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FIBROUS INSULATION WITH FUNGICIDE

FIELD OF THE INVENTION
[0001] The invention relates generally to the field of fibrous insulation, particularly, a loose

fill fibrous insulation or a mat of fibrous insulation.

BACKGROUND OF THE INVENTION
[0002] Fibrous insulation is manufactured by forming fibers from a molten mineral bath,
which are forced through a spinner rotating at a high number of revolutions per minute. Fine
fibers are produced thereby. To manufacture loose fill insulation, or wool type insulation, a
plurality of the fibers are loosely accumulated together to form loose fill insulation.
Alternatively, to make a mat of insulation, a plurality of the fibers are sprayed with a fluid
binder mix or powder binder, typically a phenolic resin, a thermoplastic, a thermosetting
plastic, an acrylic, vinyl-acrylic or other soluble polymer. The fibers are accumulated on a
conveyer to form a thick mat. The binder is then cured in a curing oven. The uncured mat may
be further adapted for duct liner, duct board or pipe insulation before curing. Alternatively, the
mat is then sliced and/or chopped into individual insulation batts. In some cases, a facing
material is applied to cover at least one side of the mat with a vapor retarder.
[0003] Fibrous insulation is vulnerable to fungal growth due to exposure to microbiological
organisms, especially when the insulation is installed in damp environments, such as,
subterranean basements, and poorly vented cavities under a roof, for example.
[0004] U.S. Patent No. 6,399,694 discloses a practice of adding a fungicide to a batt while
still on a conveyor, but subsequent to manufacture of fibers that are bonded together by a
binder. U.S. Patent No. 6,399,694 discloses a further practice of adding a fungicide to a batt in
the field, at a location where the batt is to be installed. In each of these disclosed practices, the
fungicide is externally applied to the binder, and the binder itself is not mold resistant. In each
of these disclosed practices, manufacturing controls are lacking to control the fungicide
concentration and to control dispersal of the fungicide in an even distribution throughout the
batt. WO 02/092578 A1 discloses borax for infrared absorbing and scattering, but not for a
fungicide.
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[0005] Thus, prior to the invention, adding fungicide to a completed batt lacks
manufacturing controls to apply the fungicide with a controlled concentration. For example,
manufacturing controls would be needed to prevent the fungicide from being handled and
applied at potentially toxic levels of concentration. Further, manufacturing controls would be
needed to establish a justification for advertising and labeling the fibrous insulation as being
mold resistant. Further, for example, in the future, a manufacturer of a fungicide may develop a
recommended concentration to resist fungal growth, which would require manufacturing
controls to apply the fungicide at the manufacturer’s recommended concentration.

[0006] Lacking manufacturing controls while adding a fungicide to a batt could induce
instability in the measured physical properties of the batt. Thus, controlled amounts of
fungicide avoid inducing the physical instability as found by testing the batt to meet industry
standards for thickness recovery and other physical properties.

[0007] Accordingly, there is a present need for a fibrous insulation having a controlled
fungicide concentration. Further, there is a present need for a method of making a fibrous
insulation with a controlled fungicide concentration.

[0008] Further, there is a present need for a fibrous insulation having a dispersed additive
that serves a useful function in the fibrous insulation, and further a fungicide is combined with
the dispersed additive. Further, there is a present need for a fibrous insulation having a
dispersed additive that is mold resistant. Further, there is a present need for a manufacturing
process for dispersing a fungicide by a binder as the dispersed additive that bonds fibers to one
another to make a mat of insulation.

[0009] Further, there is a present need for a mat or loose fill, fibrous insulation having a
dispersed fungicide. Further, there is a present need for a manufacturing process for dispersing

a fungicide throughout a fibrous insulation.

BRIEF SUMMARY OF THE INVENTION
[0010] The present invention provides a method of making a fibrous insulation by
dispersing both a fungicide and a dispersed additive among a plurality of insulation fibers,
followed by affixing the dispersed additive in place on the fibers. An advantage of the invention
is that the fungicide is dispersed in a controlled concentration. Further, mold resistance of the

PH1\1408050.1 -2~
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fibrous insulation is enhanced. Further, the fibers are treated with fungicide during a formation
stage of making fibrous insulation. A fungicide, herein, refers to a substance that destroys a
fungus, as well as, a fungistat that inhibits or prohibits the growth of a fungus. According to
embodiments of the invention, the fungicide is combined with the dispersed additive, for
example, by being dissolved or absorbed in the dispersed additive, or by being mixed with the
dispersed additive, such as, by chemical bonds or by an emulsion, for example.

[0011] The method of the present invention alternatively makes loose fill insulation,
wherein the dispersed additive is affixed on the fibers of the insulation. The dispersed additive
affixes by physical, chemical or electrostatic interaction with the fibers. Alternatively, loose fill
insulation is made by chopping and/or grinding a mat of fungicide treated fibers into small
pieces, which are packaged.

[0012] The method of the present invention alternatively makes a mat of insulation, such
as, batts, rolls, duct liner, or boards, for thermal or acoustic insulation, wherein the dispersed
additive is a binder that bonds the fibers to one another.

[0013] According to another embodiment of the present invention, the method further
includes the step of controlling the fungicide concentration relative to a unit measure of
dispersed additive and a unit measure of fibers.

[0014] According to another embodiment of the invention, the present invention provides a
method of making a fibrous insulation by dispersing a fungicide and a binder on a plurality of
fibers, followed by, accumulating the fibers and the dispersed fungicide and binder, and curing
the binder. An advantage of the invention is that the binder becomes mold resistant. Another
advantage of the invention is that the fungicide is in the binder that bonds the fibers to one
another.

[0015]  According to another embodiment of a method of the present invention, the method
further includes a step of combining the fungicide and a binder in a fluid binder mix. The
advantage, is that the fluid borne binder serves as a dispersed additive, and further is used as a
dispersing agent for dispersing the fungicide.

[0016]  According to another embodiment of the present invention, the method further
includes a step of combining the fungicide with water, followed by the step of mixing the

binder and the fungicide in a fluid binder mix.
-3-
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[0017] According to another embodiment of the present invention, the method further
includes the step of stabilizing dispersal of the fungicide with an emulsifier.

[0018] According to another embodiment of the present invention, the method further
includes the steps of, dispersing a fungicide on a plurality of fibers, followed by, dispersing a
binder among the plurality of fibers, accumulating the fibers and the dispersed fungicide and
dispersed binder, and curing the binder.

[0019]  According to another embodiment of the present invention, the method further
includes the step of controlling the fungicide concentration to limit instability of one or more
physical properties of fibrous insulation.

[0020] Further, the present invention provides a fibrous insulation having a fungicide in a
binder, the binder being dispersed among a plurality of fibers, and the binder bonding the fibers

to one another.

- [0021] According to an embodiment of the present invention, the fungicide concentration is

controlled relative to a unit measure of the binder dispersed on a unit measure of the fibers.
[0022] According to a further embodiment of the invention, the fungicide concentration is
controlled below a toxic level.

[0023] According to a further embodiment of the invention, the fungicide concentration is
controlled to limit instability of the physical properties of the insulation.

[0024] According to another embodiment of the invention, a water vapor retarder covers at
least a major surface of the mat.

[0025]  According to another embodiment of the invention, a water vapor retarder that has a
fungicide covers at least a major surface of the mat.

[0026] Other embodiments of the invention are apparent by way of example from the

following detailed description taken in conjunction with the accompanying drawings.

BRIEF SUMMARY OF THE DRAWINGS
[0027] Figure 1 is a diagrammatic view of an apparatus for dispersing a fungicide and a
dispersed additive among insulation fibers.

[0028] Figure 2A is an isometric view of fibrous insulation.

-4 -
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[0029] Figure 2B is a view similar to Fig. 2A and disclosing fibrous insulation covered by
a vapor retarder.

[0030] Figure 3 is a flow diagram of various embodiments of a method for dispersing a
fungicide and a dispersed additive, followed by accumulating fibers having the fungicide
combined with the dispersed additive.

[0031] Figure 4 is a diagrammatic view of an apparatus for dispersing a fungicide and a

dispersed additive among insulation fibers for making loose fill, fibrous insulation.

DETAILED DESCRIPTION OF THE INVENTION
[0032] Fig. 2A discloses a fibrous insulation that includes a mat (200) of insulation fibers
bonded together with a binder. The R-value of the insulation refers to the insulation’s
effectiveness to retard heat transfer. The thickness of the mat (200) is generally proportional to
the R-value. The mat (200) is then cut into pieces, referred to as batts. The batts are referred to
herein to include rolls, or shorter unrolled lengths of single piece construction, as shown at
(200b), or are further partially cut along kerfs (200c) to form multiple segments (200a) that can
be separated from the batts by tearing or cuiting along the kerfs (200c). The batts have desired
widths and lengths for installation in respective cavities in a hollow wall or in an attic of a
building.
[0033] As disclosed by Fig. 2B, the batts are either covered, or faced, with a water vapor
retarder (500) in the form of a vapor retarding film, or are uncovered, or unfaced, as disclosed
by Fig. 2A. Faced batts may be used in the same places that unfaced batts are used. The unfaced
batts are suitable for installation behind a separately installed vapor retarder. The unfaced batts
are especially suitable for stacking on existing attic insulation to augment the attic insulation R-
value.
[0034] A covered batt is an insulation batt that is covered, or faced, with a water vapor
retarder (500), in the form of a vapor retarding film that includes, but is not limited to, Kraft
paper coated with a bituminous material or other vapor retarder material, Polyamide (PA),
Polyethylene (PE), Polypropylene (PP), Polybutylene (PB), Polyvinylchloride (PVC),
Polyvinylacetate (PVA), Polyethylene terapthalate (PET), Polyvinylidene chloride (PVDC),

polyester, polystyrene, polypropylene, fluoropolymer, polyvinyl, polyurethane, polycarbonate
-5-
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and combinations thereof, and further including, but not limited to, co-extrusions of two or
more polymers thereof. A vapor retarding film, either forms a barrier to transmission of water
vapor, or has a vapor transmissivity that selectively transmits water vapor depending on the
relative humidity of ambient air. The water vapor retarder (500) covers at least a first major
surface of each batt. Alternatively, the water vapor retarder (500) covers one or more surfaces
of a batt including the side portions of each batt. The water vapor retarder (500) can be treated
with a concentration of a fungicide or biocide.

[0035] The batts are typically installed to fill cavities between framing members of a
building frame. The water vapor retarder (500) may further have side tabs or flaps (500a) that
are fastened to the framing members, which secure the batts in place, and which optionally
extend the side tabs or flaps (500a) to cover the framing members. When the batts are partially
divided into the segments (200a), the water vapor retarder (500) is further partially divided into
segments by perforations (502).

[0036] In a forming stage, the mat (202) is typically formed, first, by manufacturing the
fibers (104), followed by shaping the fibers (104) into a falling, flowing stream of fiber veils or
fiber wool. A binder is applied to the stream of fibers (104), followed by, accumulating the
fibers (104) on a conveyor to form a thick mat of the fibers (104) wherein, the conveyor
includes a conveyor belt or a forming chain. The fibers (104) are accumulated by various
methods. A known accumulation method tends to distribute the fibers (104) in a random
distribution, to form a mat having variations in density throughout. By contrast, a known air-
laid method tends to distribute the fibers (104) in an even distribution to form a mat having a
constant density throughout. Then the binder is cured to provide a mat of fibers (104) bonded to
one another with the cured binder. For example, U.S. Patent No. 4,090,241 discloses apparatus
for manufacturing flowing glass fibers by a flame attenuation process, and forming a thick mat
of fibrous insulation on a forming chain. Alternatively, the glass fibers are manufactured by a
rotary spin process, for example, as described in WO 02/070417.

[0037] Fig. 1 discloses a portion of a forming stage apparatus (100) for forming fibrous
insulation. The apparatus (100) has a binder application ring (102) that surrounds a flowing
stream of fibers (104). The binder application ring (102) is a hollow pipe having multiple

nozzles (100a) facing inwardly of the ring (102) and toward the flowing stream of fibers (104).
-6-
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The binder application ring (102) has an inlet (106) into which a fluid binder mix supplied from
a fluid binder mix tank (108) is pumped under pressure. The nozzles (100a) disperse the binder
among the fibers (104) as they flow through the ring (102). According to an embodiment of the
invention, a binder resin is combined and mixed with a fluid, including, but not limited to
water, to form a fluid binder mix having a binder in solution or in suspension as an emulsion or
as particulates in suspension. According to an embodiment of the invention, the fluid binder
mix serves as a dispersed additive that improves the usefulness of the fibrous insulation.
Typically, the binder is further combined and mixed with the fluid together with a catalyst, a
coupling agent and a dust retarding oil. Further, the fluid binder mix may have a fire retarder,
infrared reflecting or infrared absorbing material, other ion donor materials, any of which
increases the usefulness of the insulation.

[0038] With further reference to Fig. 1, the apparatus (100) has a water overspray ring
(110) that surrounds the flowing stream of fibers (104) upstream from the binder application
ring (102). The water overspray ring (110) is similar in construction to the binder application
ring (102), by having multiple nozzles (100b) facing inwardly and toward the flowing stream of
fibers (104). The water overspray ring (110) has an inlet (112) into which water, either potable
water supplied by a municipal source, or process water known as wash water, is pumped under
pressure from a water overspray tank (114). The water is dispersed through the nozzles (100b)
to cool the fibers (104) with water as they flow through the ring (110). According to an
embodiment of the invention, the ring (110) and nozzles (100b) disperse the fungicide among
the insulation fibers (104), followed by the nozzles (100a) dispersing the binder among the
fibers (104) as they flow through the ring (102).

[0039]  According to an embodiment of the present invention, the apparatus (100) for
applying a binder to fibers (104) further applies a fungicide of controlled concentration to
disperse throughout the fibers (104). The binder is a dispersed additive that is dispersed among
the fibers (104) In an exemplary embodiment of the invention, the dispersed additive serves as
a dispersing agent for dispersing the fungicide. The concentration is controlled by measuring
the concentration of the fungicide relative to a measured volumetric unit or mass unit of binder
dispersed for each a measured volumetric unit or mass unit of fibrous insulation. The fungicide

is dispersed with the binder throughout the fibers (104) by using the binder application ring
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(102) as a fungicide applicator, as well as, a binder applicator. The manufacturing apparatus
(100) may have multiple streams of the fibers (104) and multiple rings (102) and (110).
Thereafter, the fibers (104) having the dispersed binder and dispersed fungicide are
accumulated to form a thick mat of fibers (104). When the binder is cured, the fungicide is in
the cured binder and is dispersed by the binder that bonds together the fibers (104).
Alternatively the apparatus (100) can use one or more rings (110) in the forming section of the
apparatus (100) to disperse fungicide without the binder on corresponding streams of newly
formed fibers (104). Thereby, the fungicide treated fibers (104) are manufactured as loose fill
insulation substantially free of binder.

[0040] In the past, U.S. Patent No. 6,399,694 discloses that a fungicide could be added to a
finished mat while still on the conveyor, intending for the fungicide to be on the binder after the
binder has been cured. Alternatively, the fungicide was field applied, by adding the fungicide to
the batts at a location where the batts were to be installed.

[0041]  Further, prior to the invention, the fungicide was unevenly applied to various fibers,
since the fungicide was added to a mat that is thick and often dense, causing uneven dispersal
among the various fibers. Further, the fibers in the mat were already connected to one another
via the binder, which further produced varied density in the mat to block the fungicide from
some of the fibers. Since the fungicide was added after manufacturing of the mat, no
manufacturing controls were in place to assure that the fungicide was distributed throughout the
mat. Further, the fungicide was handled and applied at potentially toxic levels of concentration.
Further, no manufacturing tests were performed to determine whether the fungicide would alter
the physical properties of the insulation. Manufacturing tests would indicate the presence of
instability of the physical properties, and especially whether the fungicide treated insulation
would meet industry standards for thickness recovery and other physical properties.

[0042] According to an embodiment of the invention, a fungicide is dispersed among
insulation fibers, and a dispersed additive is dispersed among the insulation fibers. The
dispersed additive is a binder that is mixed in a fluid, preferably water, to provide a fluid binder
mix supplied by the fluid binder mix tank (108).

[0043] According to another embodiment of the invention, a fungicide is combined with a

fluid binder mix that includes the binder in a fluid, preferably water. The fungicide mixes in the
-8-
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fluid binder mix, either by dissolving or by suspension as an emulsion or as a precipitate in
suspension, and is chemically compatible with the binder. The binder mixes in the fluid, either
by dissolving or by suspension. Preferably the binder and the fluid form an emulsion. For
example, the binder typically includes a curable acrylic or phenolic (phenol-formaldehyde)
resin or other thermosetting resins such as epoxies and polyesters, as well as, urea, lignin, a
silane, de-dusting oil and/or ammonia. Further, an emulsion will mix with an emulsified mix of
further components, such as, a fire retardant and/or an ionized solution for treating insulation
fibers (104) with a desired ion. The fluid binder mix is supplied by the fluid binder mix tank
(108). Further, an emulsion of the fluid binder mix will combine readily with the fungicide.
[0044] The fungicide can be combined with the fluid binder mix and mixed by agitation
performed, for example, by stirring in the tank (108) or by injecting the fungicide into the fluid
binder mix in the tank (108) or into the inlet (106). Constant agitation with an industry known
stirrer, and/or an emulsifier is added to maintain an immiscible fungicide or fungicide
precipitates in suspension. For example, an emulsifier includes, and is not limited to, an oil
emulsion of Mulrex 90, a trademark of Exxon Mobil Corporation.

[0045] When the fibers (104) are accumulated, and the binder is cured, the fungicide will
preferably be emulsified with the binder, and will be dispersed among the fibers (104).
Microphotographs have been taken that disclose the dispersed binder as nodes of droplets or
particles adhered to the fibers. Accordingly, the dispersed binder distributes or disperses a
controlled concentration of the fungicide among the fibers (104).

[0046] According to another embodiment of the invention, a fungicide is added to the
overspray water and stirred in the overspray water tank (114), or is injected into the tank (114)
or into the inlet (112). This embodiment separates the fungicide from the fluid binder mix, and
is especially suitable when the fungicide is chemically incompatible with the binder, and/or
when fungicide low solubility requires continuous agitation of the water by a stirrer, for
example, to remain in solution or in suspension, and/or when an emulsifier is added to maintain
an immiscible fungicide and/or precipitates of the fungicide in suspension. Further, this
embodiment of the invention separates a chemically incompatible emulsifier and/or precipitates
from the fluid binder mix in the fluid binder mix tank (108). The fungicide is applied to the

fibers by the water overspray ring or water application ring (110). The nozzle (100b) orifices
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are large enough to pass precipitate particles of the fungicide. Further, an embodiment of the
apparatus (100) has air atomized nozzles (100b) to further clear the nozzle (100b) orifices of
precipitate particles. The water overspray ring (110) is upstream from the binder application
ring (102) that disperses the fluid binder mix among the fibers. The fungicide is dispersed by
the water among the fibers (104), using the water application ring (110) as a fungicide
applicator, as well as, a water applicator. Thereafter, the fluid binder mix is dispersed among
the fibers (104) by the ring (102) to combine with the dispersed fungicide. When the fibers
(104) are accumulated, and the binder is cured, the fungicide will have been combined with the
binder, preferably as an emulsion, and the binder is dispersed throughout the fibers (104) to
distribute the fungicide throughout the fibers (104). Further the binder is affixed to the surfaces
of the fibers (104). During the affixing step the binder is cured to affix the binder to the fibers
(104). The fibers (104) are bonded to one another by the binder. Alternatively, the ring (110)
may be used to disperse solely the fungicide without the binder among newly formed fibers
(104), which fibers (104) are accumulated and chopped into pieces, and further packaged as
loose fill insulation treated with fungicide.

[0047] Fig. 3 discloses an embodiment of a method for making fibrous insulation by a
method step (300) of mixing the binder in a fluid to form a fluid binder mix, for example, as an
emulsion, as a particulate suspension or as a solution. The method further includes a method
step (302) of adding a fungicide to a binder, for example, by first dissolving the fungicide in
water to provide a liquid that is easily added to a fluid binder mix. The method steps (300) and
(302) are an example, of combining a fungicide and a binder. The combined fungicide and
binder, for example, as combined in the fluid binder mix, are supplied by the binder fluid tank
(108) to the ring (102), followed by a method step (304) of dispersing the fungicide and the
binder among the insulation fibers (104). The binder application ring (102) is used to perform
the step (304). The method step (304) is followed by a method step (306) of accumulating the
fibers to form an insulation mat (200) having a plurality of fibers (104) and the dispersed
fungicide and binder, followed by a method step (308) of affixing the binder with the fungicide
therein to the insulation fibers (104). For example, the method step (308) is performed by
applying heat and curing the binder to a stable condensed emulsion having the fungicide

therein. The mat (200) comprises uncovered fibrous insulation for thermal or acoustic
-10-
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insulation or duct liner, and/or which can be sliced and/or chopped into the batts (200b) and
further sliced and/or chopped into the segments (200a). Alternatively, the mat (200) is chopped
and/or ground into pieces to form loose fill insulation fibers (104) having the dispersed
fungicide. Subsequently, the loose fill insulation fibers (104) are packaged as compacted loose
fill insulation. Alternatively, the loose fill insulation fibers (104) may also be formed by the
apparatus disclosed by Fig. 4 into compacted, loose fill insulation that is packaged in bags.
[0048] Fig. 3 further discloses an alternative embodiment of a method for making fibrous
insulation by a method step (300a) of adding a fungicide to water, which can be supplied to the
water overspray tank (114). Separately, step (302a) involves mixing a binder with a fluid to
form a fluid binder mix. A fluid binder mix is produced, which is supplied to the binder fluid
tank (108), for example. Thereby, the binder is separate from the fungicide that would have
exhibited incompatibility with the binder.

[0049]  Method step (304a) is performed by dispersing the fungicide among the fibers (104)
for example, by the water overspray ring (110), followed by the method step (304b), dispersing
the binder among the fibers (104), performed, for example, by the binder application ring (102)
dispersing the fluid binder mix. The alternative method of method steps (300a), (302a), (304a)
and (304b) are one embodiment of a method of dispersing the fungicide among the fibers (104)
separately from dispersing the binder among the fibers (104), and thereafter, combining the
fungicide and the binder. The dispersed fluid binder mix combines with the dispersed fungicide
for a duration, during which method steps (306) and (308) are promptly performed to cure the
binder, and to result in a fibrous insulation having a fungicide in a cured binder that is dispersed
and affixed on the fibers (104). Further the fibers (104) are bonded to one another by the binder.
[0050]  As an alternative to mixing a binder in a fluid at either step (302) or step (302a), the
binder is alternatively in the form of a powder binder, and a powder binder-fungicide mix is
made by combining the powder binder and the fungicide. The powder binder-fungicide mix is
dispersed among the fibers (104) by forced air, or by electrostatic attraction to the fibers (104),
for example, in substitution for the water used at step (304). The forced air is an air entrained
mix of air and a powder binder-fungicide mix. For example, the dispersed concentration of the
powder binder-fungicide mix relative to the mass of the fibers (104) can vary, as needed, for

example, a 10% powder binder-fungicide mix, or a 20% powder binder-fungicide mix, or a
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30% powder binder-fungicide mix. Thereafter follows the method step (306) of accumulating
the fibers to form an insulation mat (200) having fibers (104) and the dispersed fungicide and
binder, followed by the method step (308) of affixing the binder with the fungicide therein.
During the method step (308) step the powder binder melts and combines with the fungicide,
and the melted binder is cured to affix the binder to the fibers (104). Further the fibers (104) are
bonded to one another by the binder.

[0051]  For example, the loose fill insulation is produced in the forming stage apparatus
(100) by chopping and/or grinding newly formed fibers into pieces, and/or by chopping a roll or
batt of an insulation mat and/or scrap, edge trim and other types of pieces, which may or may
not have a cured binder on the fibers thereof. Fig. 4 discloses another embodiment of a forming
stage apparatus (100) for forming the loose fill insulation in a duct or mixer. Whether the loose
fill insulation is selected as, newly formed fibers, fibers from chopped pieces or fibers having a
cured binder, the loose fill insulation is fed through a loose fill transportation duct (400) into a
mixer (402) that mixes loose fill insulation with a dispersed additive that is dispersed among
the insulation fibers (104) of the loose fill insulation. The dispersed additive includes, but not
limited to, an anti-static mix, for example, an emulsion of silicone and water, and/or mineral oil
for dust reduction. For example, the dispersed additive is preferably in the form of an emulsion
that will combine and/or mix with an emulsified mix of further components, such as, a fire
retardant and/or an ionized solution for treating insulation fibers (104) with a desired ion. The
fibers (104) are then fed to a compressor/packager (404) where they are compressed to remove
air and increase density and to be packaged as loose fill insulation, shown as L. F. in Fig. 4.
[0052]  For example, the forming section can use the ring (102) in a manner as previously
described to disperse a fungicide and the dispersed additive among the fibers (104) of loose fill
insulation. Alternatively, for example, either the mixer (402) or the loose fill transportation duct
(400) can use the nozzles (1002) and (100b) similar to those on the rings (102) and (110).
According to an alternative embodiment, solely fungicide without the binder is applied to loose
fill insulation using only the ring (110), in the manner described herein, to produce loose fill
insulation treated with dispersed fungicide, which can be compacted and packaged for sale. The
nozzles (100b) are mounted on the sides of the mixer (402) or the duct (400) to disperse the

fungicide among the fibers (104) of loose fill insulation inside the mixer (402) or the duct
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(400). The nozzles (100a) are mounted on the sides of the mixer (402) or the duct (400) to
disperse the dispersed additive among the fibers (104) of loose fill insulation inside the mixer
(402) or the duct (400). The dispersed additive is preferably an emulsion of the anti-static mix
and/or mineral oil for dust reduction. The dispersed additive is dispersed among the fibers (104)
to combine with the dispersed fungicide. Further, the dispersed additive in the mixer (402)
affixes to the surfaces of the fibers (104), and is dried by process heat to remove excess water
content.

[0053] The fibers (104) are fed to a compressor/packager (404) where they are
compressed to remove air and increase density and be packaged as loose fill insulation, shown
as L. F. in Fig. 4. Alternatively, by using only the nozzles (100b) on the ring (110) to disperse
only fungicide, newly formed fibers (104) are treated with dispersed fungicide without the
binder, and subsequently are packaged as binder free, loose fill insulation treated with dispersed
fungicide.

[0054] The advantage of treating the insulation with fungicide at a manufacturing site, is
that application of the fungicide is measured and controlled via a concentration of flow rate
thereof through the nozzles (100b) and/or (100a). Thereby, the fungicide concentration is
controlled relative to a unit measure of the dispersed additive and a unit measure of the fibers
(104). Further, the fungicide concentration is controlled below a toxic level to humans and
small mammals, such as, dogs and cats.

[0055] A discussion now follows concerning tests that refer to potential biocides according
to their physical properties, their concentrations and effectiveness as fungicides on fibrous
insulation, and their compatibility with fluid binder mixes.

[0056] The American Society For Testing Materials provides an ASTM C1338 Standard
Test Method for Determining Fungi Resistance of Insulation Materials and Facings. An
insulation material and/or facing can pass the test when supporting mold growth that is less
than would be supported by a strip of white birch or southern yellow pine over a 28 day test at
30 degrees C., and 95% relative humidity. Test fungi are: Aspergillus Niger, Aspergillus
Versicolor, Penicillium Funiculosum, Chaetomium Globosum and Aspergillus Flavus.

[0057] An ASTM C1338 Standard test of fungal resistance was conducted. An 800-gram

batch of phenolic resin binder (solution) was prepared with 3% dissolved binder solids to yield
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a 10% binder content in a cured test sheet. The batch was divided into five 150-gram portions.
One of the binder portions had no antifungal agent addition, which served as a control binder.
Each of four of the 150-gram binder portions was spiked with 1.0% solids of an antifungal
agent. This concentration of antifungal agent was equal to 0.10% on the cured test sheet. The
cured test sheet would have a fungicide concentration that could be adjusted to the
manufacturer’s recommended concentration for effectiveness to prevent mold growth. The
manufacturer’s recommended concentration of fungicide would be reproduced by having the
fungicide dispersed by a binder in solution and dispersed on the fibers in a mat of fibrous
insulation, followed by curing the binder.

[0058] Test sheets were prepared by cutting GF/C filter sheets (glass filter paper) into
pieces measuring 6 inches by 8 inches. The sheets were saturated with the binder (solution), and
excess binder was removed via a vacuum table. The sheets were cured at 180 degrees C. for 5
minutes in a Mathis laboratory grade dryer. A process control blank was prepared by saturating
one sheet with deionized water instead of a binder. The individual test sheets were packaged in
individual polyethylene bags and sent to a laboratory for testing according to ASTM C1338. A
laboratory report of test results is disclosed by TABLE 1.
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TABLE 1

ITEM A B C RESULT

Glass filter paper with no binder NGO | NGO | NGO | Pass

Glass filter paper with control binder | +++ |+ ++ Fail

Glass filter paper with binder # 1477 | NGO | NGO | NGO | Pass

Glass filter paper with binder # 1478 | NGO | NGO | NGO | Pass

Glass filter paper with binder # 1479 | NGO | NGO | NGO | Pass

Glass filter paper with binder # 1480 | NGO | NGO | NGO | Pass

#1477 for ASTM C1338 Testing = Phenolic binder plus 1% 5 Mol Borax
(NazB407 —5H,0) solids.
#1478 for ASTM C1338 Testing = Phenolic binder plus 1% Zinc Oxide (ZnO)
solids.
#1479 for ASTM C1338 Testing = Phenolic binder plus 1% Sodium Propionate
solids (CH;CH,COO)Na.
#1480 for ASTM C1338 Testing = Phenolic binder plus 1% Calcium Propionate solids
(CH3;CH,COO),Ca .
Legend: NGO=No growth observed,
+ = Growth observed.
++ = Growth exceeding reference control amount.
+++ = Growth far exceeding reference control amount.

-+ = Doubtful growth.

[0059]  Test results of ASTM C1338 reveals fungal growth was observed on the sample
having the control binder (no antifungal agent), and no growth observed for samples treated
with the potential antifungal agents. This compares favorably with the allowable fungal growth
amount observable on white birch and yellow pine control samples as specified by ASTM C

1338.
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[0060] A thermal stability test was conducted on samples of each of the four potential
fungicides or anti-fungal agents, Borax, Zinc Oxide, Sodium Propionate and Calcium
Propionate. A 15 milligram sample was heated at a rate of 20 degrees C. per minute to 300
degrees C. The thermal gravimetric analysis (TGA) of lost weight per cent versus temperature
rise indicated that from ambient temperature to 250 degrees C., the Borax lost 21% of its mass
including the water of hydration, the Calcium Propionate lost 3%, the Sodium Propionate lost
0.1% and the Zinc Oxide lost 0.1%.

[0061] A binder (solution) stability test was conducted. A master batch was made up, of
fluid binder mix having 6% binder solids and wash water for the binder make-up water. The
wash water comprised tap water used for process water to continuously clean the equipment for
making the various insulation embodiments of the present invention. The process water is
filtered to remove solids, and is continuously recycled. An oil emulsion, Mulrex 90, comprised
10.3% of the binder solids. Five (5) 100-ml. aliquots of the binder were transferred to
individual glass jars. Four of the binders were spiked with a corresponding antifungal agent,
Borax, Zinc Oxide, Sodium Propionate and Calcium Propionate, at a concentration of 2% of the
binder solids. The remaining binder sample was not spiked to serve as a control sample. The
binder samples were stirred for 24 hours in covered jars to prevent evaporation. After the 24
hour aging, the binders were removed from the stirrer and observed for destabilization. The 24

hour stability results are disclosed by Table II.
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TABLE II
SAMPLE FLUID COMMENTS
BINDER MIX
Control Stable; no separation, very slight surface scum
Binder 1477 with Stable: slightly greater surface scum than control
Borax

Binder 1478 with Zinc | Unstable; coagulates settle to bottom of container

Oxide

Binder 1479 with Stable: a few dark particles on the surface of the binder

Sodium Propionate

Binder 1480 with Stable: a few dark particles on the surface of the binder and a small

Calcium Propionate quantity of a dark sticky film on the bottom of the container

[0062] Accordingly, the test results of Table II indicated a need for continuous agitation
and/or an emulsifier in the fluid binder mix to resist precipitation of the fungicides or anti-
fungal agents when used in a manufacturing process. The Borax fungicide was indicated as a
preferred embodiment that exhibited the least instability, if any.

[0063] A wash water stability test was conducted with 150 grams of wash water plus 0.75
grams (0.5%) of one of the four potential anti-fungal agents, Borax, Zinc Oxide, Sodium
Propionate and Calcium Propionate. No oil emulsion was added. The wash water comprised tap
water used for process water to continuously clean the equipment for making the various
insulation embodiments of the present invention. The process water is filtered to remove solids,
and is continuously recycled. The stability test was repeated with 1.0% of each of the four
potential antifungal agents. After 2 hours of aging in sealed glass jars, the control wash water
(no anti-fungal agent) and the 0.5% Borax sample showed insignificant precipitation of the
Borax solids. The other samples, including the 1.0% Borax sample showed significant solids
precipitation. Accordingly, the test indicated a need for continuous agitation and/or an
emulsifier to resist precipitation of the anti-fungal agents in water when used in a

manufacturing process.
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[0064] A tensile strength test was conducted using Whatman GF/C filter paper as the
substrate.. A 500-gram batch of fluid binder mix was prepared with 6% binder solids in binder
wash water. De-ionized (DI) water without an emulsifier was used as the binder make-up water.
Five (5) 100-ml. aliquots of the fluid binder mix were transferred to 150 ml. beakers. One
aliquot was used as a control, and the remaining four aliquots were spiked with 0.12 grams of
one of the four potential fungicides or anti-fungal agents, Borax, Zinc Oxide, Sodium
Propionate and Calcium Propionate. This addition was equal to 2.0% fungicide solids or anti-
fungal agent solids based on the total binder solids. Each binder was used to prepare tensile
strength test specimens. The test specimens (coated Whatman GF/C filter paper) were cured at
180 degrees C. for 5 minutes in a Mathis Laboratory Drier and tested in accordance with
CertainTeed Test Method T496 1. The tensile strengths of the test specimens were measured,
and the results are reported in TABLE III
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TABLE III
TENSILE STRENGTH IN NEWTONS (maximum at break)

Sodium Calcium

Sample Control Borax Zn0O, Propionate | Propionate

Dry | Wet | Dry | Wet | Dry | Wet | Dry | Wet | Dry | Wet

1 162 116.7|24.116.5|19.9 204 |19.3|20.1|18.9]22.8

175259235212 |23.5[17.1|19.9|20.2|21.2|27.6

22.0{19.1[229(22.8|17.9225|22.9|22.6|22.6]|22.8

26.5122.0(21.1|18.4|21.121.7(22.8|15.1]|23.3|19.5

2
3
4 22.7121.3(23.1{232|22.8|16.6|21.5}20.5]29.1|19.6
5
6

27.1 122212271194 |18.4|20.9|202|20.1]23.2}13.7

MEAN 22.0 1212229203 (20.6|19.9{21.1]|19.8|23.1|21.0

STD.DEVIATION |45 [3.1 |1.0 {26 |23 |24 |15 |25 |34 |46

Specimen moisture % | 0.40 | 1.48 | 0.36 | 1.43 | 0.26 | 1.40 | 0.33 | 1.57 | 1.43 | 2.87

Avg. LOI % (of 6) |23.6 23.7|23.1|23.4|22.5|22.4|20.1|194]24.6|24.9

Wet/dry tensile % | 96.4% 88.4% 96.4% 93.7% 91.1%

[0065] Further, recovery tests of fibrous insulation at 30 day shelf life, and at 60 day shelf
life, were conducted on glass fiber insulation batts chopped from mats having corresponding R-
value thicknesses of R19 and R30. R19 batts and R30 batts were made with glass fibers with a
binder having 2% Borax in the binder. The Borax comprises a fungicide or anti-fungal agent in
the binder and dispersed by the fluid binder mix on the fibers. TABLE IV discloses the results
of 30 day shelf life tests. TABLE V discloses the results of 60 day shelf life tests.
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TABLE IV
30 DAY SHELF LIFE TESTING R-19 AND R-30 BATTS

WITH AND WITHOUT 2% BORAX IN A PHENOLIC RESIN BINDER

BattType | Standard Standard Rigidity Standard Standard
Compared to | Compared to | Index Compared to | Compared to
2% Borax 2% Borax 2% Borax 2% Borax
Dead (Avg.) Drop (Avg.) Std./2% | Rigidity Index | Tensile
Borax (Ibs./in)
R-1916” [5.42% 6.72% 0.475/ 0.00 % 19 %
wide 0.475
R-19 0.40 % 5.55% 0.53/ 13% 4.1%
24” wide 0.47
R-30 2.64% -2.89% 0.525/ -1.87 % 6.0%
16” wide 0.535
R-30 -4.06 % -1.85% 0.555/ 5.7% -8.2%
24” wide 0.525

Sum of comparison percentages 61.52 %
wherein, Std.> 2% Borax batt type

Average of comparison percentages 3.85%
wherein, Std.> 2% Borax batt type
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TABLE V
60 DAY SHELF LIFE TESTING OF R-19 AND R-30 BATTS
WITH AND WITHOUT 2% BORAX IN A PHENOLIC RESIN BINDER

BattTvoe Standard Standard Rigidity Standard Standard
M Compared to | Compared to | Index Compared to | Compared to
2% Borax 2% Borax 2% Borax 2% Borax
Std./2% Tensile
Dead (Avg.) Drop (Avg.) Borax Rigidity Index | (Ibs./in)
R-19 o 0 0.57/ o o
16” wide 0.77% -2.66% 0.54 5.6% -13%
R-19 o 0.51/
24" wide 2.88 % 0.84 % 0.50 2.0% -7.8 %
R-30 o o 0.55/ o
16” wide 0.43 % 429 % 0.54 1.8 % 3.8%
R-30 o o 0.54/ o 0
24" wide -6.79 % 0.76 % 0.49 10% 9%

Sum of comparison percentages 11.72%

wherein, Std.>2% Borax batt type

Average comparison percentages 0.73%

wherein, Std.>2% Borax batt type

[0066] The test results of four products tested for five different properties of TABLE IV
and TABLE V indicate that, for 10 of 16 test results for Table IV, and 12 of 16 test results for
Table V, standard product having fibers with a dispersed binder having no fungicide or anti-
fungal agent had better physical properties than product with 2% Borax in the binder. The
properties tested were dead pin and drop fluff thickness, rigidity and tensile strength. For
example, at 60 days shelf life testing for the properties measured, the average property
measured for standard product was 0.73% better in physical properties than the product having
2% Borax in the binder. The comparison percentages shown in the Tables IV and V were
calculated both, as the sum of percentages, and as the average of percentages. Accordingly, a
binder for fibrous insulation having a fungicide or anti-fungal agent in the binder is shown, by

the tests herein, to induce instability in the physical properties of fibrous insulation.
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[0067]
and R-30 insulation. The physical properties of the product having 2% Borax in the binder

When the tests were repeated, they were conducted at 100 day shelf life for R-19

gained, relative to the physical properties of the standard product. Despite the gain, the tests for
physical properties, considered as a whole, have indicated instability in the physical properties
of the 2% Borax treated insulation relative to untreated insulation. Table VI discloses the test

results for 100 day shelf life.

TABLE VI
100 DAY SHELF LIFE TESTING OF R-19 AND R-30 BATTS
WITH AND WITHOUT 2% BORAX IN A PHENOLIC RESIN BINDER

BattType | Srandard Standard Rigidity | Standard Standard
yP Compared to | Compared to | Index Compared to | Compared to
2% Borax 2% Borax 2% Borax 2% Borax
Std./2% Tensile
Dead (Avg.) Drop (Avg.) Borax Rigidity Index | (Ibs./in)
R-19 0 0 0.51/ o o
16” wide -2.20% -3.63% 0.52 -1.9% -27%
R-19 o 0 0.50/ 0 o
24” wide -1.83% 0.70% 0.49 2.0% -8.5%
R-30 o o 0.54/ o o
16” wide 0.00% -1.81% 0.55 -1.8% 15%
R-30 o o 0.53/
247 wide 2.22% 0.46% 0.50 6.0% 16%

Sum of comparison percentages -6.29%

wherein, Std.>2% Borax batt type

Average of comparison percentages -0.39%

wherein, Std.>2% Borax batt type

[0068]

Accordingly, the invention provides a manufacturing method to control the

fungicide concentration relative to a unit measurement of binder dispersed in a unit

measurement of fibers. The fibers with a dispersed fungicide subsequently are formed into

fibrous insulation having a controlled fungicide concentration that avoids excessive alteration

-2




10

15

20

WO 2006/044351 PCT/US2005/036475

or instability in the physical properties of the fibrous insulation. Compensation for loss in
binder strength and other physical properties may be accomplished by increasing the
measurement unit of binder content relative to the measurement unit of fungicide concentration.
[0069] Further, the present invention provides a manufacturing method to control the
fungicide concentration, by controlling the measurement unit of fungicide relative to the
measurement unit of binder content. Controlling the measurement unit of fungicide would be
important to control a fungicide concentration below a toxic level. Although a fungicide may
not have an established manufacturer’s recommended concentration, the present invention
would provide a manufacturing method to control fungicide concentration so as to comply with
a manufacturer’s recommended concentration that would be established in the future.
[0070] R-13 batts were tested for physical properties having 0%, 1.5% and 3% Borax in the
binder. All binder variations met the ASTM requirements for water vapor sorption, for ASTM
E136 non-combustibility, and ASTM E970 for Critical Radiant Flux. All had similar results for
ASTM C665 for corrosiveness to steel, copper and aluminum. Solely the batts with 3% Borax
in the binder failed the ASTM C1304 odor emission test. The 90 day shelf life testing of the R-
13 batts provided dead pin and drop fluff thickness, rigidity and tensile strength test values
within acceptable limits for all three binder variations. Test results appear in TABLE VIL
TABLE VII
PHYSICAL PROPERTY TESTS OF R-13 BATTS COVERED
WITH KRAFT PAPER HAVING ASPHALT COATING

Standard Binder | 1.5% Borax in Binder | 3% Borax in Binder
R-13 R-13 R-13
Physical Property 15” x 32’ Kraft 15” x 32’ Kraft 15” x 32° Kraft

Odor Emission Pass Pass Fail
Water Vapor Sorption

% by weight 2.07 1.78 3.00

ASTM E136 Pass Pass Pass

Combustibility

ASTM E570 Pass Pass Pass

Critical Radiant Flux
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[0071]  According to the invention, any of the anti-fungal agents, or fungicides, includes
and is not limited to, Borax, Zinc Oxide, Sodium Propionate, Calcium Propionate and
derivatives and combinations thereof, is used in a binder according to the present invention,
with Borax being the preferred fungicide. Further, Borax 5 mol is a preferred embodiment of a
binder component according to the present invention.

[0072]  While this invention has been disclosed with reference to specific embodiments, it is
apparent that other embodiments and variations of this invention can be devised by others
skilled in the art without departing from the true spirit and scope of the invention. The

appended claims include all such embodiments and equivalent variations.
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What is claimed is:
1. A method of making fibrous insulation, comprising:

dispersing a fungicide and a dispersed additive among a plurality of insulation fibers
(104);

combining the dispersed additive with the fungicide; and

affixing the dispersed additive on the fibers (104).

2. The method of claim 1, further comprising:
combining the fungicide and the dispersed additive before dispersing the fungicide and

the dispersed additive among the fibers (104).

3. The method of claim 1, further comprising: dispersing the fungicide in a fluid binder
mix as the dispersed additive; and stabilizing a dispersion of the fungicide in the fluid binder
mix with an emulsifier before dispersing the fungicide and the fluid binder mix among the

fibers (104).

4, The method of claim 1, further comprising: combining the fungicide in a fluid binder
mix as the dispersed additive before dispersing the fungicide and the fluid binder mix among

the fibers (104).

5. The method of claim 1, further comprising:
combining the fungicide with a binder as the dispersed additive before dispersing the
fungicide and the binder on the fibers (104).

6. The method of claim 1, further comprising:
combining the fungicide with a dispersed additive including, one or more of, a mineral
oil, fire retarder or ionized solution before dispersing the fungicide and the dispersed additive

on the fibers (104).
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7. A fibrous insulation comprising:

an accumulation of insulation fibers (104);

a dispersed additive disposed among said fibers (104), the dispersed additive being
affixed to the surfaces of said fibers (104); and

a fungicide combined with said dispersed additive.

8. A fibrous insulation according to claim 7, further comprising:
the dispersed additive being a binder; and the accumulation of fibers (104) being bonded

to one another by the binder.

9. A fibrous insulation according to claim 7, wherein, the dispersed additive is a mineral

oil, fire retarder, ionized solution or combination thereof.
10. A fibrous insulation according to claim 7, further comprising:

a water vapor retarder covering at least one surface of a mat formed by the accumulation

of fibers (104).

-26 -



WO 2006/044351 PCT/US2005/036475
1/4




PCT/US2005/036475

WO 2006/044351

2/4

2B

FIG.



PCT/US2005/036475

WO 2006/044351

3/4

¢ "Old

Sy3814 NOILVINSNI

JHL Ol d3ANIg 3JHL ONIXI44v

80¢

|

Sd3814 NOILVINSNI JHL ONILVINANIDV

90¢

]

)

arog
Sy¥3814 NOILVINSNI 3H1

ONOWY ¥3ANIg 3IHL ONISY¥3dSId

49
Sy38I4 NOILVINSNI

ONOWYV 3dI0I9NN4 JHL ONISy3dsia

A i

DZO¢ boog
dinid v NI 431vm OL
43ANI8 INIXIN 3dI0IONN4 ONIAav

i

v0oS
Sy38l4d NOILVINSNI
ONOWY d3dNI8 3JHL dNV
AAI0IONN4 3JHL ONISY¥3dSIa

i

¢0%
d30NIg
vV Ol 3dI21I9NN4 9NIaay

A

00%
ainid v NI
¥3IANIG 3HL ONIXIN




PCT/US2005/036475

WO 2006/044351

4/4

142"

140} 4 [40)4
- [

439VHIVd
4OSS3HdNOD

¥ "Ol4

o) 4
\\\

1ONd 130dSNVYL

—~ JIXIN

A

oooF\m 900}

T114—3S001

LOOo|L

qoo0l

JOV1S
ONINYO4
1114—3S001

//oo—

(AW}’



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

