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5N ABSTRACT

A gypsum board which comprises a sct gypsum core sand-
wiched between and faced with fibrous mats, wherein a frec
surface of one of said mats is pre~coated with a combination
of a mineral pigmeni, oplionally an inorganic adhesive
binder and an organic binder, preferably a hydrophobic, UV
resistant polymer latex adhesive binder applied {0 said
surface as an aqueous coaling composition, said aqueous
coating, composilion upon drying and setling providing a
pre-coated mat satisfying certain morpbology requiremesits.
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USE OF PRE-COATED MAT FOR PREPARING
GYPSUM BOARD

FIELD OF THE INVENTION

[0001] This invention relates to the use of a pre-coated
fiber ma1 for making fiber mai-faced gypsum board, for
example, a gypsum board faced with a glass fiber mat. The
invention more particularly refales to the fiber mat-faced
gypsum board that is prepared with the pre-coated fiber mat.
The coating on the pre-coated mal comprises a dried aque-
ous mixture of « mineral pigment ot {iller, an organic binder,
preferably comprised of a hydrophobic, UV-resisiant poly-
mer latex adhesive; and, optionally a second binder com-
prised of an inorganic adhesive, wherzin the dried coating
satisfies certain coating morphology requirements.

[0002] The present invention is based on the discovery
thal in order 10 obtain a gypsum board with certain desired
physical strength characteristics, the pre-coated mat used to
prepare the gypsum beard product must satisfy a particular
set of structural properties and (he process for making the
board must produce the proper interface between the gyp-
sum core and the pre-coated mat,

BACKGROUND OF THE INVENTION

[0003] Panels of gypsum wallhoard which comprise a core
of set gypsum sandwiched between two sheets of facing
paper have long been used as siructural members in the
{abrication of buildings where the panels are used to form
the partitions or walls of rooms, elevator shafts, stairwells,
ceilings and the like.

[0004] In efforts 1o mitigale or overcome problems asso-
ciated with the vse of paper-faced gypsum wallhoard in
applications where moisture exposure 1s expected t occur,
the prior art has approached the problem in various ways
aver the years. ’

[0008) One approach to the problem has been 1o treat the
paper comprising the facing of the wallboard with a water-
resistant material sometimes referred io as a water-repeliant.
Polyethytene emulsion is an example of a material (hat is
used lo ircal paper facing o impart water-resisiant charac-
teristics. Such treatment is designed to deter delamination of
the multi-ply paper facing by reducing the tendency of the
paper to absorb water which is a chief cause of delamination
and 1o deter waler from penetrating through the paper to the
gypsum and destroying the bond between the paper-facing
and gypsum <ore.

{000§] Anather approach to the problem has involved
incorporating into the formulation from which the gypsum
core is made a materdal that functions to impart improved
water-Tesistant properties 1o the set gypsum core itself. Such
an additive tends to reduce the water-absorbing tendency of
the core and decrease the solubility characteristics of the set
gypsum. Wax-asphall cmulsions and wax cmulsions are
examples of such additives.

[0007] Although improvements had been realized by the
provision of gypsum wallhoard preparcd in accordance wilh
these leachings, further improvements were still possible.
Expericnce showed that cven with such cansiructions {he
paper facing delaminated and the gypsum care eroded
through ihe degrading action of moisture. The problem was
particularly aggravated by warm water acting upon a gyp-

Sep. 15, 2005

sum core that includes either a wax emulsion or a wax-
asphalt emulsion, commonly used water-resistant core addi-
tives, While cores containing such materials have relatively
good waler-resistant characteristics in the presence of water
al room temperature, such characteristics stari to fall off at
temperatures in excess of 70° F. and tend to disappear in the
presence of water having a temperature of aboul 100° F. or
higher.

[0008] [n ancther commercially successful approach, a
structura] panch comprising a set gypsum corc sandwiched
between two porous fibrous mats is provided, sec U.S. Pat.
No. 4,647,496. The preferred form of mat is described as a
non-woven plass fiber mat formed from fiberglass filaments
oriented in random pattera and bound together with a resin
binder. Such panels differ from conventional gypsum wall-
board in that the fibrous mat is substituted for paper as the
facing material{s) of the gypsum core. [n such consiructions,
the sct gypsum from the core extends at least pari-way into
the fibrous mat facer to form an integral attachment/bond
belween the gypsum and the mal. In this construction the
flow of gypsum into the mat during preparation of the board
is unimpeded, Since the mal is completely purous, the
gypsum flows frecly into the pores (interstices) of the mat
forming a strong bond with the mal.

[0009] The strength of the bond between the gypsum core
and the fibrous facing is a critical factor in the usefulness of
the panel in applications that require the attachment of tiles,
insulating material (foam insulation) or other exterior fin-
ishing materials onto the fibrous surface. If the bond does
not have a sufficient strength, the board is not strong enough
to satisfy its supporting function. In that instance, the face
sheet delaminates from the pypsum core. Experience has
shown that the bond must bave a tensile sirength of at least
about 16 psi, measured by the bond strength test described
in detail below, in order to adequately provide the required
supporting function.

[0010] Extensive outdoor testing has shown that glass
mal-faced, water-resistant gypsum board of the lype
described in the aforementioned *496 patent has much betler
weathering characteristics, including water-resistant charac-
teristics, than water-resistant gypsum board covered with
waler-resistant paper facings.

[0011] In a more recent improvement of this technology,
as described in US. Pat. No. 5,397,631, the fibrous mal-
faced pypsum board following initial board preparation is
coated with a latex polymer, The coating, which is applied
onto the fibrous facing of the gypsum panel afier the board
has been prepared, acts s both a liquid and vapor barrier
{vapor permeance of about 1.2 perms (ASTM E-96)).

[0052] The coating is formed from 4o aqueous coaling
compositien comprising from sbout 15 to abaul 35 wt. % of
resin solids, aboui 20 to about 65 wi. % of filler, and about
15 to about 45 wi. % of waler, applied to obtain a solids
loading of at least about 50 Ibs. per 1000 sq. f1, such as about
110 1bs. per 1000 sq- ft. A preferred resin for use according
to this patent is a latex polymer that has been sold by Unocal
Chemicals Division of Unocal Corporation under the mark
76 RES 1018. The resin is a styrene-acrylic copolymer that
has a relatively low film-forming temperature.

[0013] 1n accordance with the leachings of the "631 patent,
the aqucous coalings composition formed from the resin is
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not applied to the fibrous mat-facing of the gypsum board
until after she board has been prepared. The post-applied
coating is dricd cffectively at oven lemperatures within the
range of about 300° 1o 400° F. If desired, a coalescing agent
can be used 1o lower the film-forming temperature of the
resin. Since the bond between the fibrous mat and board core
is formed during board preparation, the post-applicd coating
does not affect the strenpth of that bord and the board is able
1o satisly i1 supporting [unction just as do the boasds of the
*496 patent.

[0014] More recently, a coated fibrous mal-faced gypsum
board of surprisingly effective moisture resistance, having a
predominantly inorganic coating on the mat, was developed,
see US. Published Application 2002/0155282, which is
incorporated herein by reference. The mat used 1o prepare
the gypsum board described in this published application
wes pre-coaled with a predominately inorganic coating
containing a minor amount of an organic binder and the
pre-coated fibrons mat then was used as one of the facers in
the manufaciure of a gypsum board. Surprisingly, the coal-
ing on the pre-coaled mat had sufficient porosity to allow
waler vapor to permeate thraugh the mat during manufacture
of the board, hul provided the board with unexpectedly
effcctive moisture resistance.

[0M15] Using a pre-coated mat to manufaclure the board
significantly simplified the manufaciure of the board. The
coaling was comprised of a mineral pigment (pigmeated
filler material), an inorganic binder and a latex polymer
binder. In particular, the coating comprised a dried {or cured)
aqueous mixture of a mineral pigment; a first binder of 2
polymer latex {organic) adhesive and, a second binder of an
inorganic adhesive. On a dry weight basis, the firsl polymer
latex binder comprised no more than about 5.0% by weight
of the coating, and the second inorganic binder comprised at
least about 0.5% by weight, of the total weight of the
coaling,

[0016] Because the board described in this published
application was designed to be used in siluations where the
surface of the board is nol required to support the atlachment
of tiles, insulating material or other construction materials,
¢.g., exterior finishing malerials, the sirength of the bond
between the pre-coated mat and the gypsum core was of
limited importance. Indeed, the board of this published
application has not been used in such situations and the bond
between the pre-coated mal and the gypsum core in the
disclosed board would not inherently have the necessary
tensile strength for such uses.

[0017] A manufacturer of a pre-coated mat of the type
used in making the gypsum board of the U.S. Published
Application 2002/(155282 recently published its own appli-
cation, U.S. Published Application 2003/0134079 directed
to producing an improved coated glass mat using subsian-
fially the same coating formulation. The '07% published
application is directed principally to an impraved procedure
for making a coated mat purportedly having improved
tensile (tear) properties. The ‘079 application suggesis using
the pre-coated mat for making a gypsum pane] product and
spoculales about mat characteristics desirable for that spe-
cific application.

[0018] Tn particular, the ‘079 published application specu-
lates that there is a fine balance between the portion of
coated mat and portion of uncoated, exposed glass fibers in
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the mat needed to make the pre-coated mat suitable for
making a gypsum panel product. As described, if too much
glass mat is exposed such that the gypsum cannol cover it
entirely, the application speculates that the resultant board is
wnacceptable. Conversely, if not enough glass fibers are left
exposed, the *079 application indicales that the resulting
board also is oot acceptable. In both cases, the *079 appli-
cation speculates the board may fail a flexural stress lest.

[0019] The 079 application gocs on lo suggesl that a
proper balance is obtained when the coating penetrates into
the glass mat substrate {o a depth of from 25 percent to 75
percent of (he thickness of the coated glass mal. The '079
application does not address (he situation where the gypsum
board in intended to be used in circumstances where it is
required to support a substrate such as liles, insulating
matcral or other exterior finishing materials.

{0020} The present inventors have determincd that the
coating parameters postulated hy the applicants of the '079
application are not suitable for producing a gypsum panel,
using curent commercial manufacturing techniques, that
can be vsed in situations where tiles, insulating material or
other exterior finishing materials must be supporied by the
panel. In particular, unless the extent of coating penctration
in the pre-coated mat is controlled within a much smaller
window and the process condilions for subsequently making
the gypsum board are properly observed, the resulting bond
between the pre-coated glass mat and the gypsum core does
not have the required tensile strength for supporting tiles,
insulating material or other construction materials, such as
exterior finishing materials.

BRILF DESCRIPTION OF TIHE DRAWINGS

[0021] The objects, features, and advantages of the inven-

tion will be apparent from the following more detailed
description of certain embodiments of the invention and as
iltustrated in the accompanying drawings. The drawings are

 highly schematic and are not necessarily to scale, emphasis

insicad being placed upon illustrating the features of the
invenlion,

[0022] FIG. 1, shows a highly schematic view of an
apparatus for making the gypsum board of the present
invention and the board being assembled thercon.

[0023] FIG. 2 is a highly schematic cross-sectional view
of a section of a pre-coated mat suitable for making a
gypsum hoard according to the present invention.

[0024] FIG. 3 is a highly schematic cross-sectional view
of a section of a gvpsum board according to the present
invention illustrating the interface of the pre-coated mat and
gypsum core.

[0025] FIG. 4 is a color photomicrograph showing 1he
interface between a coated fiber mat agd the gypsum core in
a gypsum board,

DETAILED DESCRIPTION OF THE
INVENTION

[0026] Asshown in FIG. 1, 2 gypsum board of the present
invention {10) can be manufactured by enmeshing a sct
gypsum board core formed from a gypsum slurry (23) with
al lcast one, and preferably twa pre-coated fiber mats, (14)
and (16). Preferably, both mats are predominately glass fiber
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mats. The surface of at least one of the mats (and preferably
hoth of the mals) has heen pre-coated with a dried (heat
cured) coating {indicated by the numeral (15) in the figures)
of an aqueous coating composition containing a combination
{e.g., a mixture) of a mineral pigment or filler; an organic
binder, preferably a UV resistant polymer latex adhesive
hinder having a suitable level of hydrophobicily (a hydro-
phabic, UV resistant polymer fatex) and, optionally a sccond
binder of an inorganic adhesive. By “pre-coated” is meant
that the mal has a dricd, adherent coating of what was
originally an aqueous coating composition, as hereinafter
defined in more detail, applied o its surface before the mat
is used to make the gypsum board of the present invention,

[0027) The fiber mat{s) comprise(s} a fiber material that is
capable of forming a strong bond with the set gypsum
comprising the core of the gypsum board through a
mechanical-like interlocking between the interstices (pores)
ol the fiber mal and portions of the gypsum core filling those
interstices. Examples of such fiber materials include (i) a
mineral-type material such as glass fibers, ({i) synthetic resin
fibers and (iii} mixtures or blends thereof. Based on eco-
nomic considerations, glass fiber mats are preferred for
making the pre-coated malL.

[0028] The fiber mats can comprise conlinuous or discrete
strands or fibers and can be woven or nonwoven in form.
Nonwoven mats such as made from chopped strands and
continuous strands can be used satisfactorily and are less
costly than woven maierials. The strands of such mats
typically are bonded tegether to form a unitary structure by
a suitable adhesive.

[0029] Non-woven glass mal suitable for use in the present
invention can be prepared by a wel-laid process, which is
carried oul on what ¢an be viewed as modified papermaking
machinery. Descriptions of the wet-laid pracess for making
glass mats may be found in a number of US. patents,
including U.S. Pat, Nos. 2,906,660, 3,012,929, 3,050,427,
3,103,461, 3,228,825, 3,760,458, 3,766,003, 3838395,
3,905,067,4,112,174, 4,681,802 and 4,810,576, all of which
are incorporated herein by reference.

[0030] In general, the wet-laid process for making non-
woven glass fiber mats comprises first forming an aqueous
slurry of short-length glass fibers (referred 1o in the art as
“white water”) under agitation in a mixing tank, then feeding
the slurry onto a moving screen on which the fibers enmesh
themselves into a freshly preparcd wet glass fiber mat, while
excess waler is separated from the mal of fibers. Most, if not
all of the fibers used lo make the mat have a length
samewhere belween about one-quarter (1) to about ooe (1)
inch, and more usually from about one-quarter (%) to about
three-quarler () inch and have diameters in the range of 10
io 16 microns.

{0031] Machines such as wire cylinders, Fourdrinier
machines, Stevens Former, Roto Tormer, Inver Former and
Venti Former machines and the like can be used to form the
wet-laid mat. Tn such cquipment, a head box deposits the
dilute slurry onto a moving wire scseen. Suction or vacuurm
removes the water resulting in the wel-laid rmal. Usually, an
upwardly inclined wire having several linear feet of very
dilute stock Jay-down, followed by several linear feet of high
vacuum watce removal, is used. This is followed by a binder
applicaior, such as a “curtain coater,” that applics the glass
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fiber binder and then by an oven thal removes excess waler
and cures (dries) the adhesive 10 form a cohereat fiber mat
structure.

[0032] Fiber mats made in this way bave an open porc
structure with a high percentage of fiber-fiber imterstitial
space.

[0033] Fiber mats are commonly made in widths any-
where from 144 to 240 inches and collected in roll form for
storage arxd handling, ¢.g., transportation. For use in making
gypsum boards, roils of fiber mats having a width between
about 23 and 57 inches typically are desired and can be
obtained in those widths directly from the mal manufactur-
ing process or can be cut from colls of greater widihs.

[0034] With reference to FIG. 2, a suitable fiber mat for
use in the present invention can range in thickness (38), for
cxample, from about 20 to abowt 45 mils, with a mat
thickness (30) of about 25 mils to ahout 35 mils gencrally
being preferred.

[0035] Fiber mats mecting these requircments are known
and are commercially available. In many cases the thickness
(30) of a specific fiber mat will be variable across its
structure, possibly both in the machine (i.c., manufacturing}
direction, ie., along its length or major dimension, and
across its width or miner dimension (cross-machine direc-
tion).

[0036] Ix addition 1o the fiber diameter, fiber length and
mat thickness, the weight per unit surface area at which the
non-woven glass fiber mat is prepared also influences the
properties of the mat important for making & pre-coated mat
suilable for use in making a gypsum wallboard by the
continuous gvpsum board produclion method. Broadly the
mat should be prepared al a weight per unit surface arca
(hercinafter also referred 10 as the basis weight) of from
about 1 16./100 ft.2 to oo greater than about 3 1b./100 1t°,
Mare specifically, it is preferred that the fiber mat, especially
a pon-woven glass fiber mat, be prepared at a basis weighl
of at lcast about 1.4 1b./100 fi.2 but no greater than aboul 2.7
1h./100 {t? (measured at an uncompressed mal thickness (30)
in the range of aboul 20 mils to about 45 mils), with a
nominal thickness of about 33 mils being the most typical.

[0037] A suitable fiber mat for making the pre-coated mat
used in the present invention is a fiberglass mat comprising
chopped, nonwoven, fiberglass filaments ariented in a ran-
dom pattern and bound together with a resin binder, usually
2 urca-formaldehyde resin adhesive. Fiber glass mats of this
type are commercially available, for example, such as those
which have been sold under the trademark DURA-GLASS®
by Manville Building Materials Corporation and those
which have been sold by Elk Corporation as BUR or shingle
malt.

[0038] One glass fiber mat, which is particularly uscful for
preparing a pre-coated mat for making a gypsum board of
the present invention, is nominally 0.030 to 0.033 inch (30
mils fo 33 mils}0.76 1o 0.83 mm) thick and incorporates
glass fibers ahout 13 to 16 microns in diameler. Another
glass fiber mat nominally 20 mils thick, which includes glass
fibers about 10 microns in diameter, is alsa suitable for use
in the present invention. Manville mai JM 7594 is one
suitable fiber mat and has a thickness generally within the
range of 0.030 10 0.042 inch (30 to 42 mils).
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[0039] Acoated glass mat suitable for use in preparing the
gypsum board of the present invention has a coating {15)
applied (rom an aqucous ceating formulation 1o the thus-
prepared fiber mat, which coaling has substantially uni-
formly penetrated the open-pore structure of the mat. [n
accordance with the preseal invention, the coaling is applied
such that it penetraies into and envelopes the fibers of the
glass fiber mat to a depth of from aboul 30 percent to aboul
50 percent of the Lhickness () of the cwated glass fiber mat,
With reference 1o FIG. 2, the coating depth of mal penetra-
tion (31} is from about 3¢ percent 1o about 50 percent of the
tolal mat thickness (30), preferzbly {rom aboul 35 o 50
percent. With this degree of coaling penctration, the un-
coated mal portion (32) comprises about 50 percent 1o about
76 percent {more preferably 50 to G5 pereent) of the total
mat thickness (30). This portion (32) is available for peo-
giration by gypsum slurry during preparation of a gypsum
board.

[0M40] The applied coaiing has a moephology character-
ized by a film covering and to a certain extent bridging
individual fibers in the mat accompanicd by a distribution of
micropores (not shown) through the film coating (15). The
distribution of micropores in the coating (15) is sufficient 10
allow air-flow there through during hoard manuéacturc thus
allowing for the gypsum shurry to fill the fiber-fiber inter-
stices of the con-coated side (32) of the mal during the initial
stages in the preparation of the gypsum board and io allow
a sufficient curing and drying of the gypsum core during the
completion of the manufacturc of the board. In other words,
the coating is sufficiently porous 1o permit the gypsum slurry
to displace air through the mat during the first phase of board
preparation and to perroil water in the agueous gypsum
sturry from which the gypsum core is made to evaporate in
its vaporous state there through during the final manufac-
luring steps of the board. The morphology and composition
of the coaling nonetheless acts as a barrier to the influx of
moisture during subsequent use of the board.

[M41] The exicnl of penetration and the related morphol-
ogy of the coating on the mat should be relatively uniform
across the entire surface of the mat. As used in the specifi-
cation and claims, the phrase “relatively unilorm™ means
that the extent of coaling penetration and other coating
morphological parameters, such as coating density and
porosity (microporosity), as hereinafter defined, should
remain within a desired range over 50 percent of the surface
area of the mat, preferably over 75 percent of the surface of
the mat and most preferably over 90 percent of the surface
of the mal. Preferably, the extent of penelration and other
coating morphological parameters also do not vary by more
1han 50 peccent over the surface area of the mat, preferably
do oot vary by more than 30 percent and most preferably do
not vary by more than 20 percent across the mat surface area.

[0042] ‘The coating composition, which is applicd to onc,
free surface of the above-described fiber mai for making the
pre-coated mat for usc in the present invention, compriscs an
aqueous combination of predominately a mineral pigment or
filler; an organic adhesive binder, preferably a hydrophobic,
UV resistant polymer latex adhesive; and, optionally a
second inorganic hinder of an inorganic adhesive. On a dry
weight basis of the two essential components {100%), the
organic binder comprises at least about 1% and no more than
aboul 17% by weight, with the balance being the inorganic,
mineral pigment or filler. Optionally a second inorganic
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binder preferably comprising at least about 0.5% by weight,
of the total weight of the dried (cured) coating, but no mare
than aboul 20% by weight of the coaling also can be present.
The weight ratio of the mineral pigment or filler to the
polymer latex adhesive (organic) binder can be in excess of
15:1 and in some cases can be in excess of 20:1, but usualty
is al least about 5:1.

[0043] Suitable coating compositions for making Lhe pre-
coated mat useful in the present invention thus may contain,
on a dry weight basis of the three noted componenis (100%),
about 75 w 99 percent mineral pigment or filler, more
usually about 83 to 95 percent mineral pigment or filler,
about 0 to 20 percent inorganic adhesive, more usually aboul
0 to 10 percent and about 1 to 17 percent organic adhesive
binder, preferably a hydrophobic, UV resislant polymer
latex adhesive, morc usnally about 1 to 12 pereeat,

[0044] A mineral pigment or filler comprises the major
component of the coating composition. Examples of mineral
pigments suitable for making coated mats useful in the
present invention include, but are nof limited 10, ground
limestone (calcium carbonate), clay, sand, mica, talc, gyp-
sum (calciom sulfate dihydratc), aluminum  tribydrate
{ATH), antimony oxide, or a combination of any two or
more of these substances,

[0045] The mineral pigment is provided in a particulaic
form. To be an effective mineral pigment for making a
coated mat for use in this invention, the pigment should have
a particle size such that at least about 95% by weight of the
pigment particles pass through a 100 mesh wire screen, with
about 75% of the particles (by number) being greater that 5
pm, Preferably, the pigment has most of, if pot all of, the fine
particles removed, especially pavticles less than 1 gm. IUhas
been observed that the presence of an excess amouni of fine
particles in the coating compesition negatively impacts the
porosily (microporosity or micropore struciurc) of the pre-
coated mat. A prelerred mineral pigment is a limestone
having a number average particle size of about 40 ym. Such
materials are collectively and individually referred to in the
aliernative as mineral pigments or as “fillers” theoughout the
remainder of this application.

[0046] The second essential constitucat, the organic adhe-
sive binder includes such materials as styrenc-butadicne-
ubber (SBR), styrene-butadicne-siyrene (SBS), elbylene-
vinylchloride (EVCI), poly-vinylidene-chloride (PVdC),
modified poly-vinylchloride (PVC), poly-vinyl-alcobol
(PVOH), cthylene-vinyl-actate (EVA), and poly-vinyl-ac-
etate (PVA). Preferably, the organic biader is a hydrophobic,
UV resistant, polymer latex binder adhesive, including poly-
mers and copolymers containing units of acrylic acid, meth-
acrylic acid (together referred to as (methjacrylic acids)),
their esters (referred to together as ((meth)acrylates) or
acrylonitrile.

[0047] Ordinarily these latexes of UV resistant polymers
arc made by emulsion polymerization of ethylenically unsat-
urated monomers. Such menomers may include (meth-
Yacrylic acid, 2-hydroxycthyl(melb)acrylate, 2-hydroxypro-
pyl(meth)acrylate, 2-hydraxybutyl(meth)acrylate,
methyl(meth)acrytate,  cthyl{meth)acrylate,  propyl-
{meth)acrylate, isopropyl(meth)acrylate, butyl(meth)acry-
latle, amyl{meth)acrylate, isobutyl{meth)acrylate, t-butyl-
(meth)acrylate, pentyl(meth)acrylate,
isoamyl(meth)acrylate,  hexyl(meth)acrylate, hepiyl-
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(meth)acrylate, octyl{meth)acrylate, isooctyl{meih)acrylale,
2-ethylhexyl(meth)acrylate, nonyl(meth)acrylate, decyl-
{meh)acrylate, isodecyl{meth)acrylate, undecyl(meth)acry-
late, dodecyl{meth)acrylate, lauryl(meibjacrylate, octade-
cyl(methyacrylate, stearyl{meth)acrylate,
tetrahydrofurfuryl(meth)acrylate,  butoxyethyl(methjacry-
late, ethoxydiethylene glycol {meth)acrylate, benzyl-
{methdacrylate, cyclohexyl(methacrylate, phenoxyethyl-
{(meth)acrylate, polyethylene glycol mono{meth)acrylate,
pelypropylene glycol mone{meth)acrylale, methoxyethyl-
ene glycol (meth)acrylate, ethoxyethoxyethyl{meth)acry-
late, methoxypolyethylene glycol (meth)acrylate, methoxy-
polypropylene alycol (meth)acrylate,
dicyclopentadiene{meth)acrylate, dicyclopentanyl-
{meth)acrylate, tricyclodecanyl{meth)acrylate, isoborny!-
{meth)acrylate, and bornyl{meth)acrylate. Other monomers
which can be co-polymerized with the {meth)acrylic mono-
mers, generally in a minor amount, include styrene, diac-
elone{meih)acrylamide, isobutoxymethyl(metb)acrylamide,
N-vinylpyrrolidone, N-vinylcaprolactam, N,N-dimethyl-
{methjacrylamide, t-octyl{methjacrylamide, N,N-diethyl-
(meth}acrylamide, N,N'-dimethyl-aminopropyl(meih)acry-
lamide, (meth)acryloylmorphorine; vinyl ethers such as
hydroxybutyl vinyl cther, lauryl vinyl ether, cetyl vinyl
ether, and 2-ethylhexyl vinyl ether; maleic acid esters;
fumaric acid esters; and similar compounds.

[0048]) Suitable hydrophobic, UV resistant polymer latex
binder adhesives are preferably based on a (meth)acrylate
polymer latex, wherein the (methjacrylate polymer is a
lower atkyl ester, such as a methyl, ethyt or butyl ester, of
acrylic and/or methacrylic acids, and copalymers of such
eslers with minor amounts of other ethylenically unsaturated
copolymerizable monomers (such as styrene) which are
known 1o the art lo be suitable in the preparation of UV
resistant (methaceylic polymer latexes. Another suitable
¢o-monomer is vinyl acelate, which may be used a5 a
co-monomer with, for instance, butyl acrylale in a ratio of
70730 or smaller of the vinyl acelate to the butyl acrylate.

{0049] One particularly useful hydrophobic, UV resistant
polymer latex binder adhesive is NeoCar® Acrylic 820.
NeoCar® Acrylic 820 is an ulira-small particle size, hydro-
phobic latex availible from Dow Chemical Company and is
apparently made by copolymerizing a highly branched vinyl
ester with an acrylaic. Other suitable bydrophobic, UV
resistant polymer latex binder adhesives include Glascol®
C37 and Glascol® C44 available rom Ciba Specialties
Chemical Corporation; Rboplex® AC-1034 avaitable from
Rohm & Hazs and UCAR® 626 available from Dow Chemi-
cal Company.

[0050] As wsed throughout this specification and in the
claims, the terms hydrophebic, hydrophobicity and the like
are intended to embrace UV resisiant polymers, which yield
a three {3) minnte Cobb value of below about 1.5 grams for
the pre-coated fibrous mat. UV resistant polymers that
exhibit a three {3) minutc Cobb value of below about 0.3
grams are particularly preferred for making the pre-coated
fibrous mal. The three minute Cobb value of a resin is
determined by a simple procedure which is similar to TAPPT
procedure T441. According to the procedure, a coated test
mat is prepared by coating a standard glass mat with an
aqueous coating formulation and dried al 230°F. (110° C))
for 20 minutes. The coating formulation is prepared by
combining 70 parts by weight limestone having an average
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particle size of about 40 ym (GFP 102 available from Global
Stone Filler Products or equivalent) with 17 parts by weight
(dry solids basis) of the latex resin and blending thoroughly
for 30 scconds. The aqueous formulation is applied 1o the
mal using a simple knife applicator to obiain a dry basis
weight of between about 22 grams of coating per sq. fi. on
the glass mat (standard glass mat—Johns Manville mat 7594
or equivalent).

[0051] A 5.25 inches by 5.25 inches square sample of the
coated mat is obtained, weighed and then seeured in a 100
cm? Cobb ring. Onc hundred milliliters of warm (120° F.
(49° C.)) water is poured into the ring a5 rapidiy as possible
and retained there for 2 minutes and 50 seconds. Then, the
water is poured from the ring as quickly as possible {without
comtacting any other portion of the sample). At the three
minute mark, a Couch roller is used with a sheet of blotting
paper (rolled forward and backwards once) to remave excess
moisture from the sample. The sample then is weighed and
the increase in weight is recorded. The test is repeated once
and the average of the two weight increase values is con-
sidered the three minute Cobb value for that sample. Again,
UV resistant latex resins exhibiting a three minute Cobh
value of 1.5 gms or below in this test are preferred for use
in the present invention,

[0052] An optional component of the coating composition
is an inorganic adhesive binder. Examples of inarganic
adhesive binders which can be used in combination with the
polymer adhesive latex binder(s) in the coating composition
for making a pre-coated fibrous mat useful in this invention
include, but are not limited 1o the following: calcium oxide,
calcium silicate, calcium sulfate {anhydrous or hemi-hy-
drate), magocsium oxychloride, magnesium oxysulfate, and
other complex inorganic binders of some Group 11A ele-
ments (alkalive earth metals), as well as aluminum hydrox-
ide.

[0053] Onc example of & complex inorganic binder is
common Portland cement, which is a mixture of various
calcium-aluminum  silicates. However, Portland cement
cures by hydration, which can create 2 coating mixture with
a short shelf life. Also, both the oxychloride and the oxysul-
fate of magnesium are complex inorganic binders, which
cure by hydration. Coating formulations made with such
inorganic adhesive binders must be used quickly or a tank
containing the aqueous coating composition could sef up in
a short period of time. :

[0054] Tho oxychlorides or oxysullates of magnesium,
aluminam hydroxide, and calcium silicate are only very
slightly soluble in watcr, and are useful optional morganic
adhesive binders of this iovention. Tnorganic adhesive bind-
ers, which are quickly soluble in wafer, such as sodium
silicate, may not be usable in coatings expected to be
expased lo hot and/or high humid ambient conditions for
long periods. One preferred inorganic adhesive hinder for
making a coated mat useful in this invention is quicklime
{Ca0). Quicklime does not hydrale in a coating mix, but
cores by slowly converting 1o limestone, using carbon
dioxide from the air, Quicklime is not (or only very spar-
ingly) soluble in water.

[0085] Inorganic pigment or filler materials inherently
containing some nafurally oceurring inorganic adhesive
binder also can be uscd to make, and often are preferred for
making the coated mat used in the present invention.
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Examples of such fillers, some listed with the naturally
occurring binder, include (but are not limited to) the fol-
lowing; limestone containing quicklime (CaQ), clay con-
taining calcium silicate, sand containing calcium silicate,
aluminum tribvdrate comtaining aluminum  hydroxide,
cementitious fly ash and magnesium oxide containing cither
the suifate or chloride of magnesium, or both, Depending on
its level of hydration, gypsum can be beth a mineral pigment
and an inorganic adhesive binder, bul it is anly slightly
soluble in water, and the solid form is crystalline making it
britlle and weak as a binder. As a result, gypsum is nol
gencrally preferred for use as the optional inorganic adhe-
sive binder.

[0056] Fillers, which inherently include an inorganic
adhesive binder as a constiluent and which cure by hydra-
tion, also advantageously act as flame suppressanis. As
examples, aluminum trihydraie (ATH), calcium sulfate
(zypsum), and ihe oxychioride and oxysulfate of magnesivm
all carry molecules of water bound into their molecular
structure. This waler, referred to either as water of crystal-
lization or water of hydration, is released upon sufficient
heating, actually suppressing flames.

[0057) Low cosl inorganic mineral pigmenis and fillors
such with the properties of those described in the preceding
paragraph, thus, may provide three (3) important contribu-
tions o the coating mixture: filler; a binder; and, a fire
SUPPTESSOL.

[0058] Tn addition o Lhe two essential components and the
one aptional component, the agucous coating cOmposition
will also include water. Water is provided in an amount
sufficicnt to provide desired rheological propertics {e.g.,
viscosily) to the aqueous coaling composition. Desired
rhelogical properties are those which, given the chosen form
of application of the agueous coating composition to the
fiber mat, provide for the retention of the coating formula-
tion on the surface of the fibers of the fiber mat and within
the interstices of the fiber mat (o a depth between 30 and 50
percent of the thickness of the fiber mat from a free surface
of the mat and the formation of the desired eoating mor-
phology (microporosity). The aqueous coating composilion
will usually also include other optional ingredicnts such as
colorants {e.g., pigments), thickeners or rheological control
agents, defoamers, dispersants and preservatives. When
nsed, the aggrepate amounl such other ingredients in the
coating composition is typically in 1he range of 0.1 to 5%
and generally is nol mare than about 2% of the principal
three above-noted components. Generally, the aqueous coal-
ing Formmlation will have a viscosity between aboul 8,000
and 18,000 cps.

[0059] Any suitabie method for applying an aqueous coat-
ing composition to the fiber mat substrate can be used for
making the pre-coated mat, such as roller coating, curtain
coating, knife coating, brush coating, spray coating and the
like, inchiding combinations thereof, provided thal the depth
of coating is limited to within the range of 30 to 50 percent
of tbe mat thickness.

[0060] Following application of the aqueous coating com-
position 1o the mat, the composition is dried (cured), typi-
cally in a drying oven, to form the pre-coated mat. The mat
is dried 1 a temperature and for a time sufficient to remove
the water from the coating composition and coalesce the
organic polymer adhesive to form an adherent coating,
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witbout degrading the coating or the mat. Suitable tempera-
tures and times will be influenced greatly by the equipment
being used and can be obtained by those skilled in the art
using rouling experimentation.

[0061) As will be appreciated by thosc skilled in the ar,
the extent to which the aqueous coating formulation pen-
clrates into the fiber mat is influcnced an the one hand by the
properties of the fiber mat itself and on the other hand by the
various coating paramcters such as the aqueous coating
viscosity, the time hetween applying the eoating and drying
(curing) the coating (e.g., the speed of the coating line), the
rate of application of the coating, the method by which the
coating 15 applied and the like. Varying these parameters 10
obtain the desired exient of penelration in any particular mat
Tequires no mote than routine experimentation 10 1hose
skilled in the ar.

[0062] Tbe pre-coated mat made in accordance wilh these
teachings is effectively liquid impermeable, but does allow
air and water vapor (o pass through, sufficiently to be used
in making a gypsum board by the continuous gypsum board
manufacturing process.

[6063] The pre-coated fiber mat used in the preparing the
gypsum board of the present invention can be prepared by
applying an aqueous coaling composilion containing the
noted solid constitucais to a fiber mat, as identificd above, in
an amount on a dry weight basis cquivalent 1o al least about
30 lbs., more usually between about 30 and 100 lbs., per
1000 sq. ft. of mat. Normally, the dry coating is present in
an amount equivalent (o af least about 3010 50 Tbs. depend-
ing upon the thickness of the glass fiber mat.

[0064] Previous work has shown that certain UV resistant
latex resins of the desired hydrophebicily are useful for
making a pre-coated fiber mat useful in ultimately making
an improved gypsum pancl particularly uscful for exterior
applications (pending U.S. application Ser. No. 10/417,344).
The earlier work also indicaled that mats coaled with
compositions made using such hydraphobic, UV resistant
latex resing (polymers), within ceriain compositional con-
straigts, were sufficiently porous to be wsed for making 2
gypsum board using conventicnal manufacluring proce-
dures. Unfortunately, this prior work did not recognize the
relationship between pre-coated mat propertics, such as
coating morphology and coating depth, and the sirength of
the facer-board bond which determines the ability of the
board to adequately support tiles, insulating material or
other construction materials, such as exterior finishing mate-
rials from the pre-coatcd mat surface of The board,

[0065) Thus, the organic binder must provide, in combi-
nation with the mineral pigmeat or filler and the optional
inorganic adhesive, when dried to form the adherent coating
a desired level of porosity (microporosity or micropore
structure) at the noted usage levels and coating density. The
coating porosity is delermined by an casily performed test,
which is deseribed in detail below. Organic binders failing to
meet the porosity (microporosity) requirement arc aok suil-
able for use in the coating composition of the present
invention for making the pre-coated fibrous mat.

[0066] The test for porosity (microporosity) is a modifi-
cation of the procedure of TAPPI T460, Gurley method for
measuring the air resistance of paper. In this procedure, a
sample of the coaled mat (approximately 2 inches by 5
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inches) is clamped beiween the 1 in® orifice plates of a
Gurley Densometer, Model 4110. The inoer cylinder is
released and allowed to descend under only ils own weight
(i.c. by gravily alone) and the ¢lapsed time (measured in
seconds) between the instant the inner cylinder enters the
outer cylinder of the apparatus until the 100 ml mark on the
inner cylinder reaches (enters) the outer cylinder is recorded.
The test then is repeated with the sample facing (orieoted) in
the opposite direction. The porosity, reporied in seconds,
comprises the average of the two replicates for each sample.
A suitable resin exhibits a porosity of less than about 45
scoonds, preferably less than about 20 scconds. Al porosilies
of higher than about 45 seconds, the coated mat-gypsum
core interface is at & much higher risk of delamination (i.¢.,
blister formation) as the water vapors seek a path to cscape
during curing of the board. As discussed below, 100 Jow of
a porosily also interferes wilh air flow through the coating
during board preparation as the gypsum slurry seeks o
penetrate info and through the non-ceated side of the mat
and leads 1o formation of an umsatisfaciory interface
between the gypsum core and (he coaling. Preferably, the
porosity is also more thao about 2 seconds and usually more
than about 5 scconds, so as to minimize bleedihrough of
gypsum during board manufacture.

{0067) Gypsum boards made wilh the pre-coated fibrous
mat of the presenl invenlion have superior weathering
characteristics, and accordingly, can be used effectively for
indefinite periods of time as a stable substrate in outdoor
applications involving extended cxposure 1o the sun, pro-
longed water contact and high humidity.

[0068] The gypsum core of the gypsum board of the
present invention is basically of the type used in those
gypsum struciural products, which are known as gypsum
wallboard, dry wall, gypsum board, gypsum lath and gyp-
sum sheathing, The core of such a product is formed by
mixing waler with powdered anhydrous calcivm sulfate or
calcium sulfate hemi-hydrate (CaSO,.%4H,0), also known
as calcined gypsum to form an aqueous gypsum shurry, and
thercafter allowing the slurry mixture 1o hydrate or set into
calcium sulfate dihydrate (CaS0,.2H,0), a relatively hard
malerial,

[0069] The composition from which the set gypsum core
of 1he structural pancl is made can include a variety of
optional additives, including, for example, those included
conventionally in gypsum wallboard. Examples of such
additives include sel accelerators, st retarders, foaming
agents, reinforcing fibers (¢.g., glass fibers), and dispersing
agenls.

[0070] A preforred gypsum core of the present invention
also includes one or more additives, which improve the
walter-resistant properlies of the core. In particular, the
coated fibrous mat-faced gypsum board for use in the
present invention preferably comprises a gypsum core,
which has water-resistant propertics. The preferred means
for imparting water-resistant properties to the gypsum core
is 10 include in the gypsum composition from which the core
is made one or more addilives, which improve the ability of
the sel gypsum composition to resist being degraded by
water, for example, to resist dissolution.

[0071] Examples of materials which have heen reported as
being effective for improving the water-resistant properties
of gypsum products are: poly(viny] alcobiol), with or without

Sep. 15, 2005

a minor amount of poly(vinyl acetate);, metallic resinales;
wax or asphalt ar mixtures thereof, usually supplicd as an
cmulsion; a mixture of wax and/or asphalt and also corn-
Hower and polassium permanganaie; waler insofuble ther-
moplaslic organic matenials such as peiroleum and nilural
asphalt, coal tar, and thcrmoplastic synihetic resing such as
poly(viny] acetale), poly(vinyl chloride) and a copolymer of
vinyl acetate and vinyl chloride and acrylic resins; a mixture
of metal rosin soap, a water soluble alkaline earth metal sali,
and residual fuel oil; a mixture of petroleum wax in the form
of an emulsion and either residual fuel oil, pine tar or coal
tar; a mixture comprising residual fuel oil and rosin; aro-
malic isocyanates and diisocyanates; organopolysiloxanes,
for example, of the type referred to in U.S. Pat. Nos.
1,455,710; 3,623,895, 4,136,687, 4,447 498; and 4,643,771,
sificonates, such as available from Dow Corning as Dow
Corning 772; a wax emulsion and a wax-asphall emulsion
each wilh or without such matenals as polassium sulfate,
alkali and alkaline earth aluminates, and Portland cement; a
wax-asphalt emulsion prepared by adding to a blend of
molten wax and asphall an oil-soluble, water-dispersing
emulsifying agent, and admixing Lhe aforementioned with a
solution of case in which conlains, as a dispersing agent, an
alkali sulfonate of 4 polyarylmethylene condensation prod-
uet. Mixtures of these additives can also be employed.

[0072] A mixture of materials, namely, one or more of
poly{vinyl alcohol), siliconates, wax emulsion and wax-
asphalt emulsion of the aforementioned types, for example,
also can be used to improve the water resistance of gypsum
products, such as described in aforementioned U.S. Pat. No.
3,935,021, which is incorporated herein in its entircty.

[0073] Typically, the corc of fibrous mal-faced gypsum
board has a density of about 40 to about 55 Ibs. per cu. L.,
more usually about 46 to about 50 Ibs per cu. fi. Of course,
cores having both higher and lower densities can be used in
particular applications if desired. The manufacture of cores
of predetermined densitics can be accomplished by using
known lechniques, for example, by introducing an appro-
priate amount of foam (soap} into the aqueous gypsum
slurry from which the core is formed ar by malding.

[0074] The pre-coated fiber mat-faced gypsum board can
be made efficiently, as is well known, by forming an aqueous
gypsum shury which contains excess water and placing the
gypsum shirry on a horizontally oriented moving web of the
pre-coated fiber mat, with the coated mat surface oriented
away from the deposited gypsum slumy. In a preferred
embodiment, another moving web of fiber mat, which
aptionally can also be the pre-coated fber mal, but for
example also can be a glass mat, a mat made from a blend
of glass and synihetic fibers, or a pre-treated mat, is theo
placed on the upper free surface of the aqueous gypsum
slurry. Aided by beating, cxcess water evaporates through
the pre-coated mat as the calcined gypsum hydrates and sels.

[0075] In order for the pre-coated mat to be most useful in
making the coated mat-faced gypsum board of the present
invention, it is preferred that the coated mat be rolled into
rolls of continuous sheet, As a result, the coated mat cannot
he so stiff and brittle that it will break upon bending. To
accomplish this ohjective, it appears that the inarganic
adhesive binder content of the mat coating, when present in
2 farmulation, should not exceed about 20% by weight of the
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tatal dry weight of 1he coaling, and usually is tess than aboul
10%. As nated, such rolls are 1ypically employed in widths
between 23 and 57 inches.

[0076] The moisture tolerant structural pamels of this
invention comprsing a pre-coaled fibrous mat-faced gyp-
sur board can be made utilizing an cxisting, manufacturing
ling for gypsum waliboard as illustrated in FIG. 1. In
cooventional fashion, dry ingredients from which the gyp-
sum core is formed can be pre-mixed and then fed to a mixer
of the type commonly referred io as a pin mixer (20). Waier
and other liquid constitucnis, such as soap, used in making
the core are meiered into the pin mixer where they are
combined with the desired dry ingredients to form an
aqueous gypsum slurry. Foam (saap) is generally added to
the slurry, such as in the pin mixcr or in a scparate mixer, 1o
control the density of the resulting core.

[0077] The gypsum slurry is dispersed through ooe or
more oullels from Lhe mixer onto a moving sheet (fibrous
mat) (16), which is indefinite in length and is fed from a roll
thereof onto a forming table (21) and advaneed by conveyor
{22). The sheet (16) includes a coating (15) (see also FIG.
2} on what constitutes the bottom surface of the sheet as fed
to the forming lable. As described above, the coating com-
prises a dried aqueous mixiure of a mineral pigment; an
organic binder preferably comprising 2 hydrophobic, UV-
tesistanl polymer latex adhesive; and, optionally a socond
binder comprised ol an inorganic adhesive.

(M78] [n arder to abtain a bond of a sufficient strength
between Ihe uncoated side of the mal and the gypsum core,
50 as 1o permil he board (o supporl tiles, insulating matcrial
or other constructiop malerials, such as exterior finishing
materials from the pre-coated mat surface of the board, it is
critical that the gypsum shurry flow ioto and through the
interstices of the mat 50 as to meet with the internal
(inner-most) border of the coaling of the coated mat. This
construction is schematically shown in FIG, 3. The flow of
gypsum shurry into the uncoated side of the pre-coated mat
and through to the internal surface of the coating must be so
complete as to cause this inferface to be substantially frec of
entrapped air. In other words, the inlerfacial coniact between
the gypsumm core penetrating the uncoated surface of the mal
and the coaling must be substantially frec of voids.

[0M079]  As shown in FIG, 3, the gypsum board (10) of this
fnvention has basically three regions on the coated mat side
of the board: (31, (32) and (33), schematically indicaled by
different cross-hatching in the figure. Region (31) is the
cutermost board {ace and coatains the coated portioa of the
fiber mat facer having the mal coaling (15). Region (33) is
the gypsum core and contains principally set gypsum and
other common gypsum additives. This region is free of the
fiber mat Facer. Finally, region (32) contains that portion of
the fiber mat facer that was free of the coating composition
(uncoated mat) but has become imbibed with the gypsum
slurry during board preparation and has subsequently set to
form sct gypsum. As shown, there is substantially complete
contacl between (he mat coating (15) and the sct gypsum in
the imbibed region (32). Together with the mechanical
interlocking with 1he fiber mat, this continuons interface
between the sel gypsum core and the mat coating is wha
contributes to the development of & bond of a sufficient
strength between the mat and the gypsum core, 50 as 10
pesmil the coated mat surface of the board to support tiles,
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insulating material or other construclion materials, such as
exterior finishing malerials from the pre-coated mat surface
of the board.

[0080] The microporosity of the coating on the fiber mat
thus permits the gypsum slurry (o displace air through the
mat during the initial siage in the preparation of the gypsum
board. If the coating on the mat lacks the necessary
microporosity, the air in the interstices ol the fiber mal is
unable to escape and a proper interfacial contact between the
penelrating gypsum core and the mat coating is rot formed.

[0081] FIG. 4 illustrates poor gypsum penetration through
the interstices of the fiber mat to the inner mai surface of the
coating. As shown in FIG. 4, the coating on the plass mat
facer has penetraled for the most part to a depth of from
about 0.15 to in some instances as much as 0.27 mm (6 1o
about 11 mils) in a glass mat having a ihickness of about
0.76 1o (.82 mm (30 to 32 mils). This conslitutes an average
penctration depth of about 25 to 27 peccent of the thickness
of the mal. As a consequence of the insufficient coating
peactration and formalion of the praper coating morphology,
the gypsum slurry was unable to penctrate (flow) into the
uncoated side of the mat sufficiently to form continuous
interfacial contact hetween the coating and the sct gypsum
core. As a result one can see voids in the vicinity of the
coating-core interface as well as portions of the glass fiber
mat that are not imbibed with sct gypsum.

[0082] However, the coating on the mal cannol be so
porous s to allow gypsum to frecly penetrate through the
coating and cause gypsum bleed thru onto the face of the
product. A preferred coaling porosily {microporosity) is
between 5 and 20 seconds.

[0083] One convenicnt way 1o ensure an adequaic forma-
tion of a substantially continuous inierface between the
gypsum core and the internal surface of a properly coated
fiber mat is to discharged one siream of gypsum slurry
through outlet (17) to provide a relatively thin layer of
aqueous caleined gypsum slurry (18) on the non-coated
surface of sheet 16, The thin layer of gypsum slurry (18) is
somewhat more dense than the aqueous shurry of gypsum
thal is used io form the main portion of the core of the
grypsum board (main core slurry discharged through outlet
(19) to form gypsum sturry layer (23)). The penctration of
this higher density slurry into the interstices of the fiber mat
and the elimination of apy entrapped air at the gypsum-
coating inferface can be added by a roller (not shown). The
proper peneiration of this thin layer of gypsum into the
inlerstices of the fiber mat helps to form the strong hond
between the lower density portion of the core and the
pre-coated mat facer. Typically, the slurry used lo form the
thin layer (18) is about 18-20% more dense than the densily
of the sturry (23) used to form the main pertion of the core.
A partion of this denser slurry also is often used to form hard
edges of the gypsum board as well.

[0084] In this illustrative embodiment, pre-coated mal
(16) thus forms one of the facing sheets of the gypsum
board, As noted above, the pre-coated mat is fed with the
coated side facing away from the gypsum slurry. The slurry
{preferably denser shury (18)) penetrates sulficienily inlo
and through the thickness of the pre-coaled glass mat, on the
back-side, o non-coated side of the mat, to form a hond
between the subscquently set gypsum, the fibrous mat and
the dried adherent coating previously applied 1o the fibrous
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mat. Thus, on setting, a strong adherent bond is formed
between the set gypsum and he pre-coated fibrous mat. In
part because of the coaling en the surface of the mal, the
sturry does nol pencirate completely through the mat.

{0085] As is common practice in {he manufacture of
conventional paper-faced gypsum board, the two opposite
edge portions of the sheet (16) are progressively flexed
upwardly from the mean plane thereof and then turncd
inwardly at the margins as 1o provide coverings for the edges
of the resulling board. Onc of 1he benefits of the pre-coated
mat used in connection with the present invention is that it
has shown sulficient flexibility to form acceptable board
edges.

[0086] 1n a preferred embodiment of the invention,
another fiber mat {18), also supplied in roll form and made
in the same fashion as mat (16), is taken from the roll and
fed around 2 roller (7) oato the top of the gypsum slurry (23)
to form facing sheet (9), thereby sandwiching the gypsum
slurTy (core) between the two moving pre-coated glass fiber
sheets. The fiber mats (16) and (14) thus form facings on the
sel gypsum core that is formed from the gypsum slurey to
produce the gypsum board with opposite fiber mat facers.
Aliematively, mat (14) may be uncoated and in thal case
preferably is made from a blend of glass fibers and polyester
fibers as described in U.S. Pat. No, 5,883,024, One source of
such a mat is Johns Manville mat 8802. The mat alse could
be a standard glass fiber mat. The mat (14} is applied Lo the
1op of the gypsum slurry. Thus, as above, a sirong bond also
is formed between this mat and the gypsum core as previ-
ously described.

[0087] Conventional shaping rotls and edge guiding
devices {not shown) typically are used to shape and maintain
the edges of the composite until the gvpsum has sct suffi-
ciently to retain its shape. After the (lop) fiber mat (14) is
applied, the “sandwich” af fiber mats and gypsum shusry can
be pressed 1o the desired thickness between plates (not
shown). Alicrnatively, the fibec mats and slurry can be
pressed to the desired thickness wilh rollers or in another
manger. The comtinuous sandwich of slurry and applied
facing materials then is carried by conveyor(s) (22). Slurry
(23) seis as it is carried along.

[0088] Although impravements can be realized by the use
of a gypsum core which has but one of its surfaces faced
with the pre-coated fiber mat as described herein, il is
believed that, for some applications, it may be advantageous
to manufacture board having bath surfaces faced with the
pre-coated fibee mat. The weight of the board (nominal 4"
thickness) usually should nol exceed about 2500 lhs. per
1000 sq. ft. Typically, the board will weigh at least about
1600 Tbs. per 1000 sq. (L.

[0089] The ability of the pre-coaled fiber mat used in the
present invenlion lo pass water vapor therctbsough is an
impariant featurc of the prescnt iovention and is such that
the drying characteristics of the board are not substantially
altered relative to a board faced with conventional paper
facing. This means thai indusirial drying conditions typi-
cally used in continuous gypsum board manufacture also can
be used in the mapufacturc of pre-coated mat-faced board of
the present invention, Exemplary drying conditions include
dryer (oven) temperatures of about 200° lo about 700° F.,
with drying times of about 30 to about 60 minutes, al line
speeds of ahnut 70 1o ahout 400 linear fect per minute.

[0090] The cxtenl of drying also necds carcful conirol to
fsure that the resulting board can adequately be used for
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supporting tiles, insulating material (¢ g., foam insulation} or
other exterior finishing materials on the surface of the
pre-coaled mat. Too much drying can result in surface
calcination of the gypsum and a reduction in bond strength
hetween the pre-coated mat and the gypsum core. In this
regard, applicants have determined that the amount of com-
bined water must be at least 17% (fully hydrated gypsum has
a level of combined water of about 21%) in the vicinity of
the facer-core interface.

[0091] The level of calcination (combined water) in the
mat [acer-gypsum core interlace is measured using an
0O'Haus Moisture Balance Model No, MB 200 and the
follawing procedure. Representative samples (12 inches by
8 inches) of the board product are collected. The coated glass
mal facer is peeled from the sample and the board is placed
on a surface suitable for collecting Lhe scrapings generated
in the nexl step. A twa foot square piece of paper should be
suitable. The entire exposed surface is carefully scraped off
of the board o a depth of about 10 mils (0.254 mm) 10
remove the surface interface. At least 10 g of scrapings are
collecied, screened through a 50 mesh screen to remove any
glass fibers and then tested for Combined Water using the
0’ Haus Moisture Balance set at 205° C. and 25 mimstes. The
change in weight provides the pereem of combined water,

[0092] Boards of the present invention can be used effec-
tively in many outdoor applications in addition ta those
previously mentioned. The board is particularly suitable for
applications where tiles, insulating material or other con-
struction materials, such as exterior finishing materials are
supported by the gypsum board. For example, the gypsum
board can be used in applications of the type where con-
venlional gypsum sheathing is applied as a suppori surface
for overlying materials such as wood siding, stucco, syn-
thetic stucco, aluminum, brick, including thin brick, outdoar
tile, stone aggregate and marble. The aforementioned fin-
ishing materials can be used advanlageously in a maaner
such that they are adhered directly to the coaled board. The
board of the present iovention has the necessary tensile
strenpth to satisfactorily support such materials. The board
of the present invention can also be used also as a compo-
nent of exterior insulating systems, commercial roof deck
systems, and exierior curlain walls. En addition, the board
can be used effectively in applicalions not generally involv-
ing the use of paper-faced gypsum board. Examples of such
applications include walls associated with saunas, swim-
ming peols, gang showers, or as a subsiralc or componeat of
a secandary weather barrier.

[0093] The examples that follow are illustrative, but are
not 1o be limiting of the invention.

EXAMPLE 1

[0094] Pre-caated fibrous mats have been prepared by first
preparing the following coating composition.

tagredients Arounts, wi. %
Aqueous actylic latex (45% solids) 187

(NeoCar ® 820)

T.imestone - 65,3

(GFP 102 from Global Slone Filler Products)

Eihyt hydroxyethyk cellulose thickener/stabilizer 0.04
Bermocell 230FQ

Acrylate thickeners 0.12,0.19
Pamgum 501, 109

'Y
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-continued
Ingredients Amounts, wt. %
Colorant 0.47
Enplehard W 1241
Ammania 0.37
Added water 1474

[0095] The aqueous coating composition has been applied
t0 Johns Manville 7594 fiberglass mat at application rates of
about 30 grams per squarc foot (about 66 pounds per 1000
square feet). The wet coaling composition was dried, The
dried basis weight of the coating was about 22 grams per
square foot {about 48 pounds per 1000 square feet).

EXAMPLE 2

[0096] Pre-coated fiberglass mal obtaincd in the manner of
Example 1 was used io prepare gypsum board panels. The
pre~coated mat had a thickness of about 35 mils and a
porosity of about 10 seconds.

[0097] Continuous length hoards were made from 2 gyp-
sum slurry containing about 55% percent by weight of
gypsum hemi-hydrate and the pre-coated mats oo a conven-
tiona] wallboard machiae, The slurry was deposiled on one
continuaus sheel of the coated mat, which was advanced at
a rate of about 185 linear feet per minute, sufficicnt to form
s4ih inch thick boards, while a continuous sheel of Johns
Manville 8802 fibrous mat was deposited onto the opposite
surface of the gypsum shurry, Drying of the gypsum boards
was accclerated by heating the composite structures in an
oven at about 600° F. for about thirty minutes and until the
boards are almost dry and then at about 250° F. for about
fiftecn minutes until they are dried completely. The densilies
of the coaled mat-faced hoards were determined to be aboul
50 Ib. per cu. L.

[0098) Coated mai-faced gypsum boards made in accor-
dance with the present jnvention are capable of resisting for
indefinite periods of time attack by water, both in indoor and
outdoor applications, and to offer significantly enhanced fire
resistance. [n summary, it can be said that the improved
gypsum-based product of the present invention has water-
tolerant properties which are at least equal to or betler than
prior arl products, and that this is achieved in a product that
is obtained in a product thal is as light as and more
economical lo make than prior art products.

EXAMPLE 3

[0099] Selected gypsum boards made with pre-coated
mals were tested o assess the bond strength between the
pre-coaied mat facer and (he gypsum core.

{0100] In order to support tiles, insulating material or
other construction materials, such as ¢xlerior finishing mate-
tials from the pre-coated mat surface of (he board, the bond
between the pypsum core and the mat facer must have 2
sufficicat strength. In particular, it has been determined that
the tensile strength of that bond should be at least 16 psi
when tested in accordance with the following procedure.

[MAT] A 5.5 inch square sample for testing is prepared
from a gypsum board. An expanded polystyrene beard
(EPS) then is adhered to the gypsum board sample. An EPS
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board, nomical 2 pound, one inch thick (lypical of EPS
insulation), cut into a 3.5 inch square, is suitable. A suitable
adhesive is a 1:1 mixiure of Type I Portland cemem and
Dryvit Primus adhesive mixed with water to a sailable
consistency for applying it to EPS board. This adhesive
requires about two weeks to cure.

[0102] Thereafter, a wood block (1.5 inches thick) is glued
10 the free side of the EPS board using a fast curing (e.g., five
minute) epoxy. The wood block is sized to match the EPS
board (3.5 inches square) and is provided with two slots oo
opposite edges (o permil ifs attachment lo the tensile tesl
equipment. Using a Satec Universal Testing Machine
{Model UTCO0HVT.-1437), the slots should be one-quarter
inch wide and three-quarter inch deep. The slots shauld be
cut on the edges of the block that are perpendicular 1o the
grain of the wood. The sample should be ready for testing in
approximalely one hour.

[0103] The specimen is attached 1o the test equipment and
the machine is set to operate in the { to 600 pound range at
a speed of one inch per minute. During the test, the gypsum
board is pulled from the EPS board as the wood block
restrains the sample. The machine is run until the maximum
load has been reached and the specimen has faifed. The final
result for a specific board is preferably the average of three
samples.

[0104] The Table below lists the tensile test results of
several samples that were prepared with precoated mals.
The mats had different degrees of coating penetration. The
boards were prepared on commercial board lines using
standard production technigues. Samples 1, 2 6 and 7 were
made using a coating formulation of the type described in
U.S. Published application 2002/0155282. Sample 1 was
made using a Venrotex fiber glass mat having a basis weight
of 2.1 Tb per 1060 squarc feet. Samples 6 and 7 used a glass
fiber mat having a basis weight of 1.4 pound per 100 square
fect of Ihe type described in US. Published application
2002/0155282. Samplc 2 used a Johns-Manville fiber glass
mat. Sample 3, 4 and 5 were made using a Johns-Manville
mat and a coating formulaiion as describe in Examples 1 and
2. The gypsum boards of sample 1, 2 and 3 were % inch
thick, while the remaining samples were % ihick boards.

Costing Percent
Penetratian Coaiing Avg. Board
Sample No. {mils) pesctation  Tensile {psi)
1 15 43.6 19.5
2 11.6 k1N 171
3 129 344 186
4 118 299 18.6
5 6.9 18.7 13
6 141 64 0*
7 139 58 0=

“Reject board severe blistering after exiting the dryer,

[0105] It will be understood that while the mvention has
been deseribed in conjunction with specific cmbodimenis
thereof, the foregoing description and examples arc intended
1o illustrate, but not limit the scope of the invention. Unless
olherwise specifically indicated, all percentages are by
weight. Throughout the specification and in the claims the
term “aboul” is intended to cncompass + or -3%.
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[0106] Other aspects, advantages and modifications will
he apparent (o those skilled in the art to which the inveation
perizins, and these aspects and modifications are within the
scope of the investion, which is limited only by the
appended claims.

1fwe claim:
1. A fiber mat faced gypsum board made by

{1) contacting a gypsurn slurry for fomming a set gypsum
core wilh

{2} a non-coated side of a pre-coated fiber mat, wherein
the fiber mat has a thickness of between 0.02 and 0.043
inch and has a coating on a side opposite the non-ooated
side, said coating comprising a combination of (i) a
mineral pigment, (ii} an organic binder and optionally
(iii) an inorganic binder, the coaling extending from a
surface of said side opposite into said fiber mat a
distance between about 30 and 50 percent of said
thickness and having a microporosity which allows air
to flow through and water to evaporaie through said
precoated mat from the gypsum care during prepara-
tion of the board,

(3) wherein the contacting causes said gypsum slurry to
penetrate inte the non-coaled side and through inter-
stices of the fiber mat to fill said interstices with
gypsum and form a bond between said gypsum and said
coating, and

(4) allowing the gypsum slurry to harden to form said scl
gypsum core, wherein the sel gypsum core in a region
near the bond has at least 17 percent combined water,

2. The board of claim 1 wherein the organic binder is a
hydrophabic, UV resistant polymer latex.

3. The board of claim 2 wherein said mat conlains glass
fibers nominally about 10 to 16 microns in diameter.

4. The board of claim 3 in which said mal, in the absence
of said coating, has a basis weight of 1 o 3 pounds per 100
square [ect.

5. The board of claim 1 having a gypsum core density of
40 to 55 pounds per cubic fool.

6. The board of claim 1 whesein the coating weighs about
30 to 100 pounds per 1000 square {eet of mat.

7. The board of claim 6 wherein the mineral pigment
comprises from about 75 to 99 weight percent of the coating,
the inerganic binder comprises from aboui 0 to 20 weight
percent of the coating and the organic binder comprises from
aboul 1 to 17 weighi percent of the coating.

8. The board of claim 7 wherein the organic binder i 2
hydrophahic, UV resistant polymer latex.

9. The board of claim & whercin the mineral pigment
comprises from about 83 to 95 weight percent of the cnating,
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the inorganic binder contpriscs from about 0 to 10 weight
percent of the coaling and the hydrophobic, UV resistam
polymer latex binder comprises from about 1 te 12 weight
percent of the coating.

10, The board of claim 9 wherein said coating was applicd
1o a surface of the fiber mal as an aqucous coaling compo-
sition and dried to form said pre-coated mat.

11. The board of claim 10 wherein said aqueous coating
composition includes about 0.1 1o about 5 wt. % of one or
more additives sclected from the group consisting of a
thickener, dispersant, colorant, defvaming agent and preser-
vator.

12. The board of claim 11 in which said fiber ma, in the
absence of said coating, has a basis weight of 1 to 3 pounds
per 100 square feet.

13. The board of claim 10 wherein the amount of said
water-resistant additive is at least about 0.2 wi. %.

i4. The board of claim 13 wherein the amount of said
walcr-resistant additive is about 0.3 to aboul 10 wi, %.

15. The board of claim 14 wherein said additive is
selecied from the group consisting of a wax emulsion, a
wix-asphall emulsion, poly(vinyl alcohol), a polysiloxane, a
siliconate and mixtures thereof.

16. The board of claim 8 wherein the hydrophobic, UV
resistant polymer latex adhesive binder consists essentially
of a (meth)acrylic or (meth)acrylate polymer or a (meth-
Yacrylic or (meth)acrylate copolymer.

17. The board of claim 16 wherein said one of the fibrous
mals consists essentially of glass fibers and the other fibrous
mal consists csseotially of a blend of glass fibers and
synthetic fibers.

18. The gypsum board of claim 2 wherein the mineral
pigment comprises from about 75 (o 99 weight percent of the
coating, the inorganic adhesive binder comprises from about
0 to 20 weight percent of the coating and the hydrophobic,
UV resislant polymer lalex adhesive binder comprises from
about 1 10 17 weight percent of Ihe coaling,

19. The gypsum hoard of claim 18 whercin the mincral
pigmenl compriscs from about 83 to 95 weight percent ofthe
coating, the inorganic adhesive binder comprises from about
0 to 10 weight porcent of the coating and the hydrophobic,
UV resistant polymer latcx adhesive binder comprises from
about 1 to 12 weight percent of (he coating.

20. The gypsum hoard of claim 18, or 19 wherein the
hydrophobic, UV resistant polymer latex adhesive binder of
said combination consists essentially of 2 (methjacrylic or
{meth)acrylate polymer or a {meth)acrylic or (mecib)acrylate
copolymer.



