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TEE COSSIONER OF PATENTS AM TRADEMARKS. 
Washington, D.C. 20231 

Lalb 

Sir: 
ransmitted herewith for filing is the patent application of: 

’INVENTOR: HERCILIO RIVAS ET AL. 

OR: WATER IN HYDROCARBON EMULSION USEFUL AS LOW EMISSION FUEL AND 
METHOD FOR FORMING SAME 

-I 
0 
Enclosed are: 

) Two sheets of drawing(s). 

m ) An Assignment of the invention to INTEVEP, S.A. 

A certified copy of  Application 
No. , Filed  

Verified statement(s) to establish small entity status 
under 37 CFR 1.9 and 37 CFR 1.27. 

C xac ) INFORMATION DISCLOSURE STATEMENT, LISTING OF PRIOR ART ON 
FORM PTO 1449 AND COPIES. 

Ln The filing fee has been calculated as shown below: 

OTHER THAN A 
� ______________________

 
SMALL ENTITY SMALL ENTITY 

No. No. 
For Filed Extra Rate Fee Rate Fee 

10 Basic 
Fee $ 345 $ 690 

Lq Total 
10 Claims 33 - 20 13 x 9 $ x 18 $ 234 

Indep 
Claims 2 - 3 = 0 x 39 $ x 78 $ 
Multiple Dependent Claim 

Presented +135 $ +270 $ 

TOTAL $ TOTAL $ 924 

Please charge my Deposit Account No. 02-0184 in the amount of 
A duplicate copy of this sheet is enclosed. 

(XX) A check in the amount of $964.00 to cover the filing 
fee, including Assignment Recordal fee. 

(XX) The Commissioner is hereby authorized to charge payment 
of the following fees associated with this communication or 
credit any overpayment to Deposit Account No. 02-0184. A 
duplicate copy of this sheet is enclosed. 

(x) Any additional filing fees required under 37 CFR 1.16. 
(x) Any patent application processing fees under 37 CFR 1.17. 

(xx) The Commissioner of hereby authorized to charge payment of 
the following fees during the pendency of this application 
or credit any overpayment to Deposit Account No. 02-0184. A 

duplicate copy of this sheet is enclosed. 

(x) Any patent- app1ication-prace g fees titgLer 37 CFR 1.17. 
(x) Any filing fees under 37 R 1. 6 for pse ta i n of 

extra claims. /1 

Date: May 5, 2000  
EL398545762US 
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APPLICATION FOR LETTERS PATENT 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT Hercilio Rivas, Xiomara Gutierrez, 

A. Gonzalez D., Geoffrey McGrath, Migdalia Carrasquero, 

sco Lopez-Linares and Roberto Galiasso all Citizens and 

nts of VENEZUELA have invented certain new and useful 

-ements in WATER IN HYDROCARBON EMULSION USEFUL AS LOW 

EON FUEL AND METHOD FOR FORMING SAME of which the following 

specification 

ad Siaö, #a*I $iwfa 
PSddfUadtoaCamtaTsaiDa 
skc WUMnØOI). D.C. 2023 
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potentially hazy water saturated alcohol-gasoline mixture into a 

clear stable gasolipe composition having an improved octane 

rating. The system so produced has a water content of no more 

than 1% by volume, and relatively large volumes of non-ionic 

surfactant are used to produce this system. 

Similarly, U.S. Patent Nos. 4,770,670 and 4,744,796 to 

Hazbun et al. also disclose the formation of stable 

microemulsions which contain large amounts of surfactant as 

compared to the water content. 

Other efforts in this area include U.S. Patent No. 

iii 5,104,418, WO 99/35215, U.S. Patent No. Re.35,237, U.S. Patent 
171 
IJ1 No. 5,743,922, WO 97/34969, U.S. Patent No. 5,873,916 and WO 
Ln 

99/13031. 

In spite of the disclosures in the a foregoing patents, the 

UI 
need remains in the industry for a water-in-hydrocarbon emulsion 

UI 
which is suitable as a combustible fuel and which contains a 

desirable amount of water without the need for relatively large 

amounts of surfactant and/or other stabilizing agents. 

It is therefore the primary object of the present invention 

to provide water-in-hydrocarbon emulsions which are useful as 

combustible fuels and which are both stable and formed using 

relatively small amounts of surfactant. 

It is a further object or the present invention to provide 

a method for forming such water-in-hydrocarbon emulsions 
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utilizing a synergetic combination of mixing energy and 

surfactant package blend. 

It is a still further object of the present invention to 

provide emulsions and methods for forming such emulsions wherein 

additional combustion properties are incorporated into the fuel 

through the surfactant package. 

Other objects and advantages of the present invention will 

be readily apparent from a consideration of the following. 

SUMMARY OF THE INVENTION 

UI In accordance with the present invention, the foregoing 

Ln objects and advantages have been readily attained. 

LrJ In accordance with the invention, a water-in-hydrocarbon 

emulsion is provided, which emulsion comprises a water phase, a 

UI 
hydrocarbon phase and a surfactant, wherein said water phase is 

present in an amount greater than or equal to about 5% vol. with 

respect to volume of said emulsion, and said water phase and 

said surfactant are present at a ratio by volume of said water 

phase to said surfactant of at least about 1. 

Stable macroemulsions and microemulsions are provided, each 

having advantageous features and characteristics. 

In further accordance with the invention, a method is 

provided for forming a water-in-hydrocarbon emulsion which 

method comprises the steps of providing a water phase; providing 

4 
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a hydrocarbon phase; providing a surfactant; mixing said water 

phase, said hydrocarbon phase and said surfactant in amounts 

sufficient to provide a water content of at least about 5% vol. 

with respect to said emulsion, and a ratio by volume of said 

water phase to said surfactant of at least about 1, wherein said 

mixing is carried out at a mixing intensity sufficient to form a 

stable emulsion of said water phase in said hydrocarbon phase. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed description of preferred embodiments of the 

Iii present invention follows, with reference to the attached 

Lil drawings, wherein: 
Ln 

Figure 
1 is a schematic representation illustrating the 

mechanism of the mixing process of the present invention; 

UI 
Figure 2 is a comparative illustration of cylinder pressure 

UI 
versus crank angle of a base fuel as compared to a water-in-

hydrocarbon fuel prepared in accordance with the present 

invention; 

Figure 3 is a comparative illustration of NOx exhaust gas 

emission rates at steady state conditions for a base fuel and an 

emulsion in accordance with the present invention; 

Figure 4 is a comparative illustration of cumulative carbon 

exhaust gas emission during engine transient operation utilizing 

5 
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a base fuel and an emulsion in accordance with the present 

invention; 

Figure 5 is a comparative illustration of exhaust gas peak 

opacity during free acceleration for a base fuel and an emulsion 

in accordance with the present invention; and 

Figure 6 is an illustration of interfacial tension versus 

concentration of monoethanolainine and the expected 

characteristics of the interface depending upon same. 

DETAILED DESCRIPTION 

UI The invention relates to water-in-hydrocarbon emulsions and 

a method for forming same whereby the emulsion is stable and can 

advantageously be used as a combustible fuel, for example for 

compression ignition engines and the like. The emulsion has 

beneficial characteristics as a fuel including reduced 

emissions. The emulsions in accordance with the present 

invention include stable macroemulsions and microemulsions, each 

of which include a dispersed water phase and a continuous 

hydrocarbon phase as well as an advantageous surfactant package 

which, as will be discussed below, is preferably selected in 

combination with particular emulsion formation mixing 

intensities, so as to provide the desired stable emulsion. 

Suitable hydrocarbons for use in making the emulsions of 

the present invention include petroleum hydrocarbons and natural 

6 
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gas derived products, examples of which include Diesel fuel and 

other low gravity hydrocarbons such as Fischer-Tropsch synthetic 

Diesel and paraffins C10 to C20. 

Emulsions including this hydrocarbon in accordance with the 

present invention have reduced No. emissions and C emissions, and 

improved opacity as compared to the hydrocarbon alone. 

Further, improvement in air-fuel mixing conditions and of 

evaporative spray in the combustion chamber of Diesel engines 

can be accomplished utilizing the emulsion as compared to the 

base fuel, which can result in improvements in the fuel fraction 

LB efficiency and a better energy balance utilization in 

LF 
combination with the lower exhaust gas and particulate 

Ln 

emissions. One example of a suitable hydrocarbon is a Diesel 

fuel characterized as follows: 

LB 

ifl 
Table 1 

Sulfur content (% wt/wt <0.5 

Density @ 15C (kg/me) <860 

Viscosity � 40C (Mm’/s1 <4.5 

T95 (C) <370 

Flash point (C) >52 

The water phase for use in forming emulsions in accordance 

with the present invention can suitably be from any acceptable 

water source, and is preferably a water which is available in 
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sufficient quantities, preferably in close proximity to the 

location where emulsions are to be formed, and preferably at an 

inexpensive cost. For example, a suitable water phase could be 

water such as 310 ppm brine. Of course, any other water from a 

suitable source and having various acceptable characteristics 

for use as a component of a combustible fuel would be 

acceptable. 

The surfactant package forms an important portion of the 

present invention, particularly when combined with particular 

emulsion forming steps as will be further described below. The 

UI surfactant or surfactant package of the present invention is 

preferably a package including both a lipophilic surfactant 

111 component and a hydrophilic surfactant component. This 

combination of components advantageously serves to increase the 

d amount of molecules which are present at the water-hydrocarbon 

UI 
interface, and to minimize the interfacial tension therein, 

thereby allowing substantially reduced amounts of surfactants to 

be utilized while nevertheless providing a stable emulsion. 

This is particularly advantageous from a cost standpoint as 

compared to conventional known emulsions and processes. 

Suitable surfactants, as set forth above, include both 

lipophilic surfactant components and hydrophilic surfactant 

components. Suitable lipophilic surfactant components include 

neat oleic acid, sorbitan ester monooleate, sorbitan ester 
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trioleate, ethoxylated oleic acid and mixtures thereof. These 

lipophilic surfactant components typically have a hydrophile-

lipophile balance, or HLB, of between about 1 and about 8. The 

hyd.rophile-ljpophile balance or HLB of a surfactant is the 

relative simultaneous attraction that the surfactant 

demonstrates for water and oil. Substances having a high HLB, 

above about 12, are highly hydrophilic while substances having a 

low HLB, below about 8, are highly lipophilic. Surfactants 

having an HLB between about 8 and about 12 are considered 

intermediate. 

W Suitable hydrophilic surfactant components include oleic 

Lq acid which has been neutralized, preferably 100% neutralized, 

with monoethanolamine, polyethoxylated fatty amine and mixtures 

thereof. These hydrophilic surfactant components typically have 

an HLB of between about 10 and about 18. 

Neutralized oleic acid may be formed as hydrophilic 

surfactant component by mixing, either separately or during 

emulsion formation, neat oleic acid and monoethanolamine (NEA) 

whereby oleate ions are formed as further discussed below. 

Additional components such as cosolvents for 

microemulsions, and other additives, may also be present. 

As will be discussed more thoroughly below in connection 

with the process for forming the emulsion, surfactant components 

which are both lipophilic and hydrophilic are preferably 
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selected and mixed for use in forming the emulsion, and this 

advantageously results in the formation of an interface in the 

emulsion between the water phase and the hydrocarbon phase which 

includes a mixture of both surfactant components. 

Microemulsions according to the invention are 

advantageously provided with a ratio by volume of water to 

surfactant which is greater than about 1. Nacroeinulsions 

according to the invention are advantageously formed with very 

small amounts of surfactant, preferably less than or equal to 

about 4% vol., and having a ratio by volume of water to 

surfactant of greater than about 2.5. 

The emulsions of the present invention preferably include 

water by volume with respect to the emulsion in an amount of at 

least about 5%, preferably between about 5% vol. and about 15% 

vol. with respect to total volume of the emulsions. As will be 

illustrated in the data to follow, the particular surfactant 

package and the mixing intensity or energy dissipation rate of 

the present invention both appear critical in providing 

acceptably stable emulsions. 

It should also be noted that the emulsion of the present 

invention as compared to a base fuel from which the emulsion was 

prepared compares favorably in connection with engine cylinder 

pressure versus crank angle, No, exhaust gas emission, carbon 

exhaust gas emission, exhaust gas peak opacity and the like. 

10 
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As set forth above, it is also within the scope of the 

present invention to modify the surfactant package so as to 

include additional functional groups which can be selected so as 

to provide desirable properties in the resulting emulsion fuel. 

For example, a nitro-olefin derivate of oleic acid can be 

obtained, for example by using nitrogen monoxide to modify the 

oleic acid. Such a nitro-olefin derivate of oleic acid can be 

utilized during emulsion formation and remains active in the 

final emulsion as a cetane number improver for providing the 

emulsion with a higher cetane number as compared to a 

IJ microeniulsion formed with a normal oleic acid as a component of 

Ln the surfactant package. Of course, other functional groups, 
Ln 

particularly other nitrogen functional groups, could 

advantageously be incorporated into the surfactant package for 

UI 
various other desirable results. Other functional groups that 

UI 
can advantageously be incorporated into the surfactant package 

U 

include ketones, hydroxy and epoxy groups, and the like. 

Emulsions in accordance with the present invention may 

suitably be formed as described below. 

Suitable supplies of both water phase and hydrocarbon phase 

are obtained. 

Once it is determined what type of emulsion is desired, 

that is, a microemulsion or a niacroemulsion, a suitable 

surfactant package is selected. 

11 
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Referring to Figure 1, the steps of the method of the 

present invention are illustrated in terms of the type of 

droplet size formed and status of the surfactant. The process 

preferably starts the formation of a coarse dispersion which is 

refined and homogenized by turbulence-length scales of 

decreasing size (through mixing mechanisms associated with 

turbulent diffusion). The final stage of mixing involves 

microscale engulfment and stretching where the ultra low surface 

tension results in the formation of a microemulsion. Where no 

ultra-low interfacial tension is achieved, the fineness of the 

dispersion, for a given surfactant package, depends upon the 

intensity of the turbulence. 

In order to prepare a microemulsion, the surfactant package 

is preferably selected including a hydrophilic component and a 

lipophilic component which are balanced so as to provide a 

surfactant package HLB of between about.6 and about 10. This 

surfactant package will be acceptable when utilized in 

conjunction with the additional process steps of the present 

invention for providing a stable microemulsion. - 

In order to form a suitable microemulsion, the three 

components, that is, the water phase, hydrocarbon phase and 

surfactant package are preferably combined in the desired 

volumes and subjected to a mixing intensity (W/kg) which is 

selected in accordance with the present invention in order to 
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provide the desired type of emulsion. In accordance with the 

invention, to form a microemulsion, it is desirable to utilize a 

surfactant package having an HLB between about 6 and about 10 

and a mixing intensity of between about 1 W/kg and about 10,000 

W/kg. On an in-line production scale, the mixing intensity is 

more preferably between about 3.00 and about 1000 W/kg. If 

production rates are not critical, average mixing intensities 

between about 1 W/kg and about 100 W/kg also provide a stable 

microemulsion. Mixing according to the invention advantageously 

results in a desirable stable microemulsion having an average 

droplet size of between about 100k and about 700k. Emulsions 

formed according to the invention are advantageously stable in 

that the emulsion will retain an average droplet diameter, when 

stored under normal ambient conditions, for at least about 1 

year and typically for an indefinite period of time. 

The mixing intensity referred to herein is presented as 

average mixing intensity, averaged over the mixing profile of a 

vessel. Depending upon the mixing intensity and mixing time 

used, different orders of mixing intensity can be encountered 

within the mixing vessel. For example, mixing can be 

accomplished in accordance with the present invention utilizing 

a Rushton linpulsor coupled to a Heidoiph motor for providing the 

desired mechanical energy dissipation rate or mixing intensity. 

In a typical vessel mixed with this equipment, while the vessel 
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As set forth above, the surfactant package can 

advantageously be modified so as to include performance 

improving functional groups such as nitro-groups and the like 

which advantageously serve to improve the cetane number of the 

final emulsion product. 

Macroemulsions are formed in accordance with the present 

invention as follows. As with microeiaulsion preparation 

supplies of suitable water and hydrocarbon phases are obtained. 

A surfactant package is then preferably selected having an 

HLB of between about 3 and about 10. As with the 

LII microemulsions, this HLB is obtained by blending lipophilic and 
rji 

hydrophilic surfactant components as described above, in 
Ln 

proportions sufficient to provide the desired HLB. The water, 

hydrocarbon and surfactant package components are then mixed at 

a mixing intensity selected so as to provide the desired 

macroemulsion, preferably having an average droplet size of 

between about 0.5 and about 2.0 microns. It is preferred that 

the macroemulsion be mixed at a mixing intensity of greater than 

or equal to about 10,000 W/kg, and this mixing intensity 

s corresponds to an energy dissipation rate during turbulent flow 

as with the microemulsion formation process. The acceptable 

mixing intensity can be imparted to the mixture of ingredients 

using known equipment which would be readily available to the 

person of ordinary skill in the art. 

16 
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course be noted that mixing intensities much larger than average 

can be encountered in the mixing vessel, for example near the 

mixing apparatus. 

Microemulsions were prepared utilizing 5% volume of water 

(310 ppm brine), a hydrocarbon phase of Diesel fuel as described 

above in Table 1 and surfactant packages including one or more 

components of lipophilic neat oleic acid (HLB = 1.3), lipophilic 

sorbitan ester monooleate (HLB = 4.3) and lipophilic ethoxylated 

oleic acid (5 EO, HLB = 7.7), and hydrophilic oleic acid 100% 

neutralized with monoethanolamine. 

The first samples of emulsion prepared under this example 

were prepared using a surfactant package including a lipophilic 

surfactant component of oleic acid having an HLB of 1.3 and a 

hydrophilic oleic acid 100% neutralized with monoethanolanine 

(oleate ions, HLB = 18). These components were provided in a 

1:1 ratio by volume and utilized to form emulsions as set forth 

in Table 2 below: 
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TABLE 2 

Sample Surfactant Vol.% Vol.% Vol.% Vol.% Vol.% HLB Mixing Obs. 
No. Diesel Surfactant Mono Deionized n- Intensity 

ethanol. Water Hexanol W/kg 
amine (310 ppm 

Brine)  
1 Neat Oleic - 84.6 8 0.86 5 1.5 9.5 Manual Micro 

Acid/Oleic (4/4) agitation emulsion 
Acid 100% 
neutralized 

with 
monoethano]. 

amine  
2 Neat Oleic 89.1 4 0.43 5 1.5 9.5 1 Micro 

Acid/Oleic (2/2) emulsion 
Acid 100% 
neutralized 

with 
monoethano]. 

amine  
3 Neat Oleic 89.1 4 0.43 S 1.5 9.5 Manual Unstable 

Acid/Oleic (2/2) agitation Macro 
Acid 100% emulsion 
neutralized 

with 
mortoethanol 

amine I

Sample 1 was prepared using 8% volume of surfactant package 

and a mixing intensity generated through manual agitation of 

about 0.1 W/kg or less for approximately 2-5 minutes 

(spontaneous formation). Sample 2 was prepared utilizing 4% 

volume of surfactant package and moderate turbulence utilizing a 

Rushton impulsor coupled to a Heidoiph motor for providing an 

average mechanical energy dissipation rate of 1 W/kg for a 

period of approximately 5 minutes. Sample 3 was prepared also 

utilizing 4% volume of the surfactant package, but with manual 

agitation of less than 0.1 W/kg as with Sample 1. 

As shown in Table 2, Sample 1 resulted in a inicroemulsion, 

but required 8% volume of surfactant. Sample 3 utilizing 4% 
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volume of the surfactant package and manual agitation resulted 

in an unstable macroeinulsion. 

Sample 2, prepared in accordance with the present 

invention, provided a stable microemu].sion utilizing only 4% 

volume of surfactant package which is, of course, advantageous 

as compared to the 8% volume required for Sample 1. 

Samples 4-5 were then prepared utilizing the same 

surfactant package and 10% volume of water. Sample 4 was 

prepared utilizing 14% volume of surfactant package and manual 

agitation. Sample 5 was prepared using 7% volume of surfactant 

package and a vessel averaged mixing intensity of 1 W/kg. 

Sample 6 was prepared utilizing 7% volume of surfactant package 

and manual agitation. 

Table 3 sets forth the results obtained for these samples. 

TABLE 3 

Sample Surfactant Vol.% Vol.1 Vol.1 Vol.1 Vol .1 HLB Mixing cbs. 
No. Diesel Surfactant Mono Deionized n- Intensity 

ethanol Water Hexanci W/Kg 
amine (310 

ppm 
Brine(  

4 Neat Oleic 73.6 14 1.40 10 1.0 8.9 Manual Micro 
Acid/Oleic (7.6/6.1) agitation emulsion 
Acid 100% 
neutralized 
with 
monoethanol 
amine 

5 Neat Oleic 81.3 1 0.70 10 1.0 8.9 1 Micro 
Acid/Oleic (3.8/3.2) emulsion 
Acid 100% 
neutralized 
with 
monoethanol 
amine 

6 Neat Oleic 81.3 4 0.70 10 1.0 8.9 Manual Unstable 
Acid/Oleic (3.8/3.2 agitation Macro 
Acid 100% emulsion 
neutralized 
with 
monoethanol 
amine 
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Sample Surfactant Vo].% Yoi.% Voi.% Vol.% Vol.% 111i Mixing Ohs. 
No. Diesel Surfactant Mono Deionized n- Intensity 

ethanol Water Hexanol W/Kg 
amine (310 ppm 

Brine)  
7 Neat Oleic 61.3 20 2.15 15 1.5 9.5 Manual Micro 

Acid/Oleic (10/10) agitation emuls 
Acid 100% ion 
neutralized 

with 
inonoethanol 

amine 
8 Neat Oleic 68 14 1.51 15 1.5 9.5 1 Micro 

Acid/Oleic (7/7) emuls 
Acid 100% ion 
neutralized 
with mono 
ethanol 
amine  

9 Neat Oleic 68 14 1.61 15 1.5 9.5 Manual Unta 
Acid/Oleic (7/7) agitation ble 
Acid 100% Macro 
neutralized emuls 

with ion 
monoethanol 

amine  

As shown, Sample 7 resulted in a stable microemulsion, but 

required more surfactant than water was present. Sample 9 

utilized less surfactant package, but resulted in an unstable 

macroemuls ion. 

Sample 8, prepared in accordance with the present 

invention, provided a stable microemulsion having a ratio of 

water to surfactant of greater than 1. 

Samples 10-12 were prepared utilizing a surfactant package 

including lipophilic sorbitan ester monooleate having an HLB of 

43 and neat oleic having HLB equal to 1.3, and hydrophilic 

oleic acid which has been 100% neutralized with monoethanolamine 

(oleate ions, HLB = 18). Samples 10 and 12 were prepared 
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acid/base reaction in the interface Diesel/water to give rise to 

the oleate ions. The oleic acid as well as the oleate ions are 

adsorbed in the interface Diesel/water due there infinity to the 

water as the oil. At intermediate concentrations of MEA (0.04-

0.3% volume), the oleic acid Is appreciably ionized so as to 

provide oleate ions, and the interface Diesel/water will be 

covered by both oleate ions and oleic acid. In this zone, 

synergistic interfacial tension is illustrated, since the 

interfacial tension is lower than that obtained from either of 

the surfactants individually. 

It should be appreciated that a water-in-hydrocarbon 

Ln emulsion has been provided which exhibits advantageous 
Ln 

characteristics as compared to conventional fuels, and that 

methods for advantageously forming such emulsions have also been 

provided. 
w 

This invention may be embodied in other forms or carried 

out in other ways without departing from the spirit or essential 

characteristics thereof. The present embodiment is therefore to 

be considered as in all respects illustrative and not 

restrictive, the scope of the invention being indicated by the 

appended claims, and all changes which come within the meaning 

and range of equivalency are intended to be embraced therein. 
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WHAT IS CLAIMED: 

1. A water-in-hydrocarbon emulsion comprising a water 

phase, a hydrocarbon phase and a surfactant, wherein said water 

phase is present in an amount greater than or equal to about 5% 

vol. with respect to volume of said emulsion, and said water 

phase and said surfactant are present at a ratio by volume of 

said water phase to said surfactant of at least about 1. 

2. An emulsion according to claim 1, wherein said emulsion 

is a microemulsion having an average droplet size of between 

about boA and about 700A. 

Ij 

3. An emulsion according to claim 1, wherein said 
- U 

hydrocarbon phase is a low gravity hydrocarbon. 

4. An emulsion according to claim 1, wherein said 

hydrocarbon phase is selected from the group consisting of 

Diesel fuel, natural gas derived products and mixtures thereof. 

5. An emulsion according to claim 1, wherein said 

hydrocarbon phase is Diesel fuel. 

6. An emulsion according to claim 1, wherein said 

surfactant comprises a mixture of a lipophilic surfactant 
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11. An emulsion according to claim 1, wherein said 

surfactant further includes a functional group for improving 

performance of said emulsion as a combustible fuel. 

12. An emulsion according to claim 11, wherein said 

functional group is a nitrogen oxide group. 

13. An emulsion according to claim 1, wherein said 

emulsion is a macroemulsion having an average droplet size of 

between about 0.5 and about 2.0 microns. 

14. An emulsion according to claim 13, wherein said 

surfactant comprises an emulsion stabilizing portion which 

consists essentially of a lipophilic surfactant component having 

an HLB of between about 1 and about 8 and a hydrophilic 

surfactant component having an HLB of between about 10 and about 

18 whereby solvents are not needed for forming a stable 

macroemulsion. 

15. An emulsion according to claim 13, wherein said 

macroemulsion is substantially free of cosolvents. 
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mixing intensity sufficient to form a stable emulsion of said 

water emulsion phase in said hydrocarbon phase. 

20. A method according to claim 19, wherein said mixing is 

carried out at a mixing intensity of between about 1 W/kg and 

about 10,000 W/kg and said surfactant is selected having an HLB 

of between about 6 and about 10 so as to provide a microemulsion 

having an average droplet size of between about boA and about 

700A. 

21. A method according to claim 20, wherein said mixing 

intensity is between about 1 W/kg and about 100 W/kg. 

UI 

22. A method according to claim 20, wherein said mixing 

UI 
step further includes mixing said water phase, said hydrocarbon 

UI 
Q phase and said surfactant with a cosolvent in amount by volume 

\ 

of less than or equal to about 2% with respect to said emulsion. 

23. A method according to claim 22, wherein said cosolvent 

is selected from the group consisting of methanol, ethanol, iso-

propanol, n-propanol, n-butanol, ter-butanol, n-pentanol, n-

hexanol and mixtures thereof. 
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24. A method according to claim 19, wherein said mixing is 

carried out at a mi cing intensity of greater than or equal to 

about 10,000 W/kg and said surfactant is selected having an HLB 

of between about 3 and about 10 so as to provide a macroemulsion 

having an average droplet size of between about 0.5 microns and 

about 2.0 microns. 

25. A method according to claim 24, wherein said 

surfactant comprises an emulsion stabilizing portion which 

consists essentially of a lipophilic surfactant portion having 

an HLB of between about 1 and about 8 and a hydrophilic 

surfactant portion having an HLB of between about 10 and about 

18 

whereby cosolvents are not needed for forming a stable 

macroemulsion. 

w 

26. A method according to claim 24, wherein said 

macroemulsion is substantially free of cosolvents. 

27. A method according to claim 19, wherein said 

surfactant comprises a mixture of a lipophilic surfactant 

component having a hydrophile-lipophile balance of between about 

1 and about 8, and a hydrophilic surfactant component having a 

hydrophile-lipophile balance of between about 10 and about 18. 
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28. An emulsion according to claim 21, wherein said 

lipophilic surfactant component is selected from the group 

consisting of neat oleic acid, sorbitan ester monooleate, 

sorbitan ester trioleate ethoxylated oleic acid and mixtures 

thereof. 

29. An emulsion according to claim 27, wherein said 

hydrophilic surfactant component is selected from the group 

consisting of oleic acid neutralized with monoethanolamine, 

polyethoxylated fatty amine and mixtures thereof. 

LID 
111 
IA 

 30. A method according to claim 19, wherein said emulsion 

IYI 
is stable. 

10 

31. An emulsion according to claim 19, wherein said 
Lr 

surfactant further includes a functional group for improving 

A 

performance of said emulsion as a combustible fuel. 

32. An emulsion according to claim 31, wherein said 

functional group is a nitrogen oxide group. 

33. A method according to claim 19, wherein said 

surfactant has a hydrophilic component and a lipophilic 

component, both of which are present at an interface between 

said water phase and said hydrocarbon phase. 
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