WO 2011/045334PCT/EP2010/065314 1 PROTECTION OF LIQUID FUELS FIELD OF THE
INVENTION The present invention concernsg the protection of liquid fuelsg,
such as IMQuat/gssis typically used in engines employedPCT/RP2EIVAER31MOtive
power in vehicles such as, although not 5limited, 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 prescBROTGECHRIONOBRIIOUIBIFEES:1y provides protection
to liqﬁﬁ%ﬁﬁy%ﬁﬁrﬁiﬁﬁvéfﬁjfﬁﬁpation' thereby reducing the potential for ice
slugs O D& OUrawil LIr to tieengine. 10The present invention also concerns
compositionsThegrosenhiadenion cohectns the prataaionof ligud fusls, savllaschqdéficiates. More
particularly, though not exclusively, the present invention concerns

water- ixically wied i engings saployed: ie proyidemetive posvas in. vahigleysuch g altheughnator 4
CurBing; FRgE Ay AL ERFRG airdB 1 TArRERPARE brESht i Rn SO A bHeoriRey RE fREDE
invention concerns ¢lear agueous compositions which comprise 15at least 99
wt% of mmottdtepniet sfickeliqudductofromrthe ddletsriogsedttertsiof cohtampnatioa by twater, such s dhie

et e N RS N X o

of the jWadn@isn PRAS tmpditaall§ pRttdRBRGSctibh tHPHHICREIS Frobi AR 7R, thBEs erably
no greater than 0.1[Lm, and their preparation. BACKGROUND OF THE INVENTION

20Jet fodicingrthe potsatidfericesgatoibesdrawn imtosthg@egingank of a turbine engine

air1<araft Wi%esr{rleas%ljitl uanr%ltojﬁta. eoscooéfergreoe Woaﬁleo]fl farr?lrerlthgggoo}’etﬁsi? trieoglra 1riSi(f1 %efrom
the "changeg inl ptemperg%ure ue to a f%% e cﬁ’anges. n %epggoun%’n %Ihe

fuel/tanl coromarrRsM6ereGRRt cidrEe thoughnotld&Clusivelyt e prodeatintentioncbacdrts 1t
typically ranges from -22C to -39C. Over a number of temperature change

cycles Watgrringothmjcrecryilaions, suchsare suitalledar usess adneldana furbine segipaairgratte r
vapour ,can ' %zﬁrﬁe to the accumulation of water within the fuel tank
which é%; g%%:trgg a separate phase or free water within the fuel. If the
free water s spanmnty, tldpresenpomint@ordcohraasg eledmaqubeusfooamipokitinks which@ampfisarm
slugs of ice (ice Earticles of sufficient gize such that they may be

a

t rdppedt l3staviep el a Hewiddudlagd congentrates,psehy] 1p.the nrepasafionof suah compasiions. o
the funghidon,Qfoskihs 2t esbtl bs SREH RS SturbiitdGRthe ableratS shélassviad-a-gpreing 777

aircraft lost sufficient power to cause 30 an emergency landing at Heathrow
in Januwamysiososhates theoavehage flvaplettsizsrofdlifc water plagami thg otliphasel iswogfeafardhiant rom

the fu anks to.the engines IB interim report No 2 G-YMMM) . At

presenﬁzé@’ﬂefg@égﬁa%@%g @Sn éﬁ%ﬁb%@w%’é%a{%}% heatersg, materials such

as diePWeRCROUND OF PN ENVENTIONT (DiEGME) are mixed with aircraft fuel
he

to prevent 1ce formation 1n ] ] ) ) ) )
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 monomethyl ether (DIEGME) are mixed with aircraft fuel to prevent ice formation in the



WO 2011/045334PCT/EP2010/065314 2 fuel. Whilst DiEGME is about equally
migcible in both water and fuel at temperatures above freezing, careful
monitorimgoQuuimsa3the mixing process must be adhered toPeT/ER2M10M0438¢E tO
ensure an initial homogenoug fuel. Ho%ever, 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

tempergf&%lr&’éljlstilaﬁﬁl\fiﬁdi abputpquathyemiseibleia bethewatehanefuelat tarapeyatures gheve
format Jf?e%z@&t ré’i%%éﬁig&g@qdﬁ&g %hé)&%ﬁ@g é%%%&% Jﬂ@sﬁe PR of Bl EH%% ]F&tlﬁ arel e

presence O e DiE e~ aqueou ase w prevent some O e water
in thisnphitisEhdrmegenousuzhdlovnevérg ao niktteeher carchidl yIiREH ) EGME has x tandendgas an
unusual characterigtic in that it forms a gel like subgstance at low

t empe ¢ tERIsTatyres signiicantiy helow frsezing to preferentiially concceplratein the weferphase 1 o
Jelly" st 18 WisplohoRiohR s ftibution s IE GRRE ST thk Waidiahnd Fhel A P ohipérdt@ss,

attributed several aviation accidents to the formation of this "apple
jelly" imafeadtIDIEGME nothe ffucl phese daanéasl tushafor@stdcinaf a(SEparaiciaguedusghise

discl the, i i tai j 1lkyl glyci betai int
Liquia Bpierand PREVERR G e el S Rroadies of i BRONE e slfpdiiodiag oo T
temper gt JorGMAE WAtk Hit fiSphadd HBRUIRMItER i8S HARLERMIDIECGVESHRSr Petaines

are shown to reduce the temperature at which cloudiness or haziness
developgixiuie hascanjutusyal sharagtpustieliathpt idformea geldkesubsiance aglbscteawpemtures:be

ca%aedtﬁgééggﬁg STitice St qgoﬁ@%een&f%u%rhﬁ%§£§§§8§ﬁ%%w&gﬁﬁg%ﬁgggLﬁw S

appearanc €se Sma 1Ce’ Or wax Crys icates ignfglcant

pPropor thederabA viahien Quiytstidy Badaribaeed severbleasiativhagcidénte gothofenatiod oftystals,
have a particle size above at least 1 gm. Aircraft fuel 20containing

Qisper;ﬂgﬂ%j@bwi@ﬁﬂﬁﬁﬁt¥é¥%%ﬁ&%&mé&l lam in size tend to demonstrate
instabllity,;ehese e DRILLG Ja@ ,%isicfbsgslﬁl@ ir?c%ﬁpo‘?é‘t?&l cﬁ‘éb‘éﬂ%ﬁ aCYIERTdNR and/or

agglomerate with other ice particles, leading to t potential formation of
ice sluggcine betaineshintoilgquacdhhphgexrboroficshaichnae aguhft fnsterts improve love tamgerature

eliminate the formatio f ice glugs and apple jelly in fuel in the fuel
Carlts GRARGERTS Afibaugh s sdfaredoalbyhelicing bigpesare show tofpduesile ive in fuel
0ils tQchfdufife AMHEEH OBERAERP hiEaRHEvASS ihoh et RIRI BOTRESBr REIRERET

beneficia performance additives has been knowrl for many years. The use of
water ahscinsedthiicdansediby thaleppcanance of 3malt e ompuaseaysttle Thovisiabappeapaceifes of
e.g. cuftin ils has also been known for.man ears. Water is incorporated
fnto cHBoE sl i Gstals mibquesata et Bwpartion o e Grsah rekih 0 on
30Watenniqet@iof agplehet@aBcryQEmekhve hiarticld dxggbove e leadopheAirerhadudigreater
than 1 lam) tend to have a milky appearance. These emulsions require a

numBer @ftajBredigparsionsidfiicd paticlenaboves woinsizg tnd todemonstate iastabibhe vdigiccides

o AR PP BRSPS OB .
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 um) 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 weebtimgsiBailure but also problems with ignitioRCE&/ER2010065314
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 tdngahibty thatdeadsde oil swater separation Npturatlys thisis upslcgme asyjtmenlcad to

decreaseditpht Wil I b T RRini e PICASPNoBRAR I EnRlG L A0RGlbAR. OF

the meta in-o1l emulsions ormed wi an average water

droplet sizawtindoils basedonveseryingykbdnendsibis, hate Bechiwed torlubreeate machise tools.
preferably of from 0.03 lam to 0.08 lam reafter referred to 10
"microe§I3selizah soolant propsry of thenpatoray %%@%ﬂ%ﬂra@ f mprpye the aﬁggﬁ%at er

drOBleQO&?HﬁW%ﬁﬂa@%%Emﬂxgﬁﬂﬁmﬂ\%ﬂ&%mﬁFQa%mﬁﬁﬁ?h%ﬁ&ﬁ&i%fﬂﬁ%ﬂ%ﬂ&%ﬁﬁ%%ﬁ% an

appearance which is more aegthetically pleasing to the user but algo offers

severalisado omeaﬁmhhmgmh@vdm lubrcifyaafdbe odrwiptle ts-decroast dsyitht adaitioToicwater
transluy m' s tend to be more stable than the larger
dropleéEQFEY8&§§T§;h ﬁﬁyigéﬁg "the water droplets remain in
dispersion hW&%ﬁﬁlé@@mﬂﬁuﬁ@Eb&&%ﬁ%@%éYwH%%&Kﬁﬁmmﬁ§ﬂ@tQ&%ﬁWﬁE?EmRQQ&ﬁ
separation. The gsmall droplet size also appears to negate the need for both

corros iveferablyiefit bym oaﬁ@s,ﬁa@@@f@f@rﬂhla@f from 0.03ysn 106,08 poe@ereafientstogredtto al)

dl%‘aloses‘nﬁ&geﬁ% 1%%16@ are nsFucgnta%ﬁuni%al Vafue%ol{he%%er% & \l)vater rorg)‘—f‘e% Sizs 3R
resultlng Tom FEat 1ng orage vesse %resen pro em of

rustingd).04 emiThis Bl deshlaisiveaiol only ghesaanprdapges Rhichid nots bdsagtitallyfuel oil
compositions during storage it is 20 disclosed to use a compound selected

from a Rigpswgtathcusgely alsg @@E&@ﬂ%k@@%ﬁﬂ%ﬁ?ﬁ@s qrardhe largee deopletiwéschalamic
acid ary st%nﬁaﬂ?e@&&a&%%n@&dcl&?ﬁﬁ&oéﬁﬁﬁﬁo g&&%%@%f@%ﬁ@%&}ﬁ‘ﬁ% &%ﬁﬁﬁ&n 4

and 30 arbon atomg per molecule asgs an addition agent to th
There ﬁsmdmmﬁgsni@sumd&@ﬁsmhdxaddmm¢mpb&gemMEnﬁdﬁmEQQHMamgxammdonét

migroemu onsg of the i 46494 (Robbins et al)
dléélogs%ds ﬂ@dﬁrﬁ@&%%q H’aEFf pﬁ&%ﬁ&%ﬁa&%ﬁ}s S ﬁ&gpi?{gslzg g@@%ﬂé&@anegate

combingfd akThr bk LEnBET REMILA M rrieec it tcally a fatty acid, an amino
alcohol and an alkyl phenol R-A-2373328 (Grangette et al) discloses

the preparatﬂSﬁA &(195&186fbedmslsﬁ@hsh@ﬁ)smtilemlmbﬁwm@@mlamm}ﬁmi@ﬂ

sulphur containin actant A-3876391 et.al) iscl

orones s gk Bo R figE FRE IR Breathind ol Sobeie - BB R s
which mRyinfpitsedinchiEBe ARAdn FpdnktakdFuQ fgha FRT o f QbHpSSitieAdringSforaddie is
microemulsions are formed by use of both a gasoline-soluble surfactant and

a wWatenrisedosad leussurcpmpesnd selagied Gamsa phikdamigaride 2 detphydrophthalemicagid.dved in
the Woﬁlexghy%%(op[ﬁ% FitniC aCid%n Hoxt%%igr%%dac & at%&]’tgelr 85 fls of 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 2011/045334PCT/EP2010/065314 4 US-A-4619967 (Emerson et al)
discloses the use of water-in-oil emulsions for emulsion polymerisation
processeswo0 2011/045338-2-4744796 (Hazbun et al) discloses pCREPMAESHHin-fuel
microemulsions employing a cosurfactaht 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- fudiS++4619967 (Emersan et} digalases dhewss of panardnoilcompbsionsor amalsion

phenyl %éﬁﬂggaﬂﬁgﬁmggs&gast one amphoteric, anionic, cationic or nonionic
surfactant - Cocoamidobetaines are disclosed as possible amphoteric

surfactants USIA-4744996 8 82b08 ehul) diseloseslstabdd watbofe fuch niidracrhalsionmemploy ey
ugseful in the preparation of 10oil—in—waier emulsiong. There is no

disclofRauriaetant combination gf tntiary, butylaleohol and atdeast ongamphateric anigpicg gatippics
Oil5ph§ﬁ?mngﬁﬁ%ﬁﬁﬁ&%%?@o&%ﬁﬂ&ﬁﬁ%ﬁﬂmﬁﬂ@gﬁaﬁ%ﬁgﬁﬁﬁ&Q@@QﬁﬁﬁgéﬂEsﬁﬁhﬁmn&

water-in-o0il emulsion fracturing fluid including an emulsifying agent sold

by ICI unded$Hed FHHde tHaibulpeydiselosehstablmeateemsfiel fiycdragmulsions smplogingot
disclosed a ein 6-C15 alcohol ethoxvl]ates or mixtures thereof) ..

e e st CpbinaGoraf PR Laleanel sud BUES i, MHHTOITG, AORE: afpiic or
surfactppfohiRFMethA (oeddifloBetaifss ok dishio sRIERREABRAPhbtcPic Surfi@shting
detergents. WO-A-9818884 discloses water-in-fuel microemulsions,

including eXdMAr4s32868 &Sadmidmbaly displesesesmpfaatantupixuresgusgiutdnthe peenasstipn ot e,
Wiﬁ@ 6 o?@n%ﬁé%ulpes BSEE TSR 18 RRISIET SR watr- i O ARt R siGh hipashrgs of
co-c11 BICNBY égﬁoxy'ates mixed wi e {EHhER e} ygf%cer%f’éieé%é% P¥near
alcohoﬂamogoawEggmpbﬁgan alcohols. The presence of the polyglyceryl oleates
and POE sorbitan alcohols tend to have detrimental effects on the viscosity

properties Jdf5¥ne633239 Gamiszelhdiseloses thapreparationofa watgerineilemulsiondEctriigntal
effect 1oy i @%%§' - 39
disclogg@igﬁgg%ggﬁﬁﬁ@g%faggggﬁggﬁ§gggg?ﬁﬁﬁﬁludfﬁgﬂgﬂéﬁ¥%gg¥gg%n%%§%ire
compr i simgsi fyirfaagentsard dotadisichesce afiboing 8545 alctlto] Clhoxglhtslomixtutestheredte and
optionally a tall oil 25fatty. acid amine. The water-in-oil microemulsion
may>be an ; NS S CarGralcoliah ShonyIaies g camprpsela hoaval able SuEE ety AUaRl o1 1

microenylehelse e BRARIHGTESE fviRmaReRtsrcomprising a €6-C15 alcohol

ethoxylate, an amine ethoxylate and a polyisobutylsuccininide or sorbitan
ester. The wWNO=A-9%188841 discloses avatdrsiduclmarprasmudsidhseincluding exampkp ofisuch01815

discloses . a fuel, parti 1 di i , ] i 1gi £ ,
o congtudeny DriprRiTies Gralgonol shaky/as BHh 6 T gt aated 1o oy Sl
emuls ivigoRdRiate, IRV iduRs oHER CYpdisshdl eMidR ¥ ateh afix - with citherPOhshkédf 8 Rhtes

discloses a stable, clear water-in-o0il microemulsion consisting of from
abddt dingar deohplsor e sarbitynaleehodnd he pesscngsl theopolydyegsphpdeates apdPOE

non_aq%%r%%n%ﬂ%ﬁgmtg%ﬁoImveddﬁnwnmleﬁéasonthevmamﬁylﬂopmﬁcsofﬂwenuﬂﬁons

which, in turn, has a consequential 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 C¢-C;5 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 Cs-C;s 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-Cl5 alcohol ethoxylates
each compwoO=0rIg4$33em 2 to 12 EO groups, ii) 0 to about PETEP2010/065314
polyisobutylsuccinimide and/or sorbit#én 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-o0il microemulsions are disclosed in

WO - A- 0 ToigroenBsien mkludescromabout-damdthwiys eaplsificas consisting ebhnadnixiye 85Ce-Cis
compri t 4. alkyl
betalnzﬁb%bP&EO}8’,1‘1?(63{}:aCﬁlggﬁlmgﬁl %%gkfﬁ)g%géégdgébé)ggioxy g%ggﬁomprlslng
from 2 potyidobuBdsugrmuprlc and/er sorkitarrested fangiud 0 ol alwino 20 et¥icamibe tthoxylpeethrably
the mixture, 5 to ab 15 wt (C6-C24)alkyl ine oxide and 0 or up
to abodlew&m@& %@r&*g%riﬁ%ﬁ%&w rﬁafsf&@ffﬁ/ rﬁ&é&qﬁnt%&g@at on the total weight

of emulsifying@deofliquid EhGIsHPHh %%ﬁ&ﬂs&nmbb1bwﬁ§?m9ﬁe%Qﬁmﬁﬁ@&ﬁ?&%&?ﬁl&Ft

references, however, disclosegs thé performance of water-inoil

mlcroemnmaxmnmmamzt@dpén&ﬁuné@Oaﬁ%Wﬁ&&ﬁ% Sudhimixturbs; tommendy. refeted to 35
SUMMARY OF THE INVENTIO prese ent in its v aspects, is
S et CgRcentigies OMBNE dhout D oo RO L Tt (Lot 2g A St e M) b B Bere
invent ippuRy RubdsIThes e f al@%&%ﬁﬁ%yﬁ%&oﬁ&fﬁﬁﬁ@t@é}ﬁ 2that EFgeapebile of

dispersing water in a liquid hydrocarbon f rovide a stable clear

water- TRIX8HE ot{l&t@h@&@hmls@wxlﬂi@sf@&qﬁer@bﬂ& ﬂ@ef@pqt@r@, é)15zt§ abeutckewtle é@e@sqé@iky&ater

phalﬁe l%mrllg eat(ﬁ F E}% b a(aoout5 9%\)&}%% o(t)her n n—10n1g ernul %gocar%f .t}le tot
comprising Iess P er to reduce or su P AEEe the

formatL@ﬁgMnﬁ%ﬁm@ﬂyﬁ@u@gmhﬁ@ﬁggﬁmh@n fuel of ice particles hav1ng a weight
average partlcle size greater than 1 lam when said liquid hydrocarbon fuel

is cooled tdNenepfdheahore priohart referengeshagrever: disclosesthe performpnes-af waterrin-
amount fo?lfmﬁ?de%tﬂﬁo&seﬁsf&ngé}%uﬁ%lﬁgWﬁ?qob]@%gbé‘lgw%a%dSG"thld hydrocarbon fuel
ig sufficient to dispers east ppm water 1h said liguid hydrocarbon
25fuel. In another aspect, the present invention provide a method of
redu01 or substantially eliminating the formation in a liquid hydrocarbon

éiE@&%g¥ﬁLﬂ%IlL4£§9 < ight average particle size greater than 1
lam when  saihe o}l CinpAAeACAHERAribHSdspiéts, %Qsl%@oﬁﬁn‘%ﬁéﬂ@c%BﬁE%ﬁﬁﬁg diinkd1e
range of from to -50C, said method comprising a) providing ‘a spe01f1ed
amount of 1igehd aa@cihgl@mwnbmnetﬁmlp;ro‘adwhi ms_ﬁnfdat tepstrancasutfactartiubdt is

comprising . le than 50 at, lea e surfactant
Char” ;sandhle 6F Gonct g RRR I o by droraos fuel 18 roTic ol SRR GO g
PrOVldQn@nﬁ%ﬁm%ﬁl@%@%ﬁuﬂéﬁﬁ%k&@m@b¥ﬂ%%ﬁﬁ%ﬁ@&%ﬁ%ﬁ%h%ﬁﬁ§ﬁé%ﬁ%ﬂﬁtﬁ%ﬂPi?EmSlze
of the dispersed watoﬁdghase is no greater than 0.25 lam, c¢) adding said at

ledft dne hétﬂil.l_dffé)@it%&ﬂ? dompsisag e é@anaiﬁbpnm wafgg to reduce or substantially
2011/04 334PC 0/0653. id carb fu in an
S aE[e gl off flat 041 n saljiﬁglél{_‘(fjlgyéiroc%%on T pa eslhlav%ln}fg B ‘ﬁ/}e/%h? e

sufflclen erse at ppm water 1n sai rocar

fuel, gndidl sidd greerstag 19aidhet sdiedighidindresambadens cdsled@itempdratuia in
hydrocarbon fuel. In another aspect, the resent invention rov1des a

method tBErapge aEfromtog30 éilfélféﬁfrtthﬁfﬁr}?uat afisgidhof lepstiouscurtasianteysed ingpidh after
refuel%ﬁﬁﬂiEﬁﬁo&ﬁ&ﬁgﬂgﬁgs&ﬁﬁgﬁpﬁthQHQQE@m§9ﬁnﬂﬁfE&ﬁ%%?&ndhqmdhy&@cmbon

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 pm 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 um, ¢) adding said at least one surfactant to said specified amount



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 metlwd 200m@53Bsing a) pumping a specified amount of ptTmP2@0heI3roCcarbon
fuel into a fuel tank of an aircraft,6said liquid hydrocarbon fuel
comprising less than 50 ppm water, b) providing at least one surfactant
that is capable of dispersing water in said ligquid hydrocarbon fuel to
provide a stable clear water-in-oil 10 microemulsion wherein the droplet

size offliguiddydpecathon fuelde an gmeunt spfficient do-dispase #teast 50 ppmmeatcr ia paiddiquidy
said af, gh?oacﬁl%o el ST Ty 1n§ sa%?a?tcieajstl&&@s%r%&éft%fﬁ 18%%1%%@1 & 508, B Ount

sufficient to 1sperse at 50 ppm water 1n sa rocar
fuel during lonnethteaspead,itfic picgeritdneydion provides afnethodiet pficHag anmtmraffawdh ﬁuel

tank, and. d) dispersing said at one surfactant in said liquid
hydrocalm%h@a%%rb%l@el wiigh f@%refaf%ﬁmg has 2 redyced tendensy ey %C&Bﬁ@%@itim at

Oor &S Tfadh. %%&ght"a%r éBQrtﬁBlfe s‘i%%egré‘a?té”xctﬁéxﬁi ﬁﬁwﬁ%%&?ﬁ&uﬁ% BoOeYBOF fidpented
age g Ry

water plck up during the process of transferring the from refinery to
fuel depobdtGhﬁmﬁmmp@smt&cmmgamfﬁ@nsmppﬁﬂdasambnmhodmmnpﬂyngmkmmmwm;h the

fuel usi standa 1 bowger .that 1 ly.in o at any
 epon SPOAIE SATY P DUTRARRIEn A s aduS el s R T o] recray
into thgdfdé@ﬂboﬁ Fudl bohPrifMBRES tHiR 50 ppaewaky by pEdvidihRdt et Bde SurfRBHLIht And/or
standard injection gystem. 20In another aspect, the(gresent invention

providé:@,p@tﬂe af dispessing MatsT imsaid Heuid hydpgarban Eleqll@en@yl @ skablecledravgierriniil es
hagbng raictoeh stl T Where e@@ GBI 10e 3P AR ATRAtE Y afct é)%ase is %@ gv%ve% ?t}?a%é(ﬁj%sl Tquid

hydrocarbon 18 Coo O temperatu s8N -50C,

said 1 J@@d&n@yﬁd@ts&mme Sudctaenpsaid ligad hydiotarbsetfuct 5n é:x@arﬁ&ﬁﬁ seffitient to
preferably 45-500ppm, of at least one (C6-C15) alcohol ethoxylate 25and/or

11) £roispsrssatigastdl ppaswalskin widliqud Jlly@r%gﬂaon f}’a'?é@éfﬂ?sﬁo%ﬁf@t sgbauidor at
least ﬂn&%%on%&ﬁ% éﬁ&%ﬁﬁ%ﬁulﬁ%T&ﬁﬁ%&ﬁ%}dR@&@%@g%datbaﬁc%%sﬁggﬁ5ﬁQE to

the sur actants emu ing agents, an alrcra may comprise one or
more adﬂmﬁ&pmﬁﬁwhom@mnahdsA&uﬂhmaﬂmﬂn&anﬁﬂdﬂﬁbﬂgﬁﬁgﬂ&acan@éaﬁmdmnﬂasnmmtal
deactivators, 6&31 detector al E}tlves corrosion 1n§gb1tors lubricity

imgdPovde dhe wing of theairczaft as possiblefo prevent wmanied watsioicloup duringths process Fhose
skilled hrehitf BE Fuel Foth CAREATNY REMESpot SE e o foh Baf B gu@%&z&d B¥tntately

In another aspect, the preseint invention provides a liquid concentrate
comprigirgd sitbdhe fiwl ismg 4 Atpodard feel bowsar that of cusrestly in pparaticngslaoy erpert. The

lsifvyi t WO, 20 /045334 T/EP2010/06 (B) 30 t 95 wt.% f
St e 2R ERtion S oSl A RERAB ISRl TRty tiig frecfuges SEis pmpeg g e o > ©

more glieRbrRngdin ksl RISt stskd (Rjbctforigys@i Wt . 5 Of one or more organic

solvents. In another aspect, the present invention provides a process for
marlfacturidy aaotb@rcﬁ@@@%tthap@sgg igecatiod peyidgs suaircraidveldesingsagdused that

;ggﬁo{?%rtdgegé‘%éo £ l;rn ce ?ﬂ%(g%sl lx?}i{g {\% %Egaverage partlc?e & zeergr%a cr th%rlil 1 Exrrlr(lawﬁ%lil f4°t
liquid hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50°C, said liquid
hydrocarbon fuel comprising;:

1) from 45 to 4575 ppm, preferably 45-500ppm, of at least one (Cs-C;s) alcohol ethoxylate
25 and/or ii) from O or up to 425 ppm, e.g. 5-425 ppm, preferably 2-50ppm, of at least one (Cs-
Caa)alkyl amido (C;-Ce)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-o0il microemulsion comprising
(a)a ligua@ 261045338 0il which is immiscible with water; PCO/#P2010/063314 wt.%,
preferably up to 0.1 wt.%, based on the 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 l5engined

aircrafBlof a conddadPater 9t opeaporawnignisadkohuedsufactn®: 1iquid fuel is
immisciple with , j 1311 idhi-se is to scavenge free
water %@ch exis‘t,:b:;t%?? “g%%g%ﬁggiééﬁeg%g&irﬁ&%%t%@?é1%’ Ja.tiéuid fuel or oil as
a contgijnant by Oftomidimedf shabilmoredrganid soledits.emulsion or
water-in-oil-microemulsion, thereby to render or retain the said ligquid

fuel or oil RANShEf-aspsct. the prescentipviahtion prayides gdrecess fof panpiageing ai nvention

pro%idegn g liveg aHERIFAGRE RRF IR S TAT A D ArOR i dpifgduced

as a contaminant into a liquid fuel which is immiscible with water, thereby

to rend¢s tomparatumiin thhengadtiframgld’@ toudiC, ipreferaba®letostlS€e, which method
comprises: ?ddin to ataﬁbstantiall. water—freibii%%;d.fuil ogﬁto a liquid
fuel contamiRAPRCrASPectrhERroyehdgvention provides &, sEable WS- emUINOl e i1 order
to forqﬁg&ﬁ%gh;@awg%g§ﬂ%ﬁm%&%n@mmk%%gﬁmgﬁ water-in-oil- 25 microemulsion.
In each aspect of the present invention that references the concentrate as

descril@l above, alimid areil @’bicbd&lﬁ@ﬁ@ﬁibE WHh WegsT, (D) preferably add up to

100%. The term  "free-water" refers to water present eparate
oi061d% s quia pHRdd MG BBy ub G 0T 3e R SR o B GHR BT Tnie way
arise from entraipge; water or water that is 30dissolved in the liquid fuel

phase. Dissolved water becomes free water with lower temperatures due to

the redfktion in 1950UB009exs.npm, prefergblyd tod. 009yt ppmebased onthe 1 the above
aspects of the irﬁ‘ﬂ%ﬁ}é}@(‘?) 1'0]%% CSE&%fr‘f{t%taﬁlae%%g&ﬁboj\% or ig introduced into
conta .e. it {

the ligquid fuel as a aminant 1 i1t 1s not water which has been
deliberatelynaddthdr dspedththe pisyeritdnvditionr Piokides Bc3use T 4 HRRIA0X6E3 Iutbide

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.¢. 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
introducasio2siia4sssntaminant in the liquid fuel or waterpPeh@EP2&00653WAter 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 tdigletuchasavatasaddedtoqmlapidfictnthe aﬁrpali@tla& obg-water-ingil eAWlsioN e aspects

of the bk %‘fsm‘-ﬁ“i%% RyattiRishd Gi5s Waloahedd R GhEmaRan! i ‘ﬁ?cf‘ﬁfél or water

e i
1ntroduce into %1qu1 fuel as am 1ent moisture. Whlﬁl n extreme

condit s d:glewaaamqmctdedﬁo ﬂieeleqmzhﬁmtac@meﬂtallma)y id vamantigdorcthd water & ambient
contaminant could comprise 0.5% by weig %Eor more of the co @;ned weight of

10wat e IQISHI SUGh 28 Ealerfm OrCofy %lfa%@ \é@ﬁ% yed drom ghangessn tpudity; lovels i the
thag l%nﬁ&iﬁ%&ﬁﬁmﬁgﬁwqmﬁﬂpﬁwp£1E§%E&W%E%Hu?%%ﬁ%ﬁ&%&ﬁ%nﬂﬁ$ﬁsByﬁ&ﬂﬁﬁ}%hwh

comprise significantly less than 0.5 wt% of the combined weight of
free- watsﬂuamﬂhbuqda&m@wﬁmmemhmngxam@msthﬁypxmamryﬁtmmﬂmmbuntmmﬁnfﬁééewater

e e e N T

Welghtz@ﬂn&ﬂ%ﬁﬁﬁﬁﬁdﬁmﬁﬁﬁﬁ%xgﬁﬁéco&ﬁﬁ&%tE@E%o&%QﬁYﬁ%gﬁﬁmmﬂﬁﬁﬁHﬁ?b@Ct as a
scavenger and a "scavenger" is a substance added to a chemical reaction or

mixturdnttedused at & centamumaat eopkbeomprse Dl by sveaght o moseefithe gombined weighs of
E h £ Edition 1998 t 999 &
Hgﬂé;iéwﬁ%%mﬁqgﬁi g%%%ﬁqmzmﬁm%@ﬁ (meskEF rlﬁi%ﬁﬁﬁ I gﬁ% m@Pwﬁof

1ns ers erms qull r

"hydrodesehemeiftsmiamiaant Will qypical Busshipriae sigh#ficeddly lesethan s, sswﬁ% bt tembined

equivalent generic termsg for ll%UldS such as jet fuelg, aviation gasolinesg,

militayrighief fige-waterpad liguidduglst Ok@@%&@@lc%laégﬁl%@%‘é‘%ﬁé@f@l"éﬂteﬂeaded or
unleaded)q Parabiiog 1d?€é§%ﬁ%18} &s tHRDY de/lea}l ty PR &S Sran" R RS, C1 1S

fatty acid methyl esters , poly alpha gefln and mixtures thereof,
all ofsmdmwﬁoﬁi&n%ﬁnéﬁaﬂﬁywaghaﬂahaadnhmmiseg@lefwathmwunpmdﬁEhe liquid
fuels most syitable for practising the present inyention, are

hydPocarbon SNy SCAVENEE smeansito aft as aj%eveﬂgsrlanda@vlsg%veaﬁergé%ilih%@ncmdldféary
grade fyglemRirriaifilor MikaFSl: cdﬁﬁﬁé@a%?ﬁ%refﬁé%ﬂﬁﬁﬁﬁﬁ@st 59defiRd iR Dol tures

thereof, and mixtures of the aforesaid with 1% by wt Or more biocethanol

and/or Emghﬁh Pictionany, FetsBditiomd 998%; Reprinted 198%Mtwvice), Harpel'fleéhralhlbluslyerbf the

i 1 f f tant to 1 t
the. formar et dysb b ey Thel e b dfoarogn T o i et e Bl ived ™"
hydrocaxkesstdisall e@lﬁvﬂé{i{rgbﬁ&w%l}fiﬂs fo? YigHids SudiPRg el sMekdtich gasdifies, iy as

a contaminant. T in each 30 relevant aspect of the present invention,

th&01 1@1@ fﬂ@Jé,ldlﬁ@is kerapancscgasalures/peteln (Igadashar unkeaded) cpniafiimicn aaphthepice
exampl u\QfL GISOI 0151101%1163 ) ]%a%te 01155%9‘%%%{8 met 16%12695 (@%%E) f gﬁf CHISER g _the

liquid ine ehgined air ine fuel A

liquid raivtbéshero hll b whidharb goerdiyedonsidsicdmaniiscible Q/lt‘hhilzait@m The hthaﬂi@lw
aviation. These include, for WO 2011/045334PCT/EP2010/065314 9 example,

fuels drostawtablefosprctising hegreaeat inxentipaargthe hygdrogarbgr fuchqdls, most gwﬁbmn

JP-4, JFhePavidtion’ gasoline, 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 um 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-8 and JP-8+100. Jet A and Jet A-1 are commercially available turbine
fuel specifications based on kerogene. Current standards include, for
example, WODM11IW433355 and DEF STAN 91- 91. Jet B is a moPeTIEPgIDM6esswt fuel
based on naphtha and kerosene fractiofis. JP-4 is equivalent to 5Jet B.
JP-5, JP-7, JP-8 and JP-8+100 are military turbine fuelg. Some of these
standards relate to formulations which already comprise further additives
such as corrosion inhibitors, other icing inhibitors, static dissipators,

detergert@pleafugisafshedesignation dst Faghv olct Fed £%-1 ales Budlda detdarcl -4, JP-5, JP-7,1he
term "lj i i i imisci ) W .4 g id fuel,
s adT® BUSELIGO T A b AR PEE bRt B TRb I R R Ty i dens P e
than albasdd éh. Broseat dQurrgnt sthrdadsl iviclide fogmaaipds, ASTEM B 10%andiDEE STAN 91-
admixture of liquid %ﬁﬁé and water above 0.0iﬁ separates out on gtanding in

fo two Pnld s aore highl cytdbe] Raxtshonnaphing abg beioscrie [ReLaRnAL-4isgauvacnt o
micsoenylgipns HprmipR HITPACHRD brRiltSS FulbfieSribls TSI S thOscABM AL FaRE %o

surfactant or mixture of surfactants which i1s capable upon simple admixture
with a forinudatiensodmghrdlecbdy comprisc withdmaddntmves sidblas gotrasiew imhibitorg, thet deifigie 1
and water, of 15forming a water-in-o0il microemulsion. Formation of the

e roorbas St T T B AP S P R PO At e
temperature TigR tgrm Hqudd fiel RhichHE inSMRERATERRE (Stert Rofers - ¥ Hiid fedMRch9ing two
visible immiscible phases of a liquid fuel and water, when the

water : iydrogartben fuat otli thati is not miscibde-wath svateriat geeater thaprabout:1 % waterpprefesably iar
with su hresa%éf IR i%].:arfygéf I@%Fu?@%f fi‘l&%@gf& %ﬂ%\%%r @@&ﬁ&%%ﬁ%@e‘;@@@eg 10

the micrSemulsion prior a erence mentiore ove. 1 ﬁe
processtafinbiih ib o pitisecdimentation, screen clogging and rusting in fuel
0il compositions during storage disclosed in US-A-3095286 has not been

investigatedhedsid gaulsiyng ageansusfagtantandaigroomubson formyng sy fagtaat axsed
beli - - in=ile mi 2] Xt
elieved, Lo, FGEH, EKE?%ﬁble%ﬁ%ant%?Eﬁﬁuﬂenof‘?sﬁ?fa@%rgﬁ gﬁg@ég chﬁf]a%ée%usld xture

with a mixture comprising two visible immisci uel
and watdmixthrowitida ngttyre dconeprastdritevioonsiblgamnssclbils phaseedf 4 hiqlid fael 208 328G ofre
not 25considered to be microemulsion-forming surfactants/emulsiﬁying agents

as lPeqUemaing pyvatefanoilmicreenylyon Hormation pfithg pyicroerylsionds substaatialyy1 “g1ycine
betaingg,Alisohoapsch de Heitda 28508R A téthbtakis (&F 1®130°@¥6f BRE Sulpstdiéped £0 form

il
stable, plear, wa;er—ln—p;l mlcrqemu181ons upon admixture with a mixture
comprigmtyre womprigipiveo visthicsioihikeibisiphesas ob & lmuidifpali shdfviatdr, shén theter .

Accordingly, the acylamidoalkyl ine betaines_.discloged in -A-2886423
e motv e g Ry N Bersdns SIS T wilh T G Dt sush Sy HACATES £6 5 ng
agents spffadt@ffidikeiesl Forldr@mpleas kel obBy Rithd allcroBRWRIRDriof a# réfafnasoidance of
any doubt, the expression "one or more stable, clear, water-infuel

micdPoemaansipaed #oorai (YWhilst theapreeass efiink bitingoscdipaentationt srscqprdegging dndviaistingn

exclud amic acids of formulasg ..(1 .2 3 4) d their saltg of
o mar g ST GrftiorBnE Ay HBE aibdtbced iR s ATH0R 38 BAUn R RS CRS SighBate 0" 1
carbon ddPiva apedts disdlossdlia (38 AJIS286 ek nb belfevAd 3 RrRS&tabisi@leahiavater-in-oil
acylamidoalkyl glycine betaines as disclosed in US-A-2886423) A
suitableicrermbsionsipon adminturemyith & aiprcomprisnedye visiblspmmisidlephasssaf o1 o

L

mizZtureonsigeredtnpbei mecreciif sici-Hoadiagsafactdritsterrilatfwing mgentsidsaequiecdaif 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, olea2u1/Msd3¢r-in-oil microemulsion-forming surfa@CREPI010065314
amphoteric or comprise a mixture of siirfactants 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#arhentatoras par molecula axdisclengd du b ScAndf98286 anddhe acylanidealkylglyeine rstood,
it is 3%&$%¥%gdﬁg 5&f’?J§&@?§%ﬁ§§Fous compositiong comprise an agueous
1 u

1%
prhase stributed within a non-agqueous phase, wherein that the aqueous
phase is disA suitabteeshirfantantaixton neaywempsisphds<C inlcohe cflwrmlatfordnaixtere of
possibly miﬁelles, having a size no greater than about 1 lam,  such as
gt / %gﬁa 1%

from 138chsthexylates angd/ora cidgming sthoxylpfsapd gpigonaly g téﬁégéaé%agc amine.  p,,
referrifg g shitsh NdFERERF MR rﬁa;y w}ﬁpr%%s%nélsia%ﬁmt&&&ﬁﬁe Bed ngxustgole"

we mean that, when a 1:1 ratio of water and surfactant or emulsifying agent
is addedchethaxyldtgudmatl/éoryadfatiy acidamificiethoxylateandmguolyisobhitylsuctipimde, andaged on
the total .weight of. liquid. drocarhon fuel, water and . .

s £ ac COHUAE RPE PRI Suiteble TR0 It Ry T Tl formine SHifoSias
phase ige gpRReMESHSIONiTise & niRiid SRR EHAS iclading AECREK SRS aRAPRRLEE SurlRiakRg an
average particles size of no greater than 0.1 pm in the oil phase for at

least Preiggad amphofenc sudrtaatsare hetemas endhsulpherhesataesapartiodady betpines e

st%Bri%g. The micro qplsioq:is of .a. continuous f%eld%ha e,in which water
ost preferredsurtac ants are thg emulsi ng.a ents %erem below SCTT d. .
dropletsg, having an average drople ize Of 1no greater an 0.1 pm is

dispersed. Thwugk gielphgsitalhbans of hafchileQrRbuydsHiSItidhs ivavt feilpdaisrstood, it
thermodynamically stable when used as a fuel for us in 25 jet or diesel
engined$ b@}?@@éﬂ@%@@&é@% AQUOQHS GRIRRASIIIANS SOMPHESR ANsaRRovPhasrdistributed withiv-ant ion

may beIﬁﬁ%@??ﬁ%&é%ﬁ?&H@%ﬁﬁ%&%ﬁea%xmus &%e%ﬁﬁd%%ﬁ%gﬁﬁﬁEangﬁﬁaﬁﬁ %ﬁ%%ﬁ’ that

when a liqg containing a relevant amount of stable microemulsion
formingheforfestdaoyidtenpoks bifvmicgllsgkatingadizeat greates tlanaibedt @dwm, such-sdtHm very
few if any visible ice particleg are formed in the fuel and no gel is
foﬂéedfl%gp%Uﬂgé§§”Edy@@%§%§x@688&?@%9&a%ﬁ%?'Very surprising phenomenon,

but without piighdhgs FhReidbPhhRDLSE thipRsGFRLRRACT & beindslablLShisvad that,

as the water-in-oil microemulsion is cooled, the presence of the

surfacthatrwhemul dirfyd afwalgeandssutfactantorlenaplsifyifgiadent siadded toya hprdrents the

N s P e G A D
2011/ 04R33¢RET éﬁ@ﬁﬁﬁa@(aﬁﬁér%&l@if}i%% QEe e Fornk RSy ak@URDNEMTG0 i, $hE RHF PRass weh

that the water eventually does freeze, the surfactant/emulsifying agent
ac28 tdhewster-in-eil enmlsininzexiss asdigpersed droplets hawng ng axeredopmsticlesyzadlitgh may be

formed in t cpoled fuel. Thu en if 1 crystal re formed in the
AR R AR R A S e e T

crystalef 25HOWithseM RO The SH4OBRERIoHIS of & eofitiiBuP AL gitke f1 Which watde
significantly above 11.tm, which consequently means that no ice slugs are

formed dreplets Hewingian averagb deapletdizelod no geeaggspllan 0 Hlmys dispefsedndlic raSREMINGS
Fig. 1.

TS R R ST Yo e R SRR BER R B 0T
Exam8p1§ethor 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 skowslid4sasmtainer at -17C vented to the atmosphfe®/BPeo10M6s3ing jet
fuel, 200ppm 15 water dyed red and 700 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

DESCRI®I 3NN, the ferpperatureds rqduectsush tha thepraiereyentially dess fEwre.dhe fluid that
due to ' . 1] 4 b ' of i ' :
having ‘SR ER T BL AN bl ERNENGE s 06r A TEE CRRLpd IR RS
format imay befformed pethe todled firvding, evepifiitd ciystaymea formed hathe Fudl, tham, and
apple jelly. Prior to the present invention, materials such as diethylene
glycol Sﬁgﬁ%@éﬁﬁ%}ﬂs@&%%@?ﬁﬁ%gﬁgpr%%}é thedeq crystaly froum growjag er agelomeraing § on
in fue . LA C Lo e
can? nod formEfglegBs to SEARKANEEOE hutd SARELOAThAN I MARE (RFR0 YIRS
water thaformed fethesrnidis obiveval thatamtappesjtllpfs fodmddig 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%ﬁKAméﬁg§sthe DiEGME, (the chemistry is such 30that it will
preferentially reside in the water phase as temperature reduces) it can
separate frdmgthdShdwed DSC diolet fuehpah200ppm watdr adt P ppneDwGME phase. The
DiEGME will prevent s of . this wat from turni to ice. Howeyer, the
DinOME wat el ThEiors AISC 8 et A W T ppEBaet i 260 ity sdiiccu et o R mplge
like suypstance often referred to as "apple jelly" in the aviation industry.
WO 2011/045334PCT/EP2010/065314 12 Federal Aviation authorities have
attributed diégdrashaxsiseontinesatikdea vented tocthe stmespbere£ontainieg: petieht

inventi overcomeg,thisg blem b it ig believed, preventing the
format;g@pg?wﬁg?§é©q8%ﬁg¥§§@§?gl%¥¥¥§gmgﬁéé gfmggg%%merates. Indeed, it is
believed thefig 3B dhesvsercoataids aerid @yelenerhtatnasphert esmethindjcthiel, 208gpm the
size of such particles is restricted to sub-micron particles (<lium). 5 DSC
reééltémﬁﬁwbﬁgéﬂhm&yaméﬁ@%DﬂﬂEN@bmparison between a DiEGME containing fuel
and a Waterﬁga@ﬁ%&zs%‘aﬁ@gﬂ%s&ﬁrbsé %??e‘%‘?&e%‘(iﬁ&%’ OOE[%%I %%Fgﬁ&“?dos offers
several advantages over e use of DiEGME. The latter tends to be more
hygrosaepescedimethgitestae agmdstailDSC @f dot fured tvath 2000mpna wates,t580 ppihmpEseBEGMiEthyd also
chemically aggressive and may attack fuel tank linings etc, and needs to be
used ateSil Orppra pencentrate fiom EXAMY¢ fying 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
in@0caBRETAILEDESERIPEFIINcssing quantities of ingredients used herein are

to be understood as modified in all instances . the term, "ahout". ..
¢ present invention may provide a water content ﬁafld tltllat due to the nkﬂlerent stability

prevents the formation of ice particles having a particle size greater than 1 um, preferably it
prevents the formation of ice particles having a particle greater than 0.1 um, and apple jelly.
Prior to the present invention, materials such as diethylene glycol monomethyl 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 l5grades available at any service station or from industrial
supplierswoReafiasslply, the fuel o0il is selected from jeeCIEP2®Y/0653ietion
gasolines, military grade fuels, dieskl, 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
includdededl-Axiatiop pathomtiesihave attribuicdisayeeph aviation acsidepisdo this matoriakdde a-1,
20Jet E - E 4 =7 - - 0 Jet
a1 ard" SonrinySFion oty Ay Fopfom H7 3l AR SO E T o §1 8100 it
kerosermeystdlsioren crystah agdoderates clhddel, itliobelexadithheif 18SAYsthls 266 bgglomieBE STAN
91-91. Jet; B is a more highly cut fuel based on naphtha and, kerosene

ract i dislored i dig Tuchthie a/7e R SYCh RaEicTes i strictod o s9b-nisrog PAHiEIHS B0 are

militanygEahiim fHrst &2 §1?6%@tﬁ%fcoﬁgﬁﬁgom%éiﬁmmt&nﬁiﬁgE&f@f%&&a}ons

which already compfise further additives 25such as corrosion inhibitors,
icing iwdtdieihtfoelemicsreandsod respietavaty: d he daitwemalsion, offers spevemdndwntages over

antioxidants, activators, . etc. ical. classes d..species of such
Eor e e e ECME R ate 35EA T4 b oo BHB 0% Dhisdn TR o HoBaY STau 6 ay
US 200944 Qe/5THE DIEGMIDis ARBTAIRTANF agatdssiR 28 G54/ ORMEK ikt taRRinRigS GHEL andrat ios
of the fuel and water emiigged in the present emulsion are dependent 30

upon mdwgdstadeased atdighsy tharethr crwlsifying agaats. Henhsndlegandrdispasalrofabout

99%, PLE ly .at leasgt about 99.5 %, mor referably at least about
99 '1 8 95 ?&%ﬁ\ﬁf i&al§ cosﬁ% i’?e g D %aéagd%ugs élaj;/our% oFthR :Pé%(ﬁ.llc?

mMOSt pretfera out Yy we ‘based on the total

weight of th@thedtharirtliveparstigonRahidsionwhare othehwisomdiGtae th himbsgeaking,
the fuel phase comprises no greater than about 99.999 % by weight, and
preferH5PLFsBg Wnﬁ%@a obipgredieptsusedbherein Arg %hqu@rm@se%ﬁﬁ%w@ ipsfancgs s by
Weight%yﬂwtmnFﬁgl ally, the composition or microemulsion comprises from
about 0:0001 to about 1.0 % by weight of surfactants/emulsifying agents,
preferably fhemehleutuldoolthe presaitomenfion Maymbepecpredfeoraliighs fimoarcalandard
0.0001 to, abou .1 %, and even more prefergbly from gbout (0.0001 5to about
0 d35 srdenavalibleat ant syce SEen Bt Bpmringiia it Braably,the T} oS agents

selectadcbq T 1o ARl Balio ShoRRRVRTIRS GTHEALELEECEAGONERT iR IiRE 0

microemulsion for a given fluid. here a compound is referred to as
being '(setekeriuntesded) and miatimesitberbat: Preferablytthd bawd foel Eofogadunbme ehgmeerably

thoxylated . d ige,. f .ta 12 EQ g LI f d
ribod AUSET (8 TOHE b el dgliand wbips us ot i TRl svdgmB BT ey 10
have anngiveyadatiGeImes MEUREtBYdxdaiAaFhdief the dedibmtphleik] Wik Rl &-17 or

less, preferably of 2.5 or legg, typically of from 1.5 to 2.5, or, as an
al28rndetikus] BofetFugl Brd, 1J8% JPpi dB-S1em8 ID-854 08. Jst Arand defA-1tapp seramexeiadly from
1.05 toav%ilaqole turbine fuel 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 A1, 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
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-Cl5 alcohol ethoxylates is employed in the
microemulsion, it is preferably a mixture of C9-Cl4 alcohol ethoxylates,
such as avoilstwmss3ef C9 to Cll alcohol 15ethoxylates orPE@THP0MES3DL
Cl2-Cl4 alcohol ethoxylates. The distBBibution 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-C1l5 alcohol
ethoxylates include relevant products sold by leading chemical companies.
An exanpare than ahostdP@Y wiby wetght. - c14 alcohol ethoxylate is Lauropal 2

(available ﬁ@%gb ‘ﬂ%%‘ﬁ@ COI%BgS]I‘[?'&Id(;I‘ mitf @é‘i@n@ goam%‘fn ab%lﬁ‘? %@blllﬁ)laﬁo‘éﬁflﬂoagent

comprises t owling: 3 parts opropy betaine; (ii) 97

parts By bytwdight of @hfao&a]xﬁgzﬁérmllséﬁhgmgdm&; @reﬁmb@rfmhebomr@hmimnhout O58o,
emulsifying a ent comprises the following: art by wt cocoamidopropyl

betaindlOr¢ Prg erélbkyaff@g apout; 90004 to about Oall%omw@a%%@faeé@fablem a@%gwﬁl by
wt Glo g Lky 0amsng, “Pﬁ%lgﬁul@t‘?fér o Br&éﬁﬁ? ar}ﬂﬁﬁﬁg dFerhifsitying %@ergg dl@gdormine

ethoxylateg comprising 25 from about groups. In another
embodlmemnnmtﬂetemhmammyrﬁgma@dhtrapmpﬁﬂsﬁEntmmndh@ﬂMWmnébrangSﬂpmrts by

t d bet 75 t - Cl5.al 1
Cthoyrate, WhgEp eopnpdad § ratrind QSR SR i owe s RGNS A 19312 o
nonionigp %?dh’fa&’ Pirgﬁra%%ﬂéth@ﬁﬂlgte@%@ﬁﬁoﬁ‘é@@éﬁ&iﬁﬁﬁorﬁ%HQEEl@groJﬁﬁ@m about 2 to
20 EO groups. 30The emulsifying compositions ew@loyed in the present

invention ada aprefeiradembodiasht, thengnees tore CoXas ?JILOl@’EhOém@Eé 2E camponegetds
the e 181f1er composit
Ll Ton e i e R o T e R e B e A RO I3 PSR oA B 2515

to WO &Qés@/t@ﬁrﬁél%é’ﬁfdrﬁ32ﬁﬁb02/§) o7 3dsdanldtchatind @63 . 7ter léss,fpt@ﬂerz&ﬁy st asdaksls,

additives. In another embodiment, the emulsifying composition
compr1§@@0%56ﬁ§8¥ﬂé%§ﬁ§ {i) 2 parts cocoamidopropyl betaine; (ii) 60 parts

Co - cii algppgl, ﬁﬁmfsv'&féc%ecls Lichhd| AnBEHES i ERRAIE Y SRR oY | 194

parts ethanol 5In one embodiment of presen vention, a micrdemulsion
is pregﬁa%ﬂmbyammmumgf(b«ahahbbﬂhﬁ&ﬁwﬁ&& such 28 a MAMtupaaitE,, toeC g alc6lkol9 98
parts fuel Q0001 to ahout 0.01 parts,

e 45 0 hevisL a Rl 9§§@n€14§§(§ﬁ%1éebﬁ% B 1 distbyion’ 9 Beent s
inCIUdecohﬁ)oﬁeIE§ﬁqttKe ffrdufeldh e drom Gito %6‘)/%%@9? GAd BR prafivabBy Gétribufed
alcohol ethoxylate comprising from 2 to 12 'EO groups or a miXture of such
alcohola ulsery ferows Cortmerstatly By ailablegGaCss aeahobythoxylates include relevant products
sold by leading chemical companies. An example of a commercial Cy; - Cy4 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 Co - Cy; alcohol ethoxylate;
In another embodiment, the emulsifying agent comprises the following: (i) 1 part by wt
cocoamidopropyl betaine; (i1) 8 parts by wt Co - C;; alcohol ethoxylate; (iii) 3 parts by wt Cyo
alkyl amine oxide and iv) 90 parts nonionic fatty (Cs-Ca4)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 Ce - C;5 alcohol ethoxylate; (ii1) 10 parts by wt Cyo
alkyl amine oxide and iv) 10 parts nonionic fatty (Ce-C,4) 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, diegel
engines, o0il burning heating systems and is suited to all uses within these
applicatiwo 2am#Es3340ther uses within the fuels industryPeiEP2iue/0653perent to
those skilled in the art. The microemdlsion may comprise additional
componentg. These additional components 15 may be incorporated to improve
anti-wear, extreme pressure properties, improve cold weather performance or
improve fuel combugtion. The requirement to add additional components may

be dicthsraddedty afvel apppandardraldiivetea in which the microemulsion is used.
Suitable addy Eﬁgtﬂ&&velxﬁﬁ&ﬁﬁgﬁ%% ’enﬁfl]s(i:{fgg&i%oo %‘é&@ﬁ@@ﬁ%&%ﬁf%l&ﬁ?& g@ %}g&r@ n

application area, e apparent e s in the art.

compos icoteammdapropyl edidee] ()6 (CpertswndC @ flcohel athiosglaad (il d arnevplkenunhesokted
water pick,ug during the process of transferring the fuel from refinery to
fuel ASPESEY)PhRALGEYOItion can be supplied and intimately mixed with the

fue using anghefpsdinicheds RO YRR HhRhdE CHIFRATMoM RBRFa§PMidheanY

airport. The additive composgition can be dosed at the required rate
directl(®) ahout9%H2S ERII9Wepaits, cig PN aartsHuel, clgea gt fickaafid wing using e.g. a
venturi st ig . all intima Smixing, to.occur and due to the
hature BEEE000REAPUCEOT pit s 023 PR eBALS AR SPR O R Fuer ana
will remadsfdisideaRubadddt) atfhey {G&e@&m{a@(@lt@mﬁﬂ%%@e? i@ - €9; &SoHW as
-50C. The present invention will now be further described by way of

examp ethoxyhatrpecmeprismeriseraide 134¥e gowpy o mgureafsuch aelcohol cthpxylatasmivkeren

whq einthe emq}siqn is a clear 30 translucent emulsion" is believed to be
? allgaEts ate by valime.. . : ) ;
analogou O "a“watér-in-oil microemulsion, whereln the average droplet

size of the Mrgrachhiasentivh mdicbovailBed i) ambhg Selss jebBngdificddicIslBE@ES, bilan
0.251.tm, preferably no greater than 0.11.tm". In the present exampleg, the

emulsi&&l@i%&k@tmgéﬁéwwa%ﬁg@i%@ allrpgsswithinithese.application greagQherusss Withine g
to havethé‘ﬁle?sviﬁ%%? \Qiﬁj%]a%ar%ﬁ% tfe e%ﬁ%eég?ﬁ:ﬁl}é art"©
EP2010/06

2011/045334PCT 14 15 phase of the water-in-o0il emulsion of no
greater tharThe riitrdemulsion may Tomphee ddditiorali cognemente ] &hescatlditivpalcosipoanss
parts by weight, unless stated otherwise. Example 1 A qoncentri e suitable
i

oS conBARIG B beratadde TPRIONS ARLACA, SXHONS PESSIS PIPELISSBWIRYNS Ol ne
£ollowifgrRRHReBE ol 8 ﬁfelll)@oﬁHés@%ﬁF RS r&fodEit & hid 304iREHE SoABorenfslhay

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 0.25um,
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



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 thw0o20fmidzswing components in the quantities staPe@®/EP210D6BILL by wt
cocoamidopropyl betaine; (ii) 8 partslsby wt C9 - C 1 1 alcohol ethoxylate;
(iii) 3 parts by wt Cl0 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 concabeseeidhgwatesin-eil epmlsianefineigigatgithar QdWmyith water was prepared by

adding the fo compon ntg, in _the n 1t1e ted arts by wt
cocoamldoprgpg; %ﬁg%m e} j??e)s, ajls pﬁg% aregaa?t Y 3EE &@ess tate}éi oihe oxylate
(1ii) ]E)delngq by wt Cl10 alkyl amine oxide and iv) 10 parts fatty (C6-C24)

acid amine ethoxylates 20 comprising from about 2 to 20 EO groups. The

components s gencsaiEaty suitablefor combining ist fushikstosens) withmeien vasprepatshhyle 4
A anceiagfﬁiﬁﬁi 1.%5‘%}1) gonﬁ%oeﬁt?q@ﬁféjcﬁgntﬁ?e% ﬁd%l with water was prepared by

adding t ow1n nents 1in parts volume in the quantities
stated(DZHQMhsIbpihtﬂcd@d@&mxﬁbﬁm@@jﬁ)b@&&ﬂﬁ&@mﬁtbbn@@lpamhs Cc9 - Ci11
alcohol ethoxylate; (iii) 4 parts ethylene glycol and (iv) 34 parts ethanol
The componenktlé HEPANENs Hets genilxixed PIPHM 4 OBIRGERMS CRMEBHIRNE i tion . Example

5 0.001 iﬁdﬂﬁ phe concentrate from Example 1 was added to 11 of jet fuel
(kerosene) 30 contaminated with 200ppm of water. The composition was
introduced th carcentrdtd seitablovtor eembmang jat fudkbwdh piges tias prafacedrhysaddingrthe f1uid
WaﬁOge%%ﬁxwgé%ggmgﬁgigmihequmunégagééucent fluid was
1) 1 part by wt cocoamidopropyl betaine; (ii) 8 parts by wt Co - C;; alcohol ethoxylate; (iii) 3
parts by wt Cjpalkyl amine oxide and 1v) 90 parts fatty (Ce-C,4) 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:
(1) 5 parts by wt cocoamidopropyl betaine; (ii) 75 parts by wt Cg - Cy5 alcohol ethoxylate; (iii) 10
parts by wt Cjpalkyl amine oxide and 1v) 10 parts fatty (Ce-Co4) 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 Co - C;; alcohol ethoxylate; (iii) 4 parts
ethylene glycol and (iv) 34 parts ethanol
The components were gently mixed to form a homogenous composition.
Example §
0.001 I of the concentrate from Example 1 was added to 11 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 ExampOe0fl/ss34added to 11 of jet fuel contaminatedpeitEr20100s33m4 of
water. The composition was introducedl6to the o0il 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
yvear. Example 7 0.001 1 of the concentrate from Example 3 was added
to 11<¥?%ﬂ§ﬂe§uel contaminated with 200ppm of water. The composgition was
introduced (R diiof U qiehliRE Fom Ry 308 Q4RHR6 151 i Fiol CERUMAS it 19
was gently mixed until a clear translucent uid was served. The

result ROGpphwidaid®. Tieeimpossioamas intfoducedntorthe bihand ener Yoara nicramipotte SThe
0.001 1 of the concentrate from Example 4 was, added to 11 of jet fuel,
contam{AsHRg {uid pvas @8@%@5@%&%{»@%@&%&&5@5&%&%8 glerics Taabsung Juidhe
OilSanqu§E§§m€%%mﬁﬁn$ﬁ?ﬁQnBﬁ?ﬁ&ﬁe' The resulting fluid was gently mixed
until a clear translucent fluid was observed. The resulting fluid 1l5remains
stable Extimgpledore than one year. Example 9 200 ppm of the concentrate

f E 1 i 1 of jet fuel (k ) j to diff tial
scanning o LIRS SRrars RO FBEmRon “es o958 Bl Wi Sl SRNBm IR 4l ng
produc @y Hanre. %&?%pdﬁ%ﬁ%@@ﬁ%o@’é&ﬁﬂé th® dHEGHE atdh frbh £ick8pifcaslThelhe

resulting scans showed ‘that the composition performed equally as well as
the Dimeswfingfleidavasigeethymixed uatit & elepitransiucenidluyid-avge abssresd. Dhorssulting flaid
COQBamlnatlona%%%ﬂ%ﬁ%@%%%tlon showed no phase changes indicating no ice

formatfg%l?mévﬁtereas B LHSwed that ice was forming due to its poor

solubildswmple 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 atV-QOl7loffhascongentrate famtxamplnd waes addnd4ed ilred jof dpel couaminagesptth
water 0 it ] ' friet
Faer, woPpme] yAE, RO RORRGR oG BInE TR Gafpr (0RT) Pl pifue TG
transpazsaiting flnd ivs gemdy mivedd unhéa ektetramh@catfinid v sbeeridcThorddtag fluoh is
in the fuel as, a water-in o0il microemulsion. No ice particles or apple
jel?y JeWalgssia @gﬁﬁﬂmgh@a%Bmﬁggﬁtion. 30Fig 3 B shows a container at -17C
Ventedlganﬁnggatmosphere containing jet fuel, 200ppm water dyed red and 700
ppm DiEGME. The mixture of jet fuel, water and DiEGME is substantially
opaque, indi208tpprgoftthe corxketraié HoMEELmmpladin 1 obiivéatl dRerosehe) wassabjeatid any

R G G I R e e R
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 bovOoamigsislhe tank. Example 10 The concentrate fPOTERXEHD0E314 was
used to evaluate microbial growth in BHviation fuel. 5A geries 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 unteLEYSalS ish Paeicles ywalmicrenscrhichoves timpagalorasigic padfarmpanappisiclExampl e

11 102Q9 Wﬁ%@ﬁﬂE%@&, 18%fﬁﬁﬁa ncentrate from Example 4 and 500 ppm
rapesee h ester RME? in 11 of jet fuel (kerosene) was subject to DSC

in comgamnqaalﬂo 200 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 containd¥ SQBcAbAtdra Fxamplesdwasused te cvaluafe migrobiakerowdh maviafion feel 1o
pregence sGfes b fesRpabdcddf tﬁ%ﬁyea%fwzﬂlﬁlan&lt@%?ﬁ&&?ce%mu%r&e;ﬁﬁ&%uﬂaﬁan 1

gm: no such peak is 15shown for the jet fuel containing the concentrate of
Exampleomparkoncth an sintroatéd: az‘ateveontimmateﬂmlapanifmﬂ dsalf cased thg comphsitioparticle

' £ th V. dif ti d t th
Gesar heE RO e ROt FhinbATen e Vs RO alShENaR Bt Eh h KT
skllleq01@0$ﬁ§ﬁﬁﬁﬁng@@@put departing from the scope and spirit 20 of the

invention. Although the invention has been described in connection with
spe01fﬁ§a§ﬂ§§éired embodiments, it should be understood that the invention

25 1623170 SHAES IR I MRS AH e I R i R R oSTRR B ISR
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a stable clear water-in-o0il microemulsion wherein
the presence of ice particles forming with a particle size of greater than 1 um: 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 pm.

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

L. Use of at least one surfactant that is capable of dispersing water in a 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 um 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 um when said liquid
hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50°C, wherein the amount
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 pm 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 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 um,
¢) adding said at least one surfactant to said specified amount of liquid hydrocarbon fuel in an
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 1) at least one (Cs-Cis) alcohol ethoxylate and/or i1) at least one (Cs-Ca4) alkyl amido
(C1-Cs) alkyl betaine.

4. The use or method of claim 3, wherein the liquid hydrocarbon fuel after addition of said
at least one surfactant comprises 1) from 45 to 4575 ppm of at least one (Cs-Cis) alcohol

ethoxylate and i1) from 5 to 425 ppm of at least one (Cs-Ca4) alkyl amido (C1-Cs) 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

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
least one surfactant comprises 1) about 160 ppm of at least one (C¢-Cis) alcohol ethoxylate and

i1) about 10 ppm of at least one (Cs-C24) alkyl amido (Ci1-Ce) 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
um when said liquid hydrocarbon fuel is cooled to temperatures in the range of from 0 to -50°C,
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 um, ¢) adding said at least one surfactant to said liquid hydrocarbon
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 um when said liquid
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:

1) from 45 to 4575 ppm of at least one (Cs-Ci5) alcohol ethoxylate and i1) from 5 to 425 ppm of
at least one (Cs-Ca4) alkyl amido (C1-Cs) alkyl betaine.

10. A fuel as claimed in claim 9 comprising:

1) from 45 to 200 ppm of at least one (Cs-Ci5s) alcohol ethoxylate and i1) from 5 to 15 ppm of at
least one (Cg-Ca4) alkyl amido (C1-Cs) 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

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 (Cg-Co4)-amido-(C1-Cs)-alkyl betaine;
(B) 30 to 95 wt.% of one or more Cs-Cis-alkanol ethoxylate;
© 0 to 20 wt.% of one or more glycol-based solubilizers; and
(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 (Cs-Cz4)-amido-(Ci-Ce)-alkyl betaine;
(B) 45 to 75 wt.% of one or more Cs-Cis-alkanol ethoxylate;
© 0.5 to 10 wt.% of one or more glycol-based solubilizers; and
(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).

15. A concentrate as claimed in any of claims 12-14 comprising as component (B) one or
more Ce-Cis-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
more Cs-Cis-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 Cs-C11-alkanol

ethoxylates as component (B).

18. A concentrate as claimed in Claim 17 comprising one or more Cs-Cii-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-Csalkanols

as component (D).

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



