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LIQUID HIGH SOLIDS BINDER COMPOSITION

This application claims the benefit of United States provisional application

61/556,458, filed November 11, 201 1, which is incorporated by reference herein.

TECHNICAL FIELD

The invention described herein pertains to formaldehyde free, thermosetting

liquid high solids binder compositions having rapid cure times on thermal curing and slow

cure times at ambient temperatures so that the uncured binder compositions and products

which comprise the uncured binder compositions have improved shelf lives.

BACKGROUND AND SUMMARY OF THE INVENTION

In view of regulatory and ecological concerns, there has been development of

and increasing utilization of binder compositions which are free of formaldehyde in the

manufacture of a number of articles, for example, for the manufacture of insulation products

in which the binder is disposed on a collection of mineral fibers, such as fiberglass, and cured

to consolidate the collection of fibers, and for the manufacture of cellulosic products in which

a variety of forms of cellulose are bound and cured to form wood board products, such as

wood fiber boards. See, for example, WO 2007/014236 or U.S. Patent No. 7,888,445. There

is a need for binder compositions which have improved shelf lives, both prior to application

and in an uncured, substantially dehydrated state after application to collections of fibers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 (Comparison Examples) shows the cure times and the cure temperature

profiles for binder compositions comprising dextrose monohydrate (DMH) with

hexamethylenediamine (HMDA) and with ammonium sulfate (AS) and for typical phenol-

formaldehyde (PF) binder compositions (PF-1 and PF-2).

FIG 2 (Polyetheramine Examples) shows the cure times and the cure

temperature profiles for binder compositions containing dextrose monohydrate (DMH) and

various polyetheramines.

FIG 3 shows the comparison of shelf life as the difference in increase in

viscosity on standing at ambient temperature over time for binder compositions of different

% solids made with high fructose corn syrup (HFCS) with hexamethylenediamine (HMDA)

and with various polyetheramines.



FIG 4 shows that the binder compositions made with high fructose corn syrup

(HFCS) with hexamethylenediamine (HMDA) and with various polyetheramines have

similar curing times and cure temperature profiles.

DETAILED DESCRIPTION

In one embodiment, there is provided a liquid, curable, thermosetting, aqueous

formaldehyde free, binder composition which is free of solid particles comprising a primary

or secondary polyetheramine and a carbohydrate. As used herein, "aqueous" is not restricted

to water as a solvent, but also includes a water-containing solvent. The liquid binder

composition may be in the form of a dispersion, such as an emulsion or a suspension.

Because the binder composition does not utilize formaldehyde as a reagent, it

is referred to as a formaldehyde- free binder. In one embodiment, the binder composition is

one which liberates less than 5 ppm formaldehyde as a result of drying and/or curing (or

appropriate tests simulating drying and/or curing). In another embodiment, the binder

composition is one wherein the binder composition liberates less than 1 ppm formaldehyde

under such conditions.

Embodiments of products incorporating the binder of the invention as

described herein, for example insulation products or wood board products, may be

"formaldehyde free" wherein they comprise less than 5 ppm or less than detectible limits of

free formaldehyde and/or consist of materials which together comprise less than these

amounts of free formaldehyde and/or release levels of formaldehyde in standardized tests

adapted to simulate their ordinary use which allows them to be classified as having no or

undetectable levels of formaldehyde release. In one embodiment, such products release less

than 5 µg/m3 of formaldehyde during the period of 24-48 hours from the start of testing in

accordance with free of solid particles ISO 16000.

As used herein, "free of solid particles" means free of solid particles

sufficiently large to block the nozzles of spraying equipment or to separate (settle out) from

the liquid binder composition, but does not exclude, for example, microscopic particles or

nanoparticles. In one embodiment, the binder composition is a solution.

As used herein, polyamines with oxygen in their chains are referred to as

"polyetheramines" (also known as polyetherpolyamines) and include polyaminoalkylether

compounds containing two or more amino groups (functionality of > 2) and one or more

ether linkages. The underlying ethers are derived from various polyols and ethyleneoxide,



propylene oxide, trimethylene oxide, tetrahydrofuran, 1,4-dioxane and the like, or

combinations thereof.

Polyetheramines are commercially available, for example, from BASF Group

and from Huntsman Corporation (under trade names such as Jeffamine™ and Elastamine™).

One embodiment of the binder composition as described herein is one wherein the

approximate molecular weight of the polyetheramme does not exceed about 1000 or does not

exceed 1000. One embodiment of the binder composition as described herein is one wherein

the polyetheramme comprises a primary amine. One embodiment of the binder composition

as described herein is one wherein the polyetheramme has an amine hydrogen equivalent

weight (AHEW) of less than about 200 g/eq or less than 200 g/eq. One embodiment of the

binder composition as described herein is one wherein the polyetheramme has an amine

hydrogen equivalent weight (AHEW) of less than about 125 g/eq or less than 125 g/eq. One

embodiment of the binder composition as described herein is one wherein the polyetheramme

has an amine hydrogen equivalent weight (AHEW) of less than about 85 g/eq or less than

85 g/eq. One embodiment of the binder composition as described herein is one wherein the

polyetheramme has an amine hydrogen equivalent weight (AHEW) of less than about 60 g/eq

or less than 60 g/eq.

One embodiment of the binder composition as described herein is one wherein

the polyetheramme comprises a primary triamine. One embodiment of a primary triamine is

one wherein the polyetheramme has the structural formula of Jeffamine™ T-403.

Jeffamine T-403 Polyetheramme is a trifunctional primary amine having an

average molecular weight of 440. Its amine groups are located on secondary carbon atoms at

the ends of aliphatic polyether chains. Its structure may be represented as follows, in which

the sum of x, y, and z is 6 :

One embodiment of the binder composition as described herein is one wherein

the polyetheramme comprises a primary diamine. One embodiment of a primary diamine is



one wherein the polyetheramine has the structural formula of Jeffamine™ EDR-148,

EDR-176, D-230, D-400, HK-51 1, ED-600 or XTJ-542.

Jeffamine EDR-148 and EDR-176 are primary diamines based on ethylene

glycol as the central polyol, and their structures and molecular weights may be represented as

follows:

-®JEFFAMINE x W
EDR-148 (XTJ-504) 2.0 148
EDR-176 (XTJ-590) 3.0 176

The structures and average molecular weights (MW*) of the primary diamines

Jeffamine D-230 and D-400 may be represented as follows:

JEFFAMINE x MW*
D-230 -2.5 230
D-400 .1 430

Jeffamine HK-5 11 and ED-600 are primary diamines based on a polyethylene

glycol as the central polyol, and their structures and average molecular weights (MW*) may

be represented as follows:

JEFFAMINE MW*
HK-51 220
ED-600 (XTJ-500) 600

Jeffamine XTJ-542 is a triblock polymer diamine of approximately 1000

molecular weight, based on a PTMEG [poly(tetramethylene ether glycol)]/PPG

(polypropylene glycol) copolymer, and its structure may be represented as follows:



in which x is approximately 3, y is approximately 9 and z is approximately 2 .

One embodiment of a primary diamine is one wherein the polyetheramme has

the structural formula of Jeffamine™ EDR-104. Jeffamine EDR-104 has the following

structural formula:

For any of the preceding embodiments of the binder composition, in one

embodiment the carbohydrate comprises a reducing or non-reducing carbohydrate or a

combination thereof. In one embodiment, the carbohydrate is a hydrolysate of sugars,

starches, cellulose, or lignocellulosic material. In one embodiment the feedstock for the

carbohydrate is molasses, bagasse, or corn cobs. For any of the preceding, in one

embodiment the carbohydrate comprises a monosaccharide or a disaccharide or a

combination thereof. For any of the preceding, in one embodiment the carbohydrate

comprises one or more monosaccharides. For the preceding, in one embodiment the

carbohydrate comprises dextrose, fructose or xylose, or a mixture thereof. For the preceding,

in one embodiment the carbohydrate comprises a mixture of dextrose and fructose. For the

preceding, in one embodiment the dextrose to fructose ratio is about 80:20 to about 20:80 or

is 80:20 to 20:80.

For any of the preceding embodiments of the binder composition, in one

embodiment the ratio of carbohydrate carbonyl-group to polyetheramme amino-group is in

the range of about 0.15:1 to about 6:1 or is in the range of 0.15:1 to 6:1. For any of the

preceding embodiments of the binder composition, in one embodiment the ratio of

carbohydrate carbonyl-group to polyetheramme amino-group is in the range of about 0.5:1 to

about 2:1 or is in the range of 0.5 :1 to 2 :1. For any of the preceding embodiments of the

binder composition, in one embodiment the ratio of carbohydrate carbonyl-group to

polyetheramme amino-group is in the range of about 0.75:1 to about 1.33:1 or is in the range

of 0.75:1 to 1.33:1.



For any of the preceding embodiments, one embodiment is a binder

composition further comprising a silicon-containing compound. In one embodiment of the

preceding, the silicon-containing compound is selected from the group consisting of gamma-

aminopropyltriethoxysilane, gamma-glycidoxypropyltrimethoxysilane,

aminoethylaminopropyltrimethoxysilane, an aminofunctional oligomeric silane, and mixtures

thereof. In one embodiment of the preceding, the silicon-containing compound is gamma-

aminopropyltriethoxysilane.

For any of the preceding embodiments, one embodiment is a binder

composition further comprising a corrosion inhibitor selected from the group consisting of

dedusting oil, ammonium phosphates, sodium metasilicate pentahydrate, melamine, tin

(Il)oxalate, and a methylhydrogen silicone fluid emulsion.

For any of the preceding embodiments of the binder composition, in one

embodiment the binder concentration is at least about 35% solids or is at least 35% solids.

For any of the preceding embodiments of the binder composition, in one embodiment the

binder concentration is at least about 50% solids or is at least 50% solids. For any of the

preceding embodiments of the binder composition, in one embodiment the binder

concentration is at least about 70%> solids or is at least 70%> solids. For any of the preceding

embodiments of the binder composition, in one embodiment the binder concentration is at

least about 85% solids or is at least 85% solids. For any of the preceding embodiments of the

binder composition, in one embodiment the binder concentration is at least about 90% solids

or is at least 90% solids.

As used herein, "% solids" (corresponding to mass%) refers to the weight

(mass) percentage of the dissolved binder constituents, based on the weight (mass) of the

total aqueous binder composition.

For any of the preceding embodiments of the binder composition, in one

embodiment the viscosity is less than about 5 Pa-s or is less than 5 Pa-s. For any of the

preceding embodiments of the binder composition, in one embodiment the viscosity is less

than about 2 Pa-s or is less than 2 Pa-s. For any of the preceding embodiments of the binder

composition, in one embodiment the viscosity is less than about 1 Pa-s or is less than 1 Pa-s.

For any of the preceding embodiments of the binder composition, in one

embodiment the increase in viscosity on standing for 1 week at a temperature not exceeding

about 25 °C does not exceed 1 Pa-s. For any of the preceding embodiments of the binder

composition, in one embodiment the increase in viscosity on standing for 2 weeks at a

temperature not exceeding about 25 °C does not exceed 1 Pa-s. For any of the preceding



embodiments of the binder composition, in one embodiment the increase in viscosity on

standing for 3 weeks at a temperature not exceeding about 25 °C does not exceed 1 Pa-s. For

any of the preceding embodiments of the binder composition, in one embodiment the

increase in viscosity on standing for 4 weeks at a temperature not exceeding about 25 °C does

not exceed 1 Pa-s.

For any of the preceding embodiments of the binder composition, in one

embodiment the cure time for wet laid mats as described hereinbelow at 400 °F (204 °C) is no

greater than about 7 min or is no greater than 7 min. For any of the preceding embodiments

of the binder composition, in one embodiment the cure time for wet laid mats as described

hereinbelow at 400 °F (204 °C) is no greater than about 5 min or is no greater than 5 min. For

any of the preceding embodiments of the binder composition, in one embodiment the cure

time for wet laid mats as described hereinbelow at 400 °F (204 °C) is no greater than about

4 min or is no greater than 4 min.

For any of the preceding embodiments of the binder composition, in one

embodiment the composition is free or substantially free of an acid component. As used

herein, acid component means an acid or the salt of an acid with ammonia or another amine.

An acid may be an inorganic acid, such as for example sulfuric acid or phosphoric acid, a

mono- or polycarboxylic acid, such as for example glycolic or citric acid, or an organic acid

which is other than a carboxylic acid, such as a sulfonic acid or phosphonic acid, for example

methanesulfonic acid or para-toluenesulfonic acid. A salt with ammonia is, for example,

ammonium sulfate or ammonium phosphate. An amine other than ammonia may be a

primary, secondary or tertiary amine.

For any of the preceding embodiments of the binder composition, in one

embodiment the pH is at least about 11 or is at least 11. For any of the preceding

embodiments of the binder composition, in one embodiment the pH is at least about 9 or is at

least 9 . For any of the preceding embodiments of the binder composition, in one

embodiment the pH is at least about 7 or is at least 7 .

For any of the preceding embodiments of the binder composition, in one

embodiment the binder composition is a commercial/merchant market binder composition or

binder composition concentrate.

For any of the preceding embodiments of the binder composition, in one

embodiment the binder composition is an about 70% solids binder or a is a 70%> solids binder

having a viscosity of no more than about 1.5 Pa-s or of no more than 1.5 Pa-s.



For any of the preceding embodiments, one embodiment is a binder

composition further comprising a non-aqueous moisturizer, for example as described in

WO 201 1/123593. In one embodiment of the preceding, the non-aqueous moisturizer

comprises a polyoxyalkylene glycol or a polypropylene glycol.

In one embodiment, there is provided an uncured binder composition disposed

on a collection of fibers as a viscous or semi-viscous high-so lids mixture which functions as

a binder to bind the fibers in the collection of fibers, wherein the uncured binder composition

is a substantially dehydrated composition of the binder composition as described in any of the

above embodiments of a liquid binder composition.

In one embodiment, there is provided a collection of fibers bound by an

uncured aqueous curable binder composition in contact with the fibers, wherein the uncured

binder composition is a substantially dehydrated composition of the binder composition as

described in any of the above embodiments of a liquid binder composition. For the

preceding, in one embodiment the fibers are mineral fibers, aramid fibers, ceramic fibers,

metal fibers, carbon fibers, polyimide fibers, polyester fibers, rayon fibers, or cellulosic

fibers. For the preceding, in one embodiment the fibers are mineral fibers. For the

preceding, in one embodiment the mineral fibers are slag wool fibers, rock wool fibers, or

glass fibers. In illustrative embodiments, the collection of matter includes insulating fibers.

In one embodiment, a fiber insulation product is described which includes insulating fibers

and a binder. As used herein, the term "insulating fiber," indicates heat-resistant fibers

suitable for withstanding elevated temperatures. Examples of such fibers include, but are not

limited to, mineral fibers (glass fibers, slag wool fibers, and rock wool fibers), aramid fibers,

ceramic fibers, metal fibers, carbon fibers, polyimide fibers, certain polyester fibers, and

rayon fibers. Illustratively, such fibers are substantially unaffected by exposure to

temperatures above about 120 °C. In one embodiment, the insulating fibers are glass fibers.

In yet another embodiment, the mineral fibers are present in the range from about 70% to

about 99% by weight.

In one embodiment, the above collection is an uncured glass fiber insulation

blanket (wet blanket). In another embodiment, the above collection is an uncured glass fiber

pipe insulation (pipe insulation uncured).

In one embodiment of the above collection of fibers bound by an uncured

aqueous curable binder composition in contact with the fibers, the collection of matter

comprises cellulosic fibers. For example, the cellulosic fibers may be wood shavings,

sawdust, wood pulp, or ground wood. In yet another embodiment, the cellulosic fibers may



be other natural fibers such as jute, flax, hemp, and straw. The binder disclosed herein may

be used as in the place of the binder described in Published PCT application WO

2008/089847, which is incorporated herein by reference in its entirety. In one embodiment, a

composite wood board comprising wood particles and a binder is disclosed. In another

embodiment, the composite wood board is formaldehyde free. In one embodiment, the

composite wood board has a nominal thickness range of greater than 6 mm to 13 mm, and

has a modulus of elasticity (MOE) of at least about 1050 N/mm^, a bending strength (MOR)

of at least about 7 N/mm^, and an internal bond strength (IB) of at least 0.20 N/mm^. In

another embodiment, the composite wood board has a nominal thickness range of greater

than 6 mm to 13 mm, and has a bending strength (MOR) of at least about 12.5 N/mm^, and

an internal bond strength (IB) of at least 0.28 N/mm^. In another embodiment, the composite

wood board has a nominal thickness range of greater than 6 mm to 13 mm, and has a

modulus of elasticity (MOE) of at least about 1800 N/mm^, a bending strength (MOR) of at

least about 13 N/mm^, and an internal bond strength (IB) of at least 0.40 N/mm^. In another

embodiment, the composite wood board has a modulus of elasticity (MOE) of at least about

1800 N/mm^. In another embodiment, the composite wood board has a modulus of elasticity

(MOE) of at least about 2500 N/mm^. In another embodiment, the composite wood board

has a bending strength (MOR) of at least about 14 N/mm^. In yet another embodiment, the

composite wood board has a bending strength (MOR) is at least about 18 N/mm^. In one

embodiment, the composite wood board has an internal bond strength (IB) of at least 0.28

N/mm^. In yet another embodiment, the composite wood board has an internal bond strength

(IB) is at least 0.4 N/mm^. In yet another embodiment, the composite wood board swells

less than or equal to about 12%, as measured by a change in thickness, after 24 hours in water

at 20 °C. In another embodiment, the composite wood board has a water absorption after 24

hours in water at 20 °C of less than or equal to about 40%.

In illustrative embodiments the composite wood board is a wood

particleboard, an orientated strandboard, or a medium density fiberboard. In one

embodiment, the binder comprises from about 8% to about 18% by weight (weight of dry

resin to weight of dry wood particles) of the composite wood board. In another embodiment,

the composite wood board further comprises a wax. In yet another embodiment, the

composite wood board comprises from about 0 .1% to about 2% wax by weight of the

composite wood board. In illustrative embodiments, the method of making a collection of

matter bound with a polymeric binder may further include preparing a solution by adding an

amount of a carbohydrate reactant and an amount of a primary polyetheramine so a weight



ratio is in the range of about 2:1 to about 10:1. In one embodiment, preparing the solution

includes adding the carbohydrate reactant and the polyetheramine to an aqueous solution. In

another embodiment, preparing the solution includes adjusting the pH of the solution to

within the range of about 8 to about 12. In yet another embodiment, the method of making a

collection of matter bound with a polymeric binder may further comprise packaging the

uncured product in a packaging material suitable for storage.

As used herein, an uncured binder is a substantially dehydrated mixture of

chemicals which can be cured to form a cured binder. Substantially dehydrated means that

the solvent (typically water or a mixture thereof) used to make the binder solution is

vaporized to the extent that the viscosity of the remaining material (comprising the binder

reactants and solvent) is sufficiently high to create cohesion between the loosely assembled

matter; thus, the remaining material is an uncured binder. In one embodiment, the solvent is

less than 65% of the total weight of the remaining material. In another embodiment, a

substantially dehydrated binder has a moisture content between about 5% and about 65%

water by weight of total binder. In another embodiment, the solvent may be less than 50% of

the total weight of the remaining material. In yet another embodiment, the solvent may be

less than 35% of the total weight of the remaining material. In another embodiment, a

substantially dehydrated binder has between about 10%> and about 35% water by weight of

total binder. In another embodiment, the solvent may comprise less than about 20% of the

total weight of the remaining material.

In illustrative embodiments, an uncured binder may be colorless, white, off

white, ochre or yellow to brownish sticky substance that is, at least partially, water soluble.

As used herein, the term cured binder describes the polymeric product of curing the uncured

binder composition. The cured binder may have a characteristic brown to black color. While

described as brown or black, another characteristic is that the binder tends to absorb light

over a broad range of wavelengths. In particular, there may be higher absorbance at

approximately 420 nm. As the polymer is extensively cross-linked, the cured binder is

substantially insoluble. For example, the binder is predominantly insoluble in water. As

described herein, the uncured binder provides sufficient binding capacity to consolidate

fibers; however, the cured binder imparts the robust, long-lasting durability and physical

properties commonly associated with cross-linked polymers.

In one embodiment, there is provided a method of fabricating the collection

described in of the above embodiments, wherein the uncured aqueous curable binder

composition is placed in contact with the fibers in a step in which the aqueous binder is



sprayed on the fibers or applied via a roll-coat or curtain coat apparatus. For the preceding,

in one embodiment the aqueous binder is sprayed onto a mat of glass fibers during the

production of a fiberglass insulation product. For the preceding, in one embodiment the

residual heat from the production of the glass fibers and the flow of air through the fibrous

mat evaporate water from the binder, leaving the remaining components of the binder on the

fibers as a coating of viscous or semi-viscous high-solids liquid.

In illustrative embodiments, the binder reactants described herein are soluble

in water and the binder solution is a solution of the binder reactants in an aqueous solution.

In one embodiment, a surfactant is included in the aqueous solution to increase the solubility

or dispersability of one or more binder reactants or additives, as well as to improve wetting

and coating of the substrate with the binder composition. For example, a surfactant may be

added to the aqueous binder solution to enhance the dispersibility of a particulate additive. In

one embodiment, a surfactant is used to create an emulsion with a non-polar additive or

binder reactant. In another embodiment, the binder solution comprises about 0.01% to about

5% surfactant by weight based on the weight of the binder solution.

In illustrative embodiments, the binder solutions described herein can be

applied to mineral fibers (e.g., sprayed onto the mat or sprayed onto the fibers as they enter

the forming region), during production of mineral fiber insulation products. Once the binder

solution is in contact with the mineral fibers the residual heat from the mineral fibers (note

that glass fibers for example are made from molten glass and thus contain residual heat) and

the flow of air through and/or around the product will cause a portion of the water to

evaporate from the binder solution. Removing the water leaves the remaining components of

the binder on the fibers as a coating of viscous or semi-viscous high-solids mixture. This

coating of viscous or semi-viscous high-so lids mixture functions as a binder. At this point,

the mat has not been cured. In other words, the uncured binder functions to bind the mineral

fibers in the mat.

Furthermore, it should be understood that the above described uncured binders

can be cured. For example, the process of manufacturing a cured insulation product may

include a subsequent step in which heat is applied as to cause a chemical reaction in the

uncured binder composition. For example, in the case of making fiberglass insulation

products or other mineral fiber insulating products, after the binder solution has been applied

to the fibers and dehydrated, the uncured insulation product may be transferred to a curing

oven. In the curing oven the uncured insulation product is heated (e.g., from about 300 °F to

about 600 °F [from about 150 °C to about 320 °C]), causing the binder to cure. The cured



binder is a formaldehyde-free, water-resistant binder that binds the fibers of the insulation

product together. Note that the drying and thermal curing may occur either sequentially,

simultaneously, contemporaneously, or concurrently.

In illustrative embodiments, an uncured fiber product comprises about 2% to

about 40% of dry binder solids (total uncured solids by weight). In one embodiment, the

uncured fiber product comprises about 5% to about 25% of dry binder solids. In another

embodiment, the uncured fiber product comprises about 50%> to about 98%> fibers by weight.

As mentioned herein with respect to a binder on mineral fibers, a cured binder

is the product of curing binder reactants. The term cured indicates that the binder has been

exposed to conditions so as to initiate a chemical change. Examples of these chemical

changes include, but are not limited to, (i) covalent bonding, (ii) hydrogen bonding of binder

components, and (iii) chemically cross-linking the polymers and/or oligomers in the binder.

These changes may increase the binder's durability and solvent resistance as compared to the

uncured binder. Curing a binder may result in the formation of a thermoset material. In

addition, a cured binder may result in an increase in adhesion between the matter in a

collection as compared to an uncured binder. Curing can be initiated by, for example, heat,

microwave radiation, and/or conditions that initiate one or more of the chemical changes

mentioned above. While not limited to a particular theory, curing may include the reaction of

the carbohydrate and the polyetheramine to form melanoidins.

In a situation where the chemical change in the binder results in the release of

water, e.g., polymerization and cross-linking, a cure can be determined by the amount of

water released above that which would occur from drying alone. The techniques used to

measure the amount of water released during drying as compared to when a binder is cured,

are well known in the art.

In one embodiment, there is provided a composition comprising a collection

of matter and a binder, the binder comprising polymeric products of a reaction between a

polyetheramine and a carbohydrate of a binder composition as described in any of the above

embodiments, the polymeric products being substantially water insoluble.

In one embodiment of the above composition, the collection of matter

comprises fibers selected from the group consisting of mineral fibers, aramid fibers, ceramic

fibers, metal fibers, carbon fibers, polyimide fibers, polyester fibers, rayon fibers, and

cellulosic fibers. For the preceding, in one embodiment the collection of matter comprises

glass fibers. In one embodiment the collection of matter is a batt, for example an insulation



batt. In another embodiment the collection of matter is a sheet, for example a non-woven

fiber sheet product known as a veil product.

In one embodiment of the above composition, the collection of matter

comprises cellulosic fibers. For the preceding, in one embodiment the cellulosic fibers are

present in a cellulosic substrate selected from the group consisting of wood shavings,

sawdust, wood pulp, and ground wood.

In one embodiment, there is provided a method of fabricating a fiberglass or

rockwool product, comprising spraying the aqueous binder composition as described in any

of the above embodiments on a collection of glass or rockwool fibers; dehydrating the

aqueous solution while disposed on the collection of glass or rockwool fibers to form an

uncured fiberglass product; and subjecting the uncured fiberglass or rockwool product to

sufficient heat to turn the fiberglass or rockwool product brown. In one embodiment the

product is a batt, for example an insulation batt. In another embodiment the product is a

sheet, for example a non-woven fiber sheet product known as a veil product.

In one embodiment of the above, there is provided a method of fabricating a

fiberglass or rockwool product, comprising spraying the aqueous binder composition as

described in any of the above embodiments on a collection of glass or rockwool fibers;

dehydrating the aqueous solution while disposed on the collection of glass or rockwool fibers

to form an uncured fiberglass or rockwool product; storing the uncured fiberglass or

rockwool product, for example as a roll, and curing the uncured fiberglass or rockwool

product by subjecting it to sufficient heat to turn the fiberglass or rockwool product brown.

In one embodiment, the uncured product is molded into the shape of a final product prior to

curing. For any of the above, in one embodiment, the uncured product is stored at or below

about 90 °F (32 °C) prior to curing. In another embodiment, the uncured product is stored at

or below about 70 °F (21 °C) prior to curing. In a further embodiment, the uncured product is

stored at or below about 50 °F (10 °C) prior to curing.

One aspect of the present disclosure is that the cured binder composition

comprises a nitrogenous polymer. The nitrogenous polymer is brown to black in color.

While not limited to a particular theory, the cured binder composition comprises melanoidins.

Melanoidins are identifiable as being brown, high molecular weight, complex, furan ring-

containing and nitrogen-containing polymers. High molecular weight, as used herein,

includes those polymers having a molecular weight in excess of 100,000 Daltons. Being

comprised of highly cross-linked polymeric chains, the molecular weight of the melanoidins

described herein approaches infinity. Accordingly, the molecular weight of a melanoidin



may be a function of the mass and physical dimensions of the polymer being analyzed. For

example, a unitary sample of melanoidins having a mass of 3 grams may be presumed to

comprise a single polymeric molecule due to the extensive cross-linking. Accordingly, the

molecular weight of the polymer would be approximately 1.8 x 10^4 grams per mole (being

the product of the sample mass and Avogadro's number). As used herein, a high molecular

weight polymer includes polymers with a molecular weight in the order of between about 1 x

lO^ and about 1 x 10^4 grams per mole.

While not be limited to a particular theory, it is known that melanoidins vary

in structure according to the reactants and conditions of preparation. It is also known that

melanoidins possess a carbon to nitrogen ratio which increases with temperature and time of

heating. Furthermore, melanoidins possess saturated, unsaturated and aromatic character.

For melanoidins, the degree of unsaturation and aromaticity increases with temperature (cure

temperature) and time of heating (cure time). Melanoidins also contain the carbonyl carbon

of those sugars incorporated as reactants in a variety of structures within the melanoidin.

Melanoidins may also contain carbonyl, carboxyl, amine, amide, pyrrole, indole, azomethine,

ester, anhydride, ether, methyl and/or hydroxyl groups. Depending on the complexity of the

structure, infrared spectroscopy may be useful in the identification of one or more of these

functional groups. While described as a melanoidin-type polymer herein, one of ordinary

skill would appreciate that the binder may also be classifiable according to the existence of a

particular bond present.

Another manner in which the binder is characterizable is through analysis of

the gaseous compounds produced during pyrolysis of the cured binder. For example, gas

pyrolysis of a cured binder within the scope of the present disclosure, such as fingerprinting

in pyrolysis gas chromatography mass spectrometry (Py GC-MS) carried out at 770 °C of a

binder sample prepared using a polyetheramine and a carbohydrate may yield one or more of

the following compounds: 2-cyclopenten-l-one, 2,5-dimethyl-furan, furan, 3-methyl-2,5-

furandione, phenol, 2,3-dimethyl-2-cyclopenten-l-one, 2-methyl phenol, 4-methyl phenol,

2,4-dimethyl-phenol, pyridine and a number of components which are pyrrole or pyridine

derivatives (a methyl pyridine, a methyl pyrrole, dimethyl pyridines, a dimethyl pyrrole, an

ethyl methyl pyrrole, and other pyrrole related N-containing components).

One aspect of the present disclosure is that the binders described herein are

environmentally friendly. Parallel to advancing government regulation, the present

disclosure describes a binder that may be made formaldehyde- free. Additionally, the

chemistry described herein is essentially free of formaldehyde and phenol. In this sense,



neither formaldehyde nor phenol is used as a reagent within the scope of the present

disclosure. While both may be added to obtain a binder with potentially useful properties,

one aspect of the present disclosure is a binder that can be made free from both of these

reactants. In another aspect, the present binder composition may be manufactured without

the use of volatile reactants. In one embodiment, the polyetheramine and the carbohydrate

are both non-volatile reactants. As used herein, a volatile reactant is one that has a vapor

pressure greater than 10 kPa at 20 °C. Similarly, as used herein, a non-volatile reactant has a

vapor pressure of less than about 10 kPa at 20 °C. Specifically and as an example, the

present binder may be manufactured without the addition of ammonia or an ammonia

releasing compound. In one embodiment, the polyetheramine has a vapor pressure of less

than about 0.5 kPa at 60 °C.

Another environmentally friendly aspect of the present disclosure is that the

primary reactants of the binder are carbohydrates. Carbohydrates are considered a renewable

resource. However, the current state of the art primarily uses petroleum-derived reactants for

the manufacture of binder compositions. In another aspect, the binder is made through

chemical reactions which can occur at lower temperatures than those comparable systems

described in the prior art. As such, the curing ovens and manufacturing equipment can be

operated at lower temperatures, saving valuable resources. In the alternative and in a related

manner, the binder described herein cures more quickly than comparable binders currently

used when subjected to similar curing temperatures. Accordingly, through either approach,

one aspect of the present disclosure is that the carbon footprint of a formed product using the

presently disclosed binder may be substantially reduced compared to a comparable binder

made according to the current state of the art, for example a phenol formaldehyde based

product.

In addition to the environmental benefits, the present binder composition and

materials made therewith can be made having performance characteristics equivalent or

exceeding those of comparable binder systems, for example phenol formaldehyde binders. In

one aspect, a binder according to the present disclosure provides articles made therewith

sufficient tensile strength to allow for die-cutting, fabrication, lamination, and installation in

OEM applications. In one aspect, a binder according to the present disclosure has water

hold-up (weatherability) comparable to that of a phenol formaldehyde binder. Other

performance characteristic that may be relevant for a particular application include product

emissions, density, loss on ignition, thickness recovery, dust, tensile strength, parting

strength, durability of parting strength, bond strength, water absorption, hot surface



performance, corrosivity on steel, flexural rigidity, stiffness-rigidity, compressive resistance,

conditioned compressive resistance, compressive modulus, conditioned compressive

modulus, and smoke development on ignition. One aspect of the present disclosure is that

the extract of the cured binder is essentially pH neutral, for example between a pH of 6 and 8.

Another aspect of the present disclosure is that the present binder enables the manufacture of

products having comparable relevant performance characteristics to phenol formaldehyde

binder compositions.

Illustratively, in one embodiment, a binder according to the present disclosure

invention has the advantage of yielding essentially colorless aqueous extracts. This feature of

the present disclosure makes the binder desirable in applications such as ceiling tiles,

furniture, or office panels, wherein the finished product may come into contact with water. A

cured manufactured good made with the present binder shows an excellent resistance to

discoloration or bleeding after coming in contact with moisture or water. Furthermore, in

such an embodiment, the water that contacts the binder does not leave a residual color on

other articles or parts which it may contact subsequent to contact the binder. For example, in

one embodiment, the binder may be used to bind glass fibers in an office panel application.

Covering the bound fiberglass composition may be a light colored fabric. Advantageously,

in one embodiment, water contacting the fiberglass composition does not leave a colored

residue upon the fabric after the office panel has dried.

In addition to the performance characteristics, the manufacturing processes

and methods involving the presently disclosed binder have a number of unexpected

advantages over previously described binders. In one aspect, as previously described with

respect to the environmental benefits, the present binder may be manufactured without the

use of highly volatile reactants. Accordingly, manufacturing emission controls are under a

reduced burden. Furthermore, the reaction efficiency is higher because reactant loss due to

vaporization is reduced. Accordingly, one aspect of the present disclosure is that the

compounds used herein are substantially non-volatile, thus the steps one must take to mitigate

undesirable emissions are reduced.

As noted above, according to another aspect, the reactants that react to form a

binder are sufficiently slow to react at ambient temperatures such that a one step/one pot

binder system can be used. According to this aspect, the reactant compounds are sufficiently

slow to react that they can be added to a single reactant solution and stored for a reasonable

amount of time during which they can be applied to a product using one distribution system.

This contrasts with those binder systems which react at low temperatures resulting in



insoluble reaction products within binder solution delivery systems. As used here, a

reasonable amount of time for storage without substantial (>5%) polymeric precipitation is

two weeks three weeks or four weeks.

Another aspect of the present disclosure is a binder having a cure rate, cycle

time, and cure temperature which meets or exceeds those cure rates that a comparable phenol

and formaldehyde type binder may exhibit within the scope of a comparable use. In this

respect, the present binder can be used as a direct replacement to phenol formaldehyde resins

in applications without modification to the equipment. Furthermore, the present binder

enables the modification of the curing temperature and times so that both the reaction

temperatures and cure times may be reduced. This reduction has the effect of reducing the

energy consumption of the process overall and reduces the environmental impact of

manufacturing the product. Furthermore, the lower cure temperatures have the further effect

of increasing the safety of manufacturing process. Another effect of the lower cure

temperatures is a reduction in the risk of fiameless combustion or fire.

In the manufacture of insulation products, the heat released by the exothermic

curing reaction may result in self-heating of the product. Self-heating is typically not

problematic so long as the heat dissipates from the product. However, if the heat increases

the temperature of the product to the point where oxidative processes commence, the self-

heating may cause significant damage to the product. For example, fiameless combustion or

oxidation may occur when the temperature of the insulation product exceeds about 425 °F

(210 °C). At these temperatures, the exothermic combustion or oxidation processes promote

further self-heating and the binder may be destroyed. Furthermore, the temperature may

increase to a level in which fusing or devitrification of the glass fibers is possible. Not only

does this damage the structure and value of the insulation product, it may also create a fire

hazard. As disclosed in PCT/EP201 1/0593 17, incorporated by reference herein, the

temperature increase on curing may be controlled by incorporating a temperature control

agent with an uncured binder and loosely associated fibers as described herein. Thus, for any

of the embodiments of an uncured binder composition disposed on a collection of fibers as

described herein, another embodiment further comprises a particulate selected from a group

consisting of a phosphate, magnesia, alumina, and calcined gypsum, wherein the binder is

disposed upon the collection of fibers and the particulate is distributed within the fiber

product. In one embodiment, the particulate has a number weighted average particle size of

less than about 200 micrometers, or the particulate has a number weighted average particle

size of less than about 50 micrometers, or the particulate has a number weighted average



particle size of less than about 20 micrometers. In one embodiment, the uncured fiber

product comprises from about 0.25% to about 15% by weight of the particulate. For any of

the above embodiments, there is provided an uncured fiber product comprising an uncured

binder, a collection of fibers, and a temperature control additive, wherein the uncured binder

is disposed upon the collection of fibers and the temperature control additive is a particulate

in contact with the collection of fibers, in contact with the binder, or dispersed throughout the

uncured fiber product. For the preceding, in one embodiment, the temperature control

additive is selected from a group consisting of a phosphate, aluminum hydroxide, magnesium

hydroxide, calcium silicate hydrates, and calcium sulfate dihydrate. In one embodiment, the

uncured fiber product of any of the above descriptions comprises about 6 1 >to about 96%>

fibers, about 1% to about 15% of the temperature control additive, and 3% to about 30% of

the uncured binder.

Also, there is provided a method of curing a binder having a temperature control

additive as described in any embodiment herein, comprising heating the uncured binder to a

temperature within a predetermined temperature range, the temperature range being high

enough to cure the binder but low enough so as to not burn the binder and maintaining the

temperature within the predetermined temperature range for a time sufficient to substantially

cure the binder, wherein maintaining the temperature includes the temperature control

additive undergoing an endothermic process. In one embodiment of the above method, the

predetermined temperature range is from about 100 °C to about 350 °C, or is from about

170 °C to about 300 °C. In one embodiment of the above method, the predetermined

temperature range has as its lower boundary a temperature sufficient to initiate a curing

reaction. In one embodiment of the above method, the predetermined temperature range has

as its upper boundary a temperature at which the binder ignites. In one embodiment of the

above method, the temperature control additive undergoes an endothermic process

comprising a decomposition, a phase transition, or a dehydration. In one embodiment of the

above method, the temperature control additive undergoes an endothermic process that

consumes at least about 200 calories per gram of the particulate temperature control additive.

Further, there is provided a method of manufacturing an insulation product

comprising contacting a collection of fibers with a binder as described in any of the

embodiments herein to form an uncured insulation product, contacting the collection of fibers

with a temperature control additive, shaping the uncured insulation product into a

configuration adapted for an insulating purpose, applying an amount of energy to the uncured

insulation product subsequent to contacting the collection of fibers with the temperature



control additive, the amount of energy sufficient to initiate an exothermic process curing of

the binder from an uncured state to a cured state, and maintaining the temperature of the

binder within a predetermined range. Another embodiment of the method is one comprising

forming a dispersion comprising the binder and the temperature control additive, wherein

contacting the collection of fibers with the binder and contacting the collection of fibers with

the temperature control additive occur concurrently through contacting the collection of

fibers with the dispersion including the binder and the temperature control additive. Another

embodiment is one wherein forming the dispersion includes adding a surfactant. A further

embodiment comprises forming an aqueous dispersion of the temperature control additive

and a surfactant, wherein contacting the collection of fibers with the temperature control

additive occurs subsequently to contacting the collection of fibers with the binder. For the

above method of manufacturing an insulation product, another embodiment is one wherein

contacting the collection of fibers with the temperature control additive includes sprinkling

the temperature control additive onto the uncured insulation product, the temperature control

additive being in the form of a dry powder or concentrated slurry.

Also, there is provided a method of manufacturing an insulation product using the

uncured binder of any of the embodiments described herein, with or without a temperature

control agent, comprising shaping the uncured insulation product, wherein shaping the

uncured insulation product comprises shaping the uncured insulation product into a

configuration adapted for insulating walls or wherein shaping the uncured insulation product

comprises shaping the uncured insulation product into a configuration adapted for insulating

pipes.

Further, there is provided use of a particulate selected from the group

consisting of a phosphate, aluminum hydroxide, magnesium hydroxide, calcium silicate

hydrates, and calcium sulfate dihydrate as a temperature control additive in combination with

an uncured binder as described in any of the embodiments herein in the manufacture of

fibrous products. In one embodiment, the fibrous product is mineral wool insulation or

fiberglass insulation.

Another aspect of the present disclosure is that the binder system is essentially

non-corrosive with or without the addition of corrosion inhibitors. Furthermore, the binder

system does not require the addition of any organic or inorganic acid or salts thereof as

catalyst or active ingredient. Accordingly, one aspect of the present binder is that it may be

made essentially acid-free. Furthermore, the binder may be manufactured under entirely

alkaline conditions. As used here, the term acid includes those compounds which are



characterizable primarily for their acidic character such multiprotic inorganic and organic

acids (e.g. sulfuric acid and citric acid). This aspect reduces the wear and maintenance

requirements of the manufacturing equipment and enhances worker safety.

In illustrative embodiments, a binder comprises a polymeric product of a

carbohydrate reactant and a polyetheramine. As used herein, the term carbohydrate reactant

refers to a monosaccharide, a disaccharide, a polysaccharide, or a reaction product thereof.

In one embodiment, the carbohydrate reactant may be a reducing sugar. As used herein,

reducing sugar indicates one or more sugars that contain aldehyde groups, or that can

isomerize, i.e., tautomerize, to contain aldehyde groups, which groups may be oxidized with,

for example, Cu+ to afford carboxylic acids. It is also appreciated that any such

carbohydrate reactant may be optionally substituted, such as with hydroxy, halo, alkyl,

alkoxy, and the like. It is further appreciated that in any such carbohydrate reactant, one or

more chiral centers are present, and that both possible optical isomers at each chiral center

are contemplated to be included in the invention described herein. Further, it is also to be

understood that various mixtures, including racemic mixtures, or other diastereomeric

mixtures of the various optical isomers of any such carbohydrate reactant, as well as various

geometric isomers thereof, may be used in one or more embodiments described herein.

While non-reducing sugars, for instance sucrose, may not be preferable, they may none-the-

less be useful within the scope of the present disclosure by in-situ conversion to a reducing

sugar (i.e. conversion of sucrose to invert sugar is a method known in the art). Further, it is

also understood that a monosaccharide, a disaccharide, or polysaccharide may be partially

reacted with a precursor to form a carbohydrate reaction product. To the extent that the

carbohydrate reaction product is derived from a monosaccharide, a disaccharide, or a

polysaccharide and maintains similar reactivity with the polyamine to form reaction products

similar to those of a monosaccharide, a disaccharide, or a polysaccharide with a polyamine,

the carbohydrate reaction product is within the scope of term carbohydrate reactant.

In one aspect, any carbohydrate reactant should be sufficiently nonvolatile to

maximize its ability to remain available for reaction with the polyetheramine. The

carbohydrate reactant may be a monosaccharide in its aldose or ketose form, including a

triose, a tetrose, a pentose, a hexose, or a heptose; or a polysaccharide; or combinations

thereof. For example, when a triose serves as the carbohydrate reactant, or is used in

combination with other reducing sugars and/or a polysaccharide, an aldotriose sugar or a

ketotriose sugar may be utilized, such as glyceraldehyde and dihydroxyacetone, respectively.

When a tetrose serves as the carbohydrate reactant, or is used in combination with other



reducing sugars and/or a polysaccharide, aldotetrose sugars, such as erythrose and threose;

and ketotetrose sugars, such as erythrulose, may be utilized. When a pentose serves as the

carbohydrate reactant, or is used in combination with other reducing sugars and/or a

polysaccharide, aldopentose sugars, such as ribose, arabinose, xylose, and lyxose; and

ketopentose sugars, such as ribulose, arabulose, xylulose, and lyxulose, may be utilized.

When a hexose serves as the carbohydrate reactant, or is used in combination with other

reducing sugars and/or a polysaccharide, aldohexose sugars, such as glucose (i.e., dextrose),

mannose, galactose, allose, altrose, talose, gulose, and idose; and ketohexose sugars, such as

fructose, psicose, sorbose and tagatose, may be utilized. When a heptose serves as the

carbohydrate reactant, or is used in combination with other reducing sugars and/or a

polysaccharide, a ketoheptose sugar such as sedoheptulose may be utilized. Other

stereoisomers of such carbohydrate reactants not known to occur naturally are also

contemplated to be useful in preparing the binder compositions as described herein. In one

embodiment, the carbohydrate reactant is high fructose corn syrup or invert sugar.

In illustrative embodiments, the carbohydrate reactant is a polysaccharide. In

one embodiment, the carbohydrate reactant is a polysaccharide with a low degree of

polymerization. In one embodiment, the polysaccharide is molasses, starch, cellulose

hydro lysates, or mixtures thereof. In one embodiment, the carbohydrate reactant is a starch

hydro lysate, a maltodextrin, or a mixture thereof. While carbohydrates of higher degrees of

polymerization may not be preferable, they may none-the-less be useful within the scope of

the present disclosure by in-situ depolymerization.

While not limited to a particular theory, one aspect of the present disclosure is

that the polyetheramine and the carbohydrate reactant are Maillard reactants that react to

form a melanoidin product. In its initial phase, a Maillard reaction involves a carbohydrate

reactant, for example, a reducing sugar (note that the carbohydrate reactant may come from a

substance capable of producing a reducing sugar under Maillard reaction conditions). The

reaction also involves condensing the carbohydrate reactant (e.g., reducing sugar) with an

amine reactant, i.e., a compound possessing an amino group. In other words, the

carbohydrate reactant and the amine reactant are the melanoidin reactants for a Maillard

reaction. The condensation of these two constituents produces an N-substituted

glycosylamine. For a more detailed description of the Maillard reaction see, Hodge, J.E.

Chemistry of Browning Reactions in Model Systems J. Agric. Food Chem. 1953, 1, 928-

943, the disclosure of which is hereby incorporated herein by reference. The literature on

Maillard reactions focuses on a melanoidins produced from amino acids. The present



disclosure can be distinguished from these references in that the amines described herein are

polyetheramines.

As pointed out above, one aspect of the present disclosure is that the binder

described herein is unexpectedly useful in applications ship-out uncured and plant uncured

applications. Specifically, ship-out uncured products and plant uncured products are

provided with an uncured binder so that the curing can occur at a later time and in a later

place. It is desirable that the uncured applications have a good shelf life as well as cure

temperatures such that the product can be cured using the existing equipment of customers or

plants. Furthermore, the cure time must be sufficiently short such that the cycle time for

curing the products remains low.

The following examples further illustrate specific embodiments of the

invention; however, the following illustrative examples should not be interpreted in any way

to limit the invention.

EXAMPLES

The ability of a composition to form a binder (or not) on curing may be

demonstrated using the following procedure in a Moisture Balance:

Control Example: A solution of 180 g dextrose ( 1 mol) dissolved in 1020 g

deionized water (15% solids solution) was prepared. 2 g of the binder solution was applied

on a filter pad which is placed in a Moisture Balance and heated for 15 min at 180 °C.

A water insoluble polymer was not formed on the filter pad. The resulting heat treated

material was essentially fully water soluble.

Comparative Example 1: Two grams of a binder solution of 50 g dextrose

(0.278 mol) and 50 g hexamethylenediamine (0.431 mol), dissolved in 566.6 g deionized

water (15% solids solution, pH 11.9), was applied on a filter pad which is placed in a

Moisture Balance and heated for 15 min at 120 °C. A brownish water insoluble polymer

formed on the filter pad. An extraction of the cured filter pad using 100 g of deionized water

is essentially colorless and has a pH of 6.8.

Similar results were obtained using 2 g samples of the following comparative

solutions and conditions:



a . 85 g dextrose (0.472 mol), 15 g hexamethylenediamine (0.129 mol)

dissolved in 566.6 g deionized water (15% solids solution, pH 10.8), heated for 15 min at

140 °C.

b. 95 g dextrose (0.528 mol), 5 g hexamethylenediamine (0.043 mol)

dissolved in 566.6 g deionized water (15% solids solution), heated for 15 min at 180 °C.

Example 1 : A solution of 1.0 g dextrose (5.55 mmol), 1.0 g (approx. 2.27

mmol) Jeffamine T-403 Polyetheramine dissolved in 8.5 g deionized water (19% solids

solution) was prepared. 2 g of the binder solution was applied on a filter pad which is placed

in a Moisture Balance and heated for 5 min at 180 °C. A brownish water insoluble polymer

formed on the filter pad. An extraction of the cured filter pad using 100 g of deionized water

is essentially colorless and has a pH of 7 .1. Jeffamine T-403 Polyetheramine is a

trifunctional primary amine having an average molecular weight of 440, the chemical

structure of which is shown above.

Shelf life properties and curing properties of binder compositions may be

characterized and compared using measurements of viscosity (Y-axis) over time (X-axis) and

using cure rates and times in a standard curing protocol, respectively.

Viscosity is measured as Brookfield Viscosity using a Brookfield Viscometer

LVT, Spindle 61; Speed Range: 0.3 - 60 rpm and reported in Pa-s (or mPa-s).

Cure Rate and Cure Time (Wet Laid Mats Protocol): Square Fiberglass mats

(13 in x 13 in) with a thickness of 3/8 in and a weight of 44 g (corresponding to 34.5 g/ft^)

are impregnated with a binder containing a specified percent solids (e.g., 15% solids).

Excess of binder is removed by vacuum suction, and the moist mat is dried for at least 12

hours at 90 °F in an oven (recirculation). The dried mat is cut in four squares of the same

dimension. The squares are stacked on top of each other, and at least one thermocouple

connected to a recorder (i.e. oven mole) is placed in the middle of the stack between the 2nd

and 3rd layer. A mold press with a temperature controlled platen is heated to 400 °F (204 °C).

The sample with the prepared thermocouple is placed in the middle of the platen, and pressed

to a thickness of 9/16 inch for a predefined time (i.e. 3.5 min, 4.0 min, 5.0 min, 6.0 min, 15

min). Each molded sample is evaluated for the degree of cure by testing evenness of the

surfaces, water hold-up, and extract. A sample is deemed to be cured when the surfaces are



smooth without any "bumps", the sample does not noticeably weaken when immersed in

water, and no significant extract color is formed when immersing the sample in water. The

temperature profile of the center of the sample is measured during the molding cycle and can

be shown graphically in a plot of temperature measured by the probe (Y-axis) versus time

(X-axis).

FIG 1 (Comparison Examples) shows the cure times and the cure temperature

profiles (Y-axis in °C) of the center of a fiberglass mat sample for different binder

compositions (20% LOI compositions in the Wet Laid Mats Protocol) during a heat molding

cycle (X-axis in minutes of mold time) using a mold press with a temperature controlled

platen at 204 °C for Wet Laid Mats (having 20% Loss On Ignition) for binder compositions

comprising carbohydrates and for phenol-formaldehyde (PF) binder compositions.

DMH/HMDA (75/25) denotes a binder composition containing dextrose monohydrate

(DMH) and hexamethylenediamine (HMDA) in a 75:25 weightweight ratio. DMH/AS

denotes a binder composition containing dextrose monohydrate (DMH) and ammonium

sulfate (AS). PF-1 and PF-2 denote typical PF binders.

The binder compositions of FIG 1 are prepared according to the following

formulations:



Premix 1 (50% solids)
Phenol-Formaldehyde Resin (51% Solids) 877.22 g
Urea (40%, aqueous solution) 124.27 g

Premix 2 (50% solids)
Phenol-Formaldehyde Resin (47. 1% Solids) 646.65 g
Urea (40%, aqueous solution) 353.35 g

FIG 2 (Polyetheramine Examples) shows the cure times and the cure

temperature profiles (Y-axis in °C) of the center of a fiberglass mat sample for different

binder compositions during a heat molding cycle (X-axis in minutes of mold time) using a

mold press with a temperature controlled platen at 204 °C for Wet Laid Mats for binder

compositions containing dextrose monohydrate (DMH) and various polyetheramines

(Jeffamines EDR-104, EDR-148, D230, T403 and HK511, see above for structural formulae)

in a 1:1 carbonyl to amine ratio.

The binder compositions of FIG 2 are prepared according to the following

formulations in which DMH is dextrose monohydrate:



Sila

Sila

Sila

Sila

Sila

FIG 3 shows the comparison of shelf life as the difference in increase in

viscosity (Y-axis) on standing at ambient temperature over time for binder compositions of

different % solids made with high fructose corn syrup (HFCS) with hexamethylenediamine

(HMDA) and with various polyetheramines in a 1:1 carbonyl to amine ratio (Jeffamines

EDR-104, EDR-148, D-230, T-403 and HK-51 1, see above for structural formulae). Thus,



under conditions in which the binder compositions containing polyetheramines at 70% solids

were stable at 456 hours, the binder composition containing hexamethylenediamme (HMDA)

at 70% solids was unstable after 3 hours, and the binder composition containing

hexamethylenediamme (HMDA) at 37.5% solids was unstable after more than 288 hours.

The viscosity/time relationships for the binder compositions shown in FIG 3

also are shown in the following table. In the table viscosity is shown in mPa-s.

The binder compositions of FIG 3 are prepared according to the following

formulations in which the HFCS used is Isosweet 100, A.E. Staley Manufacturing Co;

71% solids:

HFCS/T-403
70%

HFCS



HFCS/HMDA
37.5%

HF

HFCS/HMDA
70%

HFCS/EDR-104
70%

HFCS/EDR-148
70%

HFCS/D-230
70%

HFCS/HK-51 1
70%

HFCS



FIG 4 shows that the binder compositions made with high fructose corn syrup

(HFCS) with hexamethylenediamine (HMDA) and with various polyetheramines (Jeffamines

EDR-104 and EDR-148, see above for structural formulae) have similar curing times and

cure temperature profiles.

The binder compositions of FIG 4 are prepared according to the following

formulations in which the HFCS used is Isosweet 100, A.E. Staley Manufacturing Co;

71% solids:

HFCS/HMDA

HFCS/EDR-
104

HFCS/EDR-
148

HF



WHAT IS CLAIMED IS:

1. A liquid, curable, thermosetting, aqueous, substantially formaldehyde

free, binder composition which is free of solid particles comprising a primary or secondary

polyetheramine and a carbohydrate.

2 . The binder composition of claim 1, wherein the approximate molecular

weight of the polyetheramine does not exceed about 1000 or does not exceed 1000.

3 . The binder composition of claim 1 or 2, wherein the polyetheramine

comprises a primary amine.

4 . The binder composition of any of claims 1-3, wherein the

polyetheramine has an amine hydrogen equivalent weight (AHEW) of less than about

200 g/eq or less than 200 g/eq.

5 . The binder composition of any of claims 1-3, wherein the

polyetheramine has an amine hydrogen equivalent weight (AHEW) of less than about

125 g/eq or less than 125 g/eq.

6 . The binder composition of any of claims 1-3, wherein the

polyetheramine has an amine hydrogen equivalent weight (AHEW) of less than about 85 g/eq

or less than 85 g/eq.

7 . The binder composition of any of the preceding claims 1-3, wherein

the polyetheramine has an amine hydrogen equivalent weight (AHEW) of less than about

60 g/eq or less than 60 g/eq.

8. The binder composition of any of claims 1-7, wherein the

polyetheramine comprises a primary triamine.

9 . The binder composition of claim 8 wherein the polyetheramine has the

structural formula of Jeffamine™ T-403.

10. The binder composition of any of claims 1-7, wherein the

polyetheramine comprises a primary diamine.

11. The binder composition of claim 10, wherein the polyetheramine has

the structural formula of Jeffamine™ EDR-148, EDR-176, D-230, D-400, HK-51 1, ED-600

or XTJ-542.

12. The binder composition of claim 10, wherein the polyetheramine has

the structural formula of Jeffamine™ EDR-104.

13. The binder composition of any of claims, wherein the carbohydrate

comprises a reducing or non-reducing carbohydrate or a combination thereof.



14. The binder composition of any of claims 1-12, wherein the

carbohydrate comprises a monosaccharide or a disaccharide or a combination thereof.

15. The binder composition of any of claims 1-12, wherein the

carbohydrate comprises one or more monosaccharides.

16. The binder composition of claim 15, wherein the carbohydrate

comprises dextrose, fructose or xylose, or a mixture thereof.

17. The binder composition of claim 16, wherein the carbohydrate

comprises a mixture of dextrose and fructose.

18. The binder composition of claim 17, wherein the dextrose to fructose

ratio is about 80:20 to about 20:80 or is 80:20 to 20:80.

19. The binder composition of any of claims 1-18, wherein the ratio of

carbohydrate carbonyl-group to polyetheramme amino-group is in the range of about 0.15:1

to about 6:1 or is in the range of 0.15:1 to 6:1.

20. The binder composition of any of claims 1-18, wherein the ratio of

carbohydrate carbonyl-group to polyetheramme amino-group is in the range of about 0.5:1 to

about 2:1 or is in the range of 0.5 :1 to 2 :1.

21. The binder composition of any of claims 1-18, wherein the ratio of

carbohydrate carbonyl-group to polyetheramme amino-group is in the range of about 0.75:1

to about 1.33:1 or is in the range of 0.75 :1 to 1.33:1.

22. The binder composition of any of claims 1-21, further comprising a

silicon-containing compound.

23. The binder composition of claim 22, wherein the silicon-containing

compound is selected from the group consisting of gamma-aminopropyltriethoxysilane,

gamma-glycidoxypropyltrimethoxysilane, aminoethylaminopropyltrimethoxysilane, an

amino functional oligomeric silane, and mixtures thereof.

24. The binder composition of claim 23, wherein the silicon-containing

compound is gamma-aminopropyltriethoxysilane.

25. The binder composition of any of claims 1-24, further comprising a

corrosion inhibitor selected from the group consisting of dedusting oil, ammonium

phosphates, sodium metasilicate pentahydrate, melamine, tin (II) oxalate, and a

methylhydrogen silicone fluid emulsion.

26. The binder composition of any of claims 1-25, wherein the binder

concentration is at least about 35% solids or is at least 35% solids.



27. The binder composition of any of claims 1-25, wherein the binder

concentration is at least about 50% solids or is at least 50% solids.

28. The binder composition of any of claims 1-25, wherein the binder

concentration is at least about 70%> solids or is at least 70%> solids.

29. The binder composition of any of claims 1-25, wherein the binder

concentration is at least about 85% solids or is at least 85% solids.

30. The binder composition of any of claims 1-25, wherein the binder

concentration is at least about 90% solids or is at least 90% solids.

31. The binder composition of any of claims 1-30, wherein the viscosity is

less than about 5 Pa-s or is less than 5 Pa-s.

32. The binder composition of any of claims 1-30, wherein the viscosity is

less than about 2 Pa-s or is less than 2 Pa-s.

33. The binder composition of any of claims 1-30, wherein the viscosity is

less than about 1 Pa-s or is less than 1 Pa-s.

34. The binder composition of any of claims 1-33, wherein the increase in

viscosity on standing for 1 week at a temperature not exceeding about 25 °C does not exceed

1 Pa-s.

35. The binder composition of any of claims 1-33, wherein the increase in

viscosity on standing for 2 weeks at a temperature not exceeding about 25 °C does not exceed

1 Pa-s.

36. The binder composition of any of claims 1-33, wherein the increase in

viscosity on standing for 3 weeks at a temperature not exceeding about 25 °C does not exceed

1 Pa-s.

37. The binder composition of any of claims 1-33, wherein the increase in

viscosity on standing for 4 weeks at a temperature not exceeding about 25 °C does not exceed

1 Pa-s.

38. The binder composition of any of claims 1-37, wherein the cure time

for wet laid mats according to the Wet Laid Mats Protocol at 400 °F (204 °C) is no greater

than about 7 min or is no greater than 7 min.

39. The binder composition of any of claims 1-37, wherein the cure time

for wet laid mats according to the Wet Laid Mats Protocol at 400 °F (204 °C) is no greater

than about 5 min or is no greater than 5 min.



40. The binder composition of any of claims 1-37, wherein the cure time

for wet laid mats according to the Wet Laid Mats Protocol at 400 °F (204 °C) is no greater

than about 4 min or is no greater than 4 min.

4 1. The binder composition of any of claims 1-40, wherein the

composition is free or substantially free of an acid component.

42. The binder composition of any of claims 1-40, wherein the pH is at

least about 11 or is at least 11.

43. The binder composition of any of claims 1-40, wherein the pH is at

least about 9 or is at least 9 .

44. The binder composition of any of claims 1-40, wherein the pH is at

least about 7 or is at least 7 .

45. The binder composition of any of claims 1-44, wherein the binder

composition is a commercial/merchant market binder composition or binder composition

concentrate.

46. The binder composition of any of claims 1-44, wherein the binder

composition is an about 70% solids binder or a is a 70% solids binder having a viscosity of

no more than about 1.5 Pa-s or of no more than 1.5 Pa-s.

47. The binder composition of any of claims 1-46, further comprising a

non-aqueous moisturizer.

48. The binder composition of claim 47, wherein the non-aqueous

moisturizer comprises a polyoxyalkylene glycol or a polypropylene glycol.

49. An uncured binder composition disposed on a collection of fibers as a

viscous or semi-viscous high-so lids mixture which functions as a binder to bind the fibers in

the collection of fibers, wherein the uncured binder composition is a substantially dehydrated

composition of the binder composition as described in any of claims 1-48.

50. A collection of fibers bound by an uncured aqueous curable binder

composition in contact with the fibers, wherein the uncured binder composition is a

substantially dehydrated composition of the binder composition as described in any of

claims 1-48.

51. The collection of claim 50, wherein the fibers are mineral fibers,

aramid fibers, ceramic fibers, metal fibers, carbon fibers, polyimide fibers, polyester fibers,

rayon fibers, or cellulosic fibers.

52. The collection of claim 51 wherein the fibers are mineral fibers.



53. The collection of claim 52 wherein the mineral fibers are slag wool

fibers, rock wool fibers, or glass fibers.

54. The collection of claim 50 which is an uncured glass fiber insulation

blanket (wet blanket).

55. The collection of claim 50 which is an uncured glass fiber pipe

insulation (pipe insulation uncured).

56. A method of fabricating the collection described in any of

claims 50-55, wherein the uncured aqueous curable binder composition is placed in contact

with the fibers in a step in which the aqueous binder is sprayed on the fibers or applied via a

roll-coat or curtain coat apparatus.

57. The method of claim 56 wherein the aqueous binder is sprayed onto a

mat of glass fibers during the production of a fiberglass insulation product.

58. The method of claim 57 wherein the residual heat from the production

of the glass fibers and the flow of air through the fibrous mat evaporate water from the

binder, leaving the remaining components of the binder on the fibers as a coating of viscous

or semi-viscous high-so lids liquid.

59. A composition comprising a collection of matter and a binder, the

binder comprising polymeric products of a reaction between a polyetheramine and a

carbohydrate of a binder composition as described in any of claims 1-48, the polymeric

products being substantially water insoluble.

60. The composition of claim 59, wherein the collection of matter

comprises fibers selected from the group consisting of mineral fibers, aramid fibers, ceramic

fibers, metal fibers, carbon fibers, polyimide fibers, polyester fibers, rayon fibers, and

cellulosic fibers.

6 1. The composition of claim 60, wherein the collection of matter

comprises glass fibers.

62. The composition of claim 60, wherein the collection of matter

comprises cellulosic fibers.

63. The composition of claim 62, wherein the cellulosic fibers are present

in a cellulosic substrate selected from the group consisting of wood shavings, sawdust, wood

pulp, and ground wood.

64. A method of fabricating a fiberglass or rockwool product, comprising

spraying the aqueous binder composition as described in any of claims 1-48 on a collection



of glass or rockwool fibers; dehydrating the aqueous solution while disposed on the

collection of glass or rockwool fibers to form an uncured fiberglass product; and subjecting

the uncured fiberglass or rockwool product to sufficient heat to turn the fiberglass product

brown.

65. The method of claim 64 comprising spraying the aqueous binder

composition as described in any of any of claims 1-48 on a collection of glass or rockwool

fibers; dehydrating the aqueous solution while disposed on the collection of glass or

rockwool fibers to form an uncured fiberglass or rockwool product; storing the uncured

fiberglass or rockwool product, and curing the uncured fiberglass or rockwool product by

subjecting it to sufficient heat to turn the fiberglass or rockwool product brown.

66. The method claim 65 wherein the uncured fiberglass or rockwool

product is stored as a roll.

67. The method of any of claims 64-66 wherein the uncured product is

molded into the shape of a final product prior to curing.

68. The method of any of claims 64-67 wherein the uncured product is

stored at or below about 90 °F (32 °C) prior to curing.

69. The method of any of claims 64-67 wherein the uncured product is

stored at or below about 70 °F (21 °C) prior to curing.

70. The method of any of claims 64-67 wherein the uncured product is

stored at or below about 50 °F (10 °C) prior to curing.
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