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15 In summary, the present invention concerns clear aqueous compositions
which comprise at least 99 wt% of a liquid fuel and concentrates useful in the
preparation of such compositions, which compositions are useful as a fuel for
turbine engine aircraft, such as water-in-oil emulsions wherein the average droplet
size of the water phase in the o1l phase 1s no greater than 0.25um, preferably no
20 greater than 0.1pum, and their preparation.

BACKGROUND OF THE INVENTION

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

25  temperature can range from -18°C to +40°C, whilst in flight it typically ranges from
-220C to -39°C.

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

30 fuel. If the free water 1s permitted to pool and freeze in the fuel tank, it can form
slugs of 1ce (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



filtering systenm) which can be potentially harnful to the function of the
aircraft WD 2011/ 095825PCT/ GB2011/ 050206 2 engi nes. Indeed, it is believed
a Boei ng wosomimss2aft | ost sufficient power to cause anprermBengsoioandi ng
at Heathrow in January 2008 due to the formation of ice reducing the flow
of fuel fromthe fuel tanks to the engines (AAIB interimreport No 2
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present invention' to reduce or elimnate the formation of |ce sl ugs and
appl e jtehiperaturfeselignificahdyfheddw feeeesnto prefbremgidhgeoeceatrateahtthe water The

use of ter_as an additive in.fuel oils to re ssions of poll nts
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size, also tend to exhibit instability that leads to oil / water

separ atgedhikeNathgtahdeyis connoolylvedesed3PEF ‘@Rl Rl 020Be aviation industry.
The US Federal Aviation Authority has attributed several aviation accidents to the

20  formation of this “apple jelly” material in aircraft fuel tanks.
It 1s 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.
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
25  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 1s
incorporated into the fuel and lubricant oils in the form of a water-in-oil emulsion.
Water-in-oil emulsions formed with a large water droplet size tend to have a
milky appearance. These emulsions require a number of secondary additives such
30 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 instability that leads to oil / water separation. Naturally,



3 this is unwelcone as it may lead to problens with not only machine
failure but also problens with ignition e.g. in a diesel-engine.

Cutting ovb2o1lmased on water-in-oil enulsions, have beercuwssstotimsbaebri cate
machi ne tools. The excellent cool ant property of the water has been
denonstrated 5 to inprove the life of the tool. However, the incorporation
of water coupled with the instability of nmacroenul sions give rise to other
probl ems, such as the lubricity of the oil, which is decreased with
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readily undergo macro oil/water phase separation. The small droplet size also
appears to negate the need for both corrosion inhibitors and bactericides.

US-A-3095286 (Andress et al) discloses the problem of water accumulation in

20  fuel o1l storage tanks, resulting from the “breathing” of storage vessels, presenting
a problem of rusting. To inhibit sedimentation, screen clogging and rusting in fuel
o1l compositions during storage it 1s disclosed to use a compound selected from a
phthalamic acid, a tetrahydrophthalamic acid, a hexahydrophthalamic acid and a
nadamic acid and their salts of primary amines having between 4 and 30 carbon

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

30 FR-A-2373328 (Grangette et al) discloses the preparation of microemulsions
of o1l and salt water by employing sulphur containing surfactants.

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



WO 2011/ 095825PCT/ GB2011/ 050206 4 wat er-i n- petrol eum m croenul si ons, whi ch

may contain increased quantities of water-soluble additives. The

m cr oenulwoaens/@s®sf or mred by use of both a gasol i ne-sol rolrespurfmeioant and

a water-soluble surfactant. The only water-sol uble surfactants enpl oyed in

t he worked exanpl es are et hoxyl at ed nonyl phenol s. 5US- A-4619967 (Enerson et
al) discloses the use of water-in-oil enul sions for enul sion polynerisation
processes. US-A-4744796 (Hazbun et al) discloses stable water-in-fuel
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of any water-i m croe sron conprising at least 60 wt % oil phase.
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emul sion fracturing fluid including an emul sifying agent sold by ICl under
t he trafepykn®e chypepatemtcrpdanaEpn omieidry yyhgloohel aned atdeastioand osed as
bei ng C6- CéS al cohol .et Q}gx l.at es or m xt es thareof%l. . M xtures of
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sol1@ f qfist8Sed As bBSsiBIERALAbIANL QlrfEet@ntdashi ng detergents. WO A- 9818884
di scl oses water-in-fuel mcroenul sions, including exanples of 25 such

emul si ons cddPrA<iTA§670 (daabeoleolaledisclogpéastablavimatietirEGarmoigpsemmilsiens wi t h
a pol ygl yceryl-4-nonool eate, and m xtures of -Cl11 al cohol ethoxyl ates
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t he emuisélossd W bossiblenamphbteriasudac@nsequenti al 30 detrinmental effect on

thelsl ubri ci tﬁspi&%%%ééggisoﬁ t({le enul si_ on. ) )

-A- chmid et al) discloses surfactant mixtures useful in the
preparation of oil-in-water emulsions. There 1s no disclosure of any water-in-oil
microemulsion comprising at least 60 wt % oil phase.

US-A-5633220 (Cawiezel) discloses the preparation of a water-in-oil emulsion
fracturing fluid including an emulsifying agent sold by ICI under the trademark
20  Hypermer (Hypermer emulsifying agents are not disclosed as being Ce-Ci5 alcohol
ethoxylates or mixtures thereof).
Mixtures of Ce-Cis alcohol ethoxylates are commercially available surfactants
normally sold for use in the preparation of e.g. washing detergents.
WO-A-9818884 discloses water-in-fuel microemulsions, including examples of
25  such emulsions comprising a Cs alcohol ethoxylate, with 6 EO groups, mixed with a
polyglyceryl-4-monooleate, and mixtures of Co-Ci1 alcohol ethoxylates mixed with
either polyglyceryl oleates linear alcohols or POE sorbitan alcohols. The presence of
the polyglyceryl oleates and POE sorbitan alcohols tend to have detrimental effects
on the viscosity properties of the emulsions which, in turn, has a consequential
30 detrimental effect on the lubricity properties of the emulsion.
WO-A-9850139 discloses a water-in-oil microemulsion, including a surfactant

mixture comprising a fatty acid amine ethoxylate, a Cs-Ci5 alcohol ethoxylate and



WO A- 9850139 di scl oses a water-in-oil mcroemul sion, including a surfactant
m xture conprising a fatty acid am ne ethoxylate, a C6-Cl5 al cohol

et hoxyl atwoand/o9¥¥252011/ 095825PCT/ GB2011/ 050206 5 opt i orelrigB281mbiosoi |
fatty acid am ne. The water-in-oil m &roenul sion may be an industrial

| ubricant. WO A- 0053699 di scl oses a water-in-oil m croenul sion,

i ncl udi ng ermul si fyi ng agents conprising a C6-Cl5 al cohol ethoxylate, an

am ne ethoxylate and a 5 pol yi sobutyl succi ninide or sorbitan ester. The

wat er - iaptuinallyi & tdémllifeftyrandpnbacaThaerater-in-oil mrephednds®nSmdy el dses a
fuel, particularly. for diesel engines, in mcroemul sion form conprising a
liquid 1{1&8??“3&?} #l?lagf'fi er and an emul sive agent, the enul sive agent having
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wat er-in-oil mcroemnul sion consisting of fromabout 5to 40 wt % agueous
phase argdénts oomabmuhg 95C4 61 addooholGdhuk $tana@mn agqure eshphdse. adde

m cr.oemnul sij 0€ i qcl udes .fromahout 5 to 130 wt % enmul Sli fiers consisting of i)
a nxt RAYiEPPeEleussinimidp ey setRtRy peees! BadRteGHyPHIPHEO PRSI 1BaY de o
groups,pii) 0 to about 25 wt % pol yi sobutyl succini m de and/or sorbitan
ester, and 15 iii) O to about 90 W % ami ne ethoxylate. The m croemnmulsion is
descri bed t cEP\-u361815 dsscioderel furldiaticultily ¢andiesoioddiihes,Nhxt ur es of

liquid emul sifying agents suitable for use in the preparation of
vat er - iml@pemﬁ@@@é’msﬁr@npm&r@ dligendsee] pn wlAlfgemmﬂlae.enwbhvwgem es,

commonly referred to .as concen es, conpri ahout 0.5 to about 15 wt%
oty (888t e R0 B BTt KyedueRrh eS80t 5 1o about 99 we % 0 -
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such al cohol ethoxylates, preferably the m xture, 0.5 to about 15 w %
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EO groups, 11) 0 to about 25 wt% polyisobutylsuccinimide and/or sorbitan ester, and
15 111) O to about 90 wt% amine ethoxylate. The microemulsion is described to be useful
as a fuel and/or lubricant/coolant.

Mixtures of liquid emulsifying agents suitable for use in the preparation of
water-1n-oil microemulsions are disclosed in WO-A-07083106. Such mixtures,
commonly referred to as concentrates, comprise about 0.5 to about 15 wt% fatty (Cs-

20  Cgy4)-amido-(Ci-Ce)alkyl betaine, about 5 to about 99 wt% Ce - Ci15 alcohol ethoxylate
comprising from 2 to 12 EO groups or a mixture of such alcohol ethoxylates,
preferably the mixture, 0.5 to about 15 wt% (Cs-Cas)alkyl amine oxide and O or upto
about 94 wt% other non-ionic emulsifying agent based on the total weight of
emulsifying agent in the emulsion.

25 None of the above prior art references, however, discloses the performance of

water-1n-oil emulsions at low temperatures.

SUMMARY OF THE INVENTION

The present invention, 1n its various aspects, 1s as set out in the
30 accompanying claims.
In a first aspect the present invention provides a liquid concentrate

comprising essentially:



The present invention, in its various aspects, is as set out in the 30
acconpanyi ng cl ai ns. In a first aspect the present invention provides
a |iquidwonoanvsese conprising essentially: WO PCT/GB2011/050206

2011/ 095825PCT/ (3B2011/ 050206 6 (A) 0.4 to 10 wt.% of one or nore anphoteric
emul sifying agents; (B) 30 to 95 w. % of one or nore nonionic al koxyl ated
surfactants; (C) 0 to 20 w. % of one or nore glycol -based solubilizers; and
(D) O to 65 wt.%of one or nore organi c solvents, 5 wherein conponent (B)
conpri 988 a mi xt ui-& toflOcet.B16t endkeamnolore pinoxdydtarieenmitlsiytid agendist car bon

nb th it i t he . b ers for, the two
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mi xturqcei ng at d gash wh. B FInRAU AHADSI S0l PASIEIARbNALs; At 2.0 carbon
nunbers, "nore preferably at least 2.5 carbon nunbers, nost preferably at

| east 3ID) car bon A 6ot f otiestrandrd oxgangasbiventser . Preferably, in the
m xture of C6-Cl15-al kanol ethoxyl ates, the, carpon numer for one of the two
06- 61 5-EheEeB coRPRELY} g@b@%ﬁéeﬁ ﬁem%tk%%&g gnal%aigqﬁ@thﬂxxm%w n t he
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si ngl e-carbon_al kanol or an ethoxylate of a m xture of al kanol honol ogues
wi th a midure bpued atlpasbah-hearben ndimbeisyprelenably at leasn2.8 cosbomauashryst |

the present invention.provides .a process for manufagturin ncentrate of
the 11 reoraRbaRL kR Eiter » CarPrhhERIE eompenete rA) 3D Bra T o
t 0get Nefuidbefk, [GSMARE #dth atR ot e RRASaBTy, iA QHE 1REutOoBOCC, LANRNRA er abl y
0C to 40C In a third aspect, the present invention provides a stable
wat er - iathokylated, sheraripmefiendiel fomomabethe twoils- Giscalbenul sthorylkdapmilacing
(a)aliquiﬂ)&fue or oil which is immscible with water; ( u 01 w.%
pref er dH1%F hlg%sﬁsh&rew BRSBE 1B REISEHLAC BY tb(“aIS%n%%rofb Y t0'P1 k6 Gne
and in the range of 12 to 14 for the other. Each of the species of the C¢-Cis-alkanol
ethoxylates mixture can be independently from each other an ethoxylate of a pure
15 single-carbon alkanol or an ethoxylate of a mixture of alkanol homologues with a
statistical carbon number distribution.
In a second aspect, the present invention provides a process for
manufacturing a concentrate of the first aspect, characterised in that components
(A) to (D) are mixed together at a temperature in the range of from -10°C to 60°C,
20  preferably 0°C to 40°C.

In a third aspect, the present invention provides a stable water-in-oil-

emulsion, preferably a water-in-oil microemulsion comprising

(a) a liquid fuel or o1l which 1s immiscible with water;

(b) up to 1 wt.%, preferably up to 0.1 wt.%, based on the amount of (a), of
25 water; and

(©) 10 to 10,000 wt.ppm, preferably 10 to 1,000 wt.ppm, based on the

amount of (a), of a concentrate of the first aspect.
In a fourth aspect, the present invention provides the use in a liquid fuel for
a turbine engined aircraft of a concentrate of the first aspect, wherein said liquid
30 fuel 1s immiscible with water, characterised in that said use 1s to scavenge free
water which exists in or 1s introduced into the said liquid fuel or o1l as a

contaminant by forming a stable water-in-oil-emulsion or water-in-oil-



25water; and (c) 10 to 10,000 wt.ppm preferably 10 to 1,000 wt.ppm based
on the anobunt of (a), of a concentrate of the first aspect. In a
fourth asweaebiimbsespresent invention provides the use i rca/dB2quidofoael for
a turbine engined aircraft of a concemtrate of the first aspect, wherein
said liquid 30 fuel is immscible 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 contam nant by forming a stable
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nicroqulg{on, thereby to render or retain the said liquid fuel or oil in a
usabl e %t e. In a fifth aspect, the present invention provides a
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contamnant 1nto a liquid fuel which is 5inmmscible wth water, thereby to
render waterethich axhetssaiot 1k igtroduterths hrcoatanatd et sitatd)qudi fokl whtdtods
conprises: .adding to a substantially water-free liquid fuel or to liquid
fueP cdﬁtréﬂﬁcﬂfg? SRt ater rideTgaY & rendas rgiotaiay idhegal mélvflﬁ Egel 1§s%€é§b]ien
order t or.m: I <A n-aht s ' T [zl i b= i i on.
I oot 2kparytyh il sl g Sh Shllti S gL LR ROEES: o
(D) 10 prighit Al yoatniiatb@ w0 Yece water al bende@tratefof €Re REEASPAETiR081E:0

wat er present as a separate visible liquid phase in a two phase liquid fuel
and watterforing sfable Water-mupilaggrglsion epmerer-ai-nddmwgpemudsionat er that is

di ssolved in_the.liqui el phase. Dissolved water, becones free ter.Wth
Hover t enperi diber et pbHThRRRRaE oY ah (B8 AtBr T ey T opra g G orD)
15higauighetdi@bly add up tomdd¥e, above aspects of invention, the free-water
exists'in or i's introduced into the liquid fuel as a contamnant i.e. it is

not wat er wilvhtdras “freewatel’| trfert @ yataldecsent ahe depguate iewble liguoh as

wat er added to a Iiﬂuid.fu%%é%g the preparation ﬁf a water-jin-oil enukfion

or i criERGIIBihYO Phast Parigatdandvate gixtuge; fpisoagy aisestrgmpentraine

cont am [ Law g: Her.; i e
\?%%Fr dryAde thbp ngélsszl%‘edgﬁ tHe 1{2{111&’@85'1 ﬁttl%g. YALSive P W%ﬁgxegeéo?nésh

liquid accl dent a or 1 nadvertently, or water 1s anbient noilsture
such adré¢ amteaivitholowaerdaiisahiteswaieeto theriededtibnamsohdsities of thdwatel iny

| evel s in the atnosphere whilst the liquid fuel is in a tank vented to

at fdspHeayld feehdi tions or in a tank which is subjected to wide tenperature
changes suc Qve ect s. e gpr esent

t hat on_an aig.craft.. ln the 25 ab as f th
Tventton. oAt AR GRrERe O rREPaliam (e DB NuPER R IERE LS o ReRe
1P qui d ihuetha@s qatbhieNtasPésitahEnalbi bstt ik hoeXtdterey166R tiakiees ddided t of
free-water which may be introduced as a contam nant could conprise 0.5% by
wei ght asldedooghefliquind foehisink chsweaighta dole dvataeh qurddfuel quithe buepgraitionild  be
apparent to.thase skilled in the art that .in practice the anpunt o
¥ oo wat &1eTi6 GDRERTREL HOPOTyOrical TO° SERREE SHa ¢ 1 AREPY UPeLes fhan
0. powt %oﬁftaﬁltﬁ?am}féegquid fuel or water when e.g. water 1s added to the liquid fuel
accidentally or inadvertently, or the water 1s ambient moisture such as from rain or
condensation water derived from changes in humidity levels in the atmosphere
whilst the liquid fuel 1s in a tank vented to atmospheric conditions or in a tank
which 1s subjected to wide temperature changes such as that on an aircraft. In the
25 above aspects of the present invention, the free-water 1s preferably free-water
introduced into the liquid fuel as ambient moisture. Whilst in extreme conditions
the amount of free-water which may be introduced as a contaminant could comprise
0.5% by weight or more of the combined weight of water and liquid fuel, it will be
apparent to those skilled in the art that in practice the amount of free-water
30 contaminant will typically comprise significantly less than 0.5 wt% of the combined
weight of free-water and liquid fuel. For example, typically the amount of free-

water contaminating the liquid fuel will be less than 0.2 wt% and more typically



wei ght of free-water and liquid fuel. For exanple, typically the anount of
free- water contamnating the liquid fuel will be less than 0.2 w % and
nore typiwel2by/095¥252011/ 095825PCT/ GB2011/ 050206 8 | ess rharcKoinisbossuch as
0.05 % or |less, by weight of the cosbined weight of water and liquid

fuel . The term "scavenge" neans to act as a scavenger and a
"scavenger" is a substance added to a chem cal reaction or mxture to
counteract the effect of 5 inpurities, as defined in Collins English

Di ct i onasythaoQrivtEdiuchas A.998yt'Repiésst b Wegbt of theegmbimdpee@hitiof ns

Publ i shers. : I?€¥}erns "liquid fuel"” is herein used as substantially
equi val GHter etk for liquids such as jet fuels, aviation gasolines,
mlitary orade fuel SocadoRBe! meakShARENGS é@%@ﬁ%&%c}?ﬁt“‘é@i\%n@e?ageéj or

unl eaded) ; paraffinic, naphthenic, heavy fuel 10 oils, biofuels, waste oils

or suchsudstasteeaddedta y chémbeanl akaétiors pr efigtusntd couxiteraes thbeffect of The

| i qui d fuel s nost itapl e for practising.the present _jnvention are the
hydéocdwl?l%lasdﬁ%g}e%ﬁﬁsgoﬁmst pelsh i}lctfl%ar,y, wugth EditgerRdPPRe, nilitary
grade f | gl N o} c ~.Kerosene and gasoline/ petrol.
Prefera %ﬁ?%e? %Qjﬁﬁl?egéFﬁ?g@ﬁg@hgs%@gg#gr%ngi ned aircraft i.e. a liquid
turbine 15 fTigd terfnd 6giiid fLl’di heréitehsddadstibdthhbialliugjuicaleho @Bhyrit

civilian or mlitary aviation. These include, for exanple, fuels of the
desi gnderms foeliqridd sych astetfuels, Aviatina gaapdine, miktarpgriadg pudls, diesgls; Jp- 7,

JP-8 and JP-8+100. .Jet /A ,and Jet. A-1 are cO rcial l.y avail abl e, turbi.n

fuel speprotin poreimitty Ol Qe amaMSatont Borlmt kR pety Eos v
D 4655 ARALREGSTAMN8 094 or 16Eh BsieStesB619 ABhRIWE Y, G486, ditehnibaged on
napht ha and kerosene fractions. JP-4 is equivalent to Jet B. JP-5, JP-7,
JP- 8 artthedédf8Thodicane fuelsimhastysuitalide dier preetmingsheipeesent onvextamphbee thy t he
Mar i ne d ALr Force. Sone of. these standards relat.e to.fornmul ations which
al _read?l@_c}ﬁwbg@ ff(?lﬁff’ﬂ_%rm&%tdﬂl?% Jehﬁw?a%V@prﬁsa_ e BirEraradgdnels

| cing IRBIRLLO T SoetfbBbY, Qi URBLAS andShEE0EIbEofl SPET ANt S,

anti oxi dants, deactivat ors, . rm"liquid fuel which
i's i mm sci blRreféitablyveh € liquidiiedlss fer @ thilsjue @nfuedd aisuedft 8s. a liydd eaasiben
fuel oil, that is not mscible with water at greater _than about 0.1% water,

pr dPer dbp} mllagidtiding fagl 19 20BHPLie Blel shgtosemiyinusisilom oy gulituel and
ot si (g RpE R B P P TP S e Bl B A TR A
her ei n 1 efc@Fud B, oY Fatdl U4 &I B3 JTRCT ATR-30nd I RISHIO00Tes U {12E JaNASI whé ch i's
capabl e upon sinple adm xture with a m xture conprising two visible
commercially available turbine fuel specifications based on kerosene. The
accompanying standards are ASTM D 1655 and DEF STAN 91-91. Jet B 1s a more
20 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, as used, for example,
by the Marines and Air Force. Some of these standards relate to formulations which
already comprise further additives such as corrosion inhibitors, other icing
inhibitors, static dissipators, detergents, dispersants, antioxidants, metal
25  deactivators, etc.
The term “liquid fuel which 1s immaiscible with water” refers to a liquid fuel,
such as a hydrocarbon fuel oil, that is not miscible with water at greater than about
0.1% water, preferably at greater than 0.05%, 1.e. any admixture of liquid fuel and
water above 0.05% separates out on standing in to two phases.
30 The term emulsifying agent, surfactant and microemulsion-forming

surfactant as used herein refers to any suitable surfactant or mixture of surfactants

which 1s capable upon simple admixture with a mixture comprising two visible



WO 2011/ 095825PCT/ GB2011/ 050206 9 i nm sci bl e phases of a liquid fuel and
water of formng a water-in-oil mcroemul sion. Formation of the

m cr oenulwoemi/®sgsbst anti al | y spont aneous upon the addipCiraB2ai1/modss ent
tenperature (e.g. 10-30C) of the surfactant(s) to a m xture conprising two
visible inmm scible phases of a liquid fuel and water. Persons skilled 5 in
the art will be famliar with such surfactants or surfactant m xtures, for
exanpl e as disclosed in the mcroenulsion prior art references nentioned
above. 18untsgible phabs ef adigad fugleand wateodf formang enwhtdrom-¢ibr m ng
surfactants are .anphoterj.c_or. conprise a m xtur f surfactapts including
2t | eadhIGRE A TIABL Lt A HaD 9F A6C ThRescrpals o b uiLan SalY Zep Ao atioe
emul si fipleng BABALS HEHRLE tDERAIEEE ¢ ihed.30b0T BPHANs L iE RN E) 65k Malure of

t he cl ear aqueous conpositions 1s not fully understood, it IS believed that
t he cl eamm@agsiagusvocasyds imnossibéo phasaeofanliggiehied apllasetati darisbuig sklillsidt hi n
a nan- aqueous phase, .wherein that_ the_ aqueous phgse is distribyted in the
nonﬁaquédin@ Phay b%fatrﬁﬁlafrowilo%ﬁwar%‘ﬁf%@ttgr}tsp%%mgwaﬁfé@ﬁr%%e,s, VasgnRlesi ze
no greates: . ' I ' -of.1t he

or ocenty Mo SRPr AP EHE e R 6t BE LBl M AP TR, SHBIE 1T,

wat er - igtablel cRial) wihodr-8Xbid hgicade i BReH-$& G GNeonl € & ah &y hgadphavari age
particles size of no greater than 0.1min the oil phase for at |east 12
nont hs GaeRTist dmetare of sonactants mmolpdms: alrleast ons amgihoherne betdinei Fhe The

] | sion,is of ] f uel ' i ch. wat Lets, 20
vt ng Bt aged Bl 8 e SRR e Pr G B PR e ea.
Theor esul t anth &l BpAEhd ﬁﬁgﬂ&lbﬂcmrmof tRE B1Has QR eb B RbAD o AR R ARl | Y

stabl e when used as a fuel for us in jet or diesel engines. The droplets in
t he watwerddratapid, iteimbediesad chat tlee plees eqtiedwmy emhpositivay comiirmset de affopomof

mcelles. It _has been found, surprisingly, that when a liquid fuel .

cont ai rttigerHietraated e a g aliemsehasee seseg t@SI%HePP%é’;iaﬁﬁ s very
fewif WS i ) i - f i 3 : i's

for e, ER R SR PR b Al Bl O Bl Do e bt
wi t houthawvisBiangzé aokeehiorithad dboutl. 5 pexpl anation, it is believed that the

presence of the surfactants/emulsifying agents in the liquid fuel preyents
t hdSwat er f riRvrefesangtg thatmicrogruliden ohble prespapinyentiomeaspeing “stable”,

we mean that the water phase in the water-in-o1l emulsion exists as dispersed
droplets having an average particles size of no greater than 0.1um in the oil phase
for at least 12 months when stored at a constant temperature of 25°C without
stirring. The microemulsion 1s of a continuous fuel phase in which water droplets,

20  having an average droplet size of no greater than or < 0.1um 1s dispersed. The
resultant clear translucent microemulsion remains thermodynamically stable when
used as a fuel for us in jet or 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 the

25 relevant surfactants is cooled down below freezing, very few if any visible ice
particles are formed in the fuel and no gel is formed. As a means to try to explain
this very surprising phenomenon, but without wishing to be limited to this
explanation, it is believed that the presence of the surfactants/emulsifying agents in
the liquid fuel prevents the water from freezing but if it does not prevent the water

30 from freezing at low temperatures it restricts the sizes of any ice crystals and

agglomerates which may form in the cooled fuel. Thus, even if ice crystals are



30 fromfreezing at low tenperatures it restricts the sizes of any ice
crystals and aggl onerates which may formin the cooled fuel. Thus, even if
i ce crystwboarm@ss290 2011/ 095825PCT/ GB2011/ 050206 10 f orowa;B2011dseobuel |
the surfactants/enul sifying agents inothe fuel prevent the crystals from
significant aggloneration and so no ice slugs are forned. Further, it is
observed that no apple jelly is forned. 5 DETAI LED DESCRI PTI ON

Liquid fuel is a hydrocarbon feedstock and can consi st of any of the

f ol | owifagmeflen thadhel, theisarfagtanfasshilsdyingmgentarny theddel prestest theesel ;

ker osene; spline/petrol. (leaded or unleaded); paraffipic ht heni.c
noavy rariids from eRteny deglareata 0 uonie et are Prfind BRAE" C1s
ol ef i ngpegtved AN AP Xhpksant hetidfeq. 10The present invention may provide a
water content fluid that "due to the inherent stability prevents the

formation of ice particles and apple jelly. Prior to the present
i nventi nt er i i et hyl ene gl ycol nononethyl ether (D EGVE)
have b :ﬁboﬁ%f%égigﬁ@gf ormation in fuel in small and mlitary

aircraft (cqy E&h?él igiaer}%%afb%’ﬁdfebﬁa PR i ho gcf}{s;?%tséf-a%&u%ﬂ% %ﬁé]&’g&g%é; 3

chem cal properties they -are nore so e In wa an 1

great deafudf, a¥ixtiog daoldets, imilratherddetuelSatieédll kemeheor ¢n@litheridigolt he
m xi ng process nmust be adhered to at all tinmes to ensure an initial
honmogerdsslet el unlppadedls Paradimetnarhthewic aicevuilngl o deolupks, Biasavells Or he

chem stry,is such that it w, |} preferenti.ally reside in the water phase as
terrperast%ileasr%sgﬁrcse?f?x ?ipé%dﬁ%ng’gec&r%’?@Wlﬁgﬁyetsht “fUét at |ow tenperatures

andgent er thﬁléﬂla{o@genem&ltiaibﬁ;% & vk a ol QUBFENtTRITR tht [dRieSowRker from
turning to ice. However, the Di wat er m xture has an unusual

char actiehesdntestahilitygireventfsorhesfoamgélonl afkee patistlancadafiEdea jeléf.erred to as
"apple jelly" .in the aviation industry. Federal Avjation authorities have
attributed SV H&W%ﬁsﬁ% 1%‘6?6}t5§htr§g1ie6wﬁﬁis’slc ?érl?%y?e%gfyfgf pr esent

i nventi i [ 1. i At

For mat "B ST RCL (DIONGE| R Koo beb 1o B @B ee RERHER POGIEn | 1
bel i evemhilhanhdi mhilittey cinshil Gomnter@gd| oret e ®s daoeudeotanikdhédtetd)e Diueeo, t he
size of such particles is restricted to sub-mcron gart‘i cles (<lium). The
nmi ddoerfliets dieraichbpropsaties dhern avamageslwhlenntwtegdaanfinneved takeal at t er

tends tgc%egte a0%f & rt%ghg%g%%!t $ndothe 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 1s such that
1t will preferentially reside in the water phase as temperature reduces) it can

20 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. Federal
Aviation authorities have attributed several aviation accidents to this material. The

25  present invention overcomes this problem by, it 1s believed, preventing the
formation of large ice crystals or ice crystal agglomerates. Indeed, it 1s believed that
if ice crystals and agglomerates are formed in the fuel, the size of such particles 1s
restricted to sub-micron particles (<1um). The microemulsion offers several
advantages over the use of DIEGME. The latter tends to be more hygroscopic in

30 nature and will draw water into a system. The DIEGME 1s also chemically
aggressive and may attack fuel tank linings etc, and needs to be used at higher

levels than the emulsifying agents. The handling and disposal of DiIEGME 1s also



30 nature and will draw water into a system The D EGVE is also chemcally
aggressive and may attack fuel tank linings etc, and needs to be used at

hi gher | ewel2s1tidessest he enul si fyi ng agents. The handl i ngremasBRsIpBeRE Of
DEGVE is also WD 2011/ 095825PCT/ GB2011/ 050206 11 costly due to the
hazardous nature of the product. Qther than in the operating exanples, or
where otherw se indicated, all nunbers expressing quantities of ingredients
used herein are to be understood as nodified in all instances by the term
" about "cos8Ysmeniocthedmragions ohtuteeofphegentluttavent i on may be prepared from

fuel s that e standard gr.ades avagil abl e at any servi tagtion or, from
| ndust r e EpInae Ousr f B SO PYDIERGH TR o IMer S engae R aar 7 BB el s,
avi at i QR 98s9hk RS ntdsi drahYraliedR (4@l Boreth 88€to bl UMRREAB0d IRIAbHIFR/AAG! I O
(1 eaded or unleaded) and m xXtures thereof. Preferably the liquid fuel iIs

for a tall histenessghnehateren ailhout’e. a liquid turbine fuel. A 10 liquid

turbine fuel is g turbine fuel customary in civilian or mlitar vi ation.
TheSe i ncl udghe PBErosRapsion offthel rregent weaé@mgrﬁayib@rprf@@rﬁ;@qowfue? thetel
A-1, J F F : 4 - = J P- : : and
Jet A 2rgedPhafa Pilacs Bahiiday dh5 BerPe Lrarldy B Al HaGHHR supBhefd. OF

ker osererefdia®lpabempanyil ig ssleatedat-ais jat CuASTMiRtibESmsand e BRI IFEAN 9448 1.
Jet Bis a nore highly cut fuel 15 based on napht ha and kerosene fractions.
JP- 4 i duelpuidiesebriteroectiegagolig@pstro) Headed pr gnd¢alesp.agdindxtares thenephr y

t ur bi ne, f el s, d, .far |l e.. by the Marines . Ai.t. . Far.ce. f
oo idtGbi B9 HARE pddliis S Rurtiing bkt ARFHIE R "R ichlif cOBEEE T ©
addipt | Mesuiguelba® R@! {8 ERMHihBTLBI & Rtsmar §iAGiNAhRIrtAlIfars batdtfon. These

di ssi pators, detergents, dispersants, antioxidants, netal deactivators,
et c. Typckale, 28 etaasples feeld of plee desigohtisucket flurdl HerJeaddidl iArésJeir Bueli Bel osed

20081 10FSFd b0l BgbdFoprbaand 1-+ L JeE A 8P JPaf %6 FoiRatEialy and
vat er 'ﬂ‘%‘?@kﬁﬁih@t éelrsﬁa%gﬁica%&&'s%a%d %%fégggﬁﬁ‘ég?i{aeb&'&%w%a“ ors.

Gener al ly speaki ng, conprises at out referably

at | easstanbards H2. ASYM Mo165HaatldBRISTAN 9893t JabBut a98029bighlyeat fuel
pref erably about 99.999 % by wei ght, based on the total Weidght of the clear
aquéoushaseeasnapkihaornd karasens ragesal Pyt speaikivalpntitadet deld hhadB-7,

conpris nQ r. han _about .99..999 % by wei gh and pref erab no nore
Chan abot SuPoB iRy RRpRRA SRR Yo HEeEotas s StmBR BF UAY Mool on
conpri sl ALOFbRROBL{: HOBbsé atalREs Feit¥oth YoMBuBRor@f which already

surfactants/enul sifying agents, preferably from about 0.0001 to about 0.50

% nor eoprafisr Abther addtates such.a300trdsooa boibitord, ieingamdikaers, static

dissipators, detergents, dispersants, antioxidants, metal deactivators, etc. Typical

20 classes and species of such further additives are disclosed in US 2008/0178523 Al,
US 2008/0196300 A1, US 2009/0065744 A1, WO 2008/107371 and WO
2009/0010441.

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

are dependent upon many factors. Generally speaking, the fuel comprises at least

25  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 more than
about 99.99 % by weight.

30 Typically, the composition or microemulsion comprises from about 0.0001 to
about 1.0 % by weight of surfactants/emulsifying agents, preferably from about

0.0001 to about 0.50 %, more preferably from about 0.0001 to about 0.1 %, and even



WO 2011/ 095825PCT/ GB2011/ 050206 12 nore preferably from about 0.0001 to
about 0.025 % The enulsifier is nost preferably a m xture of enul sifying
agents sealvecbmdesg2sm ni m se the total amount of enul sifiper/gRquiosemdst o form

a mcroemul sion for a given fluid. 12 Where a conpound is referred to
as being "ethoxylated", we nean it includes 5 at |east 2 EO groups.
Pref erably ethoxyl ated conpounds conprise from2 to 12 EO groups. I n

a preferred enbodi nent, the one or nore C6-Cl5 al kanol ethoxyl ates as
conponenorg Biefhealdy droravdoag €. U¥Yr wealufutb 08§ Po.BFememiudg fitois mvst al kanol

unit of 3.7 | ess referabl.y .of 2.5 or .less, typi.cally of from 1. o]
25, omrelrally arverhbt puen bobine azeRrs Tt gpab Bufap Vot torbagot ot
typi caldpyuRifiés RulrQPtd Brik & microemulbih & £inedl G@faol et hoxyl ates may
have a degree of methyl branching of at |east 2 on the al kanol unit.
When a mi xt Wheoé a@ConGichinal salefdrred hoxy beies “éethoepjpliteyedvd mebhat includes

' | si it f b ' f C9-Cl4 al coh th I

SUGH agidens H areubt Heolabbi S s BiGH COPmORPTA e BIGT it 4 8200
Cl2- Cl%r%{lgghol et hoxyl ates. The distribution of any of the conponents in
the m xXture can range fromO to 50% by weight, and are preferably

di stribut ed Inna pré&favesi @nbbémait, theBHBIeimbleyCaal hBRI®] ebhdshba@lserhol

et hoxyl ates include rel evant products sold by |eading chem cal conpani es.

An exarfpepastens (Bohase cinadvecage degner ofl mernll krehokingaios the abanduropal 2

(avail e fromWitc E nd). I n _one.enpoadi concentrat.e :
conpri s z:or(kﬁ@s’@?‘iftef%b]i’dg%?% é‘fsso 18?611}711(3"?&0&5}(3?&% e O S AERBA SNt s
(B)1030 3. Por MssVpBdre ROy IRi1Cs 8 M’é}”cﬁﬁ@ﬂykﬁ fragt a1l5Sto 1.6) O to 20 wt. % of
one or nore glycol-based solubilizers; and 25 (D)0 to 65 wt.% of one or

mor e or gani cl'lseCudht a]cobokpBiaxytatepananhat By degrpe iof exethyhbranmhengbf at

C6- C15- al kanol tf;gggl@t es. wth different carbon nunbers for the al kanol
unit sp&etles Onithe PP Hinbers for the two C6- Cl5-al kanol et hoxyl at es
whi ch have t o] e _¢ gt i j I; t least 1.5
car bon nunbe\lyglegiag?lg%%u@?%r@ eg%héqut) ergthg)r{%l? g?éa%’i%r#ﬁﬁgggdﬂ? Hg m xt ure of
C6- C15-raidcaamldbho )ik prefrablyen aaxhare ¢fUPHPEr, 4106hsinghokylabes, tswoh G&-a

C15- al kanol et hoxyl at es. whi ch _have the highest share in weight in the
mi Xbur enggtere Al Chdo Gangkeobel ethogyletes or aghixtane of F1t-khet #lgahel fhoxylates.14

for t hel‘l% ales%fib§%li%pl 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 Ce¢-Ci5 alcohol ethoxylates include relevant products sold by leading

chemical companies. An example of a commercial Ci2 - C14 alcohol ethoxylate is
20  Lauropal 2 (available from Witco, England).

In one embodiment, a concentrate comprises:

(A) 0.1 to 10 wt.% of one or more amphoteric emulsifying agents;
(B) 30 to 95 wt.% of nonionic alkoxylated surfactants;
©) 0 to 20 wt.% of one or more glycol-based solubilizers; and

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

wherein component (B) comprises a mixture of Cs-Cis-alkanol ethoxylates with
different carbon numbers for the alkanol unit species, the carbon numbers for the
two Ce-Cis-alkanol ethoxylates which have the highest share in weight in the
mixture being at least 1.5 carbon numbers distant from each other. Preferably, in
30 the mixture of C¢-Cis-alkanol ethoxylates, the carbon number for one of the two Ce-
Cis-alkanol ethoxylates which have the highest share in weight in the mixture are

in the range of 9 to 11 for one and in the range of 12 to 14 for the other. Such



WO 2011/ 095825PCT/ GB2011/ 050206 13 m xture preferably conprises two

si ngl e-carbon C6- Cl15-al kanol ethoxyl ates species in a weight ratio of from
10: 90 t o WwO:2a0/098325€ preferably of from 30: 70 to 70: 30, powsiB2p1ialseroabl y of
about 50:50. A typical exanple of sucts single-carbon C6-Cl5- al kanol

et hoxylates m xture is a m xture of isodecanol ethoxylate with 3 ethylene 5
oxide units (commercially available from BASF SE under Lutensol (r) ON 30)
and tridecanol ethoxylate with 5 ethylene oxide units O&éom'rerci ally

avai | abfhEX'Cill‘f@m@A@F‘O]SEBOUﬁd%eSLﬁW@S@@{G(-&)rbD@ Gy- Cnathkwen ohvetlgontylatesi speofes
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conponents (A) to e énmul sifying agents enpl oyed in the present
i nvent iadhanoleethioguladss atixtwenmsteenpenat wf esodEhenenethskfliate wotmdagthylee may

| i ncl.yde oth terials s 1 i phat i hol | d

ot har CooHBHECHRIMTCY e e drars BATEME adet huasri Bda sgemnd

| ; . | ued ' . ' Sy o
par . cotlecRBOMERD are WiEh BRthSIGIE B IR GOMMGTERN BFal ApED. L)
(iii) 4BABKISE etttk dngedbdl®OTO5)AN(the)wakhpantis «#H0BMmleadhlon thee gdodi ment

of the present invention, a mcroenulsion is prepared by m xing: (a) about
99. 995 albanol ghoxphate sompogentoeduitsa syerageldegeegyol mefhyl hugaichinhpr (b)

about 00 t o about. 0,01 parts, e.g. 0.025 parts, emulsifying agents,
Anralahd SRPVE

wherein ‘agents include i) a fatty

(C30C24) - am [hos b mBBARh Y 0@ ieAhRBent invetidd, 2Re tokdentRAteqRAkice hoxyl at e
conprising from2 to 12 EO groups or a m xture of such al cohol ethoxyl ates,
wher ei resaéhtipHy tof cam@obynteolA)rte.(D).

The emulsifying agents employed in the present invention are liquids at
room temperature.

The emulsifier composition may also include other materials such as

15 aliphatic alcohols, glycols and other components which can be added to a fuel as
standard additives.

In another embodiment, the emulsifying agent comprises the following: (1) 2
parts cocamidopropyl betaine; (11) 60 parts Co - C11 alcohol ethoxylate; (111) 4 parts
ethylene glycol and (1v) 34 parts ethanol

20 In one embodiment of the present invention, a microemulsion is prepared by
mixing:
(a) about 99.995 to 99.999 parts, e.g. 99.998 parts, fuel, e.g. a jet fuel; and
(b) about 0.0001 to about 0.01 parts, e.g. 0.025 parts, emulsifying agents, wherein
the emulsifying agents include 1) a fatty (Cs-Cz24)-amido-(Ci-Ce)alkyl betaine, 11) a Cs
25 - Cis alcohol ethoxylate comprising from 2 to 12 EO groups or a mixture of such
alcohol ethoxylates, wherein all parts are by volume.

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
application areas. Other uses within the fuels industry will be apparent to those

30 skilled in the art.
The microemulsion may comprise additional components. These additional

components may be incorporated to improve anti-wear, extreme pressure



The present invention may be utilised in, anong others, jet engines, diesel
engi nes, oil burning heating systens and is suited to all uses wthin these
appl i cat iwo 2ari@@ss2sQt her uses within the fuel s industrypearidBba/@pmar ent to
those 30skilled in the art. Thetd4m cr oenul si on may conprise additional
conponents. These additional conmponents may be incorporated to inprove
anti-wear, extrenme pressure WD 2011/095825PCT/ GB2011/ 050206 14 properties,
i nprove col d weat her performance or inprove fuel conbustion. The

requi r emeperties, aopraviel celidonedthes meotvemancewy 1bwrave faelexdnyustion. aphei cat i on
area in which the megro Ision is used. Suitable additjonal .conponents,
ana- naehBi et e B bl ferbe e TG ma e st B B L S Rt BE S0 en
to thosg whith! thednidtobR18bh is used. STNGLIOHRARIdHQRoMOBAIAGIRIRL t he
wing of the aircraft to prevent unwanted water pick up during the process
of tr ansfeireimentttheréefelependmg ef iaptigation fared, wdpbe appheerttotmpd®isei on can

be suppl i'ﬁd and]Pi ntimately mxed with the fuel using a standard fuel bowser
that | skalied 8wthgarty operation at any airport. The 10 additive conposition

can be dosedrgl chﬁ%oéi%ﬂi ﬂhﬁg el e a{tgt‘r'i]{e' %iﬂgéf;%}{gfg]ﬁr%ﬁt t(g?]feix;enit.s punped

into the aircra ng using e.g. a v uri ows intimte

m Xi ng ddweed wats vk d}ﬁdfﬁﬁﬁ? At Precerls of ReatstonesE the fudltfré@adifingry to
di stributes throughout the fuel and will remain distributed in the fuel
even atfuebdpestalhecsmmsition cas begnpasiedsod intgnhtelpresedtwithvdatineh wil |

now be further descri.b b f exanpl.e.. EXAMPLES .. Ref er.ence

ner ear tifing & g RTEFLahooe et T eRUR TR HOE AL SBRASP G B a ol ear
traps| UERRtive TmYo8Ttion SaPBEIBYED at Ghé Se ANREQIRLSITBctI R iRl tBle-fuBt 86 kit 130

m croenul si on, wherein the average droplet size of the water phase of the

wat er - ijmohpeé miostheralreraffowgne aserg ¢.gaa ven2omsyptehethls glloves grtemtde t han
0.1nf'. In.the present exanples, the epmul sions were .visually.inspected.
Those WRPERS KR PECH] %%‘fl%\%@rt@ tgﬁﬁ@tﬂéﬁ’ gyt eo"%Q%’“Eﬁndgé‘?%fgLy é%ﬁ%@fe%i ze of
t he wat [l ! 8] f 251 n
the ol T s, e e ahhFIL AARkn, FEWIBLAR &1 ol BRL b KARRcPa e |

ot her WdBvn to as low as -50°C.

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

EXAMPLES
Reference hereafter to “a water-in-oil microemulsion wherein the emulsion 1s
a clear translucent emulsion” 1s believed to be analogous to “a water-in-oil
20  microemulsion, wherein the average droplet size of the water phase of the water-in-
oil emulsion is no greater than 0.25um, preferably no greater than 0.1um”. In the
present examples, the emulsions were visually inspected. Those which were clear
were considered to have an average droplet size of the water phase of the water-in-
oil emulsion of no greater than 0.1um.
25 In the following examples, all “parts” are parts by weight, unless stated
otherwise.
Example 1
A concentrate suitable for combining jet fuel (kerosene) with water was
prepared by adding the following components in the quantities stated:
30 (1) 97 parts of the Lutensol® ON 30 / Lutensol® T'O 5 mixture in the weight ratio of

50:50, as disclosed above, and (1) 3 parts cocamidopropyl betaine.



Exanmple 1 A concentrate suitable for conbining jet fuel (kerosene)
wth water was prepared by adding the foll ow ng conponents in the

guantiti esovatess2s30 (i) 97 parts of the Lutensol (r) ORC3&B20lwsensol (r)
TOS5 mxture in the weight ratio of 56:50, as disclosed above, and (ii) 3
parts cocam dopropyl betaine. WD 2011/ 095825PCT/ GB2011/ 050206 15 The
conponents were gently m xed to forma honbgenous conposition. Exanple 2

A concentrate suitable for conbining jet fuel with water was prepared by
addi ng the ¢ ewnpgnemivpuerengentinntiked qudrm vileynegertaas: coppositiopart by wt
cocam'gl? ro%%etai ne; (ii) 8 parts by wt of the Lutensol(r) ON 30 /

Lut ens ’???P m xture in the weight ratio of 50:50, as disclosed above;
(iii) 3 partg -BycoMtreOsiatdinb f@%&ﬁbﬁﬁhggetaﬂ“dél kiih Q2tBAGKLS drdbhYed - C24)
acid am ne ethoxylates conprising fromabout 2 to 20 EO groups.

The comathegthe fieli@vyentdnyponerdd 1t ¢hé quamaitheersgenbus conposi tion. 10
Exanpl e 3 A concentrate _suitable. . for conbining jet fuel w wat er
was pr epamagt By %ﬁmwﬁﬁ@rwﬁbﬁwﬁ@; gb)rﬁ)e%ﬁst vh O? F{%e Eﬂé@ﬁ%@@é@ﬁsﬁ%{ ed:
(i) 5 am . jnes ddd-xn 79, B .Qf o\t

Lut ensgﬁéﬁsg@ @@ 5(?7&%?%%80 ??%/%F%%gﬁlr%@%t ?Jfﬁged'%(gf %}@@&%ﬁaﬁ%bﬁ?,f{%ﬂﬁ‘ﬁgﬁsw,
as di sayoaed;ah0Me anfiniei gxidd ah8 iPROO pabhs faktyCIT:- @bk kiddinhee eXidslaed i V)
10 parts fatty (C6-C24) acid am ne ethoxylates conprising fromabout 2 to
20 EO dgrooupssingHeomatipertentos2iegyems. y i xed to form a honpgenous

conposi tion.,Exampl e 4 A.concentrate suitable for conmbining jet
fuel with el CRUBORFMSAVERF B5thn MGER K FE AR S CORRAREHTR | n t he
quapt i tiesnglated: (i) 2 parts cocami dopropyl betaine; (ii) 60 parts of the
Lutensol (r) 'ON 30 / Lutensol(r) TOS5 mxture in the weight ratio of 50:50,
as di scl osedA aboeartrdtiel suitablpdion eorebinihenet fjley soth sradex mas 134ppeed by et hanol

adding the following components in the quantities stated:

(1) 5 parts by wt cocamidopropyl betaine; (11) 75 parts by wt of the Lutensol® ON 30
/ Lutensol® TO 5 mixture in the weight ratio of 50:50, as disclosed above; (111) 10
15  parts by wt Cipalkyl amine oxide and 1v) 10 parts fatty (Cs-Ca4) acid amine
ethoxylates 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
20 adding the following components in the quantities stated:
(1) 2 parts cocamidopropyl betaine; (1) 60 parts of the Lutensol® ON 30 / Lutensol®
TO 5 mixture in the weight ratio of 50:50, as disclosed above; (i11) 4 parts ethylene
glycol and (1v) 34 parts ethanol
The components were gently mixed to form a homogenous composition.
25 Example 5
0.001 1 of the concentrate from Example 1 was added to 11 of jet fuel
(kerosene) contaminated with 200ppm of water. The composition was introduced to
the o1l 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
30 than one year.
Example 6
0.001 1 of the concentrate from Example 2 was added to 11 of jet fuel



The conponents were gently mxed to forma honbgenous conposition. 25
Exanple 5 0.001 1 of the concentrate from Exanple 1 was added to 1 1
of jet fuwb20keawsesne) contanmi nated with 200ppm of wat ePCTHB20CIOFPMSI ti ON
was introduced to the oil and water fwom a micro pipette. The resulting
fluid was gently m xed until a clear translucent fluid was observed. The
resulting fluid remains stable after nore 30 than one year. Exarrple 6 0.001
1 of the concentrate from Exanple 2 was added to 1 1 of jet fuel
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Exampl e 7 01 1 of the concentrate from Exanple 3 was added to 1 1

of et dneeyearont am nated with 200ppm of water. The corrp05| tion was
|ntrodunq€edt the oil and water froma mcro pipette. The resulting fluid
was 2gerttXymReell until a clear translucent fluid was observed. The

resul ting f'(ﬁbﬁl'i%f*@l’l Ife%ﬂa&e Eé(rﬁrE é@% é%dogﬂftyﬁ?&f]& agpl e 8

0.001 1 of the conce rom was a fuel

cont am dapat£ehi v feld ﬁﬁﬁmppfm vatRlter. m @(ﬁﬂp@éitlbh%aéﬂﬁﬂ:rbdlﬁde@dl@%@ dibahfie
oil and water froma mcro pipette. The resulting fluid was gently m xed
unti | arv@tteéé’rorw mlmpm@‘étm Thiegiegulias Boybmasgentlyempeesiiniihg clear d

remai nstr llelcgnt h d wad's SE;PV%'& e I}ésuftmg fluid remains stable after more than
10  one year.
Example 8
0.001 1 of the concentrate from Example 4 was added to 11 of jet fuel
contaminated with 200ppm of water. The composition was introduced to the o1l and
water from a micro pipette. The resulting fluid was gently mixed until a clear
15  translucent fluid was observed. The resulting fluid remains stable after more than
one year.
Example 9
The concentrate from Example 4 was subject to differential scanning
calorimetry (DSC) in comparison to current anti icing product diethylene glycol
20  monomethyl ether (DIEGME) in jet fuel. The resulting scans showed that the
composition performed equally as well as the DIEGME 1n 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
25  temperatures 1.e. -40°C.
Example 10
The concentrate from Example 4 was used to evaluate microbial growth in
aviation fuel. A 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
30 fuel. In all cases the composition prevented the growth of microbial content

whereas, the untreated control showed growth up to 107 colony forming units.



Exanpl e 9 The concentrate from Exanple 4 was subject to differenti al
scanning calorinetry (DSC) in conparison to current anti icing product

di et hyl enwogbyieeks220 nononet hyl ether (Di EGVE) in jet fwelr/GBRha/osemalting
scans showed that the conposition perfrormed equally as well as the D EGVE
in the absence of water but in the presence of 200ppm water contam nation

t he conposition showed no phase changes indicating no ice formation,
whereas the D EGVE showed that ice was formng due to its poor solubility
in fuel all owingus meslificateenspand veulagrong dtthe siweeribed erppbeds andsystem of 40C.
Exanpl e, 10 . The concentrate from Exanple, 4 S .use 0 eyval yate

o bbi W TSR WL Bepaenr deithost Yoiraan dheat fet Rt ditRalRetiabeed
of Killg.apd ahl&phat st shentRnefon Ai_th\ﬁﬁ%ﬁ tRBTAVEHi G hak BeERMREEHEA it O an
untreated wat er contam nated aviation 30 fuel. In all cases the conposition
pr eventm@dnebieogmavh kpedifiniprefebiral exmdotlenen tsh etr dasld theennddrs taidethac aher o

showed growt.h up to 107 colony form nits.. WO . .
2013/ 095¥OBPOT AEEIDY ?J@%dg 1jof be un&%\yﬁam&@é tesaichi soseisrrmBadimentsat i ons

of the [ : ' ' i fo
those SErTF e i The ey re B brbhE rh MRt QRelibg oIEATRRGEHo © e
i nvent iwRichAldeltigidud fietl Ry erill@hirhalseaggny desclatdfeldd LRnneshdantobd h
specific‘ﬁreferred enbodi nents, it should be understood that the 5

i nvent i8ythas the s¢aneddidhedpdowors tleimadul y linited to such specific

enbodi nents. Indeed, various nodifications of the described nodes for
carrying out the invention which are obvious to those skilled in chem stry
or related fields are intended to be within the scope of the foll ow ng
clainms. WD 2011/ 095825PCT/ GB2011/ 050206
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CLAIMS
1. A liquid concentrate consisting essentially of:
A) 0.1 to 10 wt.% of one or more amphoteric emulsifying agents;
(B) 30 to 95 wt.% of nonionic alkoxylated surfactants;
(©) 0 to 20 wt.% of one or more glycol-based solubilizers; and
(D) 0 to 65 wt.% of one or more organic solvents;

wherein ‘i) component (B) comprises a mixture of Cs-Ci5-alkanol ethoxylates
with different carbon numbers for the alkanol unit species and 2 to 5 moles of
ethylene oxide units on average per mole of alkanol, ii) the carbon numbers
for the two Ce-Ci5-alkanol ethoxylates which have the highest share in weight
in the mixture being at least 1.5 carbon numbers distant from each other, and
iii) the carbon number for one of the two Cs-Ci5-alkanol ethoxylates which
have the highest share in weight in the mixture is in the range of 9 to 11 and

the other is in the range of 12 to 14.

. A concentrate as claimed in Claim 1 consisting essentially of

A) 0.5 to 5 wt.% of one or more fatty (Cs-Cz4)-amido-(C1-Ce)-alkyl
betaine emulsifying agents;

(B 45 to 75 wt.% of Ce-Cis-alkanol ethoxylate surfactants;

(@) 0.5 to 10 wt.% of one or more glycol-based solubilizers; and
(D) 5 to 50 wt.% of one or more organic solvents.

. A concentrate as claimed in any of the preceding claims comprising

cocoamidopropyl betaine as component (A).

. A concentrate as claimed in any of the preceding claims, wherein said one or

more Ces-Ci5-alkanol ethoxylates have an average degree of methyl branching

for the alkanol unit of 3.7 or less.
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. A concentrate as claimed in any of the preceding claims comprising ethylene

glycol as component (C).

. A concentrate as claimed in any of the preceding claims comprising one or

more C1-C4-alkanols as component (D).

. A concentrate as claimed in Claim 6 comprising ethanol as component (D).

. A process for manufacturing a concentrate as claimed in any of the preceding

claims, characterised in that components (A) to (D) are mixed together at a

temperature in the range of from -10°C to 60°C.

. A stable water-in-oil-emulsion comprising

(a) a liquid fuel or oil which is immiscible with water;
(b) up to 1 wt.%, based on the amount of (a), water; and
(c) 10 to 10,000 wt.ppm, based on the amount of (a), of a concentrate as

claimed in any of claims 1-7.

10. A water-in-oil-emulsion as claimed in Claim 9 which is a water-in-oil-micro-

emulsion.

11. A stable water-in-oil-emulsion or water-in-oil-micro-emulsion as claimed in

Claim 9 or 10, characterised in that the liquid fuel or oil is a jet fuel or

kerosene.



