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20  using “clean” fuels, recirculation of exhaust and engine timing changes. These methods are

typically expensive or complicated to be commercially used.

Water is inert toward combustion, but lowers the peak combustion temperature resulting
in reduced particulates and NOx formation. When water is added to the fuel it forms an emulsion
and these emulsions are generally unstable. Stable water-in-fuel emulsions of small particle size

25  are difficult to reach and maintain. It would be advantageous to make a stable water-in-fuel
emulsion that can be made continuously and stable in storage.

It would be advantageous to produce stable water-in-fuel emulsions by a continuous
process because of increased throughput, increased shear efficiency, and cost effectiveness over
a batch blending process. Applicant has discovered a continuous process to make stable water-

30  in-fuel emulsions of small particle size.
The term “NOX” is used herein to refer to any of the nitrogen oxides, NO, NO,, N,O, or

mixtures of two or more thereof. The terms “aqueous hydrocarbon fuel emulsion” and “water



fuel enul sion" are interchangeable. The terns "aqueous hydrocarbon fuel™”
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This invention further provides for an apparatus for continuously making an aqueous

25  hydrocarbon fuel, comprising: at least two emulsifiers in series; a tank containing a hydrocarbon
fuel/additive mixture or separate tanks for the hydrocarbon fuel, emulsifier, additives, water,
antifreeze or combinations thereof; pump(s) and conduit(s) for transferring the hydrocarbon fuel,
additive, and/or emulsifier from the tanks to a first emulsification device; a conduit for
transferring water from a water source to the first emulsification device; a conduit for transferring

30 the aqueous hydrocarbon fuel emulsion from the first emulsification device to the second
emulsification device; a conduit for transferring the aqueous hydrocarbon fuel emulsion from a
second emulsification device to a fuel storage tank; a conduit for dispensing the aqueous

hydrocarbon fuel emulsion from the fuel storage tank; a programmable logic controller for
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alicyclic (e.g., cycloalkyl, cycloalkenyl) groups, aromatic groups, and aromatic-, aliphatic-, and

alicyclic-substituted aromatic groups, as well as cyclic groups wherein the ring is completed
through another portion of the molecule (e.g., two substituents together forming an alicyclic
group);

25 (2) substituted hydrocarbon groups, that is, hydrocarbon groups containing non-
hydrocarbon groups which, in the context of this invention, do not alter the predominantly
hydrocarbon nature of the group (e.g., halo, hydroxy, alkoxy, mercapto, alkylmercapto, nitro,
nitroso, and sulfoxy);

(3) hetero-substituted hydrocarbon groups, that is, hydrocarbon groups containing

30  substituents which, while having a predominantly hydrocarbon character, in the context of this
invention, contain other than carbon in a ring or chain otherwise composed of carbon atoms.

Heteroatoms include sulfur, oxygen and nitrogen. In general, no more than two, and in one
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02/ 2%647011%13 1cat'i{)%0r%i{x%§s 1% series, a tank(s) containing the hydrocarbon fuel, emulsifier, additives

and combinations thereof, a tank containing the water, a product tank, pumps, conduits for

transferring the fluids, and a programmable logic controller so that the process may be automatic.

In the practice of the present invention the aqueous hydrocarbon fuel is made by a

25  continuous process capable of monitoring and adjusting the flow rates of the fuel, emulsifier,
additives and/or water to form a stable emulsion with the desired water droplet size. The process

and apparatus described below depict one embodiment of the continuous process. Referring to
Figure 1, the apparatus includes a fuel additive tank (10), a water feed tank (14), a product tank

(18), a first emulsification device (22), a second emulsification device (26), and a fuel dispenser

30 (30). Initially the hydrocarbon fuel and the emulsifier are mixed in the fuel additives tank (10)
to form a homogeneous hydrocarbon fuel/additives mixture. In another embodiment the feeds

of the hydrocarbon fuel, the emulsifier and the additives are added to the water tank (10) by

discreet feeds, or in the alternative combinations of the discreet feeds, to form a homogeneous
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25 The water, which can optionally include but is not limited to antifreeze, ammonium
nitrate or mixtures thereof, flows out of water feed tank outlet (36) through conduit (46) into the
first emulsification device (22) at a rate of 0.5 gallon to about 1000 gallons a minute, and in
another embodiment about 10 gallons to about 600 gallons per minute. Ammonium nitrate is
generally added to the water mixture as aqueous solution. In one embodiment the water, the

30  alcohol and/or the ammonium nitrate are mixed dynamically and fed continuously to the fuel
additives stream. In another embodiment the water, antifreeze, ammonium nitrate or mixtures

thereof flow out of separate tanks and/or combinations thereof into or mixed prior to the first

emulsification device (22). In one embodiment the water, water alcohol, water-ammonium-
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another embodiment about 1 micron to about 1000 microns, and in another embodiment about
50 microns to about 100 microns, and in another embodiment about 1 micron to about 20
microns.

25 The first emulsification occurs by any method used in the industry including but not
limited to mixing, mechanical mixer agitation, static mixers, shear mixers, sonic mixers, high-
pressure homogenizers, and the like. Examples of the first emulsification devices include but
are not limited to an Aquashear, pipeline static mixers and the like. The Aquashear is a low-
pressure hydraulic shear device. The material is forced through two facing plates with drilled

30 holes into the mixing chamber. The two plates cause counter rotational flow and allow the
material to mix. The Aquashear mixers are available from Flow Process Technologies Inc.

The emulsion then flows out of the first emulsification device outlet (64) through conduit

(68) directly to the second emulsification device (26). There is no intermediate holding tank



(68) directly to the second enul sification device (26). There is no
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S e gk s hindgmulitgtin

(ul t r asiorbedverad| usidér sdfi¢iemt coagipivoaprovitié suchfd meah dreplespﬁacle Bizeer s
avai | abl e by Mcr ofI uidics Inc. (high-pr essure hormaenl zatl 02 shear

mi ¥& s), ul tiHigbwhea dayiges that I%Eﬁ{cpeé‘ﬁ 15¢1us bubass nof bimated toyHe 4 Aotk Dispggrthe Ther e
can be RgeAmTBESnd db DIeRs LA (HEYLERS o AT iloS @ity @AY Haesh {[REq 11 nal
sheari ng SI ze ese emu Catl 0 evi ces have t ave t Ity to
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mcron. By using at |least two enulsification devices in series,
The Silverson mixer is a two-stage mixer, which incorporates a rotor/stator design. The mixer
has high-volume pumping characteristics similar to centrifugal pump. Inline shear mixers by
25  Silverson Corporation (a rotor-stator emulsification approach); Jet Mixers (venturi-
style/cavitation shear mixers), Ultrasonolator made by the Sonic Corp. (ultrasonic emulsification
approach), Microfluidizer shear mixers available by Microfluidics Inc. (high-pressure
homogenization shear mixers), ultrasonic mixers, and any other available high-shear mixer.
There can be one or more emulsification devices used in series and used for final shearing
30 size. These emulsification devices have to have the ability to reduce the mean particles size of
the water droplet to less than one micron. By using at least two emulsification devices in series,

more shear is directed to the emulsion. This decreases the overall particle size and increases

emulsion stability. The mixers described for the first emulsification device and for the second



nore shear is directed to the enul sion. This decreases the overall particle
size and increases enulsion stability. The m xers described for the first
enul si fi caDicenedes/i ce and for the second WO 02/ 064708 PCTPUBAKOU&N3ZT 8
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prepared by (using) the conponents together. 23.8% weight % 2- et hyl hexyl
ni trat ehydvbcmﬁzwwéuaj lmubsdneherdesosontrelliog iherfiaveratasiand eyxiog ratiel in agpordanes wiil ;

9. 3% wej %.a ni.um ni trate 54% wei in vvat 25 40% wei gh f 2000
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additive enmulsifier mxture is added to about 97.5% weight of BP Low

Sul fur fve saiueﬁcqms epmrammmanntd thd gnddtie pbindleatronirsilly niamitporsodlleeeltshatches,

hydr ocarann f uel The hydrocarbon fuel mxture, at a flow rate of

9.92 gal WSHQHSQ ‘éterswas mxed with water that had a flow rate of
about 2.8 gallons per mnute at r 0@ Rample 1

This example is illustrative of making the water-blended fuel product by a continuous
20  process. A mixture having the following composition was prepared by (using) the components
together.

23.8% weight % 2-ethylhexyl nitrate;

7.1% weight % hexadecyl succinnate-aminoester/salt surfactant;

9.3% weight % ammonium nitrate 54% weight in water;
25 40% weight % of 2000 Mn PIB succinnate-aminoester-salt salt surfactant;

19.8% weight % of 1000 Mn PIB succinate-imide/amide surfactant.

About 2.5% weight of the above additive emulsifier mixture is added to about 97.5%
weight of BP Low Sulfur Diesel Supreme fuel and blended continuously to produce the
hydrocarbon fuel mixture. The hydrocarbon fuel mixture, at a flow rate of 9.92 gallons per

30  minute, was mixed with water that had a flow rate of about 2.8 gallons per minute at room
temperature. The water-fuel was then pumped through a conduit to the first shear mixer. The
first shear mixer was an Aquashear Mixer with approximately 7 psig pressure drop at about 12-

gallon flow rate. The resultant emulsion was then pumped through a conduit to a second shear
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A N/A 5.359 pm 0.619 pm 1.077 pm 0.393 pm
B 92.7 3.469 um 0.502 pm 0.680 pm 0.393 pm
c 74.5 5.595 pm 2.849 pm 1.343 pm 0.358 um
D 92.0 3.157 um 0.478 pm 0.655 pm 0.358 pm
E 90.6 4285 pm 0.539 um 0.752 pm 0.393 um
F 84.6 6.163 pm 0.857 um 1.225 pm 0.393 um
10 The final product is a water-blended fuel emulsion with the mean particle size typically

less than that made by batch blended process. The example showed that a continuous process
unexpectedly consistently produced high quality results compared to the batch-produced water

fuel as measured by particle size analysis and stability of the final emulsion.
The water-blended fuel product produced by the continuous process involves less
15  processing time than by a batch process. Furthermore, in a batch process there is generally a
minimum of five statistical tank turnovers needed based on the fluid dynamics of batch shearing
process to produce a water-blended fuel product. The number of statistical tank turnovers is

directly related to throughput of the blending unit. Thus, a continuous process to make the same



WO 02/ 064708 PCT/ USO1/ 45137 10 water-bl ended fuel product is an

i nprovenent over a batch process because of the increased throughput and
ef fi ci encwo o0Thet7Bgi nes The engi nes that nmay be operated iPeTASou#xdance with
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engi nes for both nmobile (including marine) and stationary power plants
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additives m xture (hydrocarbon fuel/additives m xture); and (2) mxing the

f udlO- c hemgines s weldias inviess enginesirEhepd inklude dissel (eagisieopf the fred-biyokerpeasyéle peeze
agent)#nder 20 enul sification conditions to formthe desired aqueous
hydr ocaPBGHIXSACTENEIP SYB5%. Al ternatively, the water-sol ubl e conpounds

(i) uppOwWdled Pl RhRidnser can be mixed with the water prior to the
hi gh- sHear m xing. The water or aqueous phase of the aqueous hydrocarbon

fuel enul si dn ons embngimest theokaterdnel@nedsornsare cgnprised afi aicantivueys fodl phase;
mcron gor less. Thus, the enulsification generally occurs 25 b shﬁasr
i xi ng FRPTHEIRSHRIES F AgHReSF PBATS P67 GRITRURBIRE GHOURGOR AR SISy e
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conpri ses hydrocarbonaceous petroleumdistillate fuel, non-

hydr oc asrhatiassoeiss, watifeceze agdiss, ahd deilitef Uhéss edelsiomesdndy mnprepget apthe steps | qui d
fuels derived from_ mineral. and n?é%(rt ures, thereof. The |iquid hydrocarbon
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the |i kie (fuclrohsming] addioivia migduiepvithi wsten Gahdpaptahbilyiaa sntifrébee dgeqt)i ahder
hy%rooc aerrr?lﬁgiﬁf::gi%hséonditions to form the desired aqueous hydrocarbon fuel emulsion. Alternatively,
the water-soluble compounds (iii) used in the emulsifier can be mixed with the water prior to the
high-shear mixing.
The water or aqueous phase of the aqueous hydrocarbon fuel emulsion is comprised of
droplets having a mean diameter of 1.0 micron or less. Thus, the emulsification generally occurs
25 by shear mixing and is conducted under sufficient conditions to provide such a droplet size.
The Liquid Hydrocarbon Kuel
The liquid hydrocarbon fuel comprises hydrocarbonaceous petroleum distillate fuel, non-
hydrocarbonaceous water, oils, liquid fuels derived from vegetables, liquid fuels derived from
mineral and mixtures thereof. The liquid hydrocarbon fuel may be any and all
30  hydrocarbonaceous petroleum distillate fuels including not limited to motor gasoline as defined
by ASTM Specification D439 or diesel fuel or fuel oil as defined by ASTM Specification D396
or the like (kerosene, naptha, aliphatics and paraffinics). The liquid hydrocarbon fuels

comprising non-hydrocarbonaceous materials include but are not limited to alcohols such as



conpri si ng non-hydrocarbonaceous materials include but are not limted to
al cohol s such as WO 02/064708 PCT/ US01/ 45137 11 net hanol, ethanol and the
i ke, ethwoy2merh8 as di et hyl ether, methyl ethyl ether anaCThsol/idasr
organo-nitro conpounds and the like; WLlquid fuels derived fromvegetable or
m neral sources  such_as corn, alfalfa, shale, coal ﬁn%@ﬁh i ke

hyhet

: e
i qui d TAStARskasthwe! e@itke Wikes Gthercfugh s disthylreder, met ey gnd tne 1E,
hydr oc 8 .. Of - tehial S. 5
Beamp! ae AR SR A o B e e P o
di esel sutiehs cvntl atfhligshale,| doalome tiesiad Thehguid hiérotirber fhelytkododadromixtures i s
any gasoline. Generally, gasoline is  a mxture of hydrocarbons having an
ASTM diaftang (oamase hydiagasbenaserusribels 28donaper Mg nUvhyHPArponagequs maeRals- o
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di esel if YehRrindRel®r fdvAeRlolihe dasdBindBarRerfzea®9 aNBforind2ohtek ofdrdn6fe tha® as
specified in ASTM D975. The diesel fuels may contain al cohols and esters.

| n16ne abobo) pent t he di esel fuel has a sulfur content of up to about 0.05%
by weight (low sulfuyr diesel fuel) as determ ned by.t te t hod

speci fied i nR%Y W&%ﬁnﬁ%ﬁ}%lwm@ﬁ%%‘g}lﬁéﬁr}y ‘g?ﬁgy%ﬂeggaﬁese%‘éqq&@mﬁuy
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about 50%to about 95% by weight, and in one enbodi nent about 60%to about
95% by abeilgh? {o zut 24cenfigoleayiood) e rihe divseltfudsoanths claseitied syt Grrdedfs, and

i n_ane i t about 70% 0% b ight. Th t 25 Th t
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dem neralized, purified, for exanple, using reverse osnosis or

di sti | Isatfuodieselrfdel) e detekmined oy thattest netlyodospepified emtASTMtIN262268i6 o lis one
hydr ocar bon, f uel enul si qgns .at concentration . of out .1% t o about, 50% by
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one e”tt?l%dlﬁ% éﬁpbktnosﬁ{%fe(}hﬁpﬁﬁﬁtf'@ﬁ feing weight, and in one enbodi ment

B Ight, a %

about 5% to about 25% by wel in one enbodi nent about 10%to about
2020wat er .  The liquid hydrocarbon fuel is present in the aqueous hydrocarbon fuel emulsion at a

concentration of about 50% to about 95% by weight, and in one embodiment about 60% to about
95% by weight, and in one embodiment about 65% to about 85% by weight, and in one
embodiment about 70% to about 80% by weight.
The Water
25 The water used in forming the aqueous hydrocarbon fuel emulsions may be taken from
any source. The water includes but is not limited to tap, deionized, demineralized, purified, for
example, using reverse osmosis or distillation, and the like.
The water may be present in the aqueous hydrocarbon fuel emulsions at a concentration
of about 1% to about 50% by weight, and in one embodiment about 5% to about 50% by weight,
30 andin one embodiment about 5% to about 40% being weight, and in one embodiment about 5%

to about 25% by weight, and in one embodiment about 10% to about 20% water.
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carboxylic acid acylating agents may contain from about 50 to about 500

car bon 3fdwysyeightdandingme embedisatintebout bl to 8®ut 3%dhoueigBO0 car bon at ons,
and in 307 qi E bout. 60 to about 200 carbon atonms. In one
enbodi LU0 ?%@aﬁﬁ%@ substituents of these acylating agents have
nuniber aver agge fﬁ@i-ﬁﬁﬁﬁlégrdﬁﬁbabtrﬁaﬁe ARou onEQQellthﬁE%Bd&@ Bdde B Peabt'ihg%e
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co Ieslp%rrf'dFe%ﬂfCB‘ trFuf,rep g SSlELs and)éﬁle llikc. Ie%ydrocar yl substituents for th%se carboxylic

acid acylating agents may contain from about 50 to about 500 carbon atoms, and in one

embodiment about 50 to about 300 carbon atoms, and in one embodiment about 60 to about 200
carbon atoms. In one embodiment, the hydrocarbyl substituents of these acylating agents have
number average molecular weights of about 700 to about 3000, and in one embodiment about
25 900 to about 2300.
The hydrocarbyl-substituted carboxylic acid acylating agents may be made by reacting
one or more alpha-beta olefinically unsaturated carboxylic acid reagents containing 2 to about
20 carbon atoms, exclusive of the carboxyl groups, with one or more olefin polymers as
described more fully hereinafter.
30 The alpha-beta olefinically unsaturated carboxylic acid reagents may be either monobasic
or polybasic in nature. Exemplary of the monobasic alpha-beta olefinically unsaturated

carboxylic acid include the carboxylic acids corresponding to the formula
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al pha-beta olefinically unsaturate W Haci ds i ncl ude acrylic acid,
met hacrylic acid; cinnamc acid; crotonilc acid; 3-phenyl propenoic acid;
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1, 3-but adi ene and styrene or para-(tertiar butyl) styrene are exceptions
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16 carbon atons. A nore typical class of olefin polyners is selected from
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phenyl groups and lower alkyl and/or lower alkoxy-substituted phenyl groups such as
para(tertiary-butyl)-phenyl groups) and alicyclic groups such as would be obtained from
25  polymerizable cyclic olefins or alicyclic-substituted polymerizable cyclic olefins, the olefin
polymers are usually free from such groups. Nevertheless, olefin polymers derived from such
interpolymers of both 1,3-dienes and styrenes such as 1,3-butadiene and styrene or para-(tertiary
butyl) styrene are exceptions to this general rule. In one embodiment, the olefin polymer is a
partially hydrogenated polymer derived from one or more dienes. Generally the olefin polymers
30  are homo- or interpolymers of terminal hydrocarbyl olefins of about 2 to about 30 carbon atoms,
and in one embodiment about 2 to about 16 carbon atoms. A more typical class of olefin
polymers is selected from that group consisting of homo- and interpolymers of terminal olefins

of 2 to about 6 carbon atoms, and in one embodiment 2 to about 4 carbon atoms.
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CH2- COCH or 0 30 WD 02/064708 PCT/ USQ1/45137 15 wherein Ris

hy dr oc agdnydin gredorpinahtlyfibaitis, Beeates thapabeut50% efthe tatal sensabunitshigobuiensrepeat
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15 (|3H3
—CH2—C—
CH3

20 In one embodiment, the olefin polymer is a polyisobutene group (or polyisobutylene

group) having a number average molecular weight of about 700 to about 3000, and in one
embodiment about 900 to about 2300.
In one embodiment, the hydrocarbyl-substituted carboxylic acid acylating agent is a

hydrocarbyl-substituted succinic acid or anhydride represented correspondingly by the formulae

25 R—CH—COOH
|
CH2—COOH
or
R
0

30



The production of these hydrocarbyl -substituted succinic acids or

anhydri des via alkylation of nmaleic acid or anhydride or its derivatives
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by about 1.3 to about 2.5, and in one enbodi ment about 1.7 to about 2.1
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1300, and in one enbodi nent about 800 to about 1000, said

pol yi sdp@wnegebedipment abauéd.Otoebpwile, antjrdenedantndimentdivan akaus di0zedbpyt labout
1.0 to about 1.3

«.and. i n one enbodi nent, apbout, 1. 0 about 1.2 succinic
o oups TerHis arpuie ety VeRe JTF SR s Y veni - 30°For
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hydr ocar byl - substituted succinic acylating agents. Thus, if a
hydr ocak-b{d atwub35i and indnaeyibatlineyt about 1.7 to about 2.1 succinic groups per equivalent
weight of the polyisobutene substituent.
In one embodiment, the hydrocarbyl-substituted carboxylic acid acylating agent is a
25  polyisobutene-substituted succinic anhydride, the polyisobutene substituent having a number
average molecular weight of about 700 to about 1300, and in one embodiment about 800 to about
1000, said polyisobutene-substituted succinic anhydride being characterized by about 1.0 to about
1.3, and in one embodiment about 1.0 to about 1.2 succinic groups per equivalent weight of the
polyisobutene substituent.
30 For purposes of this invention, the equivalent weight of the hydrocarbyl substituent group
of the hydrocarbyl-substituted succinic acylating agent is deemed to be the number obtained by

dividing the number average molecular weight (M,) of the polyolefin from which the hydrocarbyl
substituent is derived into the total weight of all the hydrocarbyl substituent groups present in the



agent is characterized by a total weight of all hydrocarbyl substituents of
40,000 and the M, value for the polyolefin fromwhich the hydrocar byl
substituewD ogoeuIps are derived is 2000, then that substi trarasosesiat nic
acylating agent is characterized by albotal of 20 (40, 000/2000=20)
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t he hydxppssedas emsmber bdtecenNHNdor, bhbmbt eglm tpErar Ehuse'cml agtiedlingsed®Ot content
hydr oc es_ of

ny ocal, f°“smsm I AN I T AW R
oA oL PO AL pBE MBI b ST,
exdfpl golwikenerihi the Vimab meaotion asixture) Ule at rdughtdppfcmrmatmn the ivelubydfaAl ne,
}:)rCIT/p [Jgp l;egg@gg aft%rr#ullgturgg{ulngrtrflengercentagg gFltmr}eallc?eld%% ya kle?ler:n frggl 100 ang %{v?§e4l)7yo 00.
The fuel-soluble product (i) may be formed using ammonia and/or an amine. The amines
useful for reacting with the acylating agent to form the product (i) include monoamines,
polyamines, and mixturés thereof.
25 The monoamines have only one amine functionality whereas the polyamines have two
or more. The amines may be primary, secondary or tertiary amines. The primary amines are
characterized by the presence of at least one -NH, group; the secondary by the presence of at least
one H—N< group. The tertiary amines are analogous to the primary and secondary amines with
the exception that the hydrogen atoms in the —NH, or H—N< groups are replaced by
30 hydrocarbyl groups. Examples of primary and secondary monoamines include ethylamine,
diethylamine, n-butylamine, di-n-butylamine, allylamine, isobutylamine, cocoamine,
stearylamine, laurylamine, methyllaurylamine, oleylamine, N-methyloctylamine, dodecylamine,
and octadecylamine. Suitable examples of tertiary monoamines include trimethylamine,

triethylamine, tripropylamine, tributylamine, monomethyldimethylamine,



nmonoet hyl di met hyl am ne, di net hyl prnpyl am ne, di nethyl butyl am ne,

di nmet hyl pentyl am ne, di net hyl hexyl am ne, di net hyl heptyl am ne, and

di mret hyl owoykam7oe. The anmi ne may be a hydroxyanm ne. The Rgdrusry#imBhe may
be a primary, secondary or terti ary aiti ne. Typically, the hydroxarri nes are

primary, secon r tert, aI Kk nol 5 The al kano nes may be
repr eséﬂw&tw? iG] dEetyIRopy e %ﬁﬁﬁbu@ﬁmw’ﬁmﬁn@lveﬂw g
R ZQ@M@&]?M mﬂuﬁehauea g?ﬁtﬁﬁﬂﬁﬂeaﬁn@@iﬁﬁﬂgyé GylaRgiependent |y a hydrocar byl

group o out 8 atons, or a y substi tuted hydrocar byl
group of 2 tTheainting nﬂydaalabngdroaymmaaﬂfﬂe Bydrbx yaRling mdgbempﬂmaby sécsmmry or
hydrocar byl ene (i,e., a divalent hydrocarbon) group of Ol.it 18 carbon
at ons. PHETGRBIRE TPPI—C@LY it RyYGEm AR AT e R R %@Whj@ Pﬁ'@rtha;m F‘@ QL SGRRTS; t ut ed

hydgocar byl Ineagl%aqlgg%mgesmbgq \la itfie fodbuf4c! i c, or aromatic group.

I n one enbo Is’an traight or branched al kyl ene group
such as ethylene, 1,2-propyl ene, 1 2- butylene 1, 2-oct adecyl ene, etc.
group. Wien two Rygroups are present in the same nolecule they may be
joined by a direct egrhonjm®- carbon bond or through a heteroatom (e.g.
oxygen, nitrogeqHaf sulfur) to forma 5-, 6-, 7- or 8-nenbered ring
structure. Exanpl'és of such heterocyclic am nes include N-(hydroxy | ower
aIQ | ) - mor phol i nes, -thionorpholines, -piper 30 idines, -oxazolidines,

-t hi azol i di nes aﬂa\ghe I&ke Typi cal ly, however, each Ris |ndependently a
| ower al kyl group‘gj upRt-c@éven carbon at ons. Sui t abl e exanpl es of the
above hydroxyam n€s include nono-, di-, and triethanol am ne,

di et hyl et hanol am ne, diethylethanol am ne, di-(3-hydroxy propyl) am ne,
N- 18- hydr oxybutylp am ne, N-(4-hydroxy butyl) am ne, and

N, N- di - (2- hydr oxypregylp!_agine. 35 The amine may be an al kyl ene pol yamni ne.
Especi ally usefulyare the al kyl ene pol yam nes represented by the fornula
WO 02/ 064708 PCTﬂ6801/45137 18 HN (Al kylene-N),,HR R

20  wherein in the above formulae each R is independently a hydrocarbyl group of 1 to about 8
carbon atoms, or a hydroxy-substituted hydrocarbyl group of 2 to about 8 carbon atoms and each
R’ independently is a hydrocarbylene (i.e., a divalent hydrocarbon) group of 2 to about 18 carbon
atoms. The group —R’—OH in such formulae represents the hydroxy-substituted
hydrocarbylene group. R’ may be an acyclic, alicyclic, or aromatic group. In one embodiment,

25 R’ is an acyclic straight or branched alkylene group such as ethylene, 1,2-propylene,
1,2-butylene, 1,2-octadecylene, etc. group. When two R groups are present in the same molecule
they may be joined by a direct carbon-to-carbon bond or through a heteroatom (e.g., oxygen,
nitrogen or sulfur) to form a 5-, 6-, 7- or 8-membered ring structure. Examples of such
heterocyclic amines include N-(hydroxy lower alkyl)-morpholines, -thiomorpholines, -piper-

30 idines, -oxazolidines, -thiazolidines and the like. Typically, however, each R is independently
a lower alkyl group of up to seven carbon atoms.

Suitable examples of the above hydroxyamines include mono-, di-, and triethanolamine,
dimethylethanol amine, diethylethano!l amine, di-(3-hydroxy propyl) amine, N-(3-hydroxybutyl)
amine, N-(4-hydroxy butyl) amine, and N,N-di-(2-hydroxypropyl) amine.

35 The amine may be an alkylene polyamine. Especially useful are the alkylene polyamines

represented by the formula



5 wherein n has an average val ue between 1 and about 10, and in one
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carbon atwos2/oe4id8 i n one enbodi ment about 2 to about 6 cacharsorisizs, and
each R is independently hydrogen, an &Bi phatic or hydroxy-substi- tuted

al i phatic group of up oyt rbon atons. These al kyl ene pol yam nes
i ncl ude nethyl ene pollglgffmf,’mgghﬁaene pol yam nes, butyl ene pol yani nes,
propyl ene pol yam nes, L0 pentyl ené pol yam nes, etc. Specific exanples of

such pol yam nes includ® ethylene Riamne, diethylene triamnmne, triethylene
tetram ne, propylene diamne, trinethylene diamne, tripropylene
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mixture to remove lower molecular weight polyamines and volatile components to leave, as

residue, the polyamine bottoms. In one embodiment, the polyamine bottoms are characterized

25  as having less than about 2% by weight total diethylene triamine or triethylene tetramine. A

useful polyamine bottoms is available from Dow Chemical under the trade designation E-100.

This material is described as having a specific gravity at 15.6 C of 1.0168, a nitrogen content

of 33.15% by weight, and a viscosity at 40°C of 121 centistokes. Another polyamine bottoms

that may be used is commercially available from Union Carbide under the trade designation

30 HPA-X. This polyamine bottoms product contains cyclic condensation products such as
piperazine and higher analogs of diethylene triamine, triethylene tetramine, and the like.

The term “heavy polyamine” refers to polyamines that contain seven or more nitrogen

atoms per molecule, or polyamine oligomers containing seven or more nitrogens per molecule,



a conbination of two or nore thereof. The salt may be an internal salt

i nvolving residues of a 5 nolecule of the acylating agent and the amoni a
or am ne wberes4109ne of the carboxyl groups becones ioni earlysobeusd to a
nitrogen atomw thin the same group; d9 it may be an external salt wherein

the ionic salt group is forned with Ltrogen atomthat is no t_of the
ame oGP T DB etRIoR e clckhe S AR i Ry g ent Ne: EP
hydr ocagambes Wil i %&%&ﬁé@ﬁé&&h‘ Btdce A% Yis Alst RS B Richifeafy polyamines.
hydr ocar byl - substi tuted succinic anhydride, and the resulting tuel-soluble

10 product i Bheafuhibédluss perduen(@) thay be ssdlt, an ester, an esterdmitean aide, anl imidner
enbodi nent, the amine is an_ al kylene polyam ne, the _ . ) )

hydr oca® $RRRIBaHE G e &Y Teose Bmﬂlﬂ %ﬁaéalﬁma@? a Fﬁ@}nag%mmmlwag KSRfH58 8F By | -
substit N | i : is a
suc?i ni#nhﬁgglé%sﬁg{e? gggﬁﬁ%ﬁ%&?ﬁé@%% e&%yédr ocglr: l\)ﬂ%g{eiﬂ‘u seti&?h%lg 8((): r1 %ox@%i' C
aci d achdcainesnpnigitnboaritotaitrogematmh svithin thersange grousat it realy beidn extetedl salt
conditions that provide for the formation of the desired_ 15 produyct.,

Typi cal Whereinge iRpigrsale giappis foped withe sHragsh BT Npids AR RITLE e goigi  and

the a i 1 r ] . e 1.p the
tange o PR @eR, BRSnlh % ARG A<D HIERERS AR hEMEANRCw |
80C t o alybuihg 2ET;is apydod@&bylysubsituted speesienabydifde, andihe redultng fugliéaduble

substantially inert organic |liquid solvent/diluent, until the desired
pr dductpmduct i§ ahatester nd halfesalold- nethester/saldl. Hpmscampdimenty icj amping ds an

amount SAsrRoRafiG Fe PRRRE0% » ARuIA St AR xRN R pRBEIET 7

hydr oc agubytitutedReédihiv taaBy Rl Paxhthé eesalting f@dMbRbiIGoaGR M a ARLinG@Aiteyal ent  of
ammonia or amne. In one enbodinment, this ratiois fromabout 0.5:1 to
about 2:1, ahf iesrtiondcerass theriydrocadbaibstituted cpghopylic asidsalattag agent il theel

| ubl duct (i) . i.ses: (| .a first fuel-soluble. 2 d d
oy - onctRRGHIT sl £ PG IR bRy Bulbd oabaSls PRL b Ripr i REGHER e
Wity apramitt.a T9picaly, am’nyarochﬂbglééw@t[t@@aw%;%iu R&idiab it g EniSat éhe dnfirBbnia

acyl ating agent having about to about )0 carbon atons; and (i)(b) a
second druelingut ubkes tpgesbrand heatsl thy terapasatiegn ghegergsrad from about 50°C to about

hyd -substituted .. | i o | atJ _ t Wit i

i e, STEC, iR ena PepPAERRLEPR R B C AR QoD e halY ndnSBRRT R 4D g
about  50nd:haflh Alkid Qs e NBNndPodbREBiquidiolveh$diRRROhiBAS desirBE pRIGAEUEE S
(i)(a) and (i)(b) are différent. For exanple, the nolecular weight of the

hydr oc afiobyéd. slnlpse embedimeh thethtydrochbyk-substitiitet icatposgisricidarylabing agehnf ardthe t han
th I I i ght of the hyd byl .substituent f h

RoRht | TEDRGE A SRS G R N A AR BEIToR0 U OV A rORS S
for the, eAbr E%é&rgg#i?%%%é{ﬁﬁ&d Ez%oxéyh@ adill 'é%ﬁati\ﬂ@a it QBABy RGT bl b2 137

20 acyl ati ng agen i

e in the range of about "1500 to about 3000, and in
one enbadinienthabeeambodiBent, this mtio st fr@&Bayut Arddl tohbowrhend avercagobodohant ul ar
wei ght for { Ife hydr ocar byl substituent
* about 1:1.
In one embodiment, the fuel soluble product (i) comprises: (i)(a) a first fuel-soluble
25  product made by reacting a first hydrocarbyl-substituted carboxylic acid acylating agent with
ammonia or an amine, the hydrocarbyl substituent of said first acylating agent having about 50
to about 500 carbon atoms; and (i)(b) a second fuel-soluble product made by reacting a second
hydrocarbyl-substituted carboxylic acid acylating agent with ammonia or an amine, the
hydrocarbyl substituent of said second acylating agent having about 50 to about 500 carbon
30 atoms. In this embodiment, the products (i)(a) and (i)(b) are different. For example, the
molecular weight of the hydrocarbyl substituent for the first acylating agent may be different than

the molecular weight of the hydrocarbyl substituent for the second acylating agent. In one

embodiment, the number average molecular weight for the hydrocarbyl substituent for the first



for the second acylating agent may be in the range of about 700 to about
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substituted carboxylic acid acylating agent, the hydrocarbyl substituent of said first acylating
25  agent having about 50 to about 500 carbon atoms; and (i)(b) a second hydrocarbyl-substituted
carboxylic acid acylating agent, the hydrocarbyl substituent of said second acylating agent having
about 50 to about 500 carbon atoms, said first acylating agent and said second acylating agent
being the same or different; said first acylating agent and said second acylating agent being
coupled together by a linking group derived from a compound having two or more primary amino
30  groups, two or more secondary amino groups, at least one primary amino group and at least one
secondary amino group, at least two hydroxyl groups, or at least one primary or secondary amino
group and at least one hydroxyl group; said coupled acylating agents being reacted with ammonia

or an amine. The molecular weight of the hydrocarbyl substituent for the first acylating agent
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The polyol may be a compound represented by the formula
R—(OH)n
25  wherein in the foregoing formula, R is an organic group having a valency of m, R is joined to the
OH groups through carbon-to-oxygen bonds, and m is an integer from 2 to about 10, and in one
embodiment 2 to about 6. The polyol may be a glycol. The alkylene glycols are useful.
Examples of the polyols that may be used include ethylene glycol, diethylene glycol, triethylene
glycol, tetraethylene glycol, propylene glycol, dipropylene glycol, tripropylene glycol, dibutylene
30 glycol, tributylene glycol, 1,2-butanediol, 2,3-dimethyl-2,3-butanediol, 2,3-hexanediol, 1,2~
cyclohexanediol, pentaerythritol, dipentaerythritol, 1,7-heptanediol, 2,4-heptanediol, 1,2,3-
hexanetriol, 1,2,4-hexanetriol, 1,2 5-hexanetriol, 2,3,4-hexanetriol, 1,2,3-butanetriol, 1,2,4-

butanetriol, 2,2,66-tetrakis-(hydroxymethyl) cyclohexanol, 1,10-decanediol, digitalose, 2-
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02/ 0647\9§gﬁ9¥41}d%%314 ﬁi}ﬁythe % N contained in the polyamine; thus, a polyamine mixture having
a % N of 34 would have an equivalent weight of 41.2. The weight of an equivalent of ammonia
or a monoamine is equal to its molecular weight.

The weight of an equivalent of a polyol is its molecular weight divided by the total

25  number of hydroxyl groups present in the molecule. Thus, the weight of an equivalent of
ethylene glycol is one-half its molecular weight.

The weight of an equivalent of a hydroxyamine that is to be used as a linking compound
is equal to its molecular weight divided by the total number of —OH, >NH and —NH; groups
present in the molecule.

30 The first and second acylating agents may be reacted with the linking compound
according to conventional ester and/or amide-forming techniques. This normally involves
heating acylating agents with the linking compound, optionally in the presence of a normally

liquid, substantially inert, organic liquid solvent/diluent. Temperatures of at least about 30°C up
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cont ent . offin 3o b oW bibout 80°C to about 110°C; optionally, in the presence of a normally
liquid, substantially inert organic liquid solvent/diluent, until the desired salt product has formed.
The following examples are provided to illustrate the preparation of the fuel-soluble
products (i) discussed above.
25 Example 2
A twelve-liter, four-neck flask is charged with Adibis ADX 101G (7513 grams). Adibis
ADX 101G, which is a product available from Lubrizol Adibis, is comprised of a polyisobutene-
substituted succinic anhydride mixture wherein 60% by weight is a first polyisobutene-
substituted succinic anhydride wherein the polyisobutene substituent has a number average
30  molecular weight of 2300 and is derived from a polyisobutene having methylvinylidene isomer
content of 80% by weight, and 40% by weight is a second polyisobutene-substituted succinic
anhydride wherein the polyisobutene substituent has a number average molecular weight of 1000

and is derived from a polyisobutene having methylvinylidene isomer content of 85% by weight.
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and in W&@ﬁ{, R PSHd ERbodiment about 0.1 to about 5% by weight, and in one embodiment
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in one embodiment about 0.1 to about 0.7% by weight.

The Ionic or Nonionic Compound (ii)

25 The ionic or nonionic compound (ii) has a hydrophilic-lipophilic balance (HLB, which
refers to the size and strength of the polar (hydrophilic) and non-polar (lipophilic) groups on the
surfactant molecule) in the range of about 1 to about 40, and in one embodiment about 4 to about
15. Examples of these compounds are disclosed in McCutcheon’s Emulsifiers and Detergents,

1998, North American & International Edition. Pages 1-235 of the North American Edition and

30  pages 1-199 of the International Edition are incorporated herein by reference for their disclosure
of such ionic and nonionic compounds having an HLB in the range of about 1 to about 40, in one
embodiment about 1 to about 30, in one embodiment about 1 to 20, and in another embodiment

about 1 to about 10. Useful compounds include alkanolamides, alkylarylsulfonates, amine
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20
wherein each of the foregoing formulae R is a hydrocarbyl group of about 10 to about 28 carbon

atoms, and in one embodiment about 12 to about 20 carbon atoms. Examples include
tetrapropylene-substituted succinic acid or anhydride, hexadecyl succinic acid or anhydride, and
the like. The amine may be any of the amines described above as being useful in making the
25  fuel-soluble product (i). The product of the reaction between the acylating agent and the
ammonia or amine may be a salt, an ester, an amide, an imide, or a combination thereof. The salt
may be an internal salt involving residues of a molecule of the acylating agent and the ammonia
or amine wherein one of the carboxyl groups becomes ionically bound to a nitrogen atom within

the same group; or it may be an external salt wherein the ionic salt group is formed with a
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sul fonat'es, "and the |ike. 25 Particularly useful "are the am ne or anmmoni um
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embodi mpple. g&ﬂp%uﬂds are distinct from the fuel-soluble product (i) and the ionic or nonionic
compound (ii) discussed above. These water-soluble compounds include organic amine nitrates,
nitrate esters, azides, nitramines and nitro compounds. Also included are alkali and alkaline
earth metal carbonates, sulfates, sulfides, sulfonates, and the like.
25 Particularly useful are the amine or ammonium salts represented by the formula
K[G(NR;),]"" nX*
wherein G is hydrogen or an organic group of 1 to about 8 carbon atoms, and in one embodiment
1 to about 2 carbon atoms, having a valence of y; each R independently is hydrogen or a
hydrocarbyl group of 1 to about 10 carbon atoms, and in one embodiment 1 to about 5 carbon
30 atoms, and in one embodiment 1 to about 2 carbon atoms; X is an anion having a valence of p;
and k, y, n and p are independently integers of at least 1. When G is H, y is 1. The sum of the
positive charge ky" is equal to the sum of the negative charge nX”". In one embodiment, X is a

nitrate ion; and in one embodiment it is an acetate ion. Examples include ammonium nitrate,
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embodlment about 2 to about 10 carbon atoms. The alkyl group may be either linear or branched,

or a mixture of linear or branched alkyl groups. Examples include methyl nitrate, ethyl nitrate,

n-propyl nitrate, isopropyl nitrate, allyl nitrate, n-butyl nitrate, isobutyl nitrate, sec-butyl nitrate,

25  tert-butyl nitrate, n-amyl nitrate, isoamyl nitrate, 2-amyl nitrate, 3-amyl nitrate, tert-amyl nitrate,

n-hexyl nitrate, n-heptyl nitrate, n-octyl nitrate, 2-ethylhexyl nitrate, sec-octyl nitrate, n-nonyl

nitrate, n-decyl nitrate, cyclopentyl nitrate, cyclohexyl nitrate, methylcyclohexyl nitrate, and

isopropylcyclohexyl nitrate. Also useful are the nitrate esters of alkoxy-substituted aliphatic

alcohols such as 2-ethoxyethyl nitrate, 2-(2-ethoxy-ethoxy) ethyl nitrate, 1-methoxypropyl-2-

30 nitrate, 4-ethoxybutyl nitrate, etc., as well as diol nitrates such as 1,6-hexamethylene dinitrate.
A useful cetane improver is 2-ethylhexyl nitrate.

The concentration of the cetane improver in the water-fuel emulsion may be at any

concentration sufficient to provide the emulsion with the desired cetane number. In one
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enbodi ment about” 0.1 to about 5% by wei ght, and in one enbodl ment about
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inert, normally liquid organic solvent such as naphtha, benzene toluene, xylene or diesel fuel to
20  form an additive concentrate which is then mixed with the fuel and water to form the water-fuel
emulsion. These concentrates (extrapolate) generally contain from about 10% to about 90% by
weight of the foregoing solvent.
The water-fuel emulsions may contain up to about 60% by weight organic solvent, and
in one embodiment about 0.01 to about 50% by weight, and in one embodiment about 0.01 to
25  about 20% by weight, and in one embodiment about 0.1 to about 5% by weight, and in one
embodiment about 0.1 to about 3% by weight.

Antifreeze Agent

In one embodiment, the water-fuel emulsions of the invention contain an antifreeze agent.

The antifreeze agent is typically an alcohol. Examples include but are not limited to ethylene

30  glycol, propylene glycol, methanol, ethanol, glycerol and mixtures of two or more thereof. The
antifreeze agent is typically used at a concentration sufficient to prevent freezing of the water

used in the water-fuel emulsions. The concentration is therefore dependent upon the temperature

at which the fuel is stored or used. In one embodiment, the concentration is at a level of up to
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The emulsion is prepared by mixing all of the ingredients in formulations A and B except
for the water using conventional mixing. The resulting diesel fuel-chemical additives mixture
is then mixed with the water under high-shear mixing conditions to provide the water-diesel fuel
emulsion. The high-shear mixer is provided by Advanced Engineering Ltd. under Model No.

25  ADIL 4S-30 and is identified as a four-stage multi-shear in-line mixer fitted with four superfine
dispersion heads and a double acting mechanical seal.
Example 5
Additional formulations for the water-fuel emulsions are indicated below. The numerical
values indicated below are in parts by weight. Emulsifier 1 indicated below is the same as
30 indicated in Example 3. Emulsifier 2 is an estet/salt prepared by reacting polyisobutene-
(M;=2000) substituted succinic anhydride (ratio of succinic groups to polyisobutene equivalent
weights of 1.7) with dimethylethanol amine in an equivalent weight ratio of 1:1 (1 mole succinic
anhydride acid group to 2 moles of amine). Emulsifier 3 is a succinimide derived from
polyisobutene-(Mn=1000) substituted monosuccinic anhydride and an ethylene polyamine
35  mixture consisting of approximately 80% by weight heavy polyamine and 20% by weight

diethylene triamine. The Organic Solvent is an aromatic solvent.
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Example 6
H I
Product of Example 2 34 -
Product of Example 3 — 34
20  Emulsifier 1 6 6
Organic Solvent 23.2 232
2-Ethylhexyl nitrate 23.8 23.8
Ammonium nitrate 13 13
(54% by wt NH4NOs3 in water)
25 Example 7

From the above description of examples and invention, those skilled in the art will
perceive improvements, changes and modifications in the invention. Such improvements,
changes and modifications are intended to be covered by the claims.

While the invention has been explained in relation to its preferred embodiments, it is to

30  be understood that various modifications thereof will become apparent to those skilled in the art
upon reading the specification. Therefore, it is to be understood that the invention disclosed

herein is intended to cover such modifications as fall within the scope of the appended claims.
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1. A process to produce an aqueous hydrocarbon fuel conprising: (a)
preparing a hydr odarowss foupbdeddintaquensis fiysitogarbor freh compmgingbout 50% to 5
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hydr ocar byl - substi tut'ed Carboxylic acid acylating agent with amoni a or an
am ne, the hweigbioafrabehruisifies whereireidhe aomlsiter mpoagpeined dfdi)iankpastabe (itel-5@utle
about 500 carbqn atops; (ii) at. |east. ope of .an ioni¢c or nqn-ionic, conpound
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nitro conpouxtsst Shid ababeSeEsdage, atoms;(A)ratrienst ahekalan ionie bahosahnicscongiduad i ne
earth nmetal salts, and njxtures. thereof in caonbipation with (i), (ii) .  or
(iidY or (i vbavw%hwo@mlﬁﬁp@%ﬁg@m of abeutddn Py i) @W&Weégsﬁ@i@@i ng
of ami ne 15 . -)aarr;ggtg'_ [ [ ound

nitrate est er?@,’ B?\?Yram n%m%?lk‘%ﬁP Otﬁrrlétsggaggﬁ?g&ﬂg%gg F%%?Séglgtgﬁ met §Fltséal ts,
and m xt ur esathimehi®@d salisNazi@borpdunds, niirb ltompbdnds( hitdateOgstdrs, nijraminedalhier ei n
t he hydrocarbon fuel/additive m xture conprises about 85% to about 99.9%
by wei ght of mgtal sadisi dkalinereaethmess splite PndHEXtHESS therepf insembipgtion Withdd) ofi) an
emul sifier; | SLEVI SEf LLh a
vater mxt ur & OGP Phie ki B A E SRR b B RSHRSY H anhl
watler - ant i f r @8z camit@hi@in sdIFPALidECHipE@IdS, nittodiodtpoands, hitee esterd]Biliathine,
nitrate m xture or conbinations thereof to form an aqueous hydrocarbon
fuel / addi t i vakaliriietdl adltspplkpling epsthanetplpelts. @nd myxtueesibeieply imcombinainavik er of

han.l .ni i . | sification.devi d_wher ei
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fuel /additives mxture flows at a rate in the range of about 0.5 gallons
to about 100®n ¢ablsidies per minute and the water mixture flows at a rate in

Mggange o aboufyof 0510710 4R SRLLA L plhdsible

selected from the group consisting of a water, water-antifreeze, water ammonium nitrate,

water-antifreeze ammonium nitrate mixture or combinations thereof to form an aqueous
hydrocarbon fuel/additive emulsion with a water particle size having a mean diameter of
greater than 1 micron in a first emulsification device and wherein the ratio of
25 hydrocarbon fuel/additives mixture to water is in the range of about 85 to about 95 to
about 15 to about 5, and wherein the hydrocarbon fuel/additives mixture flows at a rate
in the range of about 0.5 gallons to about 1000 gallons per minute and the water mixture
flows at a rate in the range of about of 0.5 gallons to about 1000 gallons;
(c) directly transferring the aqueous hydrocarbon fuel/additive emulsion to
30 a second emulsification device;
(d) mixing the aqueous hydrocarbon fuel/additive emulsion at a rate to shear
the emulsion to a particle size having a mean diameter of less than 1 micron in the second

emulsification device;



30 a second enul sification device; (d) m xing the agueous hydrocarbon
fuel/additive emulsion at a rate to shear the emulsion to a particle size
havi ng a woan/odi7esret er of | ess than 1 micron in the secon@CTarsni/ei187 cati on
devi ce; WD 02/ 064708 PCT/ US01/45137 32 (e) transferring the agueous

hydr ocarbon fuel additive_enulsion fromstep ( to .a storage tank;
wherein the proce€d i strapsfesing the aqueops tho %el ad‘ﬁ@"?ﬁ%@é’é’g?@fn R 1
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| east one reaction product of an acylating agent with at |east one
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fuel /additives m xture selected fromthe group consisting of cetane

i nprovers, organic 15 solvents, surfactants, other fuel additives and
conbi nat i ons3t her Bl prpeess peclpiamwherpindbpemulsifios ¢ds a sembinaton ¢l @ pgeestof an
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t he hydrocar ue rves e an heé " water prio e first
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wherein there is no aging of the hydrocarbon fuel additive water enulsion
betlleen t he thegsupemmgisiingiof pelyyning beftoran at leass ovelansiivi pelsrnise or eernbinaions ep.

6. The procegs o; claim1 wherein the hydrocarbon fuel/additives m xtures
flows at a ratr&-in the range of about of 10 gallons to about 600 gall ons
per mnute and the water 25 mxture flows at about a rate in the range of
about 10 gallons to about 600 gall ons, and wherein the ratio of

hydr ocar bon 4.uel / 8okliptacesss ofricleirar ke comprising raddisigi an aéditivaigdhohydisoarbon 85 t o

about 95 to abgut.. 15 to _abou .. 4. The process of claim 1l wherein when the
Firot omul oi Feldioyes Bt ected fom3Be el Erte et sgrobt HRBRVHpopebte
party cl e si zgidhid BRfAARBCAE: RBCKIELE Rl ElonttidRiord Bidteot in Kl S4B of Sogapout
1000 microns and wherein the second enulsification results in an enulsion
as havi ng a h#¥do abowgDét bypweightblensiddeive eniubefieranigeiref about .01 micron to
about 1 mcron. WO 02/064708 PCT/ USO1/ 45137
5. The process of claim 1 comprising combining the hydrocarbon fuel/additives
mixture and the water prior to the first mixing device, in the first mixing device or

20 combinations thereof and wherein there is no aging of the hydrocarbon fuel additive

water emulsion between the first emulsification step and the second emulsification step.

6. The process of claim 1 wherein the hydrocarbon fuel/additives mixtures flows at
a rate in the range of about of 10 gallons to about 600 gallons per minute and the water
25 mixture flows at about a rate in the range of about 10 gallons to about 600 gallons, and
wherein the ratio of hydrocarbon fuel/additives mixture to water is in the range of about

85 to about 95 to about 15 to about 5.

7. The process of claim 1 wherein when the first emulsification results in an
30 emulsion having a mean droplet particle size in the range of about greater than about 1
micron to about 1000 microns and wherein the second emulsification results in an
emulsion as having a mean droplet particle size in the range of about .01 micron to about

1 micron.



33 8. An apparatus for continuously nmaking a agueous hydrocarbon fuel
conprising: (a) at least two enulsification devices in series; wherein
there i s woohobddshg tank between the two enul sification @eriusess5137 (b) a
tank containing a hydrocarbon fuel/adad3tive mxture; (c) a conduit for
transferring the hydrocarbon fuel/additives mxture fromthe tank to a
first emulsification device; (d) a conduit for transferring water froma
wat er sourcegto t j I £ dCRUL A% ce it far
transferri ngs't he gﬁ&é {Jrgtruﬁ5%&2?%%%@%@%%?%%g%ﬂ&rg%?ﬁleﬁg éfq)?%’%nsflﬂ'

enul sification defa) ce atdemt secemalséiuticn davicet iroserdewvicszein (thdre & moomdding f or
transferring the aquequs hydrocarbon fuel emulsion fromthe second

enmul si fi cat i GAK Beiicen thegwg enysifigationAe¥icesink or obj ect being fuel ed: (h) a
conauit for dispegsing | jon fromthe 15
fuel% st orage tank{ﬁandata}a% C@%ﬁ‘%ﬁ%‘%‘ﬁ%‘%ﬁ%ﬁ%@é&@ﬁ% '%JF “for

automati cal |y confcpol | 4 aghduhéor temsfeirngahshyifaatss; fusihddieives mmixeura Goanils
hydr ocar bon fuel enul sion has a nmean droplet particle size of less than 1
m cron. 20 otankfa Hishgmutsificaipn devicsh 8 wherein the first emulsification

d_ew Cé 1s s el ect e&l%f r O@coﬁﬂ@i’i Biva tﬁa%f%ﬁ'ﬁlg' Wte?ffrgﬂegrwg@ef(esgﬁrce ”%C&ae”h? ! .

m xers, agitator, stir tank, static mXxérs, sonic mXxers, prpeline static
m xers, hydrallsi€icsti@adevidexer s, rotational shears m xers, aquashear

m xers, high-pressure honogeni zer, and conbi nati ons thereof, and wherein 25
t hdOsecond enul si ) cat # eendyis ferdeansferring|thecaqueous hyfiogarboyfuslipmelsies ifiom thg  of

hi gh shear 1xer el ected.fraomthe group.consi sting of aquashear m xers,
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(1) a programmable logic controller for automatically controlling the
continuous process;
wherein the aqueous hydrocarbon fuel emulsion has a mean droplet particle size
of less than 1 micron.
20
9. The apparatus of claim 8 wherein the first emulsification device is selected from
a group consisting of shear mixers, mechanical mixers, agitator, stir tank, static mixers,
sonic mixers, pipeline static mixers, hydraulic shear mixers, rotational shears mixers,
aquashear mixers, high-pressure homogenizer, and combinations thereof, and wherein
25 the second emulsification device is selected from the group consisting of high shear
mixers selected from the group consisting of aquashear mixers, pipeline static mixers,
hydraulic shear devices, rotational shear mixers, ultrasonic mixing, and combinations

thereof.

30 10.  The apparatus as of claim 8 wherein the hydrocarbon fuel/additives mixture
comprises about 50% to about 99% by weight liquid hydrocarbon fuel and about 0.05%
to about 25% by weight of an emulsifier comprising (i) at least one fuel-soluble product

made by reacting at least one hydrocarbyl-substituted carboxylic acid acylating agent with



amoni a or an am ne, the hydrocarbyl -substituted acyl ati ng agent havi ng
about 50 to about 500 carbon atons; (ii) at |east one of an ionic or

non-i oni cwoanpotrngl havi ng a hydrophilic-Iipophilic bal aneeTafSoakbtaar 1 to
about 40; (iii) a mxture of (i) and @4i) or (iv) a water-soluble conpound
selected fromthe group consjsti of amne salts, amonium5 salts, azide
conpounds, MERGNAHIEATES: the bydiberdi gituigd pryaingeageat Raying akqus P04 ¢ s,
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hydrophilic-lipophilic balance of about 1 to about 40; (iii) a mixture of (i) and (ii) or (iv)
a water-soluble compound selected from the group consisting of amine salts, ammonium
5 salts, azide compounds, nitro compounds, nitrate esters, nitramine, alkali metal salts,

alkaline earth metal salts and mixtures thereof, in combinations with (i), (ii) or (iii).



