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GYPSUM PRODUCTS WITH IMPROVED GLASS FIBER MAT

CROSS-REFERENCE TO RELATED APPLICATIONS
This patent application claims the benefit of priority from United States
Application 14/451,817 filed on August 5, 2014, the entire disclosure of which is

incorporated herein by reference.

FIELD OF THE INVENTION
This invention provides gypsum products made with improved glass

fiber mats, and compositions and methods for manufacturing these products.

BACKGROUND

Various gypsum products, including wall panels, ceilling panels and
tiles, are commonly used In the construction industry. Many of these gypsum
products are made by preparing an aqueous gypsum slurry with calcined gypsum
(calcium sulfate alpha hemihydrate, calcium sulfate beta hemihydrate and/or calcium
sulfate anhydrate), shaping the slurry and then allowing the slurry to harden by
rehydrating calcined gypsum into gypsum (calcium sulfate dinydrate).

Gypsum panels can be manufactured by sandwiching a gypsum slurry
between two cover sheets known as facers. In some applications, a facer is a paper
sheet. Such wallboards in which a gypsum slurry is sandwiched between two sheets
of paper find many different applications in building construction. However,
wallboards may be sensitive to moisture and at least iIn some applications, other
facer materials such as fibrous mats can be used as described for example in US
Patent 8,329,308 and US Patent Publication 2010/0143682, both to the United
States Gypsum Company, and the teachings of which are incorporated herein by
reference. Suitable fibrous mats further include those disclosed in US Patent
5,772,846 and which are made with glass fibers and polyester fibers bound together.

While gypsum panels made with glass fiber mats have many
advantages, the main disadvantage comes from the glass fiber mat structure in
which there are voids between glass fibers which may affect consistency and
surface finish of a resulting gypsum panel. Further, glass fibers are brittle and this
may negatively affect certain properties of a resulting gypsum panel and result in the

loss of structure integrity after exposure to pressure.
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US Patent Publication 2011/0086214 laminates one of the glass mat
surfaces with a stiffening layer before the mat can be used in making a gypsum
product. US Patent Publication 2002/0187296 discloses an assembly line on which
a glass fiber mat Is vibrated so that voids in the mat are more evenly filled with a
gypsum slurry. US Patent 4,948,647 discloses gypsum products with a laminated
composite facing of an outer nonwoven fiber mat and an inner woven fiber scrim
bound together by an acrylic film. US Patent 6,524,679 discloses gypsum boards
with face sheets comprising glass fibers and a combination of set gypsum and
polymeric compound. Finally, US 5,837,621 discloses glass fiber mats coated with
at least one nitrogen containing compound.

However, the need has remained for obtaining a glass fiber mat which
would incorporate properties of a paper facer such as elasticity and the abillity to

preserve Its structure under pressure.

SUMMARY OF THE INVENTION
At least some of these needs are addressed by the present invention. One
embodiment provides a gypsum product comprising a gypsum core sandwiched
between at least one glass fiber mat in which glass fibers are cross-linked with a
polymeric resin. Suitable resins include a polyacrylate, polyester, polystyrene,
acrylo-polyester and acrylo-polystyrene. In some embodiments the polymeric resin
IS an acrylo-polyester cross-lined with the glass fibers by hydroxyl functional groups.
Further embodiments include gypsum products in which the glass fibers in the glass
floer mat are pre-pressed, post-pressed or both, in addition to be treated with a
polymeric resin.

Further embodiments provide glass fiber mats with pre-pressed randomly
oriented glass fibers in which the pre-pressed glass fibers are cross-linked with a
polymeric resin such as a polyacrylate, polyester, polystyrene, acrylo-polyester and
acrylo-polystyrene. In further embodiments, the glass fibers can be further post-
pressed.

Other embodiments provide a method for making a gypsum product in which
a gypsum slurry is formed, a glass fiber mat is obtained and soaked in an aqueous
polymeric resin solution. The glass fibers in the glass fiber mat are caused to cross-
link by curing the resin and a gypsum product is formed by covering the gypsum

slurry on at least one side with the glass fiber mat in which glass fibers are cross-
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linked with the polymeric resin. In this method, the curing step of the resin may be
accomplished by exposing the glass fiber mat to a temperature in the range from
200°F to 500°F. At least in some embodiments, the polymeric resin is selected from
the group consisting of a polyacrylate, polystryrene, polyester, acrylo-polyester and
acrylo-polystyrene. The glass fiber mats suitable for the method include those which
are pre-pressed, post-pressed or both. At least in some embodiments, the glass
floer mat Is post-pressed after the gypsum product has been formed. Some
embodiments of the method are performed with the polymeric resin which is an
acrylo-polyester solution with 50% solids. Yet further embodiments include those In
which the steps of soaking and curing take place after the gypsum product Is formed.
Additional embodiments include methods for improving elasticity and
surface finish in a gypsum product. In these methods, a glass fiber mat is obtained,
a gypsum slurry is prepared and disposed on the glass fiber mat and a gypsum
product is formed. The glass fiber mat in the gypsum product is then pre-pressed,

treated with an acrylic resin and post-pressed.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 iIs a comparative analysis of two glass fiber mats (Figs. 1A and
1B) with a creamy Manila paper facer (Fig. 1C).
Fig. 2 Is a nall-pull test set up.
Fig. 3 is a roll press test set up.
Fig. 4 Iis a graph showing improvement in a nail-pull strength for
gypsum products made with glass fiber mats treated with a thermosetting acrylo-

polyester resin.

DETAILED DESCRIPTION
The present invention provides gypsum products, including gypsum
panels, with improved nail-pull strength in which a gypsum core is sandwiched
between glass fiber mats treated with a thermosetting acrylo-polyester resin. The
glass fiber mats can be pre-pressed, post-pressed or both.
A paper facer, such as a Manila paper facer, has several
advantageous properties such as it is elastic and its surface is smooth. However, a

typical glass fiber mat is brittle and its surface is uneven as can be seen from Fig.1,
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In which two glass fiber mats (Figs. 1A and 1B) are compared with a Manila paper
facer (Fig. 1C).

The inventors have developed a method by which the elasticity of a
fiber glass mat is improved. The method also makes the surface of a glass fiber mat
more even and smooth. The method improves a nail-pull strength of the glass fiber
mat and a gypsum product made with the glass fiber mat.

One embodiment provides a glass fiber mat with improved elasticity
and increased nail-pull strength. Further embodiments provide gypsum products
made with the glass fiber mats.

Various glass fiber mats without limitations are suitable for making
these gypsum products, including mats made with chopped glass fibers, continuous
strand glass fibers, mats with random orientation of glass fibers and mixtures
therefore.

At least in some embodiments, a glass fiber mat can be prepared from
glass fibers which are bound together with at least one binder. Suitable binders
include, but are not limited to, a styrene acrylic binder. At least in some
embodiments, a glass fiber mat is formulated from glass fibers and a binder such
that glass fibers comprise from about 50% to about 80% by weight of the mat and a
binder comprises from about 10 to about 30% by weight of the mat. One suitable
glass fiber mat is the DuraGlass® 8924 Mat, manufactured by Johns Manville and
made with about 70% of glass fibers and about 30% of an acrylic binder.

At least In some embodiments, a glass fiber mat can be formulated
with fibers in a length of between about 0.5 to about 2.0 inches and a diameter of
between about 6 and about 25 microns. At least in some embodiments, a glass fiber
mat is formulated with biosoluble microfibers which have a diameter of about 3
microns. Biosoluble microfibers may comprise from 10% to 90% of all glass fibers.

A glass fiber mat can optionally further comprise fillers, pigments, or
other inert or active ingredients. For example, the mat can comprise at least one of
a coloring pigment, biocide, fungicide, or mixtures thereof. Such additives can be
useful to alter the coloration, modify the structure or texture of the surface, improve
resistance to mold or fungus formation, and enhance fire resistance.

One embodiment provides a glass fiber mat which is soaked In a
water-soluble acrylic binder and then cured by thermosetting and/or with a chemical

compound, referred to as a "hardener,” which triggers a cross-linking reaction in the
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acrylic binder. Various thermoplastic polymers are suitable for soaking a glass fiber
mat, including polyacrylate, polystyrene, polyester, polyethylene, polypropylene,
polybutylene and mixtures thereof. The inventors have discovered that various
curable water-soluble acrylic binders are suitable for this method. Such binders
Include thermocurable acrylo-polyester binders, including acrylo-polyester binders
with hydroxyl functional groups. Acrylo-polyester binders can be prepared as
aqueous solutions. Suitable aqueous solutions include solutions with 25 to 75%
solids. Suitable aqueous solutions further include solutions with 50% solids. One
suitable binder includes a thermosetting acrylo-polyester binder which forms an
acrylo-polyester network when blended with hydroxyl-functional groups and exposed
to heat, available from HB Fuller under the trade name NF4AD™

Another embodiment provides a method for improving the tensile
strength and elasticity of a glass fiber mat and a gypsum product made with the
glass fiber mat. In the method, a glass fiber mat is soaked in a curable acrylo-
polyester resin and then the resin Is allowed to cure by exposing the soaked mat to
heat. In some methods, the resin is cured by placing the soaked glass fiber mat in
an oven at a temperature from about 200°F to about 500°F. In other methods, a
polyacrylic resin is cured by UV exposure and/or by adding a chemical compound
which triggers polymerization of the resin. Importantly, the polymerization takes
place on glass fibers of a glass fiber mat and results in binding and crosslinking of
the glass fibers together.

Nalil-pull tests are performed in accordance with the American Society
for Testing Materials (ASTM) standard C473-00 and utilize a machine that pulls on a
head of a nall inserted in the wallboard to determine the maximum force required to
pull the nail head through the wallboard. A set up for a nail-pull test is shown in Fig.
2, where one can appreciate that a face material, such as for example, a glass fiber
mat, Is compressed as the nail head is pushed down through a gypsum product and
the force needed to pull the nail head through the wallboard Is recorded.

The inventors developed a method to determine the nail pull strength of
various facer materials. In this method, glass fiber mats and a paper facer are glued
onto a paper face gypsum board using the 3M Super 77 spray adhesive, as shown In
Table 1. Nail-pull tests are performed on the glued facer as well as on the gypsum
with a paper facer alone. The differences provided the nall pull gained due to the

glued facer material. The nall pull tests are conducted on multiple samples to
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characterize the statistical information of the nail pull strength of the tested facer
materials. Referring to Table 1, various facers (A = glass fiber mat A, B = glass fiber
mat B and C = paper facer) were glued to a gypsum board which was also covered
with a Manila paper facer. As shown in Table 1, a combination of a glass fiber mat
with a Manila paper facer increases by 4 Ibf or 5% of the nail pull strength of a

gypsum product relative to a gypsum product covered with a paper facer alone.

Table 1.
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The inventors have determined that a glass fiber mat is brittle and a
gypsum product made with a glass fiber mat cannot withstand the pressure without
losing the integrity of its internal structure. The exposure to pressure or load by the
nail head during nail pull tests effects negatively the nail-pull strength of a gypsum
product made with a fiber glass mat.

As shown Iin Fig. 3, a roll press can be used to evaluate the tensile
strength of various face materials. As shown in Table 2, a paper facer retains its
tensile strength in both machine direction (MD) and cross direction (CD) after being
pressed In a roll press at 60 psi, indicative that this product can withstand load and
pressure and retain its mechanical properties after being exposed to pressure and
load. However unlike the paper facer, the tensile strength of a glass fiber mat is

decreased significantly after the exposure to pressure and load.
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A further embodiment provides a method for improving the elasticity of

a glass fiber mat by soaking the glass fiber mat in an acrylic resin and letting the

resin cure and cross-link the fibers of the fiber glass mat. This method improves the

fiber-to-fiber bonding Iin the glass fiber mat. The method also prevents the loss of

tensile strength in a glass fiber mat under pressure. These properties are highly

beneficial and permit manufacturing gypsum products at a lighter weight.

A method for treating a glass fiber mat with a thermo-setting acrylic

binder further permits obtaining gypsum products with glass fiber mats such that the

products are moisture-resistant, but yet elastic, durable and pressure-resistant.

The inventors have developed a method for preparing robust and

durable gypsum products with glass fiber mats. In this method, a glass fiber mat is
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first pressed with a roller or by other means which can apply pressure to the glass
filbers. This step in the method Is referred to as “the pre-pressing.” The pressure
applied at the “pre-prepressing” step may vary and it depends on the glass fiber mat
used. In some embodiments, the applied pressure at the pre-pressing step is up to
00 psi. After the pre-pressing, the glass fiber mat is treated with a thermo-setting
acrylo-polyester resin and is pressed again. The second pressing step is referred to
as “the post-pressing.” The step of post-pressing can be performed with a roller or
by any other means that apply sufficient pressure to the glass fibers in the glass fiber
mat. The level of pressure applied at the post-pressing step depends on a particular
glass fiber mat. In some embodiments, the pressure at the post-pressing step is
applied up to 60 psi. It will be appreciated that at least in some embodiments, the
post-pressing step is applied before the thermosetting acrylo-polyester resin is cured
by heat. Further, while in some embodiments a glass fiber mat is prepared by pre-
pressing, treating with a thermo-setting acrylo-polyester resin and post-pressing, in
other embodiments the step of pre-pressing, post-pressing or both can be omitted.

In further embodiments, a gypsum product is first prepared by
depositing some gypsum slurry on a glass fiber mat, the mat in the gypsum product
IS then pre-pressed, treated with a thermosetting acrylic resin and then allowed to
set. In further embodiments, the glass fiber mat in the gypsum product is post-
pressed In addition to be pre-prepressed. The inventors have determined that the
steps of pre-pressing and/or post-pressing when combined with a step of treatment
with an acrylic resin improve the surface finish of a gypsum product and reduce the
amount of resin used.

Surprisingly, a resulting gypsum product made with the treated glass
fiber mat becomes resistant to pressure and its nail-pull strength is significantly
enhanced. As shown in Table 3, up to 5 times of nail-pull strength was gained with
glass fiber mats pre-pressed and treated with an acrylo-polyester resin relative to

that were not treated.
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Table 3.
Press @60 Pressat 60 | Weight Weight Resin . Porosity | Ave NP
Sample . . . . Caliper
D psi Before Resin psi After Before After Pickup (il (sec per | From GM
Resin Drying (#/MSF) | (#/MSF) | (#/MSF) 100 CC) (1bs)
A Control 24.9 NA NA 24.3 O 3.2
B No Yes No 24.8 01.8 67.0 29.7 13.3 8.7
C No Yes Yes 24.7 87.2 62.5 29.5 5.8 0.1
D Yes Yes Yes 24.9 70.9 46.0 21.6 13.2 16.1
E Yes Yes No 24.7 /3.5 48.8 23.5 20.7 14.2

As shown In Fig. 4, an optimal range for the amount of resin used,

referred to as resin pickup, is from about 5 to about 20 pounds per one thousand

square feet (Ibs/MSF) of a glass fiber mat. This amount improves the nail pull

strength of a glass fiber mat, as can be determined by a nail-pull test and as shown
In Fig.4.

A sufficient improvement in the tensile strength was also achieved

when a resin was used at about 10 Ios/MSF. As shown In Table 4, glass fiber mats

treated with a polyacrylic resin which was allowed to cure and crosslink glass fibers

In the mat, gained significantly in a nail-pull strength test when the resin was used In

the amount of 10 Ibs/MSF in comparison to a glass fiber mat which was not treated

with the resin.

Table 4.
Glass Mat Before After _
| Ave Nail Pull
o Pre-Press{ Press | Drying |Basis Wt| Caliper | Porasity {Basis Wt|Caliper| Porosity |Resin wi| Gained {lby
{psi} {After {psi}f @AO0°F | (#/MSF} | (mils) [{s/100cc}| B/MSF} | (mils} {{s/1008cg) {3/ MSF)
EControi Untreated Glass Fiber Mat 348
A 40 60 2 min 249 23.8 LOW 34.8 25.1 Low 10.0 Q7
B &0 &0 2 min 24.8 23.5 oW 3209 20.4 oW 8.1 Q.5
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This invention will be further explained by means of the following non-

limiting examples.

Example 1
A piece of Manila paper was glued to a gypsum board in duplicates. A
glass fiber mat (samples A and B) or paper facer (sample C) was then glued to one
of each duplicates. All samples were then analyzed by a nalil-pull strength test. As
shown in Table 1, a sample with a paper facer (sample C) performs much better in a
nail-pull test iIn comparison to samples A and B with glass fiber mats, suggesting that

a glass fiber mat is brittle and weak in comparison to a paper facer.

Example 2

Various gypsum board samples were analyzed by exposing them to
pressure of 60 psi in a roll press. Gypsum board duplicate samples were either
covered with a glass fiber mat (samples A and B) or with a paper facer (sample C).
One of the duplicate samples was analyzed In a tensile strength test, while the other
was subjected to pressure of 60 psi in a roll press, and then also analyzed in a
tensile strength test. Unlike a gypsum sample made with a paper facer, samples
made with a glass fiber mat did not retain its tensile strength after the exposure to

pressure.

Example 3

An experiment was conducted to examine the nall pull strength of glass
filber mat using a combination of pre-pressing, resin treatment, and post-pressing. A
roll press at 60 psi was used to pre-press and post-press a glass fiber mat.

Glass fiber mats were pre-pressed with a roll press at 60 psi and then
treated with an aqueous acrylo-polyester resin (NF4AAD™) by soaking for 2 minutes
in a 50% solids aqueous solution and then allowed to cure by drying in an oven at
400°F for 2 minutes.

A gypsum board was prepared with the resin treated glass fiber mat
and a glass fiber mat which was not treated with the resin. All samples were
prepared In duplicates. Some samples were tested in a nail-pull test and their
duplicates were exposed to a roll press with a pressure of 60 psi. The duplicates

were then also tested in a nail-pull test. As shown in Table 3, gypsum boards

10
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prepared with resin-treated glass fiber mats gained 2 to 5 times of that from
untreated control glass fiber mat. Thus, treating a glass fiber mat with an acrylo-
polyester resin and letting it cure and cross-link the glass fibers makes the glass fiber
mat less brittle. Pre-pressing and post-pressing improve surface finish as well as

reduce resin usage. A resulting gypsum product is robust and durable.

Example 4
Glass fiber mats were soaked in either 8.1 Ibs/MSF or 10 lbs/MSF of
an acrylo-polyester resin and allowed to cure as described above. Samples were
then analyzed by a nail-pull up test. As shown In table 4, a significant improvement
In a nall pull strength was achieved for a glass fiber mat treated with the resin at both
concentrations in comparison to a glass fiber mat which was not treated with the

resin.

While particular embodiments have been shown and described, it will
be appreciated by those skilled in the art that changes and modifications may be
made thereto without departing from the invention in its broader aspects and as set

forth in the following claims.

11
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WHAT IS CLAIMED IS:
1. A gypsum product comprising a gypsum core sandwiched between a glass fiber
mat with pre-pressed randomly oriented glass fibers in which glass fibers are
cross-linked with a polymeric resin selected from the group consisting of a

polyacrylate, polyester, polystyrene, acrylo-polyester and acrylo-polystyrene.

2. The gypsum product of claim 1, wherein the amount of the polymeric resin Is at
about 10 |Ibs/MSF of the glass fiber mat.

3. The gypsum product of claim 1, wherein the polymeric resin IS an acrylo-

polyester cross-lined with the glass fibers by hydroxyl functional groups.

4. The gypsum product of claim 1, wherein the glass fibers are pre-pressed, post-

pressed or both.

5. A method for making a gypsum product, the method comprising:
forming a gypsum slurry;
obtaining a glass fiber mat;
soaking the glass fiber mat in an aqueous polymeric resin solution
selected from the group consisting of a polyacrylate, polyester,
polystyrene, acrylo-polyester and acrylo-polystyrene;
causing glass fibers in the glass fiber mat to cross-link by curing the
resin wherein the curing of the resin is accomplished by exposing the glass fiber
mat to a temperature in the range from 200°F to 500°F; and
forming a gypsum product by covering the gypsum slurry on at least
one side with the glass fiber mat in which glass fibers are cross-linked with the

polymeric resin.

0. The method of claim 5, wherein the glass fiber mat is pre-pressed, post-pressed
or both.

/. The method of claim 5, wherein the polymeric resin IS an acrylo-polyester

solution with 50% solids.

12
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8. The method of claim 5, wherein the polymeric resin is used at 10 |lbos/MSF of the

glass fiber mat.

9. The method of claim 5, wherein the steps of soaking and curing take place after

the gypsum product is formed.

10. A method for improving elasticity and surface finish in a gypsum product, the

method comprising:

obtaining a glass fiber mat with randomly oriented fibers,

preparing a gypsum slurry and disposing in on the glass fiber mat and
thereby forming a gypsum product;

pre-pressing the glass fiber mat in the gypsum product;

treating the pre-pressed glass fiber mat with an acrylic resin, wherein
the acrylic resin is used at about 10 Ibs/MSF of the glass fiber mat; and

post-pressing the glass fiber mat in the gypsum product.

13
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