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WATER BLENDED FUEL COMPOSITION 

TECHNICAL FIELD 

0001. This invention relates to a water blended fuel 
composition. More particularly, this invention relates to a 
water blended fuel composition comprising a normally 
liquid hydrocarbon fuel, water, and a nitrogen-free Surfac 
tant. These fuel compositions may be used in open-flame 
burners and internal combustion engines. 

BACKGROUND OF THE INVENTION 

0002. A major objective of using a water blended fuel is 
to lower NOX (nitrogen oxides) emissions. In internal com 
bustion engines, Such as typical diesel engines for on-road 
vehicles, combustion temperatures usually approach about 
2000 C. Under these conditions, the majority of the NOX 
produced is from oxidized atmospheric nitrogen that is 
pulled into the engine's manifold. On the other hand, 
combustion occurs at lower temperatures in open-flame 
burnerS Such as in industrial boilers. At Such lower tempera 
tures, lower amounts of atmospheric N2 are oxidized and 
most of the NOx produced by Such burners results from 
nitrogen introduced via the fuel and fuel additives. 
0.003 Current commercial water blended fuel additive 
formulations, which are formulated for use in internal com 
bustion engines contain on the order of 1000-1500 ppm 
nitrogen. The base fuel typically introduces about 100 to 
about 300 ppm nitrogen with the remainder coming from the 
additives. A Significant portion of the nitrogen contributed to 
these fuels comes from Surfactants which are used to Stabi 
lize the water blended fuels. 

0004. The problem, therefore, is to provide nitrogen-free 
Surfactants for use in applications where nitrogen level is an 
issue, Such as industrial boilers. Low nitrogen content may 
also become a factor in internal combustion engines as NOX 
emission levels are expected to be significantly lower by 
2007. 

0005. This invention provides a solution to this problem 
by providing a water blended fuel composition containing a 
nitrogen-free Surfactant. These fuels may be used advanta 
geously in open-flame burnerS Such as industrial boilers. 
These fuels are also useful in internal combustion engines. 

SUMMARY OF THE INVENTION 

0006. This invention relates to a water blended fuel 
composition made by combining: 

0007 (i) a normally liquid hydrocarbon fuel; 

0008 (ii) water; and 
0009 (iii) a nitrogen-free surfactant comprising: 
0010 (iii)(a) a hydrocarbyl substituted carboxylic 
acid, or a reaction product of the hydrocarbyl Sub 
Stituted carboxylic acid or a reactive equivalent of 
such acid with an alcohol, the hydrocarbyl substitu 
ent of the acid or reactive equivalent thereof con 
taining at least about 30 carbon atoms, and 

0011 (iii)(b) at least one compound represented by 
one or more of the formulae: 

RO(RO),R" (iii-b-1) 
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(iii-b-2) 
OR 

RCOO(RO), R" (iii-b-3) 

(iii-b-4) 
OR 

OR O 

/ \ 
osci- ". 

"-" 
OR OR 

(iii-b-6) 
O(RO),R 

0012 wherein each R is independently hydrogen or a 
hydrocarbyl group of up to about 60 carbon atoms; each R' 
and R" is independently an alkylene group of 1 to about 20 
carbon atoms, each R" is independently hydrogen, or an 
acyl or hydrocarbyl group of up to about 30 carbon atoms, 
n is a number in the range of Zero to about 50; and x, y and 
Z are independently numbers in the range of Zero to about 50 
with the total for X, y and Z being at least 1. 
0013 In one embodiment, the water blended fuel com 
position further comprises an optional acid component, the 
acid having a pKa of up to about 6. 
0014. In one embodiment, the water blended fuel com 
position is Suitable for use as a fuel for an open flame 
burning apparatus, and in one embodiment as a fuel for an 
internal combustion engine. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.015 The term “hydrocarbyl” and “hydrocarbon,” when 
referring to groups attached to the remainder of a molecule, 
refer to groups having a purely hydrocarbon or predomi 
nantly hydrocarbon character within the context of this 
invention. Such groups include the following: 
0016 (1) Purely hydrocarbon groups; that is, aliphatic, 
alicyclic, aromatic, aliphatic- and alicyclic-Substituted aro 
matic, aromatic-Substituted aliphatic and alicyclic groups, 
and the like, as well as cyclic groups wherein the ring is 
completed through another portion of the molecule (that is, 
any two indicated Substituents may together form an alicy 
clic group). Examples include methyl, octyl, cyclohexyl, 
phenyl, etc. 
0017 (2) Substituted hydrocarbon groups; that is, groups 
containing non-hydrocarbon Substituents which do not alter 
the predominantly hydrocarbon character of the group. 
Examples include hydroxy, alkoxy, acyl, etc. 
0018 (3) Hetero groups; that is, groups which, while 
predominantly hydrocarbon in character, contain atoms 
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other than carbon in a chain or ring otherwise composed of 
carbon atoms. Examples include oxygen and Sulfur. 
0019. In general, no more than about three substituents or 
hetero atoms, and in one embodiment no more than one, will 
be present for each 10 carbon atoms in the hydrocarbyl or 
hydrocarbon group. 
0020. The term “lower” as used herein in conjunction 
with terms Such as hydrocarbon, alkyl, alkenyl, alkoxy, and 
the like, is intended to describe Such groups which contain 
a total of up to 7 carbon atoms. 
0021. The term “oil-soluble” refers to a material that is 
soluble in mineral oil or hydrocarbon fuel to the extent of at 
least about 0.5 gram per liter at 25 C. 
0022. The term “water-soluble” refers to materials that 
are soluble in water to the extent of at least 0.5 gram per 100 
milliliters of water at 25 C. 

0023 The Water Blended Fuel Composition 
0024. The water blended fuel composition may be in the 
form of a water-in-oil emulsion or a micro-emulsion. 
Throughout the Specification and in the appended claims the 
term “oil” (as in water-in-oil emulsion) is Sometimes used to 
refer to the normally liquid hydrocarbon fuel phase of the 
water blended fuel composition. 
0025 The water blended fuel composition contains (i) a 
normally liquid hydrocarbon fuel, (ii) water, and (iii) a 
nitrogen-free Surfactant. These fuels may also include as 
optional ingredients one or more acids having a pKa of up 
to about 6, cetane improvers, non-metallic combustion 
modifiers, metallic combustion modifiers, water-Soluble 
Salts, antifreeze agents, organic Solvents, as well as other 
fuel additives known in the art. 

0026. Although the surfactant (iii) used in the inventive 
water blended fuel composition is a nitrogen-free Surfactant 
and with these fuel compositions it is desirable to reduce or 
eliminate the use of nitrogen-containing ingredients, it is 
permissible to include nitrogen containing ingredients (e.g., 
various cetane improvers, non-metallic combustion modifi 
ers, water-Soluble Salts. Such as ammonium nitrate, and the 
like) in various embodiments of the inventive fuel compo 
Sitions to provide desirable performance attributes to Such 
fuel compositions. 
0027. The water blended fuel composition may be char 
acterized by a continuous oil or fuel phase and a discon 
tinuous or dispersed aqueous phase. These emulsions may 
be characterized as water-in-oil emulsions or micro emul 
Sions. The term “micro emulsion' generally refers to emul 
Sions wherein the dispersed phase is characterized by drop 
lets having a mean diameter of up to about 0.1 micron. The 
dispersed aqueous phase for the inventive water blended fuel 
composition may be comprised of aqueous droplets having 
a mean diameter of about up to about 50 microns, and in one 
embodiment about 0.01 to about 50 microns, and in one 
embodiment about 0.01 to about 30 microns, and in one 
embodiment about 0.01 to about 20 microns, and in one 
embodiment about 0.01 to about 10 microns, and in one 
embodiment, 0.01 to about 5 microns, and in one embodi 
ment about 0.05 to about 2 microns, and in one embodiment 
about 0.05 to about 1 micron, and in one embodiment about 
0.05 to about 0.8 micron, and in one embodiment about 0.1 
to about 1.0 micron, and in one embodiment about 0.5 to 
about 1.0 micron. 

Jun. 17, 2004 

0028. The Normally Liquid Hydrocarbon Fuel (i) 
0029. The normally liquid hydrocarbon fuel may be a 
hydrocarbonaceous petroleum distillate fuel Such as motor 
gasoline as defined by ASTM Specification D439 or diesel 
fuel or fuel oil as defined by ASTM Specification D396. The 
normally liquid hydrocarbon fuel may be a biodegradable 
fuel, a biodiesel fuel, or a mixture thereof. The fuel may be 
a residual fuel. Normally liquid hydrocarbon fuels compris 
ing non-hydrocarbonaceous materials. Such as alcohols, 
ethers, and the like (e.g., methanol, ethanol, diethyl ether, 
methyl ethyl ether) are also within the scope of this inven 
tion as are liquid fuels derived from Vegetable or mineral 
Sources Such as corn, alfalfa, rapeseed, Soybeans, Shale and 
coal. The fuel may be derived from Fischer-Tropsch Syn 
thesized hydrocarbons. Normally liquid hydrocarbon fuels 
which are mixtures of one or more hydrocarbonaceous fuels 
and one or more non-hydrocarbonaceous materials are also 
contemplated. Examples of Such mixtures are combinations 
of gasoline and ethanol, and diesel fuel and ether. 
0030 The gasoline that is useful may be a mixture of 
hydrocarbons having an ASTM distillation range from about 
60° C. at the 10% distillation point to about 205 C. at the 
90% distillation point. 
0031. The diesel fuel may be any diesel fuel. The diesel 
fuel may have a 90% point distillation temperature in the 
range of about 300° C. to about 390° C., and in one 
embodiment about 330° C. to about 350° C. The viscosity 
for the diesel fuel may range from about 1 to about 24 
centistokes at 40°C. The diesel fuel may be classified as any 
of Grade Nos. 1-D, 2-D or 4-D as specified in ASTM D975. 
These diesel fuels may contain alcohols and esters. In one 
embodiment the diesel fuel has a sulfur content of up to 
about 0.05% by weight (low-sulfur diesel fuel) as deter 
mined by the test method specified in ASTM D2622-87. 
0032) The fuel oil may be a Grade No. 1, No. 1 low 
sulfur, No. 2, No. 2 low sulfur, No. 4, No. 4 light, No. 5 light, 
No. 5 heavy, or No. 6 as defined by ASTM Specification 
D396-01. The fuel oil may be a Grade No. 3 fuel oil. The 
fuel oil may be a residual fuel that is heavier than No. 6. The 
fuel may comprise bitumen. 
0033. The normally liquid hydrocarbon fuel may be 
present in the water blended fuel composition at a concen 
tration of about 50% to about 99.5% by weight, and in one 
embodiment about 55 to about 99% by weight, and in one 
embodiment about 60 to about 98% by weight, and in one 
embodiment about 65 to about 95% by weight, and in one 
embodiment about 75 to about 95% by weight. 
0034) The Water (ii) 
0035. The water may be taken from any convenient 
Source. In one embodiment, the water is deionized. In one 
embodiment, the water is not deionized. In one embodiment, 
the water is purified using reverse OSmosis or distillation. 
The water may be in the form of waste water such as 
condensed Steam from a boiler. 

0036) The water may be present in the water blended fuel 
composition at a concentration of about 0.5 to about 50% by 
weight, and in one embodiment about 1 to about 45% by 
weight, and in one embodiment about 2 to about 40% by 
weight, and in one embodiment about 5 to about 35% by 
weight, and in one embodiment about 5 to about 25% by 
weight. 
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0037) The Nitrogen-Free Surfactant (iii) 
0038. The nitrogen-free surfactant (iii) may function as 
an emulsifier and may be referred to as an emulsifier. The 
Surfactant (iii) comprises the combination of Surfactant 
components (iii)(a) and (iii)(b) referred to above and dis 
cussed below. 

0.039 The above-indicated combination of Surfactant 
components provides for the formation of Stable emulsions. 
These emulsions may be characterized by a shelf life of at 
least about 1 day, and in one embodiment at least about 5 
days, and in one embodiment at least about 10 days, and in 
one embodiment at least about 20 days, and in one embodi 
ment at least about 50 days, and in one embodiment at least 
about 90 days. While not wishing to be bound by theory it 
is believed that Surfactant component (iii)(a) provides the 
water blended fuel composition with long-term stability 
while surfactant component (iii)(b) enables formation of the 
emulsion rapidly with a Small particle size for the aqueous 
droplets. 
0040. The term “nitrogen-free” does not exclude the 
possibility of nitrogen being present in the Surfactant (iii) at 
contaminate levels. Typical contaminate levels may be up to 
about 100 ppm, and in one embodiment up to about 200 
ppm, and in one embodiment up to about 300 ppm, and in 
one embodiment up to about 400 ppm, and in one embodi 
ment up to about 500 ppm, and in one embodiment up to 
about 700 ppm, and in one embodiment up to about 1000 

0041) The concentration of the surfactant (iii)(a) in the 
water blended fuel composition may range from about 0.05 
to about 5% by weight, and in one embodiment about 0.1 to 
about 3% by weight, and in one embodiment about 0.1 to 
about 2% by weight. 
0042. The concentration of surfactant (iii)(b) in the water 
blended fuel composition may range from about 0.05 to 
about 5% by weight, and in one embodiment about 0.1 to 
about 3 percent by weight, and in one embodiment about 0.1 
to about 2% by weight. 
0043. The weight ratio of Surfactant (iii)(a) to surfactant 
(iii)(b) may range from about 1:9 to about 9:1, and in one 
embodiment about 3:1 to about 1:3, and in one embodiment 
about 2:1 to about 1:2.5, and in one embodiment about 1:1.5 
to about 1:2.5, and in one embodiment about 1:2. 
0044) Surfactant Component (iii)(a) 
004.5 The surfactant component (iii)(a) may be a hydro 
carbyl Substituted carboxylic acid, or a reaction product of 
the hydrocarbyl Substituted carboxylic acid or a reactive 
equivalent thereof with an alcohol. The carboxylic acids 
may be monobasic or polybasic. The polybasic acids include 
dicarboxylic acids, although tricarboxylic and tetracarboxy 
lic acids may be used. The reactive equivalents may be acid 
halides, (e.g., chlorides), anhydrides or esters, including 
partial esters, and the like. 
0046) The hydrocarbyl Substituted carboxylic acid or 
reactive equivalent 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. The 
olefin polymers may contain about 30 to about 500 carbon 
atoms, and in one embodiment about 50 to about 500 carbon 
atOmS. 
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0047 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 reagents include the carboxylic 
acids corresponding to the formula 

R-CH=-cool 

0048 wherein R is hydrogen, or a saturated aliphatic or 
alicyclic, aryl, alkylaryl or heterocyclic group, and R' is 
hydrogen or a lower alkyl group. R may be a lower alkyl 
group. The total number of carbon atoms in R and R' 
typically does not exceed about 18 carbon atoms. Examples 
include acrylic acid, methacrylic acid, cinnamic acid, cro 
tonic acid; 3-phenyl propenoic acid; alpha, and beta-de 
cenoic acid. The polybasic acid reagents may be dicarboxy 
lic, although tri- and tetracarboxylic acids can be used. 
Examples include maleic acid, fumaric acid, mesaconic 
acid, itaconic acid and citraconic acid. Reactive equivalents 
include the anhydride, halide or ester functional derivatives 
of the foregoing acids. A useful reactive equivalent is maleic 
anhydride. 

0049. The olefin monomers from which the olefin poly 
merS may be derived are polymerizable olefin monomers 
characterized by having one or more ethylenic unsaturated 
groups. They can be monoolefinic monomerS Such as eth 
ylene, propylene, butene-1, isobutene and octene-1, or poly 
olefinic monomers (usually di-olefinic monomerS Such as 
butadiene-1,3 and isoprene). Usually these monomers are 
terminal olefins, that is, olefins characterized by the presence 
of the group >C=CH. However, certain internal olefins can 
also serve as monomers (these are Sometimes referred to as 
medial olefins). When such medial olefin monomers are 
used, they normally are employed in combination with 
terminal olefins to produce olefin polymers that are inter 
polymers. The olefin polymers may include aromatic groups 
and alicyclic groups. These include polymers derived from 
both 1,3-dienes and Styrenes, Such as butadiene-1,3 and 
styrene or para-(tertiary butyl) styrene; also included are 
partially hydrogenated polymers derived from the foregoing. 
0050 Generally the olefin polymers are homo- or inter 
polymers of terminal hydrocarbon olefins of about 2 to about 
30 carbon atoms, and in one embodiment about 2 to about 
16 carbon atoms, and in one embodiment about 2 to about 
6 carbon atoms, and in one embodiment 2 to about 4 carbon 
atOmS. 

0051. The olefin polymer may be a polyisobutene, 
polypropylene, polyethylene, a copolymer derived from 
isobutene and butadiene, or a copolymer derived from 
isobutene and isoprene. 
0052. In one embodiment, the olefin polymers are poly 
isobutenes (or polyisobutylenes) Such as those obtained by 
polymerization of a C refinery stream having a butene 
content of about 35 to about 75% by weight and an isobutene 
content of about 30 to about 60% by weight in the presence 
of a Lewis acid catalyst Such as aluminum chloride or boron 
trifluoride. These polyisobutenes generally contain predomi 
nantly (that is, greater than about 50 percent of the total 
repeat units) isobutene repeat units. 
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0053. The olefin polymer may be a polyisobutene having 
a high methylvinylidene isomer content. These include the 
polyisobutenes wherein at least about 50% by weight, and in 
one embodiment at least about 70% by weight, of the 
polyisobutenes have methylvinylidene end groups. Suitable 
polyisobutenes having Such high methylvinylidene isomer 
contents include those prepared using boron trifluoride cata 
lysts. 
0.054 The hydrocarbyl Substituted carboxylic acid or 
reactive equivalent may be a hydrocarbyl (e.g., poly 
isobutene) Substituted Succinic acid or anhydride wherein 
the hydrocarbyl substituent has from about 30 to about 500 
carbon atoms, and in one embodiment from about 50 to 
about 500 carbon atoms. The hydrocarbyl substituent may 
have a number average molecular weight of about 750 to 
about 3000, and in one embodiment about 900 to about 
2000. In one embodiment, the number average molecular 
weight is from about 750 to about 1500, and in one embodi 
ment it is from about 1500 to about 3000. 

0055. In one embodiment, the hydrocarbyl-substituted 
Succinic acids or reactive equivalents thereof are character 
ized by the presence within their Structure of an average of 
at least about 1.3 Succinic groups, and in one embodiment 
from about 1.5 to about 2.5, and in one embodiment form 
about 1.7 to about 2.1 Succinic groups for each equivalent 
weight of the hydrocarbyl substituent. The ratio of Succinic 
groups to equivalent of Substituent groups present in the 
hydrocarbyl Substituted Succinic acid or reactive equivalent 
(also called the “succination ratio") may be determined by 
one skilled in the art using conventional techniques (e.g., 
saponification or acid numbers). This is described in U.S. 
Pat. No. 4,234,435, which is incorporated herein by refer 
CCC. 

0056. The conditions for reacting the alpha, beta olefini 
cally unsaturated carboxylic acid reagent with the olefin 
polymer are known to those in the art. Examples of patents 
describing various procedures for preparing useful hydro 
carbyl Substituted carboxylic acids or reactive equivalents 
thereof include U.S. Pat. Nos. 3,215,707; 3,219,666; 3,231, 
587; 3,912,764; 4,110,349; and 4,234,435; and U.K. Patent 
1,440,219. The disclosures of these patents are hereby 
incorporated by reference. 
0057 The alcohol which may be reacted with the hydro 
carbyl Substituted carboxylic acid or reactive equivalent to 
form Surfactant component (iii)(a) may be a mono- or a 
polyhydric hydrocarbon-based alcohol Such as methanol, 
ethanol, the propanols, butanols, pentanols, hexanols, hep 
tanols, octanols, decanols, and the like. Also included are 
fatty alcohols and mixtures thereof, including Saturated 
alcohols Such as lauryl, myristyl, cetyl, Stearyl and behenyl 
alcohols, and unsaturated alcohols Such as palmitoleyl, oleyl 
and eicosenyl. Higher Synthetic monohydric alcohols of the 
type formed by the OXO process (e.g., 2-ethylhexanol), by 
the aldol condensation, or by organoaluminum-catalyzed 
oligomerixation of alpha-olefins (e.g., ethylene), followed 
by oxidation, may be used. Alicyclic analogs of the above 
described alcohols may be used; examples include cyclo 
pentanol, cyclohexanol, cyclododecanol, and the like. 
0.058. The polyhydroxy compounds that may be used 
include ethylene, propylene, butylene, pentylene, hexylene 
and heptylene glycols, tri-, tetra-, penta-, hexa- and heptam 
ethylene glycols and hydrocarbon-Substituted analogs 
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thereof (e.g., 2-ethyl-1,3-trimethylene glycol, neopentylgly 
col, etc.), as well as polyoxyalkylene compounds Such as 
diethylene and higher polyethylene glycols, tripropylene 
glycol, dibutylene glycol, dipentylene glycol, dihexylene 
glycol and diheptylene glycol, and their monoethers. A 
glycol that may be used is 1,2-propane diol. 

0059 Phenol, naphthols, substituted phenols (e.g., the 
cresols), and dihydroxyaromatic compounds (e.g., resorci 
nol, hydroquinone), as well as a benzyl alcohol and Similar 
di-hydroxy compounds wherein the Second hydroxy group 
is directly bonded to an aromatic carbon (e.g., 
3-HOdCH-OH wherein d is a divalent benzene ring) may 
be used. Sugar alcohols of the general formula HOCH 
(CHOH). CH-OH such as glycerol, Sorbitol, mannitol, and 
the like, and their partially esterified derivatives may be 
used. Oligomers of Such Sugar alcohols, including diglyc 
erol, triglycerol, hexaglycerol, and the like, and their par 
tially esterfied derivatives may be used. Methylol polyols 
Such as pentaerythritol and its oligomers (di- and tripen 
taerythritol, etc.), trimethylolethane, trimethylolpropane, 
and the like may be used. 

0060. The surfactant component (iii)(a) may be in the 
form of an acid, an ester, or a mixture thereof. The acid may 
be formed by reacting a hydrocarbyl Substituted carboxylic 
acid reactive equivalent with water to provide the desired 
acid. For example, hydrocarbyl (e.g., polyisobutene) Substi 
tuted Succinic anhydride may be reacted with water to form 
hydrocarbyl Substituted Succinic acid. The reaction between 
the hydrocarbyl substituted carboxylic acid or reactive 
equivalent thereof and the alcohol to form an ester may be 
carried out under Suitable ester forming reaction conditions. 
Typically, the reaction is carried out at a temperature in the 
range of from about 50 C. to about 250 C.; optionally in 
the presence of a normally liquid, Substantially inert organic 
liquid Solvent/diluent, until the desired product has formed. 
In one embodiment, the hydrocarbyl substituted carboxylic 
acid or reactive equivalent thereof and the alcohol are 
reacted in amounts sufficient to provide from about 0.3 to 
about 3 equivalents of the acid or reactive equivalent thereof 
per equivalent of alcohol. In one embodiment, this ratio is 
from about 0.5:1 to about 2:1. 

0061 The number of equivalents of the hydrocarbyl 
Substituted carboxylic acid or reactive equivalent thereof 
depends on the total number of carboxylic functions present 
which are capable of reacting with the alcohol. For example, 
there would be two equivalents in an anhydride derived from 
the reaction of one mole of olefin polymer and one mole of 
maleic anhydride. 

0062) The weight of an equivalent of an alcohol is its 
molecular weight divided by the total number of hydroxyl 
groups present in the molecule. Thus, the weight of an 
equivalent of ethylene glycol is one-half its molecular 
weight. 

0063) Surfactant Component (iii)(b) 

0064. The surfactant component (iii)(b) may be at least 
one compound represented by one or more of the formulae: 

RO(RO),R" (iii-b-1) 
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(iii-b-2) 
OR 

RCOO(RO),R" (iii-b-3) 

(iii-b-4) 
OR 

(iii-b-5) 
OR 

RORCH-CH CH 

CH-CH 

OR OR 

(iii-b-6) 
O(RO),R 

R(OR), OR-CH-R (RO),R 

0065 wherein each R is independently hydrogen or a 
hydrocarbyl group of up to about 60 carbon atoms; each R' 
and R" is independently an alkylene group of 1 to about 20 
carbon atoms, each R" is independently hydrogen, or an 
acyl or hydrocarbyl group of up to about 30 carbon atoms, 
n is a number in the range of Zero to about 50, and x, y and 
Z are independently numbers in the range of Zero to about 50 
with the total for x, y and Z being at least 1. In the above 
formulae, R may be a hydrocarbyl group of about 6 to about 
60 carbon atoms, and in one embodiment abut 6 to about 45 
carbon atoms, and in one embodiment about 6 to about 30 
carbon atoms, and in one embodiment about 14 to about 30 
carbon atoms. In one embodiment, R may be a hydrocarbyl 
group of about 9 to about 11 carbon atoms. R' and R" may 
be independently alkylene groups of about 1 to about 6 
carbon atoms, and in one embodiment about 1 to about 4 
carbon atoms. In one embodiment, R is an alkylene group 
containing about 2 to about 3 carbon atoms, and in one 
embodiment about 2 carbon atoms. In one embodiment, R" 
is an alkylene group containing 1 carbon atom. R" may be 
an acyl or hydrocarbyl group of 1 to about 30 carbon atoms, 
and in one embodiment 1 to about 24 carbon atoms, and in 
one embodiment 1 to about 18 carbon atoms, and in one 
embodiment 1 to about 12 carbon atoms, and in one embodi 
ment 1 to about 6 carbon atoms. n may be a number in the 
range of 1 to about 50, and in one embodiment 1 to about 30, 
and in one embodiment 1 to about 20, and in one embodi 
ment 1 to about 12, and in one embodiment about 4 to about 
10, and in one embodiment about 5 to about 10, and in one 
embodiment about 5 to about 8, and in one embodiment 
about 5 or about 6. x, y and Z may be independently numbers 
in the range of Zero to about 50, and in one embodiment Zero 
to about 30, and in one embodiment Zero to about 10; with 
the total of x, y and Z being at least 1, and in one embodiment 
in the range of 1 to about 50, and in one embodiment 10 to 
about 40, and in one embodiment 20 to about 30, and in one 
embodiment about 25. 

0.066 Examples of compounds represented by formula 
(iii-b-1) that may be used include: Co-C alkoxy poly 
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(ethoxy)s alcohol; C12-C is alkoxy poly (isopropoxy)-2-26 
alcohol, oleyl alcohol pentaethoxylate; and the like. 
0067 Examples of compounds represented by formula 
(iii-b-2) that may be used include diglycerol monooleate, 
diglycerol monoSteaate, polyglycerol monooleate, and the 
like. 

0068 Examples of compounds represented by formula 
(iii-b-3) that may be used include polyethylene glycol (Mn= 
200) distearate, polyethylene glycol (Mn=400) distearate, 
polyethylene glycol (Mn=200) dioleate, polyethylene glycol 
(Mn=400) soya bean oil ester, and the like. 
0069. Examples of compounds represented by formula 
(iii-b-4) that may be used include glycerol monooleate, 
diglycerol dioleate, diglycerol distearate, polyglycerol 
dioleate, and the like. 
0070) Examples of compounds represented by formula 
(iii-b-5) that may be used include Sorbitan monooleate, 
Sorbitan monoisoStearate, Sorbitan Sesquioleate, and Sorbitan 
trioleate, and the like. 
0071 Examples of compounds represented by formula 
(iii-b-6) that may be used include polyethoxy glycerol 
trioleate wherein the compound contains 25 ethoxy groups. 

0072 In one embodiment, the surfactant (iii)(b) is an 
alkoxy polyethoxy alcohol wherein the alkoxy group con 
tains about 14 to about 30 carbon atoms and the polyethoxy 
group contains up to about 10 ethoxy groups, and in one 
embodiment about 5 to about 10 ethoxy groups, and in one 
embodiment about 5 or 6 ethoxy groups. 

0073. In one embodiment, the surfactant (iii)(b) is an 
alkoxy polyethoxy alcohol wherein the alkoxy group con 
tains about 9 to about 11 carbon atoms and the polyethoxy 
group contains about 8 ethoxy groups. 
0074. Optional Acid Component 
0075 An optional acid component that may be used in 
the inventive fuel composition comprises one or more acids 
having a pKa of up to about 6, and in one embodiment up 
to about 5, and in one embodiment up to about 4, and in one 
embodiment from about 0 to about 4, and in one embodi 
ment about 1 to about 3.5, and in one embodiment about 1.5 
to about 3. This acid component may be a carboxylic acid. 
Examples of the carboxylic acids that may be used include 
those represented by the formula 

(X), R(COOH), (OAC-1) 

0076 wherein in formula (OAC-1), X is an electron 
withdrawing group, R is hydrogen or a hydrocarbon group, 
m is a number in the range of Zero to about 10, and n is a 
number that is at least 1. Examples of the electron with 
drawing groupS X that may be used include hydroxyl 
groups, alkoxy groups, acyl groups, carboalkoxy groups, 
keto groups, oxo group, aromatic rings, or a combination of 
two or more thereof. R may be an aliphatic, alicyclic, 
aromatic, aliphatic- or alicyclic-Substituted aromatic, aro 
matic-Substituted aliphatic or alicyclic group. R may contain 
1 to about 18 carbon atoms, and in one embodiment 1 to 
about 10 carbon atoms, and in one embodiment 1 to about 
6 carbon atoms. m may be a number in the range of 1 to 
about 10, and in one embodiment 1 to about 6, and in one 
embodiment 1 to about 4. n may be a number in the range 
of 1 to about 10, and in one embodiment 1 to about 8, and 
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in one embodiment 1 to about 4, and in one embodiment 1 
to about 2. When n is 2 or more, the additional COOH 
groups may serve as electron withdrawing groups. Examples 
of the acids that may be used include: 

Acid pKa 

Formic acid 3.75 
Acetylenedicarboxylic acid .75 
Benzenehexacarboxylic acid O.68 
Benzenepentacarboxylic acid 8O 
Benzenetetracarboxylic acid 92 
Benzenetricarboxylic acid 2.12 
2-Butyn-1,4-dioic acid .75 
2-Butynoic acid 2.62 
Citraconic acid 2.29 
Cyclopropane-1,1-dicarboxylic acid 82 
2,6-Dihydroxybenzoic acid 3O 
Dihydroxymaleic acid 10 
Dihydroxymalic acid 92 
Dihydroxytatric acid 95 
alpha, alpha-Dimethyloxaloacetic acid 77 
Dipropylmalonic acid 2.04 
Ethylene oxide dicarboxylic acid .93 
Hydroxyaspartic acid 91 
Maleic acid 91 
2-Oxobutanoic acid 2.50 
Triethylsuccinic acid 2.74 
Citric acid 3.13 
Tartaric Acid 2.98 
Glyoxylic acid 3.34 
Oxalic acid 1.23 
Lactic acid 3.08 
Oxomalonic acid (mesoxalic acid) 

0077. When used, this acid component may function as 
an ionizing agent. The concentration of this acid component 
in the water blended fuel composition may range up to about 
5 percent by weight, and in one embodiment from about 
0.001 to about 3 percent by weight, and in one embodiment 
about 0.01 to about 1 percent by weight. 
0078 Cetane Improvers 
0079 The cetane improvers include peroxides, percar 
bonates, nitro compounds, nitrates, nitrites, nitrocarbamates, 
and the like. Examples include nitropropane, 2-nitro-2- 
methyl-1 -butanol, and the like. Also included are nitrate 
esters of Substituted or unsubstituted aliphatic or 
cycloaliphatic alcohols which may be monohydric or poly 
hydric. These include substituted and unsubstituted alkyl or 
cycloalkyl nitrates having up to about 10 carbon atoms. The 
alkyl group may be either linear or branched. Examples 
include methyl nitrate, butyl nitrate, 2-ethylhexyl nitrate, 
and the like. 

0080. The concentration of the cetane improver in the 
water blended fuel composition may be at a level of up to 
about 10% by weight, and in one embodiment about 0.05 to 
about 5% by weight. 

0081. Non-Metallic Combustion Modifiers 
0082 The non-metallic combustion modifiers include 
Strained ring compounds, nitro compounds, nitrates, and 
certain hydroxyamines. Strained ring compounds are com 
pounds containing cyclic rings of about 3 to about 5 atoms, 
and in one embodiment about 3 to about 4 atoms. The 
Strained rings are typically Saturated, but the about 3 and 
about 4 membered rings may contain olefinic unsaturation. 
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The Strained ring compounds may be monocyclic or poly 
cyclic compounds. The polycyclic compounds may have 
fused ring Systems, and/or ring Systems connected directly 
or via a bridge group, and/or Spiro-compounds. The poly 
cyclic compounds may have, for example, from about 2 to 
about 4 rings. The rings may contain one or more heteroa 
toms (e.g., O, S or N). Typically the heterocyclic rings 
contain at least about 2 carbon atoms and no more than about 
2 heteroatoms, and generally only 1 heteroatom. Examples 
of useful Strained ring compounds or groups include diox 
olane, epoxide, oxetane and furan. Specific examples 
include cyclopropyl methanol, cyclobutyl amine, cyclobutyl 
hydroxyamine, 3,3-dimethyloxetane, 1-methoxy-2-methyl 
propylene oxide, 2-methoxydioxolane and 2,5-dimethoX 
ytetrahydrofuran. 

0083. The nitro compounds may be aliphatic or aromatic. 
They may contain one or more than one nitro group. The 
nitro compounds include purely hydrocarbon and Substi 
tuted hydrocarbon compounds. Examples include 
nitromethane, nitropropane, dinitropropane, hydroxymethyl 
nitropropane, 1,3-dimorpholino-2-nitropropane, 1,2-dinitro 
propane, 2-methyl-2-nitropropane, bis(2-nitropropyl 
)methane, tetranitromethane, nitrobenzene, dinitrotoluene, 
trinitrotoluene, and nitrated phenols (e.g., butyl-dinitrophe 
nol). 
0084. The hydroxyamines useful as combustion improv 
erS may be represented by the formulae 

R OH OH 

R(N-OH), or R(N-R) N-R 

0085 wherein each R is independently hydrogen or a 
hydrocarbyl group, R is an alkylene group, and n is a 
number ranging from 1 to about 30. These types of 
hydroxyamines wherein the hydroxyl group is attached 
directly to the nitrogen are also known as hydroxylamines. 
Each R may be a primary or Secondary hydrocarbyl group. 
Each R group may contain from 1 to about 25 carbon atoms, 
and in one embodiment 1 to about 8 carbon atoms. R' may 
be a lower alkylene group, and in one embodiment it is 
ethylene or a propylene group. n may range from 1 to about 
10, and in one embodiment 1 to about 5. Salts of these 
hydroxyamines may also be used. The Salts include nitrates, 
Sulfates, Sulfonates, carbonates and carboxylates. Examples 
of these hydroxyamines are disclosed in U.S. Pat. Nos. 
3,491,151; 4,017,512; 5,731,462; 5,733,935; and 6,031,130, 
which are incorporated herein by reference. 

0086 The concentration of the non-metallic combustion 
modifier in the water blended fuel composition may range 
up to about 5% by weight, and in one embodiment about 
0.005 to about 2% by weight. 

0087 Metallic Combustion Modifiers 
0088. The metallic combustion modifiers include fuel 
Soluble metallic compounds that enhance the burning char 
acteristics of the fuel. The metal may be Fe, Pt, Sr, Ce, Cu, 
Pd, Al, Ru or a combination of two or more thereof. The fuel 
Soluble compound may be in the form of a organometallic 
complex or a coordination compound. Examples of Such 
complexes or coordination compounds include those dis 
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closed in U.S. Pat. Nos. 4,891,050; 4,892,562; 5,034,020; 
5,340,369; 5,344,467; 5,360,459; 5,376,154, 5,501,714; 
5,518,510; 5,534,039; 5,562,742; 5,593.464, 5,693,106; 
5,749,928; and 6,056,792. These patents are incorporated 
herein by reference. 
0089. These complexes or coordination compounds may 
be added to the water blended fuel composition at level 
Sufficient to provide a concentration of the metal in the range 
of up to about 200 parts per million by weight (ppmw), and 
in one embodiment about 0.1 to about 200 ppmw, and in one 
embodiment about 0.2 to 100 ppmw, and in one embodiment 
about 0.5 to about 50 ppmw. 
0090 Water-Soluble Salt 
0.091 The water blended fuel composition may contain 
one or more water-Soluble Salts. These may be any material 
capable of forming positive and negative ions in an aqueous 
Solution that does not interfere with the other additives or the 
hydrocarbon fuel. These include organic amine nitrates, 
azides, and nitro compounds. Also included are alkali and 
alkaline earth metal carbonates, Sulfates, Sulfides, Sul 
fonates, and the like. Included are the amine or ammonium 
Salts represented by the formula 

0092 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 atoms, 
and in one embodiment 1 to about 2 carbon atoms; XPT is an 
anion having a Valence of p, and k, y, n and p are indepen 
dently 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 nXP. In one embodiment, X is a nitrate ion; and in 
one embodiment it is an acetate ion. Examples include 
ammonium nitrate, ammonium acetate, methylammonium 
nitrate, methylammonium acetate, ethylene diamine diac 
etate, urea nitrate, urea dinitrate, and mixtures of two or 
more thereof. 

0093. In one embodiment, the water-soluble salt func 
tions as an emulsion Stabilizer, i.e., it acts to Stabilize the 
aqueous hydrocarbon fuel compositions. 

0094. In one embodiment, the water-soluble salt func 
tions as a combustion improver. A combustion improver is 
characterized by its ability to increase the mass burning rate 
of the fuel composition. Thus, the presence of Such com 
bustion improverS has the effect of improving the power 
output of an engine. 

0.095 The water-soluble salt may be present in the water 
blended fuel composition at a concentration of up to about 
1% by weight, and in one embodiment about 0.001 to about 
1% by weight, and in one embodiment from about 0.01 to 
about 1% by weight. 

0096) Antifreeze Agent 
0097. In one embodiment, the water blended fuel com 
position contains an antifreeze agent. The antifreeze agent 
may be an alcohol or an ether. Examples include ethylene 
glycol, propylene glycol, methanol, ethanol, and mixtures 
thereof. The antifreeze agent is typically used at a concen 
tration Sufficient to prevent freezing of the water used in the 
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water blended fuel composition. In one embodiment, the 
concentration is at a level of up to about 10% by weight, and 
in one embodiment about 1 to about 5% by weight. 
0098. Other Fuel Additives 
0099. In addition to the foregoing, other fuel additives 
which are well known to those of skill in the art may be used. 
These include antiknock agents, lead Scavengers, ashleSS 
dispersants, deposit preventerS or modifiers, dyes, antioxi 
dants, rust inhibitors, corrosion inhibitors, bacterioStatic 
agents, gum inhibitors, metal deactivators, upper cylinder 
lubricants, biocides, and the like. These fuel additives may 
be used at concentrations that typically range up to about 1% 
by weight for each additive based on the total weight of the 
water blended fuel composition, and in one embodiment 
about 0.01 to about 1% by weight. 
0100 Organic Solvent 
0101 The surfactant (iii), as well as other oil-soluble fuel 
additives (e.g., cetane improvers, dispersants, deposit pre 
venters or modifiers, etc.), may be diluted with a Substan 
tially inert, normally liquid organic Solvent Such as mineral 
oil, kerosene, diesel fuel, Synthetic oil (e.g., ester of dicar 
boxylic acid), naphtha, alkylated (e.g., Co-C alkyl) ben 
Zene, toluene or Xylene to form an additive concentrate 
which is then mixed with the normally liquid hydrocarbon 
fuel and water. These concentrates generally contain from 
about 10% to about 90% by weight of the foregoing solvent. 
The water blended fuel composition may contain up to about 
10% by weight organic Solvent, and in one embodiment 
about 0.01 to about 5% by weight. 

0102 Process for Forming the Water Blended Fuel Com 
position 

0103) The normally liquid hydrocarbon fuel, water, Sur 
factant, and optionally other ingredients as discussed above 
may be mixed under appropriate mixing conditions to form 
the desired water blended fuel composition. The mixing may 
involve high shear mixing, low shear mixing, or a combi 
nation thereof. The mixing may be conducted using a single 
mixing Step or multiple mixing Steps. The mixing may be 
conducted on a batch basis, a continuous basis, or a com 
bination thereof. The shear rate for the mixing may be up to 
about 500,000 sec', and in one embodiment about 20,000 
to about 200,000 sec', and in one embodiment about 
25,000 to about 120,000 sec'. The mixing may be con 
ducted at a temperature in the range of about 0°C. to about 
100° C., and in one embodiment about 1° C. to about 50° C. 
0104. The Open-Flame Burning Apparatus 
0105 The open-flame burning apparatus may be any 
open-flame burning apparatus equipped to burn a liquid fuel. 
These include domestic, commercial and industrial burners. 
The industrial burners include those requiring preheating for 
proper handling and atomization of the fuel. Also included 
are oil fired combustion units, oil fired power plants, fired 
heaters and boilers, and boilers for use in Ships including 
deep draft vessels. The fuel burning apparatus may be a 
boiler for commercial applications Such as Schools, hospi 
tals, apartment buildings and other large buildings. Included 
are boilers for power plants, utility plants, and large Station 
ary and marine engines. The open-flame fuel burning appa 
ratus may be an incinerator Such as rotary kiln incinerator, 
liquid injection kiln, fluidized bed kiln, cement kiln, and the 
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like. Also included are Steel and aluminum forging furnaces. 
The open-flame burning apparatus may be equipped with a 
flue gas recirculation System. 

0106 The Internal Combustion Engine 
0107 The internal combustion engine may be any inter 
nal combustion engine. These engines include Spark-ignited 
(or gasoline) and compression-ignited (or diesel) internal 
combustion engines, including automobile and truck 
engines, two-cycle engines, aviation piston engines, marine 
and railroad diesel engines, and the like. Included are on and 
off-highway vehicle engines. The engine may be a turbine 
engine. The engine may be a homogeneous charge compres 
Sion ignition engine (HCCI). The diesel engines include 
those for both mobile and stationary power plants. The 
diesel engines include those used in urban buses, as well as 
all classes of truckS. The diesel engines may be of the 
two-stroke per cycle or four-stroke per cycle type. The diesel 
engines include heavy duty diesel engines. 

EXAMPLE 1. 

0108. The following water blended fuel formulations are 
prepared in five gallon quantities using a high shear mixer 
(all numerical values being in parts by weight): 

A. B 

No. 2 fuel oil 87.17 77.17 
Polyisobutene (Min = 2300) substituted 1.90 1.90 
succinic anhydride hydrolyzed with water 
(21.5/0.44 anhydride to water weight 
ratio) to form the corresponding acid, 
and diluted with oil (44.7 wt % diluent oil) 
Alkoxy poly ethoxylated alcohol 0.52 0.52 
represented by formula 
RO(CHCHO)H where R is Co-C, 
Tartaric acid O41 O.41 
Distilled water 1O.OO 2O.OO 

0109 The water blended fuel compositions for formula 
tions A and B are water-in-oil emulsions characterized by a 
continuous oil phase, and a discontinuous aqueous phase. 
The discontinuous aqueous phase is comprised of aqueous 
droplets having a mean diameter of 0.8 micron for formu 
lation A, and 1.0 micron for formulation B. 

0110. The water blended fuel compositions for formula 
tions A and B along with a baseline control Sample of the 
fuel oil used in these formulations have the following 
properties: 

Formulation Formulation 
Baseline A. B 

Percent Nitrogen (ASTM D O.O2SO O.O219 O.O223 
4629) 
Percent Sulfur (ASTM D O.3274 O.1683 O.1121 
2622) 
Specific gravity (ASTM D 0.8567 O.8723 O.8840 
4052) 
Viscosity (Q40 C., cSt 2.27 3.41 4.60 
(ASTM D445-40) 
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-continued 

Formulation Formulation 
Baseline A. B 

Flash Point, C. (ASTM 67 74 74 
D93) 
Weight Percent Water O.OSO 7.96 18.61 

0111. The baseline fuel as well as formulations A and B 
are evaluated in two different boilers using three different 
burners. The first boiler (Boiler No. 1) is a GO-3 conven 
tional North American design three-Section, wet base, cast 
iron boiler. The second boiler (Boiler No. 2) is a V83 
conventional European design three-Section, wet base, cast 
iron boiler. The three burners are a Standard burner, a high 
performance burner and a low emissions burner. The fuel 
flow in each burner is adjusted to a heating rate of 140,000 
BTU/hr. The flue gas has an O concentration of 3.0%, and 
a CO concentration of 13.3%. The feed rate for each fuel is 
as follows: 

Formulation Formulation 
Baseline A. B 

Relative feed (gal/hr) 1.O 1.062 1112 
Percent flow increase 6.3 11.2 
Net heating oil consumption 1.O O.96 O.89 
(gal/hr.) 

0112 The NO emissions for each burner are as follows 
for Boiler No. 1: 

Formulation A Formulation B 

Base line NO % NO 
NO (ppm) (ppm) Reduction (ppm) % Reduction 

Standard 18O 149 17.2 109 39.4 
Burner 
High 121 99 18.2 92 24.O 
Performance 
Burner 
Low 72 68 5.6 61 15.3 
Emissions 
Burner 

0113. The NO emissions for each burner are as follows 
for Boiler No. 2: 

Formulation A Formulation B 

Base line NO % NO 
NO (ppm) (ppm) Reduction (ppm) % Reduction 

Standard 162 136 16.O 106 34.6 
Burner 
High 12O 108 1O.O 1OO 16.7 
Performance 
Burner 
Low 64 60 6.3 51 20.3 
Emissions 
Burner 
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0114 While the invention has been explained in relation 
to specific embodiments, it is to 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. 

1. A water blended fuel composition made by combining: 
(i) a normally liquid hydrocarbon fuel; 
(ii) water; and 
(iii) a nitrogen-free Surfactant comprising: 
(iii)(a) a hydrocarbyl Substituted carboxylic acid, or a 

reaction product of the hydrocarbyl Substituted car 
boxylic acid or reactive equivalent of Such acid with an 
alcohol, the hydrocarbyl substiuent of the acid or 
reactive equivalent containing at least about 30 carbon 
atoms, and 

(iii)(b) at least one compound represented by one or more 
of the formulae: 

RO(RO),R" (iii-b-1) 

(iii-b-2) 

R 
RO(RCH-RO),R" 

RCOO(RO).R" (iii-b-3) 

(iii-b-4) 
OR 

RCOO(R"CH-R'O),R" 
(iii-b-5) 

OR O 

/ V 
Roch-fi fl. 

ti-" 
OR OR 

(iii-b-6) 
O(RO),R 

wherein each R is independently hydrogen or a hydro 
carbyl group of up to about 60 carbon atoms; each R' 
and R" is independently an alkylene group of 1 to about 
20 carbon atoms, each R" is independently hydrogen, 
or an acyl or hydrocarbyl group of up to about 30 
carbon atoms; n is a number in the range of Zero to 
about 50, and x, y and Z are independently numbers in 
the range of Zero to about 50 with the total for x, y and 
Z being at least 1. 

2. The composition of claim 1 wherein the composition 
further comprises an acid having a pKa of up to about 6. 

3. The composition of claim 1 wherein the normally liquid 
hydrocarbon fuel comprises a petroleum distillate fuel Such 
as diesel fuel, gasoline, fuel oil or mixtures thereof; an 
alcohol; an ether, an ethanol; a fuel derived from a vegetable 
Source; a biodegradable fuel; a biodiesel fuel; a fluid derived 
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from a mineral Source; a residual fuel; bitumen; a liquid fuel 
derived from corn, alfalfa, rapeseed, Soybeans, Shale, coal, 
or a mixture of two or more thereof; a fuel derived from a 
Fischer-Tropsch synthesized hydrocarbon; or a mixture of 
two or more thereof. 

4. The composition of claim 1 wherein the composition 
further comprises a cetane improver, non-metallic combus 
tion modifier, metallic combustion modifier, water-Soluble 
Salt, antiknock agent, lead Scavenger, ashleSS dispersant, 
deposit preventor or modifier, dye, antioxidant, rust inhibi 
tor, corrosion inhibitor, bacteriostatic agent, gum inhibitor, 
metal deactivator, upper cylinder lubricant, antifreeze agent, 
biocide, organic Solvent, or a mixture of two or more thereof. 

5. The composition of claim 1 wherein the hydrocarbyl 
substituent for the surfactant (iii)(a) is derived from poly 
isobutene, polypropylene, polyethylene, a copolymer 
derived from isobutene and butadiene, or a copolymer 
derived from isobutene and isoprene. 

6. The composition of claim 1 wherein the surfactant 
(iii)(a) comprises a polyisobutene Substituted Succinic acid. 

7. The composition of claim 1 wherein the surfactant 
(iii)(a) comprises the reaction product of a polyisobutene 
Substituted Succinic acid or reactive equivalent thereof with 
an alcohol. 

8. The composition of claim 1 wherein the surfactant 
(iii)(b) is represented by formula (iii-b-1) where R is a 
hydrocarbyl group of about 6 to about 30 carbon atoms, R' 
is an alkylene group of about 2 to about 4 carbon atoms, R" 
is hydrogen, and n is a number in the range of 1 to about 10. 

9. The composition of claim 1 wherein the Surfactant 
(iii)(b) is represented by formula (iii-b-1) wherein R is a 
hydrocarbyl group of about 9 to about 11 carbon atoms, R' 
is an alkylene group of about 2 carbon atoms, R" is 
hydrogen, and n is about 8. 

10. The composition of claim 1 wherein the surfactant 
(iii)(b) is represented by the formula (iii-b-1), wherein R is 
a hydrocarbyl group of about 14 to about 30 carbon atoms, 
R" is an alkylene group of about 2 carbon atoms, R" is 
hydrogen, and n is in the range of about 5 to about 10. 

11. The composition of claim 1 wherein the compound 
represented by formula (iii-b-1) is Co-C alkoxy poly 
(ethoxy), alcohol; Cla-Cls alkoxy poly (isopropoxy)-2-26 
alcohol, oleyl alcohol pentaethoxylate, or a mixture of two 
or more thereof. 

12. The composition of claim 1 wherein the compound 
represented by formula (iii-b-2) is diglycerol monooleate, 
diglycerol monosteaate, polyglycerol monooleate, or a mix 
ture of two or more thereof. 

13. The composition of claim 1 wherein the compound 
represented by formula (iii-b-3) is polyethylene glycol dis 
tearate, polyethylene glycol dioleate, polyethylene glycol 
Soya bean oil ester, or a mixture of two or more thereof. 

14. The composition of claim 1 wherein the compound 
represented by formula (iii-b-4) is glycerol monooleate, 
diglycerol dioleate, diglycerol distearate, polyglycerol 
dioleate, or a mixture of two or more thereof. 

15. The composition of claim 1 wherein the compound 
represented by formula (iii-b-5) is Sorbitan monooleate, 
Sorbitan monoisoStearate, Sorbitan Sesquioleate, Sorbitan tri 
oleate, or a mixture of two or more thereof. 

16. The composition of claim 1 wherein the compound 
represented by formula (iii-b-6) is polyethoxy glycerol tri 
oleate. 
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17. The composition of claim 1 wherein the composition 
further comprises carboxylic acid, Succinic acid, formic 
acid, acetylenedicarboxylic acid, benzeneheXacarboxylic 
acid, benzenepentacarboxylic acid, benzenetetracarboxylic 
acid, benzenetricarboxylic acid, 2-butyn-1,4-dioic acid, 
2-butynoic acid, citraconic acid, cyclopropane-1,1-dicar 
boxylic acid, 2,6-dihydroxybenzoic acid, dihydroxymaleic 
acid, dihydroxymalic acid, dihydroxytatric acid, alpha, 
alpha-dimethyloxaloacetic acid, dipropylmalonic acid, eth 
ylene oxide dicarboxylic acid, hydroxyaspartic acid, maleic 
acid, 2-oxobutanoic acid, triethylsuccinic acid, citric acid, 
tartaric acid, glyoxalic acid, oxalic acid, lactic acid, OXoma 
lonic acid, or a mixture of two or more thereof. 

18. The composition of claim 1 wherein the composition 
further comprises tartaric acid. 

19. A combustion proceSS comprising combusting the fuel 
composition of claim 1 in equipment Selected from the 
group comprising an open flame burner, engine and combi 
nation thereof. 

20. A water blended fuel composition made by combin 
ing: 

a normally liquid hydrocarbon fuel; 
Water, 
a polyisobutene -Substituted Succinic acid wherein the 

polyisobutene group has a number average molecular 
weight in the range of about 750 to about 3000; and 

an alkoxy polyethoxy alcohol wherein the alkoxy group 
contains about 9 to about 11 carbon atoms and the 
polyethoxy group contains about 8 ethoxy groups. 

21. A water blended fuel composition made by combin 
ing: 

a normally liquid hydrocarbon fuel; 
Water, 
a polyisobutene -Substituted Succinic acid wherein the 

polyisobutene group has a number average molecular 
weight in the range of about 750 to about 3000; and 

an alkoxy polyethoxy alcohol wherein the alkoxy group 
contains about 14 to about 30 carbon atoms and the 
polyethoxy group contains up to about 10 ethoxy 
groupS. 

22. A method of making a water blended fuel composi 
tion, comprising mixing at a shear rate of up to about 
500,000 sec: 

(i) a normally liquid hydrocarbon fuel; 
(ii) water; and 
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(iii) a nitrogen-free Surfactant comprising: 
(iii)(a) a hydrocarbyl Substituted carboxylic acid, or a 

reaction product of the hydrocarbyl Substituted car 
boxylic acid or reactive equivalent of Such acid with an 
alcohol, the hydrocarbyl substiuent of the acid or 
reactive equivalent containing at least about 30 carbon 
atoms, and 

(iii)(b) at least one compound represented by one or more 
of the formulae: 

RO(RO),R" (iii-b-1) 

(iii-b-2) 
OR 

RCOO(RO), R" (iii-b-3) 

(iii-b-4) 
OR 

(iii-b-5) 
OR O 

/ \ 
RORCH-CH CH 

CH-CH 

OR OR 

(iii-b-6) 
O(RO),R 

R(OR), OR-CH-R (RO),R 

wherein each R is independently hydrogen or a hydro 
carbyl group of up to about 60 carbon atoms, each R' 
and R" is independently an alkylene group of 1 to about 
20 carbon atoms, each R" is independently hydrogen, 
or an acyl or hydrocarbyl group of up to about 30 
carbon atoms; n is a number in the range of Zero to 
about 50, and x, y and Z are independently numbers in 
the range of Zero to about 50 with the total for x, y and 
Z being at least 1. 

k k k k k 


