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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 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, calcium silicate, and barium sulfate in particle and/or flake 

form. 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. 

[0004] 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 

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 
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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. 

[0005] 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. 

[0006] 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 

[0007] Anticorrosive coating compositions prepared according to principles of the invention 

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 epoxies, water-borne epoxies, epoxy copolymers, acrylics, 

acrylic copolymers, silicones, silicone copolymers, polysiloxanes, polysiloxane copolymers, 
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alkyds and combinations thereof. The aluminum phosphate comprises amorphous aluminum 

phosphate. In a preferred embodiment, the aluminum phosphate is amorphous aluminum 

orthophosphate 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. 

[0008] In an example embodiment, the amorphous aluminum phosphate is amorphous 

aluminum hydroxy phosphate comprising hydroxyl functional groups attached to the aluminum 

atom and/or the phosphate atom. Additionally, the coating composition has a chemical system 

whereby the hydroxyl functional groups of the amorphous aluminum hydroxy phosphate are 

bonded with functional groups in the binding polymer. In an example embodiment, the 

amorphous aluminum phosphate has a chemical structure comprising a polymer backbone, 

wherein the amorphous aluminum phosphate includes phosphate anion both within and outside 

of the polymer backbone. Further, the amorphous aluminum phosphate has a water adsorption 

potential of up to about 25 percent by weight water. 

[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 1,500 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. 

[0010] Anticorrosion coating compositions are formed by combining starting materials 

comprising an aluminum source with a phosphorous source and an alkaline solution and reacting 

the combined starting materials to form a solution comprising an amorphous aluminum 

phosphate precipitate. 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. The step of combining can 

comprise first mixing aluminum hydroxide with phosphoric acid to form an acidic aluminum 

phosphate, and then combining the acidic aluminum phosphate with sodium aluminate to form 

the amorphous aluminum phosphate. Before the step of combining the sodium aluminate, the 

3 



WO 2012/051573 PCT/US2011/056429 

acidic aluminum phosphate has a P:A1 molar ratio that is greater than after the sodium aluminate 

is added thereto. 

[0011] In an example embodiment, the amorphous aluminum phosphate is treated to reduce 

unwanted solubles to the level noted above. The step of treating can comprise contacting the 

amorphous aluminum phosphate precipitate with an alkaline-earth metal selected to replace a 

target ion in the amorphous aluminum phosphate. In an example embodiment, the target ion is 

an alkali metal, e.g., sodium, and the alkaline-earth metal comprises a calcium compound, e.g., 

calcium hydroxide, Ca(OH)2. After the step of treating, the precipitate is substantially free of 

alkali metals. 

[0012] The treated amorphous aluminum phosphate is dried at a temperature of less than 

about 300°C, wherein the dried precipitate comprises amorphous aluminum orthophosphate. 

The amorphous aluminum orthophosphate is mixed with a binding polymer to form the 

anticorrosion coating composition. 

[0013] 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. 

[0014] 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. 
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DETAILED DESCRIPTION 

[0015] 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, e.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. Amorphous aluminum phosphates used in these anticorrosion coating 

compositions are also specially designed to have a high level of compatibility with a variety of 

different binding polymers or binding polymer systems useful for forming such coating 

composition, thereby providing a high degree of flexibility and choice in formulating the 

anticorrosion coating composition 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, polyurethane, 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 
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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, e.g., the substrate to be 

coated and the corrosive environment intended for the substrate. 

[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 thereof. 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. 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 these anticorrosion coating 

compositions are specially engineered to both provide a controlled release or delivery of 

passivating anion, e.g., phosphate anions, to inhibit corrosion, and to have a low total solubles 

content to avoid osmotic blistering. 

[0019] 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 
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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, e.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 Al-OH to Al-OP ratio in 

the complex it is possible to regulate the release of secondary components incorporated in the 

material in the co-precipitation process. Such secondary components can include sodium 

phosphate salts that result from the synthesis reaction. 

[0020] 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 

[0021] 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, 
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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 or in the oxide layer of 

the underlying metallic substrate to form a passivating film thereon and therein that operates to 

form a barrier protecting the underlying metallic surface from corrosion. 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 phosphate anions. Specifically, 

to release/de liver 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. 

[0022] 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. 

[0023] 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 

effective service life of the coating. 
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[0024] Anticorrosion coating compositions are engineered having a controlled or minimized 

level of solubles. As used herein, the term "solubles" and "nonpassivating solubles" are used 

interchangeably 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. 

[0025] 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. 

[0026] 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 total solubles , i.e., 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. 

Methods of Making 

[0027] 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 
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such as calcium, magnesium, barium and the like. The phosphate complex is prepared by 

dissolving a suitable salt, such as aluminum hydroxide, magnesium hydroxide, calcium 

hydroxide, aluminum sulfate and the like in phosphoric acid in molar amounts to achieve 

complete dissolution of the salt. The phosphate complex is precipitated from the acid solution by 

neutralizing with an alkaline solution or base such as sodium hydroxide, potassium hydroxide, 

ammonium hydroxide, sodium aluminate, potassium aluminate and the like. The composition of 

the resulting precipitated solid depends on the ratio of the metal to the phosphate anion. The 

properties of the precipitated complex, i.e., the amorphous aluminum phosphate, depend on the 

processing parameters employed during the dissolution of the salt in the acid and on the 

conditions of the precipitation/neutralization, including choice of neutralizing agent, temperature, 

order of addition of reactants, rate of addition of reactants, and the degree and duration of 

agitation. 

[0028] Thus, amorphous aluminum phosphates included in anticorrosion coating 

compositions are made as a precipitation product by combining selected starting materials 

including an aluminum source and a phosphorous source under specific conditions of controlled 

material delivery, temperature, agitation, and pH. The judicious selection of starting materials 

and process conditions produces amorphous aluminum phosphates having a material 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. 

[0029] Aluminum sources useful for forming amorphous aluminum phosphate by 

precipitation include aluminum salts, such as aluminum chloride, aluminum nitrate, aluminum 

sulfate and the like. Aluminum sources useful for forming amorphous aluminum phosphate by 

precipitation also include aluminate compounds, such as sodium aluminate and the like, 

aluminum hydroxide, or aluminum in metallic form. Phosphorous sources useful for forming 

amorphous aluminum phosphate by precipitation include phosphoric acid, and salts of 

phosphorus as orthophosphates or as polyphosphates. An alkaline solution is used to control the 

pH or neutralize the reaction of the main ingredients. In an example embodiment, the alkaline 

solution can include ammonium hydroxide, sodium hydroxide, sodium carbonate, and 

combinations thereof. In an example embodiment, sodium hydroxide is used as the alkaline 
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solution. Useful aluminum sources, phosphate sources, and alkaline sources include those 

disclosed in Published US Patent Applications 2006/0045831 and 2008/0038556, which are each 

incorporated herein by reference in their entirety. 

[0030] Amorphous aluminum phosphate can be made through the selective combination of 

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. 

Aluminum Sulfate Method of Making 

[0031] In an example embodiment, amorphous aluminum phosphate having the above-noted 

engineered properties is prepared by combining aluminum sulfate, phosphoric acid and sodium 

hydroxide as disclosed in Published US Patent Application 2006/0045831. The process steps 

used in this example process generally include: preparing the main reagents, such as a diluted 

solution of phosphoric acid, a diluted solution of aluminum sulfate, and a diluted solution of 

sodium hydroxide or ammonium hydroxide; simultaneous and controlled adding of the reagents 

in a reactor equipped with a sloshing system to keep the homogeneity of the mixture during the 

process; and controlling, during the addition of the reagents in the reactor, of the temperature and 

pH (acidity) of the mixture and the reaction time. 

[0032] The main reagents in this example process can be prepared as follows. 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 P2O5 

may be chemically treated and/or diluted with treated water resulting in a concentration of 

approximately 20% P2O5. Another reagent useful for this example process is commercial 

aluminum sulfate, which may be obtained by reaction between alumina (hydrate aluminum 

oxide) and concentrated sulfuric acid (98% H2SO4), that is clarified and stored at an approximate 

28% concentration of AI2O3. For the reaction to have favorable kinetics, the aluminum sulfate is 

diluted with water treated at approximately 5.0% of AI2O3. 

[0033] Neutralization of the reaction is carried out with a sodium hydroxide solution, which 

may be commercially purchased in different concentrations. A concentration of approximately 
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50% of NaOH may be purchased and diluted. For example, in a first phase of the reaction, when 

the initial reagents are being mixed, the sodium hydroxide may be used in the concentration of 

approximately 20% of NaOH. In a second phase of the reaction, to fine tune the product acidity, 

a sodium hydroxide solution with approximately 5.0% of NaOH may be used. As an alternative 

neutralizer, ammonium hydroxide or sodium carbonate (soda ash) may be used. 

[0034] In this example process, a chemical reaction results in the formation of amorphous 

aluminum orthophosphate or of aluminum orthophosphates (A^HPO^ or A1(H2P04)3. The 

reaction is carried out through the mixture of the three reagents, i.e., phosphoric acid solution, 

aluminum sulfate solution, and sodium hydroxide solution. The reagents are dosed in a reactor, 

typically containing a sloshing system, during about a 30 minute period. During the addition of 

the reagents in the reactor, the pH of the mixture is controlled within a 4.0 to 4.5 range and a 

reaction temperature, between 35°C and 40°C. The reaction is completed after about 15 minutes 

of the reagent mixture. In this period, the pH of the mixture may be adjusted to 5.0, with the 

addition of more diluted sodium hydroxide. In this example process, the temperature is 

preferably maintained below approximately 40°C. At the end of the reaction, the suspension 

formed should contain a P:A1 molar ratio of between about 0.8:1 to 1.2:1. 

[0035] As noted above, a feature of the amorphous aluminum phosphate used herein in the 

anticorrosion coating composition is that it is engineered having a reduced total solubles content. 

The desired low total solubles content can be achieved during one or more different processing 

or treatment steps. In an example embodiment, an ion exchange processing step is used to 

reduce the content of unwanted total solubles in the amorphous aluminum phosphate. The ion 

exchange process can either be implemented as a step separate from and subsequent to the 

formation of the precipitate, or it can be conducted during the step of reacting the main reagents 

in situ during formation of the precipitate. 

[0036] In one example embodiment, the ion exchange process is conducted during in situ 

formation of the amorphous aluminum phosphate by delivering a desired ion exchange material 

into the reactor during combination and/or mixing of the main reagents. In an example 

embodiment, the ion exchange material comprises a compound including an alkaline earth metal 

that is intended to replace or exchange with an unwanted target ion in the amorphous aluminum 
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phosphate. In an example embodiment, amorphous aluminum phosphate treated in this matter is 

substantially free of alkali metals. 

[0037] It has been discovered that the type of ion exchange material selected, in addition to 

reducing the unwanted presence of solubles, can influence the chemical structure of the 

amorphous aluminum phosphate, which structure can impact the engineered property of 

controlled passivating anion delivery. In an example embodiment, where the unwanted ion in 

the amorphous aluminum phosphate is sodium, it is desired that the ion exchange material 

comprise Ca(OH)2. A feature of using Ca(OH)2 as the ion exchange material is that calcium ions 

operate to replace sodium ions in the amorphous aluminum phosphate that has the effect of both 

reducing the amount of unwanted solubles, and causing a change in the chemical structure of the 

amorphous aluminum phosphate. Specifically, the presence of divalent calcium ion operates to 

favor and promote chain extension within the amorphous aluminum phosphate, which chain 

extension is desired because it helps to produce a more consistent particle size by aggregating 

smaller particles during the nucleation process, thereby leading to less fines in the resulting solid. 

[0038] Alternatively, the ion exchange process is conducted after formation of the 

precipitate. This can be done while the precipitate exists as a suspension in the reaction solution 

within or outside of the reactor, or can be done after the precipitate has been separated from the 

solution, e.g., by filtration process of the like, or can be done after the filtered precipitate has 

been washed. As noted above, in a preferred embodiment, Ca(OH)2 is used as the ion exchange 

material and the amorphous aluminum phosphate precipitate is placed into contact with the ion 

exchange material during an ion exchange processing step to remove unwanted solubles 

therefrom. 

[0039] After the formation of the amorphous aluminum orthophosphate, the suspension 

containing around 6.0% to 10.0% of solids, with a maximum approximate temperature of about 

45°C, and density of about 1.15 to 1.25 g/cm3, is processed for separation. In an example 

embodiment, the suspension is pumped to a conventional filter press. In the filter press, 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 is kept 

in the filter for washing cycle. The filtered concentrate, which is basically a concentrated 
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solution of sodium sulfate, is extracted from the filter and stored for future usage. While the use 

of a filter press has been disclosed as a separating technique, it is to be understood that other 

types of separating techniques can be used. 

[0040] In an example embodiment, washing of the wet cake is performed in the filter itself 

and in multiple process steps. In a first washing ("displacement washing") the largest part of the 

filtered substance contaminating the cake is removed. The washing step is performed using 

treated water over the cake flowing at a preselected flow rate. A second washing step, also with 

treated water, may be carried out to further reduce, if not eliminate, the contaminants. A third 

washing step using a slightly alkaline solution may be used to neutralize the cake and to keep its 

pH in the 7.0 range. The cake may be blown with compressed air for a period of time. 

Preferably, the solids content of the wet product is between about 35% to 45%. While the use of 

a particular washing technique and sequence has been disclosed, it is to be understood that other 

types of washing techniques can be used. 

[0041] The cake dispersion may be processed in such a way that the filter cake, wet and 

washed, and containing approximately 35% of solids, is extracted from the press filter by a 

conveyor belt and transferred to a reactor/disperser. The dispersion of the cake is aided by the 

addition of a dilute solution of sodium tetrapyrophosphate. 

[0042] After the dispersion step, the product is then dried, when the aluminum phosphate 

"mud," with a percentage of solids of between about 30% to 50%, is pumped to the drying unit. 

In an example embodiment, water removal from the material can be carried out with drying 

equipment, such as a "turbo dryer" type through an injection of a hot air stream, at a temperature 

of less than about 300°C, preferably temperatures of from about 40 to 140°C, and more 

preferably at temperatures of less than about 130°C, through the sample. 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. 
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Sodium Aluminate Method of Making 

[0043] In another example process, the amorphous aluminum phosphate is prepared by using 

sodium aluminate as an aluminum source as disclosed in Published US Patent Application 

2008/0038556. In one such embodiment, the amorphous aluminum phosphate is prepared by a 

reaction between phosphoric acid and aluminum hydroxide. The process may further comprise a 

step of neutralizing that can be carried out by using sodium aluminate. In certain embodiments, 

the process for making an amorphous aluminum phosphate comprises reacting phosphoric acid, 

aluminum hydroxide and sodium aluminate. In one embodiment, the process for making an 

amorphous sodium aluminum phosphate comprises reacting aluminum phosphate and sodium 

aluminate. 

[0044] In one embodiment, the reaction comprises two steps. In a first step, phosphoric acid 

reacts with aluminum hydroxide to produce aluminum phosphate at an acidic pH. In one 

embodiment, amorphous aluminum phosphate is produced as a water soluble aluminum 

phosphate. In certain embodiments, the pH of water soluble amorphous aluminum phosphate is 

less than about 3.5. In certain embodiments, the pH is about 3, 2.5, 2, 1.5 or 1. In certain 

embodiments, the amorphous aluminum phosphate is produced as a fine solid-liquid dispersion 

at a higher pH. In one embodiment, the pH is about 3, 4, 5 or 6. 

[0045] In a second step, the acidic aqueous aluminum phosphate solution or dispersion from 

the first chemical step is reacted with sodium aluminate. In certain embodiments, the sodium 

aluminate is used as an aqueous solution at a pH greater than about 10. In one embodiment, the 

pH of the aqueous sodium aluminate solution is about 11, 12 or 13. In one embodiment, the pH 

of the aqueous sodium aluminate solution is greater than about 12. The amorphous aluminum 

sodium phosphate is generated as a solid precipitate. In one embodiment, the solid aluminum-

sodium phosphate has a molar ratio of P:A1 of about 0.85, and a molar ratio of Na:Al of about 

0.50. In one embodiment, the solid amorphous aluminum sodium phosphate has a molar ratio of 

P:A1 of about 1, and a molar ratio of Na:Al of about 0.76. In certain embodiments, the molecules 

with other formulation ratios can be obtained by the same procedure. 

[0046] In one embodiment, the solid hydrated aluminum hydroxide is added to the 

phosphoric acid in the first chemical step. In another embodiment, the solid hydrated aluminum 
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hydroxide is added to the purified liquid sodium aluminate solution to form a colloidal solution. 

In another embodiment, the solid hydrated aluminum hydroxide is added directly as solid or 

solid-liquid suspension in water in the second reaction step. In certain embodiments, the reaction 

is carried out in a single step. 

[0047] Sodium aluminates useful for this example process include those that can be obtained 

by methods known to those skilled in the art. For example, the sodium aluminate can be 

provided in solution form as a standard chemical product resulting from the first step in the 

Bayer process in the alumina (AI2O3) extraction from Bauxite ore, often called "purified sodium 

pregnant solution". This liquid aqueous sodium aluminate solution is saturated at ambient 

temperature and stabilized with sodium hydroxide, NaOH. Its typical compositions are: sodium 

aluminate, 58 to 65% mass (25 to 28% mass of AI2O3) and sodium hydroxide, 3.5 to 5.5% mass 

(2.5 to 4% mass of free Na20). In certain embodiments, it has a molar ratio of Na:Al of from 

about 1.10 to 2.20 and low impurities (depending on the Bauxite origin: Fe=40 ppm, Heavy 

metals=20 ppm, and small amount of anions, CI" and SO42"). In certain embodiments, the sodium 

aluminate water solution has a molar ratio ofNa:Al of about 1.1 0, 1.15, 1.20, 1.25, 1.30, 1.35, 

1.40, 1.45, 1.50, 1.55, 1.60, 1.65, 1.70, 1.75, 1.80, 1.85, 1.90, 1.95,2.0,2.05,2.10,2.15 or 2.2. 

The solution color, in certain embodiments, is amber. In certain embodiments, the viscosity of 

the solution is approximately 100 cP. In certain aspects, the sodium aluminate solution is 

purified by polishing filtration. In certain embodiments, the sodium aluminate solution is 

regenerated from solid aluminum hydroxide and sodium hydroxide. 

[0048] The solid hydrated aluminum hydroxide can be obtained by methods known to one of 

skill in the art. In one embodiment, aluminum hydroxide is an industrial chemical produced by 

the Bayer process. The solid hydrated aluminum hydroxide can be obtained from the "purified 

sodium aluminate pregnant solution" by precipitation which is accomplished via cooling the 

solution. In one embodiment, the sodium aluminate thus produced has a low level of impurities 

and a variable amount of humidity (cations about 70 ppm, chlorates about 0.85% mass and 

sulfates about 0.60% mass (these impurities are determined by the purification level of the 

"Purified Sodium Aluminate pregnant solution) and the total water, hydration and humidity, 

about 22.0 to 23.5% mass. In one aspect, both raw materials are standard primary industrial 
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products, just first and second step from the bauxite processing, (commodities) produced in huge 

amounts by the bauxite processors. 

[0049] In one embodiment, the chemical reaction results in the formation of aluminum 

sodium phosphate (AlfOHjyNayfPC^). 1.7H2O). After the formation of aluminum sodium 

phosphate, the suspension containing around 6.0% to 10.0% of solids, with a maximum 

approximate temperature of 45°C, and density in a 1.15 to 1.25 g/cm3 range, is pumped to a 

conventional filter press. 

[0050] Like the example process disclosed earlier, this example process also includes one or 

more processing steps useful for providing the desired low total solubles content. In an example 

embodiment, such process step comprises an ion exchange process as described above. Such ion 

exchange step can take place in situ during formation of the amorphous aluminum phosphate 

precipitate, or subsequent thereto, in the same manner noted above for the example process 

involving aluminum sulfate. In an example embodiment, calcium hydroxide, Ca(OH)2, is used 

as the preferred alkaline earth metal ion exchange material to reduce the unwanted solubles 

content of the treated amorphous aluminum phosphate, and to facilitate formation of a preferred 

chemical structure. 

[0051] The solution containing the amorphous aluminum phosphate precipitate resulting 

from the reaction of the main reactants can be further processed, e.g., separated, washed and the 

like, as disclosed above for the aluminum sulfate example process. 

[0052] In a preferred embodiment, amorphous aluminum phosphate is prepared by the 

process of using sodium aluminate. It has been discovered that the sodium aluminate process 

provides for an improved degree of control over the essential characteristics of the amorphous 

aluminum phosphate that does not otherwise exist in the aluminum sulfate process. 

[0053] In such preferred embodiment, amorphous hydroxy aluminum phosphate is prepared 

by reacting a 3 to 1 P:A1 aqueous solution of acidic aluminum phosphate with an aqueous 

solution of sodium aluminate (NaOH/Al(OH)3), wherein the acidic aluminum phosphate is 

prepared by dissolving aluminum hydroxide in aqueous phosphoric acid. The resulting 

amorphous hydroxy aluminum phosphate has a P:A1 ratio of from about 0.5:1 to 1.5:1, and an 
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Na: A1 ratio of from about 0.25:1 to 1:1. It is desired that the amorphous hydroxy aluminum 

phosphate have a P:A1 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. It is desired that the amorphous hydroxy aluminum 

phosphate have a Na:Al ratio in this range because solubility and release rate are balanced to 

provide properties of film matrix compatibility and passivation. 

[0054] Sodium aluminate is added to the acidic aluminum phosphate solution to accomplish 

the following two objectives. First, it adds more aluminum ion to achieve the above-noted target 

P:A1 ratio. Second, the addition of aluminum ion eventually causes flocculation of amorphous 

aluminum hydroxy phosphate particles. Sodium hydroxide that is added to the aluminum 

hydroxide facilitates dissolution of the latter, accelerates reaction with the acidic aluminum 

phosphate at lower temperatures, and facilitates precipitation of the aluminum phosphate by 

neutralizing the reaction medium. Depending on the reaction conditions, the sodium may be 

incorporated into the aluminum hydroxy phosphate structure by capping the oxygen groups 

attached to the phosphorous atom of the phosphate groups and by combining with phosphate 

anion in solution to form one of a number of possible soluble sodium phosphate compounds. As 

noted above, this capping that is facilitated by the presence of the sodium ion can be controlled 

and converted to chain extension through substitution of the sodium ion with the divalent 

calcium ion that is provided during the ion exchange process. 

[0055] This precipitation involves the following competing reactions: (1) aluminum ion from 

the sodium aluminate reacts with phosphate anion in the acidic aluminum phosphate solution, 

leading to solid, flocculated insoluble amorphous aluminum hydroxy phosphate; and (2) sodium 

ion from the sodium aluminate reacts with phosphate anion in the acidic aluminum phosphate 

solution to form soluble sodium phosphate salts. 

[0056] The prevalence of either of these reactions depends on specific reaction conditions, 

notably temperature and the concentration of aluminum available for conversion of acidic 

aluminum phosphate to solid aluminum hydroxy phosphate. Initially, aluminum cation 

complexes with phosphate anion and eventually clusters to form particles that flocculate and 
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form insoluble particles. Any sodium phosphate salts formed are soluble and remain in solution. 

Therefore, slow addition of the sodium aluminate, long agitation, and high temperature will favor 

the formation of aluminum hydroxy phosphate at the expense of the soluble sodium salts. Thus, 

controlling the process in this manner reduces the level of unwanted soluble salts present in the 

final product. Alternatively, rapid addition of sodium aluminate to acidic aluminum phosphate 

will cause formation of a random mixture of products. Sodium from sodium aluminate needs to 

go somewhere, so it caps aluminum hydroxy phosphate oxygen groups, it remains occluded as 

sodium hydroxide, it reacts with available phosphate to form sodium salts, and/or it becomes a 

counter-ion on the surface of aluminum hydroxy phosphate particles. Controlling the process in 

this manner produces a high level of unwanted solubles. 

[0057] After forming the amorphous hydroxy aluminum phosphate precipitate, the 

precipitate is filtered, washed, wet milled, and spray dried to give a white powder having 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:A1 ratio of from about 0.9 to 1, and 

have a particle size distribution of D50 of about 1 micron and D90 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. 

Particles 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. 

[0058] Enhanced control over the essential characteristics of amorphous aluminum 

phosphate is achieved by manipulating the concentration of the aluminate, which operates to 

adjust and fine tune the P:A1 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 sodium 

aluminate process of making provides a method for controlling the total solubles content not 

previously available, e.g., the total solubles content can be controlled by the amount of base 

incorporated in the aluminate solution, thereby promoting formation of a coating composition 

having a desired film stability and integrity. 
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[0059] Additionally, the sodium aluminate process facilitates manipulation of other process 

variables, such as the order of addition, the rate of agitation, the residence time in the reactor, 

and temperature control, that together or individually operate to permit the tailoring of the 

desired performance properties of the amorphous aluminum phosphate for use in certain end-use 

anticorrosion applications. The properties that can be influenced by these variables include the 

amount of unwanted solubles, the release rate of the passivating anion, the particle size 

distribution of the amorphous aluminum phosphate, and the amount of the passivating anion. 

For example, the rate of addition of the aluminate with the amorphous aluminum phosphate, and 

the residence time of the reaction product within the reactor, can operate to control the degree of 

disorder as it relates to possible reacting species and possible reaction products as described 

above. 

[0060] 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 

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 studying the effect using electroimpedence spectroscopy (EIS). 

[0061] Amorphous aluminum phosphates, prepared using the aluminate process disclosed 

above, have a unique chemical structure that allows for the inclusion of secondary ingredients 

(dopants), and that provides for the controlled release of these ingredients under end-use 
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conditions. Specifically, amorphous aluminum phosphate prepared according to the aluminate 

process have a chemical structure comprising passivating anion present both in and out of the 

amorphous aluminum phosphate backbone structure. 

[0062] As noted above, the aluminate process allows for the careful manipulation of the 

reagents, which results in the production of a controlled release composition where amorphous 

aluminum phosphate is in effect a carrier for specific passivating anions, e.g., phosphate salts. 

This feature enables one to tailor the release rate of passivating phosphate anion by combining 

the release properties of the base amorphous aluminum phosphate with encapsulated soluble 

phosphates. Thus, the resulting amorphous aluminum phosphate is not a simple admixture of the 

two solids but rather is the result of the manufacturing process in which the soluble salts are 

prepared intimately and simultaneously with the amorphous aluminum phosphate backbone 

structure. The aluminate process allows for the selective creation of aluminum bridges between 

ionic clusters, which in turn determine features of product morphology, depending on the P:A1 

ratio. 

[0063] Amorphous aluminum phosphate made according to the described methods have a 

surface area (as measured by BET method) of greater than 20 m2/g, but less than about 80 m2/g. 

In an example embodiment, the surface area is in the range of between about 20 to 60 m2/g, and 

more preferably in the range of between about 20 to 30 m2/g. 

[0064] 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. 

[0065] 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. 
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Table 1 - Example Epoxy-Based Anticorrosion Coating Composition 

Solvent Based two parts Epoxy Primer Formula 

Part 1 
Epoxy resin 238. "lbs 

Additive 3lbs 
Pigment dispersant 5lbs 

Solvent 1 75lbs 
Solvent 2 20.4lbs 

Anti-settling additive 10.2lbs 
Red iron oxide pigment 120.4lbs 
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 142.2lbs 

[0066] 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 828 (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 was the amorphous aluminum phosphate 

prepared by the sodium aluminate method of making and was 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 

were prepared at amorphous aluminum phosphate loading levels of 5 and 15 weight percent. 
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[0067] These example epoxy-based compositions were applied to steel substrates and 

allowed to form fully-cure films. The film samples were subjected to exposure testing according 

to ASTM D 5894-05, prohesion testing, and ASTM B 117 salt fog exposure. Evaluation of 

samples was conducted according to ASTM D 610, D 714, and D 1454. In each of these tests, 

the epoxy-based samples performed at least as well as or outperformed conventional corrosion 

coating compositions, e.g., comprising conventional inhibitive pigments such zinc chromate, 

zinc molybdate, and zinc phosphate. 

[0068] In addition to the visual tests described above, the epoxy-based example samples 

were also studied using electro-impedance spectroscopy (EIS). During EIS testing, after 2000 

hours of exposure to 5 percent sodium chloride solution, the zinc phosphate and zinc molybdate 

containing conventional samples showed significant decreases in impedance, indicating that the 

barrier properties of the film had deteriorated and that the film was saturated with electrolyte 

compared to control and the corrosion process had initiated. This is a surprising and alarming 

observation because it means that the process to initiate corrosion has occurred in the presence of 

these well-established corrosion inhibitive pigments.. The next step in the failure mechanism is 

the deterioration of the adhesive bonds of the film to the substrate, thereby freeing additional 

sites for active corrosion to occur. 

[0069] An unexpected result from the EIS testing was the observation that both the 5 and 15 

percent by weight amorphous aluminum phosphate loaded epoxy-based sample demonstrated 

increased impedance in the epoxy film by an order of magnitude compared to control. This 

result indicates that the amorphous aluminum phosphate in these samples is enhancing the 

barrier properties of the epoxy by acting as a water scavenger, removing diffusing water from the 

matrix and by inhibiting the corrosion reaction. 

[0070] 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 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 
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of phosphate anion into the migrating water. Hence, even if the service life is sufficiently long to 

allow diffusion of 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. 

[0071] 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. This discovery allows the practical incorporation of amorphous aluminum 

phosphate as a barrier enhancer in mid-coats and topcoats 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 the same according to this invention protects from corrosion by a dual mechanism: 

water adsorption enhancing barrier properties and release of passivating anion. 

[0072] 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. 

Table 2 - Example Acrylic Latex Based Anticorrosion Coating Composition 

Water-based Primer Formula 

Water 111 lbs 
Pigment dispersant - Surfynol CT-131 23.4lbs 
Ti02 color pigment 104.4lbs 
Ammonium hydroxide 25% 1.6lbs 
Corrosion Inhibitive Pigment 50lbs 
Extender Pigment - calcium carbonate 183.7lbs 

Disperse under high sheer 30 minutes 
Then mix in the following 
Defoamer - Drewplus L-475 1.11 bs 
Coalescent -1 Eastman EB 49.2lbs 
Latex resin - Aquamac 740 506lbs 
Coalescent II - Texanol ester alcohol 9lbs 
Coalescent III - Dowanol DPnB 14lbs 
Dispersant/surfactant - Surfynol DF 210 2.4lbs 
Additive 12.3lbs 
Plasticizer - Santicizer 160 12.3lbs 
Flash Rust Inhibitor-ammonium benzoate 3lbs 
HASE Thickener - Acrysol TT 615 4.06lbs 
Defoamer 1.4lbs 
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[0073] In this example, the pigment dispersant is Surfynol CT-131, the corrosion inhibitive 

pigment is amorphous aluminum phosphate prepared by the sodium aluminate method of making 

and was 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. 

[0074] The acrylic latex based anticorrosion coating composition noted above was applied to 

a steel substrate (both solvent cleaned cold rolled steel and abrasive blasted steel) as noted above 

for the epoxy based composition and allowed to cure to form a protective film. The resulting 

sample was subjected to salt fog and prohesion testing according to ASTM D 5894-05. The tests 

demonstrated that the acrylic latex based anticorrosion coating composition outperformed 

conventional anticorrosion coating compositions with or without the use of a flash rust inhibitor 

by approximately 23 percent. This superior performance without the flash rust inhibitor was 

surprising and unexpected, and is attributed to the controlled release of phosphate anion at all 

stages of coating service life, including the application period. 

[0075] 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 

other embodiments, the compositions or methods do not include, or are substantially free of, any 

compounds or steps not enumerated herein. 

[0076] 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 
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elements can operate to increase or complement the anticorrosive effect of the coating 

composition. 

[0077] 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. 

[0078] 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 is Claimed is: 

1. An anticorrosive coating composition comprising: 

a binding polymer; 

aluminum phosphate dispersed within the binding polymer, wherein the 

aluminum phosphate consists essentially of amorphous aluminum phosphate when the 

coating composition is applied to a metallic substrate; 

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 500 ppm when applied to 

the metallic substrate and when contacted with water and oxygen. 

2. The coating composition as recited in claim 1 wherein the coating composition has a total 

solubles content of less than about 1,500 ppm. 

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

solubles content of less than about 400 ppm. 

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

solubles content of from about 100 to 250 ppm. 

5. The coating composition as recited in claim 1 wherein the binding polymer is selected 

from the group consisting of water-borne and solvent-borne polymers and solvent-less 

polymers. 

6. 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. 

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

is between about 100 to 200 ppm. 
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8. 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, and molybdenum. 

9. The coating composition as recited in claim 1 wherein the amorphous aluminum 

phosphate is substantially free of alkali metals. 

10. 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. 

11. The coating composition as recited in claim 1 wherein the amorphous aluminum 

phosphate is amorphous aluminum hydroxy phosphate comprising hydroxyl functional 

groups attached to the aluminum atom. 

12. The coating composition as recited in claim 11 comprising a chemical system whereby 

the hydroxyl functional groups of the amorphous aluminum hydroxy phosphate are 

bonded with functional groups in the binding polymer. 

13. The coating composition as recited in claim 11 wherein the hydroxyl functional groups 

comprise P-OH. 

14. The coating composition as recited in claim 1 wherein the amorphous aluminum 

phosphate comprises phosphate anion, and wherein the controlled delivery of phosphate 

comprises delivery of the phosphate anion. 

15. The coating composition as recited in claim 1 wherein the amorphous aluminum 

phosphate has a chemical structure comprising a polymer backbone, and wherein the 

amorphous aluminum phosphate includes phosphate anion both within and outside of the 

polymer backbone. 

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

primer coating is disposed on the metallic substrate. 
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17. 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 with the metallic substrate or a 

primer layer disposed thereon. 

18. A system for providing anticorrosion protection comprising a coating composition 

applied to a 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 hydroxyl phosphate, 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 of less than about 500 ppm. 

19. The system as recited in claim 18 wherein the corrosion inhibiting pigment consists of 

amorphous aluminum phosphate. 

20. The system as recited in claim 18 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 from sodium phosphate salts present in the amorphous 

aluminum phosphate and the metallic substrate. 

21. The system as recited in claim 18 wherein the binding polymer comprises epoxy and the 

amorphous aluminum phosphate absorbs and/or adsorbs up to about 25 percent by weight 

water that enters the cured firm. 

22. The system as recited in claim 18 wherein the coating composition has a total solubles 

content of less than about 1,500 ppm. 

23. The system as recited in claim 18 wherein the coating composition has a total solubles 

content of less than about 800 ppm. 

24. The system as recited in claim 18 wherein the coating composition has a total solubles 

content of from about 100 to 250 ppm. 
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25. The system as recited in claim 18 wherein the amorphous aluminum phosphate comprises 

a chemical structure including sodium incorporated therein. 

26. The system as recited in claim 18 wherein the amorphous aluminum phosphate comprises 

a chemical structure including calcium incorporated therein. 

27. The system as recited in claim 18 wherein hydroxyl groups from the amorphous 

aluminum hydroxy phosphate are bonded to suitable groups of the binding polymer to 

provide matrix stability and moisture barrier enhancement to the coating composition. 

28. The system as recited in claim 18 wherein the amorphous aluminum phosphate has a 

chemical structure comprising a polymer backbone, and wherein the amorphous 

aluminum phosphate includes phosphate anion both within and outside of the polymer 

backbone. 

29. The system as recited in claim 18 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. 

30. The system as recited in claim 18 wherein the coating composition comprises 5 to 15 

percent by weight of the amorphous aluminum phosphate based on the total weight of the 

coating composition, and has a total solubles content of less than about 400 ppm. 

31. The system as recited in claim 18 wherein the amorphous aluminum phosphate is an 

orthophosphate. 

32. The system as recited in claim 18 wherein the amorphous aluminum phosphate is 

substantially free of alkali metals. 

33. The system as recited in claim 18 wherein the amorphous aluminum phosphate has a 

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

34. The system as recited in claim 18 wherein the coating composition is a primer coating 

disposed on the metallic substrate. 
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35. The system as recited in claim 18 wherein the coating composition is a mid-coat or top­

coat coating that disposed on the metallic substrate or a primer layer disposed on the 

metallic substrate. 

36. The system as recited in claim 18 wherein the coating composition has a controlled 

delivery of phosphate anion of between 100 to 200 ppm. 

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

preparing an amorphous aluminum phosphate corrosion inhibiting pigment by 

combining starting materials comprising an aluminum source with a phosphorous source 

and an alkaline solution and reacting the combined starting materials to form a solution 

comprising an amorphous aluminum phosphate precipitate; 

treating the amorphous aluminum phosphate precipitate to reduce total solubles to 

less than about 1,500 ppm; 

drying the precipitate at a temperature of less than about 300°C, wherein the dried 

precipitate comprises amorphous aluminum orthophosphate; and 

mixing the amorphous aluminum orthophosphate 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. 

38. The method as recited in claim 37 wherein the step of treating comprises contacting the 

amorphous aluminum phosphate precipitate with an alkaline earth metal selected to 

replace a target ion in the amorphous aluminum phosphate. 

39. The method as recited in claim 38 wherein the target ion is an alkali metal. 

40. The method as recited in claim 39 wherein the target ion is sodium and the alkaline earth 

metal comprises a calcium compound. 

41. The method as recited in claim 40 wherein the calcium compound is calcium hydroxide, 

Ca(OH)2. 

42. The method as recited in claim 37 wherein after the step of treating, the precipitate is 

substantially free of alkali metals. 
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43. The method as recited in claim 37 wherein the aluminum source is selected from the 

group consisting of sodium aluminate, aluminum hydroxide, aluminum sulfate, and 

combinations thereof. 

44. The method as recited in claim 37 wherein the phosphorus source is phosphoric acid. 

45. The method as recited in claim 37 wherein the step of combining comprises first mixing 

aluminum hydroxide with phosphoric acid to form an acidic aluminum phosphate, and 

then combining the acidic aluminum phosphate with sodium aluminate to form the 

amorphous aluminum phosphate. 

46. The method as recited in claim 45 wherein before the step of combining the sodium 

aluminate, the acidic aluminum phosphate has a P:A1 molar ratio that is greater than after 

the sodium aluminate is added thereto. 

47. The method as recited in claim 37 wherein after the step of treating, the amorphous 

aluminum phosphate precipitate has a total solubles content of less than about 400 ppm. 

48. The method as recited in claim 47 wherein the coating composition has a controlled 

delivery of phosphate anion of between 50 to 500 ppm. 

49. The method as recited in claim 37 wherein the amorphous aluminum orthophosphate is 

an amorphous aluminum hydroxy orthophosphate, and wherein the amorphous aluminum 

hydroxy orthophosphate has a chemical structure comprising a polymer backbone, and 

wherein the amorphous aluminum hydroxy orthophosphate includes passivating 

phosphate anions both within and outside of the polymer backbone. 

50. The method as recited in claim 37 wherein after the step of drying, the amorphous 

aluminum orthophosphate has a water adsorption potential of up to about 25 percent by 

weight water. 

51. The method as recited in claim 37 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 orthophosphate in the cured film controls 
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corrosion of the underlying substrate by both adsorbing and/or absorbing water entering 

the film and providing passivating phosphate anion. 

52. The method as recited in claim 51 wherein the binding polymer comprises epoxy. 

53. A primer coating formed from the anticorrosion coating composition prepared according 

to the method recited in claim 37, wherein the primer is disposed on a metallic substrate. 

54. A mid-coat or top-coat coating formed from the anticorrosion coating composition 

prepared according to the method recited in claim 37, wherein the mid-coat or top-coat is 

disposed on a metallic substrate or on a primer layer that is disposed on the metallic 

substrate. 

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

preparing an amorphous aluminum orthophosphate corrosion inhibiting pigment 

by combining starting materials comprising sodium aluminate, phosphoric acid, and 

sodium hydroxide to form a solution comprising an aluminum orthophosphate 

precipitate; 

treating the precipitate to reduce the level of total solubles to less than 1,500 ppm; 

drying the precipitate at a temperature of less than about 300°C, wherein the dried 

precipitate comprises amorphous aluminum orthophosphate; 

sizing the dried amorphous aluminum orthophosphate to have a particle size in the 

range of from about 0.01 to 25 microns; and 

mixing the amorphous aluminum orthophosphate 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. 

56. The method as recited in claim 55 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 orthophosphate 

controls corrosion by both absorbing and/or adsorbing water that enters the film and 

producing passivating anion. 
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The method as recited in claim 55 wherein the binding polymer comprises an epoxy 

polymer. 

The method as recited in claim 55 wherein the step of treating comprises conducting an 

ion exchange process using an alkaline earth metal. 

The method as recited in claim 55 wherein the alkaline earth metal is a calcium 

compound. 

The method as recited in claim 55 wherein after the step of treating, the precipitate is 

substantially free of alkali metal. 

The method as recited in claim 55 wherein during the step of combining, reducing the 

ratio of P:A1 by further adding aluminum hydroxide to the starting materials. 

The method as recited in claim 61 wherein during the step of combining, reducing the 

amount of total solubles produced by adding additional sodium hydroxide. 

The method as recited in claim 55 wherein during the step of combining, the precipitate 

aluminum phosphate is amorphous aluminum hydroxy orthophosphate. 

The method as recited in claim 55 wherein during the step of mixing, the amorphous 

aluminum phosphate is an orthophosphate. 

The method as recited in claim 55 wherein the amorphous aluminum orthophosphate 

comprises one or more alkali metals incorporated into its chemical structure. 

The method as recited in claim 55 wherein during the step of combining, the sodium 

aluminate is added slowly over a period of time of from about 60 seconds to one hour. 

The method as recited in claim 55 wherein during the step of combining, the starting 

materials are mixed together for a period of time of from about 15 to 60 minutes. 

The method as recited in claim 55 wherein during the step of combining, the starting 

materials are subjected to a temperature of from about 25 to 200°C. 
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69. The method as recited in claim 55 wherein during the step of combining, the sodium 

aluminate is added slowly over a period of time of from about 10 seconds to 30 minutes, 

and are mixed together for a period of time of from about one to 30 minutes, are 

subjected to a temperature of from about 25 to 200 °C. 

70. The method as recited in claim 55 wherein during the step of mixing, hydroxyl groups of 

the amorphous aluminum orthophosphate combine with suitable functional groups of the 

binding polymer to form a stable matrix comprising the amorphous aluminum 

orthophosphate uniformly dispersed within the binding polymer. 

71. The method as recited in claim 55 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. 

72. The method as recited in claim 55 wherein the step of combining comprises first forming 

an acidic aluminum orthophosphate and then adding sodium aluminate to the acidic 

aluminum orthophosphate to reduce the molar ratio of P:A1. 

73. The method as recited in claim 55 wherein the amorphous aluminum phosphate is an 

amorphous aluminum hydroxy orthophosphate, and wherein the amorphous aluminum 

hydroxy phosphate has a chemical structure comprising a polymeric backbone, and 

wherein the amorphous aluminum hydroxy orthophosphate includes passivating 

phosphate anions both within and outside of the polymer backbone. 

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

preparing an amorphous aluminum orthophosphate corrosion inhibiting pigment 

by combining sodium aluminate, phosphoric acid, and sodium hydroxide, and reacting 

the combined starting materials while treating the reaction product to form a solution 

comprising an aluminum orthophosphate precipitate; 

drying the precipitate at a temperature of less than about 300°C, wherein the dried 

precipitate comprises amorphous aluminum orthophosphate; 
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sizing the dried amorphous aluminum orthophosphate to have a particle size in the 

range of from about 0.01 to 25 microns; and 

mixing the amorphous aluminum orthophosphate 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. 

75. The method as recited in claim 72 wherein the step of treating comprises removing total 

solubles from the precipitate. 

76. The method as recited in claim 75 wherein the step of treating comprises performing an 

ion exchange process using an alkali earth metal to remove a target ion within the 

precipitate. 

77. The method as recited in claim 76 wherein the alkaline earth metal is a calcium 

compound and the target ion comprises an alkali metal. 

78. The method as recited in claim 74 wherein during the step of combining, the aluminum 

orthophosphate precipitate is amorphous aluminum hydroxy orthophosphate. 

79. The method as recited in claim 74 wherein after the step of treating, the precipitate is 

substantially free of alkali metal. 

80. The method as recited in claim 74 wherein during the step of preparing, an acidic 

aluminum orthophosphate is first prepared and then the sodium aluminate is added 

thereto to reduce the molar ratio of P:A1. 

81. The method as recited in claim 74 wherein during the step of combining, the sodium 

aluminate is added slowly over a period of time of from about 60 seconds to 30 minutes. 

82. The method as recited in claim 74 wherein during the step of combining, the starting 

materials are mixed together for a period of time of from about 15 to 30 minutes. 

83. The method as recited in claim 74 wherein during the step of combining, the starting 

materials are subjected to a temperature of from about 25 to 200 °C. 
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The method as recited in claim 74 wherein during the step of combining, the sodium 

aluminate is added slowly over a period of time of from about 10 seconds to 30 minutes, 

and are mixed together for a period of time of from about one to 30 minutes, are 

subjected to a temperature of from about 25 to 200 °C. 

The method as recited in claim 74 wherein during the step of mixing, hydroxyl groups of 

the amorphous aluminum orthophosphate combined with suitable functional groups of 

the binding polymer to form a stable matrix comprising the amorphous aluminum 

orthophosphate uniformly dispersed within the binding polymer. 

The method as recited in claim 74 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. 

The method as recited in claim 74 wherein the amorphous aluminum orthophosphate has 

a chemical structure comprising a polymer backbone, and wherein the amorphous 

aluminum phosphate includes passivating phosphate anions both within and outside of 

the polymer backbone. 
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