Office de la Proprieté Canadian CA 2362880 C 2009/09/29

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 362 880
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2000/02/17 (51) CLInt./Int.Cl. C70L 1/74 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2000/08/24 C10L 10/00(2000.01)
- . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2009/09/29 MATHUR. RAJIV. US
(85) Entréee phase nationale/National Entry: 2001/08/15 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2000/004126 IGEN, INC. US

(87) N° publication PCT/PCT Publication No.: 2000/049108 (74) Agent: RICHES, MCKENZIE & HERBERT LLP
(30) Priorite/Priority: 1999/02/19 (US09/252,546)

(54) Titre : ADDITIFS DE CARBURANT A BASE DE VESICULES LIPIDIQUES ET SOURCES D'ENERGIE LIQUIDES
RENFERMANT CES ADDITIFS
(54) Title: LIPID VESICLE-BASED FUEL ADDITIVES AND LIQUID ENERGY SOURCES CONTAINING SAME

(57) Abréegée/Abstract:

Liquid energy sources, e.g., liqguid fuels comprising lipid vesicles having fuel additives such as water are disclosed herein. The liquid
energy sources, methods for preparation, and methods of enhancing engine performance disclosed herein employing the lipid
vesicles result In enhanced fuel efficiency and/or lowered engine emissions. The invention further relates to liguid energy sources
containing such additives which further comprise a polymeric dispersion assistant, which reduces the interfacial tension and
coalescence of vesicles during dispersion process and storage, and thereby provide transparent looks to the liguid energy source.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02362880 2001-08-15

PCT

(51) International Patent Classification 7.

C10L 1/10, 10/02, 10/00, 1/32, 1/02, B01J
13/02

Al

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(43) International Publication Date:

- - i g

(21) International Application Number:

(22) International Filing Date:

(30) Priority Data:

09/252,546 19 February 1999 (19.02.99)

PCT/US00/04126 | (81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,

17 February 2000 (17.02.00)

US

(71) Applicant: IGEN, INC. {US/US]; 103 Springer Building, 3411

Silverside Road, Wilmington, DE 19810 (US).

(72) Inventor: MATHUR, Rajiv; 1 Prince Edward Drive, Sewell,

NJ 08080 (US).

(74) Agents: LOREN, Ralph, A. et al.; Lahive & Cockfield, LLP,

28 State Street, Boston, MA 02109 (US).

(11) International Publication Number:

WO 00/49108

24 August 2000 (24.08.00)

e — 1

Published

BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE,
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU,
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG,
UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS,
MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, GW, ML, MR, NE, SN, TD, TG).

With international search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

r—

(54) Title: LIPID VESICLE-BASED FUEL ADDITIVES AND LIQUID ENERGY SOURCES CONTAINING SAME

(57) Abstract

Liquid energy sources, e.g., liquid fuels comprising lipid vesicles having fuel additives such as water are disclosed herein. The liquid
energy sources, methods for preparation, and methods of enhancing engine performance disclosed herein employing the lipid vesicles result
in enhanced fuel efficiency and/or lowered engine emissions. The invention further relates to liquid energy sources containing such additives
which further comprise a polymeric dispersion assistant, which reduces the interfacial tension and coalescence of vesicles during dispersion

process and storage, and thereby provide transparent looks to the liquid energy source.
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LIPID VESICLE-BASED FUEL ADDITIVES AND LI QUID ENERGY SOURCLS
CONTAINING SAME

BACKGROUND OF THE INVENTION

The present invention relates to liquid energy sources and in particular
liquid energy sources comprising a liquid fuel and lipid vesicles containing a fuel
additive such as water, which have enhanced performance characteristics compared to
conventional gasoline and diesel fuels.

One recurring problem with existing commercial fuel 1s incomplete
combustion, which results in higher emissions of nitrous oxide, carbon monoxide,
hydrocarbons, and sulfur dioxide. It has previously been demonstrated that inclusion of
up to 3% water in the fuel system reduces emissions of these gases and increases the
octane rating.

One major problem with adding water and other aqueous components
directly to liquid energy source, however, is that while the liquid energy source 1s
capable of dispersing a limited amount of water, if too much water is present the water
will separate out, along with other water soluble components of the liquid energy source.
The separated water may cause damage to the engine and fuel systems by rusting and
corroding metal parts.

In view of the problems of the current art, improved methods for
incorporating water and other fuel additives in liquid energy source have been desired,

as well as new liquid energy source compositions having the desired properties.

SUMMARY OF THE INVENTION

The present invention relates to liquid energy sources comprising a liquid
fuel and lipid vesicles containing a fuel additive such as water, which have enhanced
performance characteristics compared to conventional gasoline and diesel fuels. The
present invention may be used to enhance the performance characteristics of
conventional gasoline and diesel fuels, by reducing emissions of pollutants and
increasing the octane rating. '

The present invention features a liquid energy source containing a liquid
fuel and lipid vesicles having at least one lipid bilayer formed from at least one wall
former material, and which have at least one cavity containing a fuel additive. The fuel

additive-containing lipid vesicles allow incorporation of fuel additives such as water or
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hydrazine in liquid energy sources more eftectively and precisely than previously
attainable. In an advantageous embodiment, the liquid energy source may also contain a
polymeric dispersion assistant, which reduces the interfacial tension and coalescence of
vesicles during dispersion process and storage, and thereby provide transparent looks to
the liquid energy source. As such, in a preferred version of this embodiment, the
addition of the polymer results in a transparent fuel. The polymer may be a
polyoxyethylene glycol diester of polyhydroxy fatty acids represented generally by the

following formula:
O O

M

R)J\(OCHQCHz)nO R

‘wherein RCO is a moiety derived from a polyhydroxy fatty acid and the value of n

oenerally ranges between approximately 15 to approximately 40. In another
embodiment the polymer is a polyoxyethylene glycol diester of fatty acids represented

by the following general formula:
O O

M

R/”\(OCHQCHz)nO R

wherein RCO is a moiety derived from fatty acids such as, for example, stearic,
palmitic, oleic, and lauric acids and n generally ranges between approximately 15 to
approximately 40. In yet another embodiment, the polymer is a polyoxyethylene-

polyoxypropylene block polymer represented by the following formula:

CH; 4

where the average value of x and the average value of z are each independently between
about 2 and about 21 and the average value of y is between about 16 and about 67.

In another embodiment, the lipid vesicles have a cavity contaiming a fuel
additive. The lipid vesicles may be paucilamellar, e.g., having 2-10 lipid bilayers

surrounding an amorphous central cavity.
In yet another embodiment, the lipid vesicles are present in the liquid fuel

in an amount sufficient to provide a concentration of the fuel additive (e.g., water) from
about 0.01% to about 10%. '

In a preferred embodiment, the liquid fuel is suitable for use in an
internal combustion engine, e.g. gasoline or diesel fuel. '

The invention also features a method for improving the efficiency ot an
internal combustion engine, by fueling the internal combustion engine with a liquid

energy source containing a liquid fuel and lipid vesicles having at least one lipid bilayer
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[n another aspect, the present invention pro

fueling said internal combustion engine

vides a method of improving the

n internal combustion engine, comprising
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DETAILED DESCRIPTION OF TIC INVENTION

The present invention relates to liquid energy sources comprising a liquid fuel

s water, which have enhanced

20 and lipid vesicles containing a fuel additive such a
diesel fuels. The present

performance characteristics compared to conventional gasoline and

ihvention may be used to enhance the performance characteristics of conventional gasoline
and diesel fuels, e.g., by reducing emissions of pollutants and increasing the octane rating.

The present invention features a liquid energ
lipid bilayer formed from at least one wall

y source containing a liquid fuel and

5 lipid vesicles which are comprised of at least on¢

former material.

The term "liquid fuel” includes fuels such as gasoline, diesel fuels, residual

fuels, alternative fuels, bio-diesel, engineered fuels, kerosene, jet aviation fuels or mixtures

thereofl. "Gasoline™ ncludes conventional gasoline, reformulated gasoline, and oxygenated

those according to ASTM D975. "Residual fuels”

30  gasoline. "Diesel fuels" includes, €.8.,
4%) fuel oils, and low

e., 0-1.0%) fuel oils, medium sulfur (1.€., 2.0-2.
et aviation fuels" includes Jet A, Jet Al (e.g., as in ASTM

embodiment, the liquid energy source is suitable

includes low sulfur (1.
sulfur (i.e., >2.4%) fuel ols.
D1655), JP-8, JP-5, and JP-4. In a preferred

cor an internal combustion engine.

The term "wall former material” includes lipids and sterols. Pre ferred wall
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primary wall former. In an embodiment, the primary wal

vesicles can be formed by blending these amphiphile with

former materials
1 former 1S

is formed from at least a
4 non-ionic amphiphile. However,
other amphiphile, which may or may not form vesicles or a lamellar phase on its OWn.

preferred other amphiphiles have like chain length and unsaturation but some variations are

acceptable. The term "like chain length and
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unsaturation”, as used herein, means and implies that both materials would have
identical fatty acid chains.

The wall former material present in the lipid bilayer(s), is desirably a
non-ionic amphiphile, e.g., C,,-C,q fatty alcohols, polyoxyethylene acyl alcohols, block
copolymers, polyglycerols, sorbitan fatty acid esters, ethoxylated C,,-Cs glyceryl
mono- and diesters, propylene glycol stearate, sucrose distearate, glyceryl dilaurate,
glucosides, and mixtures thereof.

Inclusion of sterols in the construction of the vesicles of the present
sovention is believed to help buffer the thermotropic phase transition of the membrane
layer, i.c., it enables the lipid membrane structure to be less susceptible to temperature
changes in the region of the transition temperature. The sterols also insure optimal
vesicle size and increase bilayer stability. Sterols include any sterol known in the art to
be useful as modulators of lipid membranes. Quitable sterols include but are not limited
to cholesterol, cholesterol derivatives, hydrocortisone, phytosterol, or mixtures thereof.
In one embodiment, the sterol is phytosterol supplied from avocado oil unsaponifiables.

The use of this sterol, in particular, to form lipid vesicles 1s described 1n U.S.
Patent No. 5,643,600, entitled Lipid Vesicles Containing Avocado Oil

Unsaponifiables.
In further embodiment, the lipid bilayers may also contain a secondary

wall former. The secondary wall former is preferably selected from the group consisting
of quaternary dimethyl diacyl amines, polyoxyethylene acyl alcohols, sorbitan fatty acid
esters and ethoxy sorbitan fatty acid esters.

In a further embodiment, the lipid bilayers may also contain a charge
producing agent, €.g., dimethylstearyl amine, dicetyl phosphate, cetyl sulfate,
phosphatidic acid, phosphatidyl serine, oleic acid, palmitic acid, stearylamines,
oleylamines, and mixtures thereof.

In a particularly advantageous embodiment, the fuel additive and/or
liquid energy source may contain a polymeric dispersion assistant. Often when a fuel
additive is combined with the fuel, a cloudy mixture results, which is aesthetically
undesirable and may lead the vendor or customer to conclude that the fuel is adulterated
or spoiled. The liquid energy source containing the polymeric dispersion assistant 1s
transparent. In one embodiment, the polymeric dispersion assistant may bea
polyoxyethylene-polyoxypropylene glycol block polymer of the following formula:

HO(CH;CHQO)r{CIHCHzo}-(CHZCHzo) H
CH; d
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where the values of x, y, and z are each independently integers between about 1 and
about 100. Preferably, the average value of x and the average value of z are each
independently between about 2 and about 21 and the average value of y 1s between
about 16 and about 67. In one advantageous embodiment, the average value of x and
the average value of z are each independently about 3, and the average value of y 1s
about 30. In another advantageous embodiment, the average value of x and the average
value of z are each independently about 6, and the average value of y is about 39. In yet
another advantageous embodiment, the average value of x and the average value ot z are
each independently about 7, and the average value of y 1s about 54.

In another embodiment, the polymeric dispersion assistant 1s a

polyoxyethylene glycol diester of polyhydroxy fatty acids which can be represented

generally by the following formula: |
O O
L

R)l\(OCHzc H»)nO R

where RCO is a moiety derived from a polyhydroxy fatty acid and the value of n
generally ranges between approximately 15 to approximately 40. Preferred examples of
such moieties include, for example, PEG30 dipolyhydroxystearate.

In another embodiment the polymeric dispersion assistant 1s a
polyoxyethylene glycol diester of fatty acids represented by the following general

formula;
O

O
R/U\(O CH,CH3)nO /lkR

where RCO is a moiety derived from fatty acids such as, for example, stearic, palmitic,
oleic, and lauric acids and n generally ranges between approximately 15 to
approximately 40.

In a preferred embodiment, the lipid vesicles are paucilamellar lipid
vesicles which are generally characterized as having two to ten lipid bilayers or shells
with small aqueous volumes separating each substantially spherical lipid shell.
Generally, the innermost lipid bilayer surrounds a large, substantially amorphous central
cavity which may be filled with either an aqueous solution or other fuel additive such as
noted herein. Alternatively, when the lipid vesicles are paucilamellar, multiple additives
may be enclosed in each lipid bilayer shell so as to provide a blend of additives in the
vesicle, e.g., a vesicle could comprise both water and kerosene, thus providing a more
versatile fuel additive.

In one embodiment, the lipid vesicles are present in the liquid fuel in an

amount sufficient to provide a concentration of the fuel additive in the range of from
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0.01% to 10% of the fuel. In one particularly advantageous embodiment, the lipid
vesicles are present in the liquid fuel (e.g., gasoline or diesel fuel) in an amount
sufficient to provide a concentration of water in the liquid fuel of 5% or less, preferably
1.7%, and more preferably 3%.

The term “fuel additive” is art recognized and is intended to 1nclude
compounds such as water, MTBE, ethanol, hydrazine, hydrogen peroxide, and methyl
isobutane ketone, soya methyl ester and mixtures thereof. In a particularly preferred
embodiment, the fuel additive 1s water.

The invention also features a method of improving the efficiency of an

internal combustion engine, by fueling the internal combustion engine with a hquid

~energy source containing a liquid fuel and lipid vesicles which have at least one lipid

bilayer formed from at least one wall former material and a cavity containing a fuel
additive.

In addition, the invention features a method of reducing emissions from
an internal combustion engine, by fueling the internal combustion engine with a liquid
energy source containing a liquid fuel and lipid vesicles which have at least one lipid
bilayer formed from at least one wall former material and a cavity containing a fuel

additive.

The invention features additional embodiments for incorporating desired
fuel additive in suitable fuels. Reduction of nitrogen oxides and particulates from the
exhaust of diesel engines may be accomplished by means of encapsulating water or
alcohol in diesel fuel using the lipid vesicles described herein. Alternatively, the lipid
vesicles can be used to encapsulate aggressive additives in fuels to permit pipeline
shipment of fungible distillate fuels.

The lipid vesicles of the invention may be used in gasolines to eliminate
pipeline transportation and vapor pressure problems by encapsulating ethanol 1n
gasoline, encapsulate MTBE to reduce or eliminate MTBE migration into the soil and
ground water, eliminate excess evaporative emissions and vehicle operability problems
by encapsulation of light and components, and suppress knock and NOX emissions by
encapsulating water. '

For aviation fuels, the lipid vesicles of the invention may be used to to
prevent ice formation in aviation fuels, e.g., by encapsulating existing:and anti-1cing
chemicals such as (Diethylene glycol monomethy! either (Di-EGME) to minimize
deleterious effects and/or encapsulation of alternatives to Di-EGME; increase the
flowability of jet fuel at low temperatures by encapsulating wax crystal modifiers, and
increase the thermal stability of jet fuels by encapsulation of anti-oxidants, dispersants,

or oxygen sinks.
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The invention may also be used in reduction and control of nitrogen

oxides emitting from electric utilities using petroleum fuels by the addition of

encapsulated water to heavy fuel oils.
Other uses of the invention include enhancing Hydraulic Oil

performance, improving electrical properties of materials, €.g., creating improved
dielectric materials especially for use in Capacitors, as an additive to dissipate static
electrical charging generated by the movement of liquid hydrocarbons which can be
removed after use, and for encapsulating hemoglobin to provide an extended period of
enhance oxygen carrying capacity for blood.

Aqueous filled vesicles, e.g., vesicles having their amorphous central
cavities filled with a water-miscible solution, may be formed using either the “hot

loading” technique disclosed in U. S. Patent No. 4,911,928 or the “cold loading™
technique described in U.S. Patent No. 5,160,669. In either case, a lipid phase

is formed by blending a primary wall former and compatible amphiphile(s),
with or without sterols or lipophilic materials to be incorporated into the lipad
bilayers, to form a homogenous lipid phase. In the “hot loading” technique, a
lipophilic phase is made and heated, and is blended with a heated aqueous
phase (e.g., water, saline, or any other aqueous solution which will be used to
hydrate the lipids) under shear mixing conditions to form the vehicles. “Shear
mixing conditions”, as used herein, means a shear equivalent to a relative flow
of 5-50 m/s through a 1mm orifice. The paucilamellar lipid vesicles of the
disclosure can be made by a variety of devices which provides sufficiently high
shear for shear mixing. A device which is particularly useful for making the
lipid vesicles to the present invention 1s described in U.S. Patent No.

4,985,452, assigned to Micro Vesicular Systems, Inc.
In the “cold loading” technique, the lipid phase and the aqueous phase are

blended under shear mixing conditions to form vesicles. Once the substantially aqueous
filled lipid vesicles are formed, they are combined with the “cargo” material to be
encapsulated, e.g., the water immiscible material. Droplets of the water immiscible
material enter the vesicles, presumably by a process resembling endocytosis. The cold
loading method has been described in more detail in the aforementioned U. S. Patent
No. 5,160,669. These vesicles are then blended under low shear conditions, as
described in U. S. Patent No. 5,160,669.

Once the vesicles are formed, they are diluted with additional hquid
energy source. If a polymer additive is also used, the polymer is added at this time. Itis
occasionally necessary to melt the polymer before incorporating it into the liquid energy

source mixture.
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The invention 1s further illustrated by the following Examples,

which should not be construed as further limiting the subject of the invention.

EXAMPLE 1

In this Example, aqueous-filled vesicles were made using the methods

disclosed in U.S. 5,160,669 and U.S. 4,911,928 from STEARETH-10'",
polyoxyethylene-10 stearyl alcohol (1C1), glycerol distearate, cholesterol, mineral oil,

oleic acid, methyl paraben, and propyl paraben. Briefly, the patent describes a 1echnique
whereby all of the lipid soluble materials arc blended together at elevated temperanures

of 60° - 80° C, but in some cases as high as 90° C. The aqueous phase, which includes
all the water so]uble marerials is also heated. The lipid phase 1s then injected 1nto an

excess of the aqueous phase through a moderate shear device and the mixture 1s sheared
unnl vesicles form. While a device such as the mixing machine shown in U. S. Patent

No. 4,895,452 may be used, a pair of syringes connected by a three way
stopcock can provide shear sufficient for formation of the vesicles. The shear
required 1s about 5-50 m/s through a 1 mm orifice. Further details of this
process are described in U.S. Pat. No. 4,911,928. Table 1 lists the formula
used to make the vesicles (Al).

Table l
Chemical Components
STEARETH-10 |
Glycerol Distearaie
Cholesterol
Mineral Oil
Oleic Acid -
Water

Methyl paraben
Prapy! paraben

|
!
f
|
|
!

'
4
>

D
l
|
|

0.015

For these Al vesicles, the aqueous solution was heated 10 65° C, and the
lipid soluble marenals were heated to 72° C, before being mixed together in the method
described above. The Al vesicles that were formed were very small and spherical. The
Al vesicles were then mixed with gasoline in a ratio of 20 parts vesicles : 30 parts

gasoline. Subsequently, the Al vesicles were diluted 10 a concentrarion of about 50 mi
of vesicles/liter of gasoline (0.5%).
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The gasoline containing the Al vesicles was tested in a small engine. A
decrease in fuel consumption was noted when the pasoline containing the Al vesicles
was used.

When the mixture of gasoline and A1 vesicles were placed ina 45° C

5 oven for two weeks, the vesicles remained intact.

EXAMPLE 2
Using a similar procedure to that above, vesicles were made as follows.

10 Table 2 .
Chemical

STEARETH-10
Glycerol Distearare
Mineral Oil
Phytosterol
Cholesterol

Oleic Acid

Water

Methyl paraben
Propyl paraben

I
!

The lipids were at a temperature of 75° C when mixed with the aqueous
components, which were at a temperature of 65° C. The vesicles were cold loaded in a
rauo of 20 parts vesicles 10 30 parts gasoline, as before.

15 The “A2” vesicles were stable at 45° C for a week in gasoline, although
two layers were formed. However, after mixing, the layers dispersed.

The “B2” and “D2” vesicles had rod like structures, which contrasted 10
the spherical shape of the *C2” and “E2" vesicles.

SUBSTITUTE SHEET
AMENDED SHEET

CA 02362880 2001-08-15
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EXAMPLE 3
Vesicles were made using a similar procedure as above, bur incorporating
soybean oil as a lipid component. The following table summarizes the chemical TS
S composition of the vesicles. .
Table 3
Mass of Vesicle Components(f)
STEARETR-I0™ _ [20 |30 [30
Glycerol Distearate
OleicAcid 025|035 035
Soybean O L - -
Cholesterol I R R
Methy! paraben 01 jor Jor
propyl parsben | 0015 _ 0015 [ 0015

The lipid components were at temperature of 72° C and the aqueous
components were at a temperature of 70° C when mixed. All of the vesicles were small
10 and spherical. They were each “cold loaded™ with 20 parts vesicles : 30 parts pasoline.
Inirially, the “A3" vesicles were white and separated into two layers
within a half hour of being loaded. Afier three days, the “B3™ vesicles had also
separated into two layers. The “C3” vesicles, however, only had a small layer of

gasoline separated our from the vesicles. Afier three days, all of the vesicles retained
15 smal] spherical shapes.

EXAMPLE 4

In this mal, the amount of soybean o1l was lowered from the amount in

20 Example 3. The vesicles were made by the same procedure as outlined above. The
following table summanzes the chemical composition of the vesicles.

Table 4
Chemical Mass of Vesicle Components (g)

SUBSTITUTE SHEET
AMENDED SHEET
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The agueous components were ai a tlemperature of 65° C, when mixed
with the lipids, which were ar a iemperature of 72° C. The A4, B4, and C4 vesicles were
all small and spherical. However, the “A4” batch had more irregular vesicles. After
being mixed (20 parts vesicles : 30 parts gasoline) with gasoline, all the samples were

5 stable, although some gasoline separated 1o the top in the C4, D4, and E4 batches. After
one week, no degradation of the vesicles was noted.

EXAMPLE S

10 A similar procedure was followed for making these vesicles. In these
wrials different levels of soya methyl cster was used 1o make the vesicles. The following

table summarizes the composition of these vesicles.

Table S
Mass of Vesicle Components (¢

15
“The aqueous components were at 65° C, when mixed with the 72° C
lipids to creare the vesicles. All the vesicles were small and homogenous, although the
AS vesicles were very fluid while the BS vesicles were very thick.
The AS and C5 vesicles were cold loaded In pasoline atr 40° C. The final
20 concenrtration of vesicles in the fuel was 10%. For the AS vesicles, no separanon
between the gasoline and the vesicles was noticed at room temperature, although at 45°
C, there was a slight separation of a gasoline layer.
Afier the DS vesicles were cold loaded at 45° C (in a rano of 50%
gasoline, 50% vesicles), they were placed in an oven. After five days 25% of the
25 gasoline had separated from the vesicle mixture.

SITRSTITUTE SHEET
CA 02362880 2001-08-15 AMENDED SHEET
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EXAMPLE 6
In this trial, the amount of water incorporated into the vesicles was N
5 increased. The vesicles also comprised about 40% soya methyl ester. The vesicl‘es were
made following the procedure outlined above and the composition of each population of
vesicles is outlined in Table 6 below.

Table 6

Chemical

Glycerol Distearate

Oleic Acid

POE20 Sorbitan
Monooleare

The vesicles were created by shear mixing the lipid components (at a
temperature of 70° C) and aqueous components (at a temperature of 65° C) 1ogether.

The resulting vesicles were spherical. When 0.5g of vesicles were mixed with 10g of
gasoline, the vesicles initially dispersed but then started 1o sertle at the bottom.
15

EXAMPLE 7

In this tal, the vesicles were loaded into both diesel and gasolhine. The
formulation of the vesicles is outlined in Table 7 below.
20

Table 7
Mass of Vesicles Components (g)

Sorbitan Sesquiolcate 30 |
Soyamethylester_ [30[50
538 [ 388
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The vesicles were formed under shear mixing conditions with the
aqueous components at a temperature of 65° C and the lipid components at a
temperature of 72° C.

The A7 and B7 vesicles were small, spherical and heterogeneous. When
loaded into gasoline in a ratio of 20 parts vesicles : 80 parts gasoline, the A7 vesicles
went into suspension easily and did not separate out.

The C7 and D7 vesicles were small, thick and homogenous. When loaded

in gasoline (20 parts vesicles: 80 parts gasoline), the vesicles dispersed easily.
EXAMPLE 8

The gasoline containing the vesicles was tested using a 1995 Ford
Explorer. The mileage was calculated from the first sputter of the engine to when the
engine stopped completely. The tests were carried out during a range of outdoor
temperatures. Table 8 below outlines the changes in gas mileage for the Explorer with

the addition of various vesicles.

Table 8
Type of Vesicle | % Water In Regular Gas Gas Mileage | Difference in Percent
Final Blend Mileage (mpg) { with Vesicles mileage per Improvement
(mpg) gallon

1.70
1.70
1.70
2.20
1.70
1.70
0.80
1.57
1.70
1.70

192
192 T8 o6 (31
192 223
6. 156

16.1 17.3
16.1 17.9
16.1 16.7
16.7
17.3
16.4

>

~J
N

11.2
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o o o
Pt e ——

O o
LI N No

~J| W W
B3

>
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In most cases, the addition of the lipid vesicles and the encapsulated
additives to the gasoline resulted in increased mileage per gallon for the vehicle. The
amount of water incorporated into the fuel does not uniformly affect the gasoline
mileage. Although gas mileage was generally improved upon addition of the vesicles
and the encapsulated additives, the emitted pollutants were significantly reduced as

shown in Table 9 below.
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Table 9 |

% Hydro- Yo % CO4
Change carbons | Change

CcO % %

Change }.Oxygen

Type of

Vesicles

% Hzﬂ in
gas

t
8
-
l
!
|
;
f
(
! l
i
{

{(ppm) |
Nome [0 J025 |0 I[85 1o [w&s 1o o0
AT |17 [002 _ [%20 |7 |90 |98 |173 {00
A1 (330 Jo0 _[1000 |2 [o80 [1537 |96 _ 00 _
B [170 J00 _ [1000 |11 [#70 {1445 |1a3 |00 _
C3  [os0__Joo1 |90 |10 880 [151 |17 [54
T3 |57 Joes _ [#80 |8 — [o10  [lagz |33 [00
©7 170 J00 1000 |3 [%0 132 |99 06
A7 170|004 |80 _[508 _|a10 |17 128 |00

This 1able shows that there was a significant reducuon in emitted CQO,
when the vesicles were added 1o the gasoline. In the case of hydrocarbons, the Al, A7
5 and C3 vesicles and the additives encapsulated within significantly reduced the amount
of hydrocarbons released in 10 the atmosphere. The reduction in the amount of
hydrocarbons is an indicartion thar the fucl was burning more efficiently. The amount of
CO» was also reduced 1n all cases.

10 EXAMPLEY

The mixtures of vesicles and gasoline 1n the above examples were
cloudy. In an effort to ameliorate this condiuon in the gasoline, a polymeric dispersion
assistant was added. The composition of the vesicles (A8) is shown 1n the table below.

15

783

The A8 vesicles were formed under shear mixing conditions, as outlined
in the procedure above.

The A8 vesicles were mixed with gasoline and polymer PEG-30

20 Dipolyhydroxystearate (1% A8 vesicles, 3% polymer). In order to disperse the polymer

through out the mixture, it was necessary 1o melt the polymer first. In a second trial, 1%
A8 vesicles and 2% polymer was ysed. After the polymer was melted, it dispersed
easily, which resulted in a clear solution of the gasoline. When no polymer was used,
the resuluing mixture of gasoline and vesicles was a hazy suspension.

SUBSTITUTE SHEET
AMENDED SHEET

~a -
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The A8 vesicles were also mixed with diesel fuel. In the first trial, 0.5%
of the A8 vesicles were mixed with 3.0% PEG-30 dipolyhydroxystearate polymer. The
mixture became clear yellow after extensive mixing. In the second trial, the melted
polymer (2% by weight) was added directly to the diesel fuel (97% by weight). The

5 polymer dispersed easily. Then, the A8 vesicles (2% by weight) were added, resulting
in a cloudy mixture. When the mixture was shaken, it became clear. When no polymer
was used, the resulting mixture of diesel fuel and vesicles resulted in a hazy yellow

suspension.
EXAMPLE 10

10
In another demonstration of the benefits of admixing vesicles of the
invention in liquid energy source to reduce emissions, A8 vesicles were prepared as in

Example 9, mixed with gasoline and tested as follows.

The A8 vesicles were gently mixed with gasoline (Indolene), followed by
15 gentle mixing in of PEG-30 Dipolyhydroxystearate (2.2% A8 vesicles, 4.4% PEG-30) to
form a Blend 1. A Blend 2 was similarly formed, using 6.6% polyoxyethylene-

polyoxypropylene glycol block polymer in place of the PEG-30.
A 1997 Chevrolet Lumina was subjected to Hot 505 Emissions testing,

using a control fuel (Indolene), and Blends 1 and 2. The results are shown 1n Table 11,
20 below. The data show the dramatic reduction in emissions, e.g., CO and NOx, provided

by addition of the vesicles of the invention.

Table 11
NMFC MPG

Indolene 0.08 g/m 0.062 g/m 1.056 g/mi | 0.192 g/m 335.477 g/mi 26.22
(Control)

i
(-57.30%)

(-28.80%)

i
(45.00%)

i
(34.50%)

Blend 1 0.117 g¢/mi | 0.090 g/mi | 0.752 g/mi | 0.082 g/mi | 336.562 g/mi 26.16
(% change (0.323%) (-0.23%)
from
control)
Blend 2 0.094 g/mi | 0.066 g/mi | 0.322 g/mi | 0.069 g/mi | 336.432 g/mi 26.23
(% change (8.00%) (6.40%) (-69.50%) (-64.00%) (0.285%) (0.04%)
from

control)

25 EQUIVALENTS |
Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, numerous equivalents to the specific procedures
described herein. Such equivalents are considered to be within the scope of this
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invention and are covered by the following claims. The contents of all references,

issued patents, and published patent applications cited throughout this application are

hereby incorporated by reference.
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CLAIMS:

1. A Tliquid energy source comprising a liquid fuel and lipid vesicles comprising at least one
lipid bilayer formed from at least one wall former material, said lipid vesicles further comprising
at least one cavity containing a fuel additive selected from the group consisting of water, alcohols,
hydrazine, hydrogen peroxide, soya methyl ester, methyl isobutane ketone, MTBE, anti-icing

chemicals, wax crystal modifiers, anti-oxidants, dispersants, oxygen sinks, and mixtures thereot.

2. The liquid energy source of claim 1, wherein said liquid energy source further COMprises a

polymeric dispersion assistant.

3 The liquid energy source of claim 2, wherein said liquid energy source 1s transparent.
4. The liquid energy source of claim 1, wherein said lipid vesicles are paucilamellar.
5. The liquid energy source of claim 4, wherein said paucilamellar lipid vesicles have 2 to 10

lipid bilayers surrounding an amorphous central cavity.

6. The liquid energy source of claim 1, wherein said lipid bilayer comprises a primary wall

former material and a secondary wall former material.

7. The liquid energy source of claim 6, wherein said primary wall former material 1s a non-

1onic amphiphile.

8. The liquid energy source of claim 6 wherein said primary wall former material 1s selected

from the group consisting of C1,-Cig fatty alcohols, polyoxyethylene acyl alcohols, polyglycerols,

sorbitan fatty acid esters, ethoxylated sorbitan fatty acid esters, C12-Cig glycol monoesters, Ci2-Cig
elyceryl mono- and diesters, propylene glycol stearate, sucrose distearate, glyceryl dilaurate,

glucosides, and their salts, and mixtures thereof.

9. The liquid energy source of claim 6 wherein said lipid vesicles further comprise a sterol,
selected from the group consisting of cholesterol, cholesterol derivatives, ethoxylated cholesterol,

hydrocortisone, phytosterol, and mixtures thereof.
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10. The liquid energy source of claim 1, wherein said at least one of said lipid bilayers further
comprises a charge producing agent selected from the group consisting of dimethylstearyl amine,
dicetyl phosphate, cetyl sulfate, phosphatidic acid, phosphatidyl serine, oleic acid, palmitic acid,

stearylamines, oleylamines, and mixtures thereot.

11. The liquid energy source of claim 1 wherein said lipid vesicles are present in said liquid

fuel in an amount sufficient to provide a concentration of said fuel additive in the range of from

0.01% to 10%.

12. The liquid energy source of claim 1 wherein said fuel additive 1s selected from
the group consisting of water, ethanol, hydrazine, hydrogen peroxide, soya methyl ester and

methyl isobutane ketone, and mixtures thereof.

13. The liquid energy source of claim 12 wherein said fuel additive is water.

14. The liquid energy source of claim 13 wherein said lipid vesicles are present in said hquid

fuel in an amount sufficient to provide a concentration of water in said liquid fuel of 5% or less.

15. The liquid energy source of claim 8 wherein said secondary wall former material 1s
selected from the group consisting of quaternary dimethyldiacylamines, polyethylene acyl

alcohols, sorbitan fatty acid esters and ethoxylated sorbitan fatty acid esters and mixtures thereof.

16. The liquid energy source of claim 1, wherein said liquid fuel 1s suitable for use

in an internal combustion engine.

17 The liquid energy source of claim 1, wherein said liquid fuel 1s selected from the group
consisting of gasoline, diesel fuels, alternative fuels, bio-diesel, engineered fuels, kerosene, jet

aviation fuels and mixtures thereof.

18. The liquid energy source of claim 2, wherein said polymeric dispersion assistant 1s
selected from the group comprised of polyoxyethylene/polyoxypropylene block polymers, PEG
diesters ol polyhydroxy fatty acids and PEG diesters of fairy acids.
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19. The liquid energy source of claim 18, wherein said polymeric dispersion assistant has the

formula:

HO(CH,CH,0),— CHCH,0X—(CH,CH,0),H

|

CHj
y

wherein the values of x, y, and z are each independently integers between 1 and 100.

20. The liquid energy source of claim 19, wherein the average value of x and the average value

of z are each independently between 2 and 21 and the average value of y 1s between 16 and 67.

21. The liquid energy source of claim 20, wherein the average value of x and the average value

of z are each independently 3, and the average value of y 1s 30.

22, The liquid energy source of claim 20, wherein the average value of x and the average value

ol z are each independently 6, and the average value of'y 1s 39.

23 The liquid energy source of claim 20, wherein the average value of x and the average value

of z are each independently 7, and the average value of y 1s 54.

24 The liquid energy source of claim 18, wherein said polymer has the formula:

O O

BN

R (OCH,CH>»),O R

wherein each RCO group is independently derived from a polyhydroxy fatty acid; and

the value of n 1s from about 15 to 40.

25, The liquid energy source of claim 18, wherein said polymeric dispersion assistant 1s

represented by the following formula:

O O

Ao

R (OCH,CH,),0 R

wherein each RCO 1s independently derived from fatty acids; and

the value of n 1s from 15 to 40.
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26. The liquid energy source of claim 25, wherein said fairy acids are selected from the group

consisting of stearic, palmitic, oleic, and lauric acid.

27 A method of improving the efficiency of an internal combustion engine, comprising
fueling said internal combustion engine with a liquid energy source comprising a liquid fuel and
lipid vesicles comprising at least one lipid bilayer formed from at least one wall former material,
said lipid vesicles further comprising at least one cavity containing a fuel additive selected trom
the group consisting of water, alcohols, hydrazine, hydrogen peroxide, soya methyl ester, methyl
isobutane ketone, MTBE, anti-icing chemicals, wax crystal modifiers, anti-oxidants, dispersants,

oxygen sinks, and mixtures thereof.

28. The method of claim 27, wherein said liquid energy source further comprises a polymeric

dispersion assistant.

29. The method of claim 27, wherein said lipid vesicles are paucilamellar lipid vesicles having

2 to 10 lipid bilayers surrounding an amorphous central cavity.

30. The method of claim 27, wherein said lipid bilayer comprises a primary wall former

material and a secondary wall former material.

31 The method of claim 30, wherein said primary wall former material 1s a non-1onic
amphiphile.
32. The method of claim 30 wherein said primary wall former material is selected from the

sroup consisting of C,-C g fatty alcohols, polyoxyethylene aryl alcohols, polyglycerols, sorbitan
fatty acid esters, ethoxylated sorbitan fatty acid esters, Cy,-C;g glycol monoesters, Cy2-Cig glyceryl

mono- and diesters, propylene glycol stearate, sucrose distearate, glyceryl dilaurate, and

glucosides, and mixtures thereof.

33, The method of claim 30 wherein said lipid vesicles further comprise a sterol, selected from
the group consisting of cholesterol, cholesterol derivatives, ethoxylated cholesterol,

hydrocortisone, phytosterol, and mixtures thereof.
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34, The liquid energy source of claim 27, wherein said at least one lipid bilayer further
comprises a charge producing agent selected from the group consisting of ditmethylstearyl amine,
dicetyl phosphate, cetyl sulfate, phosphatidic acid, phosphatidy] serine, oleic acid, palmitic acid,

stearylamines, oleylamines, and mixtures thereof.

35. The method of claim 27 wherein said lipid vesicles are present in said liquid fuel 1n an

amount sufficient to provide a concentration of said fuel additive in the range of from 0.01% to

10%.

36. The method of claim 27 wherein said fuel additive 1s selected from the group consisting of
water, ethanol, hydrazine, hydrogen peroxide, soya methyl ester and methyl 1sobutane ketone, and

mixtures thereof

37. The method of claim 36 wherein said fuel additive 1s water.

38. The method of claim 37 wherein said lipid vesicles are present 1n said liquid fuel 1n an

amount sufficient to provide a concentration of water 1 said liquid fuel of about 5% or less.

39. The method of claim 27, wherein said hiquid fuel 1s selected front the group consisting of

gasoline, diesel fuels, alternative fuels, bio-diesel, engineered fuels, kerosene, jet aviation fuels

and mixtures thereof.

40. The method of claim 28, wherein said polymeric dispersion assistant 1s selected from the

group comprised of polyoxyethylene/polyoxypropylene block polymers, PEG diesters of
polyhydroxy fatty acids and PEG diesters of fatty acids.

41. The method of claim 40, wherein said polymeric dispersion assistant has the

formula:

HO(CH,CH,0);—fCHCH,0\—(CH,CH,0),H

|

CH;
y

wherein the values of X, y, and z are each independently integers between 1 and 100.
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42. The method of claim 41, wherein the average value of x and the average value of z are

each independently between 2 and 21 and the average value of y 1s between 16 and 67.

43 The method of claim 42, wherein the average value of x and the average value of z are

each independently 3, and the average value of y 1s 30.

44 The method of claim 43, wherein the average value of x and the average value of z are

each independently 6, and the average value of y 1s 39.

45. The method of claim 42, wherein the average value of x and the average value of z are

each independently 7, and the average value of y 1s 54.

46. The method of claim 40, wherein said polymer has the formula:

O O

A

R (OCH,CH,), O R

wherein each RCO group 1s independently derived from a polyhydroxy fatty acid; and

the value of n 1s from 15 to 40.

47. The method of claim 40, wherein said polymeric dispersion assistant 1s represented by the

following formula;

O O

e

R (OCH,;CH»), 0 R

wherein each RCO 1s independently derived from fatty acids; and

the value of n1s from 15 to 40.

4. The method of claim 47, wherein said fatty acids are selected from the group consisting of

stearic, palmitic, oleic, and lauric aid

49, The method of claim 27, where said anti-icing 1s D1-EGME.

50. The hquid energy source of claim 1, wherein said anti-icing chemaical 1s Di-EGME.
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51. A liquid energy source comprising a liquid fuel and lipid vesicles comprising at least one

lipid bilayer formed from at least one wall former material, said lipid vesicles further comprising

at least one cavity containing a fuel additive.

52. The liquid energy source of claim 51, wherein said liquid energy source further comprises

a polymeric dispersion assistant.

53. The liquid energy source of claim 52, wherein said liquid energy source 1s transparent.
54 The liquid energy source of claim 51, wherein said lipid vesicles are paucilamellar.
55. The liquid energy source of claim 54, wherein said paucilamellar lipid vesicles have 2 to

10 lipid bilayers surrounding an amorphous central cavity.

56. The liquid energy source of claim 51, wherein said lipid bilayer comprises a primary wall

former material and a secondary wall former material.

57. The liquid energy source of claim 56, wherein said primary wall former material 1s a non-

ionic amphiphile.

58. The liquid energy source of claim 56, wherein said primary wall former material 1s
selected from the group consisting of C,-C, fatty alcohols, polyoxyethylene acyl alcohols,
polyglycerols, sorbitan fatty acid esters, ethoxylated sorbitan fatty acid esters, Cy,-Cig glycol
monoesters, Ci,-Cx glyceryl mono- and diesters, propylene glycol stearate, sucrose distearate,

glyceryl dilaurate, glucosides, and their salts, and mixtures thereof.

59. The liquid energy source of claim 56 wherein said lipid vesicles further comprise a sterol,
selected from the group consisting of cholesterol, cholesterol derivatives, ethoxylated cholesterol,

hydrocortisone, phytosterol, and mixtures thereof.

60. The hquid energy source of claim 51, wherein said at least one of said lipid bilayers further
comprises a charge producing agent selected from the group consisting of dimethylstearyl amine,
dicetyl phosphate, cetyl sulfate, phosphatidic acid, phosphatidyl serine, oleic acid, palmitic acid,

stearylamines, oleylamines, and mixtures thereof.
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61. The liquid energy source of claim 51, wherei said lipid vesicles are present in said liquid

fuel 1n an amount sufficient to provide a concentration of said fuel additive in the range of from

0.01% to 10%.

62. The liquid energy source of claim 51, wherein said fuel additive 1s selected from the group
consisting of water, ethanol, hydrazine, hydrogen peroxide, soya methyl ester and methyl

isobutane ketone, and mixtures thereof.

63. The hiquid energy source of claim 62, wherein said fuel additive 1s water.

64. The liquid energy source of claim 63, wherein said lipid vesicles are present in said liquid

fuel 1 an amount sufficient to provide a concentration of water 1n said liquid fuel of 5% or less.

65. The liquid energy source of claim 58, wherein said secondary wall former material 1s
selected from the group consisting of quaternary dimethyldiacylamines, polyoxyethylene acyl

alcohols, sorbitan fatty acid esters and ethoxylated sorbitan fatty acid esters and mixtures thereof:

66. The liquid energy source of claim 51, wherein said liquid fuel is suitable for use 1n an

internal combustion engine.

67. The liquid energy source of claim 51, wherein said liquid fuel 1s selected from the group

consisting of gasoline, diesel fuels, alternative fuels, bio-diesel, engineered fuels, kerosene, jet

aviation fuels and mixtures thereof

68. The liquid energy source of claim 52, wherein said polymeric dispersion assistant 1s
selected from the group comprised of polyoxyethylene/polyoxypropylene block polymers, PEG
diesters of polyhydroxy fatty acids and PEG diesters of fatty acids.

69. The liquid energy source of claim 68, wherein said polymeric dispersion assistant has the

formula:
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HO(CH,CH,0),—f CHCH,OX—(CH,CH,0),H

|

CH;
Y

wherein the values of x, y, and z are each independently integers between 1 and 100.

70. The liquid energy source of claim 69, wherein the average value of X and the average value

of z are each independently between 2 and 21 and the average value of y 1s between 16 and 67.

71, The liquid energy source of claim 70, wherein the average value of x and the average value

of z are each independently 3, and the average value of y 1s 30.

72. The liquid energy source of claim 70, wherein the average value of x and the average value

of z are each independently 6, and the average value of y 1s 39.

73. The liquid energy source of claim 70, wherein the average value of x and the average value

of z are each independently 7, and the average value of y 1s 54.

74 The liquid energy source of claim 68, wherein said polymer has the formula:

O O

PN

R (OCH,CH,), 0 R

wherein each RCO group is independently derived from a polyhydroxy fatty acid; and

the value of n1s from 15 to 40.

75. The liquid energy source of claim 68, wherein said polymeric dispersion assistant 1S

represented by the following formula:

O O

e

R (OCH,CH>), 0 R

wherein each RCO 1s independently derived from fatty acids; and

the value of n1s from 15 to 40.
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76. The liquid energy source of claim 75, wherein said fatty acids are selected from the group

consisting of stearic, palmitic, oleic, and lauric acid

77, A method of improving the efficiency of an internal combustion engine, cOMprising

fueling said internal combustion engine with a liquid energy source comprising a liquid fuel and

lipid vesicles comprising at least one lipid bilayer formed from at least one wall former material,

said lipid vesicles further comprising at least one cavity containing a fuel additive.

78. The method of claim 77, wherein said liquid energy source further comprises a polymeric

dispersion assistant.

79. The method of claim 77, wherein said lipid vesicles are paucilamellar lipid vesicles having

2 to 10 lipid bilayers surrounding an amorphous central cavity.

0. The method of claim 77, wherein said lipid bilayer comprises a primary wall former

material and a secondary wall former material

81. The method of claim 80, wherein said primary wall former material is a non-1onic
amphiphile.
82. The method of claim 80, wherein said primary wall former material 1s selected from the

eroup consisting of C,-Cyy fatty alcohols, polyoxyethylene acyl alcohols, polyglycerols, sorbitan
fatty acid esters, ethoxylated sorbitan fatty acid esters, C2-Cig glycol monoesters, Cia-Cis glyceryl
mono- and diesters, propylene glycol stearate, sucrose distearate, glyceryl dilaurate, and

glucosides, and mixtures thereof.

83. The method of claim 80, wherein said lipid vesicles further comprise a sterol, selected
from the group consisting of cholesterol, cholesterol derivatives, ethoxylated cholesterol,

hydrocortisone, phytosterol, and mixtures thereof.

84. The liquid energy source of claim 77, wherein said at least one lipid bilayer further
comprises a charge producing agent selected from the group consisting of dimethylstearyl amine,
dicetyl phosphate, cetyl sulfate, phosphatidic acid, phosphatidyl serine, oleic acid, palmitic acid,

stearylamines, oleylamines, and mixtures thereof.
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85. The method of claim 77, wherein said lipid vesicles are present in said liquid fuel in an

amount sufficient to provide a concentration of said fuel additive in the range of from 0.01% to

10%.

R6. The method of claim 77, wherein said fuel additive is selected from the group consisting of
water, ethanol, hydrazine, hydrogen peroxide, soya methyl ester and methyl isobutane ketone, and

mixtures thereof.

R7. The method of claim 86, wherein said fuel additive 1s water.

88. The method of claim 87, wherein said lipid vesicles are present in said liquid fuel m an

amount sufficient to provide a concentration of water in said liquid fuel of 5% or less.

89. The method of claim 87, wherein said liquid fuel is selected from the group consisting of

gasoline, diesel fuels, alternative fuels, bio-diesel, engineered fuels, kerosene, jet aviation fuels

and mixtures thereof.

90. The method of claim 88, wherein said polymeric dispersion assistant 1s selected from the
group comprised of polyoxyethylene/polyoxypropylene block polymers, PEG diesters of
polyhydroxy fatty acids and PEG diesters of fatty acids.

91. The method of claim 90, wherein said polymeric dispersion assistant has the formula:

HO(CH,CH,0),—F CHCH,OX—(CH,CH,0),H

CH;
Y

wherein the values of x, vy, and z are each independently integers between 1 and 100.

92. The method of claim 91, wherein the average value of X and the average value of z are

each independently between 2 and 21 and the average value of y 1s between 16 and 67.

93. The method of claim 92, wherein the average value of x and the average value of z are

each independently 3, and the average value of y 1s 30.
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94. The method of claim 93, wherein the average value of x and the average value ot z are

each independently 6, and the average value of y 1s 39.

95. The method of claim 92, wherein the average value of x and the average value of z are

each independently 7, and the average value of y 1s 54.

96. The method of claim 90, wherein said polymer has the formula:

O O

S N

R (OCH,CH,), O R

wherein each RCO group is independently derived from a polyhydroxy fatty acid; and

the value of n 1s from 15 to 40.

97 The method of claim 90, wherein said polymeric dispersion assistant 1s represented by the

followimg formula:

O O

K

R (OCH,CH,), O R

wherein each RCO is independently derived from fatty acids; and

the value of n 1s from 15 to 40.

98. The method of claim 97, wherein said fatty acids are selected from the group consisting of

stearic, palmitic, oleic, and lauric acid
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