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A wallboard, a method of preparing a wallboard, and a method of making a gypsum slurry to prepare a wallboard are provided. The
wallboard Includes a set gypsum dihydrate derived substantially from a non-fibrous form of calcium sulfate and selected from the
group consisting of anhydrous gypsum and gypsum hemihydrate. The wallboard also includes an aerogel dispersed in the gypsum

dihydrate.
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(87) Abstract: A wallboard, a method of preparing a wallboard, and a method of making a gypsum slurry to prepare a wallboard are
provided. The wallboard includes a set gypsum dihydrate derived substantially from a non-fibrous form of calcium sulfate and selec-
roup consisting of anhydrous gypsum and gypsum hemihydrate. The wallboard also includes an aerogel dispersed in
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LOW THERMAL TRANSMISSION BUILDING MATERIAL

CROSS REFERENCE TO RELATED APPLICATIONS

{8001} This application claims prionty to UDS. Provistonal Patent Application No.
G1/3R 660 filed on Seplember 23, 2011 and to VLS. Provisional Patemt Apphicanon No.
G17550.7 14 filed on October 24, 2011, the disclosures of which are mcorporaied n fuil herewn

by reference.

TECHNICAL FIELD

(80021 A gvpswm composition is described. More particudarly, the gypsian composition
comprises a low density component and mayv be used m wallboards to reduce thermual

conduciivity, decrease weight, and umprove fire performance.

RACKGROUNID

(6003} Various products containing (he naturalty-occurting mineral, gvpswm, have been
developed for the building trades. Especially sotable are various gypsam wallboard products,
¢ 1 . sheel matentals tvpreally faced with material such as paper, non-woven glass fiber, or the
fike. In producing gypsum building producis, calcined gvpsum, te., anhvdrous or
henubydeate (CaS0AHOY, known also as stucco, plaster of Pans, molding plaster, buildmg
plaster, and the Hke, ty ;‘m@li y i g slurry, s east, motded, and died. During the course of this
process, the calcined gypsum is further tvdrated, yvielding hvdrated gypsam (CaSOy 2H ).
(6004} Gypsum building materials g#‘;;’fﬁﬂi‘iiiii-].}{ ave held i high repard for use in fire-resistant
construction. The spread of bire and the pepeiration of flame through sel gvpsum structures
are delaved, because impmging heat butially operates 1o reverse the hydration reaction,
recalcinmye pypsum, and liberating water. The liberated water 1s an additional energy sk,
absorbing its heat of vaporization. Although gypsun doesn 't barn, it shrinks and cracks when
heated m g Hame.

(0005}  Although conventional gypsum may be fire resistant, pypsum: with preater fire

resistance properiies and fower thermal conductivity 18 desirable.
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SUMMARY OF INVENTION

{60061 In one aspect, a wallboard s provided. The wallboard mcludes a set gvpsum
difivdrate denved substanbially from a non-librous form of calenan sulfate. The calcium
suliate 15 selected from the group comsssting of anhvdrous gypsum and gypsum hemuhydrate.
The wallboard further mcludes an gerogel dispersed in the set gypsunt hydrate.

(80071  In apnother aspect, a method of prepanng a wallboard 18 provided. The method

wcludes lormung a sturry composition. The slurry comuposition mchides @ gypsaum dibydsate

derived substantially from a non-fibrous form of calcium sulfate and selected from the group
consisting of anbivdrous gvpsum and gyvpsum bemithvdrate. The slurry composiion aiso
mcludes an aerogel dispersed o the gvpsum dihydrate. The shury 13 applied to a lower facing
material o form a core layver and an upper [acing matersal 18 apphied to an upper surface of

\

the core laver. The core tayer and the upper and lower facing materials are sufficiently heated

to dry the core laver and to dry the upper and lower facing miatenals, thus fornung the

watlboard.
(8008} In vet another aspect, a method of making a gypsam slurry 1s provided. The method

includes mixing water, a non-fibrous form of calcium sulfate selected from the group

consisting of anhydious gypsum and gypsum henuhydrate, and an aerogel to form the
aypsam shary,

{80091 Addibonal aspects will be set forth m part in the desenption that follows, and o part

will be obvious from the description, or may be learned by practice ol the aspects described
below. The advantages described below will be vealized and attained by means of the
clements and combinations particularly mmm out i the appended claims. R s to be
understood that both the foregoing general description and the following detailed description

are exemplary and explanatory only and are not vestrictive.,

BRIEF DESCRIFTION OF DRAWINGS

[6018] These and other features, aspecis, and advaniages of the presest mvention will
become betier undersicod when the following detatled description is read with reference 10

the accompanving drawmngs, wherein;

3
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(0011} FIG. 1 is a graph of temperature (°F) vs. time {min.}, as measured from the non-

exposed sides of gvpsum wallboards exposed to a nuffle fumnace, in accordance with

embodnments of the present disclosure.

(00121 FIG. 2 15 another graph of temperature () vs time {min ), as measured from the

non-exposed sides of gypsum wallboards exposed to a muflle furnace, 1 accordance with

embodiments of the present disclosure,

DETAILED DESCRIPTION OF INVENTION

(6013} In the followmng description, numerous specific defails are given to provide a
thorough understandmyg of embodmients, The embodiments can be practiced without one or
more of the specific details, or wilh other methods, components, maiatials, elc. In other
mstances, well-known stractures, materials, or operanons are not shown or described m detad

to gvoud obscuring aspects of the embodments.

{8014} Reference throughout this specification o “one embodiment,” “an smbodimet.” or

“embodiments” means that a partcular feature, structure, or characlensiic desertbed n

connection with the embodiment 13 included in at least one embodnment.  Thus, the
appearances of the phrases " one embodiment” or " an embodiment” m various places
throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structares, or characterisiics may be combined i any
sutiable manner m one or more embodiments.

define parts by weight unless indicated to the contrary. The term “{(wd/wy means weight

percent.

¢

[0016] An essential constituent comprising the products of the present disclosure is caleium
sulfate dihvdrate. This constituent 1s dentved fom the hvdration of any form of calcium
sutfate which is in non-~fibrous form and which 15 capable of reacting with water for form set
eypsun, that is, calcism suliate dibydrate. Thus, the calcium sulfate may be m anhvdrous
form or in the hemibvdrate form. The hemihydrate may be produced from the natarally-
OUCHITIRG gypsunt materiat by heating, or calcining, the diltvdrate. As used berein, the
henuhydrate form of gypsum may be referred to as “stacco.”

{6017}  Another essential conststuent comprising the products of the present disclosure 13

htd
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be added to form the calctum sulfate dibydrate in amounts i the range of about 30 parts per

100 parts of stucco 1o about Y parts per 100 parts of stueco.

(60181 In some embodiments of the present disclosare, a gyvpsum composition 1s provided.
The gvpsum composiion may comprise g gypsum dibtvdrate denved substanhiagily from a
nii-fibrous form of calctum suliate selected from the group consisting of anhvdrous gypsim
and gypsum hemhydrate (i.e., stucco) The gypsum composition may further comprise an

aerogel dhpel%ﬁd i the gypsumn dihydrate.

b mWim-K and below at 160 °F emc,i at i’lllﬂ(}‘a[ﬂ STi¢ Pressure. ﬁmwwcls function as :.hezm'ﬂ.

msulators primartly by minimizing conduciion, convection, and radiation.

(80201  In some emboduments, the acrogel may be dispersed substantially throughomst the
aypsum dibydrate. In other emboduments, the gerogel may be dispersed homogenously m the
eyvpsum dihvdrate.

(66211 In some embodiments, the aerogel may comprise a carbon agrogel. In some
embodunents, the carbon aeropel may comprise, for mstance, a cured phenolic aerogel, a
cured resorcmol formaldehvde aerogel, and the hke. In some embodiments, the cavbon
aerogel 15 characterized as havig a particle size m the range from aboutl 5 microns 10 about
000 nucrons, from about 5 microns fo about 1200 nucrons, rom abowt 5 microns © about
00 nucrons, from about 3 mucrons to about 15 mucron, or from about & macrons 1o abowt 16
DHCIONS,

(6022} In some embodiments, the aerogel mav comypuise a sihica aerouel. I some
embodanents, the silica aerogel may comprise a Cryvogel™ and/or Pyrogel™ material (Pacor,
Inc. . Cinnanunson, NI} In sonte embodimentds, the silica aerogel 18 characterized as having a
particle size m the range from aboui 3 mucrons to about 4604 microns, from about S nucrons
to about 1200 nucrons, from about 3 microns (¢ about 300 nucrons, from about 5 microns 1o
abaut 15 nucrons, or from about 5 microns to about 10 microns.

(60231 In embodiments, the aerceel may be present m the gyvpsum compossion i an
amount from about . 1%% to about 25%s {w/w}), about €. 1% to aboui 20% {wiw), abont 8.1% 10
abowt 15% {w/w), about 0.1% to about 0% (wiw}, about G.1% {0 about 5% (wiw), about

(3.5% 0 about 4% (wiw), about 0.5% to about 3% {wiw), about 0.5% to about 2% (wiw),
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about 0.53% o about 1% {wiw), or gbout 0.1% o about 0.5% (wiw) of the gvpsum

COMposiion,
160247 In sull other embodiments, the gyvpsum composition may further comprise a

surfactant. The surfactant may be an yome surfactant or a non-tome surfactani. Inn some

embodimenis, the surfactant may be Hvonie® PEM 10, PEM 15, andfor PFM 33 (Geo

Specialty Chemical, Lafayette, IN). In embodiments, the surfactant may be present in the
sypsum composiiion i an amount from about .1 % to about 2% (wiw), (.13 to about 1%
(wiw}, or about 8.1% to about $.5% (wiw) of the gypsum composition.

(60257 While clay 18 naturally found i siucco, it mav also be added (o gyvpsum

composiions. For mstance, clays may be added to improve the flame retardancy of gyvpsum

products. Suilable  clay  mcludes  smectite, bentomste, idlue, kaohnite, vermiculile,

-

montmorttonite, hectonie, and the bke, and suxtures therenf. In some embodiments, clay
may be presemt in an anoent within the range of abowt .01 wi o about 10 wi%s, from
abouat .03 wi to about § wils, or from about 0.1 wit to about 2.0 wity of the gyvpsum
Composiiion.

60261 In some embodiments, a method of making a gypsum compostion i1s provided, The
method comprises miuxing water, a non-fibrous form of calcium sulfate selected from the
oroup consisting of anhydrous gypsum and gypsum benubydrate, and an aerogel o form a
shurry. In some embodmments, the aercgel may be dispersed substantially throughout the
slurry. In other embodiments, the aerogel may be dispersed homogeneously m the shury,
(00271 In some embodiments, the method of makmg the gypsum composiion comprises
dry blending the calchwm sulfate with the aerogel before the addition of water 10 form the
sturry. In some embodiments, the step of dry blending the calcnum sulfate with the aerogel
may further comprise the use of a surfactant o facidate the coating of the calomm sulfale
ato the agrogel particles.

{80281 Water 1s used i the preparation of the slurry. Water mayv be oblamed from a vaniety
of sowrees mcluding but not imited o tap water, distilled water, punbed water, ramn waler,
and the bke. In some embodinments, the weight ratio of water to calchan suliate that 15 used 1o
prepare the shurry i the in range of about .5 to about 4.0, about 0.3 1o about 3.0, about 3.5 to
about 2.0, about (1.5 {0 about 1.3, about 0.5 to about 1.2, or about 0.5 {o abowt 1.0,

(6029}  In some embodimients, the method of making the gyvpsum composition may further
comprise casting a product from the shary, heating the product, and then dryving the product.

In some smbodiments, the product may be a wallboard

L
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(0030} Tn some embodiments, the aerogel used in the method of making the gypsum

comnposition may conpmise & sihica aerogel. In some embodiments, the walltboard formed

from the method of makig the gyvpsum composihion may be charactenized as having a weight

I

{ ess than gbout 38040 pounds per msf, less than gbout 2100 pounds per msi, or less than

about 1800 pounds per msi. As used herem, the ferm “msf” means 1000 squave feet.

(6031}  Additionally, the gypsum composition, made according to the disclosed methods of

making the gypsum composition, may inclade any of the parameters listed above for the

SYPSUM COMpOosHions.

Gy

(6032} The gypsum compositions described above may be mcorporated nto gypsum

-~

ysum Wallboards

(

wallbeards. In some embodiments, a wallboard 15 provided. The wallboard comprises a set

wypsum dibvdrate derived from substantially a non-fibrous form of calenum sulfate selected
from the group consisting of anhydrous gypswm and gypsum bemihydrate. The wallboard
further comprises an aeroge! dispersed in the set gypsum dihivdrate core.
(60331 In some embodiments, the aerogel mav be dispersed substantially throughout the
eypsum dihydrate. In other embodunents, the aerogel may be dispersed homogenously m the
set pypsam dihvdrate.
(60341 In some embodiments, the aerogel mav comprise a carbon aerogel In some
embodiments, the carbon aerogel may comprise, for msiance, a cured phenolic aerogel, a
cored resoromol formaldebyde aerogel, and the like. In some embodiments, the carbon
aerogel 1s characternized as having a particle size m the range from about § mucrons to about
4000 nucrons, from about 5 microns to gbout 1200 microns, from about § mucrons to about
500 microns, from about 5 mucrons {0 about {8 microns, or from about 5 microns o about 10
RCTONS.
(6035} In some embodiments, the gerogel may comprise a silica a ﬁ‘-:rog-ei. In some
embodiments, the silica aerogel may comprise a Crvogel™ andéor Pyro nuel™ material (Pacor,
Ine., Cmnammson, N} in some embodiments, the sthea asrogel 15 characiensed as having a
particie size in the range from about § nucrons (o about 4000 nucrons, fronm about 5 microns
fo about 1200 nucrons, Irom about 5 microns (o about 300 microns, from aboud 5 microns 1o
about 15 mucrons, or from about 5 microns to about 14 microns.
[6036] In embodiments, the acrope!l may be present my the gypsum composiion m an
amount from about 0.1% to about 253% {w/iw), about .1% o about 20% (wiw), about 0.{% (©

about 15% {wiw}, about ©.1% to about 0% (wiw), about 0.1% to about 3% {(wiw). about

§
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0.3% ¢ 10 abaui $85 {u W }.{ about 0.8 Y 0 about 3% {w v« 3, ahout 0.3% to about 29 { W W,

abowt 0.5% to about 1% (wiw), or about 0.1% to about 0.5% (w/w) of the gypsum

W

COmMposiion.

[6037F  In still other embodiments, the set gypsum ditvdrate may further conyprise a

surfactant, The surfactant may be an tonic surfactant or & non-tonwe surfactani. In some
embodmments, the swrfactant may be Hyvone® PFM 10, PFM 15, andior PFM 33 {Geo

Specialty Chemical, Lafayette, IN). In embodiments, the sorfactant may be present i the

sypswm compasiion i an amount from about 4.1 % to gbout 2% {wiw), 0.1% {0 about 1%

(wiw}, or about 0.1% to about 0.5% (wiw) of the set gvpsum dihvdrate.

160381 While clav 1s naturally found in stucco, i may alse be added {o the set gyvpsum

cibydrate. For instance, clays may be added to mmprove the flame retardancy of gvpsum
pmroducts.  Suitable  clay  includes  smectite,  bentomte, dhite,  kaohmite,  vernucuhis,
montmoritlonite, heciorite, and the like, and mixtures thereof. In some embodiments, clay i3
present i an amount within the range of about 0.01 wis 1o about 10 wits, from about Q.05
wi's 1o about 5 wit, or from about 8.1 wi%s to about 2.0 wits of the set gypsum dihvdrate.
[6039]  Also considerad as falling within the scope of the present disclosure are the presence
of anv of the followmg addibives wihach are commonly used m the manufactare of gypsum
based bulding mwaterials: polvmernie binders, dispersants, set refarders, set acceleraiors,
foaniing agents, defoamers, hiocides, paper hibers, particulate fillers and aggrepates, water
reducers and dispersants, starch and facing papers, and fire resisiance additsves.
(8040}  Exemplary polvmenc binders sclude acryhce latexes and other vinyi honopoivimers
and copolvmers, mcluding polvvimyl acetate and a copolvmer of vinyl acetate with another
vinvi monomer such as ethvieng.
{6041} Set acceleratows may enhance the seiting reaction of the gypsum composHinns.
Suttable accelerators mclude, for exanmple, potassium sulfate, fnely ground gvpsum, CaCls,
Na-{ (3, NaQH, (a0, Ca{OH )., and the hike. Set accelerators may be present m the gvpsum
core m an amount from about 0.0001 wi™ to about 1 wi¥h based on the stucco weight of the
COMPOSHION.
[0042] Set retarders mav be used to shightly delay the seting reactions unuil after the
stucco/water slurry has been formed o g sheel. Suitable retarders may mclude, for example,
soduum Citrate, sodium phosphate, protemns, and the hike. Another class of sl retarders that
may be used compnses divalent or trivalent metal compounds, including but not hinuted (o

magnesium oxide, yine oxide, calclm carbomate. magnesium carbonate, zmc suliate. 7ing
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stearate, and combinations thereof. Set retarders may be present in the gvpsum core i an

amount from about $.0001 wis o about 9.0071 wi®h or Fom about 00005 Wi o abowt

(.0008 wi based on the stucco weight of the composition.

80431 Exenplary fogmine aeents may inclade varous soaps. The foanmine apents, when
K » - (W L - - , L 2':?

present, mav be used m an amount from about 0.0001 wi¥s {o about 1T wiS based on the

stucco weight i the composiion.

(8044} Biocides, 1e for mold and mildew resistance, may also be present tn amountds
known 10 be effective. Exemplary biocides include mine thhocarbamates snd the hke. The
biocide, when preseni, may be used 1 an amount from about G.0001 wi% o | wi¥e based on
the stucco weight i the composition.

(60457 Various fillers nwy also be present, such as cenpspheres (hollow  ceranic
microsphieres), diatomite, wollastonite, ground nce hulls, ground perlite, chopped glass
fibers, or the like These and other fillers may be used o provide additional benefits. For
example, calcium carbonates or alununa hydrates may improve sandabibiy and Hexibility.
The acoustic/thermal mnsulation properties may be mproved by adding rubber pariicies,
vermiculite, pertte, and shredded or expanded polvstyrena. Fly ash, colloidal silica, fumed
sthica, and collowdal alumina may also be used. Fly ash s defmed as sohd powders having a
chenucal composition simar to or the same as the composibon of material that 15 prodaced
during combnustion of powdered coal, te., 25 wits o 60 wi¥e sithica, 10 wihs 10 30 wils
aluminum oxide, 5 with o 25 wits won oxade, 8 withs to 20 wite calcium oxade, and O wits 10
S wis magnestum oxide. Filler, when present, may be used m an amoeunt from about 1 wi%
(o about 30 wite, about 5 wit¥s 1o about 30 witls, about 10 wi 1o about 25 wi%. or gbout 15
to about 20 wih based on the weight of the stucco in the composition,

{6046} Waler veducers may also be used and mayv also be referved to as dispersants. As used
herein, the term “water reducer” means a substance which s generally used i gypsum to
improve the flow properties so that the gvpsum slurmes mayv be pumped or effectively
poured. The water reducess, also commonly referred to as superplasticizers, may be used ©
make gypsam compositions with reduced water contert which still retain adequate fow
properties. bxamples of suitable water reducers for use m this disclosure mclude, for
example, Hgnosulfonates, sodiurmn naphthalene sulfonate formaldehvde condensates,
napthalene sulfonate, polvcarboxvlates, and the hike. The dispersant, when presen{, may be
used i an amount of about 8.0001 wi to about 1.0 wi%, about 0.1 wi% to about .7 with,

or about (.1 withs 10 gbout 0.4 wio based on the stucco weight of the composiion.
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handimg.
{60481 Exemplary fire ressstance additives mclude bul gre not himited 1o perlite, vermiculite,

and borwe geid. Additional lire retardanis may mclude mineral oxides, nunergl bydroxides,

s

clayvs, metal oxides, metal hvdroxides, and metal carbonates such as magnesite. The fire
retardant, when present, may be i an amount from aboat 5 wi% 1o abowt 30 wi¥s, about 10
wi%s to about 25 with, or about 15 wi¥s 1o about 20 Wil based on the total weight of the
stacco 11 the composifion
(60491 Wallboards for mdenor use may confain wax or a wax emulsion as an additive to
10 smprove water resistance of the gypsam core. The disclosure 18 not limiled thereby, bowever,
and examples of other materials which have been reported as being effective for mproving
the water-resisiant propertiss of gypsuin products mclude the following: poly{viny! aleshol},
with or without a munor amount of poly(vinyl acetate); mwetallic resinates; wax or asphalt or
nyuxtures thereof, sometumes as an enmudsion; a mxture of wax and/or asphall and also
18 comflower and polassium permanganaie; water msoluble thermopiastics such as petroleum
and natural asphalt, coal lar, and thermoplastic syathelic resms such as polviyvinyl acetate),
poivivinyi chlonde), and a copolvmer of vinvi acelate and vinyl chionde and acryvhic resins: a
nuxiure of metal rosin soap, a water soluble alkahne earth metal salt, and residaal foel od; a
mixiure of petroleuwm wax o the form of an emulsion and either residual fuel o, pme tar or
260 coal tar; a muxbwe compnsing residual fuel ol and rosin; aromatic isocvanaies and
dusocyvanates; organohydorgenpolvsiloxanes; stheonates; a wax emulsion and a wax-~asphalt

emulsion each with or without such materials as potassion: sulfate, alkali and alkahne earth

moiien wax and asphalt an od-soluble, water dispersing emulsifyving agent, and admixing the
25 glorementioned solution of casein whach contams, as a dispersing agent, an alkali sulfonate of
a podvarvimethyiene condensation product. Mixtures of these additives may also be usad.
(8038} Species of wax emulsions and wax-asphalt emudsions vsed o mprove wallboard
water resistance are comwnercilly avalable. The wax portion of these emwulsions may
preferably be a paratim or microcrystalhing wax, but other waxes may aiso be used. The total
30 amount of wax and wax-asphall m the agueous emulsions may generally comprise about 30
i {0 aboul 60 wi¥h of the agueocns emulsion. In the case of wax-asphalt enndsions, the
weight ratio of asphalf to wax may vary from about 1 {o about | or from about 10 to about 1.

The amount of wax emulsion used to provide water resistant characteristcs o the gyvpsum
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core mav be within the range of gbout 3 wit¥h 1o about 10 wi% or about 5 wi% 1o about 7

wite, based on the total weight of the ingredients of the composition from which the set
gypsum core s made, the mgredienis including the water of the wax or wax-asphalt

emulsion, but not mchuhng additional amounis of water that are added o the gypsum

compostiion for forming an agueous shurry thereof.

80511 As used herein, the term “acing material” may comprise facing papers, nop~woven
. | ko . . s it o= . N Lok S . .

otass fibers, and other suitable materials for forming a laver over a gypsum core.
(60521 When the end product to be manuifactured 18 wallboard, facing papers, or other

facing materials such as non-woven glass fibers mayv be used (o cover the two exteriow faces

of the gvpsum shary or core. In practice, specially selecied paper s used o conler the

appropriate appearance and strength to the wallbosrd. A starch binder for adhenng the facng

paper to the gypsum shwrry may also be used.
(80231 In some embodiments, an additive may be used (o promote the adheston between the

\
.

sel gyvpsum core and the adjacent facing matenal{s). In some embodiments, starch may be
used to promoife adbesion. in st other embodiments, polvvinyl alcohol mav be used as o
binder,

{6054} The paper backing used m makmyg the gypsum wallboard may be made up of any
tvpe of thick paper or paperboard material such as, for example, anbleached Krafi
paperboard, recveled paperboard, semuchemical paperboard, or sohd bleached paperboard.
Typically, thas thick paper or paperboard may have a thickness of about 0.010 wches (10
mils), about .012 mches {12 nuls). about 0.014 mches (14 mils), about .016 wnches {16
mils), or about 0.020 mnches 20 muls). The use of multi-ply paper may also be possible.
Multi-ply paper used for the facing sheet of gypsum board products typically has 3 basis
weight from abowt 50 pounds per 1000 square feet 1o about 60 pounds per 1000 square feal,
an overall caliper of about 250 microns 1o about 350 microns, and a Gurley porosity from
about 15 seconds to about 145 seconds. Often, different types of paper are used for each

sypsin board surlace. For example, mania paper 13 frequently used on one side, while

L

newsliner 15 used on the opposite side. Paper and cardboard facmyg matenals are normally
made from recveled fibers (e 2., US ad {;ﬂmugmgd paper, kraft cutiin o5, OF waste newspril 1),
but theyv also may be partially or wholiy made from vivgin {ibers. Other natural or svnthetic

fibrous materials may be used, ncluding those dentved from metals or glass (e.p., hiberglass

mat, chopped or continuous strand mat, or glass roving, both woven and non-woven). Other

useful matertals for the facing sheets mclude flament fornmung synthetic orpamc polvmers

16
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{e.g., nylon, polvesters, polypropylene, polvethylene, ravon, and cellulosics), ceramcs,

cotlon, cloth, haw, felt, and the like. Multiple layers of fibrous materials, for a composiig
sheet of a glass mat and krafl paper, may also be used.

{60551 When a fibrous mat 15 used for etther or both facing matenals, the mat preferably 15

coated fo make i reswsiant to moisture. Such a coastims should be sulliciently porous,

-

howaeaver, to permit water in the aqueous gyvpsom shurry from which the gypsion core 13 made
o evaporate during manufacture of the board. Fibrous mats should alse contan material that

board.

{16056] Examples of such fibrous matenals imnclude (1) a muneral-tvpe matenial such as glass

fibers: (2) synthetic resin fibers; and (3} mixtures of such fibers. The mat may conprise
continuous or discrete strands or fibers may be woven or nomwoven m form. Nosnwoven mais
such as made from chopped strands and continuous strands may be used. The strands of such
mats tvpically are bonded togetber to form a wtary structhure by a sustable adhesive. The
fiber mat can range in thickness, from about 10 mils ¢ about 40 nuls, about 15 mils {o abouwt
35 muls, or from about 20 mils fo about 30 muls.

{6057} The bhibrous mats may be a pre-coated glass Iiber mat, wheremn the owler surface of
the mat is coated with a coating that comprises a muaxture of predominantly a nuneral
pigment, an morganic hinder, and 3 fatex polymer inder.

[B038] A nuneral pigment may be a component of the coating composition. Examples of
nuneral pigments switable for making the coated mats include, but are not himled o, ground
Himestone, clay, sand, mica, iale, gypsum, alununum tribydrate, antimony oxade, or @
combination of two or more of these substances.

(6059  The morganie binder may be an morgame compound such as calenam oxade, calom
hvdroxide, Alternatively, the morganic binder may be an inherent component m the nuneral
pigment component, as m the case wheremn the puneral pigment includes alumunum
tribvdrate, caloium carbonate, caloium sullate, magnesium oxide, or some clays and sands.
[6068] In some embodimenis, a method of prepanng a wallboard 18 also provided. The
method comprises forming g slarry comprising a gypsam dihvdrate derived substantially
from a non-fibroas form of calcium sulfate selecied from the group consisting of anbydrogs
cypsunmt gnd gyvpsam hemihvdrate. The slurry further comprises an aerogel that s dispersed in

the pvpsum dihydrate. The slurry 15 mixed and 18 then apphied to 2 lower facing matenal ©

11
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form a core laver. An upper facing material is then applied to an upper face of the core laver,
and the core laver and the upper and lower {acing matenals are heated sulficiently o diy the
core laver and the upper and lower facing materials to form the wallboard. The method of

preparmg & wallboard may also nciude the use of any of the addiional components described

s

above fur wallhoards. Additionallv, the method of preparing a wallboard mav also

meorporate anv of the above-listed parameters for gypsum cores of wallboards, including but

not {imited to the use of aerogels andfor surfactants.

(6061} As used herein, the tenm “core layver” means a laver of slurry that has been or will be

sandwiched between an upper and a lower facing matenal,

10 |6062]  In an exemplary contimuous manufactoring process, two reels of facing malenal are
simubtaneously unwound. One regl of g lower facing matenial unwinds below the mixer that
forms the slurry, such that the slurry 1s apphiad to this matenal. An upper facing material from
a second reel 15 then brought into contact with the starry from above, thereby sandwiching the
slurry. The “sandwich™ of shurry and adjacent facing matenails 1s then passed through a mold

15 or other forming device for establishing the thickness of the gypsum board, The slurry is then
allowed {0 set and form the gypsum core by hydration of the stucco. During this settmg
process, the core hardens as the gvpsum muneral {calciam sulfate dihvdrate) 1s formed.

[6063] In another embodiment, a8 relatively thin laver of sturry comprising stueco and an
gerozgel may be applied to the first side of the lower face andéor the fivst side of the upper

26 face. These thin lavers of slurry miay be made (o bave a higher density by redecing the water
to stacco ratio or by elinunating the foam component from a shlurry. In an exemplary
continuous manulacturing process, two reels ol facing matenal gre simultaneously unwound,
A relatively thin laver of shury comprising stucco and an aeropel 15 applied o the first side of
a lower facmge matenal as o wnwinds abead of the muxer. The lower face which contams a

25 relatvely thin laver of shurry contiinues below the muxer that fonns the shurry, such that
another slurry which does not contain an aerogel o contains a reduced amount of an aerogel
15 apphied onto this thin layer. An addittonal thin laver of shuary comprising stucco and an
acrogel can then be applied to the first ©ide of the upper facimg matenal tronm a second reel.
The upper face which contains a relatively thin faver of shurry s then brought o contact

30 with the sturry from above, thereby sandwiching the slurry, The “sandwich™ of shary and

adjacent facing matenals contaming a thin laver of slurry is then passed through 3 mold or

ather forming device for establishing the thickness of the wallboard. The shury is then
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allowed to set and form the gypsum core by hydration of the stucco. During this setting

process, the corg hardens as the gvpsum waterial (calonam sulfate dihvdrated is formed.

(6064} In another embodiment, a relatively thin laver of shwrry comprising stucco and an
aerogel may be apphied 1o the first side of the lower face andior the first side of the upper
face. These thin lavers of shury may he made (0 have a higher density by reducing the water
to stucce ratio. In an exemplary contingouns manufactaring process, two reels of facing
material are simultaneonsly unwound. A relatively tun laver of sharry comprising stucco and
an gerogel 18 apphed to the first side of a lower facing material as i unwinds ahead of the
mixer. The lower face which comtains a relabvely thin laver of slurry continues below the

sxer that forms the slurry, such that another sturry whiach comprises stucco and an agrogel s

applied onto this thun laver. An additional thin laver of slarry comprising stucco and an

......

aerouel can then be apphed 1o the first side of the upper facing material from & second reel.
The upper face which contains a relatively thin layer of shaty s then brought into contact
with the slurry from above, thereby sandwiching the slurry. The “sandwich™ of slarry and
adiacent facing materials contaming a thin layer of sharry 1s then pass through a mold or other
formung device [or establishung the thickness of the waliboard, The slurry 15 then allowed ¢
set and form the gypsam core by hydration of the stucco. During this setling process, the core
hardens as the gvpsum matenal {calcium sulfate dihyvdrate) s fonmed.

{83651 As used heram, the term “slate coal” refers (o the relattvely thin laver of shomry
comprising stucco and an acrogel and hurther having a higher denssty as compared with the
densiiy of the remamder of the shurry that forms the gypsum core. As described above, one or
maore sigte coats may be applied to g gypsum core, In some embodiments, the siate coats may
be applied 1o opposite sides or {aces of the gypswn core. In siilf other emboduments, one or
more siate coats mayv be applied t0 a single side or face of 8 gypswum core. In st other
embodiments, one or movre slate coats may be applied 1o each opposite side or face of the
UV IS COFe.

{8066} The shurry generally contains more water than necessary solaly (o reconstituie the
gyvpsim front the stuacco. This extra water 15 used i the bosrd formmg stage 1o reduce the
stucco slurry viscosty sufficiently to allow lor 18 even distribution {e.g.. by using a {orming
rolt) across and bebtween the facing sheets at a desived thickness. As a result of the used of
excess waiter, the gvpsum board remains wet after hvdration. Theretore, the formed board is

usually dried.
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dryving oven} around the wet gypsum board to evaporaile the excess water. H 1S necessarny,
therefore, that the facing sheet matenals be sulliciently porous to allow thas excess water to

readily evaporate without adverse effects such as delamination, tearing, bursting, efc. of {he

s

facing sheet materials. The ability of the {acing sheet materials o easily allow the escape of
water vapor also promotes a uniform degree of dryness. This mproves overall board guality,
since msafliciently dried gypsan board presents storage problems, while overdrving feads to
calcinanon and causes loss of mechanical strength. Typical drving conditions involve
maintaimne an ambient or surrounding hot air emperature from about 200 “F to about 600 °F
10 or from sbowt 250 °F 1o about 3 °F, for a drying time from about 10 minudes to about 2

......

hours, from about 30 nunutes (o | hour, or from about 30 minutes 1o 45 nunutes, and with a
e speed from about 70 feet/nunuie to about 230 feet'nunuie or from aboul 100 fesl/mune
to about 200 feet minute.

kxamples

{5 Gypsum Compositions

{6668} Gyvpsum  compostiions  comprising  sthica  serogels  were prepared with  the

formulations as defined m Table 1. All of the {ormalations were prepared usmg stucco

(Calcium sulfate hemuhvydrate; CaSO439H0). A control gypsam composition (Formulation |}

cid not contam sthica aerogels, The stucco was obtamned from Georgia Pacilie LLOC {Atdants,
20 GA)Y The silica aerogels were oblained from Cabot Corporation (Boston, MA).

TABLE]

eroget Particle Nze

Formulation No. | WatersStucco Ratio | Aerogel Amo ity A

w2, f}v‘_».

‘ r P P PP PP PP Py Py Yy gy

) .
l F- K
PV FFF r F F r r r r r#
' el 3
n, ”
{ '
(] J’ r
-

P S Fr P F yyyyyy

Wallboard Prey

80691 To prepare the pypsum composifions, commercially available asrogels were drv
. . . N , i o , Ry , .

aration

25 blended with stucco according fo one of two methods.

14
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(0070} Method One. An appropriate amount of stucco and an appropriate amount of agrogel
werg dry blended in a Hobert mixer (KitchenAid®, St. Joseph, MI) until a significant amount
of the aerogel component was observed to be phvsicaily coated on the stucco particles.

(0071F Method Two. An appropnate amount of stucco and an appropriate anwunt of
aeropel were combinad with (L1 wi¥ — 0.5 wi% of a surfactant {(Hyonic® PFM 13; Geo
Specialty Chemical, Lafavette, IN}. The combination was then diy blended i a Hobert mixer
until a significant amouomt of the acroged component was observed o be physically coated on
the stucco pariicies,

(60721 Aerogel blended stucco, obtained from either method one or method iwo, was nuxed

with waler at different water {0 stucco ratios {see Table 1), Afler bwo mimutes of strring, the

samples were removed from the mold afier 30 nunutes, pernutted 1o cool {0 ambignt

temperatoare, and then dried 0 an oven at 110 “F until no further weight loss was observed.

The samples were then cooled {o ambient temperature under controlled hunudity conditions.
Thermal Transnussion Tesiing
{6073} Each sample was subseguently tested for fire performance using @ multle humace
test. The samples were each placed dwectly {acmyg the malfle fumace, completely covenng
the opening of the mufile furnace heating chamber. One surface of each sample was exposed
(0 a temperature of HEXY °F gnd the thermal fransmission of the sample was evaluated by
measuning the change in temperatare on the other (non~exposed) side of the sample using a
thermocouple. The temperature change as a lunction of thme was then plotted lor each
sampie. The complete data is presented m FIGS, 1-2 and summarized i Table I,

TABLE I

Dry Sample Weight

Temp. at 25 min

{{hs.mst)

: 2100
. 1700




s

10

CA 02849492 2014-03-20
WO 2013/043882 PCT/US2012/056356

(8074}  As can be seen from the daia in TABLE I, the inclusion of silica aerogels into the

core of gypsum wallboards significantly reduced the thermal transmission through the

*
U
h__v.# .

eypsum wallboard, Additionally, o should be voted that gypsum wallboards that were

considerably hghter than the control gypsum wallboard were also able (o provide a reduced

thermal trapsmission.

[8073]  The data was normalized as follows: Four inch by four inch wallboard samples with

a one~half inch duckness were prepaved. The weight of sach wallboard sample was measured.

Lising this measurement, a calculated wetglt for each wallboard sample was obtamed with a

thickness of 0.623 inches and the same squarg dimensions, From this, the 100 square foot

{MSF) board weight was calculated, as presented in TABLE 11,

(6076} 1t should be apparent that the foregoing relaies only to the preferred embodiments of

the present mvention and that nmumercus changes and modifications may be made hergm

without departing from the spirit and the scope of the invention as defined by the following

claims and equivalents thereol
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CLAIMS

i A waltboard comprising:

a set gypsum dihydrate, the set gypsum dihydrate derived xub%muuﬂ» front a non-
fibrous form of calcium sulfate selected from the group consisiing of anhyvdrous gypsom and
gypsim henuhydrate; and

an aerope! dispersed in the set gypsum dibvvdrate,

2 The wallboard of any one of clamms 1, wheremn the aerogel comprises a carbon sevogel

DK

or a stlica aerogel.

3, The wallboard of clamm 1, wherern the aevogel is characterized as having a particle

size 1 the range from 3 microns 1o 4000 mscrons.

4. The wallboard of claim 1, whergin the asrogel s present in the waltboard i an

amount from 0.5%5 to 4% {wiw) of the set gypsum dihvdrate.

S, The wallboard of claim 1, further comprising a surfactant, wherein the surfactant is

present iy the wallboard 1 an amount from .1% o 199 (wiw) of the gypsum dibvdrate.

6. A method of preparing a waliboard comprising:
formmg a slarry comprising
a gypsun dihydrate derived substantially from a non-fibrous forn of calcium
sulfate and selected from the group consisting of anhvdrous gypsum and gypsum
hemihydrate; and
an acrogel dispersed in the gypsum dibydrate;
applying the ;s'ﬂim“r}f 1o g lower f&t:-mg material to form a core .l-g}-‘ef;
heating the core layver and the upper and lower facing materals suthciently to dry the

core laver and the upper and lower facing matenals to form the wallboard.

7. The method of claim 6, wherein the aeroge! comprises a carbon aerovel or a silica

aerogel.

17
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. The method of claim &, wherem the aerogel 15 characterized as having a particle size

i1 the range fron 3 to KKK nncrons.

G, The method of claim 6, wheremn the aeropel s present in the wallboard w an anount

from .39 to 4% (wiw} of the set eypsum dihydrate.
10, The method of claim 6, wherein the shurey further comprises a sarfactant.

11, The method of claum 6, wherein a surfactant 1s present i the wallboard i an amount

From €106 0 19% (wiw) of the gypsum dihvdrate.

12, The method of clamm &, hurther comprising applying at least one siate coat to a surface

of the core kaver.

13, A method of making a gvpsum sury, the method comprising mixing water, g non-
{ibrous form of ¢calcnnn suliate selected from the group consisting of anhydrous gvpsuin and

gypsan hemihvdrate, and an aerogel (o form the gypsam shary.

14, The method of claim 13, wherein the geropel comprises a carbon aerogel or a silica

aerogel,

15, The method of claim 13, wheretn the calcium sulfaie and the agrogel are dry blended

betirre the addition of water to form the gypsum slurry.

16, The method of claim 15, wherein the step of dry blending further comprises adding a

31 ]‘f&ti&ﬁi

17, The method of claim 13, wherein the weight ratio of water 1o caleium sulfante used 1o

prepare the gypsum slorry 15 1 the range lrom 0.5 10 2.4

18, The method of clamm 13, lurther compnising casting a product from the gvpsum shary,

heating the product, and drying the product.



CA 02849492 2014-03-20
WO 2013/043882 PCT/US2012/056356

.

19, The method of claim 18, wherein the product is a wallboard.

20, The method of clam 19, wherein the waliboard 1s chavacterized as having a weight of

ess than 2100 pounds per msf,

Y
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