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(7) ABSTRACT

Deicing and anti-icing compositions comprising a succinate
salt and at least one freezing point depressant selected from
the group consisting of monohydric alcohols, polyhydric
alcohols, monomethyl or monoethyl ethers of polyhydric
alcohols, and mixtures thereof. The compositions have
enhanced ice-melting capacity compared to the ice-melting
capacity of the succinate salt or the alcohol alone, particu-
larly at temperatures below about —~10° C. The compositions
are particularly useful as a windshield deicer/washer. Par-
ticular embodiments of the compositions are environmen-
tally friendly.
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WINDSHIELD WASHER AND DEICER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Not applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

Reference to a “Computer Listing Appendix
submitted on a Compact Disc”

[0003] Not Applicable.

BACKGROUND OF THE INVENTION

[0004] (1) Field of the Invention

[0005] The present invention relates to deicing and anti-
icing compositions comprising a succinate salt and at least
one freezing point depressant selected from the group con-
sisting of monohydric alcohols, polyhydric alcohols,
monomethyl or monoethyl ethers of polyhydric alcohols,
and mixtures thereof. The compositions have enhanced
ice-melting capacity compared to the ice-melting capacity of
the succinate salt or the alcohol alone, particularly at tem-
peratures below about —10° C. The compositions are par-
ticularly useful as a windshield deicer/washer. Particular
embodiments of the compositions are environmentally
friendly.

[0006] (2) Description of Related Art

[0007] Windshield washer fluids generally consist of
water, a water miscible alcohol to depress the freezing point,
a surfactant for lubricating, and a colorant. In a typical
windshield deicer/washer composition, the composition
contains 22 to 35 wt % methanol with the balance being
water, a small amount of a surfactant, and a small amount of
colorant (U.S. Pat. No. 5,932,529 to Storey) . Other com-
positions containing heavier alcohols have been suggested
(U.S. Pat. No. 5,043,088 to Falla and U.S. Pat. No. 5,772,
912 to Lockyer et al.).

[0008] The desired characteristics for deicing or anti-icing
compositions, in particular windshield deicer/washer com-
positions, are well known. The most important among these
characteristics is the deicer’s ability to melt ice quickly. In
addition, the windshield deicer/washer compositions should
have a sufficiently low viscosity to “wet” the windshield
fully without smearing or streaking and should be compat-
ible with the materials comprising the windshield an its
immediate surroundings. The wetting properties of the com-
position aid cleaning off dirt, grime, bug juice, bird drop-
pings, and the like during warmer seasons.

[0009] A further consideration is the flammability of the
windshield deicer/washer composition. Liquids that have a
flash point below 37.8° C. (100° F.) are considered flam-
mable and liquids with a flash point above 37.8° C. are
considered combustible (U.S. Pat. No. 5,932,529 to Storey).
Flammable liquids are considered more hazardous by the
National Fire Protection Association, local fire marshals, the
U.S. Department of Transportation, and the Occupational
Safety and Health Administration. Consequently, flammable
liquids are more regulated and have storage restrictions
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which require more secure containers. Therefore, it is desir-
able that a windshield deicer/washer compositions be clas-
sified as a combustible fluid and not a flammable fluid.

[0010] The following U.S. patents are examples of deicing
or anti-icing compositions.

[0011] U.S. Pat. No. 5,043,088 to Falla discloses a deicing
composition which consists essentially of one or more
monohydric alcohols, one or more polyhydric alcohols, and
one or more anionic fluorinated surfactants in combination.
The composition is useful for removing ice from a surface
such as an automobile windshield.

[0012] U.S. Pat. No. 5,772,912 to Lockyer et al. discloses
aqueous, non-electrolytic, non-toxic, biodegradable, con-
tinuous single phase liquid anti-icing or deicing composi-
tions. The compositions comprise water, a non-toxic freez-
ing point depressant which includes particular monohydric
or polyhydric alcohols, a thickener, and optionally a corro-
sion inhibitor.

[0013] U.S. Pat. No. 5,932,529 to Storey discloses wind-
shield deicer/washer compositions that include 18 to about
33% by volume methanol, 1 to 14% by volume propylene
glycol, and the balance water and preferably a surfactant and
colorant. The composition has a flash point above 37.8° C.
which renders it a combustible fluid and not a flammable
fluid.

[0014] The above deicer or anti-icing compositions all rely
upon an alcohol, in particular methanol, to impart the
ice-melting or ice-inhibiting properties to the compositions.
While methanol is generally considered to be an effective
deicer/anti-icer, other alcohols which are non-toxic, e.g.,
ethanol, are less effective. Furthermore, even though metha-
nol is considered to be effective, its ice-melting capacity is
limited. Therefore, there is a need for deicing and anti-icing
compositions which have greater ice-melting capacities than
those currently available. In particular, there is a need for
deicing and anti-icing compositions which are non-toxic and
which have an effective ice-melting capacity. Such compo-
sitions would be useful in windshield deicing and anti-icing
compositions.

SUMMARY OF THE INVENTION

[0015] The present invention provides deicing and anti-
icing compositions comprising a succinate salt and at least
one freezing point depressant selected from the group con-
sisting of monohydric alcohols, polyhydric alcohols,
monomethyl or monoethyl ethers of polyhydric alcohols,
and mixtures thereof. The compositions have enhanced
ice-melting capacity compared to the ice-melting capacity of
the succinate salt or the alcohol alone, particularly at tem-
peratures below about —-10° C. The compositions are par-
ticularly useful as a windshield deicer/washer. Particular
embodiments of the compositions are environmentally
friendly.

[0016] Therefore, the present invention provides a com-
position which comprises in admixture (a) a succinate salt in
an amount which acts to remove ice from a surface; and (b)
at least one freezing point depressant selected from the
group consisting of monohydric alcohols having 2 to 6
carbon atoms, polyhydric alcohols having 3 to 12 carbon
atoms, monomethyl or monoethyl ethers of polyhydric alco-
hols having 3 to 12 carbon atoms, and mixtures thereof,
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wherein the admixture when mixed with water melts the ice
more rapidly than either the succinate salt or the freezing
point depressant alone.

[0017] In particular embodiments of the composition, the
succinate salt is selected from the group consisting of
potassium succinate (trihydrate), ammonium succinate
(anhydrous), sodium succinate (hexahydrate), and combina-
tions thereof.

[0018] In a further embodiments of the composition, the
freezing point depressant is selected from the group con-
sisting of methanol, ethanol, propanol, isopropanol, butanol,
pentanol, and mixtures thereof. Preferably, the freezing
point depressant is ethanol or the freezing point depressant
is methanol or an admixture of the methanol and ethanol.

[0019] Preferably, the ratio of succinate salt to freezing
point depressant in the composition is between about 1 to 10
to 10 to 1. More preferably, the ratio of succinate salt to
freezing point depressant is 1 to 1.

[0020] In further embodiments of the composition, the
composition further comprises the water in the admixture.
Preferably, the composition comprises 20 to 30 wt % solids
in solution with the water as the balance.

[0021] In further embodiments of the composition, the
composition further comprises an organic surfactant which
enables spreading of the composition on a glass surface, and
a coloring agent.

[0022] In further embodiments of the composition, the
composition in addition contains a glycol as an anti-icing
agent.

[0023] In further embodiments of the composition, the
composition in addition contains at least one corrosion
inhibitor selected from the group consisting of an alkali
metal polymer salt and magnesium succinate, an alkali metal
polyaspartate and magnesium succinate, an alkali metal
polysuccinimide, an alkali metal polyaspartate, and an alkali
metal polymaleimide salt and magnesium succinate. In
particular, wherein the alkali metal polymalemide salt is
sodium polymaleimide salt, the alkali metal polyaspartate is
sodium polyaspartate, and the alkali metal polymaleimide
salt is sodium polymaleimide salt.

[0024] The present invention also provides a method for
deicing or anti-icing a surface which comprises applying a
composition which comprises (a) an alkali metal succinate
salt in an amount which acts to remove ice from a surface;
and (b) at least one freezing point depressant selected from
the group consisting of monohydric alcohols having 2 to 6
carbon atoms, polyhydric alcohols having 3 to 12 carbon
atoms, monomethyl or monoethyl ethers of polyhydric alco-
hols having 3 to 12 carbon atoms, and mixtures thereof,
wherein the composition melts ice formed on the surface
more rapidly than either the succinate salt or the freezing
point depressant alone.

[0025] In particular embodiments of the method, the suc-
cinate salt is selected from the group consisting of potassium
succinate (trihydrate), ammonium succinate (anhydrous),
sodium succinate (hexahydrate), and combinations thereof.

[0026] In a further embodiments of the method, the freez-
ing point depressant is selected from the group consisting of
methanol, ethanol, propanol, isopropanol, butanol, pentanol,
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and mixtures thereof. Preferably, the freezing point depres-
sant is ethanol or the freezing point depressant is methanol
or an admixture of the methanol and ethanol.

[0027] Preferably, the ratio of succinate salt to freezing
point depressant in the composition is between about 1 to 10
to 10 to 1. More preferably, the ratio of succinate salt to
freezing point depressant is 1 to 1.

[0028] In further embodiments of the method, the com-
position further comprises the water in the admixture. Pref-
erably, the composition comprises 20 to 30 wt % solids in
solution with the water as the balance.

[0029] In further embodiments of the method, the com-
position further comprises an organic surfactant which
enables spreading of the composition on a glass surface, and
a coloring agent. In particular embodiments, the surface to
which the composition is applied is a glass in a vehicle,
particularly, wherein the surface is a glass windshield of a
vehicle with wipers and wherein the composition contains
an organic surfactant for spreading the composition on the
glass, optionally a glycol for removing ice, and optionally a
coloring agent.

[0030] In further embodiments of the method, the com-
position in addition contains a glycol as an anti-icing agent.

[0031] In further embodiments of the method, the com-
position in addition contains at least one corrosion inhibitor
selected from the group consisting of an alkali metal poly-
mer salt and magnesium succinate, an alkali metal polyas-
partate and magnesium succinate, an alkali metal polysuc-
cinimide, an alkali metal polyaspartate, and an alkali metal
polymaleimide salt and magnesium succinate. In particular,
wherein the alkali metal polymalemide salt is sodium poly-
maleimide salt, the alkali metal polyaspartate is sodium
polyaspartate, and the alkali metal polymaleimide salt is
sodium polymaleimide salt.

[0032] The present invention further provides a composi-
tion packaged for use as a windshield wiper fluid which
comprises in admixture (a) a succinate salt in an amount
which acts to remove ice from a surface; and (b) at least one
freezing point depressant selected from the group consisting
of monohydric alcohols having 2 to 6 carbon atoms, poly-
hydric alcohols having 3 to 12 carbon atoms, monomethyl or
monoethyl ethers of polyhydric alcohols having 3 to 12
carbon atoms, and mixtures thereof, wherein the composi-
tion melts ice.

[0033] In particular embodiments of the composition, the
succinate salt is selected from the group consisting of
potassium succinate (trihydrate), ammonium succinate
(anhydrous), sodium succinate (hexahydrate), and combina-
tions thereof.

[0034] In a further embodiments of the composition, the
freezing point depressant is selected from the group con-
sisting of methanol, ethanol, propanol, isopropanol, butanol,
pentanol, and mixtures thereof. Preferably, the freezing
point depressant is ethanol or the freezing point depressant
is methanol or an admixture of the methanol and ethanol.

[0035] Preferably, the ratio of succinate salt to freezing
point depressant in the composition is between about 1 to 10
to 10 to 1. More preferably, the ratio of succinate salt to
freezing point depressant is 1 to 1.
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[0036] In further embodiments of the composition, the
composition further comprises the water in the admixture.
Preferably, the composition comprises 20 to 30 wt % solids
in solution with the water as the balance.

[0037] In further embodiments of the composition, the
composition further comprises an organic surfactant which
enables spreading of the composition on a glass surface, and
a coloring agent.

[0038] In further embodiments of the composition, the
composition in addition contains a glycol as an anti-icing
agent.

[0039] In further embodiments of the composition, the
composition in addition contains at least one corrosion
inhibitor selected from the group consisting of an alkali
metal polymer salt and magnesium succinate, an alkali metal
polyaspartate and magnesium succinate, an alkali metal
polysuccinimide, an alkali metal polyaspartate, and an alkali
metal polymaleimide salt and magnesium succinate. In
particular, wherein the alkali metal polymalemide salt is
sodium polymaleimide salt, the alkali metal polyaspartate is
sodium polyaspartate, and the alkali metal polymaleimide
salt is sodium polymaleimide salt.

[0040] Objects

[0041] Therefore, it is an object of the present invention to
provide deicing and anti-icing compositions which have
greater ice-melting capacities than those currently available.

[0042] Tt is also an object of the present invention to
provide deicing and anti-icing compositions which are non-
toxic and which have an effective ice-melting capacity.

[0043] These and other objects of the present invention
will become increasingly apparent with reference to the
following drawings and preferred embodiments.

DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a graph which shows a comparison of the
ice-melting capacities of several deicing compositions of the
present invention to alcohol:water deicing formulations: a,
potassium succinate:water (50:50); b, ethanol:water (50:50);
¢, methanol:water (50:50); d, potassium succinate:ethanol-
:water (10:40:50); and, e, potassium succinate:methanol:wa-
ter (10:40:50).

[0045] FIG. 2 is a graph which shows a comparison of the
ice-melting capacities of several deicing compositions of the
present invention to alcohol:water deicing formulations and
to RainX®, a commercially available premium windshield
deicer/washer containing 35 wt % methanol in water: a,
ethanol:water (35:65); b, methanol:water (35:65); ¢, potas-
sium succinate:ethanol:water (17.5:17.5:65); d, potassium
succinate:methanol:water (17.5:17.5:65); and, e, RainX®.

[0046] FIG. 3 is a graph which shows a comparison of the
ice-melting capacities of several formulations of the deicing
compositions of the present invention: a, potassium succi-
nate:methanol:water (5:65:30); b, potassium succinate-
:methanol:water (10:60:30); ¢, potassium succinate:metha-
nol:water (15:55:30); and, d, potassium
succinate:methanol:water (20:50:65).

DETAILED DESCRIPTION OF THE
INVENTION

[0047] All patents, patent applications, government pub-
lications, government regulations, and literature references
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cited in this specification are hereby incorporated herein by
reference in their entirety. In case of conflict, the present
description, including definitions, will control.

[0048] Monohydric alcohols, in particular methanol, have
ice-melting capacity and, therefore, have been useful in
deicing applications. Recently, it was shown in U.S. Pat. No.
6,287,480 to Berglund et al., which is assigned to common
assignees, that succinate salts, in particular potassium,
sodium, and ammonium succinate, have ice-melting capa-
bilities and are less corrosive than conventional salt-based
deicers. Now, it has been discovered that succinate salt
solutions, particularly potassium succinate solutions, syner-
gistically enhance the ice-melting capacity of alcohols such
as ethanol and methanol when it is combined with the
alcohol. As shown by the examples herein, compositions
consisting of succinate salts, in particular potassium succi-
nate, and alcohols, in particular methanol and ethanol, melt
significantly more ice than any one of them alone or would
be expected when in combination.

[0049] Therefore, the present invention provides deicing
compositions which are useful for a wide range of applica-
tions such as automobile windshield deicer/washer solutions
and melting ice on the surfaces of aircraft, airport pave-
ments, roadways, walkways, bridges, entrance ways, struc-
tures, canals, locks, components, vessels, nautical compo-
nents, railroad switches, steps, motor vehicles, and the like.
The deicing compositions of the present invention comprise
in a water base at least one freezing point depressant selected
from the group consisting of monohydric alcohols having 2
to 6 carbon atoms, polyhydric alcohols having 3 to 12
carbon atoms, monomethyl or monoethyl ethers of polyhy-
dric alcohols having 3 to 12 carbon atoms, and mixtures
thereof and at least one hydrophilic organic acid salt, pref-
erably a succinate salt, more preferably a succinate salt
selected from the group consisting of potassium succinate
(trihydrate), ammonium succinate (anhydrous), sodium suc-
cinate (hexahydrate), and combinations thereof. The com-
positions of the present invention are effective at tempera-
tures well below freezing and melt significantly more ice
than any of the constituents of the composition alone,
particularly, the compositions comprising potassium succi-
nate and methanol or ethanol. As shown herein, the com-
positions of the present invention are able to penetrate ice at
temperatures to at least —10° C.

[0050] In general, the inclusion of the hydrophilic organic
acid salt in the deicer composition provides sufficient wet-
ting properties to the deicer compositions. U.S. Pat. No.
6,287,480 to Berglund et al. showed that the succinate salts,
in particular potassium succinate, are non-corrosive organic
salts which indicates that deicer compositions comprising
potassium succinate are compatible with such materials as
those comprising an automobile’s windshield and its imme-
diate surroundings, e.g., the rubber gasket and plastic trims,
and a variety of metals and alloys which are susceptible to
corrosion such as steel and aluminum. In addition, potas-
sium succinate was discovered to be a corrosion inhibitor.
Furthermore, alcohols are flammable and the inclusion of
potassium succinate in alcohol-based deicer compositions
was discovered to reduce the flammability of the alcohols
which in turn reduced the hazardousness of the alcohol-
based deicer compositions. However, as shown by the
examples herein, it was discovered that potassium succinate
in a synergistic manner enhances the ice-melting capacity of
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alcohols beyond that which would have been expected when
the potassium succinate and alcohol were combined.

[0051] Monohydric alcohols are particularly effective at
melting existing ice from a surface. Examples of monohy-
dric alcohols include methanol, ethanol, n-propanol, isopro-
panol, butanol, and pentanol. Therefore, compositions com-
prising a succinate salt such as potassium succinate and at
least one monohydric alcohol are particularly effective as
deicing agents.

[0052] Polyhydric alcohols are particularly effective at
providing resistance to re-freezing and re-formation of ice
on a surface after the ice has once been melted. Examples of
polyhydric alcohols are the alkylene and dialkylene glycols
such as ethylene glycol, diethylene glycol, propylene glycol,
and dipropylene glycol. Therefore, compositions comprising
a succinate salt such as potassium succinate and at least one
polyhydric alcohol are particularly effective as anti-icing
agents. Compositions comprising a succinate salt such as
potassium succinate and at least one monohydric alcohol
and at least one polyhydric alcohol are particularly effective
deicing and anti-icing agents.

[0053] Because of their viscosity, polyhydric alcohols are
often used in deicing compositions in an amount sufficient to
thicken the deicing composition to a viscosity sufficient to
enable the deicing composition to cling to a surface. In
general, because polyhydric alcohols are toxic, in cases
where it is desirable that the deicing composition cling to a
surface and be environmentally friendly, a non-toxic thick-
ener is preferred. Non-toxic thickeners include hydrophilic
heteropolysaccharide colloids such as those disclosed in
U.S. Pat. No. 5,772,912 to Lockyer et al. Therefore, the
compositions of the present invention further includes
embodiments comprising a mixture of a succinate salt such
as potassium succinate and a monohydric alcohol such as
ethanol or methanol and an amount of polyhydric alcohol to
impart a viscosity to the composition sufficient to enable the
composition to cling to a surface. For environmentally
friendly embodiments, the compositions comprises a mix-
ture of a succinate salt such as potassium succinate and
ethanol and a sufficient amount of a hydrophilic het-
eropolysaccharide colloid to impart a viscosity to the com-
position sufficient to enable it to cling to a surface.

[0054] In a preferred embodiment, the deicing composi-
tion comprises ethanol, methanol, or mixtures thereof and a
succinate salt, preferably potassium succinate. Ethanol is
preferred when environmental friendliness, i.e., environ-
mental compatibility or biodegradability or non-toxicity, is
the overriding requirement for the deicing composition.
However, ethanol is not the only freezing point depressant
suitable for the deicing composition of the present invention.
Examples of other non-toxic freezing point depressants that
are suitable in the deicing composition of the present inven-
tion include 1-propanol, 2-propanol, 1-butanol, 2-butanol,
2-methyl-1-propanol, 2-methyl-2propanol, 1,2-propylene
glycol, 1,3-propylene glycol, 1,4-butylene glycol, 1,3-buty-
lene glycol, 2,3-butylene glycol, glycerol. The deicing com-
position of the present invention includes any one or any
combination of the non-toxic freezing point depressants.
However, when the overriding requirement for the deicing
composition is rapid ice melting, methanol is the preferred
freezing point depressant.

[0055] In general, it is preferred that the ratio of succinate
salt to the alcohol in the compositions of the present inven-
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tion be within the range of about 1 to 10 and 10 to 1. Most
preferably, it is desirable that the ratio of succinate salt to
alcohol be about 1 to 1. In particular embodiments, it is
desirable that the ratio of succinate salt to alcohol to water
be between about 5 to 65 to 30 and 20 to 50 to 65. It is
preferred that the succinate salt and alcohol comprise
between about 20 to 70 wt % of the composition, preferably
between about 20 and 30 wt % of the composition, with the
remainder of the composition comprising water. In particu-
lar embodiments of the compositions that comprise a suc-
cinate salt such as potassium succinate and a monohydric
alcohol such as methanol, ethanol, or mixture thereof, the
compositions further include a polyhydric alcohol such as a
glycol to serve as an anti-icing agent. Thus, compositions
which comprise a succinate salt such as potassium succinate
and both one or more monohydric alcohols and one or more
polyhydric alcohols have both deicing and anti-icing capaci-
ties and because of the viscosity imparted to the composition
by the polyhydric alcohol, the composition effectively clings
to the surfaces to which it is applied which extends the time
in which deicing and anti-icing activities of the composition
are active on the surface. That is particularly useful for
deicing and preventing ice formation on non-level surfaces
such as windshields, aircraft surfaces, and roadway surfaces.

[0056] Optionally, the compositions further include a sur-
factant to act as a lubricant or wetting agent or detergent to
enhance the cleaning ability of the compositions of the
present invention. A surfactant is particularly useful for
compositions intended for windshield deicer/washer appli-
cations. Surfactants are well known in the art and include for
example sodium dioctyl sulfosuccinate available as
GEROPON S§S-0-75 from Rhone Poulenc or AEROSOL
OT-75 from ARCO, or a fluorinated surfactant such as
ZONYL FSJ fluorosurfactant by E. I. DuPont de Nemours &
Co., Wilmington, Del., and other surfactants as set forth in
U.S. Pat. No. 5,043,088 to Falla. In a preferred embodiment,
the surfactant is added at a rate of less than 2%, more
preferably at a rate less than 0.1%, and more preferably at a
rate from between about 0.001 to 0.01%.

[0057] Optionally further still, the compositions further
include a colorant or dye. Colorants are well known in the
art and include for example Pylaklor WINDOW SPRAY
BLUE S-405 which is a water soluble colorant available
from Pylam Products Co., Inc. Tempe, Ariz. and polymer
bound triphenyl methane colorants such as LIQUITINT
PATENT BLUE by Milliken Chemical, Spartanburg, S.C. In
a preferred embodiment, the colorant is added at a rate of
less than 0.1%, more preferably at a rate less than 0.001%.

[0058] Optionally further still, the compositions further
include an effective amount of at least one corrosion inhibi-
tor selected from the group consisting of an alkali metal
polymer salt such as sodium polymaleimide salt and mag-
nesium succinate, an alkali metal polyaspartate such as
sodium polyaspartate and magnesium succinate, an alkali
metal polysuccinimide such as sodium polysuccinimide, an
alkali metal polyaspartate such as sodium polyaspartate and
an alkali metal polymaleimide salt such as sodium polyma-
leimide salt, and magnesium succinate. The effectiveness of
the specific corrosion inhibitors recited above is disclosed in
U.S. Pat. No. 6,287,480 to Berglund et al. which also
discloses that the corrosion inhibitors also enhanced the
deicing capacity of deicing compositions. The corrosion
inhibitors are useful for compositions intended for applica-
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tions to roadway surfaces and metals such those on bridge
structures, aircraft, metal steps, and motor vehicles.

[0059] The preparation of an alkali metal polyaspartate is
well known in the art. For example, U.S. Pat. No. 5,152,902
to Koskan et al., discloses a process for the preparation of
sodium polyaspartate. Briefly, solid phase L-aspartic acid is
heated to produce polysuccinimide which is then hydrolyzed
in the presence of sodium hydroxide to produce the sodium
polyaspartate. Preparation of sodium polymaleimide
involves anhydrously polymerizing maleimide in the pres-
ence of a metal catalyst and any alcohol initiator or a base
to produce a maleimide polymer and then hydrolyzing the
maleimide polymer with sodium hydroxide at 10 to 100° C.
for at least 1 hour to produce the alkali metal polymaleimide
salt.

[0060] In particular applications of the compositions of the
present invention, it is desirable that the composition include
friction enhancing agents or the composition be applied to a
surface concurrently or sequentially with a friction enhanc-
ing agent. Applying the compositions concurrently or
sequentially with a friction enhancing agent is particularly
beneficial for improving the traction on roadways, walk-
ways, bridges, and steps. The friction enhancing agents
anticipated include, but are not limited to, sand, synthetic
polymers, or pulverized organic material such as nut shells,
wood fragments, seeds, bark, husks, kernels, and the like.

[0061] The following examples are intended to promote a
further understanding of the present invention.

EXAMPLE 1

[0062] This example illustrates the synergistic enhance-
ment in ice-melting capacity by particular succinate and
alcohol mixtures.

[0063] The following method was used to determine the
ice-melting capacities of the deicers. Twenty grams of water
was frozen in a disposable petri dish at -10° C. The
following deicer compositions were tested: potassium suc-
cinate and water (50:50); ethanol and water (50:50); metha-
nol and water (50:50); potassium succinate, ethanol, and
water (10:40:50); and, potassium succinate, methanol, and
water (10:40:50). For each deicer composition, ten grams of
the deicer composition was cooled to -10° C. and then
placed on the frozen water in the petri dish. After incubating
at -10° C. for one hour, the liquid was poured out of the petri
dish, weighed, and the melted component was determined.

[0064] The synergistic enhancement in the ice-melting
capacity by succinate and alcohol mixtures is shown in FIG.
1. As shown, the replacement of one fifth of the alcohol
content of the alcohol:water deicer compositions with potas-
sium succinate doubled the ice-melting capacity of the
methanol and significantly enhanced the ice-melting capac-
ity of the ethanol. The potassium succinate:methanol com-
positions had significantly superior deicing capacity com-
pared to all of the other compositions. Because of its
outstanding performance, it can be marketed as a premium,
high-performance windshield deicer.

[0065] Succinate is the salt of a naturally occurring
organic acid and ethanol is a non-toxic alcohol, therefore, it
was significant to discover that the potassium succina-
te:ethanol:water (10:40:50) composition outperformed the
methanol:water (50:50) composition. The toxicity of metha-
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nol, which is the primary constituent of commercially avail-
able deicers is well-known. The discovery that the succina-
te:ethanol:water composition had outperformed the
methanol:water composition indicates that the environmen-
tally friendly deicer compositions of the present invention
can be used as an alternative to the conventional methanol-
:water based deicers without having to endure a sacrifice in
deicing capacity.

EXAMPLE 2

[0066] In general, commercially available windshield
deicer/washer compositions contain about 22 to 35 wt %
methanol. This example illustrates that the addition of
potassium succinate to alcohol-containing windshield
deicer/washer compositions synergistically enhanced the
deicing capacity of the alcohol-containing deicer/washer
compositions.

[0067] The method for evaluating the deicing capacity of
the deicer/washer compositions of the present invention was
performed as described in Example 1. As shown in FIG. 2,
the synergy between the potassium succinate and the alco-
hols is readily apparent. As was expected, the ice-melting
capacity of the methanol:water (35:65) compositions was
equal to that of RainX®, a commercially available premium
windshield deicer/washer consisting of 35% methanol. As
shown in FIG. 2, the performance of the potassium succi-
nate:ethanol:water (17.5:17.5:65) composition was compa-
rable to RainX®. This result indicated that deicer/washer
compositions comprising potassium succinate:ethanol:water
can be marketed as natural, environmentally friendly, and
nontoxic windshield deicers/washers. Also shown in FIG. 2
is that the potassium  succinate:methanol:water
(17.5:17.5:65) composition had substantially higher deicing
capacity than any of the other compositions. Therefore, it
can be marketed as a premium, high-performance wind-
shield deicer/washer.

EXAMPLE 3

[0068] The performance level of more concentrated deicer
compositions of the present invention were evaluated. Aque-
ous deicer compositions of the present invention comprising
70wt % of an admixture of succinate salt and alcohol were
evaluated.

[0069] The method for evaluating the deicing capacity of
the compositions of the present invention was performed as
described in Example 1. As shown in FIG. 3, freezing point
depression was the underlying reason for ice dissolution.
The data in FIG. 3 demonstrates that increasing the ratio of
potassium succinate to methanol resulted in a dramatic
depression of the freezing point which led to a correspond-
ing increase in ice-melting capacity. The step change of the
ratio of potassium succinate to methanol from 10:60 to
15:55 doubled the ice-melting capacity. Compositions with
a ratio greater than 15:55 were capable of melting 1.5 grams
of ice per gram of deicer. These compositions are useful for
melting ice on the surfaces of aircraft, airport pavements,
roadways, walkways, bridges, entrance ways, structures,
canals, locks, components, vessels, nautical components,
railroad switches, steps, motor vehicles, and the like. For
particular applications, the compositions of the present
invention further includes thickening agents such as propy-
lene glycol to provide the compositions of the present
invention with anti-icing capabilities.
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[0070] While the present invention is described herein
with reference to illustrated embodiments, it should be
understood that the invention is not limited hereto. Those
having ordinary skill in the art and access to the teachings
herein will recognize additional modifications and embodi-
ments within the scope thereof. Therefore, the present inven-
tion is limited only by the claims attached herein.

We claim:
1. A composition which comprises in admixture:

(a) a succinate salt in an amount which acts to remove ice
from a surface; and

(b) at least one freezing point depressant selected from the
group consisting of monohydric alcohols having 2 to 6
carbon atoms, polyhydric alcohols having 3 to 12
carbon atoms, monomethyl or monoethyl ethers of
polyhydric alcohols having 3 to 12 carbon atoms, and
mixtures thereof, wherein the admixture when mixed
with water melts the ice more rapidly than either the
succinate salt or the freezing point depressant alone.

2. The composition of claim 1 wherein the succinate salt
is selected from the group consisting of potassium succinate
(trihydrate), ammonium succinate (anhydrous), sodium suc-
cinate (hexahydrate), and combinations thereof.

3. The composition of claim 1 wherein the freezing point
depressant is selected from the group consisting of metha-
nol, ethanol, propanol, isopropanol, butanol, pentanol, and
mixtures thereof.

4. The composition of claim 1 wherein the ratio of
succinate salt to freezing point depressant is between about
11010 to 10 to 1.

5. The composition of claim 1 wherein the ratio of
succinate salt to freezing point depressant is 1 to 1.

6. The composition of claim 1 wherein the composition
further comprises the water in the admixture.

7. The composition of claim 6 comprising 20 to 30 wt %
solids in solution with the water as the balance.

8. The composition of claim 6 or 7 wherein the freezing
point depressant is ethanol.

9. The composition of claim 6 or 7 wherein the freezing
point depressant is methanol or an admixture of the metha-
nol and ethanol.

10. The composition of any one of claims 1,2, 3,4, 5, 6
or 7 wherein the composition further comprises an organic
surfactant which enables spreading of the composition on a
glass surface, and a coloring agent.

11. The composition of any one of claims 1, 2,3, 4, 5, 6,
or 7 which in addition contains a glycol as an anti-icing
agent.

12. The composition of any one of claims 1, 2, 3, 4, 5, 6,
or 7 which in addition contains at least one corrosion
inhibitor selected from the group consisting of an alkali
metal polymer salt and magnesium succinate, an alkali metal
polyaspartate and magnesium succinate, an alkali metal
polysuccinimide, an alkali metal polyaspartate, and an alkali
metal polymaleimide salt and magnesium succinate.

13. The composition of claim 12 wherein the alkali metal
polymalemide salt is sodium polymaleimide salt, the alkali
metal polyaspartate is sodium polyaspartate, and the alkali
metal polymaleimide salt is sodium polymaleimide salt.

14. A method for deicing or anti-icing a surface which
comprises applying a composition which comprises:
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(a) an alkali metal succinate salt in an amount which acts
to remove ice from a surface; and

(b) at least one freezing point depressant selected from the
group consisting of monohydric alcohols having 2 to 6
carbon atoms, polyhydric alcohols having 3 to 12
carbon atoms, monomethyl or monoethyl ethers of
polyhydric alcohols having 3 to 12 carbon atoms, and
mixtures thereof, wherein the composition melts ice
formed on the surface more rapidly than either the
succinate salt or the freezing point depressant alone.

15. The method of claim 14 wherein the alkali metal
succinate salt is selected from the group consisting of
potassium succinate (trihydrate), ammonium succinate
(anhydrous), sodium succinate (hexahydrate), and combina-
tions thereof.

16. The method of claim 14 wherein the freezing point
depressant is selected from the group consisting of metha-
nol, ethanol, propanol, isopropanol, butanol, pentanol, and
mixtures thereof.

17. The method of claim 14 wherein the ratio of succinate
salt to freezing point depressant is between about 1 to 10 to
10 to 1.

18. The method of claim 14 wherein the ratio of succinate
salt to freezing point depressant is 1 to 1.

19. The method of claim 14 wherein the composition
further comprises the water in the admixture.

20. The method of claim 19 comprising 20 to 30 wt %
solids in solution with the water as the balance.

21. The method of claim 19 or 20 wherein the freezing
point depressant is ethanol.

22. The method of claim 19 or 20 wherein the freezing
point depressant is methanol or an admixture of the metha-
nol and ethanol.

23. The method of any one of claims 14, 15, 16, 17, 18,
19, or 20 wherein the composition further comprises an
organic surfactant which enables spreading of the compo-
sition on a glass surface, and a coloring agent.

24. The method of any one of claims 14, 15, 16, 17, 18,
19, or 20 which in addition contains a glycol as an anti-icing
agent.

25. The method of any one of claims 14, 15, 16, 17, 18,
19, or 20 wherein the surface to which the composition is
applied is a glass in a vehicle.

26. The method of any one of claims 14, 15, 16, 17, 18,
19, or 20 wherein the surface is a glass windshield of a
vehicle with wipers and wherein the composition contains
an organic surfactant for spreading the composition on the
glass, optionally a glycol for removing ice, and optionally a
coloring agent.

27. The method of any one of claims 14, 15, 16, 17, 18,
19, or 20 which in addition contains at least one corrosion
inhibitor selected from the group consisting of an alkali
metal polymer salt and magnesium succinate, an alkali metal
polyaspartate and magnesium succinate, an alkali metal
polysuccinimide, an alkali metal polyaspartate, and an alkali
metal polymaleimide salt and magnesium succinate.

28. The method of claim 27 wherein the alkali metal
polymalemide salt is sodium polymaleimide salt, the alkali
metal polyaspartate is sodium polyaspartate, and the alkali
metal polymaleimide salt is sodium polymaleimide salt.

29. A composition packaged for use as a windshield wiper
fluid which comprises in admixture:
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(a) a succinate salt in an amount which acts to remove ice
from a surface; and

(b) at least one freezing point depressant selected from the
group consisting of monohydric alcohols having 2 to 6
carbon atoms, polyhydric alcohols having 3 to 12
carbon atoms, monomethyl or monoethyl ethers of
polyhydric alcohols having 3 to 12 carbon atoms, and
mixtures thereof, wherein the composition melts ice.

30. The composition of claim 29 wherein the succinate
salt is selected from the group consisting of potassium
succinate (trihydrate), ammonium succinate (anhydrous),
sodium succinate (hexahydrate), and combinations thereof.

31. The composition of claim 29 wherein the freezing
point depressant is selected from the group consisting of
methanol, ethanol, propanol, isopropanol, butanol, pentanol,
and mixtures thereof.

32. The composition of claim 29 wherein the ratio of
succinate salt to freezing point depressant is between about
11010 to 10 to 1.

33. The composition of claim 29 wherein the ratio of
succinate salt to freezing point depressant is 1 to 1.

34. The composition of claim 29 wherein the composition
further comprises the water in the admixture.

35. The composition of claim 34 comprising 20 to 30 wt
% solids in solution with the water as the balance.
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36. The composition of claim 34 or 35 wherein the
freezing point depressant is ethanol.

37. The composition of claim 34 or 35 wherein the
freezing point depressant is methanol or an admixture of the
methanol and ethanol.

38. The composition of any one of claims 29, 30, 31, 32,
or 33 wherein the composition further comprises an organic
surfactant which enables spreading of the composition on a
glass surface, and a coloring agent.

39. The composition of any one of claims 29, 30, 31, 32,
or 33 which in addition contains a glycol as an anti-icing
agent.

40. The composition of any one of claims 29, 30, 31, 32,
or 33 which in addition contains at least one corrosion
inhibitor selected from the group consisting of an alkali
metal polymer salt and magnesium succinate, an alkali metal
polyaspartate and magnesium succinate, an alkali metal
polysuccinimide, an alkali metal polyaspartate, and an alkali
metal polymaleimide salt and magnesium succinate.

41. The composition of claim 40 wherein the alkali metal
polymalemide salt is sodium polymaleimide salt, the alkali
metal polyaspartate is sodium polyaspartate, and the alkali
metal polymaleimide salt is sodium polymaleimide salt.
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