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COATING COMPOSITIONS WITH ANTICORROSION PROPERTIES
FIELD OF THE INVENTION

[0001] This invention relates to coating compositions having anticorrosion properties and,
more specifically, to coating compositions that are specially formulated to include an amorphous

aluminum phosphate corrosion inhibiting pigment and methods for making the same.
BACKGROUND OF THE INVENTION

[0002] Coating compositions formulated to include one or more material to provide
anticorrosion properties, used for forming a film layer on the surface of metallic substrates, are
known in the art. Such coating compositions make use of materials known to provide some

degree of protection against corrosion by one of three different mechanisms.

[0003] A first mechanism of corrosion control in coating compositions is one provided by a
formulation where a binder composition, that imparts a high degree of moisture and water
diffusion resistance to the resulting cured film, is combined with a pigment or solid component
that enhances the barrier properties of the film composition, thereby providing a physical barrier
to any water passing into the cured coating film to protect the underlying coated metal substrate
surface from corrosion. Pigment materials or solid components useful in this regard include
aluminum, iron oxide, mica, talc, talc, calcium silicate, and barium sulfate in particle and/or flake

form.

[0004] A second mechanism of corrosion control in coating compositions is one provided by
the placement of a desired material adjacent the metallic substrate surface that is selected to
sacrificially corrode upon contact with any water and oxygen passing into the cured coating film,
thereby sacrificially corroding to cathodically protect and prevent the underlying metallic
substrate from corroding. Zinc metal is an example material useful in this regard, and can be
provided on the surface of the substrate as a constituent in a coating composition or can be

provided separately therefrom.

[0005] A third mechanism of corrosion control is one where the coating composition makes

use of a material that is corrosion inhibiting, e.g., a corrosion inhibiting pigment, in that such
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material, upon being contacted with water and oxygen, releases a material that diffuses to the
substrate surface and either adsorbs on the substrate to form an impermeable layer or forms a
reaction product with the surface of the metallic substrate, thereby preventing it from reacting
with water, oxygen, and other corrosive materials. This operates to passivate the substrate
surface and thereby protect it from corrosion. Materials known to be useful in this regard
include calcium zinc phosphomolybdate, aluminum triphosphate, zinc phosphate, zinc-iron
phosphate, strontium zinc phosphosilicate, calcium phosphosilicate, zinc aluminum phosphate,

lead-containing materials, and chromate-containing materials.

[0006] While anticorrosion coating compositions known in the art provide some degree of
protection against unwanted corrosion, such known coating compositions may rely on the use of
materials that present a danger/hazard to the environment and/or a health or safety hazard to
people and for these reasons the use of such coating compositions have or are being restricted or
prohibited altogether. Additionally, such known coating compositions, while providing some
degree of corrosion protection, are unable to provide a desired or needed level of corrosion

control that is sufficient to meet the demands of certain end-use applications.

[0007] It is, therefore, desired that an anticorrosion coating composition be formulated in a
manner that provides a desired degree of corrosion control/resistance without the use of materials
being regulated or otherwise known to present a hazard/danger to the environment and/or health
or safety issues to people. It is desired that such anticorrosion coating compositions be
formulated in a manner that provides a desired improved degree of corrosion resistance when
compared to known coating compositions, thereby meeting the needs of certain end-use
applications. It is further desired that such anticorrosion coating composition be formulated from
readily available materials, and/or be made according to a process, that facilitates manufacturing
the coating composition in a manner that does not require the use of exotic equipment, that is not

unduly labor intensive, and that is economically feasible.
SUMMARY OF THE INVENTION

[0008] Anticorrosive coating compositions as disclosed herein comprise a binding polymer
and aluminum phosphate dispersed within the binding polymer. The binding polymer can be

selected from the group including polyurethanes, polyesters, solvent-based epoxies, solventless
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epoxies, water-borne epoxies, epoxy copolymers, acrylics, acrylic copolymers, silicones, silicone
copolymers, polysiloxanes, polysiloxane copolymers, alkyds and combinations thereof. The
aluminum phosphate comprises amorphous aluminum phosphate. In a preferred embodiment,
the aluminum phosphate is amorphous aluminum phosphate at the time that is it combined with
the binding polymer and at the time that the coating composition is applied to a surface of a
metallic substrate. The coating composition comprises in the range of from about 1 to 25 percent

by weight aluminum phosphate.

[0009] In an example embodiment, the coating composition provides a controlled phosphate
delivery, e.g., of phosphate anions, in the range of from about 50 to 500 ppm, and preferably in
the range of from about 100 to 200 ppm. In an example embodiment, the coating composition
has total solubles content of less than about 1500 ppm, less than 800 ppm, preferably less than
about 400 ppm, and more preferably of from about 100 to 250 ppm. The amorphous aluminum

phosphate is preferably substantially free of alkali metals and alkaline earth metals.

[0010] Anticorrosion coating compositions are formed by combining starting materials
comprising an aluminum source with a phosphorous source, and reacting the combined starting
materials to form a solution comprising an amorphous aluminum phosphate solid condensate.
The aluminum source can be selected from the group including sodium aluminate, aluminum
hydroxide, aluminum sulfate, and combinations thereof, and the phosphorus source can be
phosphoric acid or phosphate salt. In an example embodiment, the process of making the
aluminum phosphate is specifically controlled to produce amorphous aluminum phosphate
having the desired engineered properties of controlled phosphate anion release with a

reduced/low solubles content.

[0011] The amorphous aluminum phosphate has properties of low oil absorption of less than
about 50, and low surface area of less than about 20 m*/g. Additionally, in a preferred
embodiment, the amorphous aluminum phosphate that is produced is free of any alkali metals or
alkaline earth metals, The amorphous aluminum phosphate is dried at a temperature of less than
about 200°C. Thereafter, the amorphous aluminum phosphate is mixed with a binding polymer

to form the anticorrosion coating composition.
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[0012] Such anticorrosion coating compositions can be used as a primer coat, a mid-coat,
and/or a top-coat coating depending on the particular formulation and/or end use application.
The anticorrosion coating composition can be applied to a metal substrate and allowed to dry to
form fully-cured film. In the event that the binding polymer is solvent-borne, the amorphous
aluminum phosphate in the cured film controls corrosion of the underlying substrate by both

adsorbing and/or absorbing water entering the film and providing passivating phosphate anion.

[0013] Anticorrosion coating compositions as disclosed herein are formulated in a manner
that provides a desired degree of corrosion control/resistance without the use of materials being
regulated or otherwise known to present a hazard/danger to the environment and/or health or
safety issues to people. Further, such anticorrosion coating compositions are formulated in a
manner that provides a desired improved degree of corrosion resistance, when compared to
known coating compositions, thereby meeting the needs of certain end-use applications. Such
anticorrosion coating compositions are formulated from readily available materials, and are made
by processes, that facilitate manufacturing in a manner that does not require the use of exotic

equipment, that is not unduly labor intensive, and that is economically feasible.
DETAILED DESCRIPTION

[0014] Anticorrosion coating compositions, and methods for making the same, are disclosed
herein. Such anticorrosion coating compositions are formulated to include a desired amount of
an amorphous aluminum phosphate corrosion inhibiting pigment that has been specially
engineered to provide combined desired features of a controlled release/delivery of an optimum
amount of passivating anion, ¢.g., phosphate anion, to inhibit corrosion, and a controlled amount
of total solubles. Together, such features permit the anticorrosion coating composition to
provide an improved degree of corrosion resistance to an underlying metallic substrate surface
without compromising film and composite integrity and stability, thereby offering such improved
corrosion resistance for an extended service life when compared to conventional anticorrosion
coating compositions. Conventional anticorrosion coating compositions neither provide a

controlled release rate of passivating anion nor have a controlled amount of total solubles.

[0015] Amorphous aluminum phosphates used in the anticorrosion coating compositions

disclosed herein are also specially designed to have a high level of compatibility with a variety of
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different binding polymers or binding polymer systems useful for forming such coating
composition, thereby providing a high degree of flexibility and choice in formulating
anticorrosion coating compositions to meet the needs and conditions of a variety of end-use

applications in a number of different end-use industries.

[0016] Anticorrosion coating compositions comprise a desired binding polymer that can be
selected depending on the different end-use application as well as other factors. Example
binding polymers include those currently used for making known anticorrosion coating
compositions, and can be selected from the general groups of water-borne polymers, solvent-
borne polymers, and combinations thereof. Example water-borne polymers useful for making
anticorrosion coating compositions include acrylic and acrylic copolymers, alkyd, epoxy,
polyurethane, and silicone, and polysiloxane polymers. Example solvent-borne and/or non-
aqueous polymers useful for making anticorrosion coating compositions include acrylic and
acrylic copolymers, epoxy, polyurcthane, silicone, polysiloxane, polyester, and alkyd. Preferred

binding polymers include acrylic copolymer latex, alkyd, polyurethane and epoxy polymers.

[0017] In an example embodiment, anticorrosion coating compositions comprise in the range
of from about 15 to 75 weight percent, preferably in the range of from about 20 to 60 weight
percent, and more preferably in the range of from about 20 to 35 weight percent of the binding
polymer based on the total weight of the coating composition. An anticorrosion coating
composition comprising less than about 15 percent by weight of the binding polymer may
include a greater amount of the corrosion inhibiting pigment than necessary to provide a desired
degree of corrosion resistance. An anticorrosion coating composition comprising greater that
about 75 percent by weight of the binding polymer may include an amount of the corrosion
inhibiting pigment that is insufficient to provide a desired degree of corrosion resistance. While
certain amounts of the binding polymer have been provided, it is to be understood that the exact
amount of the binding polymer that is used to formulate anticorrosion coating compositions will
vary depending on such factors as the type of binding polymer used, the type and/or quantity of
inhibiting pigment that is used, and/or the particular end-use application, ¢.g., the substrate to be

coated and the corrosive environment intended for the substrate.
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[0018] Corrosion inhibiting pigments useful for making anticorrosion coating compositions
comprises phosphate-containing compounds. Preferred phosphate-containing compounds are
aluminum phosphates. Aluminum phosphates useful in this regard include amorphous aluminum
phosphates, crystalline aluminum phosphate, and combinations thercof. Preferred aluminum
phosphates are amorphous aluminum phosphates, and most preferred aluminum phosphates are
amorphous aluminum orthophosphates. The use of amorphous aluminum phosphates is
preferred because amorphous aluminum phosphates have been shown to release an amount of
phosphate anion, when diffusing water contacts the pigment in the coating, sufficient to provide
passivation to the metal substrate. Specifically, the anticorrosion coating as disclosed herein is

specially engineer to provide a controlled release rate of the phosphate anion tailored for this

purpose.

[0019] Further, it has been found that amorphous aluminum phosphate compositions can be
prepared having a soluble material content sufficiently low such that solubles do not cause
osmotic blistering of a cured film when such film is contacted with water. Accordingly,
amorphous aluminum phosphates as used in anticorrosion coating compositions are specially
engineered to both provide a controlled release or delivery of passivating anion, ¢.g., phosphate

anions, to inhibit corrosion, and to have a total low solubles content to avoid osmotic blistering.

[0020] In an example embodiment, the amorphous aluminum orthophosphates are
amorphous aluminum hydroxy phosphates. Amorphous aluminum hydroxy phosphates are
preferred because they provide uniform dispersion properties within the composition and the
dispersion remains stable throughout the shelf-life of the formulation. The hydroxyl content of
the amorphous aluminum hydroxy phosphate is the unique functional group that provides matrix
stability by providing hydrogen bonds with suitable groups of the binding polymer of the
formulation, ¢.g., such as carboxyl groups, amino groups, hydroxyl groups, acid groups and the
like. This feature is unique to the amorphous aluminum hydroxy phosphate and is not present in
crystalline or other types of amorphous phosphates. By adjusting the AI-OH to Al-OP ratio in
the complex it is possible to regulate the release of secondary components incorporated in the
material in the condensation process. Such secondary components can include sodium

phosphate salts that result from the synthesis reaction.
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[0021] Anticorrosion coating compositions are formulated to contain a specific amount of
the inhibiting pigment calculated to provide a sufficient amount of the passivating anion when
placed into end use to inhibit corrosion. In an example embodiment, the anticorrosion coating
composition comprises in the range of from about 3 to 25 weight percent, preferably in the range
of from about 5 to 15 weight percent, and more preferably in the range of from about 8 to 12
weight percent of the amorphous aluminum phosphate based on the total weight of the coating
composition dry film. An anticorrosion coating composition comprising less than about 3
percent by weight of the amorphous aluminum phosphate may contain an amount that is
insufficient to provide a desired degree of corrosion resistance. An anticorrosion coating
composition comprising greater that about 25 percent by weight of the amorphous aluminum
phosphate may include an amount more than necessary to provide a desired degree of corrosion
resistance, and such additional amount can operate to impair long-term stability and/or integrity
of the cured coating film. While certain amounts of the amorphous aluminum phosphate have
been provided, it is to be understood that the exact amount of the amorphous aluminum
phosphate that is used to formulate anticorrosion coating compositions will vary depending on
such factors as the type and/or quantity of binding polymer used, and/or the particular end-use
application, e.g., the substrate to be coated and the corrosive environment intended for the

substrate

[0022] As briefly noted above, the amorphous aluminum phosphate is specially engineered
to provide a controlled release or delivery of one or more passivating anions upon being
contacted with water and oxygen, when the coating composition is applied to the surface of a
metallic substrate, formed into a cured film, and placed into a corrosive environment. Over time,
water/moisture migrates or diffuses into the applied coating film, which water comes into contact
with the phosphate component that is available in the film. Such contact with water promotes
release/delivery of phosphate anion from the amorphous aluminum phosphate in a controlled
manner. These phosphate anions react with iron species of the surface of the underlying oxide
on the metal surface or the metallic substrate itself to form a passivating film thereon that

operates to form a barrier protecting the underlying metallic surface from corrosion.

[0023] A feature of the amorphous aluminum phosphates used to make these anticorrosion

coating compositions is that they are engineered to release/deliver a controlled amount of the
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phosphate anions. Specifically, to release/deliver an amount of the phosphate anions calculated
to provide an optimum level of corrosion protection without sacrificing other coating cured-film

performance properties that may otherwise compromise the effective film service life.

[0024] In an example embodiment, the amorphous aluminum phosphate is engineered to
release in the range of from about 50 to 500 ppm, and preferably 100 to 200 ppm of the
passivating phosphate anion when present in a cured film placed into an end-use application.

The amount of passivating anion to be delivered depends on a number of different factors such as
the loading or amount of the amorphous aluminum phosphate used to make the anticorrosion
composition, the type of binding polymer that is used, the type of metallic substrate being
protected, and the type of corrosion environment present in the end-use application. In a
preferred embodiment, where the metallic substrate being protected comprises iron and the
corrosion environment comprises water, oxygen, and other corrosive salts, the amorphous
aluminum phosphate is engineered to release approximately 160 ppm of the passivating

phosphate anion.

[0025] An amorphous aluminum phosphate having a controlled release less than about 50
ppm of the passivating anion may not provide a sufficient amount of the passivating anion to
inhibit corrosion. An amorphous aluminum phosphate having a controlled release greater than
about 500 ppm of the passivating anion, while providing a level sufficient to inhibit corrosion,
may provide too much passivating anion that can cause blistering or other unwanted effects in
the cured film that can impair its long term integrity and stability, thereby possibly reducing the

effective service life of the coating.

[0026] Anticorrosion coating compositions are engineered having a controlled or minimized
level of solubles. As used herein, the term “solubles” and “nonpassivating solubles” are used
interchangeable to refer to materials usually produced as a byproduct of making the amorphous
aluminum phosphate and can include alkali metals such as sodium, potassium, and lithium, and
such anions as sulfates, chlorides and nitrates, and is understood to not include the passivating
anions, present in the amorphous aluminum phosphate. In a preferred embodiment, the amount

of nonpassivating solubles is zero. A maximum amount of nonpassivating solubles is 250 ppm.
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[0027] It has been discovered that the presence of such solubles, if left unchecked, can
operate to impair the stability and/or integrity of the anticorrosion coating composition and/or the
cured film formed therefrom, thereby adversely affecting its intended service life. For example,
the presence of such solubles has been found to result in unwanted blistering, delamination from
the substrate, under-film corrosion and other types of unwanted film failures when exposed to
certain corrosive environments, which film failures operate to expose the underlying metallic

substrate surface leaving it unprotected.

[0028] In an example embodiment, it is desired that the anticorrosion coating composition
comprise less than about one percent (or less than 10,000 ppm) of such total solubles, i.c.,
solubles including phosphate passivating anion, preferably less than about 1,500 ppm total
solubles, and more preferably less than about 400 ppm total solubles. In an example
embodiment, the anticorrosion coating composition comprises in the range of from about 50 to
800 ppm total solubles, and preferably in the range of from about 100 to 250 ppm total solubles.
Anticorrosion coating compositions comprising less than about 1,500 ppm total solubles produce
cured films that, when subjected to end use corrosive environments, do not demonstrate
blistering or other unwanted film events, thereby operating to enhance effective service life.
Accordingly, a feature of anticorrosion coating compositions is that, in addition to providing a
controlled release of passivating anion, they are specially engineered to have a reduced amount

of total solubles to ensure an intended service life.

Binary Condensation Method of Making

[0029] Generally, the amorphous aluminum phosphate is a phosphate complex in which the
nucleating cation is aluminum alone, or aluminum in combination with other multi-valent cations
such as calcium, magnesium, barium and the like. In an example embodiment, it is desired that
the method of making the amorphous aluminum phosphate be one that produces amorphous
aluminum phosphate that is free of all other metal cations, especially one that is free of alkali
metal cations. As disclosed herein, the phosphate complex is prepared by combining a suitable
aluminum salt, such as aluminum hydroxide, aluminum sulfate and the like in phosphoric acid or
a phosphate, depending on the particular aluminum salt used to form an aluminum phosphate.

The composition of the resulting condensed solid depends on the ratio of the metal to the
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phosphate anion. The properties of the resulting complex, i.e., the amorphous aluminum
phosphate, depends on the processing parameters employed during the condensation reaction,
including choice of aluminum salt, temperature, order of addition of reactants, rate of addition of

reactants, the degree and duration of agitation, and pretreatment of one or more of the reactants.

[0030] A surprising result is that the resulting condensed solid, even after milling, has a very
low oil absorption property and low surface area (as measured by BET method) when compared
to aluminum phosphate prepared by other known methods. Oil absorption is defined as the
amount (grams or pounds) of linseed oil required to wet out and fill the voids spaces around a
pigment, ASTM — D-281-84, which is a measure of the binder demand or the amount of binder
resin that a pigment may absorb in a given formulation. High binder demand adds to
formulation cost and can affect certain barrier properties of the dry film. This is further
surprising because the aluminum phosphate made by the binary condensation process disclosed
herein also displays the controlled release property and water adsorption property usually

associated with high surface area particles.

[0031] In a example embodiment, the condensed aluminum phosphate prepared herein has an
oil absorption of less than about 50, preferably in the range of between about 10 to 40, and more
preferably in the range of between about 20 t030. In contrast, aluminum phosphate that is made
by other methods has an oil absorption of greater than about 50 , and typically in the range of
about 50 to 110.

[0032] In an example embodiment, the condensed aluminum phosphate prepared herein has a
surface area of less than about 20 m*/g, and preferably less than about 10 m%g. IN an example
embodiment, the surface area is in the range of between about 2 to 8 m”/g, and more preferably
in the range of between about 3 to5 m%/g. In contrast, aluminum phosphate that is made by other

methods has a surface area greater than 20 m?/g, e.g., from about 30 to 135 m?/g.

[0033] Thus, amorphous aluminum phosphates included in anticorrosion coating
compositions are made as a binary condensation product by combining selected starting
materials including an aluminum source and a phosphorous source under specific conditions of
controlled material delivery, temperature, and agitation. The judicious selection of starting

materials and process conditions produces amorphous aluminum phosphates having a material

10
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content and chemical structure intentionally created with the purpose of producing the above-
noted combined engineered properties of desired passivating anion content, controlled
delivery/release of the passivating anion, and desired reduced total solubles and high water

adsorption.

[0034] Aluminum sources useful for forming amorphous aluminum phosphate by
condensation include aluminum salts, such as aluminum chloride, aluminum nitrate, aluminum
sulfate and the like. Preferred aluminum sources include aluminum hydroxide and aluminum
sulfate. Phosphorous sources useful for forming amorphous aluminum phosphate by
condensation include phosphoric acid, and salts of phosphorus as orthophosphates or as
polyphosphates. A source of phosphorus is fertilizer grade phosphoric acid, from any origin, that
has been clarified and discolored. For example, a commercial phosphoric acid containing
approximately 54% of P,Os may be chemically treated and/or diluted with treated water resulting

in a concentration of approximately 20% of Ps.

[0035] Amorphous aluminum phosphate can be made through the selective combination the
materials noted above. The following selected methods of preparation are provided below as
examples, and it is to be understood that other methods of preparation other than those

specifically disclosed may be used.

Example No. 1

[0036] In an example embodiment, amorphous aluminum phosphate having the above-noted
engineered properties is prepared by combining phosphoric acid, H;PO4, with aluminum
hydroxide, AI(OH)s, at room temperature to form the desired amorphous aluminum phosphate.
The H3PO4 was diluted with water before being added to the AI(OH)s, and prior to addition the
Al(OH); was not wetted with water. Thus, a feature of this method of preparing is that it did not
include the addition of free water after combination of the reactants, and was performed at room
temperature without heating. In an example embodiment, the H;PO4 was 85wt% in water
provided by Sigma-Aldrich, and the AI(OH); was reagent grade, 50-57%, provided by Sigma-
Aldrich. Specifically, approximately 57.3 g H;PO4 was diluted with 50 g of water before being
combined with AI(OH);. Approximately 39 g of AI(OH); was added to the solution quickly and

the mixture was stirred slowly at room temperature to wet the powder. An amorphous aluminum

11
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phosphate condensed solid was formed and existed as a dispersion of solid particles in solution.
Diluting the H;PO, prior to addition of the AI(OH); is believed to contribute to forming
exclusively amorphous aluminum phosphate, ¢.g., wherein there is no crystalline form produced.
The suspension was filtered to isolate the amorphous aluminum phosphate particles. The
particles were washed and dried at low temperature conditions, e.g., less than about 130°C. A
further feature of the amorphous aluminum phosphate so formed is that it is combined with the
desired binding polymer, useful for forming the anticorrosive coating composition, without the
need for further heat treatment, tempering, or calcining, ¢.g., heating at temperatures above
200°C, which is not desired as such heat treatment initiates the conversion of the desired

amorphous form of aluminum phosphate to an undesired crystalline form.

Example No. 2

[0037] In another example embodiment, amorphous aluminum phosphate having the above-
noted engineered properties is prepared by combining H3PO4 with AI(OH); to form the desired
amorphous aluminum phosphate. Unlike example 1, the H;PO,4 was not diluted before being
added to the AI(OH);. However, before combining, the H;PO4 was heated. Additionally, prior
to combining with the H3POy4, the AI(OH); was wetted with water. A feature of this method of
preparing is that it did not include the addition of free water after combination of the reactants.
In an example embodiment, the H;PO4 was 85wt% in water provided by Sigma-Aldrich, and the
Al(OH); was reagent grade, 50-57%, provided by Sigma-Aldrich. Specifically, approximately
57.6 g H3PO4 was heated to a temperature of about 80°C. Approximately 39 g of AI(OH); was
wetted with about 2 g water and the wetted AI(OH); was quickly added to the H;PO4 under fast
mechanical stirring. An amorphous aluminum phosphate solid was formed and existed as a
dough-like ball that was removed and stored at room temperature. A feature of the amorphous
aluminum phosphate so formed is that further treatment in the form of filtering and washing was
not necessary to isolate and obtain the desired amorphous aluminum phosphate. Like example 1,
such amorphous aluminum phosphate (once dried and formed into the desired particle size) was
combined with the desired binding polymer, useful for forming the anticorrosive coating
composition, without the need for further heat treatment, tempering, or calcining, e.g., without

heating at temperatures above 200°C.

12
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[0038] In these example processes, a chemical reaction results in the formation of amorphous
aluminum orthophosphate or of aluminum orthophosphates (Al,(HPO,); or AI(H,PO,);. The
reaction, 18 carried out through the mixture of the two ingredients. The reagents are dosed in a
reactor equipped with a stirring device, and allowed to react for a short period of time, e.g., less

than about 10 minutes.

[0039] As noted above, a feature of the amorphous aluminum phosphate made herein and
included in the anticorrosion coating composition is that it has a reduced/low total solubles
content. The desired low total solubles content is inherent in this method of making because
there are no byproducts, ¢.g., other metal cations such as alkali metal cations or the like,
produced other than water from the reaction. Accordingly, an advantage of this binary
condensation method of making amorphous aluminum phosphate is that there is no need to
perform any subsequent solubles removal treatment, thereby reducing manufacturing cost and
time. Rather, the amorphous aluminum phosphate formed by the condensation reaction can be
isolated from solution by conventional method, such as by filter press or the where the liquid
phase (sometimes referred to as the "liquor") is separated from the solid phase (sometimes
referred to as the "cake"). The wet cake, containing approximately 35% to 45% of solids can be
optionally washed if desired in one or more steps. The resulting isolated amorphous aluminum
phosphate can be dried using conventional drying equipment, such as a "turbo dryer" or the like,
at a temperature of less than about 200°C, preferably temperatures of from about 40 to 140°C,
and more preferably at temperatures of less than about 130°C. The final water content of the
resulting dried amorphous aluminum phosphate product is between about 10% to 20% by weight
water. While the use of a particular drying technique has been disclosed, it is to be understood

that other types of drying techniques can be used.

[0040] The amorphous aluminum phosphate by the processes noted above has a P:Al ratio of
from about 0.5:1 to 1.5:1. It is desired that the amorphous hydroxy aluminum phosphate have a
P:Al ratio in this range because this provides a suitable range of particle morphology and
properties that are compatible with the targeted coating formulation chemistries. Also, the
phosphate release rates for such solids in this range provide the desired level of passivation for

corrosion prevention.
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[0041] After forming the amorphous aluminum phosphate condensed solid, the solid is
treated to give a white powder having a desired particle size or size distribution. The particle
size will depend on such factors such as the binding polymer, the particular end-use application,
and the method of applying the coating composition. In an example embodiment, the amorphous
aluminum phosphate has a particle size distributions of D50 from about 0.5 to 8 microns. In an
example embodiment, it is desired that the amorphous hydroxy aluminum phosphate have a P:Al
ratio of from about 0.9 to 1, and have a particle size distribution of D50 of about 1 micron and
DO90 less than about 4 microns. For use in an anticorrosion coating composition it is desired that
the amorphous aluminum phosphate have a particle size of less than about 20 microns, and
preferably in the range of from about 0.5 to 10 microns, and more preferably in the range of from
about 1.0 to 8.0 microns. Particle sizes of less than about 0.5 microns may interfere with the
processing of coating formulations and adversely affect film properties by increasing binder resin

absorption.

[0042] Enhanced control over the essential characteristics of amorphous aluminum
phosphate is achieved by manipulating the concentration of the aluminum source, which operates
to adjust and fine tune the P:Al ratio in the resulting amorphous aluminum phosphate to the
desired amount noted above, thereby promoting the formation of an amorphous aluminum
phosphate capable of providing a desired controlled delivery of passivating anion. Additionally,
the method of making noted above provides an inherent process of controlling unwanted solubles
content, as such solubles are not a byproduct of the formation reaction, thereby promoting

formation of a coating composition having a desired film stability and integrity.

[0043] Amorphous aluminum phosphates prepared as noted above are preferably not
subjected to high-temperature drying or other thermal treatment for the purpose of retaining the
amorphous structure and avoiding conversion to a crystalline structure. It has been discovered
that amorphous aluminum phosphates formed in this manner retain the desired amorphous
structure, even after low temperature drying, and this structure provides a distinct benefit/feature
for use as a corrosion inhibiting pigment. Such amorphous aluminum phosphates display a
markedly increased water adsorption potential or degree of rehydration when compared to
crystalline aluminum phosphates, that permits such amorphous aluminum phosphates, once

dehydrated by drying, to be rehydrated to contain up to about 25 percent by weight water. This
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feature is especially useful when the amorphous aluminum phosphate is used with anticorrosion
coating compositions comprising a nonwater-borne binding polymer. In such coating
compositions the amorphous aluminum phosphates acts, in addition to being an corrosion
inhibiting pigment, as a moisture scavenger to both slow water intrusion into the cured film and
restrict water diffusion through the cured film. Thus, this water adsorption feature operates to
provide another moisture barrier mechanism of corrosion control. This effect has been

demonstrated by the use of electroimpedence spectroscopy (EIS).

[0044] Anticorrosion coating compositions are prepared by combining a selected binding
polymer with the amorphous aluminum phosphate in the amounts described above. The
amorphous aluminum phosphate can be provided for composition formulation in the form of a
dried powder or can be provided in the form of a slurry or liquid suspension depending on the

formulation conditions or preferences.

[0045] Table 1 presents an example anticorrosion coating composition formulation in the
form of an epoxy-polyamide primer composition prepared in the manner disclosed herein for
purposes of reference.

Table 1 — Example Epoxy-Based Anticorrosion Coating Composition

Solvent Based two parts Epoxy Primer Formula

Part 1
Epoxy resin 238.1bs
Additive 3lbs
Pigment dispersant 5Ibs
Solvent 1 75lbs
Solvent 2 20.4lbs
Anti-settling additive 10.2lbs
Red iron oxide pigment 120.41bs
Anticorrosive pigment 150lbs
Extender pigment 1 341.3lbs
Extender pigment 2 120.3lbs
Extender pigment 3 78.5lbs

Disperse high speed to Hegman 5-6

Epoxy resin 24 .8lbs
Solvent 96.3lbs
Part 2

Curing agent 142.21bs
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[0046] In this example, the first epoxy resin is a liquid epoxy resin based on the di-glycidyl
ether or bis-phenol A such as EPON 8§28 (Hexion Chemical), the additive is an polymer that
facilitates flow-out in film formation (Cytec), the pigment dispersant is an additive such as Anti-
terra U (BykChemie), solvent 1 is an aromatic solvent such as toluene or xylene, solvent 2 is
glycol ether, the anti-settling additive is a thixatrope such as Bentone SD, the prime color
pigment is red iron oxide, the anticorrosive pigment is the amorphous aluminum phosphate
prepared by the method of making disclosed above and is provided in the form of a dried
powder, extender pigment 1 is barium sulphate, extender pigment 2 is magnesium silicate,
extender pigment 3 is mica, the second epoxy resin is the same as the first addition, the third
solvent is xylene, and the curing agent is polyamide resin such as EPIKURE 3175 (Hexion). The
loading of the amorphous aluminum phosphate was approximately 10 percent by weight based
on the total weight of the composition. Additionally, variations of this example formulation are

prepared at amorphous aluminum phosphate loading levels of 5 and 15 weight percent.

[0047] The epoxy-based example samples were studied using electro-impedance
spectroscopy (EIS). An unexpected result from the EIS testing was the observation that the
incorporation of up to 15% by weight amorphous aluminum phosphate in epoxy-based samples
demonstrated increased impedance in the epoxy film by up to an order of magnitude compared to
control. This result was found for both the 5% and 15% loadings of the amorphous aluminum
phosphate in epoxy. This result indicates that the amorphous aluminum phosphate in these
samples operates to enhance the barrier properties of the epoxy binding polymer by acting as a

water scavenger, thereby removing diffusing water from the matrix.

[0048] As water penetrates into the film, it is attracted to and accumulated at the amorphous
aluminum phosphate particles present in the film. The water is preferentially adsorbed by the
amorphous aluminum phosphate, and only after local particle saturation has occurred will any
water proceed beyond that location in the film. When this occurs, the next layer of amorphous
aluminum phosphate will adsorb the water. This absorption of water by the amorphous
aluminum phosphate significantly slows the diffusion of water through the film, and thereby
increases the service life of the film. Further, the presence of water around the re-hydrated,
saturated amorphous aluminum phosphate particles results in the release of phosphate anion into

the migrating water. Hence, even if the service life is sufficiently long to allow diffusion of
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water through the film to the substrate, the aqueous solution reaching the substrate will contain
passivating phosphate anion thereby preventing corrosion of the steel substrate. Further, the
ability of the amorphous aluminum phosphate to release inhibiting quantities of phosphate anion

provides corrosion inhibition at the sites of physical defects or damage in the film.

[0049] As noted above, despite the unique morphology properties of the solid (low oil
absorption and low surface area), the aluminum phosphate produced by binary condensation is
effective as a water scavenger. Further, amorphous aluminum phosphate made by such process
has a low oil absorption measurement, indicating that when incorporated in coating compositions
it has a low binder demand. This ensures that the incorporation of the amorphous aluminum
phosphate of this method will not increase the cost of the formulation nor will it interfere with

color development or gloss appearance properties of the resulting dry film.

[0050] This discovery allows the practical incorporation of amorphous aluminum phosphate
as a barrier enhancer in mid-coats and topcoats, and not simply in primers. Conventional
inhibitive pigments have value only in primers because they provide only a passivation
mechanism of corrosion control. Amorphous aluminum phosphate and coating compositions
comprising as disclosed herein protects from corrosion by the dual mechanism of enhancing the

barrier properties of the coating by water adsorption, and releasing passivating anion.

[0051] Table 2 presents an example anticorrosion coating composition formulation in the
form of an acrylic latex primer composition prepared in the manner disclosed herein for purposes

of reference.
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Table 2 — Example Acrylic Latex Based Anticorrosion Coating Composition

Water-based Primer Formula

Water 111Ibs
Pigment dispersant - Surfynol CT-131 23.41bs
TiO2 color pigment 104.41bs
Ammonium hydroxide 25% 1.6lbs
Corrosion Inhibitive Pigment 50lbs
Extender Pigment - calcium carbonate 183.71bs

Disperse under high sheer 30 minutes
Then mix in the following

Defoamer - Drewplus L-475 1.1lbs
Coalescent - | Eastman EB 49.2Ibs
Latex resin - Aquamac 740 506lbs
Coalescent Il - Texanol ester alcohol 9lbs
Coalescent Ill - Dowanol DPnB 14lbs
Dispersant/surfactant - Surfynol DF 210 2.4Ibs
Additive 12.3lbs
Plasticizer - Santicizer 160 12.3lbs
Flash Rust Inhibitor- ammonium benzoate | 3lbs
HASE Thickener - Acrysol TT 615 4.06lbs
Defoamer 1.4lbs

[0052] In this example, the pigment dispersant is Surfynol CT-131, the corrosion inhibitive
pigment is amorphous aluminum phosphate prepared by the methods disclosed above and is
provided in the form of powder, the defoamer is Drewplus L.-475, coalescent 1 is Eastman EB,
coalescent 2 is Dowanol DPnB, coalescent 3 is Texanol ester alcohol, the dispersant/surfactant is
Surfynol DF 210, the plasticizer is Santicizer 160, the flash rust inhibitor is ammonium benzoate
salt, the HASE thickener is Acrysol TT 615. The loading of the amorphous aluminum phosphate
in this formulation was approximately 4.6 percent by weight based on the total weight of the

composition.

[0053] As demonstrated above, embodiments of the invention provide a novel anticorrosion
coating composition comprising amorphous aluminum phosphate. While the invention has been
described with respect to a limited number of embodiments, the specific features of one
embodiment should not be attributed to other embodiments of the invention. No single
embodiment is representative of all aspects of the invention. In some embodiments, the

compositions or methods may include numerous compounds or steps not mentioned herein. In
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other embodiments, the compositions or methods do not include, or are substantially free of, any

compounds or steps not enumerated herein.

[0054] For example, if desired, anticorrosion coating compositions can be prepared
comprising one or more elements known to have anticorrosive value in addition to the
amorphous aluminum phosphate, e.g., cations such as zinc, calcium, strontium, chromate, borate,
barium, magnesium, molybdenum and combinations thereof. The addition of such other element

can operate to increase or complement the anticorrosive effect of the coating composition.

[0055] Additionally, while anticorrosion coating compositions as described herein are
engineered to include aluminum phosphate in an amorphous form, it is to be understood that
anticorrosion compositions as described herein can comprise aluminum phosphate in its known
crystalline forms. For example, such crystalline aluminum phosphate can be present in amounts
that do not otherwise adversely impact or impair the engineered anticorrosion mechanisms

and/or properties of the coating composition.

[0056] Variations and modifications from the described embodiments exist. The method of
making the coating compositions and/or amorphous aluminum phosphate is described as
comprising a number of acts or steps. These steps or acts may be practiced in any sequence or
order unless otherwise indicated. Finally, any number disclosed herein should be construed to
mean approximate, regardless of whether the word "about" or "approximately” is used in
describing the number. The appended claims intend to cover all those modifications and

variations as falling within the scope of the invention.
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What 1s Claimed is:

1. An anticorrosive coating composition comprising:

a binding polymer;

aluminum phosphate condensate dispersed within the binding polymer, wherein
the aluminum phosphate consists essentially of amorphous aluminum phosphate when the
coating composition is applied to metallic substrate, wherein the aluminum phosphate has
an oil absorption of less than about 50; and

wherein the coating composition comprises in the range of from about 1 to 25
percent by weight aluminum phosphate, and wherein the coating composition provides a

controlled phosphate delivery in the range of from about 50 to 1500 ppm.

2. The coating composition as recited in claim 1 wherein the aluminum phosphate is free of

any alkali metal or alkaline earth metal.

3. The coating composition as recited in claim 1 wherein the aluminum phosphate has a

surface area of less than about 20 m?/g. as measured by the BET method.

4. The coating composition as recited in claim 1 wherein the aluminum phosphate has a

surface area of less than about 10 m?/g. as measured by the BET method.

5. The coating composition as recited in claim 1 having a total solubles content of less than
about 800 ppm.

6. The coating composition as recited in claim 1 having a total solubles content of less than
about 400 ppm.

7. The coating composition as recited in claim 1 having a total solubles content of from

about 100 to 250 ppm.

8. The coating composition as recited in claim 1 wherein the controlled phosphate delivery

is between about 100 to 200 ppm.
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The coating composition as recited in claim 1 additionally comprising an element
selected from the group consisting of zinc, calcium, strontium, chromate, borate, barium,

magnesium, molybdenum and combinations thereof.

The coating composition as recited in claim 1 wherein the aluminum phosphate has a

water adsorption potential of up to about 25 percent by weight water.

A primer coating formed from the coating composition recited in claim 1, wherein the

primer coating is disposed onto the metallic substrate.

A mid-coat or top-coat of a coating system formed from the coating composition recited
in claim 1, wherein the mid-coat or top-coat is in contact the metallic substrate or a

primer layer disposed on the metallic substrate.

The coating composition as recited in claim 1 wherein the binding polymer is selected
from the group consisting of polyurethanes, polyesters, solvent-based epoxies, solventless
epoxies, water-borne epoxies, epoxy copolymers, acrylics, acrylic copolymers, silicones,
silicone copolymers, polysiloxanes, polysiloxane copolymers, alkyds and combinations

thereof.

A system for providing anticorrosion protection comprising a coating composition
applied to metallic substrate and allowed to cure to form a film, the cured coating
composition comprising a binding polymer having an amorphous aluminum phosphate
corrosion inhibiting pigment dispersed therein, wherein the amorphous aluminum
phosphate comprises amorphous aluminum phosphate having a surface area of less than
about 20 m”/g, the coating composition comprising in the range of from about 1 to 25
percent by weight of the amorphous aluminum phosphate based on the total weight of the
coating composition, the coating composition having a controlled delivery of phosphate

anion.

The system as recited in claim 14 wherein controlled delivery of phosphate anion is less

than about 1500 ppm.
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The system as recited in claim 14 wherein corrosion inhibiting pigment consists of

amorphous aluminum phosphate.

The system as recited in claim 14 comprising a passivating film interposed between the
coating composition and a surface of the metallic substrate, wherein the passivating film

is a reaction product formed between phosphate anion and the metallic substrate.

The system as recited in claim 14 wherein the binding polymer comprises epoxy and the
amorphous aluminum phosphate absorbs up to about 25 percent by weight water that

enters the cured firm.

The system as recited in claim 14 wherein the coating composition has a total solubles

content of less than about 800 ppm.

The system as recited in claim 14 wherein the coating composition has a total solubles

content of less than about 400 ppm.

The system as recited in claim 14 wherein the coating composition has a total solubles

content of from about 100 to 250 ppm.

The system as recited in claim 14 wherein the amorphous aluminum phosphate is

substantially free of alkali metals.

The system as recited in claim 14 wherein the amorphous aluminum phosphate has a

water adsorption potential of up to about 25 percent by weight water.

The system as recited in claim 14 wherein the coating composition is a primer coating

that disposed onto the metallic substrate.

The system as recited in claim 14 wherein the coating composition is a mid-coat or top-
coat coating that is disposed on the metallic substrate or a primer layer disposed on the

metallic substrate.

The system as recited in claim 14 wherein the coating composition has a controlled

delivery of phosphate anion of between 100 to 200 ppm.
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The system as recited in claim 14 wherein the aluminum phosphate has an oil absorption

of less than about 50.

A method for making an anticorrosion coating composition comprising the steps of:

preparing an amorphous aluminum phosphate corrosion inhibiting pigment by
combining starting materials consisting of an aluminum source with a phosphorous
source and reacting the combined starting materials at room temperature to form a
solution comprising an aluminum phosphate condensate;

drying the condensate at a temperature of less than about 200°C, wherein the
dried condensate comprises amorphous aluminum phosphate; and

mixing the amorphous aluminum phosphate with a binding polymer to form the
coating composition, wherein the coating composition comprises less than about 25

percent by weight of the of the total weight of the coating composition.

The method as recited in claim 28 wherein the solution is free of any alkali metals or

alkaline earth metals.

The method as recited in claim 28 wherein the amorphous aluminum phosphate has a

total solubles content of less than about 1500 ppm.

The method as recited in claim 28 wherein the amorphous aluminum phosphate has an oil

absorption less than about 50.

The method as recited in claim 28 wherein the amorphous aluminum phosphate has a

surface area less than about 20 m?/g.

The method as recited in claim 28 wherein the amorphous aluminum phosphate has a

surface area less than about 10 m?/g.

The method as recited in claim 28 wherein the aluminum source is selected from the

group consisting of aluminum hydroxide, aluminum sulfate, and combinations thereof.

The method as recited in claim 28 wherein the phosphorus source is phosphoric acid.
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The method as recited in claim 28 wherein the amorphous aluminum phosphate has a

total solubles content of less than about 400 ppm.

The method as recited in claim 28 wherein the coating composition has a controlled

delivery of phosphate anion of less than about 500 ppm.

The method as recited in claim 28 wherein the coating composition has a controlled

delivery of phosphate anion of between 100 to 200 ppm.

The method as recited in claim 28 wherein prior to combining with the aluminum source

the phosphate source is diluted with water.

The method as recited in claim 28 wherein prior to combining with the phosphate source

the aluminum source is not diluted with water.

The method as recited in claim 28 wherein after the step of drying, the amorphous
aluminum phosphate has a water adsorption potential of up to about 25 percent by weight

water.

The method as recited in claim 28 further comprising the step of applying the
anticorrosion coating composition to a metal substrate and allowing the applied coating
composition to form a fully cured film, wherein the binding polymer is solvent-borne,
and wherein the amorphous aluminum phosphate in the cured film controls corrosion of
the underlying substrate by both adsorbing and/or absorbing water entering the film and

providing passivating phosphate anion.
The method as recited in claim 42 wherein the binding polymer comprises epoxy.

The method as recited in claim 28 wherein during the step of mixing, the binding
polymer is selected from the group consisting of polyurethanes, polyesters, solvent-based
epoxies, solventless epoxies, water-borne epoxies, epoxy copolymers, acrylics, acrylic
copolymers, silicones, silicone copolymers, polysiloxanes, polysiloxane copolymers,

alkyds and combinations thereof.
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A primer coating formed from the anticorrosion coating composition prepared according

to the method recited in claim 28, wherein the primer is disposed on a metallic substrate.

A mid-coat or top-coat coating formed from the anticorrosion coating composition
prepared according to the method recited in claim 28, wherein the mid-coat or top-coat is

disposed on a metallic substrate or a primer layer disposed on a metallic substrate.

The method as recited in claim 28 wherein before the step of mixing, the amorphous

aluminum phosphate is not subjected to thermal treatment above 200°C.

The method as recited in claim 28 wherein after combining the starting materials free

water is not added to the process.

A method for making an anticorrosion coating composition comprising the steps of:

preparing an amorphous aluminum phosphate corrosion inhibiting pigment by
combining starting materials consisting of aluminum hydroxide and phosphoric acid in
the absence of free water to form a solution comprising an aluminum phosphate
condensate, wherein the condensate has a total solubles content of less than about 1,500
ppm;

drying the condensate at a temperature of less than about 200°C, wherein the
dried condensate comprises amorphous aluminum phosphate;

sizing the dried amorphous aluminum phosphate to have a particle size in the
range of from about 0.01 to 25 microns; and

mixing the amorphous aluminum phosphate with a binding polymer to form the
coating composition, wherein the coating composition comprises less than about 25

percent by weight of the of the total weight of the coating composition.

The method as recited in claim 49 wherein the solution is free of any alkali metals or

alkaline earth metals.

The method as recited in claim 49 wherein the amorphous aluminum phosphate has a

total solubles content of less than about 1,500 ppm.
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The method as recited in claim 49 wherein the amorphous aluminum phosphate has an oil

absorption less than about 50.

The method as recited in claim 49 wherein the amorphous aluminum phosphate has a

surface area less than about 20 m?/g.

The method as recited in claim 49 wherein the amorphous aluminum phosphate has a

surface area less than about 10 m?/g.

The method as recited in claim 49 wherein the coating composition has a controlled

delivery of phosphate anion of less than about 500 ppm.

The method as recited in claim 49 wherein the coating composition has a controlled

delivery of phosphate anion of between 100 to 200 ppm.

The method as recited in claim 49 wherein the binding polymer comprises a solvent-
borne polymer and the coating composition is applied to a metallic substrate and allowed
to dry to form a fully-cured film, wherein the amorphous aluminum phosphate controls
corrosion by both absorbing and/or adsorbing water that enters the film and producing

passivating anion.

The method as recited in claim 49 wherein the binding polymer comprises an epoxy

polymer.

The method as recited in claim 49 wherein the step of preparing is carried out without

heating.

The method as recited in claim 49 wherein before the step of mixing the amorphous

aluminum phosphate is not subjected to thermal treatment above 200°C.

The method as recited in claim 49 wherein before the step of combining the phosphoric

acid is diluted with water.

The method as recited in claim 49 wherein before the step of combining the phosphoric

acid is diluted with water.
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The method as recited in claim 49 wherein during the step of mixing, the binding
polymer is selected from the group consisting of polyurethanes, polyesters, solvent-based
epoxies, solventless epoxies, water-borne epoxies, epoxy copolymers, acrylics, acrylic
copolymers, silicones, silicone copolymers, polysiloxanes, polysiloxane copolymers,

alkyds and combinations thereof.
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