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COMPOSITION FOR CLEANING AND DEGREASING, SYSTEM FOR USING
THE COMPOSITION, AND METHODS OF FORMING AND USING THE
COMPOSITION

Technical Field

The present invention relates, generally, to compositions for cleaning and degreasing

substrates, and more particularly to environmentally benign cleaning compositions,
including a 2-ethylehexyl ester component, to methods of forming and using the

compositions, and to systems and methods of recycling the compositions.

Background of The Invention

Solvents such as diesel fuel have long been used to clean and degrease substrates.
Fof example, diesel fuel is often used to remove products such as crude oil and asphalt from
substrates such as equipment used for the manufacture and processing of asphalt materials.
Although diesel fuel works relatively well at removing the oil-based products, diesel fuel is
not considered environmentally benign and its use as an asphalt cleaner is banned in some
countries. |

Alternative, relatively environmentally benign solvents, such as d-limonene, have
been developed to replace diesel fuel as a solvent. Unfortunately, several of these
alternative solvents are generally not as efficient as diesel fuel at cleaning and degreasing,
they often include volatile organic compounds, and/or they have an intolerable smell. In
addition, several alternative solvent compounds have relatively low flash points, making
them generally unsafe to handle. Accordingly, improved compounds and methods ’for_
cleaning and degreasing are desired.

In addition, the demand for cleaning and degreasing compounds in various cleaning
and manufacturing processes is substantial and generally increasing. Thus, there is also a
demand for methods and systems for recycling cleaning and degreasing compositions, to

thereby reduce solvent consumption.

Summary of the Invention

The present invention provides a composition for cleaning and degreasing substrates,
methods of forming and using the composition, and a method and system for recycling the

composition. While the ways in which the present invention addresses the drawbacks of
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known cleaning and degreasing solutions will be described in more detail below, in general,
the present invention provides an environmentally benign composition that is efficient at
cleaning and degreasing. _ '

In accordance with various embodiments of the invention, a composition for
cleaning and degreasing substrates includes a 2-ethylhexyl ester. Exemplary ester moieties
include bénzoate, cinnamate, salicylate, and other like esters.

In accordance with one embodiment of the invention, a composition includes from
about 1 to about 100 weight percent 2-ethylhexyl ester, preferably about 20 to about 99.5
weight percent, and more preferably about 30 to about 99 weight percent 2-ethylhexyl ester
(e.g., 70 to about 99.5 weight percent). In accordance with various aspects of this
embodiment, the composition includes a co-solvent. In this case, the co-solvent is present in
an amount of about 0 to about 99 weight‘ percent, preferably about 0 to about 40 weight
percent, and more preferably about 0.5 to about 20 weight percent.

In accordance with additional embodiments of the invention, a composition includes
a 2-ethylhexyl ester component and a surfactant. The surfactant can be nonionic, for
example a nonionic surfactant belonging to the alcohol ethoxylate type of surfactant, or an
ionic formulation. In accordance with various exem]ﬁlary aspects of this embodiment, the 2-
ethylhexyl ester component is present in an amount of about 0.1 to about 99 weight percent,
preferably about 10 to about 99 weight percent, and more preferably about 70 to about 99
weight pefcent; and the surfactant is present in the amount of about 1 to about 50 weight
percent, preferably about 2 to about 40 weight percent, and more preferably about 5 to about
30 weight percent (e.g., about 10 to about 30 weight percent).

In accordance with yet another embodiment of the invention, a composition includes
a 2-ethylhexyl ester component, a co-solvent, a surfactant, and a diluent such as water. In
accordance with this embodiment, the 2-ethylhexyl ester component is present in an amount
of about 1 to about 99 weight percent, preferably about 5 to about 99 weight percent, and
more preferably about 10 to about 90 weight percent; the surfactant is present in an amount
of about 0 to about 60 weight percent, preferably about 1 to about 50 weight percent, and
more preferably about 10 to about 40; the diluent is present in the amount of about 0 to
about 50 weight percent, preferably about 0 to about 40 weight percent, and more preferably
about 1 to about 30 weight percent; and the co-solvent is present in the amount of about 1 to
about 20 weight percent, preferably about 1 to about 15 weight percent, and more preferably

about 1 to about 10 weight percent.
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In accordance with additional embodiments of the invention, a composition for
cleaning and degreasing is formed by admixing a 2-ethylhexyl ester component with an
additional component. In accordance with various aspects of these embodiments, the
additional component is a diluent, such as water, a co-solvent, such as bio diesel, or a
surfactant such as an alcohol ethoxylate type surfactant.

In accordance with yet another embodiment of the invention, a method of cleaning
and degreasing includes providing a substrate and applying a composition including a 2-
ethylehexyl ester to the substrate. The method may also include the step of rinsing.

In accordance with another embodiment of the invention, a system for recycling
cleaning and degreasing compositions includes a chamber for receiving used cleaning and
degreasing solution and pressurized gas. In accordance with various aspects of this
embodiment, the system also includes a vessel for cleaning substrates and a depressurization
unit. The system can be used to clean substrates and recycle the cleaning and degreasing
composition, thereby reducing an amount of composition required to clean and/or degrease
the substrates.

In accordance with yet another embodiment of the invention, a method of recycling a
cleaning and degreasing composition includes cleaning a substrate using a cleaning a
degreasing composition, exposing the spent cleaning and degreasing composition to a
pressurized gas to cause waste in the spent cleaning and degreasing solution to become less

soluble in the composition, removing the waste, and depressurizing the separated solution.

Brief Description of The Drawings

The exemplary embodiments of the present invention will be described in connection
with the appended drawing figures in which like numerals denote like elements and:

Figure 1 illustrates a block diagram of an exemplary system for recycling a cleaning
and degreasing composition in accordance with one embodiment of the invention;

Figure 2 illustrates a block diagram of another exemplary system for recycling a
cleaning and degreasing composition in accordance with another embodiment of the
invention; and

Figure 3 illustrates a block diagram of yet another exemplary system for recycling a
cleaning and degreasing composition in accordance with a further embodiment of the

invention.
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Detailed Description
The present invention provides a composition for cleaning and degreasing substrates,

methods of forming and using the composition, and a system for using and recycling the
composition. The composition of the present invention can be used to remove substances
such as crude oil, asphalt and asphalt constitutes such as bitumen and asphaltenes, tar,
sludge, grease, inks, hydraulic fluids, lubricating oils, grime, carbon deposits, and other
materials from a substrate.

The composition and methods described herein may be used to clean and degrease a
variety of substrates. For example, the composition can be used as a degreaser to clean
equipment typically used in the manufacture or processing of asphalt, a graffiti remover, an
ink remover, a gun cleaner, and an automotive parts cleaner. However, the invention is
generally described below in connection with removing asphalt and asphalt constituents
from equipment. Those skilled in the art will appreciate that the compositions and methods
of the present invention are not limited the specific examples provided herein. For example,
the compositions and methods of the present invention may be used to remove substances
from other substrates, such as liquids, solids, semi-liquids, and semisolids. The substrates
may be organic or inorganic materials such as sand, metal or ceramic materials.

Exemplary compositions in accordance with embodiments of the present invention
are environmentally benign (i.e., non-toxic, biodegradable (about 80% in about 28 days) and
have less VOC compared to other similar compositions), have a relatively high flash point,
have relatively low odor, and are and relatively efficient at cleaning and degreasing.

The compositions of the present invention include a 2-ethylhexyl ester compound
and may include additional constituents such as surfactants, co-solvents, and diluents as set
forth in more detail below. In addition, the compositions may include optional adjuvants or
inert compounds such as disinfectants—e.g., s ester quats and quaternary ammonium
compounds that are non-toxic and readily biodegradable, quaternary ammonium salts of
diglycol amine salts with various types of carboxylic acids, and/or salicylic acid, cinnamic
acid, benzoic acid, tartaric acid, citric acid, oxalic acid, alginic acid, carboxy methyl
cellulose, carboxy ethyl cellulose, and acetic acid, biodegradable food grade colorant, food
grade fragrance, and the like.

Exemplary 2-ethylhexyl ester compounds suitable for use with compositions of the

present  invention  include  2-ethylhexylbenzoate,  2-ethylhexylcinnamate,  2-
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ethylhexylsalicylate, 2-ethylhexyloleate, 2-ethylhexylpalmitate, 2-ethylhexyladipate, 2-
ethylhexylstearate, 2-ethylhexylsuccinate, and other like 2-ethylhexyl ester compounds.

In accordance with one exemplary embodiment of the invention, a composition for
cleaning and degreasing includes one or more 2-ethylhexyl ester components and may
additionally include a co-solvent. This composition is particularly useful for removing
asphalt and sealants from substrates. In accordance with various aspects of this
embodiment, the composition includes a co-solvent such as bio diesel, propylene glycol
monomethyl ether, dipropylene glycol monomethyl ether, tripropylene glycol monomethyi
ether, dipropylene glycol n-propyl ether, tripropylene glycol n-propy! ether, propylene
glycol n-butyl ether, dipropylene glycol n-buty! ether, tripropylene glycol n-butyl ether, and
dipropylene glycol dimethyl ether; fatty acids methyl esters such as methyl stearate ester,
methyl oleate ester, methyl palmitate ester, methyl soyate ester, methyl linoleate ester, and
methyl linoleneate ester; fatty acid amides with diglycolamine; fatty acids amine salts with
diglycolamine; and the like. However, in accordance with an alternative embodiment, the
composition includes substantially 100 percent 2-ethylhexyl ester. In accordance with
various aspects of the embodiment, the composition includes about 1 to about 100 weight
percent, preferably about 80 to about 100 weight percent, and more preferably about 95 to
about 100 weight percent 2-ethylhexyl ester—for example, about 98 to about 99.5 weight
percent;.and about 0 to about 99 weight percent, preferably about 0 to about 20 weight
percent, and more preferably about 0.5 to about 2 weight percent of a co-solvent such as bio
diesel.

In accordance with another embodiment of the invention, a composition includes a 2-
ethylhexyl ester component and a surfactant. The surfactant increases the rinseability of the
composition, which may be desirable when the composition is used to clean substrates such
as asphalt processing equipment. In particular, it may be desirable to rinse the composition
from asphalt or other processing equipment, because the cleaning composition may have
deleterious effects—e.g., stripping of bitumen of asphalt—on materials placed in the
equipment after cleaning.

Surfactants suitable for use with compositions of the present invention include
nonionic and ionic surfactants. Exemplary nonionic surfactants include alcohol ethoxylate
type of surfactants, having an alcohol carbon chain length ranging from C, to Cy4 and
preferably from Cgto C,3; and more preferably from Cy to Cy a]cohol ethoxylated with from

I to 28 units of ethylene oxide molecules and preferably from 1 to 10 ethylene oxide



WO 2006/042316 PCT/US2005/036908

molecules, ana more preierably trom | to 6 ethylene oxide molecules. Other examples of
surfactants are ethoxylated sugar alcohols, such as sorbitol and manitol, and the like.
Exemplary ionic surfactants include alcohol sulfates, alcohol sulfonates, sulfosuccinates,
sulfated fatty acids, and the like.

In accordance with various aspects of this embodiment, the 2-ethylhexyl ester
component is present in an amount of about 0.1 to about 100 weight percent, preferably
about 10 to about 100 weight percent, and more preferably about 70 to about 100 weight
percent; and the surfactant is present in the amount of about 1 to about 40 weight percent,
preferably about 1 to about 30 weight percent, and more preferably about 1 to about 25
weight percent.

In accordance with yet another embodiment of the invention, a composition includes
a 2-ethylhexyl ester component, a surfactant, a co-solvent, and a diluent. Suitable diluents
for use with compositions of the present invention include water.

In accordance with this embodiment, the 2-ethylhexyl ester component is present in
an amount of about 1 to about 99 weight percent, preferably about 5 to about 99 weight
percent, and more preferably about 10 to about 99 weight percent; the diluent is present in
the amount of about 0 to about 50 weight percent, preferably about 0 to about 40 weight
percent, and more preferably about 1 to about 30 weight percent; the surfactant is present in
the amount of about 0 to about 60 weight percent, preferably about 1 to about 50 weight
percent, and more preferably about 10 to about 40 weight percent; and the co-solvent is
present in the amount of about 1 to about 20 weight percent, preferably about 1 to about 15
weight percent, and more preferably about 1 to about 10 weight percent.

In accordance with another embodiment of the invention, a method of cleaning a
substrate includes applying a composition including a 2-ethylhexy! ester to a substrate. In
accordance with various additional aspects of this embodiment, the method includes
applying a composition including a 2-ethylhexyl ester and a co-solvent, a 2-ethylhexyl ester
and a surfactant, a 2-ethylhexyl ester and a diluent, and various combinations thereof.
Methods of cleaning may also further include rinsing the substrate with, for example, water.,
The following non-limiting examples illustrate specific exemplary compositions in
accordance with various embodiments of the invention. These examples are merely
illustrative, and it is not intended that the invention be limited to these examples.

Compositions in accordance with the present invention may include the ingredients listed
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below as well as additional and/or alternative inert materials, surtactants, and other

constituents typically found in compositions for cleaning or degreasing.

Example 1
An exemplary composition was formed by admixing about 99 wt% 2-ethylhexyl
benzoate and about 1% methyl soyate. The asphalt removal efficiency of this formulation is

about 50% better than diesel fuel.

Example 2
Another exemplary composition was formed by admixing about 80 wt% 2-
ethylhexyl benzoate and about 20 wt% alcohol ethoxylate surfactant Co-C,;; alcohol
ethoxylated with 4 ethylene oxide units. The asphalt removal efficiency of this formulation

is about 50% better than diesel fuel and it is rinsable with water.

Example 3
Yet another exemplary composition was formed by admixing about 33.33 wt% 2-
ethylhexyl benzoate, about 11.10 wt% dipropylene glycol monomethyl ether, about 55.56
wt% alcohol ethoxylate surfactant Co-Cy; alcohol ethoxylated with 4 ethylene oxide units.
This formulation can form a microemulsion with water which can be added up to 60 %

water and still be effective in degreasing surfaces from oils and greases.

In accordance with additional embodiments of the present invention, a method and
system for recycling a used cleaning composition includes the use of dense gases create an
anti-solvent effect. The used solvent is recycled through the use of supercritical
fluids/compressed gases which impart a new solubility parameter value for the solvents, for
example to expand the used solvent, thus decreasing the ability for the solvents to hold the
solute wastes, such as dissolved greases, bitumen, and the like, and leaving the wastes
insoluble. The compressed gas/solvent mixture can then be decompressed, resulting in gas
separation from the solvent and allowing for recycling of the gas and solvents.

Figure 1 illustrates a system 100 for recycling cleaning compositions in accordance
with various embodiments of the invention. System 100 includes a first vessel 102 for
cleaning materials, parts and components, such as fabrics, machinery, metal parts and the

like and a second vessel 104 for pressurization of the used solvent and wastes with dense



WO 2006/042316 PCT/US2005/036908

gases. Although illustrated with a first vessel 102, systems in accordance with other
embodiments of the invention do not require a cleaning vessel. In such cases, the cleaning
composition is pumped or placed directly in pressurized vessel 104.

First vessel 102 can comprise any conventional vessel used for cleaning of materials,
parts or components. Exemplary vessels suitable for first vessel 102 include a closed
stainless steel vessel for use with fabrics.

Vessel 104 can comprise any pressurized vessel or chamber configuration capable of
pressures ranging from approximately 100-3000 psi or more, and operating at a temperature
ranging from approximately 10-70 degrees Celsius. For example, vessel 104 may be a
countercurrent separation column suitable for operating at these pressures and temperatures.

In operation, system 100, parts are cleaned in vessel 102 and the used cleaner and
waste is transferred to vessel 104. Dense gas or a dense gas mixture is then introduced to
vessel 104 to a pressure of about 100-3000 psi at a temperature of about 10-70 degrees
Celsius. Exemplary dense gases suitable for use with this embodiment include methane,
ethane, propane, butane, carbon dioxide, ammonia, or mixtures of these components. The
dense gases can also contain traces of alcohols such as ethanol, methanol, iso-propanol, n-
propanol, iso-butanol, and n-butanol.

After separation of the waste from the solvent/gas mixture, the solvent can be
separated from the dense gas or dense gas mixtures through depressurization, which may be
performed in vessel 104. This allows the dense gases to be recycled back to vessel 104 and
the cleaning solution to be recycled back for use again in cleaning vessel 102.

System 100 allows for substantially all of the dense gases and solvents to be
recovered. For example, depending on the chemical nature of the dense gases and solvents,
approximately 97% or more of the gases and solvents can be recycled, with the purity of the
solvent reaching about 99.99% of its original state in many applications.

Figure 2 illustrates another system 200 for recycling cleaning solutions in accordance
with various embodiments of the invention. System 200 includes a vessel 204 for subjecting
the used cleaning composition to compressed gas, a depressurization unit 206, and
optionally includes a filter 208 and a separator 210. Vessel 204 may be the same as vessel
104 described above in connection with system 100. Optional depressurization unit 206
may include any vessel suitable for reducing the pressure of the gas/cleaning composition

mixture.  Optional filter 208 may include any desired filter compatible with the
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compositions of the present invention. The separator 210 may include, for example, a
spinning band distillation column to further separate the waste from the cleaning solution.

System 200 operates in generally the same manner as system 100. Used cleaning
composition with waste is fed to a vessel 204. The composition may be fed directly into
vessel 204 or the solution may be filtered using filter 208. Pressurized gas is then fed into
vessel 204, which decreases the solubility of waste in the cleaning solution. Waste is
removed from the solution at this point. The cleaning solution/gas mixture is then fed to
depressurization unit 206 to separately recover the gas and the cleaning solution. Some of
the cleaning solution/waste mixture may also be fed to unit 210 to further separate any waste
remaining in the cleaning solution.

Figure 3 illustrates yet another exemplary recycling system 300, which includes a
first cleaning chamber 302, a pressure chamber 304, a depressurization unit 306, a gas
compressor 308, a gas tank 310, a solvent recycling pump 312 and a solvent reservoir 314.
System 300 may also comprise various other fluid pumps and control valves configured to
perform functions that facilitate recycling.

During operation, the material/object to be cleaned is mixed with the solvent in the
cleaning chamber 302 that optionally provides agitation and mixing. After the washing
cycle is finished, the cleaning solution plus the wastes that are removed from the material
are pumped to pressure chamber 304, where dense gas or gas mixtures are compressed into
chamber 304 and mixed with the solvent containing the wastes. The compressed gas
dissolves in the cleaning solution leaving the wastes insoluble therein. The wastes can then
be removed (e.g., for disposal, incineration, or purification), and the dense gas/cleaning
solution mixture is then sent to depressurization chamber 306. In depressurizing chamber
306, the pressure is gradually released, which results in the gas separating from the solvent.
The dense gas and mixtures can then be recompressed in gas compressor 308 and returned to
gas tank 310 for recycled usage. Similarly, the cleaning composition can be pumped
through solvent recycling pump 312 back to solvent reservoir for storage and further use.

The present invention sets forth cleaning compositions that are relatively non-toxic,
biodegradable, non-corrosive to most metals, non-explosive, non-flammable, and have
minimal or no VOC and HPA and methods of using and recycling the compositions. It will
be understood that the foregoing description is of exemplary embodiments of the invention,
and that the invention is not limited to the specific illustrative compositions, methods, and

systems. Various modifications may be made in the actual compositions and methods set



WO 2006/042316 PCT/US2005/036908

forth herein without departing from the scope of the invention. These and other changes or

modifications are intended to be included within the scope of the present invention.

10 .
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CLAIMS:
I claim:
1. A composition for cleaning and degreasing, the composition consisting
essentially of a 2-ethylhexy ester and one or more components selected from the group

consisting of a diluent, a surfactant, and a co-solvent.

2. The composition of claim 1, wherein the 2-ethylhexyl ester is selected from
the group consisting of 2-ethylhexylbenzoate, 2-ethylhexylcinnamate, of 2-
ethylhexylsalicylate, 2-ethylhexyloleate, 2-ethylhexylpalmitate, 2-ethylhexyladipate, 2-
ethylhexylstearate, and 2-ethylhexylsuccinate.

3. The composition of claim 1, wherein the one or more components comprise a
co-solvent.
4, The composition of claim 3, wherein the co-solvent includes a compound

selected from the group consisting of propylene glycol monomethyl ether, dipropylene
glycol monomethyl ether, tripropylene glycol monomethyl ether, dipropylene glycol n-
propy! ether, tripropylene glycol n-propyl ether, dipropylene glycol n-butyl ether, propylene
glycol n-butyl ether, tripropylene glycol n-butyl ether, dipropylene glycol dimethyl ether,

fatty acids methyl esters, and fatty acid amids.

5. The composition of claim 4, wherein the co-solvent is selected from the
group consisting of methyl stearate ester, methyl oleate ester, methyl palmitate ester, methyl

soyate ester, methyl linoleate ester, and methyl linoleneate ester.

6. The composition of claim 1, wherein the one or more components comprise a
surfactant.

7. The composition of claim 6, wherein the surfactant is a nonionic surfactant.

8. The composition of claim 7, wherein the nonionic surfactant comprises an

alcohol ethoxylate.

11
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9. ‘The composition ot claim 8, wherein the alcohol ethoxylate carbon chain

length ranges from C;-Ca,.

10. The composition of claim 8, wherein the alcohol ethoxylate carbon chain

length ranges from Cgto Cjgand it has from 1 to 10 ethylene oxide units

11.  The composition of claim 7, wherein the nonionic surfactant is a sugar

alcohol.

12.  The composition of claim 11, wherein the surfactant is selected from the

group consisting of sorbitol and manitol.

13.  The composition of claim 1, wherein the one or more components comprise a

diluent.

14. The composition of claim 13, wherein the diluent is water.

15. A composition for cleaning and recycling comprising:
about 0.5 to about 2 weight percent co-solvent; and

about 70 to about 99.5 weight percent 2-ethylhexyl ester.

16. A composition for cleaning and recycling comprising:
about 5 to about 30 weight percent surfactant; and

about 70 to about 90 weight percent 2-ethylhexyl ester.

17. A composition for cleaning and recycling comprising:
about 0 to about 50 weight percent diluent;
about 1 to 50 weight percent surfactant;
about 1 to about 20 co-solvent; and

about 10 to about 99 weight percent 2-ethylhexyl ester.

18. A method of cleaning a substrate, the method comprising the steps of:

proving a cleaning solution comprising a 2-ethylhexyl ester; and

12
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applying the cleaning solution to a substrate.

19. A system for recycling a cleaning solution, the system comprising:
a cleaning solution comprising 2-ethylhexyl ester; and
a chamber configured to receive the cleaning solution mixed with waste and a

pressurized gas.

20.  The system of claim 19, further comprising a depressurization unit.

21.  The system of claim 19, further comprising a filter.

22.  The system of claim 19, further comprising a distillation unit.

23. A method of recycling a cleaning solution, the method comprising the steps

of:

providing a 2-ethylhexyl ester solution;

applying the 2-ethylhexy! ester solution to a substrate to create a mixture of
2-ethylhexyl ester and waste;

supplying the mixture to a pressure chamber;

adding pressurized gas to the mixture in the pressure chamber;

removing the waste; and

depressurizing a combination of 2-ethylhexyl ester and gas.

13
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