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REINFORCED GYPSUM BOARD HAVING IMPROVED FIRE RESISTANCE

Field of the invention
The present invention relates to gypsum boards comprising fibrous mat facers, as well as

fibrous mats for use as such facers.

Background to the invention

It is known to create gypsum boards for use e.g. in construction, by depositing a layer of
gypsum slurry between two opposing paper liners. However, in an effort to maintain board
performance even in humid environments, it has been proposed to replace the paper facing
sheets with opposing layers formed, in part, from glass fibre mats. The fibres of such mats

are typically bound using a urea formaldehyde resin binder.

Due to concerns about the odour of volatile organic compounds emitted from urea
formaldehyde resins, as well as the need to comply with regulations limiting the levels of

these compounds, it is desirable to provide substantially formaldehyde-free binders for mats.

The formaldehyde-free binders in use generally comprise flame-retardants, in order to

increase fire resistance.

Summary of the invention

At its most general, the present invention provides a mat for use as a gypsum reinforcement,
the mat comprising fibres that are bound by a formaldehyde-free binder, wherein acceptable
fire resistance is achieved without the need for the incorporation of flame retardants into the

binder, and acceptable flexural strength is also achieved.
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As used herein, the term "formaldehyde-free" means a binder that releases or emits
formaldehyde at a level of below 10 pug / m3, preferably below 5 ug / m? after 28 days,

according to the ISO 16000 standard test.

In a first aspect, the present invention may provide a gypsum board having two opposed
faces, wherein a fibrous mat is embedded in one of the faces of the board, the fibrous mat
comprising fibres that are bound by a polymeric binder, wherein the polymeric binder is
substantially formaldehyde-free, the length of the fibres is greater than 20 mm, and the

diameter of the fibres is greater than 14 micron.

Effectively, the fibrous mat provides a facer for the board.

Preferably, the polymeric binder is hydrophilic. The binder may be intrinsically hydrophilic, or

may be provided with hydrophilic properties through the presence of a hydrophilic additive.

In certain embodiments, the mat may be wholly embedded in the face of the board. That s,
gypsum layers are present on both the inner and outer surfaces of the mat. Typically, these
embodiments are formed when gypsum slurry that has been deposited on an inner surface
of the mat is caused to penetrate through the mat, thus providing an outer layer of gypsum
that masks the outer surface of the mat. As is well-known in the art, the penetration of
gypsum slurry through the mat may be aided by the action of rollers (as described in e.g. US

6,524,679) or the application of vibration (as described in e.g. US 4,378,405).

In other embodiments, the mat may be only partially embedded in the face of the board, that

is, there is no complete outer layer of gypsum that masks the mat.

Preferably, the length of the fibres in the mat is greater than 22 mm, more preferably greater
than 23 mm. Itis thought that by increasing the fibre length, the mat is able to continue to
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provide reinforcement to the gypsum board in the event of a fire even after the binder has
largely been burned off. Thus, board integrity is maintained and the progress of the fire is

inhibited, even in the absence of flame retardants.

In general, the fibre length is less than 30 mm, preferably less than 28 mm, more preferably

less than 27 mm.

The hydrophilic nature of the polymeric binder ensures good penetration of the fibrous mat
by gypsum slurry during the production process, such that acceptable levels of flexural

strength are achieved.

Preferably, the diameter of the fibres is greater than 15 micron. In general, the diameter of

the fibres is less than 30 micron, preferably less than 20 micron.

The polymeric binder for the mat may comprise an acrylate polymer, such as
polycarboxylate; poly(meth)acrylate; an acrylate-methacrylate copolymer; a styrene acrylic
copolymer; a styrene methacrylic copolymer; a styrene butadiene copolymer; or a mixture
thereof. Optionally the polymeric binder comprises a hydrophilic additive. Suitable
hydrophilic additives include polysorbate surfactants (such as polyoxyethylene sorbitan
monolaurate) and non-ionic surfactant copolymers of polyoxyethylene and
polyoxypropylene. Suitable acrylate polymers are Acronal DS 2416 (from BASF); Acrodur
DS 3530 (from BASF); Aquaset TF 150 (from Dow); HF05 (from Dow); and Acronal DS 5350

(from BASF).

Acronal DS 2416 may be preferred as the polymeric binder, as it does not require the

addition of a separate hydrophilic species.

Typically, the polymeric binder is a thermoplastic polymer or an elastomer.
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In general, the fibrous mat comprises glass fibres, such as E-glass. Alternatively, the fibrous

mat may comprise other inorganic fibres, such as rock wool (e.g. produced from basalt).

The mat typically comprises mineral fibres in an amount of 10-1100 g/m?, preferably 20-300
g/m2. The binder is generally present in an amount of 5-350% relative to the weight of the

mat of mineral fibres, preferably from 10 to 100%, and advantageously from 15 to 30%.

In a second aspect, the present invention may provide a fibrous mat comprising fibres that
are bound by a hydrophilic polymeric binder, wherein the polymeric binder is substantially

formaldehyde-free, the length of the fibres is greater than 20 mm, and the diameter of the

fibres is greater than 14 micron, the mat being for embedding in gypsum to provide a

gypsum board according to the first aspect of the invention.

The fibrous mat according to the second aspect of the invention may comprise one or more
optional features of the mat that is embedded in one of the faces of the gypsum board

according to the first aspect of the invention.

Several methods are known in the art for applying the binder to the mat. For example, the
binder may be applied to the mat through a spray-coating process, or through the use of
rollers. In other processes, the binder may be applied to the mat by means of an applicator
that delivers a controlled supply of binder material onto the mat, as the mat is conveyed past
the applicator opening. In an alternative process, the binder material may be deposited onto

the mat and a distributed across the mat by means of a scraper element.

Detailed description
The invention will now be described by way of example only.
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Example 1

Two litres of an aqueous solution comprising 250 g of hydroxyethycellulose (thickener: sold
under the reference Natrosol™ by Hercules) and 0.3 g of an ethoxylated
octadecyclamine/octadecylguanidine complex (surface agent: sold under the reference

Aerosol C-61 by Cytec; solids content: 70%) were prepared.

2.54 g of cut yarns (length: 24 mm; diameter: 16 micron) of E-glass were added to the

solution.

The suspension of glass yarns obtained is transferred to a device which makes it possible to
produce a mat. The device comprises a container having a perforated base that allows for
fluid communication between the internal volume of the container and a suction apparatus

located beneath the container.

The suspension is deposited in the container and homogenised by vigorous stirring, and
then the suction apparatus is activated so as to remove the fluid. A mat of glass fibres with
dimensions of 30cm x 30cm and having a weight per surface area of 28.2 g/cm? is recovered

on the screen.

The mat is immersed for 1 minute in an aqueous solution of acrylic resin (Acronal DS 2416,
sold by BASF). The excess binder in the mat is removed by suction and then the mat is
heated at 210°C for 1 minute in order to consolidate it. After this treatment, the mat contains

5 g/m? of acrylic resin.

Example 2 and Comparative Examples 3-6
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Example 2 and Comparative Examples 3-6 relate to gypsum boards having embedded glass
fibre mats on both faces. The characteristics of the glass fibre mats are summarised in

Table 1.

Fire resistance: test 1

Gypsum boards according to Example 2 and Comparative Examples 3-6 were subjected to a
fire resistance test in accordance with BS:EN 1364 1:1999. Briefly stated, a partition was
constructed in which a frame was clad on each face with a single layer of 12.5 mm thick

boards. One side of the partition was exposed to a furnace fire.

The performance of the boards was characterised as satisfactory if the average temperature
on the unexposed face of the partition remained below 140°C for at least 60 minutes. The

results are summarised in Table 1.

Fire resistance: test 2
Additional fire testing of gypsum boards according to Example 2 and Comparative Examples
3-6 was carried out using the methodology of BS EN 1363-1:1999. Briefly stated, a steel

beam was clad with a single layer of 20 mm think boards and exposed to a furnace fire.

The performance of the boards was characterised as satisfactory if the mean temperature of
the steel beam remained below 550°C for at least 82 minutes, and the boards retained their

mechanical integrity for over 90 minutes.

Testing flexural strength

Gypsum boards according to Example 2 and Comparative Examples 3-6 were subjected to a
test of flexural strength according to the method set out in BS:EN 520. The performance of
the boards was characterised as satisfactory if the flexural strength exceeded a pre-
determined level. The results are given in Table 1.
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Characterisation of slurry penetration
The extent of slurry penetration through the fibrous mat was characterised through visual
inspection and was classified as “satisfactory” if the penetration was complete and the

resulting board surface was flat. The results are given in Table 1.
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A gypsum board having two opposed faces, wherein a fibrous mat is embedded in

one of the faces of the board, the fibrous mat comprising fibres that are bound by a
polymeric binder, wherein the polymeric binder is substantially formaldehyde-free,

the length of the fibres is greater than 20 mm, and the diameter of the fibres is

greater than 14 micron.

A gypsum board according to claim 1, wherein the polymeric binder is hydrophilic.

A gypsum board according to claim 1 or claim 2, wherein the fibrous mat is wholly

embedded in the face of the board.

A gypsum board according to claim 1 or claim 2, wherein the fibrous mat is partially

embedded in the face of the board.

A fibrous mat comprising fibres that are bound by a polymeric binder, wherein the
polymeric binder is substantially formaldehyde-free, the length of the fibres is greater
than 20 mm, and the diameter of the fibres is greater than 14 micron, the mat being
for embedding in gypsum to provide a gypsum board according to any one of claims

1 to 4.

A fibrous mat according to claim 5, wherein the polymeric binder is hydrophilic.

A fibrous mat according to claim 5 or claim 6, wherein the polymeric binder is
selected from the group consisting of: acrylate polymers; methacrylate polymers;
acrylate-methacrylate copolymers; styrene acrylic copolymers; styrene-methacrylate

copolymers; styrene butadiene copolymers; and mixtures thereof.
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A fibrous mat according to claim 7, wherein the polymeric binder further comprises a

hydrophilic additive.

A fibrous mat according to claim 8, wherein the hydrophilic additive is selected from
the group consisting of: polysorbate surfactants (such as polyoxyethylene sorbitan
monolaurate) and non-ionic surfactants copolymers of polyoxyethylene and

polyoxypropylene.

A fibrous mat according to claim 8 or claim 9, wherein the acrylate polymer is

selected from the group comprising: Acrodur DS 3530 (from BASF); Aquaset TF 150

(from Dow); and HF05 from Dow.

A fibrous mat according to claim 7, wherein the acrylate polymer is Acronal DS 2416

(from BASF).

A fibrous mat according to any one of claims 5 to 11, wherein the fibrous mat

comprises glass fibres.

A fibrous mat according to any one of claims 5-12, wherein the diameter of the fibres

is greater than 15 micron, preferably greater than 16 micron.

A fibrous mat according to any one of claims 5-13, wherein the length of the fibres is

greater than 22 mm, preferably greater than 23 mm.

A fibrous mat according to any one of claims 5-14, wherein the mat is a non-woven

mat.
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