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ALUMINUM PHOSPHATES, COMPOSITIONS COMPRISING ALUMINUM 
PHOSPHATE, AND METHODS FOR MAKING THE SAME 

FIELD OF THE INVENTION 

The invention disclosed herein relates to aluminum phosphates, compositions 

comprising aluminum phosphate, and methods of making aluminum phosphate and such 

compositions and, more particularly, to aluminum phosphates, compositions, and 

methods useful for making aluminum phosphates in amorphous and/or crystalline form 

for a variety of end-use applications, wherein such methods have reduced or eliminated 

levels of unwanted byproducts, produce aluminum phosphates having desired 

performance properties, and wherein such methods are more economical as compared to 

conventional methods for forming aluminum phosphates.  

BACKGROUND OF THE INVENTION 

Aluminum phosphates are known in the art and used for a variety of end-use 

applications. Conventional methods known in the art for making the same typically 

involve combining an aluminum source, such as an aluminum salt, with a phosphorus 

source, such as phosphoric acid and reacting the two to produce an aluminum phosphate 

(AP) precipitate or condensate. The AP is filtered, washed and dried to produce a 

powder. The resulting AP powder can be used in a variety of applications, such as in 

coatings or in composite constructions to provide desired performance properties.  

While such conventional methods known in the art are effective for making AP, 

such methods are known to produce unwanted byproducts that may operate to impair a 

desired performance property of the AP alone or in a composition or composite, and/or 

may not be desired from a health, safety or environmental perspective. Additionally, 

conventional methods known for making AP do not enable production of AP particles 

and compositions having certain desired characteristics and/or performance properties, 

thereby effectively limiting the ability of such produced APs to be placed into certain 

end-use applications calling for specific AP properties and/or characteristics.  

It is, therefore, desired that methods for making APs be developed that enable 

APs to be made in the manner that minimizes or eliminates the formation of unwanted 

byproducts that can either impair the performance of the APs or compositions
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containing the same, or that may create unwanted health, safety or environmental issues. It is 

further desired that such methods for making APs enables one to specially engineer AP particles 

and compositions having certain desired characteristics and/or performance properties not 

otherwise obtainable using conventional methods of making, to enable the use of such formed 

APs in a greater variety of end-use applications. Further, it is desired that such methods enable 

forming APs in a manner that is relatively more cost effective and/or efficient as compared to 

the conventional methods of forming APs.  

SUMMARY OF THE INVENTION 

In a first aspect, the present invention provides a method for making aluminum 

phosphate compositions comprising the steps of. combining aluminum hydroxide with water to 

form a slurry; combining the aluminum hydroxide slurry together with phosphoric acid to form 

a mixture; and reacting the mixture for a period of time to form a reaction product comprising 

aluminum phosphate condensate in the reaction product.  

In a second aspect, the present invention provides a chemical composition comprising a 

binding polymer and the aluminum phosphate prepared according to the first aspect.  

In a third aspect, the present invention provides a method for making aluminum 

phosphate compositions comprising the steps of. combining aluminum hydroxide with water to 

form a slurry; combining the aluminum hydroxide slurry together with phosphoric acid to form 

an acidic aluminum phosphate solution; combining the acidic aluminum phosphate solution 

together with further of the aluminum hydroxide slurry to form a mixture; and reacting the 

mixture for a period of time to form a reaction product comprising aluminum phosphate 

condensate in solution.  

In a fourth aspect, the present invention provides aluminum phosphate formed according 

to the method of the third aspect comprising aluminum phosphate particles that are coated with 

further aluminum phosphate particles.  

APs as disclosed herein are made according to a number of different binary condensation 

techniques. In one example embodiment, APs can be made by a base-to-acid route wherein 

aluminum hydroxide slurry is added to phosphoric acid in a controlled fashion to form a mixture 

that undergoes reaction at an elevated temperature to produce a reaction product comprising 

aluminum phosphate condensate in the reaction product.
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In another example embodiment, APs can be made by an acid-to-base route wherein 

phosphoric acid is added in a controlled fashion to aluminum hydroxide slurry to form a 

mixture, and the mixture undergoes reaction at elevated temperature to produce a reaction 

product comprising an aluminum phosphate condensate.  

In an alternative acid-to-base route, a first portion of the aluminum hydroxide slurry 

(e.g., comprising about 1/3 of the total amount of the aluminum hydroxide) is combined with 

phosphoric acid to form an acidic aluminum phosphate solution, and then adding the so-formed 

acidic aluminum phosphate solution with a second portion of the aluminum hydroxide slurry 

(e.g., comprising the remaining 2/3rds of the total amount of the aluminum hydroxide) form a 

mixture. The mixture undergoes reaction at an elevated temperature to form a reaction product 

comprising aluminum phosphate condensate in solution.  

The APs made according to the methods disclosed above can be reacted under conditions 

of constant volume or under conditions of variable volume. When reacted under conditions of 

variable volume, moisture is allowed to escape during reaction and water is added at certain 

intervals to produce in-situ AP particle layering, e.g., wherein
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initially reacted AP particles are formed and subsequently formed AP particles are 

layered or deposited on the earlier-formed AP particles.  

The aluminum phosphate condensates formed according to the methods 

disclosed are separated from the reaction product by conventional means such as by 

filtering and the like, are rinsed, and are dried to form AP particles. The so-formed AP 

particles can have the form of amorphous AP, crystalline AP, or a combination of 

amorphous and crystalline AP depending on the particular method conditions and 

desired end-use characteristics and properties as called for by the particular end-use 

application.  

APs made according to the methods disclosed above are characterized by having 

relatively low oil absorption and low surface area. In an example embodiment, APs as 

formed herein have an oil absorption of less than about 50, and have a surface area of 

less than about 20 m2/g, making them uniquely useful as a extender pigment for coating 

composition applications. In such coating compositions, the AP is used to replace an 

amount, e.g., up to about 70wt%, of a conventional pigment agent such as titanium 

dioxide or the like, and wherein the AP and conventional pigment agent are dispersed in 

a binding polymer thereby forming the coating composition.  

APs made in accordance with the methods disclosed herein enables one to 

specially engineer AP particles and compositions formed therefrom to have certain 

desired characteristics and/or performance properties not otherwise obtainable using 

conventional methods of making, thereby enabling the use APs in a greater variety of 

end-use applications. Further, the methods disclosed herein enable making APs in a 

manner that is relatively more cost effective and/or efficient as compared to the 

conventional methods of forming APs.
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DETAILED DESCRIPTION OF INVENTION 

Aluminum phosphates (APs) and compositions comprising the same, as made 

according to the methods disclosed herein may be used in a number of different end-use 

applications, e.g., as pigments, fillers, and other additives that may or may not have a 

particular characteristic or functionality. Example pigments include those useful in 

coating compositions and/or composite compositions, such as opacifying pigments that 

may be used alone or with other pigment materials, as an extender pigment for titanium 

dioxide or the like. Additionally, APs made as described herein can be used with 

further treatment and/or processing to function as an inhibitive pigment to provide a 

desired degree of corrosion resistance to a formulation or composition. Additionally, 

such APs can be used as a raw material, an intermediate, or as ingredient in developing 

and forming chemical compositions, chemical composites or the like.  

While the methods disclosed herein for making APs may reference and disclose 

the formation of amorphous aluminum phosphate (AAP), it is to be understood that such 

methods may also be used or adapted for making other forms of AP, such as the various 

crystalline aluminum phosphate forms and/or mixtures of amorphous and crystalline 

aluminum phosphates, depending on the particular end-use applications and/or desired 

end-use application performance properties. Example crystalline forms of AP formed 

as disclosed herein include and are not limited to orthorhombic and triclinic aluminum 

orthophosphates. Accordingly, the methods disclosed herein are understood to be 

useful for making different forms of AP, depending on the particular end-use 

applications and performance properties.  

Example methods as disclosed herein comprise forming AP by a condensation 

process, wherein the AP is formed by the condensation reaction of an aluminum 

containing ingredient with a phosphorous-containing ingredient to produce AP particles 

in slurry form. In one example embodiment, a preferred source of the aluminum

containing ingredient is aluminum hydroxide (Al(OH)3),and the preferred source of the 

phosphorus-containing ingredient is phosphoric acid (H 3PO 4).  

The following examples are provided for purposes of reference with respect to 

different improved methods for making AP as disclosed herein:
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Example No. 1 - Binary Condensation of AP (base-to-acid route) 

In an example embodiment, AP is prepared by combining phosphoric acid (H 3PO 4) 

with aluminum hydroxide (Al(OH) 3). The H 3PO 4 was diluted with water before being 

combined with the Al(OH) 3 and, prior to addition, the Al(OH) 3 was not wetted with 

water, although wetted Al(OH) 3 can be used. The reactants were quickly combined at 

room temperature without heating to produce a white slurry. However, if desired, the 

reaction can be heated. The H3PO 4 was 85wt% in water provided by Sigma-Aldrich, 

and the Al(OH) 3 was reagent grade provided by Sigma-Aldrich. Specifically, 

approximately 57.3 g (0.5 mole) H3PO 4 was diluted with 50 g of water before being 

combined with Al(OH) 3. Approximately 39 g (0.5 mole) of Al(OH) 3 was added to the 

solution quickly and the mixture was stirred slowly at room temperature to wet the 

powder. An AP condensed solid was formed and existed as a dispersion of solid AP 

particles in water. In this particular embodiment, the AP particles existed primarily in 

the form of amorphous aluminum phosphate (AAP). Diluting the H3PO 4 prior to 

addition of the Al(OH) 3 is believed to contribute to forming exclusively AAP, e.g., 

wherein there is no crystalline form produced. The suspension was filtered to isolate 

the AAP particles. The particles were washed and dried to an appropriate temperature, 

which may be less than about 300'C, and preferably from about 100'C to 200'C. A 

feature of the AP so formed is that it may be combined with a binding polymer, e.g., 

when the end-use application is a chemical composition or a coating composition, 

without the need for further heat treatment, tempering, or calcining. While heating the 

AAP at the extreme temperatures noted above may be useful for driving off water, such 

may also initiate conversion of the AP from an amorphous form to a crystalline form,. It 

may be desired to subject the AP to elevated temperatures above 200'C, e.g., of between 

300'C to 800'C, to either remove unwanted constituents therefrom and/or to influence 

physical characteristics of the AP that may influence its end-use performance or 

characteristics in the chemical composition. If a crystalline form of AP is desired, the 

AP so formed can be further heat treated or calcined to produce the desired crystalline 

AP.  

Alternatively, the AP was prepared by combining H3PO 4 with Al(OH) 3. Unlike the 

above example embodiment, the H3PO 4 was not diluted before being added to the 

Al(OH) 3 . However, before combining, the H3PO 4 was heated. Additionally, prior to 

combining with the H3PO 4, the Al(OH) 3 was wetted with water. A feature of this 

method of preparing is that it does not include the addition of free water after
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combination of the reactants, although it is to be understood that the AP can be made 

according to this method by including the addition of free water. In an example 

embodiment, the H3PO 4 was 85wt% in water provided by Sigma-Aldrich, and the 

Al(OH) 3 was reagent grade provided by Sigma-Aldrich. Specifically, approximately 

57.6 g H3PO 4 was heated to a temperature of about 80'C. Approximately 39 g of 

Al(OH) 3 was wetted with about 2 g water and the wetted Al(OH) 3 was quickly added to 

the H3PO 4 under fast mechanical stirring. An AAP solid was formed and existed as a 

dough-like ball that was removed and stored at room temperature. A feature of the AP 

so formed is that further treatment in the form of filtering and washing was not 

necessary to isolate and obtain the desired AP. As disclosed above, such AP was dried 

and formed into the desired particle size for a desired end-use application.  

Example No. 2 - Binary Condensation of AP (base-to-acid route) 

In an example embodiment, AP is prepared by combining phosphoric acid (H3PO 4) 

with aluminum hydroxide (Al(OH) 3), wherein the Al(OH) 3 is a slurry and is held at an 

elevated temperature, e.g., at about 60'C, and is subsequently reacted with phosphoric 

acid solution to form the desired AP. The H3PO 4 was diluted with water before being 

combined with the Al(OH) 3 and, prior to addition, the Al(OH) 3 was combined with 

water to form a slurry comprising approximately between about 10 and 25%, and in 

some cases up to about 40 percent by weight by weight Al(OH) 3, depending on the 

grade of Al(OH) 3.  

In preparing the Al(OH) 3 slurry, the water may be heated to facilitate dispersion of the 

aluminum hydroxide powder, e.g., to overcome certain properties of a specific grade of 

aluminum hydroxide. The heated slurry may be maintained at an elevated temperature 

and added to the acid. With very high-grade aluminum hydroxide, having a high degree 

of purity and small particle size and distribution, the Al(OH) 3 slurry can be made by 

adding to room temperature water.  

The Al(OH) 3 slurry was added slowly to the diluted H3PO 4 for the purpose of 

controlling the kinetics of the condensation reaction. In an example embodiment, the 

Al(OH) 3 slurry was added in a controlled manner, e.g., in a drop-wise fashion or the like, 

to the H3PO 4 over a period of approximately 10 minutes to about one hour. The 

combined reactants were heated to a temperature of approximately 95'C, and the 

reactants were mixed together for a sufficient period of time, typically about 3 hours. In 

an example embodiment, the reaction takes place in a constant volume system that is
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essentially closed, e.g., a reflux condenser may be attached to maintain constant solvent 

volume (water) in the reaction system. In an example embodiment, the H3PO 4 was 

85wt% in water provided by Sigma-Aldrich, and the Al(OH) 3 was reagent grade, 

provided by Sigma-Aldrich. Specifically, approximately 864 g of 85% dilute H3PO4 

was used, and the slurry was formed by combining 585 g of Al(OH) 3 with 1,650 g of 

deionized water. The combined reactants were contained in a mixing vessel and mixed 

at 1,300 to 1,500 rpms. Further water was added to the reactants and the combination 

was mixed for approximately 30 minutes to about 3 hours, e.g., more typically the latter.  

If desired, a suitable chemical agent can be added to the reactants for the purpose of 

reducing the solubility of the components of the mother liquor, thereby providing still 

further increased control over the outcome of the reaction. In an example embodiment, 

such chemical agent can be calcium hydroxide (Ca(OH) 2), soluble amines such as 

diethylenetriamine (DETA), or the like.  

An AAP condensed solid was formed and existed as a dispersion of solid acidic 

AAP particles in water. The suspension was filtered to isolate the acidic AP particles.  

The particles were washed with water one or more times, and then filtered again. In an 

example embodiment, after the initial filtering, the particles were washed with a volume 

of water approximately six times the volume of the precipitate before being refiltered.  

Successive washings operate to remove unreacted starting material and any soluble 

byproducts from production. After being refiltered, the acidic AP particles were 

reslurried by the addition of water, and were further treated in accordance with one of 

the following three different techniques.  

In a first technique, the slurry is filtered to isolate the acidic AP particles and the 

particles are heated. In an example embodiment, the AP particles are heated to a 

temperature of about 1 100C for about 24 hours to drive off the water, and produce 

acidic AP particles. Alternatively, the AP particles are heated to a temperature of about 

250'C for about 12 to 48 hours, and produce acidic AP particles that are both free of 

water and any by-products that decompose below 250'C. In addition, heat treatment at 

either temperature, but especially at the elevated temperature, provides the driving force 

to complete the conversion of any intermediates that may remain in the complex.
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In a second technique, the slurry containing the acidic AP is neutralized by adding a 

suitable neutralizing agent thereto. In an example embodiment, the neutralizing agent is 

ammonium hydroxide (NH40H) that is added to the slurry in a sufficient amount to 

increase the pH and to neutralize the AP to a desired pH, typically 5.5 to 7.0. The 

resulting slurry is filtered and the isolated AP particles are heated. In one example 

embodiment, the AP particles are heated to a temperature of about 1 10 C for about 24 

hours to drive off the water, and produce AP particles. Alternatively, the AP particles 

are heated to a temperature of about 250'C for about 24 hours to both drive off water 

and other unwanted chemical constituents, to produce AP particles and to effect any 

final conversion or neutralization of surface adsorbed or bulk absorbed reactive species 

such as phosphate anion or hydrogen phosphate anion. Any reactive amine may be used 

for this conversion or neutralization step, including but not limited to diethylenetriamine, 

triethylenetetramine, 2-amino-2-methyl-1-propanol.  

In a third technique, the slurry containing the acidic AP is neutralized by adding a 

suitable neutralizing agent thereto. In an example embodiment, the neutralizing agent is 

calcium hydroxide (Ca(OH) 2) that is added to the slurry in a sufficient amount to 

increase the pH and neutralize the acidic AP. The resulting slurry is filtered and the 

isolated AAP particles are heated. In one example embodiment, the AP particles are 

heated to a temperature of about 1 10 C for about 24 hours to drive off the water, and 

produce AP particles. Alternatively, the AP particles are heated to a temperature of 

about 250'C for about 24 hours to both drive off water and other unwanted chemical 

constituents, and produce AP particles. Other hydroxide compounds of such divalent 

cations as barium, and magnesium may be used in place of calcium to effect the 

neutralization or pH adjustment.  

As described above in Example 1, all of the AP according to the methods disclosed 

in Example 2 can be treated to provide crystalline AP or combinations of AAP and 

crystalline AP, e.g., by running the condensation reaction at temperatures for periods of 

time of less than 3 hours above 90'C depending on the particular end-use application.  

Maintaining the reaction temperature between about 45 and 90'C, and preferably 

between about 60 and 70'C will produce AP that is a combination of crystalline and 

amorphous forms. Running the reaction at a temperature below about 45'C will 

produce primarily AP in the amorphous form.
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Example No. 3 - Binary Condensation of AP (acid-to-base route) 

It has been discovered that changing the order of addition changes the nature of the 

catalysis of the condensation reaction, i.e., adding the acid to the basic slurry results in 

slower localized pH change and the reaction is primarily base catalyzed. The AP 

particles form slower and are smaller in localized areas in solution. The particles that 

form tend to have higher surface areas than particles formed by acid catalysis, and are 

less aggregated and agglomerated. In an example embodiment, the order of addition in 

Example 2 is reversed, that is, the required amount of phosphoric acid is added slowly 

to the aluminum hydroxide slurry. The slurry is prepared as described in Example 2.  

Phosphoric acid is added slowly to the slurry over a period of approximately 30 minutes 

to one hour, and the resulting mixture is mechanically stirred and heated to about 95'C 

for at least 3 hours. The AP particles are isolated and purified, and dried as described in 

Example 2.  

In addition to the acid-to-base route disclosed immediately above, it has been 

discovered that such acid-to-base route can be further enhanced by first dissolving a 

certain amount of the aluminum hydroxide in the phosphoric acid before adding the acid 

solution to the slurry. In an example embodiment, an amount of aluminum hydroxide, 

e.g., up to the solubility limit of aluminum hydroxide, is dissolved separately in the 

phosphoric acid. In an example embodiment, AP is prepared according to a two-step 

process. In a first step, a portion of the aluminum hydroxide, typically one third of the 

stoichiometric amount, is first dissolved in phosphoric acid to form an acidic AP 

solution. This acidic AP solution contains all the phosphoric acid and phosphate needed 

to satisfy the stoichiometry of the reaction for a product having the desired 1:1 P to Al 

ratio. In a second step, the acidic AP solution is then added to a slurry containing the 

remaining amount of aluminum hydroxide required for stoichiometry. The combination 

undergoes reaction at ambient temperature to form an AP condensed solid comprising a 

dispersion of solid acidic AAP particles in water. Alternatively, the reaction can occur 

at elevated temperature conditions, e.g., of about 95'C, which is preferred for reaction 

efficiency and kinetic control of product forms. An advantage of this two-step approach 

is that part of the aluminum hydroxide required for the reaction is dissolved and pre

reacted before the acid solution is added to the slurry, thereby providing a subsequent



WO 2013/158409 PCT/US2013/035770 
10 

heterogeneous reaction that is less viscous and requires less agitation, to thereby ensure 

more complete condensation.  

Like the method disclosed in Example 2 above, such acid-to-base reaction routes are 

ones that are preferably conducted under constant volume conditions. The suspension 

was filtered to isolate the acidic AP particles. The particles were washed with water one 

or more times, and then filtered again. In an example embodiment, after the initial 

filtering, the particles were washed with a volume of water approximately six times the 

volume of the precipitate before being refiltered. In a preferred embodiment, the 

sequence is to filter and wash, which can be repeated any number of times to achieve 

the desired degree of purity. The resulting rewashed AP particles can then be filtered 

and dried at a temperature of approximately 1 10 C for about 24 hours to provide acidic 

AP particles.  

Alternatively, after rewashing, the AP particles can be reslurried and then 

neutralized by adding a suitable neutralizing agent, e.g., such as those described above, 

thereto. In an example embodiment, a sufficient quantity of ammonium hydroxide 

(NH40H) was added to the reslurried AP, and the resulting mixture was filtered to 

isolate the AP particles, and the particles are heated. In an example embodiment, the 

AP particles are heated to a temperature of about 1 100 C for about 24 hours to drive off 

the water, and produce solid AAP particles. Additionally, as described above in 

Example 1, the AP made according to the methods disclosed in Example 3 can be 

treated to provide crystalline AP in place of or in combination with AAP, depending on 

the particular end-use applications, e.g., by running the reaction at temperatures in 

excess of about 90'C.  

Example 4 - Binary Condensation of AP (base-to-acid in-situ aggregation) 

In an example embodiment, AP is prepared by adding aluminum hydroxide 

(Al(OH) 3) to phosphoric acid (H 3 PO 4 ) to form the desired AP, e.g., in the manner 

disclosed above in Example 2. However, unlike Example 2, the reaction is allowed to 

occur in an open system, wherein the reaction system is left open so as to allow solvent 

water to continuously evaporate, thereby causing the concentration of the reaction 

system to increase and its pH to decrease over time. At periodic intervals during the 

condensation reaction process, the water level is replenished to the initial volume. The 

reaction slurry is then diluted with an additional 50 g of water and stirred for 30 minutes
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to further facilitate dispersion of the AP particles in the reaction slurry. The slurry is 

then filtered, washed with a volume of water approximately six times the volume of the 

precipitate, and filtered again. This filter-wash-filter cycle can be repeated until the 

desired purity level is achieved. Usually one to three cycles is sufficient to remove 

unreacted starting material and unwanted reaction by-products.  

It has been discovered that by allowing the volume to vary as described, the 

resulting change in system concentration and pH causes sequential precipitation of AP 

"oligomers" in solution onto AP particles already formed and agglomerated. This 

sequential precipitation of AP oligomers onto already-formed and agglomerated AP 

particles operates to seal the surface porosity of the pre-existing AP aggregates and 

particles, e.g., causing in-situ particle layering, which thereby reduces the surface 

porosity of such AP aggregate and reduces such related properties as oil absorption. In 

an example embodiment, the AP oligomers are AAP and the AP particles already 

formed are AAP.  

As noted above, allowing water levels to cycle during the condensation causes a 

change in the pH proportional to the concentration of the Al(OH) 3 . When the volume 

decreases, the pH increases due to the higher concentration of the Al(OH) 3, and the 

solubility decreases allowing AP oligomers to agglomerate. Adding Ca(OH) 2 to the 

condensation medium may also effect a similar change in pH, causing the precipitation 

of AP and subsequent coating of pre-existing AP particles. This process would also 

incorporate the alkaline earth metal cations as counter-ions for residual acid phosphate 

groups either adsorbed on the AP particle surface or bonded as a pendant component.  

A condensed solid was formed and existed as a dispersion of solid acidic coated 

AAP particles in water. The suspension was filtered to isolate the acidic coated AP 

particles. The particles were washed with water one or more times, and then filtered 

again. In an example embodiment, after the initial filtering the particles were washed 

with a volume of water approximately six times the volume of the precipitate before 

being refiltered. Successive washings remove unreacted starting material and any 

byproducts from production. After being refiltered, the acidic coated AP particles were 

reslurried by the addition of water, and were further heat treated. In an example 

embodiment, the slurry is filtered to isolate the acidic coated AP particles and the
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particles are heated to a temperature of about 1 10 C for about 24 hours to drive off the 

water, and produce acidic coated AP particles. Alternatively, the coated AP particles 

are heated to a temperature of about 250'C for about 12 to 48 hours, to produce dry 

acidic coated AP particles that are both free of water and any by-products that 

decompose below 250'C.  

Example 5 - Binary Condensation of AP (acid-to-base in-situ aggregation) 

In an example embodiment, AP is prepared by adding phosphoric acid (H3PO 4) to 

aluminum hydroxide (Al(OH) 3) to form the desired AP, e.g., in the manner disclosed 

above in Example 3. However, unlike Example 3, the reaction is allowed to occur in an 

open system, wherein the reaction system is left open so as to allow solvent water to 

continuously evaporate, thereby causing the concentration of the reaction system to 

increase and its pH to decrease over time. At periodic intervals during the condensation 

reaction process, the water level is replenished to the initial volume. The reaction slurry 

is then diluted with an additional 50 g of water and stirred for 30 minutes to further 

facilitate dispersion of the AP particles in the reaction slurry. The slurry is then filtered, 

washed with a volume of water approximately six times the volume of the precipitate, 

and filtered again. This filter-wash-filter cycle can be repeated until the desired purity 

level is achieved. Usually one to three cycles is sufficient to remove unreacted starting 

material and unwanted reaction by-products.  

As noted above in Example 4, it has been discovered that by allowing the volume to 

vary as described during the reaction, the resulting change in system concentration and 

pH causes sequential precipitation of AP "oligomers" in solution onto AP particles 

already formed and agglomerated. This sequential precipitation of AP oligomers onto 

already-formed and agglomerated AP particles operates to seal the surface porosity of 

the pre-existing AP aggregates and particles, e.g., causing in-situ particle layering, 

which thereby reduces the surface porosity of such AP aggregate and reduces such 

related properties as oil absorption. In an example embodiment, the AP oligomers are 

AAP and the AP particles already formed are AAP.  

Each of the improved methods for making AP as disclosed herein provides an 

advantage when compared to conventional methods of making AP, in that such 

improved methods do not produce unwanted byproducts, such as (NH4 )2HP0 4,
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NH 4H2PO 4, NH 4 NO3 , Ca3 (PO 4 )2 , CaH 2PO 4 , Ca 2HPO 4 , which byproducts can operate to 

impair one or more characteristics and/or performance features of the AP formed 

therefrom that can impair or interfere with the desired function of the AP in a coating or 

composite composition, and/or that can present unwanted health, safety or 

environmental issues. Additionally, each of the improved methods for making AP as 

disclosed herein provides a manner of making AP that is more cost effective from both 

a raw materials perspective and from a cost of processing perspective, as compared to 

conventional methods of making AP. Further, such improved methods provide a tool 

that allows one to formulate AP in a manner that enables a degree of control over the 

resulting characteristics of the AP, such as surface area, oil absorption, porosity and the 

like not otherwise available. Additionally, with further treatment and/or processing, 

APs as disclosed herein can provide performance properties such as phosphate anion 

and/or metal cation release or the like making them useful for certain anti-corrosion or 

other end-use applications.  

APs made according to the methods disclosed herein can be formulated to have one 

or more properties or characteristics making them uniquely suited for particular end-use 

applications, wherein such end-use applications may include chemical compositions 

comprising the AP as an ingredient that provides a desired performance property, such 

as a component of an opacifying pigment composition or opacifying pigment extender.  

With further treatment and/or processing, such APs can be adapted for use in providing 

anticorrosion protection/control, antimicrobial protection/control, filler, or the like. APs 

as disclosed herein may be combined with other materials, wherein such combination 

can occur during, before or after the step of forming the AP by reaction to provide 

further performance features that may contribute to existing AP properties or 

characteristics, or that may provide properties additional to and not otherwise inherently 

present in the AP for purposes of meeting a specific end-use application. For example, 

APs made as disclosed herein and subjected to further treatment and/or processing may 

incorporate the presence of metal hydroxides such as those of zinc, magnesium, 

strontium, and calcium to provide a complex capable of providing an additional degree 

of passivation/inhibition from the secondary cation, which complex may be useful in 

certain end-use applications calling for corrosion resistance.
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In an example embodiment, APs formed as disclosed herein are especially useful as 

extender pigments in coating compositions and paints. In modern paint chemistry, 

titanium dioxide is virtually the only prime white pigment used for opacification. The 

effectiveness of titanium dioxide as an opacifier is due to its high refractive index and, 

in a dry film, its efficiency at light scattering depends on the pigment volume 

concentration (PVC) of the paint and the packing (spacing) of the titanium dioxide 

particles in the film. If the particles are packed too closely optimal light scattering will 

not occur. Extender pigments are used to establish and control pigment volume and to 

provide, among other things, spacing between titanium dioxide particles to optimize 

light scattering. Depending on PVC, optimal light scattering for titanium dioxide occurs 

between 10 and 30% titanium dioxide PVC in the film. Hence, formula cost reduction 

(titanium dioxide is typically the most expensive component of an architectural paint 

formulation) and performance enhancement can be achieved by incorporating an 

extender pigment in the formulation.  

APs made according to the methods disclosed herein have been shown to be an 

effective extender pigment for titanium dioxide in typical coatings and paint 

formulations. For example, in paints formulated below the CPVC (critical pigment 

volume concentration), APs may be used to replace (extend) up to about 40% by weight 

of the titanium dioxide pigment contained in the control composition. At this level, 

testing has shown that less than 1% reduction in opacity occurs compared to the 

unsubstituted titanium dioxide control.  

An example water-based acrylic latex formulation is provided below. In this 

formula, the control contains approximately 2401bs of titanium dioxide or 2 2 .6wt%.  

Approximately 961bs or 40wto of the titanium dioxide content in this formula can be 

replaced by a comparable amount of AP without significant compromise in opacity.  

While a water-based latex formulation is provided by way of example, it is to be 

understood that AP extender pigments as disclosed herein can also be used in 

conjunction with solvent-based formations.
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Water-based acrylic latex formulation 

Water 281.0 26.6 solvent 

Natrosol plus 2.0 0.2 associative thickener 

Drewplus L-475 3.8 0.4foam control agent 

Ammonium hydroxide 6.0 0.6 pH control 

Tamol 731 8.0 0.8 pigment dispersant 

Igepal CTA 639W 4.0 0.4 pigment dispersant 

Tipure R706 240.0 22.6 white pigment 

Acrysol RM-825 10.0 1.0 non-ionic surfactant 

Acrysol RM-2020 NPR 6.0 0.6 non-ionic surfactant 

Texanol ester alcohol 20.0 2.0 coalescing agent 

Drewplus L-475 4.0 0.4foam control agent 

UCAR 379G 470.0 44.4vinyl-acrylic latex resin 

1054.8 100.0 

formula total volume 100 gal 

% weight solids 49.1 

% volume solids 35.9 

PVC 21.20% 

Further it has been found that other advantages accrue to the AP as an extender 

pigment including: ease of incorporation into paint formulations using typical 

compounding procedures; excellent storage stability; good dispersion in typical paint 

compositions including acrylic latex based systems; good theology (less thickener is 

required compared to other alternative extenders); excellent sheen control; excellent 

color development (superior to calcined clay, a typical extender); no interference with 

formula color acceptance; and improved film integrity (higher scrub resistance 

compared to other extenders).  

As noted above, APs made as disclosed herein can be specifically engineered to have 

tailored properties and/or characteristics such as surface area and/or porosity to meet the 

desired needs of certain end-use applications. For example, APs formed as described 

herein can be provided in an amorphous form that is substantially free of closed voids or 

pores, and that has a relatively few open pores or has a relatively low surface area 

and/or porosity, e.g., has a relatively low oil absorption, making it ideally suited and
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compatible for use as an opacifying pigment component or extender pigment, e.g., with 

titanium dioxide, in a variety of conventional coating or composite composition systems.  

For example, APs as disclosed herein can be engineered having a low oil absorption 

of less than about 50, and having a low surface area (measured by the BET method) of 

less than about 20 m2/g. In an example embodiment, APs as disclosed herein have 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 to 30 (as measured according to 

ASTM D 281, wherein the unit of measurement is grams/100 grams). In contrast, APs 

made by -other methods have an oil absorption of greater than about 50, and typically in 

the range of about 50 to 110. APs as disclosed herein also have a surface area of less 

than about 20 m2 /g, and preferably less than about 10 m2/g. In an example embodiment, 

the surface area is in the range of between about 2 to 8 m2/g, and more preferably in the 

range of between about 3 to 5 m2/g. In contrast, APs made by conventional methods 

have a surface area greater than 20 m2/g, e.g., from about 30 to 135 m2/g.  

APs as disclosed herein can be sized as needed by conventional technique 

depending on the particular end-use application. When used as an extender pigment, 

the AP may-be milled to have a particle size distribution in the range of D99 less than 8 

microns and a D50 of 4 microns, preferably a D99 less than 6 microns and D50 of 4 

microns, and most preferably D99 of about 4 microns and D50 of about 2 microns 

APs as disclosed herein are suitable for at least partially replacing titanium 

dioxide in coating compositions such as paints, and can be used in primers as well as in 

intermediate and top coats. Additionally, such APs can be further treated or processed 

to provide desired anti-corrosion effects, and therefore are capable of being used as an 

anti-corrosion agent in coating compositions used to protect metal substrates. The 

coating compositions for which such APs can be used include those comprising a water

based system and/or a solvent-based system and/or solventless systems.  

The formulation of such coating composition systems is known in the art and 

generally include water or an organic solvent as a fluid, a binding agent in the form of 

polymer binder such as a non-volatile synthetic resins, admixtures for controlling the 

flow behavior and the curing, light stabilizers, preserving agents, antifoaming agents
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and the like, as well as pigments for adjusting the desired coloration. The exact 

formulations can and will vary depending on such things the type of substrate to be 

coated, the type of coating, the intended application method and the like. For reasons of 

environmental protection and because of health, safety and/or environmental concerns 

associated with organic solvents, water-based synthetic resin dispersions and solventless 

or high solids resin compositions are preferred as the binding polymer material for 

coating compositions 

Generally, water-borne coating compositions comprise four basic components: 

binder polymer, aqueous carrier, pigment(s) and additive(s). The binder polymer is a 

nonvolatile resinous material that is dispersed in the aqueous carrier to form a latex.  

When the aqueous carrier evaporates, the binder forms a film that binds together the 

pigment particles and other non-volatile components of the water-borne coating 

composition. Water-borne paint compositions can be formulated according to the 

methods and components disclosed in U.S. Pat. No. 6,646,058, with or without 

modifications, which patent is hereby incorporated by reference in its entirety. The APs 

as disclosed herein can be used to formulate water-borne coating compositions as an 

extender pigment, alone or in combination with titanium dioxide. Other components for 

making a latex paint are disclosed in U.S. Pat. Nos. 6,881,782 and 4,782,109, which 

patents are incorporated by reference herein in their entirety.  

APs made for the purpose of functioning as an extender component in a coating 

composition, and such coating compositions comprising the same, may be better 

understood with reference to the following example that is provided for purposes of 

reference and which is not intending to be limiting on the different coating composition 

formulations that can formulated to include such APs.  

Example - Coating Composition Comprising AP Extender Pigment: 

AP particles made according to any one of the methods disclosed above were 

sized as noted above and used as a pigment for making a coating composition, e.g., 

useful as a paint. The particles can be provided and used in powder form for 

formulation or can be provided in liquid form, e.g., in the form of a slurry depending on 

the particular formulation technique. The basic formulation of the coating composition: 

is given in the table above, wherein the AP was used to replace up to about 40wt% of
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the titanium dioxide. However, in example embodiments, coating compositions can 

comprise up to about 70wt% AP, from about 5 to 60wt% AP, and from about 30 to 50 

wt% AP based on the total weight of the pigment component, e.g., displacing titanium 

dioxide.  

As demonstrated above, embodiments of the invention provide novel methods of 

making AP, novel APs produced therefrom, and novel coating and composite 

constructions comprising such APs. While each such novel methods of making APs, 

APs formed thereby, and compositions comprising such APs have each 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. For example, in some 

embodiments the methods may include numerous compounds and/or or steps not 

mentioned herein. Thus, variations and modifications from the described embodiments 

are understood to exist.  

For example, the methods for making APs can result in the formation of exclusively 

AAP, exclusively crystalline AP, or a combination/mixture of AAP and crystalline AP.  

The particular form of AP produced and/or ultimately used may reflect the end-use 

application and the resulting desired AP characteristics and/or performance properties 

for such application. The thermodynamically favored AP form is crystalline 

(orthorhombic). The reaction proceeds through a series of intermediate structures and 

compositions (which are in themselves stable under ambient conditions, which are 

primarily amorphous in form (if they were to be isolated at that point). Only when 

kinetic conditions favor the more stable forms (temperature, time, concentration, and 

combinations thereof) do crystalline segments form from the intermediates.  

Further, while specific methods have been disclosed relating to formation of the 

aluminum hydroxide slurry in the examples, it is to be understood that such slurry can 

be formed by combining aluminum hydroxide powder to water that may be heated or at 

temperature. If the slurry is made using heated/hot water, the temperature of the slurry 

can be held at such heated/hot temperature until use, e.g., until combination with the 

phosphoric acid. Alternatively, if the slurry is made using room temperature water, then 

the slurry may be heated, e.g., to the desired reaction temperature, before being
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combined with the phosphoric acid. Alternatively, the room temperature aluminum 

hydroxide slurry may be combined with the phosphoric acid at room temperature, and 

then the temperature of the combined slurry and phosphoric acid can be increased as 

desired.  

The methods of making the AP are described herein as comprising a number of acts 

or steps, which 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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CLAIMS 

1. A method for making aluminum phosphate compositions comprising the steps of: 

combining aluminum hydroxide with water to form a slurry; 

combining the aluminum hydroxide slurry together with phosphoric acid to form a 

mixture; and 

reacting the mixture for a period of time to form a reaction product comprising aluminum 

phosphate condensate in the reaction product.  

2. The method as recited in claim 1 wherein during the step of reacting the volume of the 

mixture is maintained at a constant level.  

3. The method as recited in claim 1 wherein during the step of reacting moisture is allowed to 

escape.  

4. The method as recited in claim 1 wherein the slurry comprises about 10 to 40 percent by 

weight aluminum hydroxide.  

5. The method as recited in claim 1 wherein during the step of combining, the aluminum 

hydroxide slurry with the phosphoric acid, the aluminum hydroxide slurry is added to the 

phosphoric acid.  

6. The method as recited in claim 1 wherein during the step of combining the aluminum 

hydroxide with the phosphoric acid, the phosphoric acid is added to the aluminum hydroxide 

slurry.  

7. The method as recited in claim 1 wherein before the step of combining the aluminum 

hydroxide slurry together with the phosphoric acid, the slurry is heated to an elevated 

temperature.  

8. The method as recited in claim 1 wherein during the step of combining the aluminum 

hydroxide with water to form the slurry, the water is at an elevated temperature to facilitate 

dispersion of the aluminum hydroxide to form the slurry.
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9. The method as recited in claim 8 wherein the slurry is at an elevated temperature when 

combined together with the phosphoric acid.  

10. The method as recited in claim 9 wherein the slurry is heated to a temperature of about 30 

to 95 'C.  

11. The method as recited in claim 1 wherein the step of reacting takes place between about 60 

to 120 'C.  

12. The method as recited in claim 1 further comprising, after the step of reacting: 

separating the aluminum phosphate condensate from the reaction product; and drying the 

condensate to form aluminum phosphate particles.  

13. The method as recited in claim 1 wherein the aluminum phosphate condensate is 

amorphous aluminum phosphate.  

14. The method as recited in claim 1 wherein the aluminum phosphate condensate is 

crystalline aluminum phosphate.  

15. The method as recited in claim 1 wherein the aluminum phosphate condensate is a 

combination of amorphous aluminum phosphate and crystalline aluminum phosphate.  

16. A chemical composition comprising a binding polymer and the aluminum phosphate 

prepared according to claim 1.  

17. The method as recited in claim 1 wherein particles formed from the aluminum phosphate 

have an oil absorption of less than about 50.  

18. The method as recited in claim 1 wherein particles formed from the aluminum phosphate 

have a surface area of less than about 20 m2/g.  

19. A method for making aluminum phosphate compositions comprising the steps of: 

combining aluminum hydroxide with water to form a slurry; 

combining the aluminum hydroxide slurry together with phosphoric acid to form an acidic 

aluminum phosphate solution;
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combining the acidic aluminum phosphate solution together with further of the aluminum 

hydroxide slurry to form a mixture; and 

reacting the mixture for a period of time to form a reaction product comprising aluminum 

phosphate condensate in solution.  

20. The method as recited in claim 19 wherein during the step of combining the acidic 

aluminum phosphate solution with further of the aluminum hydroxide slurry there exists a 

sufficient aluminum content in the mixture to achieve a desired P.Al ratio in the range of from 

about 0.1 to 1.5 in the condensate made during the step of reacting.  

21. The method as recited in claim 19 wherein before the step of combining the aluminum 

hydroxide slurry with the phosphoric acid, the phosphoric acid is diluted with water.  

22. The method as recited in claim 19 wherein during the step of reacting, the volume of the 

mixture is maintained at a constant level.  

23. The method as recited in claim 19 wherein the slurry comprises about 10 to 40 percent by 

weight aluminum hydroxide.  

24. The method as recited in claim 19 wherein the acidic aluminum phosphate solution is 

amorphous aluminum phosphate.  

25. The method as recited in claim 19 wherein the aluminum phosphate condensate is 

amorphous aluminum phosphate.  

26. The method as recited in in claim 19 wherein the aluminum phosphate condensate is 

crystalline aluminum phosphate.  

27. The method as recited in claim 19 wherein the aluminum phosphate condensate is a 

combination of amorphous aluminum phosphate and crystalline aluminum phosphate.  

28. A chemical composition comprising a binding polymer and the aluminum phosphate 

prepared according to claim 19.
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29. The method as recited in claim 1 wherein during the step of reacting, aluminum phosphate 

particles are formed and further aluminum phosphate is disposed onto the already formed 

aluminum phosphate particles.  

30. Aluminum phosphate formed according to the method of claim 29 comprising aluminum 

phosphate particles that are coated with further aluminum phosphate particles.  
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