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(57) Abstract: An aqueous binder composition is provided that includes a protein-containing biomass and a pH adjuster. Option-
ally, a crosslinking agent and/or a moisture resistant agent may be included in the binder composition. The protein-containing
biomass is natural in origin and may be derived from plant or animal sources. The pH adjuster is used to adjust the pH of the
binder to a desired pH and lower the viscosity of the protein-based biomass. In addition, the pH adjuster may act as a crosslinking
agent. The crosslinking agent may be any compound suitable for crosslinking the protein-containing biomass and reacting with the
moisture resistant agent, when the moisture resistant agent is present in the binder. In addition, the binder has a light color atter it
has been cured. The environmentally friendly, formaldehyde-free binder may be used in the formation of insulation materials and
non-woven chopped strand mats.
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BIO-BASED AQUEQUS BINDER FOR FIBERGLASS INSULATION
MATERIALS ANDNON-WOVEN MATS

This application 1s related 1o and claims domestic priority benefits from ULS.
Provisional Patent Application Senal No. 617178745 entitled “Bio-based Aqueous Binder
For Fiberglass Insulation Materials And Non-Woven Mats”™ filed May 135, 2009, and
Uitility Patent Application Serial No. 12/776,703 entuled "Bio-based Aqueous Binder For
Fiberglass Insulation Materials And Non-Woven Mats™ filed May 10, 2010, the entire

content of which is expressly incorporated herein by reference in its enhirety,

TECHMICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE INVENTION
The present invention relates generally to rotary fiber insulation and non-woven

mats, and more particaiarly, to a binder for use i manuofacturing both fiberglass msulation
and non-woven mats that is protein-based, free of formaldehyde, and environmmentally

friendly.

BACKGROUND OF THE INVENTION

Conventional fibers are aseful 1o a vanety of applications including
reinforcements, textiles, and acoustical and thermal insulation materials. Although
nuneral fibers (for example, glass fibers) are tepically used 1 insulation prodocts and non-
woven mats, depending oun the particelar application, orgamc fibers such as
polypropvlene, polyvester, aud multi-component fibers may be used alone or in
comnbination with nuaneral fibars in fornnng the msalation product or non-woven mat.

-Fibrous insulation is typically manufactured by fibenzing a molten conyposition of
polymer, glass, or other mineral and spinning fine fibers from a Gbervzing apparatus, such
as a rotating spinner. To form an insulation product, fibers produced by the rotating
spinner are drawn downwardly from the spinner towards a conveyor by a blower. As the
fibers move downward, a binder material ix sprayed onto the {ibers and the fibers are
collected into a high loft, continucus blanket on the conveyor. The binder material gives
the isufation product restliency for recovery afler packaging and provides suffhess and
handleability so that the wsulation product can be handled and applied as needed i the

msulation cavities of buildings. The binder composition also provides protection o the
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fibers from imterfilament abrasion and promotes compatibility between the individual
fihars.

The blanket contaming the binder-coated fibers 1s then passed through a cuning
oven and the binder is cured 1o set the blanket to a desived thickness. After the binder has
curgd, the fiber insulation may be cut into lengths to form individual insulation producis,
and the msudation products may be packaged for shipping to customer locations. One
typical insulation product produced is an insalation batt or blanket, which is suitable for
use as wall msulation 1 residential dwellings or as sulation in the attic and floor
insulation cavittes in buildings. Another common msulation product is air-blown or locse-
fill insulation, which is suitable for use as sidewall and attic insulation in residential and
comunercial butldings as well as i any hard-to-reach locations, Loose-0H mmsulation is
formed of small cubes that are cut from msulation blankets, compressed, and packaged m
bags.

Non-woven mats may be formed by conventional wet-land processes. For
example, wet chopped fibers are dispersed in a water shurey that contains surfactants,
viscosity modifiers, defoamung agents. and/or other chenucal agents. The shary
coutaining the chopped fibers is then agitated so that the fibers become dispersed
throughout the shary. The slurry confaming the fibers is depostied onto & moving screen
where a substantial portion of the water 1s removed o form a web. A binder is then
applied, and the resulting mat is dried to remwove any remaining water and cure the binder.

The formed non-woven mat is an assembly of dispersed, individual glass filaments,

Various attempts have been made 10 reduce undesirable formaldehvde emissions
from formaldehvde-based resing. For example, various formaldehvde scavengers such as
armmoma and urea have been added to the formaldehyde-based resin i an attempt to
reduce formaldehvde emission [rom the insulation prodect. Because of is low cost, vrea
is added divectly to the uncured resin sysiem (o act a5 a formaldehvde scavenger, The
addition of urea to the resin system produces grea-extended phenol-formaldehvde resole
resins. These resole resing can be further treated ov applied as a coating or binder and then
cured. Unforiumately, the wea-extended resoles sre unstable, and because of thag
mstability, the urea-extended resoles must be prepared on site. In addition, the binder
inrventory mast be carefully momtored to avoid processing problems caused by undesired
crystallime precipitates of dimer species that may form during storage. Ammoma is not a

2
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parbicularly desivable alternative to urea as a formaldehyde scavenger becanse anunonia
generates an unpleasant odor and may cause throat and nose writation to workers. Further,
the use of a formaldehvde scavenger i geperal 1s undesirable due to 1ts potential adverse
affects 1o the properties of the insulation prodact, such as lower recovery and lower
stiffness.

In addivon, previous arts have focased on the use of polvacrylic acid with a
polvhydroxy crosslinking agent or carbohydrate-based chenusiry that is linked to the
Maillard reaction. Polyacrylic acid inherently has problems due to its aadity and
associated corrosion of machine parts. In addition, polvacrvlic acid binders have a lugh
viscosity, high curing temperatures, and hugh associated curing costs. Further, the
Muallard-based products have an andesirable dark brown color afler curing. Also, the use
of farge smounis of ammonia needed o make the binder presents a safety risk and
possible emission problems.

Altemative polymeric binder svstems o those described above for fibrous glass
products have afso been proposed. However, these alternative binder svstems remain
problematic. For example, low molkecular weight, Jow viscosity binders which allow
maximum vertical expansion of the insulation pack m the transfer zone generally cure 10
form a non-rigid plastic matrix 1w the Anished product, thereby reducing the atlainable
vertical height recovery of the finished msulation product when mstalled. Conversely,
high viscosity binders, which generally cuve to form a rigid matrix in the finished product,
do not allow the desired maximum vertical expansion of the coated, uncured pack.

In view of the existing problems with current binders, there remains a need n the
art for a binder sysiem that does not corrode machine parts, does not annt formaldehyvde,

and which is environmentally.

SUMMARY OF THE INVENTION

it 1s an object of the present invention to provide a binder composition for use in
the formation of fiberglass msulation and non~woven chopped strand mats that includes a
protein based biomass derived from natural sources and a pH adjosting agent. In
exemplary embodiments, the protein-based biomass may be derived from soy, peanuts,
sunflowers, kidney beans, walnits, eggs, blood, mest, and/or fish, Addtionally, the
protein-containing biomass may contain up to about 95% protein. The pH adjuster is

5
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utilized to adjust the pH of the binder composition to a desired scidic (for example, about
I to about 6}, basic (for example, sbout § to sbout 14), or neuntral pH (for example, abowt
7). The pH adjuster may be selected from citric acid, acetic said, sulfuric and, sodivm
bisullite, sodimm hyvdroxide, potassium hydroxide, ammonium hvdroxide, and the like.
The hinder compositicn may also include a crosslinking agent sndior a moisture resistant
agent. The mventive binder composition cares at 4 tempersture that 1s bower than a curing
temperature of a conventional formaldehyde-based binder, thereby reducing
mamifacturing costs and gaseous enissions.

It is another object of the present invention fo provide a fibrous msulation product
that includes a plarality of randomly oriented fibers and a binder composition apphied to st
feast a portion of the fibers and interconnecting the Abers. The binder includes a prolein-
based biomass derived from natural sources and a pH adjusting agent that 1s used to adjust
the pH of said binder composition to a pH from 1 to 14, The pH of the binder
composition, when in an acidic state, may range from about 1 o about 6, and when i a
basic state, may range from about § to about 14t exemplary embodiments, the protein-
confaimng biomass may contam up to about 93% protetn. The protein-based biomass may
he derived from soy, peanuts, sunflowers, kidney beans, walnuts, eggs, blood, meat,
and/or fish. The binder compuosition may also include a crosslimking agent andfor a
moisture resistant agent. The binder composiiion curas at a temperature that is lower than
a curing temperatare of a conventional formaldehvde-based binder, thereby reducing
manufacturing costs. In addition, the binder composition has a light color upon curing,
unlike conventional formaldehyde binder compositions.

ft is vet another object of the present mvention to provide a non-wovean chopped
strand mat formed of a phurality of randomly oriented glass fibers having # discrete length
enmeshed n the fornt of a mat having a first major surface and a second major surface and
a binder composition at least partially coating said first major surface of said mat. The
binder includes a protem-based biomass derived from natural sources and a pH adjusting
agent. The protein-based biomass is patural m ongin and derived {from renewable
resources, such as from plants and animals. In exemplary sinbodiments, the protein-hased
biomass may be derived from soy, peanuts, sunflowers, kidney beans, walnuts, eggs,
blood, meat, andior fish. Additionally, the protein-containing biomass may contain up o

about 95% protein. The binder composition may also include a crosshinking agent andfor
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a maoisture resistant agent. The binder composition has a hight color after curing and may
be cwred al a temperature that is lower than a caring temperatyre of a conventional
formaldehyde-based binder.

i 15 an advantage of the present invention that the protein-based biomass is a

protein~containing bionass that 1s natural i origin and derived from renewable resources,

ft is another advantage of the present invention that formaldehyde emission from
mnsulation produacts can be reduced and worker safety can be improved at a low cost o the
mangfacturer due to the low price of the protemn-basad compounds.

it 1s o further advantage of the present invention that the binder can be cured at
teraperatures fower than conventional formaldehyde-based binders, thereby reducing
manufacturing costs and gaseous enussions.

it 1s vet another advantage of the present invention that the protem-based biomass
is of natural ongin and is low in cost.

It is also an advantage of the present invention that wsidation prodacts and non-
woven mats utilizing the inventive binder compaosition can be manalactured using current
manulacturing lines, thereby saving thne and money.

H is o feature of the present ivention that soy flour, a protein-based biomass, can
be modified (o form an agueons mixture thal can be applied by conventional binder
appheators, including spray applicators.

it is a further feature of the present mvention that the bmnder can be acidic, neudral,
or basic.

H 13 also a feature of the present imvention that the binder has a2 hght color upon
curing.

1t 1s another feature of the present invention that the inventive insulation products
and non-woven mats have no added formaldehyde.

The forepoing and other objects. features, and advaniages of the mvention will
appear more fully bereinafter from a consideration of the detatled description that follows.

It 15 10 be expressly understood, however, that the drawings are for illustrative purposes

and are not to be coustrued as defining the limis of the wvention.

LA
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BRIEF DESCRIPTION OF THE DRAWINGS

‘The advantages of this invention will be apparemi upon consideration of the
following detailed disclosure of the mvention, especially when taken in conjunction with
the accompanying drawings wherein:

FIG. 1 is a schematie tHustration of the formation of a faced insulstion product
with a post-cure application of urea onto the insudation Manket prior 1o the application of a
facing layer;

FIG. 2 1s a 15 an elevational view of a mamufactuning line for producing & fiberglass
msulation product that does not contain a facing matenal according 1o af least one
exemplary embodiment of the present invention;

FIG. 3 is a schemaltic tlustration of & wet-laid processimyg line for formuing a
chopped strand mat wtithizing the wventive binder conwposition according to at least one
exemplary embodiment of the present invention; and

FIG. 4 15 a graphical ilusiration of the Dynanuc Mechanizal Analvsis of a curing
test of a inder composition according to at least one exemplary embodiment of the

present invention.

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS OF THE
INVENTION
Unless defined otherwise, gl technical and scientific terms used herein have the

same meaning as commonly understood by one of ondinary skill i the art to which the
mveniion belongs. Although any methods and materials similar or equavalent 1o those
described herein can be used in the practice or festing of the present invention, the
preferred methods and materials are described heretnn. All references cited herein,
including published or corresponding ULS. or foreign patent applications, issued U.S. or
foretgn patents, and any other veferences, are each incorporated by reference i their
entireties, including all data, tables, figures, and text presented in the cited references.

In the drawings, the thickness of the hnes, layers, and regions may be exagperated
for clanty. It will be understood that when an element such as a layer, region, subsirate, or
panel is referred to as being “on™ another element, it can be directly on the other element
or imervening elements may also be present.  Also, when an element is referred to as
being “adjacent” o another element, the element may be directly adjacent to the other
element or infervening elements may be present. The terms “top”, ™

H

bottony”™, “side™, and
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the like are used berewn for the purpose of explanation only.  Like numbers found
throughowt the fizwres denote like elements. It is (o be noted that the phrase “binder

LRI

composition”, “binder mixture”, and “binder” may be used interchangeably berein.

The present invention relates to an agueons binder composttion that is protein~

based and environmentally friendly. In addition, the binder is free of added formaldehyde.
The binder includes a protei-containing biomass and a pH adjuster, and optionally, a
crosslinking agent andfor @ moisture resistant agent. Additionally, the binder has a light
color after i has been cuved. The binder may be used in the formation of insalation
materials and non-woven chopped strand mats.

in gxemplary embodiments, the bindey includes st least one protein-containing
biomass that 1s natural in origin and derived from renewable resources. For msiance, the
protein may be derived from plant sources such as soy {for example, a soy flour protem),
peanuts, sunflowers, kidney beans, walnuts, or from other plants that have a high protein
content. Alternatively, the protein may come froms amimal scurces such as, but not limited
to, eges, blood, meat, and fish. In some exemplary embodiments, the protein~-containing
biomass contams up e about 93% protemn, and w other exemplasy emboduments, up Lo 30,
75 or 90% protein. The protemn-contaiming biontass may be present in the binder
composition in an amount from about 25% 1o about 99% by weight of the binder
composition, or from about 30% to about 93% by waight.

Additionally, the binder composition contains a pH adjaster in an amount
sufficient to adjust the pH to a desired level. The pH may be adjusted depending on the
iniended application, or o factluate the compatibility of the ingredients of the size
composition. In exemplary embodiments, the pH adjuster 13 utidired to adiust the pH of
the binder composition to an acidic pH. Examples of suitable acidic pH adjusters inclade
mono- of polycarboxylic acids, such as, but not tinited to, citric acid, acetic actd, and
sulfuric acid, anhydrides thereof, and inorganic salis that can be acid precursors. The geid
adjusts the pH, and in some instances, acts as a crosslinking agent. The pH of the binder
composition, when in an acidic state, may range from about 1 (o about 6, and 1n some
exgmplary embodiments, from about 1t about 5. In at least one exemplary embodiment,
the pH of the tinder composition 1s about 1. The pH adjuster in an acidic binder

composition may be present in the binder composition in an amount from abowt 3.0% (0
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about 20% by weight of the binder composition, ov fronn abowt 5.0% to about 15% by
welght.

In snother embodiment of the invention, the pH adjuster has a basic pH and i
desired, basic pH. Nen-lmitng examples of suitable basic pH adjusters inchude sodium
bisulfite, sodiam hydroxide, potassium hydroxide, andfor amumonium hydroxide. The pH
of the binder composition, when in 3 hasic state, may range from about & o about 14, or
from: about 8 to shout 12, In at least one exemplary embodiment, the pH of the binder
composition is abowt 10, The basic pH assists i opening the protein structurg and
improves the adhesion of the protein. The pH adjuster in a basic binder composition may
be present in the binder composition in an amount from about 1.0% (0 abowt 26% by
weight of the hinder composition, or from about 2.{% to about 10% by weight,

in a further embodiment of the mvention, the binder composition has a newtral pH.

In an exemplary embodument where the binder has a neutral pH., sodinm bisulfite and/or
urea may be used to break the protein (polymer) bonds present within the protein-based
biomass and lower the viscosity of the protern-based biomass. Sodium bisulfite andfwr
urea may also be added to an acidic binder composition to break the protein bonds, such as
1s shown below in Example 1. The pH adjuster in a neutral inder composiiion may be
present in the binder composition in an amount from about 0.1 1o about 5.0% by weight of
the binder composition, or from abont 0.5 to about 1.0% by weight.

o addition, the hinder composiiion may containi a crosslinking agent. The
crosslinking agent may be any compound suitable for crosshinking the protein-contaming
biomass and reacting with the moisture resistant agent, when i1 1s present i the hander
composition. Non-limiting examples of suitable crosstinking agents include phenols (for
example, tammce acid), resorcinol, polyamines, polyiinines, glyoxal, ghatardialdehyde,
malose, dicarboxylic acid, esters of dicarboxylic acid, polycarboxylic acid, and
combinations thereof. The crosshinking agent may be present in the binder composition in
an amount up to about 20.0% by weight of the binder composition. In exemplary
embodiments, the crosshinking agent may be present in the binder compositicon in an
amoant from about 5.0 to sbout 20.0% by weight of the inder composition, or from about

7.0 to about 15.4% by weight
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The binder composition may also contain 8 moisture resistant agent, sich as a
tatex, a sthicon emulsion, a hydrophobic polymer emulsion (Tor example, polyvethyiens
emulsion or polyester emulsion), and nuxtures thereof. In at least one exemplary
embodiment, the latex system is an agueouns latex emuision. The latex emulsion mchides
tatex particles that are typically produced by emulsion polymerization. In addition to the
tatex particles, the latex emulsion may inclade water, a stabilizer such as ammionia, and a
surfactant. The moistare resistant agent may be present in the binder composition in an
amount from about 0 to sbout 50% by weight of the binder composition, or from abowt
5.0% to about 20% by weight,

There are nuwmerous types of fatex that may be used n the latex emulsion. Nop-
Limtting examples of suitable {atexes mclude natural and synthetic rubber resins, and
mixtures thereof, including thermosetiable rubbers; thermoplastic rubbers and elastonzers
mchudimg, for example, nitrile rubbers {for example, acrvlonitrile-butadiene); polvisoprene
rubbers; polychioroprene rubbers; polybutadiene rubbers; butvl rubbers; ethyviene-
propylene~-diene monomer rubbers (EPDMY, polypropylene-EPDM elastomers; ethylene-
propylene rubbers; sivrene-butadiene copolymers: stvrene-isoprene copolvimers; styrane-
butadiene-styrene rubbers; styrene-isoprene-styrene rubbers; styrene-ethylene-butyiene-
stvrene rubbers; siyrene-ethylene-propyiene-styrene rubbers: polyvisobutviens rubbers;
ethylene vinyl acetate rubbars: silicone rubbers mcluding, for example, polvsiloxanes;
nethacrylate rubbers; polyacrylate rubbers ncluding, for example, copolymers of isooctyl
acrylate and acrylic acid; polyesters; polyether esters; polyvinyi chloride; polvvinylidene
chloride; polyvinyi ethers, polyurethanes and blends; acrviates such as wethyl acrviates
and buthvi acrvlates; and combinations thereof.

The binder may optionally contain conventional additives such as. but not Himited
to dyes. pigments, otls, iilters, colorants, UV stabilizers, thermal stabilizers, anti-foaming
agents, anii-oxidants, emulsifiers, and mbdwres thereoll Other additives may be added to
the binder composition for the improvement of process and product performance. Such
additives inclade coupling agents (for example, silane, aminosilane, and the like), dust
suppression agents, hubricanis, welting sgents, surfactints, antistate agents, and/or water
repelient agents. Additives may be present in the binder composttion {rom trace amounts

{such as < about 0.1% by weight the binder composition) up (o about 10.0%; by weight of
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the binder composition. In some exemplary embodiments, the additives are present i an
amount from about (1.1% to about 5.0% by weight of the binder composition.

The binder further includes water 1o dissolve or disperse the active solids for
apphication onto the remforcement fibers. Waler may be added in an amount sufficient to
dilute the aqueous binder composition to a viscosity that is suitable For #s application w
the reinforcement fibers and to achieve a desired solids content on the fibers. In
particular, the binder composition may contain water in git mmoant from about 78.0 o
about 98.0% by weight of the total binder compaosition.

The binder composition mav be made by dispersing the protein-based wonzass in
water to form a protein stock. The protein stock may then be mixed with the pH adjuster
{for example, acid or base) and the crosshinking agent to form the binder. The binder
composiion may be further diluted with water to obtain a desired amount of sohds. If
necessary, the pH of the nuxtare may be adjusted to the desired pH level

in the broadest aspect of the invention, the binder composition is formad of a
protein-based biomass (for example, soy flouar protein) and a pH adjuster (for example, an
acid such as citric acid ov a base such as sodiwm hydroxide). The range of componenis
used i the inventive binder compostiton according to other embodmments of the invention
ts set forth in Table 1.

TABLE 1

| Component Yo By Weight
_Protein-based Biomass 25-59
PH Adpster 3.0-20
+ base 1.0-20)
- 1-5.0
* neatral
- Crosshinking Avent 0-20
- Maorsture Resistant Additive (-5
Aquecus binder composttions according 1o further axemplary embodiments of the

present invention ave set forth i Table 2.

TABLE 2

Component % By Weight
Protein-based Biomass 30-85
pH Adjuster
- raad 5.0-15

10
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s base 2.0-10
= newtral 0.5-1.0
' Crosslinking Azent 3.0-20
- Moisture Resistant Additive 5.0-20
In one exemplary embodiment, the binder composition is nsed o form an

isulation product. Fibrous msudation prodacts ave generally formed of matted inorganic
tibers bonded together by a cured thermoset polymenic material. Examples of suitable
morgame fibers include glass Abers, wool glass Gbers, and ceranye fibers. Qptionally,
other reinforcing hibers such as natural Gibers andfor synthetic fibers such as polvester,
polvethylene, polvethylene terephthalate, polypropylene, polyamide, aramid, andior
potyaramid fibers may be present in the insulation product i addition to the glass fibers.
The term “natural fiber” as used n conjunction with the present invention refers to plant
fibers extracted from any part of a plant, including, but not hnted 1o, the stem, seeds,
leaves, roots, or phloem. Examples of natural fibers sutiable for use as the ranforcing
fiber material include basalt, cotton, jute, bamboo, ramie, bagasse, hemp. coir, linen,
kenaf, sisal, flax, henequen, and combinations thereof Insulation products may be formed
entirely of one type of fiber, or they may be formed of a combination of types of fibers.
For example, the msulation product may be formed of combinations of various types of
glass fibers or varous combinations of different inorganic fibers andior natural fibers
depending on the desived application for the insulation. The embodiments described
herein are with reference to insulation products formed entirely of glass fibers.

The manufacture of glass fiber msulation may be carried out in a contimuous
process by fiberizing molen plass, ummediately fornung a {ibrous glass batt on a moving
conveyor, and curing the binder on the fibrous glass insulation batt to form an insulation
blanket as depicted in FIG. 1. Glass may be melted 0 a tank (not shown) and supphied to
a fiber forming device such as 3 fiberizing spinner {3, The spinners 15 are rotated at high
speeds. Centrifugal foree causes the molten glass to pass through holes 1 the
civcumferential sidewatls of the fiberizing spinners 15 w form glass fibers, Glass fibers 34
of random lengths may be attenuated from the fibenizing spimners 13 and blown generally
downwardly, that 18, generally perpendicular to the plane of the spinners 15, by blowers 20
positionad within a forming chamber 23, It is to be appreciated that the plass fibers 30

may be the same type of glass or they may be formed of different types of glass. Iis also
11
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within the purview of the present invention that at feast one of the fibers 30 formed from
the fiberizing spinners 15 is a dual zlass fiber where each individual fiber is formed of two
different glass compositions.

The blowers 20 tum the fibers 30 downward to form a fibrous batt 48, The glass
fibers 30 may have g diameter rom about 2 to about 9 microns, or from about 3 to abouwt 6
sierons, The small diameter of the glass fibers 30 helps to give the final insolation
product a sofl feel and flexibility,

The glass fibers, while m transit in the forming chamber 25 and whnle stull hot from
the drawing operation, are spraved with the inventive aqueous binder composition by an
anmudar spray ring 38 so as to result in a distribution of the binder composition throughout
the formed mswlation pack 4G of fibrous plass. Water may alzo be applied o the glass
fibers 30 1 the forming chamber 25, such as by sprayimg, prior to the gpplication of the
formaldehyde-based binder composition to at least partially cool the glass fibers 30, The
hinder may be present n an amows from less than or equal to 4.0% by weight of the total
product. The tow amoant of hinder contributes to the fexibility of the Gnal insalation
product.

The glass fibers 30 having the uncured resincus binder adbered thereto may be
gathered and formed o an uwncured insulation pack 40 on an endless fonming conveyor
4% within the forming chamber 25 with the aid of a vacuum {(not shown) drawn through
the fibroas pack 40 from below the forming convevor 45, The residual heat from the glass
fibers 3{ and the flow of air through the fibrous pack 40 during the forming operation are
generally suflicient to volatilize a majornity of the water from the binder before the glass
fibers 30 exit the formung chamber 23, thereby leaving the remaining componends of the
hinder on the fibers 30 as 3 viscous or semi-viscons high-solids liquid.

The coated fibrous pack 40, which is in a comypressed state doe (o the flow of air
through the pack 40 i the forming chamber 23, 15 then transferred out of the forming
chamber 25 under exat roller 5010 a wransfer zone 35 where the pack 40 vertically expands
duse to the resibiency of the glass fibers. The expanded msulation pack 44 is then heated,
such as by conveyving the pack 40 through a curing oven 60 where hested aiv is blown
througeh the nsulation pack 40 to evaporate any remainmy water in the binder, cure the
binder, and rigidly bond the fibers together. Heated air 1s forced though a fan 78 throush
the lower oven conveyor 70, the sosulation pack 40, the upper oven conveyvor 63, and owt

12
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of the curing oven 60 through an exhaust apparatus 80, The cared binder imparts strength
and resthency to the inselation blanket 10, It 15 to be appreciated that the drying and
curing of the binder may be carried out in either one or two different steps. The two stage
{two-step) process is commaonly known as B-staging.

Also, in the curing oven 60, the msulation pack 40 may be compressed by upper
and lower foraminous oven conveyors 63, 78 1o form a fibrows insolation blanket 1L s
to be appreciated that the insulation blanket 10 has an upper surface and a lower surface.
In particular, the insulaton blanket 10 has two magor surfaces, typically a top and bottom
surface, and two minor or side surfaces with fiber blanket 10 oriented so that the major
surfaces have a substantially horizontal orientation. The upper and lower oven conveyors
65, 70 may be used to compress the imsulation pack 40 to give the nsulation blanket 10 a
predetermined thickness, It is to be appreciated that although FIG. | depicts the
conveyors 63, 70 as bemg m a substantially parallel orientation, they may alternatively be
positioned at an angle relative to 2ach other (not iHustratad).

The curing oven 60 may be operated at a temperatare from about 100 °C 1o about
325 °C, or from aboul 230 °C to about 380 °C. The wsulation pack 40 may remain within
the oven for a pertod of ime suflficient to crosshnk (cure} the binder and form the
msufation blanket 10. The iventive binder composition cures af a temperature that i3
tower than the curing temperature of conventional formaldehyde binders. This fower
curing teraperatare requures less energy to heat the insalation pack, and non-woven

chopped strand mat described in detail below, which resulis in lower manufacturing costs.

A facing material 93 15 then placed on the nsulation blanket 10 to form a facing
fayer 95, Non-limiting examples of suitable facing materials 93 include Kraft paper, a
foil-serim-Kraft paper laminaie, recyeled paper, and calendaved paper. The facing
material 93 may be adhered to the surface of the msulation blanket 10 by a bonding agent
{not shown)} to form a faced msulation product 97. Suitable bonding agents inchude
adhesives, polymeric vesing, asphalt, and bituminous materials that can be coated or
otherwise applied to the facing material 93, The faced fibrous insulation 97 may
subsequently be rolled for storage andfor shipment or ent into predeternuned lengths by a
cutting device {not tllustrated}. Such faced msulation products may be used, for example,

as panels in basement fimishing svstems, as ductwrap, ductboard, as faced residential

|
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wsulation, and as pipe msudation. 101 10 be apprecinted that, in some exemplary
embodiments, the insulation blanket 10 that emerges from the oven 60 is rolled onto a
take-up roll or cut nto sections having a desired length and is not faced with a facing
material 94.

A sigmificant portion of the msulstion placed in the mmsulation cavities of buildings
is in the form of msulation blankets rolled from mselation products sach as is described
above. Faced insulation products are installed with the facing placed flat on the edge of
the insulation cavity. typically on the interior side of the insulation cavity. Insulation
products where the facing is a vapor retavder are conunonly used © msulate wall, foor, or
cetling cavities that separate & warm biterior space from a cold exterior space. The vapor
retarder 15 placed on one side of the mmsulation product {o retard or prohibit the movement
of water vapor through the insulation product.

The presence of water, dust, and/or other microbial nuirients m the insulation
praduct 10 mav support the growth and prohferation of microbial organisms. Bactenal
and/or mold growth in the msulation prodect may cause odor, discoloration, and
deterioration of the insudation product 18, sach as, for example, deterioration of the vapor
harrter properties of the Kralt paper facing. To inhibit the growth of unmwanted
microorganisms such as bacteria, fungi, and/or mold in the msulation product 10, the
msulation pack 40 may be treated with one or more anti-microbial agents, fungicides,
andfor brocides, The anti-nucrobial agents, fungicides, andfor biocides may be added
during manufacture or in a post manufacture process of the msulation product 10.

In a second embodiment of the present invention, the binder composition may be
gsed fo form a non-woven chopped sirand mat. In particular, binder i3 added during the
formation of the chopped strand mat in & wet-laid mat processing Ime. One exemplary
process of separaiely adding the coupling agent to the chopped strand mat is depicted i
Fi3. 3. It is to be appreciated that reference is made herein to glass fibers, although the
chopped strand mat could be formed of, or mclude, non-glass fibers. Chopped glass fibers
116 may be provided to a conveying apparatus such as a conveyor 112 by a slorage
comtainer 114 for convevange to a mixing tank 116 that contains various surfactants,
viscosity modifiers, detoaming agents, and/or other chenucal agents with agitation to
disperse the {ibers and form a chopped glass fiber sturry (not shown). The plass fiber

sharry may be transferred to a bead box 118 where the starry iy deposited onto a conveying
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apparaius such as a moving screen of foranunous conveyor 120 and a substantial portion
of the water from the sharry is removed to form g web fmaty 122 of ermeshed fibers. The
water may be removed from the web 122 by a conventional vacinam or air suction system
{not shown}.

The inventive binder 124 is apphied to the web 122 by a suitable binder applicator,
such as the spray appheator 126 or a cartain coater {not tastrated). Once the binder 124
has been applied 1o the mat 122, the binder coated mat 128 is passed through at least one
drving oven 130 to remove any remamning water and cure the binder composiiion 124,
The formed non-woven chopped strand mat 132 that emerges from the oven 138 is an
assembly of randomly onented, dispersed, individual glass fibers. The chopped strand
mat 132 may be rolled onto a take-up roll 134 for storage for later use as ilusiraied.

There are numerous advantages provided by the inventive binder formulation. For
example, unlike conventional vrea~formaldehyde binders, the binder formulation has a
light color after curing. In addition, the protein-based biomass is a protein-contaiming
bromass that 1¢ natoral iy onein and derived from renewable resources. Also, the binder
comnposition can be cured at temperatares fower than conventional formaldehyde-hased
hinders, thereby reducing manufacturing costs and gaseous enussions. By lowering or
elininating formaldehvde emission, the overall volatile organic compownds {VOCs)
enitted in the workplace are reduced, and the workplace becomes a safer environnient.
Additionally, because protein-based biomass compoands are relatively inexpensive, the
insutation product or chopped fiber mat can be manufactured at g lower cost.

Having generglly described this invention, a further understanding can be obtaned
by relerencs to cerfain specific examples ihstrated below which are provided for
purposes of ilustration only and are not intended to be all inclusive or linnting unless
otherwise specified.

EXAMPLES

Example 1:

A 20% stock dispersion of sov flour protein wy water was prepared with the
addition of a smiall amount of sedium bisalfite to axd in the dispersion. A portion of the
protein stock dispersion was mixed with citric actd and tanmic acid and firther diluted
with water to achieve 3 22% seolids binder nuxture contaming 71% protein, 23% ciiric

acid, and 6% tannmic acid. The binder composition was subjected to a curing test

|
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performed by Dynamic Mechanical Analysis (DMA). As ilhustrated in FIG. 4, the
modutus curve demonstrated curing similar to that of standard phenol-formaldehyde
binder. Fiberglass handsheets were prepared utilining the binder composition. Good
tensile strenpth and miegrity was observed in the bandsheets containing the mventive

binder, as can be seen in Table 3.

TABLE 3
Binder of | Tensile Strength | Tensile % Elongation
Example 1 | Machine Direction Machine Direction
12% oy
o o 1 329
450 °F
1 2% - )
? .30
100 °F 12 0.30
1 2%
5 42
250 °F {5 0.42

Example 2

601 @ of deionized waier, 79.6 g of 20% soy flour (Profia’™ 20090, conumercially
gvailable from Cargill), 23.5 ¢ of citric geid solid, and (0.3 g of 2% anuno silane (A-1100,
conunercially available from General Electric) were mixed in a 2000 mi. beaker.
Additional deionized water was added to the beaker to prepare a total of 800 g of inder
mixture. A fiber glass hand sheet was prepared following standard lab procedure. The
hand sheet was then coated with the binder and cured i 3 convection oven for 3 minutes
ap 450 T A statistically significant sample size was determined and the samples were
measared vsing an Instron” machine. The average tensile strenyth was recorded.

Additional binders were prepared in g manner silar to that described above with
respect to Example 2. The ratio of components was adjusted to achieve desired LOIs. As
used in confunction with this application, LOT may be defined as the reduction i weight
experienced by the fibers after heating them to a tempevature sufficient to bur or pyrolvee
the organic size from the fibers. LOI may be defined as the percentage of organic solid
matier deposiied on the reinforcement fiber surfaces, The tensile strengths of handsheets
formed and coated with the binders were measured and recorded. The measured tensife
strengths were comipared using a “nornlized tensile™ (that is, tensile strength divided by
L0, These normalized wensile strengths for the handsheets containing the inventive

binder are sef forth in Table 4. Control samples are set forth in Table 5.
16
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TABLE 4
Ingredicnt Peveentage Norm Teasile/LOI
. . I DL " .
Soy | Citric | Tannic G Kymene | Sodium A~ N
- N 230 '4..“ - ‘ P - £ 1gis ACANBCG.
Flowr | Acid | Acid L%u‘c{;; T30 Hydroxide | 1100 pH Ambient | Stearsed
748 1 249 6.3 34 1.19 1,18
704 § 2315 5.9 .3 3-4 108 0.7
9.2 197 2.8 4.3 34 202 187
967 3 0.3 10-10.3 162 L.46
87.1 9.0 2.7 03 10-14.3 1.93 1,70
%7 4 87 2.6 0.3 10-10.8 212 197
8.5 9.9 8.9 2.4 0.3 143-141. 3 2.31 1,94
TABLE 5
Ingredient Perpentage Norm Tensile/LO1
. . DL, -
Sov | Cirie | Tanndc o Kyowene | Sodiwm A~ .
- . . FH3 e e 3 . ; Bl Anthient | Steanwed
Floar | Acid | acia | ¥ 736 | Hvdrowide | 1op | PP | Avbient | Steamed
Laiex
Phenolic Control 1.61 1258
Sucrose Control 0.3 7-8 148 1.36

it can be seen from Tables 4 and S that the addition of a Iatex 1o the binder

compuosition signilicantly improves the tensile strengths of the handsheets in both ambient

and steamed conditions.

The invention of this application has been described above both generically and

with regard 1o specific embodiments. Although the invention has been set forth in what is

believed {o be the preferred embodiments, a wide variety of alternatives known to those of

skill i the art can be selecied within the generic disclosure. The mvention s not

otherwise limited, except for the recitation of the clums set forth below.
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CLAIMS
i An agueous binder composition for use i the formation of fiberglass tnsulabion

and pon-woven mats C(}!’I‘ipfiﬁhlg:
at feast one protein-based biomass derived from natural sources; and

at feast one pH adjusting agent.

e

The agueous binder composition of claim 1, wherein
said protein-based bromass is derived {rom at least one member selected from sov,

ops. blood, meat and fish; and

el

peanuts, sunflowers, kidney beans, walnus, e
said pH adpusier 13 selecied from citric acid, acetic acid, sulfuric acid, sodium
bisulfite, sodium hydroxide, potassium hydroxide, ammonium hydroxide and

combinations thereof

3 The aqueous binder composition of claim 2, wheremn sard pH adjusting agent

adjusts the pH of the binder composition to a range from | {0 6.

4, The agueous binder compostiion of claim 2, wherem said pH adjusting agent

adjusts the pH of the binder composition {0 a range from S to 14,

5. The agueous hinder compposition of claim 1, wherein said profein-contaming

biomass contams up to $3% protein.

&, The agueous binder composition of clatm 1, further comprising at least ong

member selecied from a crosslinking agent and a mostare resistant agent.

7. The aqueous hinder composition of clatm &, whevein said crosstinking agent is
sefected from phenols, resorcinel, polvamines, polyimines, glvoxal, elutardialdebvde,
malose, dicarboxylic acid, esters of dicarboxylic acid, polycarboxyhic acid and
combinations thereof, and

wherein said moistire resistant agent is selected from latex, a silicon emulsion; a

bydrophobic polymer emulsion and mixtures thereof.

18
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8, The aqueous binder composition of claim {1, wherem said bmmder cures ata
temperature that is lower than a curing temperature of a conventional formaldehyde-based

hinder.

Q. A fibrous sulation product comprising:
a plarality of randowmly ortented fibers; and
a binder composition applied to at least a portion of said fibers and interconnecting
said fihers, smd binder composition mcluding:
at least one protein-hased biomass derived from natural sources; and
at least one pH adiusting agent, said pl adjusting agent adjusting the pH of

said binder composition to a pH from | to 4.

i The fibrous msulation product of claim 9, wherain said protein-contaimng biomass

contains up 1o 95% protein.

1. The fibrous insulation product of claim 9, wherein:

said profein-based omass s derrved from al least one member selecied from soy,
peanuts, sunflowers, kidney beans, walnuts, eggs, blood, meat and fish; and

said pH adpuster is selected from citric acid, acetic acid, sulfuric acid, sodium
hisulfite, sodnin hvdroxide, potassium hydroxide, ammontum hydroxide and

combinations thereof

12, The fibrous insulation product of claim 9. further comprising at least one member

selected [rom a crosshinking agent and a moisture resistant agent.

13, The fibrous wmsulation prodoct of claim 12, wherem saxd crosshinking agent is
sefected from phenols, resorcinel, polvamines, polyimines, glvoxal, slotardialdebvde,
malose, dicarboxylic acid, esters of dicarboxylic acid, polycarboxyhic acid and
combinations thereof, and

wherein satd moisture resistant agent 15 selected from latex, a silicon enmudsion, a
hydrophobic polymer emulsion and mixtures thereof.

19
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14, The fibrous fnsulation prodact of ¢latin 9, wherein said binder cures at a
temperature that is lower than a curing temperature of a conventional formaldehyde-based

hinder.

15, A non-woven chopped strand mat comprising:
a pluratity of randoraly oriented plass fibers having a discrete fength enmeshed in
the form of a mat having a first major surface and a second major surface; and
a binder composition at least partially coating said first major surface of said mat,
said binder composition including:
at least ong protein-based biomass derived from natural sources; and

at least one pH adjusting agent,

N The non-woven chopped strand mat of claim 13, further comprising af least ane

member selected from a crosshinking agemt and a moistare resistant agent.

17, The non~woven chopped strand mat of claim 16, wherein said binder cures at a
teraperatare that 1s fower than a caring temperature of a conventional formaldehyde-based

binder,

I8, The non-woven chopped strand mat of claim 17, whersin said binder composition

has a hight color after cuning,

19, The non-woven chopped strand mat of claim 16, wherein said protein-containing

brontass contams up to 95% protein.
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20, The non-woven chopped strand mat of claim 19, whevein:
said protein-based bromass s dertved from a member selected from soy, peanuts,

gs. blood, meat and fish;

o

sunflowers, kidney beans, walnuts, eg

said pH adjaster is selecied from citric acid, acetic acid, sulfuric acid, sodium
bisulfite, sodiwm hydroxide, potasstum hvdroxide, ammonium hydroxide, and
combinations thereof,

said crosshinking agent is selected from phenols, resorcinol, polyamines,
polyvimines, glyoxal, glhutardialdehyde, malose, dicarboxyhe said, esters of dicarboxyvhic
acid, polvearboxylic acid and combinations thereof; and

said moisture resistant agent s selected from latex, 8 sthcon emulsion, a

hvdrophobic polymer emulsion and mixiures thereof
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