 
possibly micelles, having a size no greater than about 0.1 lam, such as 
from ^M^fepTammc. By 
ref?rrmft iffly , 5 Mfflxhlr&5^le M' 
we mean that, when a 1:1 ratio of water and surfactant or emulsifying agent 
is adde^ch:ctheLX^itq1waj^/toydMt^adld(5fflriiiff®i©tlioiyiataiandMi(pQlytLsabfityl^ci3p'itwtc,arild^»ed on 
the total .weight „of. liquid, hydrocarbon fuel, water and. . 

phase an 

average particles size of no greater than 0.1 pm in the oil phase for at 
least lfrcfeerM ftgiptofeiic feetg&t&b*u 1 i§^ feet^giKj^ 
stirring..The microemulsion,is of-a-continuous iuel.phase,in which water , ID, jnost OTererrecTsurfactants are the emulsifying, agents nerem below xlescrfflgd. . . droplets, Raving an average droplet s'lz'e of no greater than 0.1 pm is 
dispersed. Tpfeuffete^ft^giifealQikftHti'ofiftSbtffl^iMiferstood, it 
thermodynamically stable when used as a fuel for us in 25 jet or diesel 
engine^. 
may be nb^-a^&i^^-RSke^^hSrbS^tiiiftfie aqueous pit^se^fisfe^SEdIff 1tife4i,on^:56>(fii%'ii9S'1i^' that 
when a liquid fuel containing a relevant amount of stable microemulsion 
f orminghsfbrfiHrfttoasjtietappaiiffltt^^imritgll^gbaatin^aidizwa&giealies tkanoaiedt ®<bwrn, fench-£&Cfa,mvery 
few if any visible ice particles are formed in the fuel and no gel is 
foiled very surprising phenomenon, 
but without g^^j^gfg that, 
as the water-in-oil microemulsion is cooled, the presence of the 
surfacttbaltwH©man 1 idirflt^kia^watgeamfesuifeciahfeoricaigiliifi/ i ifgisgc n i n,jaid d®d tt>>a Ippjdrents the 
water droplets dispersed in the, fuel.from freezing .at normal temperatures 

2 011/0 4f§(3l34'B^e? ̂ 5(f>S^felSta&f'#A4l4if^i3ig<Sferif]:it©IF0rritfe^at^I1JS-^)fl^M'^oii,^h§:^4t4f:p^as§1flf:h 
that the water eventually does freeze, the surfactant/emulsifying agent 
act?g tdh9rW9tef-i%eil§H®ls^)te^igsa^^pe^^4§gl^ilWngfflagg§g.^)j|^i(ggfesz^#iijch may be 
formed in the cooled fuel,. ,Thus, even A± ice crystals, are formed in the 
£ , ^greater than U.Iumjn the qil phase For at least 12 .montns wnen storea at a constant temperature fuel, the surraccant/emulsifying agent m tne fuel prevents the rce 
crystal^2i^Witfi&©^%fflSi^?Th§S9fe§®i^SBfoWL§of &<§oiS6ffi®uPfii§t:^-15atk§fii ^fticft v£ai<3"e 

significantly above 11.tm, which consequently means that no ice slugs are 
formed .dr<Fptetghtewingiam ajygragfedeiptecS izeMoojgcca&^jfJias Oj^imys digpcffsodmilic. rasateHilNGS 
Fig. 1..Shows.a DSC.of Jet fuel .with 200 ppm water, and 700.ppm.DiEGME.lOFig . shotfM%i!u<a?< ffK0aWi10Biffla%fferoTOfe%i3&6feW?^e48MMr""" 2. shovftfvWW 'ftf 
Exaijpl^efW diesel engines. The droplets in the water-in-oil emulsion of the present invention may be in 

the form of micelles. 

It has been found, surprisingly, that when a liquid fuel containing a relevant amount of 

stable microemulsion forming surfactant/emulsifying agent and water is cooled down to -50°C, 

very few if any visible ice particles are formed in the fuel and no gel is formed. As a means to 

30 try to explain this very surprising phenomenon, but without wishing to be limited to this 

explanation, it is believed that, as the water-in-oil microemulsion is cooled, the presence of the 

surfactants/emulsifying agents in the liquid fuel initially prevents the water droplets dispersed in 

the fuel from freezing at normal temperatures by reducing the freezing point of the water but if, 



Fig 3 A shows a container at -17C vented to the atmosphere containing jet 
fuel, 200ppm water dyed red and 200 ppm composition from Example 4. 
Fig 3 B 9&(MBlM)4533mtainer at -17C vented to the atmosph$e®/EP281t>/®a53iCLg jet 
fuel, 200ppm 15 water dyed red and 70101 ppm DiEGME. Fig 4 Shows a 
comparison of a DSC of Jet fuel with 200 ppm water and 500 ppm rapeseed 
methyl ester against a DSC of Jet fuel with 200 ppm water, 500 ppm rapeseed 
methyl ester and 200 ppm concentrate from Example 4. 20 DETAILED 

fluid that 
due.to having a particle size greater than 1 lam, preferably it prevents the 
formatimy tatffoimed inatfat iodJ fik&vQmg, <^epMtitdc%^at£:ra®©fbime&tathe(Fudl, tham, and 
apple jelly. Prior to the present invention, materials such as diethylene 
glycol PrcKS.^ fWfP@6er ^°W?feion 
in !uelto tlM ife°sl^e 
tank heaters). Due to their chemical properties they are more soluble m 
water tato&ras3d.ffiiathe^iiidst3feteevgdt|iactstajtap|)teajilljDfe fiDOHadig to get into the fuel. 
Careful monitoring during the mixing process must be adhered to at all 
times to ensure an initial homogenous fuel. However, no matter how 
carefu]j^£^^^dgthe DiEGME, (the chemistry is such 30that it will 
prefer^htiaily Reside in the water phase as temperature reduces) it can 
separate f rdmgth£lh<5we2i E&stC dfbfet watdr ®wltlfi!0 ppteDiQSME phase . The 
DiEGME will prevent some ofTthis water from turnina to ice. However, the 
DiEGME wateAfxfe |el 
like substance often referred to as "apple jelly" in the aviation industry. 
WO 2011/045334PCT/EP2010/065314 12 Federal Aviation authorities have 
attributed ]^£hc^i^oiMn<3:ca£iWefitygntg^tctft£gtifflg^phtrg^ntai®^:gjtfelaebt 
invention overcomes,this .problem by, it is believed, preventing the r~ ^tZUUpnra water dyed rca and^Tjp ripm comaosrEion Trom Examnlc7+. T , . formation^or large ice crystals or uce crystal agglomerates. Indeed, it is 
believed thepjg $® sh^sOS^teSdef irPgnjctftel,S^&^Ptn the 
size of such particles is restricted to sub-micron particles (clium). 5 DSC 
re^tiltE^^ff <teg§Se4Lar^ between a DiEGME containing fuel 
and a water-^p4^si5^gftQ|^^^sf?f|g^TO^0Tto1ijjjgFofflji.SJ(?jp offers 
several advantages over the use of DiEGME. The latter tends to xte more 
hygrosoBpeBeediDttethftltastss agaidstvaiQS-C fudtvath 2G(Dtpprffi^|es,t5®0 .pplhapSseE^M®t%i al so 
chemically aggressive and may attack fuel tank linings etc, and needs to be 
used § MIBD?frying agents. The handling and 
disposal of 10 DiEGME is also costly due to the hazardous nature of the 
product. Other than in the operating examples, or where otherwise 
i ncEAc a tMTAiLEDrBES€BiPlMMe s sing quantities of ingredients used herein are 
to be understood as modified in all instances by.,the term, "about" . The present invention may provide a water content fluid that due to the inherent stability 

prevents the formation of ice particles having a particle size greater than 1 urn, preferably it 

prevents the formation of ice particles having a particle greater than 0.1 urn, and apple jelly. 

Prior to the present invention, materials such as diethylene glycol mono methyl ether 

25 (DiEGME) have been used to prevent ice formation in fuel in small and military aircraft 

(commercial airlines tend to use tank heaters). Due to their chemical properties they are more 

soluble in water than in fuel and take a great deal of mixing to get into the fuel. Careful 

monitoring during the mixing process must be adhered to at all times to ensure an initial 

homogenous fuel. However, no matter how carefully mixed the DiEGME, (the chemistry is such 

30 that it will preferentially reside in the water phase as temperature reduces) it can separate from 

the fuel at low temperatures and enter the water phase. The DiEGME will prevent some of this 

water from turning to ice. However, the DiEGME water mixture has an unusual characteristic in 

that it forms a gel like substance often referred to as "apple jelly" in the aviation industry. 



The microemulsion of the present invention may be prepared from fuels that 
are standard 15grades available at any service station or from industrial 
supplierswoSffHfiMSEflDly, the fuel oil is selected from jetcf;(B£loa0/oaS3ifttion 
gasolines, military grade fuels, diesBl, kerosene, gasoline/petrol (leaded 
or unleaded) and mixtures thereof. Preferably the liquid fuel is for a 
turbine engine aircraft i.e. a liquid turbine fuel. A liquid turbine fuel 
is a turbine fuel customary in civilian or military aviation. These 
includ^edfislrAg^^s^hoife^vgfttitifege^^^a^fe1 t&s rr^ia^j A-1, 
2 0 Jet v$if$fis fJiSbfefnit7is b£ffev^d,^9vi^?in§ f m1^$ t 
A-1 are commercially available turbine fuel specifications cased on 
keroseiraystaflsiiEfDrfeetrjstaiai^QQdsraliescIhidd®!, itfi©bcle?tadiEHkei,f i&Sa^stEls M<$ SggtafteiSKg STAN 
91-91. Jet B i? a more highly cut fuel based on naphtha and kerosene 
fractidffis . rfft£-4n $g %^u%£¥gfltsH?£ Pj^%.ls fi^Lr^tcdjtg^b-nji^rog are 
mil5ta:i!yS^Vds13ftfLfi ions 
which already comprise further additives 25such as corrosion inhibitors, 
icing jwdtofeiiit&idg^iicscteffltLtLsio^ig^iptMBl^r^JiedffltifflegffltetCBVof&rsg^eMad^Atages over 
antioxidants ̂ jjietal deactivators,, etc. Typical, classes and.,,species of such 

US 2 00 9^kQt@fo57" #<4 IvffPisaMK^ssW^ aSi&Q^a^Q^tkQ^ftjel ta^fe^in?Hy$^W;l3ndratios 
of the fuel and water employed in the present emulsion are dependent 30 
upon m£M^s£tgcbtedi#®d agQgtj. TMjp&ffitfeai^di^^tpfabout 
99%n preferably ,at least about 99,5 %, , more^preferably at least about 

on the total 
weight of th0thgrltfeiffinPt&¥©pfe^iti]5g)g®®f>l&i@P-w6ire^rhfei#&©®tKii(^^Sftlilmbi©eaking, 
the fuel phase comprises no greater than about 99.999 % by weight, and 
pref er<8HPP«Bg '9*«£s % by 
weight vthe termT'¥©(i\fially, the composition or microemulsion comprises from 
about 0.0001 to about 1.0 % by weight of surfactants/emulsifying agents, 
preferably ffiteimahotmtulstfoiCflfitteipcEsadttcMffitenfioSln^ytte^seBaM^ffeaialfil^s fcaOarestandard 
0.0001 to, about 0.1 %, and even more preferably from about 0.0001 5.to about 
0 . df 5 fadffi^lIMfflWe»n gtieivafef'i sWlBi^&^r(3rafeMg agent s 
select | st aft(5tf-§ajso itSr'y gS^blife/B'Str^l 
microemulsion for a given fluid. Where a compound is referred to as 
being '(tefek§rliaiice*dccj) a»d mia&fficsitbcriaf:Pcefesb^tlha^gLifid facl®gi$£erably 
ethoxylated compounds , comprise,, from 2. to 12 EO groups* In a preferred 
embodir^fil?, ¥hl%i!S W1Wlir3te1J'ffl?tlSfeM °fB) 10 
have aiMaT^Mti^SgPf^^ailu^tfeyfealap^qrM&SftfelefiliSitSJi^imfelRnj^Fagl A-17 or 
less, preferably of 2.5 or less, typically of from 1.5 to 2.5, or, as an 
alt2£rnafeti^el Bsietfu^l ®r4,lJ3?sfe J§t from 
1.05 tq^ljj^ig tur|:ijne fue| specifications based on kerosene. Current standards include, for example, 

ASTM D 1655 and DEF STAN 91-91. Jet B is a more highly cut fuel based on naphtha and 

kerosene fractions. JP-4 is equivalent to Jet B. JP-5, JP-7, JP-8 and JP-8+100 are military turbine 

fuels. Some of these standards relate to formulations which already comprise further additives 

25 such as corrosion inhibitors, icing inhibitors, static dissipators, detergents, dispersants, 

antioxidants, metal deactivators, etc. Typical classes and species of such further additives are 

disclosed in US 2008/0178523 Al, US 2008/0196300 Al, US 2009/0065744 Al, WO 

2008/107371 and WO 2009/0010441. 

The mixture ratios of the fuel and water employed in the present emulsion are dependent 

30 upon many factors. Generally speaking, the fuel comprises at least about 99%, preferably at 

least about 99.5 %, more preferably at least about 99.995%, most preferably about 99.999 % by 

weight, based on the total weight of the clear aqueous composition or emulsion. Generally 

speaking, the fuel phase comprises no greater than about 99.999 % by weight, and preferably no 



When a mixture of C6-C15 alcohol ethoxylates is employed in the 
microemulsion, it is preferably a mixture of C9-C14 alcohol ethoxylates, 
such as av©i2KtMia£J3®f C9 to Cll alcohol 15ethoxylates orpeT/Efe2ftnaj!0653<££ 
C12-C14 alcohol ethoxylates. The distribution of any of the components in 
the mixture can range from 0 to 50% by weight, and are preferably 
distributed in a Gaussian format. Commercially available C6-C15 alcohol 
ethoxylates include relevant products sold by leading chemical companies. 
An exarfi^.r§ t'3^1 - C14 alcohol ethoxylate is Lauropal 2 
(available gSMMfcalHl!!p.WiL&®iPSO??ent 
comprises the following: (1) 3 parts by wt cocoamidopropyl betaine; (11) 97 
part s 1% bytwe£$it of ^£ic&teA£ro>ill s if^hgxg-dn&t; f) rc fiJ nab fyrfettii atro ifirffcOSSi rre ateou t ©Wo, 
emulsifying aaent comprises the following: (i) 1 part by wt cocoamidopropyl 
betain^orf afcS^Pt0($i to- by 
wt Qjlo rffifeL^Sul§fflSr fts^fAos?d£§fiifyin^(m|eifi^i^l§itdcftoam:'-ne 
ethoxylates comprising 25 from about 2 to 20 EO groups. In another 
embodimaininsistIte tetaiiaradifi^Mgma^^rctr retpmpdi®femt3hfflicfoxttldsiiiibri^tr a(gjycr5flg>idrts by 
wt cocoamidopropyl betaine; iii), 75 parts i>y wt C,6 - C15 .alcohol , 
ethoxylate; Tiff ? WipM WW 
nonion%o|«ftjj; about 2 to 
20 EO groups. 30The emulsifying compositions employed in the present 
invent ion aif§ a §(fectafeociie^ftt, t%trfp§]M©3£>ife! CY.iCas M$a^goig§fe(B)s, 
thenemulsif ier composition .may also include other ma,teri,als such ,asf, c , 10, Jiave an average degree or rneth^ branching lor tne alkanotunit qf3rror less, prereraDly of 2.5, , aliphatic alconols, glycols ;ana other components which are typically added 
to WO ci(I^sJ/t9^:i1&31^5)PSl(/ifi525)tbQ2^S),^&3ds/fenMtefeati^4^f <3.7t(9- l^sfjWifferaMy §£P-.S^tels, 
additives. In another embodiment, the emulsifying composition 
compri^S^c%liy^)f^?PLrld)4!^rf§ l-0(i) 2 parts cocoamidopropyl betaine; (ii) 60 parts 
C9 " Cii alcW^a^Q?8y(^t^|5 if i^^iro^Ri^ls^Tlt is44 

parts ethanol 5In one embodiment of the present invention, a microemulsion 
is pregBtafedtbl^ya mixtdffigjf Cg-^ aktotodtetftlikylMS,, £uah2i9 aSiSiStupaorft®^tc*3Cg alc<9lfc>.l998 
parts, fuel. e.g. a. jet fuel; and, (b) about 0.0.001 to about 0 01 parts, 
e.3^ o ,a tiwfe2fVi2nV4^pte,thwteiIfit^trm2fe2!^(^%gents 
includ^01^0fcn|^Kc rl^^nife^S^l^fagl^&MS^prdf^abfy cfi&ributSiih 
alcohol ethoxylate comprising from 2 to 12 EO groups or a mixture of such 
alcohola <a®l$®tayf(a,C@fe,Cci®i®£i®MlyS®iiiai)l^€a?£s5 daafco&fthosjilatafeinclude relevant products 

sold by leading chemical companies. An example of a commercial C12 - C14 alcohol ethoxylate is 

Lauropal 2 (available from Witco, England). 

20 In one embodiment, the emulsifying agent comprises the following: (i) 3 parts by wt 

cocoamidopropyl betaine; (ii) 97 parts by wt C9 - C11 alcohol ethoxylate; 

In another embodiment, the emulsifying agent comprises the following: (i) 1 part by wt 

cocoamidopropyl betaine; (ii) 8 parts by wt C9 - C11 alcohol ethoxylate; (iii) 3 parts by wt C10 

alkyl amine oxide and iv) 90 parts nonionic fatty (C6-C24)acid amine ethoxylates comprising 

25 from about 2 to 20 EO groups. 

In another embodiment, the emulsifying agent comprises the following: (i) 5 parts by wt 

cocoamidopropyl betaine; (ii) 75 parts by wt C6 - C15 alcohol ethoxylate; (iii) 10 parts by wt C10 

alkyl amine oxide and iv) 10 parts nonionic fatty (C6-C24) acid amine ethoxylates comprising 

from about 2 to 20 EO groups. 

30 The emulsifying compositions employed in the present invention are liquids at room 

temperature. 

As well as emulsifying agents, the emulsifier composition may also include other 

materials such as aliphatic alcohols, glycols and other components which are typically added to 



The present invention may be utilised in, among others, jet engines, diesel 
engines, oil burning heating systems and is suited to all uses within these 
applicative 2aiM)3&334Other uses within the fuels industryp©i/El»2toe/oeSJpfirent to 
those skilled in the art. The microenMlsion may comprise additional 
components. These additional components 15 may be incorporated to improve 
anti-wear, extreme pressure properties, improve cold weather performance or 
improve fuel combustion. The requirement to add additional components may 
be dict^t^e&tp in which the microemulsion is used. 

composJdoioamMagro^ tefetej (ap6(tfS£fftsvCi>ncf; i<p II cbhd t(iiii^4 
water pick up during the process of transferring the fuel from refinery to 
fuel d^d^y)TAfiai3fei^SJM4tion can be supplied and intimately mixed with the 
fue^ using Mfig:any 
airport. The additive composition can be dosed at the required rate 
directX?) tfiii&^S&tepaitis, eLg. S|9ii^ep&rtixftid, t.]gea^i£uEl;5afid wing using e.g. a 
venturi. system^ This,allows intimate„25mixing,to.occur and due, to the 
nature WtePM|,&^M'0l€a4%I(&5FaMifBtet111S«Sa!5h8&,S'e,l?rffee fuel and 
will a§ohb?w as 

-50C. The present invention will now be further described by way of 
exampl^thcExkteP^S^risR^®®!?^ 
wherein,.the, emulsion is a clear 30 translucent emulsion" is believed to be ID all narts arelay volume.. J analogous to ira •'water-m-oil microemulsion, wherein the average droplet 
size of the TfetpisegihiftmtMrftd^iMitflfei'd a@Mg©tteis? jk® ®n$Se^&e^Q&§ift£s,t&an 
0.251.tm, preferably no greater than O.ll.tm". In the present examples., the 
emulsi«ni^^tV£^OTta^^B^.allIlH€''fe^itteitfefiscv^i?fec^i5g^Eca^6^crcl6^feMfeyfed 
to hav^^^gm^^cffi^t^^gtipXe^w^^WO 
2 011/045334PCT/EP2010/065314 15 phase of the water-m-oil emulsion of no 
greater thariTl# .r3iifcr.dsmulsion may Icwnpiti.se c£WltiomtL(rcgn[WDsntpl S'beseaallfflitibpaliciDaljDoaaaas 
parts by weight, unless stated.otherwise. Example 1 A concentrate suitable 
f o^Q9Afe?fIcrthe 
f °1 low^ftSbfififiJB:©1?)?]ilfi^r0^SifiietfC)iSyS#ifei.tM -k&d tcfdiS^MS§ofn^oncn<te-V?iay 
alcohol ethoxylate and (ii) 3 parts cocoamidopropyl betaine. 

be dictated by the application area in which the microemulsion is used. Suitable additional 

components, and the requirement thereof depending on application area, will be apparent to 

those skilled in the art. 

20 The composition may be added at the wing of the aircraft to prevent unwanted water pick 

up during the process of transferring the fuel from refinery to fuel depot. The composition can be 

supplied and intimately mixed with the fuel using a standard fuel bowser that is currently in 

operation at any airport. The additive composition can be dosed at the required rate directly into 

the fuel as it is pumped into the aircraft wing using e.g. a venturi system. This allows intimate 

25 mixing to occur and due to the nature of the composition it readily distributes throughout the fuel 

and will remain distributed in the fuel even at temperatures down to as low as -50°C. 

The present invention will now be further described by way of example. 

EXAMPLES 

Reference hereafter to "a water-in-oil microemulsion wherein the emulsion is a clear 

30 translucent emulsion" is believed to be analogous to "a water-in-oil microemulsion, wherein the 

average droplet size of the water phase of the water-in-oil emulsion is no greater than 0.25jim, 

preferably no greater than 0.1 |im". In the present examples, the emulsions were visually 

inspected. Those which were clear were considered to have an average droplet size of the water 



The components were gently mixed to form a homogenous composition. Example 
2 A concentrate suitable for combining jet fuel with water was prepared by 
adding t^Ol0fi<aflt£l3Wing components in the quantities state®/EP2()lO/b6$Ja4rt by wt 
cocoamidopropyl betaine; (ii) 8 parts!5by wt C9 - C 1 1 alcohol ethoxylate; 
(iii) 3 parts by wt CIO alkyl amine oxide and iv) 90 parts fatty (C6-C24) 
acid amine ethoxylates comprising from about 2 to 20 EO groups. The 
components were gently mixed to form a homogenous composition. 15 Example 3 
A conc^§S^^h%Wfi1etm-@ile^ls^1r®feK>igr§at^feaifa4jinvith water was prepared by 
adding the £o 1,1 owing, components, j_n ,t£e quantities , stated:, (,i), 5 parts by wt . , In The foUowme examples, aJL partsarerparts ?y weignt, jffiless stated oihcrwfsc. , cocoamidopropyl Detaiire; (lir75 Mparts By wt-7 Cb b- Cl5 alcohol ethoxylate; 
(iii) t by wt CIO alkyl amine oxide and iv) 10 parts fatty (C6-C24) 
acid amine ethoxylates 20 comprising from about 2 to 20 EO groups. The 
components seesaw ji< fesfcftjssKfii ^ftptemwep««&!(¥>:Le 4 

"ith watef was Prepared by 
adding tne following^ components m parts by volume m the quantities 
stated (i)357|5iahsK9paOitslcdi®l©feoi^.la^rai®li(Ji) E>f&.^sL(tca;0an!iidi»|)r(^)^lt®aiti©. C9 - Cll 
alcohol ethoxylate; (iii) 4 parts ethylene glycol and (iv) 34 parts ethanol 
The component MPW1 $ i tion. Example 
5 0 •00^x'arftSeconcentrate from Example 1 was added to 11 of jet fuel 
(kerosene) 30 contaminated with 200ppm of water. The composition was 
introduced tfoccnttsntijaS sajtefclcwfeteamlBtrkOTg jat fuibwithjwttjte was prgpaeeddj^saidlitngrt^e fluid 
was^gently mixed until, a, clear, .translucent fluid was 10 following components m the quantities stated: 

i) 1 part by wt cocoamidopropyl betaine; (ii) 8 parts by wt C9 - C11 alcohol ethoxylate; (iii) 3 

parts by wt C10 alkyl amine oxide and iv) 90 parts fatty (C6-C24) acid amine ethoxylates 

comprising from about 2 to 20 EO groups. 

The components were gently mixed to form a homogenous composition. 

15 Example 3 

A concentrate suitable for combining jet fuel with water was prepared by adding the 

following components in the quantities stated: 

(i) 5 parts by wt cocoamidopropyl betaine; (ii) 75 parts by wt C6 - C15 alcohol ethoxylate; (iii) 10 

parts by wt C10 alkyl amine oxide and iv) 10 parts fatty (C6-C24) acid amine ethoxylates 

20 comprising from about 2 to 20 EO groups. 

The components were gently mixed to form a homogenous composition. 

Example 4 

A concentrate suitable for combining jet fuel with water was prepared by adding the 

following components in parts by volume in the quantities stated: 

25 (i) 2 parts cocoamidopropyl betaine; (ii) 60 parts C9 - C11 alcohol ethoxylate; (iii) 4 parts 

ethylene glycol and (iv) 34 parts ethanol 

The components were gently mixed to form a homogenous composition. 

Example 5 

0.001 1 of the concentrate from Example 1 was added to 1 1 of jet fuel (kerosene) 

30 contaminated with 200ppm of water. The composition was introduced to the oil and water from 

a micro pipette. The resulting fluid was gently mixed until a clear translucent fluid was 

observed. The resulting fluid remains stable after more than one year. 



observed. The resulting fluid remains stable after more than one year. WO 
2011/045334PCT/EP2010/065314 16 Example 6 0.001 1 of the concentrate 
from Exart^OQ0£l/04aB4added to 11 of jet fuel contaminatedp©±ytEte2<£L0/DgpM of 
water. The composition was introducedl6to the oil and water from a micro 
pipette. The resulting fluid was gently mixed until a clear translucent 
fluid was observed. The resulting fluid 5remains stable after more than one 
year. Example 7 0.001 1 of the concentrate from Example 3 was added 
to 11 £uel contaminated with 200ppm of water. The composition was 
introduced ®id 

was gently mixed until a clear translucent fluid was observed. The 
result j2tD§p]fAi©f<&aJe®. iffitfiAdsiccdntart&c bit and <&&ferfi©ara rrEcfatpiplette.SThe 
0.001 1 of the concentrate from Example 4 was added to 11 of jet fuel 
contam 
oi15an4effiifefitafraeMja]fi9neA?f^e- The resulting fluid was gently mixed 
until a clear translucent fluid was observed. The resulting fluid 15remains 
stable fix&iBpleifflore than one year. Example 9 200 ppm of the concentrate 
from Example, l,i,n 11 of jet fuel Jkerosene) was, subject .to differential 
scanning caMMflSf Wing 
product2($ji,^jil£f^«ft$. tKPjBfflfffcaWfrWii ff&iciSlpilfetB.1TlreI'he 
resulting scans showed 20 that the composition performed equally as well as 
the DiffGM#inj^flitM<wq&]g§&lj£§i i M flli t &gl c^tgaiifchice^ 

poor 
solubi]^aaijji©8fuel allowing free water particularly at lower temperatures 
i.e. -40C. The scans can be seen in Figures 1 & 2. 25Fig 3 A shows a 
container 
water fj9e0c.*s™«^mclcFft%^P«^a$f f^a»STOtt9.%feet 
fuel, water and composition of Example 4 is clear and substantially 
transpOT;artaing flmdi^tginrtjy tnfcecfcl itoWfeawk&ietramiu4eatrf|aiAteta©0fefe&jeiicTb©i©§idtifl§t£liiidi i s 
in the fuel as a water-in oil microemulsion. No ice particles or apple 

•tion. 30Fig 3 B shows a container at -17C 
vented ̂ ^nf^j|9atmosphere containing jet fuel, 2 00ppm water dyed red and 700 
ppm DiEGME. The mixture of jet fuel, water and DiEGME is substantially 
opaque, indj2f)itpJmgo%haeon£aaatrit4fisMEEt£8[i^leLdtindii©6j^i®&l^Mgrosteh^)w®ts©bjeati)<9 any 
atmospheric condensation.. Instead,, the water appears .dispersed .in the fuel 
as visorimctry (DsC) m comparison to 700 ppm or current anti icing product 

diethylene glycol monomethyl ether (DiEGME) in 1 1 of jet fuel. The resulting scans showed 

20 that the composition performed equally as well as the DiEGME in the absence of water but in 

the presence of 200ppm water contamination the composition showed no phase changes 

indicating no ice formation, whereas the DiEGME showed that ice was forming due to its poor 

solubility in fuel allowing free water particularly at lower temperatures i.e. -40°C. The scans can 

be seen in Figures 1 & 2. 

25 Fig 3 A shows a container at -17°C vented to the atmosphere containing: jet fuel, 

200ppm water dyed red and 200 ppm composition from Example 4. The mixture of jet fuel, 

water and composition of Example 4 is clear and substantially transparent, indicating that the 

water and any atmospheric condensation is in the fuel as a water-in oil microemulsion. No ice 

particles or apple jelly are observed in the composition. 

30 Fig 3 B shows a container at -17°C vented to the atmosphere containing jet fuel, 200ppm 

water dyed red and 700 ppm DiEGME. The mixture of jet fuel, water and DiEGME is 

substantially opaque, indicating that the DiEGME has not absorbed all the water and any 

atmospheric condensation. Instead, the water appears dispersed in the fuel as visible droplets or 



WO 2011/045334PCT/EP2010/065314 17 ice crystals, i.e. particles over 1 
micron, which over time agglomerate and form an apple jelly with the DiEGME 
at the ba#Oami<Z0i533]te tank. Example 10 The concentrate fPCtr/EE2ffliO®Ssi4 was 
used to evaluate microbial growth in Hviation fuel. 5A series of tests 
based upon the Speed of Kill and the Persistence of Kill were carried out 
in comparison to an untreated water contaminated aviation fuel. In all 
cases the composition prevented the growth of microbial content whereas, 
the untj^^^rsc^©§&$le§]§8^n^^t3#i^o^ ti^dgg^njgff clExampie 
11 102Wffie^^EgMeMq1fi|,fteafl8ncentrate from Example 4 and 500 ppm 
rapeseea methyT ester (RME) m 11 of jet fuel (kerosene) was subject to DSC 
in comjBsaii^e 10o 2 00 ppm water and 500 ppm RME in 1 L of jet fuel 
(kerosene). The resulting scans showed a peak at about -20C for the fuel 
that contain&S 
pre sjenc^ S(cj!-^S ?Sll <^r(9£ciM(^cfuttifran ^ 
gm: no such peak is 15shown for the jet fuel containing the concentrate of 
Examplecoaiparitabdh am si n tirnsfl d<± aiafct/eo wJfm matcilcaffi- i ajtia iff tfiial 1 te a 1 £ ©ami tbg cwtintphsi&oiparticle 
size of greater than l_gm. Various modifications and variations of the deScrii?iMi#rfaagroMol^ta%>%4%mfleoiff<t?fflcBi,r®smFQssliffl4iie 
skilled]^w4rtjfoout departing from the scope and spirit 20 of the 
invention. Although the invention has been described in connection with 
specifiJ£x^8ifil£4tred embodiments, it should be understood that the invention 
as .claimed should not be. unduly limited, to such spec i disembodiments. _ JO , ^200npm water,. zOQppm of the cpnccnjxatc Tram txamnfc -T ann SOO npm rapeseea , Indeed, various^modirlcat^fons or the described modes ror carrying out the 
invent ft ©I (fe^l^e^M^M^ecitb ields 
are intended to be within the scope of the following claims. WO 200Mfe°scnq)-.Tte^s^fin&fecap&A^'(^pQ^^actant 
that iM#)-^fo9!h^Pifi^MiiiM^rcoiBeAafe™%MtepfeaPwMictevl)5Pvide 
a stable clear water-in-oil microemulsion wherein the droplet 

the presence of ice particles forming with a particle size of greater than 1 urn: no such peak is 

15 shown for the jet fuel containing the concentrate of Example 4, which is indicative of no ice 

particles forming with a particle size of greater than 1 urn. 

Various modifications and variations of the described methods and system of the 

invention will be apparent to those skilled in the art without departing from the scope and spirit 

20 of the invention. Although the invention has been described in connection with specific 

preferred embodiments, it should be understood that the invention as claimed should not be 

unduly limited to such specific embodiments. Indeed, various modifications of the described 

modes for carrying out the invention which are obvious to those skilled in chemistry or related 

fields are intended to be within the scope of the following claims. 
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CLAIMS 

1. Use of at least one surfactant that is capable of dispersing water in a liquid hydrocarbon 

5 fuel to provide a stable clear water-in-oil microemulsion wherein the droplet size of the 

dispersed water phase is no greater than 0.25 jam in a liquid hydrocarbon fuel comprising less 

than 50 ppm water to reduce or substantially eliminate the formation in said liquid hydrocarbon 

fuel of ice particles having a weight average particle size greater than 1 jam when said liquid 

hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50°C, wherein the amount 

10 of said at least one surfactant used in said liquid hydrocarbon fuel is sufficient to disperse at least 

50 ppm water in said liquid hydrocarbon fuel. 

2. A method of reducing or substantially eliminating the formation in a liquid hydrocarbon 

fuel of ice particles having a weight average particle size greater than 1 jam when said liquid 

hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50°C, said method 

15 comprising a) providing a specified amount of liquid hydrocarbon fuel, said liquid hydrocarbon 

fuel comprising less than 50 ppm water, b) providing at least one surfactant that is capable of 

dispersing water in said liquid hydrocarbon fuel to provide a stable clear water-in-oil 

microemulsion wherein the droplet size of the dispersed water phase is no greater than 0.25 jam, 

c) adding said at least one surfactant to said specified amount of liquid hydrocarbon fuel in an 

20 amount sufficient to disperse at least 50 ppm water in said liquid hydrocarbon fuel, and d) 

dispersing said at least one surfactant in said liquid hydrocarbon fuel. 

3. The use of claim 1 or the method of claim 2, wherein said at least one surfactant is a 

mixture of i) at least one (C6-C15) alcohol ethoxylate and/or ii) at least one (C8-C24) alkyl amido 

(C1-C6) alkyl betaine. 

25 4. The use or method of claim 3, wherein the liquid hydrocarbon fuel after addition of said 

at least one surfactant comprises i) from 45 to 4575 ppm of at least one (C6-C15) alcohol 

ethoxylate and ii) from 5 to 425 ppm of at least one (C8-C24) alkyl amido (C1-C6) alkyl betaine. 

5. The use or method as claimed in any one of the preceding claims, respectively, wherein 

the total amount of said at least one surfactant is sufficient to disperse no more than 5000 ppm 

30 water, preferably no more than 1000 ppm water, in said liquid hydrocarbon. 
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6. The use or method as claimed in any one of the preceding claims, respectively, wherein 

the total amount of said at least one surfactant is sufficient to disperse no more than 250 ppm 

water in said liquid hydrocarbon fuel. 

7. The use or method of claim 6, wherein said hydrocarbon fuel after addition of said at 

5 least one surfactant comprises i) about 160 ppm of at least one (C6-C15) alcohol ethoxylate and 

ii) about 10 ppm of at least one (C8-C24) alkyl amido (C1-C6) alkyl betaine. 

8. A method of refuelling an aircraft with a liquid hydrocarbon fuel which after refuelling 

has a reduced tendency to form ice particles having a weight average particle size greater than 1 

jam when said liquid hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50°C, 

10 said method comprising a) pumping a specified amount of liquid hydrocarbon fuel into a fuel 

tank of an aircraft, said liquid hydrocarbon fuel comprising less than 50 ppm water, b) providing 

at least one surfactant that is capable of dispersing water in said liquid hydrocarbon fuel to 

provide a stable clear water-in-oil microemulsion wherein the droplet size of the dispersed water 

phase is no greater than 0.25 jam, c) adding said at least one surfactant to said liquid hydrocarbon 

15 fuel in an amount sufficient to disperse at least 50 ppm water in said liquid hydrocarbon fuel 

during or after said liquid hydrocarbon fuel is pumped into said fuel tank, and d) dispersing said 

at least one surfactant in said liquid hydrocarbon fuel. 

9. A liquid hydrocarbon fuel for a turbine engine aircraft that in use has a reduced tendency 

to form ice particles having a weight average particle size greater than 1 jam when said liquid 

20 hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50°C, said liquid 

hydrocarbon fuel comprising less than 50 ppm water and: 

i) from 45 to 4575 ppm of at least one (C6-C15) alcohol ethoxylate and ii) from 5 to 425 ppm of 

at least one (C8-C24) alkyl amido (C1-C6) alkyl betaine. 

10. A fuel as claimed in claim 9 comprising: 

25 i) from 45 to 200 ppm of at least one (C6-C15) alcohol ethoxylate and ii) from 5 to 15 ppm of at 

least one (C8-C24) alkyl amido (C1-C6) alkyl betaine. 

11. A fuel as claimed in claim 10 comprising one or more additional components selected 

from one or more static dissipaters, antioxidants, metal deactivators, leak detector additives, 

corrosion inhibitors, lubricity improvers, alcohols, glycols and other standard products known to 

30 those skilled in the art, and contaminants, such as fatty acid methyl ester. 
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12. A liquid concentrate suitable for the use or method as claimed in any one of claims 1 to 8 
consisting essentially of: 

(A) 0.1 to 10 wt.% of one or more fatty (C8-C24)-amido-(Ci-C6)-alkyl betaine; 
5 

(B) 30 to 95 wt.% of one or more C6-Ci5-alkanol ethoxylate; 

(C) 0 to 20 wt.% of one or more glycol-based solubilizers; and 

10 (D) 0 to 65 wt.% of one or more organic solvents. 

13. A concentrate as claimed in Claim 12 consisting essentially of 

(A) 0.5 to 5 wt.% of one or more fatty (C8-C24)-amido-(Ci-C6)-alkyl betaine; 
15 

(B) 45 to 75 wt.% of one or more C6-Ci5-alkanol ethoxylate; 

(C) 0.5 to 10 wt.% of one or more glycol-based solubilizers; and 

20 (D) 5 to 50 wt.% of one or more organic solvents. 

14. A concentrate as claimed in any of claims 12-13 comprising cocoamidopropyl betaine as 

component (A). 

25 15. A concentrate as claimed in any of claims 12-14 comprising as component (B) one or 

more C6-Ci5-alkanol ethoxylates with 2 to 5 moles of ethylene oxide units on average per mole 

of alkanol. 

16. A concentrate as claimed in any of claims 12-15 comprising as component (B) one or 

30 more C6-Ci5-alkanol ethoxylates with an average degree of methyl branching for the alkanol unit 

of 3.7 or less. 

17. A concentrate as claimed in any of claims 12-16 comprising one or more C6-C11 -alkanol 

ethoxylates as component (B). 

18. A concentrate as claimed in Claim 17 comprising one or more C6-Cn-alkanol ethoxylates 

with 2 to 12 moles of ethylene oxide units on average per mole of alkanol as component (B) 
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19. A concentrate as claimed in any of claims 12-18 comprising ethylene glycol as 

component (C). 

20. A concentrate as claimed in any of claims 12-19 comprising one or more Ci-C4alkanols 

as component (D). 

21. A concentrate as claimed in Claim 20 comprising ethanol as component (D). 


