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Inorganic Polymer/Organic Polymer Composites
and Methods of Making Same

CROSS-REFERENCE TO PRIORITY APPLICATIONS

This application claims priority to U.S. Provisional Application No. 61/544,474,

filed October 7, 201 1, which is incorporated herein by reference in its entirety.

BACKGROUND

Certain building materials can be prepared from cementitious mixtures based on

Portland cement and can contain additives to enhance the properties of the materials. Fly

ash is used in cementitious mixtures to provide enhanced durability and reduced

permeability of the cementitious products. In addition to imparting improved

performance properties, the use of fly ash is desirable because it is a recyclable product

and would otherwise be a waste material. Furthermore, fly ash is less expensive than

Portland cement. Thus, there is a desire to provide high strength building products that

are based on fly ash.

SUMMARY

Inorganic polymer/organic polymer composites and methods for their preparation

are described. The inorganic polymer/organic polymer composites comprise a first layer

comprising an inorganic polymer and a second layer adhered to the first layer comprising

an organic polymer. The inorganic polymer is formed by reacting, in the presence of

water, a reactive powder, an activator, and optionally a retardant. The reactive powder

comprises fly ash and less than 10% by weight portland cement.

The fly ash can be present in an amount of greater than 85% by weight of the

reactive powder (e.g., greater than 90%> by weight or greater than 95% by weight). In

some examples, the fly ash includes a calcium oxide content of from 18% to 35% by

weight (e.g., from 23% to 30% by weight). The fly ash present in the reactive powder

can include Class C fly ash. In some examples, greater than 75%, greater than 85%, or

greater than 95% of the fly ash comprises Class C fly ash. The reactive powder can



further include portland cement in an amount of less than 10% by weight. For example,

the reactive powder can include less than 5% by weight, less than 3% by weight, or less

than 1% by weight of portland cement.

In some embodiments, the activator used to prepare the inorganic polymers can

include citric acid and/or sodium hydroxide. In some examples, the activator is present in

an amount of from 1.5% to 8.5% based on the weight of the reactive powder. Optionally,

a retardant (e.g., borax, boric acid, gypsum, phosphates, gluconates, or a mixture of

these) is included in the composition. The retardant can be present, for example, in an

amount of from 0.4% to 7.5% based on the weight of the reactive powder. In some

examples, the weight ratio of water to reactive powder is from 0.06:1 to 0.25:1 (e.g., from

0.06:1 to less than 0.15:1). In some examples, the inorganic polymer is substantially free

from retardants.

The inorganic polymer can further include aggregate, such as lightweight

aggregate. The inorganic polymers can further include fibers, a photocatalyst, a water

reducer, a plasticizer (e.g., clay or a polymer), a pigment, or a blowing agent.

The organic polymer included in the composites can be, for example, a

polyurethane. In some examples, the polyurethane is foamed. The first layer of the

composite can be directly adhered to the second layer without the use of an adhesive

layer. In some examples, the composite includes 75% by weight or greater of the organic

polymer and 25% by weight or less of the inorganic polymer.

Also described are building materials including the composites described herein.

The building material can be, for example, synthetic stone or panels.

Further described is a method of producing an inorganic polymer/organic polymer

composite. The method includes mixing water and reactants comprising a reactive

powder, an activator, and optionally a retardant to produce an inorganic polymer reactive

mixture, applying a first layer to a surface, and applying a second layer to a surface of the

first layer to produce the inorganic polymer/organic polymer composite. In the

composite, one of the first layer and the second layer is the inorganic polymer reactive

mixture and the other of the first layer and the second layer is an organic polymer.

Optionally, the method is continuous.



In some embodiments, the first layer is the inorganic polymer reactive mixture

and the second layer is the organic polymer. In these embodiments, the method can

further include allowing the inorganic polymer reactive mixture to cure prior to applying

the organic polymer. In some examples, the organic layer can be extruded onto the

inorganic polymer layer. Optionally, the organic polymer layer is applied directly onto

the inorganic polymer layer.

In some embodiments, the first layer is the organic polymer and the second layer

is the inorganic polymer reactive mixture. In these embodiments, the method can further

include allowing the organic polymer to cure prior to applying the inorganic polymer

reactive mixture. In some examples, the inorganic polymer reactive mixture is extruded

onto the organic polymer layer. Optionally, the inorganic polymer reactive mixture is

applied directly onto the organic polymer layer.

In some examples, the method can include allowing the inorganic

polymer/organic polymer composite to cure together. The inorganic polymer/organic

polymer composite can be allowed to cure, for example, at ambient temperature or at an

elevated temperature.

The reactive powder includes fly ash. In some examples, the reactants are mixed

for a period of 15 seconds or less. The mixing can be performed, for example, at ambient

temperature. In some examples, the activator includes citric acid and sodium hydroxide.

Optionally, the citric acid and sodium hydroxide are combined prior to mixing with the

reactants. The weight ratio of the citric acid to sodium hydroxide can be from 0.4: 1 to

2.0:1 (e.g., from 1.0:1 to 1.6:1). In some examples, the activator is provided as an

aqueous solution in a concentration of from 10% to 50% based on the weight of the

solution.

The details of one or more embodiments are set forth in the description below.

Other features, objects, and advantages will be apparent from the description and from

the claims.



DETAILED DESCRIPTION

Inorganic polymer/organic polymer composites and methods for their preparation

are described herein. The inorganic polymer/organic polymer composites comprise a

first layer comprising an inorganic polymer and a second layer adhered to the first layer

comprising an organic polymer. The inorganic polymer is formed by reacting a reactive

powder, an activator, and optionally a retardant in the presence of water. The reactive

powder comprises fly ash and less than 10% by weight portland cement.

The reactive powder is a reactant used to form the inorganic polymer

compositions described herein. The reactive powder for use in the reactions includes fly

ash. Fly ash is produced from the combustion of pulverized coal in electrical power

generating plants. Fly ash produced by coal-fueled power plants is suitable for use in

reactive powder described herein. The fly ash can include Class C fly ash, Class F fly

ash, or a mixture thereof. As such, the calcium content of the fly ash can vary. In

exemplary compositions, the fly ash included in the reactive powder can have a calcium

content, expressed as the oxide form (i.e., calcium oxide), of from 18% to 35% by

weight. In some examples, the calcium oxide content of the fly ash is from 23% to 30%

by weight.

In some examples, the majority of the fly ash present is Class C fly ash (i.e.,

greater than 50% of the fly ash present is Class C fly ash). In some examples, greater

than 75%, greater than 85%, or greater than 95% of the fly ash present is Class C fly ash.

For example, greater than 75%, greater than 76%, greater than 77%, greater than 78%,

greater than 79%, greater than 80%, greater than 81%, greater than 82%, greater than

83%, greater than 84%, greater than 85%, greater than 86%, greater than 87%, greater

than 88%, greater than 89%, greater than 90%, greater than 91%, greater than 92%,

greater than 93%, greater than 94%, greater than 95%, greater than 96%, greater than

97%, greater than 98%, or greater than 99% of the fly ash present is Class C fly ash. In

some embodiments, only Class C fly ash is used. In some embodiments, blends of Class

C fly ash and Class F fly ash can be used, particularly if the overall CaO content is as

discussed above.



Optionally, the majority of the fly ash present can be Class F fly ash (i.e., greater

than 50% of the fly ash present is Class F fly ash). In some examples, greater than 75%,

greater than 85%, or greater than 95% of the fly ash present is Class F fly ash. For

example, greater than 75%, greater than 76%, greater than 77%, greater than 78%, greater

than 79%, greater than 80%, greater than 81%, greater than 82%, greater than 83%,

greater than 84%, greater than 85%, greater than 86%, greater than 87%, greater than

88%, greater than 89%, greater than 90%, greater than 91%, greater than 92%, greater

than 93%, greater than 94%, greater than 95%, greater than 96%, greater than 97%,

greater than 98%, or greater than 99% of the fly ash present is Class F fly ash. In some

embodiments, only Class F fly ash is used.

The fly ash used in the reactive powder can be a fine fly ash. The use of a fine fly

ash provides a higher surface area. As used herein, fine fly ash refers to fly ash having an

average particle size of 25 microns or less. The average particle size for the fly ash can

be from 5 microns to 25 microns, or from 10 microns to 20 microns.

Optionally, the fly ash is the principal component of the reactive powder. In some

examples, the fly ash is present in an amount of greater than 85% by weight of the

reactive powder, greater than 90%> by weight of the reactive powder, or greater than 95%

by weight of the reactive powder. For example, the fly ash can be present in an amount

of greater than 85% by weight, greater than 86%> by weight, greater than 87% by weight,

greater than 88% by weight, greater than 89% by weight, greater than 90% by weight,

greater than 91% by weight, greater than 92% by weight, greater than 93% by weight,

greater than 94% by weight, greater than 95% by weight, greater than 96% by weight,

greater than 97% by weight, greater than 98% by weight, or greater than 99% by weight

based on the weight of the reactive powder.

The reactive powder for use as a reactant to form the inorganic polymer

compositions can further include cementitious components, including portland cement,

calcium aluminate cement, and/or slag. Optionally, portland cement can be included as a

component of the reactive powder. Suitable types of portland cement include, for

example, Type I ordinary portland cement (OPC), Type II OPC, Type III OPC, Type IV

OPC, Type V OPC, low alkali versions of these portland cements, and mixtures of these



Portland cements. In these examples, less than 10% by weight of portland cement is

included in the reactive powder. In some examples, the reactive powder includes less

than 5% by weight, less than 3% by weight, or less than 1% by weight of portland

cement. For example, the reactive powder can include portland cement in an amount of

less than 10%> by weight, less than 9% by weight, less than 8% by weight, less than 7%

by weight, less than 6% by weight, less than 5% by weight, less than 4% by weight, less

than 3 % by weight, less than 2% by weight, less than 1% by weight, or less than 0.5% by

weight. In some examples, the reactive powder is substantially free from portland

cement. For example, the reactive powder can include less than 0.1% by weight, less

than 0.01% by weight, or less than 0.001% by weight of portland cement based on the

weight of the reactive powder. In some embodiments, the reactive powder includes no

portland cement.

Optionally, calcium aluminate cement (i.e., high aluminate cement) can be

included in the reactive powder. In some examples, the calcium aluminate cement is

present in an amount of 5% or less by weight of the reactive powder. For example, the

reactive powder can include calcium aluminate cement in an amount of 5% or less, 4% or

less, 3 % or less, 2% or less, 1% or less, 0.9% or less, 0.8% or less, 0.7% or less, 0.6% or

less, 0 .5% or less, 0.4% or less, 0.3% or less, 0.2% or less, or 0.1% or less by weight. In

some examples, the reactive powder can include calcium aluminate cement in an amount

of from 0.5% to 5%, from 1% to 4.5%, or from 2% to 4% by weight. The calcium

aluminate cement can be used, in some examples, in compositions that include less than

3 % hydrated or semihydrated forms of calcium sulfate (e.g., gypsum). In some

examples, the reactive powder is substantially free from calcium aluminate cement or

includes no calcium aluminate cement.

The reactive powder can also include a ground slag such as blast furnace slag in

an amount of 10% or less by weight. For example, the reactive powder can include slag

in an amount of 10% or less, 9% or less, 8% or less, 7% or less, 6% or less, 5% or less,

4 % or less, 3% or less, 2% or less, or 1% or less by weight.

The reactive powder can also include calcium sources such as limestone (e.g.,

ground limestone), quicklime, slaked lime, or hydrated lime in an amount of 10% or less



by weight of the reactive powder. For example, limestone can be present in an amount of

10% or less, 9% or less, 8% or less, 7% or less, 6%> or less, 5% or less, 4% or less, 3% or

less, 2%> or less, or 1% or less by weight of the reactive powder.

The reactive powder can also include a tricalcium aluminate additive. As would

be understood by those skilled in the art, tricalcium aluminate is present in a small

amount in portland cement. The tricalcium aluminate would be present as an additive,

wherein the tricalcium aluminate is not a portland cement constituent. The tricalcium

aluminate additive can be present in an amount of from 0.1% to 10% by weight, or 1% to

5%> of the reactive powder.

Anhydrous calcium sulfate can be optionally included as an additional reactant

used to form the inorganic polymer compositions described herein. The anhydrous

calcium sulfate can be present as a reactant in an amount of 0 .1% by weight or greater

based on the weight of the reactive powder and has been found to increase the

compressive strength of the inorganic polymer products. In some examples, the

anhydrous calcium sulfate can be present in an amount of from 1% to 10%, 2% to 8%,

2 .5% to 7 % , or 3 % to 6% by weight of the reactive powder. For example, the amount of

anhydrous calcium sulfate can be 0.5% or greater, 1% or greater, 1.5% or greater, 2% or

greater, 2.5% or greater, 3% or greater, 3.5% or greater, 4% or greater, 4.5% or greater,

or 5 % or greater based on the weight of the reactive powder.

An activator is a further reactant used to form the inorganic polymer compositions

described herein. The activator allows for rapid setting of the inorganic polymer

compositions and also imparts compressive strength to the compositions. The activator

can include one or more of acidic, basic, and/or salt components. For example, the

activator can include citrates, hydroxides, metasilicates, carbonates, aluminates, sulfates,

and/or tartrates. The activator can also include other multifunctional acids that are

capable of complexing or chelating calcium ions (e.g., EDTA). Specific examples of

suitable citrates for use as activators include citric acid and its salts, including, for

example, sodium citrate and potassium citrate. Specific examples of suitable tartrates

include tartaric acid and its salts (e.g., sodium tartrate and potassium tartrate). In some

examples, the activator can include alkali metal hydroxides, such as sodium hydroxide



and potassium hydroxide. Further examples of suitable activators include metasilicates

(e.g., sodium metasilicate and potassium metasilicate); carbonates (e.g., sodium

carbonate and potassium carbonate); aluminates (e.g., sodium aluminate and potassium

aluminate); and sulfates (e.g., sodium sulfate and potassium sulfate). In some examples,

the activator includes citric acid, tartaric acid, or mixtures thereof. In some examples, the

activator includes sodium hydroxide. In some examples, the activator includes a mixture

of citric acid and sodium hydroxide. In examples including a mixture of citric acid and

sodium hydroxide, the weight ratio of citric acid present in the mixture to sodium

hydroxide present in the mixture is from 0.4:1 to 2.0:1, 0.6:1 to 1.9:1, 0.8:1 to 1.8:1, 0.9:1

to 1.7:1, or 1.0:1 to 1.6:1. The activator components can be pre-mixed prior to being

added to the other reactive components in the inorganic polymer or added separately to

the other reactive components. For example, citric acid and sodium hydroxide could be

combined to produce sodium citrate and the mixture can include possibly one or more of

citric acid and sodium hydroxide in stoichiometric excess. In some embodiments, the

activator includes a stoichiometric excess of sodium hydroxide. The total amount of

activators can include less than 95% by weight of citrate salts. For example, the total

amount of activator can include from 25-85%, 30-75% , or 35-65% citrate salts by weight.

The mixture in solution and the mixture when combined with reactive powder can have a

pH of from 12 to 13.5 or about 13.

The activator can be present as a reactant in an amount of from 1.5% to 8.5% dry

weight based on the weight of the reactive powder. For example, the activator can be

present in an amount of from 2% to 8%, from 3% to 7%, or from 4% to 6%. In some

examples, the activator can be present in an amount of 1.5%, 2%, 2.5%, 3%, 3.5%, 4%,

4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8% or 8.5% dry weight based on the weight of the

reactive powder. For example, when sodium hydroxide and citric acid are used as the

activators, the amount of sodium hydroxide used in the activator solution can be from 0.3

to 15.6, 0.5 to 10, 0.75 to 7.5, or 1 to 5 dry parts by weight based on the weight of

reactive powder and the amount of citric acid used in the activator solution can be from

0.25 to 8.5, 0.5 to 0.7, 0.75 to 0.6, or 1 to 4.5 dry parts by weight based on the weight of



reactive powder. The resulting activator solution can include sodium citrate and

optionally one or more of citric acid or sodium hydroxide.

The activator can be provided, for example, as a solution. In some examples, the

activator can be provided in water as an aqueous solution in a concentration of from 10%

to 50% or from 20% to 40% based on the weight of the solution. For example, the

concentration of the activator in the aqueous solution can be from 25% to 35% or from

28% to 32% based on the weight of the solution. Examples of suitable concentrations for

the activator in the aqueous solution include 10%, 15%, 20%, 25%, 30%, 35%, 40%,

45% , or 50% based on the weight of the solution.

The reactants used to form the inorganic polymer compositions can further

include a retardant. Retardants are optionally included to prevent the composition from

stiffening too rapidly, which can result in a reduction of strength in the structure.

Examples of suitable retardants for inclusion as reactants include borax, boric acid,

gypsum, phosphates, gluconates, or a mixture of these. The retardant can be provided in

solution with the activator (e.g., borax or boric acid) and/or can be provided as an

additive with the reactive powder (e.g., gypsum). In some examples, the retardant is

present in an amount of from 0.4% to 7.5% based on the weight of the reactive powder.

For example, the retardant can be present in an amount of from 0.5% to 5%, 0.6% to 3%,

0.7 to 2 .5% , or 0.75%> to 2.0% based on the weight of the reactive powder. In some

embodiments, when gypsum is used as a retardant, it is used in an amount of 3% by

weight or less based on the weight of the reactive powder. In some embodiments, borax

is used as the retardant. When citric acid and sodium hydroxide are used as the

activators, the weight ratio of borax to sodium hydroxide can be 0.3:1 to 1.2:1 (e.g., 0.8:1

to 1.0:1). In some examples, lower ratios of 0.3:1 to 0.8:1 can be the result of including

an additional retardant such as gypsum. In some examples, the composition is

substantially free from retardants or includes no retardants.

The reactants described herein can optionally include less than 3.5% by weight of

additional sulfates. As would be understood by those skilled in the art, sulfates are

present in the fly ash. Thus, "additional sulfates" refers to sulfates other than those

provided by the fly ash. In some examples, the composition can include less than 3.5%



by weight of sulfates based on the amount of reactive powder other than those provided

by the fly ash. For example, the composition can include less than 3.5% by weight, less

than 3 % by weight, less than 2.5% by weight, less than 2% by weight, less than 1.5% by

weight, less than 1% by weight, or less than 0.5% by weight of sulfates based on the

amount of reactive powder other than those provided by the fly ash. In some examples,

the composition is substantially free from additional sulfates. For example, the

composition can include less than 0.1 % by weight, less than 0.01% by weight, or less

than 0.001% by weight of additional sulfates based on the amount of reactive powder. In

some embodiments, the composition includes no additional sulfates.

When present, the additional sulfates can be provided in the form of gypsum (i.e.,

calcium sulfate dihydrate). As described above, gypsum can be present in the

composition as a retardant. In some examples, the composition includes gypsum in an

amount of less than 3.5% by weight based on the amount of reactive powder. For

example, the composition can include gypsum in an amount of less than 3.5% by weight,

less than 3% by weight, less than 2.5% by weight, less than 2% by weight, less than 1.5%

by weight, less than 1% by weight, or less than 0.5% by weight.

The reactants are provided in the reactive mixture in the presence of water. The

water can be provided in the reactive mixture by providing the activator and optionally

the retardant in solution and/or by adding water directly to the reactive mixture. The

solution to binder or solution to reactive powder weight ratio (i.e., the ratio of the solution

including activator and optionally the retardant to reactive powder) can be from 0.12:1 to

0.5:1, depending on the product being made and the process being used for producing the

product. The water to reactive powder (or water to binder) weight ratio can be from

0.06:1 to 0.4:1, depending on the product being made and the process being used for

producing the product. In some embodiments, the water to binder ratio can be from

0.06:1 to 0.25:1, from 0.09:1 to less than 0.15:1, or from 0.095:1 to less than 0.14:1 (e.g.,

less than 0.10:1). For example, the water to binder ratio can be from 0.06: 1 to less than

0.15:1. In some embodiments, the water to binder ratio can be from 0.15:1 to 0.4:1,

particularly when aggregate is used that absorbs a significant amount of water or solution

(e.g., 20-30%). In some embodiments, the water to binder ratio is from 0.15:1 to 0.25:1



or can be from 0.25 to 0.4:1. The water to binder ratio can be 0.06:1, 0.07:1, 0.08:1,

0.09:1, 0.10:1, 0.1 1:1, 0.12:1, 0.13:1, 0.14:1, 0.15:1, 0.16:1, 0.17:1, 0.18:1, 0.19:1,

0.20:1, 0.21:1, 0.22:1, 0.23:1, 0.24:1, 0.25:1, 0.26:1, 0.27:1, 0.28:1, 0.29:1, 0.30:1,

0.31:1, 0.32:1, 0.33:1, 0.34:1, 0.35:1, 0.36:1, 0.37:1, 0.38:1, 0.39:1, or 0.40:1.

The inorganic polymer can have a calcia to silica molar ratio of from 0.6: 1 to

1.1:1. For example, the calcia to silica molar ratio can be 0.6:1, 0.7:1, 0.8:1, 0.9:1, 1.0:1

or 1.1:1.

One or more aggregates or fillers can be further used in the inorganic polymer

compositions described herein. In some examples, the aggregate includes lightweight

aggregate. Examples of suitable lightweight aggregate includes bottom ash, expanded

clay, expanded shale, expanded perlite, vermiculite, volcanic tuff, pumice, hollow

ceramic spheres, hollow plastic spheres, expanded plastic beads (e.g., polystyrene beads),

ground tire rubber, and mixtures of these. Further examples of suitable aggregates and

fillers include other types of ash such as those produced by firing fuels including

industrial gases, petroleum coke, petroleum products, municipal solid waste, paper

sludge, wood, sawdust, refuse derived fuels, switchgrass, or other biomass material;

ground/recycled glass (e.g., window or bottle glass); milled glass; glass spheres; glass

flakes; activated carbon; calcium carbonate; aluminum trihydrate (ATH); silica; sand;

alluvial sand; natural river sand; ground sand; crushed granite; crushed limestone; silica

fume; slate dust; crusher fines; red mud; amorphous carbon (e.g., carbon black); clays

(e.g., kaolin); mica; talc; wollastonite; alumina; feldspar; bentonite; quartz; garnet;

saponite; beidellite; granite; calcium oxide; calcium hydroxide; antimony trioxide;

barium sulfate; magnesium oxide; titanium dioxide; zinc carbonate; zinc oxide; nepheline

syenite; perlite; diatomite; pyrophillite; flue gas desulfurization (FGD) material; soda ash;

trona; soy meal; pulverized foam; and mixtures thereof.

In some embodiments, inorganic fibers or organic fibers can be included in the

inorganic polymer compositions, e.g., to provide increased strength, stiffness or

toughness. In some examples, fire resistant or retardant glass fibers can be included to

impart fire resistance or retarding properties to the inorganic polymer compositions.

Fibers suitable for use with the inorganic polymer compositions described herein can be



provided in the form of individual fibers, fabrics, ravings, or tows. These can be chopped

and can be provided before or during the mixing of the inorganic polymer reactants to

provide desired fiber lengths. Alternately, the fibers can be added after the inorganic

polymer reactants have been mixed. The fibers can be up to about 2 in. in length. In

some examples, the fibers are about 10 mm in length. The fibers can be provided in a

random orientation or can be axially oriented. The fibers can be coated with a sizing to

modify performance to make the fibers reactive. Exemplary fibers include glass,

polyvinyl alcohol (PVA), carbon, basalt, wollastonite, and natural (e.g., bamboo or

coconut) fibers. Examples of suitable fibers and methods of providing fibers in

cementitious compositions are found, for example, in U.S. Patent No. 5,108,679, which is

herein incorporated by reference. The fibers can be included in an amount of 0 .1% to 6%

based on the weight of reactive powder. For example, the fibers can be included in an

amount of 0.5% to 5%, 0.75% to 4%, or 1% to 3% based on the weight of reactive

powder. In some embodiments, the fibers are provided in an amount of 2% or less by

weight, based on the weight of the cementitious composition including aggregate.

The inclusion of aggregate or filler in the inorganic polymer compositions

described herein can modify and/or improve the chemical and mechanical properties of

the compositions. For example, the optimization of various properties of the

compositions allows their use in building materials and other structural applications.

High aggregate and filler loading levels can be used in combination with the

compositions without a substantial reduction of (and potentially an improvement in) the

intrinsic structural and physical properties of the inorganic polymer compositions.

Further, the use of lightweight aggregate provides lightweight building products without

compromising the mechanical properties of the inorganic polymer compositions.

The aggregate or filler can be added to the composition at a weight ratio of 0.5 :1

to 4.0:1 based on the weight of reactive powder (i.e., aggregate to binder weight ratio).

In some embodiments, the aggregate to binder weight ratio can be from 0.5:1 to 2.5:1 or

from 1:1 to 2 :1 depending on the product to be produced. In some embodiments, the

aggregate to binder weight ratio can be from 1.5:1 to 4:1 or from 2:1 to 3.5:1. For

example, the aggregate to binder weight ratio can be 0.5:1, 0.6:1, 0.7:1, 0.8:1, 0.9:1,



1.0:1, 1.1:1, 1.2:1, 1.3:1, 1.4:1, 1.5:1, 1.6:1, 1.7:1, 1.8:1, 1.9:1, 2.0:1, 2.1:1, 2.2:1, 2.3:1,

2.4:1, 2.5:1, 2.6:1, 2.7:1, 2.8:1, 2.9:1, 3.0:1, 3.1:1, 3.2:1, 3.3:1, 3.4:1, 3.5:1, 3.6:1, 3.7:1,

3.8:1, 3.9:1, or 4.0:1.

Additional components useful with the compositions described herein include

water reducers, plasticizers, pigments, foaming agents (e.g., air-entraining agents) or

blowing agents, anti-efflorescence agents, photocatalysts, ultraviolet light stabilizers, fire

retardants, antimicrobials, and antioxidants.

Water reducers can be included in the compositions described herein to reduce the

amount of water in the composition while maintaining the workability, fluidity, and/or

plasticity of the composition. In some examples, the water reducer is a high-range water

reducer, such as, for example, a superplasticizer admixture. Examples of suitable water

reducers include lignin, naphthalene, melamine, polycarboxylates, lignosulfates and

formaldehyde condensates (e.g., sodium naphthalene sulfonate formaldehyde

condensate). Water reducers can be provided in an amount of from greater than 0 to 1%

by weight based on the weight of reactive powder.

Plasticizers can also be included in the compositions described herein.

Plasticizers enhance the extrudability of the inorganic polymer compositions. Examples

of suitable plasticizers for use with the compositions described herein include clays (e.g.,

bentonite, expanded clay, and kaolin clay) and polymers (e.g., JEFFSPERSE X3202,

JEFFSPERSE X3202RF, and JEFFSPERSE X3204, each commercially available from

Huntsman Polyurethanes; Geismar, LA).

Pigments or dyes can optionally be added to the compositions described herein.

An example of a pigment is iron oxide, which can be added in amounts ranging from 1 wt

% to 7 wt % or 2 wt % to 6 wt %, based on the weight of reactive powder.

Foaming and/or blowing agents can be added to the compositions described

herein to produce a foamed composition. Foaming agents can be used to help the system

maintain air or other gases, e.g., from the mixing process. Examples of suitable foaming

agents include sodium alkyl ether sulfate, ammonium alkyl ether sulfate, sodium alpha

olefin sulfonate, sodium deceth sulfate, ammonium deceth sulfate, sodium laureth sulfate,

and sodium dodecylbenzene sulfonate. Blowing agents can be included in the



compositions to produce a gas and generate a foamed composition. Examples of suitable

blowing agents include aluminum powder, sodium perborate, and H20 2. The foaming

agents and/or blowing agents can be provided in an amount of 0.1% or less based on the

weight of the reactive powder.

Anti-efflorescence agents can be included in the compositions to limit the

transport of water through the structure and thus limit the unbound salts that are brought

to the surface of the structure thereby limiting the aesthetic properties of the structure.

Suitable anti-efflorescence agents include siloxanes, silanes, stearates, amines, fatty acids

(e.g., oleic acid and linoleic acid), organic sealants (e.g., polyurethanes or acrylics), and

inorganic sealants (e.g., polysilicates). Anti-efflorescence agents can be included in the

compositions in an amount of from 0.01 wt % to about 1 wt % based on the weight of the

reactive powder.

Photocatalysts such as anatase (titanium dioxide) can be used that produce

superoxidants that can oxidize NOx and VOC's to reduce pollution. The photocatalysts

can make the system super hydrophobic and self-cleaning (e.g., in the presence of smog).

These materials can also act as antimicrobials and have impact on algae, mold, and/or

mildew growth.

Ultraviolet (UV) light stabilizers, such as UV absorbers, can be added to the

compositions described herein. Examples of UV light stabilizers include hindered amine

type stabilizers and opaque pigments like carbon black powder. Fire retardants can be

included to increase the flame or fire resistance of the compositions. Antimicrobials,

such as copper complexes, can be used to limit the growth of mildew and other organisms

on the surface of the compositions. Antioxidants, such as phenolic antioxidants, can also

be added. Antioxidants can provide increased UV protection, as well as thermal

oxidation protection.

As described above, the composite further includes a second layer adhered to the

inorganic polymer layer. The second layer includes an organic polymer. The organic

polymer be selected from the group consisting of polyurethanes, epoxies, polyesters,

polystyrenes, polyethylenes, polypropylenes, polyvinyl chlorides, nylons, phenolics,

acrylic polymers, styrene-butadiene copolymers, acrylonitrile-butadiene-styrene



copolymers, and blends thereof. In some embodiments, the organic polymer can include

a filler, fibers, or other materials to enhance the properties of the organic polymer.

In some embodiments, the organic polymer is a polyurethane. The polyurethane

can be formed by the reaction of an isocyanate, a polyol, and optionally a filler such as

coal ash (e.g., fly ash). The isocyanate can be selected from the group consisting of

diisocyanates, polyisocyanates, and mixtures thereof. The polyol can include, for

example, polyester polyols or polyether polyols. The coal ash can be present in amounts

from about 40% to about 90% by weight of the organic polymer layer.

Polyurethanes useful as the organic polymers described herein include those formed by

the reaction of one or more monomeric, oligomeric poly- or di-isocyanates, or mixtures

of these (sometimes referred to as isocyanate) and one or more polyols. Examples of

suitable polyols include polyester polyols and polyether polyols.

Polyols or combinations of polyols useful with the polyurethanes described herein

have an average functionality of about 1.5 to about 8.0. Useful polyols additionally have

an average functionality of about 1.6 to about 6.0, about 1.8 to about 4.0, about 2.5 to

about 3.5, or about 2.6 to about 3.1. The average hydroxyl number values for polyols

useful with the polyurethanes described herein include hydroxyl numbers from about 100

to about 600, about 150 to about 550, about 200 to about 500, about 250 to about 440,

about 300 to about 415, and about 340 to about 400.

In some examples, the polyol includes one or more plant-based polyols. The use

of plant-based polyols increases the environmental content of the organic polymers. As

discussed above, the one or more plant-based polyols can include castor oil. Castor oil is

a well-known, commercially available material, and is described, for example, in

Encyclopedia of Chemical Technology, Volume 5, John Wiley & Sons (1979). Suitable

castor oils include those sold by Vertellus Specialities, Inc., e.g., DB® Oil, and Eagle

Specialty Products, e.g., T31® Oil.

The one or more plant-based polyols useful with the organic polymers described

herein can include polyols containing ester groups that are derived from plant-based fats

and oils. Accordingly, the one or more plant-based polyols can contain structural

elements of fatty acids and fatty alcohols. Starting materials for the plant-based polyols



of the polyurethane component include fats and/or oils of plant-based origin with

preferably unsaturated fatty acid residues. The one or more plant-based polyols useful

with the polyurethanes described herein can include, for example, castor oil; coconut oil;

corn oil; cottonseed oil; lesquerella oil; linseed oil; olive oil; palm oil; palm kernel oil;

peanut oil; sunflower oil; tall oil; and mixtures thereof. In some embodiments, the one or

more plant-based polyols can be derived from soybean oil as the plant-based oil.

In some embodiments, the one or more polyols can include highly reactive

polyols that include a large number of primary hydroxyl groups (e.g. 75% or more or

80% or more) as determined using fluorine NMR spectroscopy as described in ASTM

D4273 [34]. In some embodiments, the highly reactive polyol can have a primary

hydroxyl number, defined as the hydroxyl number multiplied by the percentage of

primary hydroxyl groups based on the total number of hydroxyl groups, of greater than

250. Exemplary highly reactive polyols include plant-based polyols such as Pel-Soy 744

and Pel-Soy P-750, soybean oil based polyols commercially available from Pelron

Corporation; Agrol Diamond, a soybean oil based polyol commercially available from

BioBased Technologies; Ecopol 122, Ecopol 131 and Ecopol 132, soybean oil polyols

formed using polyethylene terephthalate and commercially available from Ecopur

Industries; Honey Bee HB-530, a soybean oil-based polyol commerically available from

MCPU Polymer Engineering; Renewpol, a castor oil-based polyol commercially

available from Styrotech Industries (Brooklyn Park, MN); JeffAdd B 650, a 65%> bio-

based content (using ASTM D6866-06) additive based on soybean oil commercially

available from Huntsman Polyurethanes (Auburn Hills, MI); Stepanpol PD-1 10 LV and

PS 2352, polyols based on soybean oil, diethylene glycol and phthalic anhydride and

commercially available from Stepan Company; and derivatives thereof. In some

embodiments, the highly reactive plant-based polyols can be formed by the reaction of a

soybean oil and a polyester to produce a plant-based polyester polyol. An example of

such a soybean oil-based polyester polyol is Ecopol 131, which is a highly reactive

aromatic polyester polyol comprising 80%> primary hydroxyl groups. Polyester polyols

can be prepared using recyclable polyester to further increase the recyclable content of an

organic polymer and Ecopol 131 is an example of such a polyester polyol. In some



embodiments, the soybean oil and polyester based polyol can be prepared using recycled

polyester. In some embodiments, the polyol can include renewable and recyclable

content.

The castor oil component when combined with a highly reactive polyol such as

Ecopol 131 also provides benefits such as increased resiliency, toughness and

handleability. The castor oil and highly reactive polyol can be combined in various

percentages, e.g., 15-40% of the castor oil and and 60-85% of the highly reactive polyol.

The castor oil also can provide a polyurethane foam product that is harder to break and

thus that can be used for more demanding applications.

Isocyanates useful with the polyurethanes described herein include one or more

monomeric or oligomeric poly- or di-isocyanates. The monomeric or oligomeric poly- or

di-isocyanate include aromatic diisocyanates and polyisocyanates. The isocyanates can

also be blocked isocyanates. An example of a useful diisocyanate is methylene diphenyl

diisocyanate (MDI). Useful MDIs include MDI monomers, MDI oligomers, and

mixtures thereof.

Further examples of useful isocyanates include those having NCO (i.e., the

reactive group of an isocyanate) contents ranging from about 25% to about 35% by

weight. Examples of useful isocyanates are found, for example, in Polyurethane

Handbook: Chemistry, Raw Materials, Processing Application, Properties, 2nd Edition,

Ed: Gunter Oertel; Hanser/Gardner Publications, Inc., Cincinnati, OH, which is herein

incorporated by reference. Suitable examples of aromatic polyisocyanates include 2,4- or

2,6-toluene diisocyanate, including mixtures thereof; /?-phenylene diisocyanate;

tetramethylene and hexamethylene diisocyanates; 4,4-dicyclohexylmethane diisocyanate;

isophorone diisocyanate; 4,4-phenylmethane diisocyanate; polymethylene

polyphenylisocyanate; and mixtures thereof. In addition, triisocyanates may be used, for

example, 4,4,4-triphenylmethane triisocyanate; 1,2,4-benzene triisocyanate;

polymethylene polyphenyl polyisocyanate; methylene polyphenyl polyisocyanate; and

mixtures thereof. Suitable blocked isocyanates are formed by the treatment of the

isocyanates described herein with a blocking agent (e.g., diethyl malonate, 3,5-

dimethylpyrazole, methylethylketoxime, and caprolactam). Isocyanates are



commercially available, for example, from Bayer Corporation (Pittsburgh, PA) under the

trademarks MONDUR and DESMODUR. Other examples of suitable isocyanates

include Mondur MR Light (Bayer Corporation; Pittsburgh, PA), PAPI 27 (Dow Chemical

Company; Midland, MI), Lupranate M20 (BASF Corporation; Florham Park, NJ),

Lupranate M70L (BASF Corporation; Florham Park, NJ), Rubinate M (Huntsman

Polyurethanes; Geismar, LA), Econate 31 (Ecopur Industries), and derivatives thereof.

The average functionality of isocyanates or combinations of isocyanates useful

with the organic polymers described herein is between about 1.5 to about 5 . Further,

examples of useful isocyanates include isocyanates with an average functionality of about

2 to about 4.5, about 2.2 to about 4, about 2.4 to about 3.7, about 2.6 to about 3.4, and

about 2.8 to about 3.2.

As indicated above, in the polyurethanes for use in the organic polymers

described herein, an isocyanate is reacted with a polyol. In general, the ratio of

isocyanate groups to the total isocyanate reactive groups, such as hydroxyl groups, water

and amine groups, is in the range of about 0.5 :1 to about 1.5:1, which when multiplied by

100 produces an isocyanate index between 50 and 150. Additionally, the isocyanate

index can be from about 80 to about 120, from about 90 to about 120, from about 100 to

about 115, or from about 105 to about 110. As used herein, an isocyanate may be

selected to provide a reduced isocyanate index, which can be reduced without

compromising the chemical or mechanical properties of the organic polymer.

The organic polymers (e.g., the polyurethanes) described herein can be

formulated with a high total environmental content. As used herein, the term total

environmental content refers to the sum of the total renewable content and the total

recyclable content used to form an organic polymer and is expressed as a weight percent.

As used herein, renewable content refers to matter that is provided by natural processes

or sources. Examples of renewable content include alcohol and oils from plants, such as

castor oil and soybean oil. Isocyanates derived from natural oil, such as castor oil pre-

polymers and soybean oil pre-polymers, are also examples of renewable content. As

used herein, recyclable content includes content that is derived from materials that would

otherwise have been discarded. Examples of recyclable content include a recyclable



polyol (e.g., one derived from recyclable polyester), glycerin sourced from a biodiesel

plant, and a coal ash. Renewable content and recyclable content are used in the

composites described herein to produce organic polymers with a high total environmental

content.

As described above, the organic polymers described herein can include a a filler

such as coal ash. The coal ash can be fly ash, bottom ash, or combinations thereof. In

some examples, the coal ash used is fly ash. Fly ash is produced from the combustion of

pulverized coal in electrical power generating plants. The fly ash useful with the organic

polymers described herein can be Class C fly ash, Class F fly ash, or a mixture thereof.

Fly ash produced by coal-fueled power plants is suitable for incorporation in composites

described herein.

Coal ash is present in the organic polymers described herein in amounts from

about 40% to about 90% by weight. Further, coal ash can be present in amounts from

about 60% to about 85%. Examples of the amount of coal ash present in the organic

polymers described herein include about 40%>, about 41%, about 42%, about 43%, about

44%, about 45%, about 46%, about 47%, about 48%, about 49%, about 50%, about 51%,

about 52%o, about 53%, about 54%, about 55%, about 56%, about 57%, about 58%, about

59%, about 60%, about 61%, about 62%, about 63%, about 64%, about 65%, about 66%,

about 67%o, about 68%, about 69%, about 70%, about 71%, about 72%, about 73%, about

74%, about 75%, about 76%, about 77%, about 78%, about 79%, about 80%, about 81%,

about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about

89%, or about 90%.

Instead of or in addition to coal ash, other fillers can be used in the organic

polymers described herein. Examples of fillers useful with the organic polymers include

other types of ash such as those produced by firing fuels including industrial gases,

petroleum coke, petroleum products, municipal solid waste, paper sludge, wood, sawdust,

refuse derived fuels, switchgrass or other biomass material. The one of more additional

fillers can also include ground/recycled glass (e.g., window or bottle glass); milled glass;

glass spheres; glass flakes; activated carbon; calcium carbonate; aluminum trihydrate

(ATH); silica; sand; ground sand; silica fume; slate dust; crusher fines; red mud;



amorphous carbon (e.g., carbon black); clays (e.g., kaolin); mica; talc; wollastonite;

alumina; feldspar; bentonite; quartz; garnet; saponite; beidellite; granite; calcium oxide;

calcium hydroxide; antimony trioxide; barium sulfate; magnesium oxide; titanium

dioxide; zinc carbonate; zinc oxide; nepheline syenite; perlite; diatomite; pyrophillite;

flue gas desulfurization (FGD) material; soda ash; trona; inorganic fibers; soy meal;

pulverized foam; and mixtures thereof.

In some embodiments, inorganic fibers or organic fibers can be included in the

organic polymer layer, e.g., to provide increased strength, stiffness or toughness. Fibers

suitable for use with the organic polymers described herein can be provided in the form

of individual fibers, fabrics, rovings, or tows. These can be added prior to polymerization

and can be chopped before or during the mixing process to provide desired fiber lengths.

Alternately, the fibers can be added after polymerization, for example, after the organic

polymer exits the mixing apparatus. The fibers can be up to about 2 in. in length. The

fibers can be provided in a random orientation or can be axially oriented. The fibers can

be coated with a sizing to modify performance to make the fibers reactive. Exemplary

fibers include glass, polyvinyl alcohol (PVA), carbon, basalt, wollastonite, and natural

(e.g., bamboo or coconut) fibers.

The inclusion of fillers in the organic polymers as described herein can modify

and/or improve the chemical and mechanical properties of the organic polymers. For

example, the optimization of various properties of the organic polymers allows their use

in building materials and other structural applications. High filler loading levels can be

used in organic polymers without a substantial reduction of (and potentially an

improvement in) the intrinsic structural, physical, and mechanical properties of a

composite.

The use of filled organic polymers in composites for use as building materials has

advantages over organic polymers made using lower filler levels or no filler. For

example, the use of higher filler loading levels in building materials may allow the

building materials to be produced at a substantially decreased cost. The use of large filler

loadings also provides environmental advantages. For example, the incorporation of

recyclable or renewable material, e.g., fly ash, as filler, provides an organic polymer with



a higher percentage of environmentally friendly materials, i.e., a higher total

environmental content. The use of the environmentally friendly materials in these

composites decreases the need of landfills and other waste facilities to store such

material. Another environmental benefit of using recyclable or renewable materials as

filler in these composites includes reducing the production of virgin fillers that may

involve energy-intensive methods for their creation and may produce waste or by-product

materials.

One or more catalysts are added to facilitate curing and can be used to control the

curing time of the polyurethanes. Examples of useful catalysts include amine-containing

catalysts (such as DABCO and tetramethylbutanediamine) and tin-, mercury-, and

bismuth-containing catalysts. In some embodiments, 0.01 wt% to 2 wt% catalyst or

catalyst system (e.g., 0.025 wt% to 1 wt%, 0.05 wt% to 0.5 wt %, or 0.1 wt% to about

0.25 wt%) can be used.

Additional components useful with the organic polymers described herein include

foaming agents, blowing agents, surfactants, chain-extenders, crosslinkers, coupling

agents, UV stabilizers, fire retardants, antimicrobials, anti-oxidants, and pigments.

Though the use of such components is well known to those of skill in the art, some of

these additional additives are further described herein.

In some embodiments, the organic polymer is foamed. Foaming agents and

blowing agents can be added to the organic polymers described herein to produce a

foamed version of the organic polymers. Examples of blowing agents include organic

blowing agents, such as halogenated hydrocarbons, acetone, hexanes, and other materials

that have a boiling point below the reaction temperature. Chemical foaming agents

include azodicarbonamides (e.g., Celogen manufactured by Lion Copolymer Geismar);

and other materials that react at the reaction temperature to form gases such as carbon

dioxide. In the case of polyurethanes, water can be used as a foaming agent that reacts

with isocyanate to yield carbon dioxide. The presence of water as an added component

or in the filler also can result in the formation of polyurea bonds through the reaction of

the water and isocyanate.



The addition of excess foaming agents or blowing agents above what is needed to

complete the foaming reaction can add strength and stiffness to the organic polymer,

improve the water resistance of the organic polymer, and increase the thickness and

durability of the outer skin of the organic polymer. Such excessive blowing agent may

produce a vigorously foaming reaction product. To contain the reaction product, a

forming device that contains the pressure or restrains the materials from expanding

beyond the design limits may be used, such as a stationary or continuous mold.

Surfactants can be used as wetting agents and to assist in mixing and dispersing

the inorganic particulate material in a composite. Surfactants can also stabilize and

control the size of bubbles formed during the foaming event and the resultant cell

structure. Surfactants can be used, for example, in amounts below about 0.5 wt % based

on the total weight of the mixture. Examples of surfactants useful with the polyurethanes

described herein include anionic, non-ionic and cationic surfactants. For example,

silicone surfactants such as DC- 197 and DC- 193 (Air Products; Allentown, PA) can be

used.

Low molecular weight reactants such as chain-extenders and/or crosslinkers can

be included in the organic polymers described herein. These reactants help the

polyurethane system to distribute and contain the inorganic filler and/or fibers within the

organic polymer. Chain-extenders are difunctional molecules, such as diols or diamines,

that can polymerize to lengthen the urethane polymer chains. Examples of chain-

extenders include ethylene glycol, 1,4-butanediol; ethylene diamine; 4,4'-methylenebis

(2-chloroaniline) (MBOCA); diethyltoluene diamine (DETDA); and aromatic diamines

such as Unilink 4200 (commercially available from UOP). Crosslinkers are tri- or greater

functional molecules that can integrate into a polymer chain through two functionalities

and provide one or more further functionalities (i.e., linkage sites) to crosslink to

additional polymer chains. Examples of crosslinkers include glycerin, diethanolamine,

trimethylolpropane, and sorbitol. In some composites, a crosslinker or chain-extender

may be used to replace at least a portion of the at least one polyol used to produce a

polyurethane as the organic polymer. For example, the polyurethane can be formed by

the reaction of an isocyanate, a polyol, and a crosslinker.



Coupling agents and other surface treatments such as viscosity reducers, flow

control agents, or dispersing agents can be added directly to the filler or fiber, or

incorporated prior to, during, and/or after the mixing and reaction of the organic polymer.

Coupling agents can allow higher filler loadings of an inorganic filler such as fly ash and

may be used in small quantities. For example, the organic polymer may comprise about

0.01 wt % to about 0.5 wt % of a coupling agent. Examples of coupling agents useful

with the organic polymers described herein include Ken-React LICA 38 and KEN-React

KR 55 (Kenrich Petrochemicals; Bayonne, NJ). Examples of dispersing agents useful

with the organic polymers described herein include JEFFSPERSE X3202, JEFFSPERSE

X3202RF, and JEFFSPERSE X3204 (Huntsman Polyurethanes; Geismar, LA).

Ultraviolet light stabilizers, such as UV absorbers, can be added to the organic

polymers described herein. Examples of UV light stabilizers include hindered amine type

stabilizers and opaque pigments like carbon black powder. Fire retardants can be

included to increase the flame or fire resistance of the organic polymer. Antimicrobials

can be used to limit the growth of mildew and other organisms on the surface of the

composite. Antioxidants, such as phenolic antioxidants, can also be added. Antioxidants

provide increased UV protection, as well as thermal oxidation protection.

Pigments or dyes can optionally be added to the organic polymers described

herein. An example of a pigment is iron oxide, which can be added in amounts ranging

from about 2 wt % to about 7 wt %, based on the total weight of the organic polymer.

In the inorganic polymer/organic polymer composite as described herein, the first

layer can be directly adhered to the second layer. For example, the first layer and second

layer can be adhered directly to one another without the use of an adhesive or binding

layer. In some examples, an adhesive can be used to bond the first layer and the second

layer. In some examples, the composite can include 75% or greater by weight of the

organic polymer and 25% by weight or less of the inorganic polymer. For example, the

composite can include 80% by weight of the organic polymer and 20% by weight of the

inorganic polymer, 85% by weight of the organic polymer and 15% by weight of the

inorganic polymer, 90% by weight of the organic polymer and 10% by weight of the



inorganic polymer, or 95% by weight of the organic polymer and 5% by weight of the

inorganic polymer.

The composite can include 25% by weight or less of the inorganic polymer. In

some examples, the composite can include 20%> by weight or less, 15% by weight or less,

10%o by weight or less, or 5% by weight or less of the inorganic polymer. For example,

the composite can include 24% by weight or less, 23% by weight or less, 22% by weight

or less, 21% by weight or less, 20% by weight or less, 19% by weight or less, 18% by

weight or less, 17% by weight or less, 16% by weight or less, 15% by weight or less,

14 % by weight or less, 13% by weight or less, 12% by weight or less, 11% by weight or

less, 10 % by weight or less, 9% by weight or less, 8% by weight or less, 7% by weight or

less, 6 % by weight or less, 5% by weight or less, of the inorganic polymer.

The composite can include 75% by weight or greater of the organic polymer. In

some examples, the composite can include 80% by weight or greater, 85% by weight or

greater, 90% by weight or greater, or 95% by weight or greater of the organic polymer.

For example, the composite can include 76% by weight or greater, 77% by weight or

greater, 78% by weight or greater, 79% by weight or greater, 80% by weight or greater,

8 1% by weight or greater, 82% by weight or greater, 83% by weight or greater, 84% by

weight or greater, 85% by weight or greater, 86% by weight or greater, 87% by weight or

greater, 88% by weight or greater, 89% by weight or greater, 90% by weight or greater,

9 1% by weight or greater, 92% by weight or greater, 93% by weight or greater, 94% by

weight or greater, 95% by weight or greater, 96% by weight or greater, 97% by weight or

greater, 98% by weight or greater, or 99% by weight or greater of the organic polymer.

A method of producing an inorganic polymer/organic polymer composite is also

described herein. The method includes mixing water and reactants comprising a reactive

powder, an activator, and optionally a retardant to produce an inorganic polymer reactive

mixture, applying a first layer to a surface, and applying a second layer to a surface of the

first layer. In the method, one of the first layer and the second layer is the inorganic

polymer reactive mixture and the other of the first layer and the second layer is an

organic polymer.



As described above, the inorganic polymer reactive mixture is prepared by mixing

water and the reactants as described herein. The components can be mixed from 2

seconds to 5 minutes. In some examples, the reactants are mixed for a period of 15

seconds or less (e.g., 2 to 10 or 4 to 10 seconds). The mixing times, even in the order of

15 seconds or less, result in a homogenous mixture. The mixing can be performed at an

elevated temperature (e.g., up to 160°F) or at ambient temperature. In some

embodiments, the mixing occurs at ambient temperature. The reactants are allowed to

react to form the inorganic polymer reactive mixture.

The inorganic polymer reactive mixtures can be produced using a batch, semi-

batch, or continuous process. At least a portion of the mixing step, reacting step, or both,

can be conducted in a mixing apparatus such as a high speed mixer or an extruder. The

method can further include the step of extruding the resulting composition through a die

or nozzle. In examples where the activator includes more than one component, the

components can be pre-mixed prior to reacting with the reactive powder and optionally

the retardant, as noted above. In some embodiments, a mixing step of the method used to

prepare the compositions described herein includes: (1) combining the activators in either

solid form or aqueous solution (e.g., combining an aqueous solution of citric acid with an

aqueous solution of sodium hydroxide) and adding any additional water to provide a

desired concentration for the activator solution; and 2) mixing the activator solution with

the reactive powder and aggregate.

An ultrasonic or vibrating device can be used for enhanced mixing and/or wetting

of the various components of the compositions described herein. Such enhanced mixing

and/or wetting can allow a high concentration of reactive powder to be mixed with the

other reactants. The ultrasonic or vibrating device produces an ultrasound of a certain

frequency that can be varied during the mixing and/or extrusion process. Alternatively, a

mechanical vibrating device can be used. The ultrasonic or vibrating device useful in the

preparation of compositions described herein can be attached to or adjacent to an extruder

and/or mixer. For example, the ultrasonic or vibrating device can be attached to a die or

nozzle or to the exit port of an extruder or mixer. An ultrasonic or vibrating device may



provide de-aeration of undesired gas bubbles and better mixing for the other components,

such as blowing agents, plasticizers, and pigments.

As described above, the method for preparing the composites further includes

applying a first layer to a surface and applying a second layer to a surface of the first

layer. Suitable surfaces for application of the first layer include, for example, molds or

conveying belts. The molds or conveying belts can be formed from metal, rubber,

polyurethane, latex, and mixtures of these. In some embodiments, the first layer is the

inorganic polymer reactive mixture and the second layer is the organic polymer. In these

examples, a layer of the inorganic polymer reactive mixture can be applied to a surface

and a layer of the organic polymer can be applied to a surface of the inorganic polymer

reactive mixture. In some examples, the organic polymer layer can be applied directly

onto the inorganic polymer layer; however, an adhesive layer can be applied between the

organic polymer layer and inorganic polymer layer. The inorganic polymer reactive

mixture can be allowed to cure and/or set prior to applying the organic polymer layer or

the organic polymer layer can be applied prior to curing and/or setting of the inorganic

polymer. In some examples, the organic polymer layer can be extruded onto the

inorganic polymer layer.

In other embodiments, the first layer is the organic polymer and the second layer

is the inorganic polymer reactive mixture. In these examples, a layer of the organic

polymer can be applied to a surface and a layer of the inorganic polymer reactive mixture

can be applied to a surface of the organic polymer. In some examples, the inorganic

polymer layer can be applied directly onto the organic polymer layer; however, an

adhesive layer can be applied between the inorganic polymer layer and organic polymer

layer. The organic polymer reactive mixture can be allowed to cure prior to applying the

inorganic polymer reactive mixture layer or the inorganic polymer reactive mixture can

be applied prior to curing of the organic polymer. In some examples, the inorganic

polymer reactive mixture layer can be extruded onto the organic polymer layer.

The inorganic polymer layer can be up to 25 mm in thickness. In some examples,

the inorganic polymer layer can be from 1 mm to 20 mm, from 3 mm to 15 mm or from 5

mm to 10 mm thick. For example, the inorganic polymer layer can be 25 mm or less, 20



mm or less, 15 mm or less, 10 mm or less, 9 mm or less, 8 mm or less, 7 mm or less, 6

mm or less, 5 mm or less, 4 mm or less, 3 mm or less, or 2 mm or less.

The organic polymer layer can range from 5 mm to 250 mm in thickness. In

some examples, the organic polymer layer can be from 10 mm to 200 mm, from 15 mm

to 150 mm, from 20 mm to 100 mm, or from 25 mm to 50 mm. For example, the organic

polymer layer can be 5 mm or more, 10 mm or more, 15 mm or more, 20 mm or more, 25

mm or more, 30 mm or more, 35 mm or more, 40 mm or more, 45 mm or more, 50 mm

or more, 100 mm or more, 150 mm or more, or 200 mm or more.

Optionally, the layers of the inorganic polymer/organic polymer composite can be

allowed to cure together. In some examples, the composite is allowed to cure at ambient

temperature, for example, for up to 24 hours. For example, the molded product can be

cured at ambient temperature for 24 hours or less, 18 hours or less, 12 hours or less, 6

hours or less, 5 hours or less, 4 hours or less, 3 hours or less, 2 hours or less, 1 hour or

less, or 30 minutes or less at ambient temperature.

The inorganic polymer layer, the organic polymer layer, or the inorganic

polymer/organic polymer composite can be cured at an elevated temperature. In some

embodiments, the inorganic polymer layer is allowed to cure at an elevated temperature

of 250°F to 500°F (instead of or in addition to the ambient temperature cure). The curing

temperature for the inorganic polymer layer can be from 275°F to 475°F, 300°F to 450°F,

or 325 °F to 400°F. For example, the curing temperature for the inorganic polymer layer

can be 500°F or less, 450°F or less, 400°F or less, 350°F or less, or 300°F or less. In

some examples, the curing temperature for the inorganic polymer layer can be 250°F or

greater, 275°F or greater, 300°F or greater, 325°F or greater, 375°F or greater, 400°F or

greater, 425°F or greater, 450°F or greater, or 475°F or greater.

In some embodiments, the organic polymer layer is allowed to cure at an elevated

temperature of up to 300°F either alone or with the inorganic polymer in the inorganic

polymer/organic polymer composite (instead of or in addition to the ambient temperature

cure). The curing temperature for the organic polymer layer can be from 150°F to 300°F,

175°F to 275°F, or 200 °F to 250°F. For example, the curing temperature for the organic

polymer layer can be 300°F or less, 275°F or less, 250°F or less, 225°F or less, or 200°F



or less. In some examples, the curing temperature for the organic polymer layer can be

150°F or greater, 175°F or greater, 200°F or greater, 225°F or greater, 250°F or greater,

or 275°F or greater.

The curing can be performed for up to 10 hours. For example, the curing can be

performed for 10 hours or less, 9 hours or less, 8 hours or less, 7 hours or less, 6 hours or

less, 5 hours or less, 4 hours or less, 3 hours or less, 2 hours or less, 1 hour or less, or less

than 1 hour.

The method can further include allowing the product to set. The product can be

allowed to set, for example, in the shaping mold used in the forming step. The

composition can have a set time in the mold, for example, of from 1 to 300 minutes and

can be less than 15 minutes (e.g., 2-5 minutes).

The inorganic polymer/organic polymer composites described herein can be

formed into shaped articles and used in various applications, including building materials.

Examples of such building materials include synthetic stone, roofing tiles (e.g., shake and

slate tile), ceramic tiles, architectural stone, thin bricks, bricks, pavers, panels, underlay

(e.g., bathroom underlay), banisters, lintels, pipe, posts, signs, guard rails, retaining walls,

park benches, tables, railroad ties, and other shaped articles. In some examples, the

inorganic polymer/organic polymer composites can be formed into panels that resemble

stucco, cement, stone, or brick.

The composites, materials, and methods of the appended claims are not limited in

scope by the specific composites, materials, and methods described herein, which are

intended as illustrations of a few aspects of the claims and any composites, materials, and

methods that are functionally equivalent are intended to fall within the scope of the

claims. Various modifications of the composites, materials, and methods in addition to

those shown and described herein are intended to fall within the scope of the appended

claims. Further, while only certain representative materials and method steps disclosed

herein are specifically described, other combinations of the materials and method steps

also are intended to fall within the scope of the appended claims, even if not specifically

recited. Thus, a combination of steps, elements, components, or constituents may be

explicitly mentioned herein; however, other combinations of steps, elements,



components, and constituents are included, even though not explicitly stated. The term

"comprising" and variations thereof as used herein is used synonymously with the term

"including" and variations thereof and are open, non-limiting terms. Although the terms

"comprising" and "including" have been used herein to describe various embodiments,

the terms "consisting essentially of and "consisting of can be used in place of

"comprising" and "including" to provide for more specific embodiments and are also

disclosed.



WHAT IS CLAIMED IS:

1. An inorganic polymer/organic polymer composite, comprising:

a first layer comprising an inorganic polymer formed by reacting in the presence

of water:

a reactive powder comprising 85% by weight or greater fly ash and less

than 10% by weight portland cement;

an activator; and

optionally a retardant; and

a second layer adhered to the first layer comprising an organic polymer.

2 . An inorganic polymer/organic polymer composite, comprising:

a first layer comprising an inorganic polymer formed by reacting in the presence

of water:

a reactive powder comprising fly ash and less than 10%> by weight

portland cement;

an activator; and

optionally a retardant; and

a second layer adhered to the first layer comprising an organic polymer and a

filler.

3 . The composite of claim 2 , wherein the fly ash is present in an amount of greater

than 85%o by weight of the reactive powder.

4 . The composite of any of claims 1-3, wherein the reactive powder includes less

than 5% by weight of portland cement.

5 . The composite of any of claims 1-4, wherein greater than 75% of the fly ash

comprises Class C fly ash.

6 . The composite of any of claims 1-5, wherein the activator includes citric acid.



7 . The composite of any of claims 1-6, wherein the activator includes sodium

hydroxide.

8. The composite of any of claims 1-7, wherein the inorganic polymer is

substantially free from retardants.

9 . The composite of any of claims 1-8, wherein the inorganic polymer further

comprises fibers.

10. The composite of any of claims 1-9, wherein the inorganic polymer further

comprises a photocatalyst.

11. The composite of any of claims 1-10, wherein the weight ratio of water to reactive

powder is from 0.06:1 to 0.25:1.

12. The composite of any of claims 1-1 1, wherein the organic polymer is a

polyurethane.

13. The composite of any of claims 1-12, wherein the polyurethane is foamed.

14. The composite of any of claims 1-13, wherein the first layer is directly adhered to

the second layer without the use of an adhesive layer.

15. The composite of any of claims 1-14, wherein the composite includes 75% by

weight or greater of the organic polymer and 25% by weight or less of the inorganic

polymer.

16. A building material comprising the composite of any of claims 1-15.

17. The building material of claim 16, wherein the building material is a synthetic

stone or a panel.



18. A method of producing an inorganic polymer/organic polymer composite,

comprising:

mixing water and reactants comprising a reactive powder comprising 85% by

weight or greater fly ash, an activator, and optionally a retardant to produce an inorganic

polymer reactive mixture;

applying a first layer to a surface; and

applying a second layer to a surface of the first layer to produce the inorganic

polymer/organic polymer composite,

wherein one of the first layer and the second layer is the inorganic polymer

reactive mixture and the other of the first layer and the second layer is an organic

polymer.



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2012/058852
A . CLASSIFICATION O F SUBJECT MATTER

B32B 13/12(2006.01)i, B32B 18/00(2006.01)i, B32B 27/06(2006.01)1, B28B 1/16(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B32B 13/12; E04D 11/02; B32B 13/00; C08G 18/00; C04B 14/00; B32B 33/00; C09D 175/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: fly ash, polyurethane, sodium hydroxide, portland cement, water, composite

C. DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

S 05453310 A (ANDERSEN et al.) 26 September 1995. 1-4,18

See abstract; columns 5-7; and claims 1-158.

US 6555199 Bl (JENKINES, RANDALL C.) 29 April 2003. 1-4,18

See abstract; columns 1-7; and claims 1-32.

R 10-2001-0090026 A (EUM, JU B0 ) 18 October 2001. 1-4,18

See abstract; pages 1-4; claims 1-4; and figure 2 .

KR 10-2007-0051111 A (REEKUNSA LTD. et al.) 17 May 2007. 1-4,18

See abstract; pages 4-8; and claims 1-12.

Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of citation or other document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P document published prior to the international filing date but later document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

26 FEBRUARY 2013 (26.02.2013) 26 FEBRUARY 2013 (26.02.2013)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan CHANG, Bong Ho
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-3353

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2012/058852

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.: 17
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claim 17 refers to a multiple dependent claim that refers to other multiple dependent claims. Therefore, the meaning of the
technical feature to which it refers is va ue and unclear.

3 . Claims Nos.: 5-16
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

I IAs only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4 . No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest | | The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

I IThe additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees

Form PCT/ISA/210 (continuation of first sheet (2)) ( y 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/058852

Patent document Publication Patent family Publication
cited i search report date member(s) date

US 05453310 A 26 .09 . 1995 AU 1995-297 10 B2 20. 05. 1999
AU 1995-35 118 B2 25. 03,, 1999
AU 1995-35524 B2 06. 05,, 1999
AU 1997-24355 B2 19. 08,, 1999
AU 1997-26 108 B2 19. 08,, 1 9
AU 1997-28005 B2 18. 11 1999
AU 1997-33890 B2 30. 03,,2000
AU 1998-52803 B2 17. 06 1999

CA 2143004 A1 09. 06,, 1994
CA 2156050 A1 0 1.09 1994
CA 2202869 A1 02. 05 1996
CA 2248771 A1 16. 10 1997
CA 2248982 A1 16. 10,, 1997
CN 1083792 A 16. 03 1994
CN 109971 1 AO 08. 03,, 1995
CN 1100395 AO 22. 03 1995
CN 1103043 AO 3 1 .05,, 1995
CN 1126233 A 10. 07 1996
CN 1250736 AO 19. 04 2000
CN 1403349 AO 19. 03,,2003
EP 0662029 A1 08. 11,,2000
EP 0678068 A1 03. 09 2003
EP 0686082 A1 02. 05,,2002
EP 0686082 B1 04. 09 2002
EP 0688261 A1 27. 0 1 ,, 1999
EP 0713481 A1 14. 10,, 1998
EP 0714383 A1 17. 04,,2002
EP 0743899 A1 27. 0 1 ,, 1999
EP 0775173 A1 2 1. 11 2001
EP 0775173 B1 23. 10,,2002
EP 0788422 A1 02. 0 1 ,,2002
EP 0804331 A1 2 1.08,,2002
EP 0804331 B1 2 1.08,,2002
EP 0892716 A1 12. 11,,2003
EP 0892717 A1 27. 0 1 ,, 1999
EP 0892717 A1 04. 12,,2002
EP 0920371 A1 20. 11 2002
EP 0920371 B1 07. 05,,2003
EP 096071 1 A2 0 1. 12 1999
EP 096071 1 A3 11.07,,2001
EP 096071 1 B1 04. 12 2002
EP 1007320 A1 14. 06 2000
EP 1007320 B1 20. 07 2005
EP 1155794 A2 2 1. 11,,2001
EP 1155794 A3 05. 03..2003
EP 1300228 A2 09. 04,,2003
EP 1308263 A2 07. 05 2003
EP 1308263 A3 2 1.05,,2003
JP 03296565 B2 12. 04,,2002

Form PCT/ISA/210 (patent family annex) ( y 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/058852

Patent document Publication Patent family Publication
cited i search report date member(s) date

JP 03361813 B2 18 10. 2002

P 03425959 B2 09 05. 2003
JP 08500075 A 09 0 1 . 1996

JP 08507035 A 30 07. 1996

JP 08509949 A 22 10. 1996

JP 0851 1486 A 03 12. 1 6

JP 09502154 A 04 03. 1997

JP 0950512 1 A 20 05. 1997

JP 09507463 A 29 07. 1997

JP 10505369 A 26 05. 1998

JP 10506854 A 07 07. 1998

JP 11504950 A 11 05. 1999

JP 2000-508258 A 04 07. 2000

JP 2000-51 1126 A 29 08. 2000

JP 2001-523 196 A 20 11.2001

KR 10-0309418 B1 17 12. 2001
KR 10-0316469 B1 28 02. 2002

KR 10-0317 178 B1 04 09. 2002

KR 10-0355468 B1 17 05. 2003

KR 10-1995-0702899 A 23 08. 1995

KR 10-1996-0700869 A 24 02. 1996

KR 10-1996-070382 1 A 3 1 08. 1996

KR 10-1996-0703823 A 3 1 08. 1996

KR 10-1997-070058 1 A 12 02. 1997

KR 10-1997-0704832 A 06 09. 1997

KR 10-1997-07061 16 A 03 11. 1997

KR 10-1999-0087469 A 27 12. 1999

KR 10-2000-0004908 A 25 0 1 .2000

KR 10-2000-00 15774 A 15 03. 2000
US 05385764 A 3 1 0 1 . 1995

US 05506046 A 09 04. 1996

US 05508072 A 16 04. 1996

US 05514430 A 07 05. 1996

US 05527387 A 18 06. 1996

US 05543186 A 06 08. 1996

US 05545297 A 13 08. 1996

US 05545450 A 13 08. 1996

US 05549859 A 27 08. 1996

US 05580409 A 03 12. 1996

US 05580624 A 03 12. 1996

us 05582670 A 10 12. 1996

us 05614307 A 25 03. 1997

us 05618341 A 08 04. 1997

us 05626954 A 06 05. 1997

us 05631052 A 20 05. 1997

us 05631053 A 20 05. 1997

us 05631097 A 20 05. 1997

us 05641584 A 24 06. 1997

us 05654048 A 05 08. 1997

us 05658603 A 19 08. 1997

Form PCT/ISA/210 (patent family annex) ( y 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/058852

Patent document Publication Patent family Publication

cited i search report date member(s) date

US 05658624 A 1 08 1 7
us 05660900 A 26 08 1997
us 05660904 A 26 08 1997
us 0566273 1 A 02 09 1997
us 05665439 A 09 09 1997
us 05665442 A 09 09 1997
us 05676905 A 14 10 1997
us 05679145 A 2 1 10 1997
us 0567938 1 A 2 1 10 1997

us 05683772 A 04 11 1997
us 05691014 A 25 11 1997
us 05702787 A 30 12 1997
us 05705203 A 06 0 1 1998
us 05705237 A 06 0 1 1998
us 05705238 A 06 0 1 1998
us 05705239 A 06 0 1 1998
us 05705242 A 06 0 1 1998
us 05709827 A 20 0 1 1998
us 05709913 A 20 0 1 1998
us 05714217 A 03 02 1998
us 05716675 A 10 02 1998
us 05720913 A 24 02 1998
us 05736209 A 07 04 1998
us 0573892 1 A 14 04 1998
us 05753308 A 19 05 1998
us 05766525 A 16 06 1998
us 05776388 A 07 07 1998
us 05783126 A 2 1 07 1998
us 0579815 1 A 25 08 1998
us 05800647 A 0 1 09 1998
us 05800756 A 0 1 09 1998
us 0581096 1 A 22 09 1998
us 05830305 A 03 11 1998
us 05830548 A 03 11 1998
us 05843544 A 0 1 12 1998
us 05851634 A 22 12 1998
us 05868824 A 09 02 1999
us 05879722 A 09 03 1999
us 05928741 A 27 07 1999
us 05976235 A 02 11 1999
us 06030673 A 29 02. 2000
us 06083586 A 04 07. 2000
us 06090195 A 18 07. 2000
us 6168857 E 1 02 0 1 2001
us 6180037 E 1 30 0 1 2001
us 6200404 E 1 13 03. 2001
us E039339 1 17 10. 2006
us RE39339 E1 17 10. 2006

o 94-04330 1 03 03 1994
o 94-12328 A1 09 06 1994

Form PCT/ISA/210 (patent family annex) ( y 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2012/058852

Patent document Publication Patent family Publication
cited i search report date member(s) date

O 94-19172 A1 0 1 09. 1 4

O 94-20274 A1 15 09. 1994

WO 95-04709 A1 16 02. 1995

WO 95-05350 A1 23 02. 1995

wo 95-15849 A1 15 06. 1995

wo 95-21056 A1 10 08. 1995

wo 95-33606 A1 14 12. 1995

wo 96-05254 A1 22 02. 1996

wo 96-10477 A1 11 04. 1996

wo 96-12606 A1 02 05. 1996

wo 97-23333 A1 03 07. 1997

wo 97-37827 A1 16 10. 1997

wo 97-37841 A1 16 10. 1997

wo 97-37842 A1 16 10. 1997

wo 97-47452 A1 18 12. 1997

US 6555199 B 1 29 .04. 2003 AU 1997-408 16 B2 18 05. 2000

AU 4081697 A 19 03. 1998

AU 719798 B2 18 05. 2000
BR 971 1246 A 17 08. 1999

CA 2262782 1 05 03. 1998

CA 2262782 C 06 11.2007

DE 69718176 D1 06 02. 2003

DE 69718176 T2 02 10. 2003

EP 0922067 1 2 1 08. 2002

EP 0922067 1 16 06. 1999

EP 0922067 E 1 02 0 1 .2003

JP 2000-51736 1 A 26 12. 2000
KR 10-2000-0035834 A 26 06. 2000

NZ 333977 A 26 05. 2000

TW 449605 A 11 08. 2001
TW 449605 B 11 08. 2001

us 0609640 1 A 0 1 08. 2000
wo 98-08893 A1 05 03. 1998

K 10-2001-0090026 A 18 . 10 .200 1 None

KR 10-2007-0051 11 A 17 .05 .2007 None

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	wo-search-report

