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GYPSUM CONTAI NI NG PRODUCT HAVI NG | NCREASED RESI STANCE TO PERMANENT .
DEFORMATI ON AND METHOD AND COWPCOSI TION FOR PRODUCING I T 5 Field of the
Invention This invention relates to a nethod and conposition for preparing

set gypsum .ol ng products, e.g., gypsum boards, reinforced sum
conposi te b‘gg:;%@d,’;upl asters, machinable materials, joint 18CT/USS t ment

materi als, and acousti cal
them More particularly,

tiles, and nmethods and conpositions for producing
t he invention concerns such set gypsum contai ning

products that have increased resistance to permanent deformation (e.g., sag
resi stance) by enpl oying one or nore enhancing materials. Sone preferred
enbodi nents of the i nvEGYPSUM-CONTAININGCRRODUXT HAVINGHNOREASER by

hydration of cal ci
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treatment materials, and acoustical tiles, and methods and compositions
for producing them. More particularly, the invention concerns such set
gypsum-containing products that have increased resistance to
permanent deformation (e.g., sag resistance) by employing one or more
enhancing materials. Some preferred embodiments of the invention
concern making such products by hydration of calcined gypsum in the
presence of an enhancing material that causes the set gypsum produced
by such hydration to have increased strength, resistance to permanent
deformation (e.g., sag resistance), and dimensional stability (e.g., non-
shrinkage during drying of set gypsum). The enhancing material also
provides other improved properties and advantages in preparing the set
gypsum-containing products. In an alternative embodiment of the
invention, set gypsum is treated with one or more enhancing materials
to provide similar, if not the same, increased strength, resistance to
permanent deformation (e.g., sag resistance), dimensional stability, and
other improved properties and advantages in gypsum-containing
products. In some embodiments of the invention the set gypsum-
containing product of the invention contains relatively high



concentrations of chloride salts, yet avoids detrinental effects of such
salt concentrations in gypsumcontaining products in general. Background 5
Many wel | known useful products contain set gypsum (cal ciumsulfate

di hydrate) as a significant, and often as the major, conponent. For

exanpl e, mis the maj or conponent of paper-faced sum boar ds
errplmgyed |S‘;?%§7§ drywal | construction of interior wall 848P3 i ngs of
bui l di ngs (see, e.g., U S. Patents 4,009,062 and 2,985, 219). 10 It is
al so the maj or conponent of gypsumnicellul ose fiber conposite boards and
products, as described in U S. Patent 5,320,677. Products that fill and

snooth the joints between edges of gypsum boards often contain major
anounts of gypsum doneentrations ofithioridecsatis} yét oistdstiimentad effects of stich es

useful in suspended ce| l'in can contain s i ficant, 15 per cent ages of
set gypsum as dest "‘?@P’@%B%P%‘m“’ﬂ”%ﬂ@" %‘E’HSS'"EQ@Q@MSB and
3, 246, 063. Traditlonal pI asters in general, e.g., for use to create

pl aster-surfaced internal building walls, usually depend mai nly on the
formation of set dBgekgmundany specialty materials, such as a materi al

useful for dellng an | chi ned
as descri be in US. ngﬂ%rgggﬁgé‘égﬂﬁ n aln cn@ftgfrﬁs;& R%&négala%ﬁ)?um
Most such gypsum csulfatendihydrate)dasca significapt, @pdrofientas thermajorgcampbuentre of

| ci ned I | fate h dr at d/ | f at
nhyar te) and et o TR, AZH BRI R Rdr ponsht of PaigriFte buflu

casting the m xt urmaraﬁcsmm ﬁﬁ@rﬁkﬁﬂ AavalintshsBUctist of teritrividils, aﬁtﬂd
aIIovvlngthe mxtureto en orm se

h d
reaction of the ca‘F%’lqgé 198 (%eere-Bnhd). &eé@ﬁe"lso“ oG éaatﬂati$%/§*g)
crystal lineqdpydr atjggs Qﬂb'siﬂa hieforCéonpotiént oF %yﬂéﬁlﬁl&bﬂﬁl@%e fibB Somposite

boards and products, as described in U.S. Patent 5,320,677. Products

that fill and smooth the joints between edges of gypsum boards often

contain major amounts of gypsum (see, e.g., U.S. Patent 3,287,601).

Acoustical tiles useful in suspended ceilings can contain significant

15 percentages of set gypsum, as described, for example, in U.S. Patents

5,395,438 and 3,246,063. Traditional plasters in general, e.g., for use

to create plaster-surfaced internal building walls, usually depend mainly

on the formation of set gypsum. Many specialty materials, such as a

material useful for modeling and mold-making that can be precisely

20 machined as described in U.S. Patent 5,534,059, contain major amounts
of gypsum.

Most such gypsum-containing products are prepared by forming

a mixture of calcined gypsum (calcium sulfate hemihydrate and/or

calcium sulfate anhydrite) and water (and other components, as

25 appropriate), casting the mixture into a desired shaped mold or onto a

surface, and allowing the mixture to harden to form set (i.e., rehydrated)

gypsum by reaction of the calcined gypsum with the water to form a

matrix of crystalline hydrated gypsum (calcium sulfate dihydrate). This
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- 2- Is often followed by mld heating to drive off the remaining free
(unreacted) water to yield a dry product. It is the desired hydration of
the cal cined gypsumthat enables the formation of an interlocking matrix of
set gypsumcrystals, thus inparting strﬁngth to the gypsum strugt u[e inb5
t he sum L0l n roduct. Al of the gypsum containing products
desc?iyged aﬁfg\%ﬁ?gﬁg Benefit if the strength of their cof$3fi&A¥18H gypsum
crystal "structures were increased in order to nmake themnore resistant to
the stresses they may encounter during use. 10 _ Al'so there is a
continuing effort to make many such gypsum containing products lighter in
wei ght by substituting |ower density materials (e.g., expanded perlite or
air voids) for paris afftenhfollowedt by ymitdimeating ity trives Wi tiasemainityy frees a

d to increase the strength of the set psum,above normal | evels just to
Prgient aionI g\C/er aISI p?%ﬁ%?te&%?@?m 39_9’ prgéuqt.hg] % @99%"?# hydration etihsus| y
hi gher density progakinedigypaulf thatienaBldsthb feinatibh of YA MBHEEGSg matriX &vi de

strength in the lower density product. Furthernore, there is a need for
greater resistanceSelOypsUmREHalsbus impenting strength todiag) gyrsune stawatene inn t he

structure of gmany 3%?&- \ni ng products, especially under
P ﬂ;eob %‘ﬁ?@l W aﬁgat

condi tions of high enperature, or even |oad. The
human eye typical |y canAlitoftbe gypsumsagtaihing producistdescotibechabovercould at

h b 0. 1. f t f oot | h of board, .Thys, there
!gsz tnegg ? o(r)Utgypséﬁb&ﬁwﬁgisﬁ%ﬁﬂwéﬁ%@ﬁﬁ"‘?gg yRsumerysial ?tﬂ"%'éfteﬁanent
def ormation over t erainefeabed inforderito mike tham Fopé fosidtant 1@ thaEiteBses they

gypsum cont ai ni ng boards 25 . and tiles are often stored or enployed in
a manner in which [T engpunter during use.
10 Also there is a continuing effort to make many such gypsum-

containing products lighter in weight by substituting lower density

materials (e.g., expanded periite or air voids) for part of their set gypsum

matrix. In such cases there is a need to increase the strength of the set

gypsum above normal levels just to maintain overall product strength at

15 the levels of the previously higher density product, because there is less
set gypsum mass to provide strength in the lower density product.

Furthermore, there is a need for greater resistance to permanent

deformation (e.g., sag resistance) in the structure of many of these

gypsum-containing products, especially under conditions of high

20 . humidity and temperature, or even load. The human eye typically cannot

perceive sag of a gypsum-containing board at less than about 0.1 inch

of sag per two foot length of board. Thus, there is a need for gypsum-

containing products that are resistant to permanent deformation over the

useful life of such products. For example, gypsum-containing boards

25 and tiles are often stored or employed in @ manner in which they are

positioned hon'zontally.. If the set gypsum matrix in these products is not

sufficiently resistant to permanent deformation, especially under high

humidity and temperature, or even load, the products may start to sag
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positioned horizontally. If the set gypsummatrix in these products is not
sufficiently resistant to pernmanent deformation, especially under high
hum dity and tenperature, or even |oad, the products may start to sag -3-
in areas between the points where they are fastened to or supported by an
underlying structure. This can be unsightly and can cause difficulties in
use of ‘the WPIHRH¥L. In many applications gypsum cont ai nifSYSP¥HAL: s nust
be able-to carry loads, e.g., insulation or condensation 5 | oads,

wi t hout perceptible sag. Thus, there is a continuing need to be able to
form set gypsum having increased resistance to pernmanent deformation (e.g.,
sag resistance). There is also a need for greater dinensional stability of
set gypsumin gypsimnareasbeiween theppointsatiere theyaretfastenedtoor supported by0

processi ng, and conmer |, application. Especia under condi

changi ng tenper at uP8 “&ﬁﬂﬁWLﬂwgﬁ""b‘!’e ig ;E&W@ and Fﬂ'ﬂcﬁ'r'seea'blgh'g'esFor
exanpl e, noisture ypkRe apthdﬂpﬁdmsal 'Iﬁ'trﬁérii} lapplications gypeameontdining of a
gypsum board or tile exposed hu and_ tenperature can Ia%gravate

a saggi ng probl em Byodugis must Pﬁéblﬁﬁ?i ‘éﬁ"M @édﬁcﬂaﬁd'ﬂsb‘ aé',@ﬁee'r&mésnsa Al so,
in the prepasati on|QdeSGh J SUtserEaptiohs sag. SThiX tRereds 'é%bi\hhu’ng n%'eartbbbcant

anount of free unreacfe water left in the natrix after t psum has
set. This free vvat @ble to feromsetygypsuse having| increased fesistanes t@nﬁ%f“ﬁ@%!ﬂtl ng. As

the evaporating vvaéséﬁb\gﬂéﬁieé gﬁéwﬁé hf'éc?m erstices of the gypsummatri x,

the matrix tends t tur fces of the 20 set gypsum
(i.e., the water was holTHers is kot apvwed fongredtet kiimemsiendl cstability ofesetgypsum

el or bvaor at os) " gypaum"TR Gypsumm-tontaming producis dGing the manufacure,
10 processing, and commercial application. Especially under conditions of
changing temperature and humidity, set gypsum can shrink or expand.
For example, moisture taken up in crystal interstices of a gypsum matrix
of a gypsum board or tile exposed to high humidity and temperature can
aggravate a sagging problem by causing the humidified board to expand.
16 Also, in the preparation of set gypsum products there is usually a
significant amount of free (unreacted) water left in the matrix after the
gypsum has set. This free water is usually subsequently driven off by
mild heating. As the evaporating water leaves the crystal interstices of
the gypsum matrix, the matrix tends to shrink from natural forces of the
20 set gypsum (i.e., the water was holding apart portions of the interlocking
set gypsum crystals in the matrix, which then tend to move closer
together as the water evaporates).
If such dimensional instability could be avoided or minimized,
various benefits would result. For example, existing gypsum board
25 production methods would yield more product if the boards did not shrink
during drying, and gypsum-containing products desired to be relied on
to hold a precise shape and dimensional proportions {e.g., for use in
modeling and mold making) would serve their purposes better. Also, for
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I f such dinmensional instability could be avoided or m nimzed, various
benefits would result. For exanple, existing gypsum board 25

production nmet hods would yield nore product if the boards did not shri nk
during drying, and gypsumcontaining products desired to be relied on to
hold a preci e and di nensional proportiaons (e.g., for use in nodeling
and nold mal?? g‘ﬁ%ul d serve their purposes better. Al so, PoFUS9%$17293
exanpl e, sone plasters intended for interior building wall surfaces could
benefit fromnot shrinking during drying, so that the plaster could be
applied in thicker |layers w thout danger of cracking, rather than needi ng
to be applied in nultiple thinner layers with | ong pauses to allow 5
adequat e dryi ng betexample, sgme plastdrs intended for iteriar lpaldingowalbsurfaces coukd

gypsum cont ai ni ng pr.od s al xhi bit ot her. particular prqble For
exanpl e, |ower den ‘W"JG \qp'é'pré &%Wgcfg tﬁ% tﬁ8f‘ﬁ%§ ?@ﬂ@@d by
usi ng foam ng agentgpplied ihrtniakérImmmubhbaeoﬂdaMg:lrﬂhdrﬂmmmgﬂrl es
(fl owabl e aqueous 10 m xt.u reséyt hat yi eI d corresgon i ng per manent

voids in the produd® Reh&pplied iggpu thﬁ’ﬂ%'r Ryers) yith Joog trawses 10 AW t hat |

because the gyueoupdegase g%%éﬁﬁ & liRBfidns, Unst abl e and therefore
many of the bubbles nay coaleSce and cape the relatively dilute slurry

(like bubbles in a bubbﬁ@"l@fﬂﬂﬂb%ﬂ!ﬂ%qfwgmﬂmdmabpgﬁﬂ'ﬁblfcant 15
concentrations of C?%gép ?nn?’% ém%% t OFBF eggm obp&%wc # desired

concentration of v t gypsum i n or aln-a uct of
desired density. Truosltamngepredactscaresomobmdem by us:hgafcmmnng fagents tof

O oo 10 4508 ol b TR 3N el b i Buecus

10 mixtures) that yield corresponding permanent voids in the product when

the set gypsum forms. It is often a problem that, because the aqueous

foams employed are inherently unstable and therefore many of the

bubbles may coalesce and escape the relatively dilute slurry (like

bubbles in a bubble bath) before the set gypsum forms, significant

15 concentrations of foaming agents have to be empioyed to produce the

desired concentration of voids in the set gypsum, in order to obtain a

product of desired density. This increases costs and risks of adverse

effects of chemical foaming agents on other components or properties

of the gypsum-containing products. It would be desirable to be able to

20 reduce the amount of foaming agent needed to produce a desired void
concentration in set gypsum-containing products.

There is also a need for new and improved compositions and
methods for producing set gypsum-containing products made from
mixtures containing high concentrations (i.e., at least 0.015 weight

25 percent, based on the weight of calcium sulfate materials in the mixture)
of chioride ions or salts thereof. The chloride ions or salts thereof may
be impurities in the caicium sulfate material itself or the water (e.g., sea
water or brine-containing subsurface water) employed in the mixture,
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20 reduce the anount of foam ng agent needed to produce a desired void
concentration in set gypsumcontaining products. There is also a need for
new and i nproved conpositions and methods for producing set

gypsum cont ai ni ng products nade from m xtures containing high
concentratigns (i .e., at least 0.015 weight 25 percent, based on the
wei ght ™ of C&B@PI&#&;U' fate materials in the mxture) of ch|PSF{‘E§%8'176??s or
salts thereof. The chloride ions or salts thereof may be inpurities in the
calciumsulfate material itself or the water (e.g., sea water or

bri ne-contai ni ng subsurface water) enployed in the m xture, whi ch prior
to the present invention could not be used to nmake stable set

gypsum cont ai ni ng whichprios to fhe@resentinsértionaonlewbt beused to make istgble setd
conpositions and net hods for .t.reati set gypsumto inprove strength,
resistance to 5 gypﬁwﬁ&néﬁﬂ'"aef ion (e.g., sag resistance), and

di mensi onal stability. Thefe i 8Rb% hSed foraiw BHE Maprsved donipositioneshd

i nproved set gypsum containing products, and conpositions and et hods for
produci ng them thanetbeds for Heating set oyRsuwhig dmpravepsteanatisresistanseioove.
T DI esent (ENvent anaRirk Seloliafr 18 S Sag HisiSNED) UndahOfeibry SRy e
present inventors have unexpecte ound set gyp$um contal ni ng products
and conpositions and nefThusisthere is e continuingmeeddior tiest and drpeenesdbgt neet

t he needs descri be e h e L JEen 5 . t [ | .0 ets
one or nore of t he%g%ggéﬁnaﬁ@gt B&%)ﬁ} %%%t%ﬁ“?ﬁ%&gﬁ‘ﬁo%ﬁ& H‘%dﬁe for ™
i nvention having i nproducing them, tatsolve] avoid, rorn@irimizef thenprioblems siofedepar ed
' above. The present invention meets these needs.

10

inventio

The present inventors have unexpectedly found set gypsum-
containing products and compositions and methods for their preparation
that unexpectedly mest the needs described above. Each embodiment

156 - of the invention meets one or more of these needs.

A set gypsum-containing product of the invention having
increased resistance to permanent deformation is prepared in
accordance with the invention by forming a mixture of a calcium sulfate
material, water, and an appropriate amount of one or more enhancing

20 materials chosen from: condensed phosphoric acids, each of which
comprises 2 or more phosphoric acid units; and salts or ions of
condensed phosphates, each of which comprises 2 or more phosphate
units.

The mixture is then maintained under conditions sufficient for the

25 | calcium sulfate material to form the improved set gypsum material.

As used herein, the term, “calcium sulfate material®, is intended

to mean calcium sulfate anhydrite; calcium sulfate hemihydrate; calcium



accordance with the invention by formng a mxture of a calciumsulfate
material, water, and an appropriate anmount of one or nore enhancing 20

mat eri al s chosen from condensed phosphoric acids, each of which conprises
2 or nore phosphoric acid units; and salts or ions of condensed phosphates,
each of whwagg&ﬁggrlses 2 or nore phosphate units. The m xture is then

mai nt ai ned ‘under condi tions sufficient for the 25 caPCTURReATA% at e
material to formthe inproved set gypsum material. As used herein, the
term "calciumsulfate material, is intended to nean calciumsulfate
anhydrite; calciumsulfate hem hydrate; cal cium -6- sul fat e di hydrat e;

i ons of calciumand sulfate; or mxtures of any or all thereof. In sone
enbodi ment s of t hesulfateedihydrate;liens of calciomsand sulfateradremikiares of anysarigll cal ci um
sul fate hem hydrattﬁ. | p such cases all of the 5 enhanci ng material s
descri bed above w ?repprpart I ncreased resistance to permanent deformation

to the set gypsum for npglsorieembedimeh of iknineastiondhealsiumpsuifateensterial he
followi ng salts, qor the anionic portions thereof: sodiumtrinmetaphosphate

(al so referred to inanesty galciumsulfate, emiydsteneda istprases plVeiines- 27
repeating plgosphat hHﬁéiﬁéMrﬁ 0%%%5%@%@%{55&8&3?&5&?&@% and

anmoni um pol yphosphat e VI ng repeat| osphate units (al so
referred to herei rpermanem) defairnation to, thie setr gypsume formedef Howevery somes

oL e ea e AR B Aleg N e e BB g e
concentration. 15 thereof: sodiumtrimetaphosphater(alsoaatombditoriareinfas STMP)esent
|nvention, this | Ssodium hexametaphosphate having 6-27 repsating phosphate units (also
10 referred to herein as SHMP), and ammonium polyphosphate having
1000-3000 repeating phosphate units (also referred to herein as APP))
will provide preferred benefits, such as greater increase in sag
resistance. Also, APP provides equal sag resistance to that provided by
STMP, even when added in only one fourth the STMP concentration.
15 In some preferred embodiments of the present invention, this is
accomplished by adding trimetaphosphate ion to a mixture of calcined
gypsum and water to be used to produce set gypsum-containing
products {as used herein, the term, “calcined gypsum’, is intended to
mean alpha caicium sulfate hemihydrate, beta calcium sulfate
20 hemihydrate, water-soluble calcium sulfate anhydrite, or mixtures of any
or all thereof, and the terms, “set gypsum” and “hydrated gypsum®, are
intended to mean calcium sulfate dihydrate). When the water in the
mixture reacts spontaneously with the calcined gypsum to form set
gypsum, the set gypsum is unexpectedly found to have increased
25 strength, resistance to permanent deformation (e.g., sag resistance), and
dimensional stability, compared with set gypsum formed from a mixture
containing no trimetaphosphate ion. The mechanism for these

improvements in properties is not understood.
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acconpl i shed by adding trinmetaphosphate ion to a m xture of cal ci ned gypsum
and water to be used to produce set gypsumcontaining products (as used
herein, the term 'calcined gypsumi, is intended to nmean al pha cal ci um
sul fate hem hydrate, beta calciumsulfate 20 hem hydr at e,

wat er - sol ub 9&3{924 um sul fate anhydrite, or m xtures of any_or aII t her eof
and thé ter gypsum and "hydrated gypsuni, are int ¥ Y2 Bean
cal cium-sul fate di hydrate). Wien the water in the m xture reacts
spontaneously with the cal cined gypsumto form set gypsum the set gypsum
I S unexpectedly found to have increased 25 strength, resistance to

per manent deformation (e.g., sag resistance), and dinensional stability,
conpared with set gypsuFurtivermote,f r itm hasi xbesre ameixpectedly nfound that

tri met aphosphate i pn. ,The hani these i ertiesis,
not undgrstgod 8’ Eta&l?ﬁgﬁé @E“\PP) %é&ﬁrd)%ﬁéﬁr?e ttbﬁf%$83nd '
that trinmet aphOSphéﬁ@t'g?PsﬁhlfJ@n éﬂ%ed(y?pstmt Ili ﬁotlrvméd’@ddéﬁét relativélp :

formati on of set gépsum rom cal ci ned gypsum act, when added at
rel atively higher Bigheerfiansentsations evels le“HPn't$ t%swef%ngaSaﬁgeadd&#

addition, 5 g GHQ%%P%‘ §% & S tH&léléfaf“e%CﬁeeFélBeéf Wd‘raﬁ?ﬁ e‘ofC’f

hydrati on of cal CI ne gypsum s I's especia
surprising, as is calelnedcgypaum to formheetgypsumt [This istespecially gyrprising, Because

phosphat o mat er i ai 5 eitddes i feisfengy 3k 3ol consin, Be3RE i hbatken. ., case
the 10 strengt genérallyethgughtum ther gypt.uni artsthat phosphoric or phophatepst
S e o s el P pale g foRhalon of et oy and dbehsd the ™
10 strength of the gypsum formed. This is in fact true for most such
materials, but not for trimetaphosphate ion.

Thus, in general, some preferred embodiments of the invention
provide a method for producing a set gypsum-containing product having
increased strength, resistance to permanent deformation (e.g., sag

15 resistance), and dimensional stability, comprising: forming a mixture of
calcined gypsum, water, and trimetaphosphate ion, and maintaining the
mixture under conditions (e.g., a temperature preferably less than about
120F) sufficient for the calcined gypsum to convert to set gypsum.

In some preferred embodiments of the invention the method is

20 one of producing a gypsum board comprising a core of set gypsum
sandwiched between cover sheets of paper or other material. The board
is prepared by forming a flowable mixture (slurry) of calcined gypsum,
water, and trimetaphosphate ion, depositing it between cover sheets,
and allowing the resultant assembly to set and dry.

25 While the board thus produced has all of the desired improved
properties of increased strength, resistance to permanent deformation
(e.g., sag resistance), and dimensional stability, it has been observed
that, for reasons unknown, when such a board has for some reason

8-



provi de a nethod for producing a set gypsum containing product having
I ncreased strength, resistance to permanent deformation (e.g., sag 15
resi stance), and di nmensional stability, conprising: forming a m xture of
cal cined gypsum water, and trimetaphosphate ion, and maintaining the

m xture un jtions (e.g., a tenperature preferably | ess than about
120F) suffiqg{)gg or the calcined gypsumto convert to sefCUFB¥MR%In some
preferred enbodi nents of the invention the nethod is 20 one of

produci ng a gypsum board conprising a core of set gypsum sandw ched between
cover sheets of paper or other material. The board is prepared by formng a
fl owable m xture (slurry) of calcined gypsum water, and trinetaphosphate

i on, depositing itbécomewst oohas nohbees compibtely|driednduringeprodacticmithe

nbly to set a \Whj | he boar hus, produced has all
of the tesired i mpiRUSLpeh. e ypeum poré preind et Bedts [BlEnlbabbie o
ﬁermgnent geform;tp?arﬁefamosm@rg&sbﬁimﬂ,,?mwmrimh malcoﬁ{amyh ?lty, it
ved t hat or reasons .unknown, en such . oar s for sone
rgzsoﬁen Obzggma wpic “ﬂ%’eﬂﬁ\%aﬁ‘g@ﬁ %BW&Q@I%P G?'é'é@PQjﬁ‘ﬁqb sta )dﬂﬂ%’i‘l on,
the bond betgeen themiaicomtribites @/1ktier PapeiRicord BBhA INGHI IBhetVRF | S1 Ng

e
paper) can |ose strength or even fail, even when the board contal ns a

typi cal nonpregel athefly cepuld dhen delaginateniremi therhward,e avhichawaud vibe ch 5
LY ot oo e Sp Bl FoRay B fiefCPiphAe Pt e REnEY T, .
Fortunately the preoletion tothisypassiblé attenddrt problemd Fheydhave found thdtithe
S L e LT N R R D
starch t hem®econegroductiohisiitiye ATHIS RireHheh BekSmes distributed throughout the '

resultant gypsum core, and it has been unexpectedly found that this

avoids the weakening of the bonding between the core and the cover

sheets.

Thus, in some of its embodiments the invention provides a

15 composition and method for producing an even more improved gypsum
board. The composition comprises a mixiure of water, calcined gypsum,
trimetaphosphate ion, and a pregelatinized starch. The method
comprises forming such a mixture, depositing it between cover sheets
and allowing the resultant assembly to set and dry.

20 in cases where it is desired to produce a gypsum board of lighter
weight, the invention provides a composition and method for
accomplishing this. The composition comprises a mixture of water,
calcined gypsum, trimetaphosphate ion, and an aqueous foam, and the
method comprises forming such a mixture, depositing it between cover

25 sheets, and allowing the resultant assembly to set and dry. Such
composition and method provide a board of lighter weight, because the
bubbles of aqueous foam result in corresponding air voids in the set
gypsum core of the resultant board. The overall strength of the board is
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resul tant gypsumcore, and it has been unexpectedly found that this avoids
t he weakeni ng of the bondi ng between the core and the cover sheets. Thus,
in some of its enbodi ments the invention provides a 15 conposition and
met hod for producing an even nore inproved gypsum board. The conposition

conpri ses e of water, calcined gypsum trinetaphosph Lon, and a
pregel ati nﬁ%rch. The met hod conprises form ng such g&@%ﬁﬂ?’é"'
depositing it between cover sheets and allowi ng the resultant assenbly to
set and dry. 20 In cases where it is desired to produce a gypsum
board of lighter weight, the invention provides a conposition and net hod
for acconplishing this. The conposition conprises a m xture of water,

cal ci ned gypsum thighesthan-apndrartboard predutedwithdthe dnclusion of amaduedus net hod

ned gypsu ¢thapis agucedm _
Sheets. “and_al | owpeinineTbidft hecaGee B ie)Rc/sbadf iGN B iiert Ry te
EOEEFSi ti ?n and nnmdfslasioprdf\thldarimehphosbha‘te Ii%rgmme.miatngbgasebeoﬁ]mmdtﬁe

S Ol aqueou oam y es N Ccorres n ng .al VOI AN e S sum
core of the resul TaYRTMRERY. FAEexapa: oI BRRER ob¥ Pk tigkhess raadey. 77"
hi gher thanga priqp diicordifebwith tHeprident ifVehtith havé Wrdaler Afsistandifiteeous

foamin the mxture, because of the increased strength provided by the

inclusion of the tRemenentdefopnation (e sag resistaneg)ithar *aineh ceilingboardsne
i nventive board. %Q%%iﬁ%{r@ls@}ﬂrﬁ \E/:gﬁlﬁogﬂaﬁéj%a;métﬁ?ae%. |-mg'g Eﬂa @}egg?gts nmade 5

in accordance with ntion have grea resi st an
per manent def or natinventios prpvides sybstantiat castsayings dor céiling-thoard iprodugtionar ds

made using prior art CojRosLhliingithditdii dund th'Be ahbfePbSsei to the

10 inclusion of trimetaphosphate ion in mixtures also containing an aqueous
foam. Namely, it has been found that proportionally more air voids (and
more overall air void volume) per unit amount of aqueous foam
employed, are created in the resultant gypsum-containing product when
trimetaphosphate ion is included in the mixture. The reason for this is

186 not known, but the beneficial result is that less foaming agent has to be
employed to produce the desired amount of air void volume in the set
gypsum-containing product. This in turn results in lower production
costs and less risk of adverse effects of chemical foaming agents on
other components or properties of the gypsum-containing product.

20 In some embodiments the invention provides a composite board
comprising set gypsum and a reinforcing material, prepared by. forming
or depositing a mixture on a surface, whersin the mixture comprises the
reinforcing material, a calcium sulfate material, water, and an
appropriate amount of one or more enhancing materials chosen from

25 condensed phosphoric acids, each of which comprises 2 or more
phosphoric acid units; and salts or ions of condensed phosphates, each
of which comprises 2 or more phosphate units. The mixture is then
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I nvention provides substantial cost savings for ceiling board production.
Unexpectedly, there has been found to be another benefit to the 10.

i nclusion of trinmetaphosphate ion in mxtures also containing an aqueous
foam Nanely, it has been found that proportionally nore air voids (and
nore overa ' oi d volune) per unit anount of aqueous foam enpl oyed, are
creat ed inh%%é%$9¥ultant gypsum cont ai ni ng product when t?qqﬁgpygﬁggphate
ion is included in the m xture. The reason for this is 15 not known,
but the beneficial result is that |ess foam ng agent has to be enployed to
produce the desired anount of air void volune in the set gypsum containing
product. This in turn results in | ower production costs and | ess risk of
adverse effects oimaiftaimed ahdércanditignssidiicientdar thelualciurospifatermatedal to

properties of the suny cont ai ni roduct. 20 In sone

enbodi ments the i%?ﬁ%*ﬂsam@@@%aeconposi te board conprising set gypsum
and a reinforcing mat erThelinverntionailss pRividescd Bbmposite beardsedmprising setxt ure on
a surface, wherein the mxture conprises the reinforcing material, a

cal ci um sul f at e m@WBBYR and Bast particins, #h leashpaorion o BRGFHOVRIUBREING: nore
enhanci ng_ e o1 | 2lobeRi3ASA In ar@ATH acoes B EF fh HUPRBIGKIGcIEE! dhe cach of

whi ch conprises 2 or nore p oric acid units; and salts or ions o
condensed phosphatbeard és\ereparequby darmingpern depositingr a moixlure posp fairfaceni t s.

The m xture is thgpadil-the mmrgt@& edNdgfe ﬁB&dééﬂtii?‘%& %ﬁfcfdn? Istithtel OF the
calciumsulfate materral to rorma set gypsummateri al. e rnventiron al so
provi des a conposihemitydratd, atdepstisportios ef whichdsiin thedotmo of crystals inlaeed, at

o o Ol liinS BB AT i eter 5534 s Lp5rbeee BoRC "
10 of one or more enhancing materials chosen from the group consisting of
condensed phosphoric acids, each of which comprises 2 or more
phosphoric acid units; and salts or ions of condensed phosphates, each
of which comprises 2 or more phosphate units. The mixture is then
maintained under conditions sufficient for the calcium sulfate
15 hemihydrate to form set gypsum, whereby the portion of the set gypsum
in and about the accessible voids in the host particles forms by in sifu
hydration of the calcium sulfate hemihydrate crystals in and about the
voids of the host particles.
The invention also provides a set gypsum-contaiﬁing machinable
20 product prepared by forming a mixture comprising a starch, particles of
a water-redispersible polymer, a calcium sulfate material, water, and an
appropriate amount of one or more enhancing materials chosen from:
condensed phosphoric acids, each of which comprises 2 or more
phosphoric acid units; and salts or ions of condensed phosphates, each
25 of which comprises 2 or more phosphate units. The mixture is then
maintained under conditions sufficient for the calcium sulfate material to
form a set gypsum material.
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board is prepared by formng or depositing a mxture on a surface, wherein
the m xture conprises: the host particles; calciumsulfate hem hydrate, at
| east a portion of which is in the formof crystals in and about the voids
of the host particles; water, and an appropriate anmount 10 of one or
nor e enhancw @@1‘72“ al s chosen fromthe group consisting of condensed
phosphoric X 8%%8ach of which conprises 2 or more phospHErHYSIYATR yni ¢ s;
and salts or ions of condensed phosphates, each of which conprises 2 or
nore phosphate units. The m xture is then nmaintained under conditions
sufficient for the calciumsulfate 15 hem hydrate to form set gypsum
whereby the portion of the set gypsumin and about the accessible voids in
t he host particles forn¥Fhbéyinventiontalsd priovidesa sst dypsumatontaininguprbduet

hem hydrate crystals in and_about .the voids, of the hos articles. The

i nvention al so p_roﬁmi‘yeat%@?'s 9&@2’@9’5?%?‘?995 %?H’ﬂ&ﬂgés? e produgt. o quct
prepared by form ngrégpdFediby Ms6RANMBI N the Pirt EAmbiure EomMprisis aBinder, a

wat er-redi spersi bl e polynmer, a calciumsulfate material, water, and an
appropri ate anount thitkenss ajiondeyeling asenic 2 faiciun sitfale matarial water; apd an

q 4 ohasphor i . ; . . i
Cord uni sy Bon" onePeftiiafe et & orlbf ford ERhariity fetéridlp bfafktP RO
whi ch conprises 2 eondensed)pbespharic aciils,seachhef whichiicomprises ¢ onamoreai ned

e oy o B otk S b B4 Bl BBt i ° <

gypsum cont ai ni ng jf ehicH complisasc2 or andrienprrdsphatecunits. bEhsvasiRtures! i thenf
ggﬁ;? ims Pﬁgr gs bi ﬁ,gg ,arirﬁgi%(e:& uﬁtrieerp c%f‘:gr%or?gl s&fﬁ'gigrgttflorn ((?1eI cgtlc?ur%\ g% at?-zI nq;te?ialnt]o)(t ure

10 form a set gypsum material.

The invention also provides a set gypsum-containing acoustical

tile prepared by forming or depositing in a tray a mixture comprising a

gelatinized starch, a mineral wool, a calcium sulfate material, water, and

an appropriate amount of one or more enhancing materials chosen from

15 condensed phosphoric acids, each of which comprises 2 or more

phosphoric acid units; and salts or ions of condensed phosphates, each

of which comprises 2 or more phosphate units. The mixture is then

maintained under conditions sufficient for the calcium sulfate material to

form a set gypsum material.

20 The invention also provides another type of set gypsum-

containing acoustical tile prepared by forming or depositing in a tray a

mixture comprising a gelatinized starch, expanded perlite particles, a

fiber reinforcing agent, a calcium sulfate material, water, and an

appropriate amount of one or more enhancing materials chosen from

25 condensed phosphoric acids, each of which comprises 2 or more

phosphoric acid units; and salts or ions of condensed phosphates, each

of which comprises 2 or more phosphate units. The mixture is then



t hi ckener, a non-leveling agent, a calciumsulfate material, water, and an
5 appropriate anount of one or nore enhancing materials chosen from
condensed phosphoric acids, each of which conprises 2 or nore phosphoric
acid units; and salts or ions of condensed phosphates, each of which

conpri ses e phosphate units. The m xture is then d under
condi t'i ons su#gf ?%:éent for the calciumsulfate nateri al opn%fﬁ(é g’"z?:br m a set

gypsumnmaterial. The invention also provides a set gypsuntcontaining
acoustical tile prepared by formng or depositing in a tray a m xture
conprising a gelatinized starch, a mneral wol, a calciumsulfate
material, water, and an appropriate anmount of one or nore enhancing
material s chosen Mmainained under conditions suffi igibntSotthei calciamdwifatsanatesal tehi ch

conprises 2 or nits; and salts or ions of condensed
phosphat es, each g&"ﬁgggﬁgﬁﬁfé}@ék@ or nore phosphate units. The m xture
i's then maintained und¥heciawentioroalsospriovidesesst dypsumheontaihiniguproguttsat e
material to forma s ysummater al . 20 . The i yentl n,_al so
provi des anot her F’ﬁé 99 fg ngy3JM &fzsﬂhﬁﬂ?@%%%ﬂaq E{? clum supidte ared by
form ng or dgeposi idiHyardté aAd Wafdy, Méfb’&bééiﬁcﬂmﬂfésﬁ'éthc'ulrﬁéhStlmibhi@ﬂieSt arch,
expanded perlite particles, a fiber rei nf or i ng agent, a calcjumsulfate

material, water, &rreatraﬁnfapﬁasmtcestawﬂh ranhancipg anaterigb - Eornation: pﬁg
terials ch i h
material s chosen %ﬁﬂor. Cérgtgf?% gﬁ&*waeh%u%a?&urﬂ%uwa% pghi ¢

conprises 2 or nore pho and salts or 1ons condensed
phosphates, each dasvibeerhfaundpta peovids set gypsunpicontaining pnmlucﬁs hélingmi xt.ure
(s then - 12 "BhA63LLS SRR, r&8BEnts W peianehl Baforalion e S Hag UM
sul fate materi al
10 resistance), and dimensional stability. Such post set treatment can be
accomplished by addition of the enhancing material by either spraying
or soaking the calcium sulfate dihydrate cast with the enhancing
material.
In some embodiments the invention provides a composition and
15 method for producing set gypsum-containing products from mixtures
containing high concentrations of chloride ions or salts thereof (i.e., at
least 0.015 weight percent, based on the weight of calcium sulfate
materials in the mixture). The chloride ions or salts thereof may be

impurities in the calcium sulfate material itself or the water (e.g., sea

20 water or brine-containing subsurface water) employed in the mixture,
which prior to the present invention could not be used to make stable set
gypsum-containing products.

Description of the Drawi _
25 Figure 1 is a graph depicting product weight of gypsum board

products, including the gypsum board of the present invention.
Figure 2 is a graph comparing sag resistance of a gypsum board
made in accordance with the present invention with commercially
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forma set gypsummaterial. The invention also provides set

gypsum cont ai ni ng products nmade by form ng a m xture of enhancing materi al,
calciumsulfate 5 di hydrate and water. Mre specifically, these

enbodi ments involve the treatnment of gypsum cast with enhancing material.
Formati on o‘gv %@ggﬁure of the enhancing materjal, water, and cal cium

sul fate di hygra € has been found to provide set gypsum coﬁﬁWPWz%roducts
havi ng i ncreased strength, resistance to pernmanent deformation (i.e., sag
10 resi stance), and dinensional stability. Such post set treatnent can
be acconplished by addition of the enhancing material by either spraying or
soaking the calciumsulfate di hydrate cast wwth the enhancing material. In
sone enbodi nent s t aeailable gypsum poandsdmeaeln@mbeitééted boaedsl are installsgt hod

for producing set um co .ta| ucts f ur es ont ai ni ng hi gh
concentrations of gﬁﬁér"f’ﬂ?’?'&ﬂg g'galﬁ"g qenlkrpgg 'east 0. 015
wei ght percent, based ongnmwmapheémﬁamgsug@uisima&t?wsa}n%da?dt he

m xture). The chloride 1ons or. salts thereof urities in

cal ci um sul fate naf@aLain ?F%QFF’F“‘ER witho the, pegsept: '@'enf'QBaW'ﬂ(D commergigllyr or
bri ne-cont ai i ng Sﬁﬁlﬂbié‘ rd%”WgQVﬁﬁ a'llrihé '??stgﬁj’goghfs ardinEtanBg' or to

the present invention cou not e use
gypsum cont ai ni ng ¥$iog gonventivosidr2100 lelng‘attawhnEnth.gpdlﬁSlve) Figure

1 is a graph depicting t, board 8@9% | udi ng
the gypsum board of t he'pb?fe&sjg '?\EH% %ngﬁ%mee S8, Bﬁe@oﬁl’fﬁr I ng
sag resistance of gypsuyms boaitbmaderindecomniancs Withathe rasdnt ifvehtibheirha
invention with comercia 3'
mmercnali& available gypsum board.
10 : Figure 5 is a graph depicting the sag deflection effect of treatment
of gypsum board in accordance with the present invention prepared from
gypsum board comprising previously set and dried gypsum (i.e., calcium

sulfate dihydrate).

15 Description of Preferred Embodiments
The present invention can be practiced employing compositions
and methods similar to those employed in the prior art to prepare various
set gypsum-containing products. The essential difference in the
compositions and methods of some preferred embodiments of this
20 invention from compositions and methods employed in the prior art to
prepare various set gypsum-containing products is that a
trimetaphosphate salt is included to provide that in methods of the
invention the rehydration of calcined gypsum to form set gypsum takes
place in the presence of trimetaphosphate ion and thereby produces the
25 ‘benefits of the invention. In other respects the compositions and
methods of the invention can be the same as the corresponding
compositions and methods of the prior art.
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avai | abl e gypsum

conventional stapled and screwed ceiling attachnent.

boards, wherein all the tested boards are installed using

Figure 3 is a.graph

conparing sag resistance of a gypsum board nade in accordance with the
present invention with comrercially 5 avai | abl e gypsum boar ds,

all the te rds are installed using conventional F
at t achment 6\éda‘ﬁmps?'aadhes| ve). Figure 4 is a graph conpari W&’&S’
defl ection effect of a gypsum board nade in accordance with the present

i nvention and a ¢

ommercially avail abl e gypsum board. 10 , Fi

wher ei n

gure 5

Is a graph depicting the sag deflection effect of treatnent of gypsum board

in accordance wt

h the present invention prepared from gypsum board

conprising previously The timbtaphasphgiensalh included inacompoasitions xf cthe

s i R LR T R

those enpl oyed i ndobs nbt agversely iriteraet wttnromerabmpmemstofgu@wmposmml ni ng
products. The essgntlal di fference [

osi tions nmet hods of sone
STRIAS.Of g Salls/20% ACTIOR INMGIAARRPRAR PORSSIARY
met hods enplsoyed itfimbfifpheisbRated t faﬁwﬁéﬁaﬁfe VimdtbShcsphatsl PS UNRIGAME & ni ng

di hydrate). 15
i nventi on can be

preferred enbodi

products is that
met hods of the in
gypsum t akes pl ac
produces the 25
conposi tions and

atrineta hosphate salt 1s included to provide that
mtaslnoapﬁeter alninum trissetaphasphaten and @ymmltsmm

I n
set

S B, OB S BB 8 IR 16 AEDY

commetsially avaiabley fort éxamplenfrom Solatia dne. aisSt hieouis,

correspondi ng Conmgéottho;qrsev%ﬂsya t}()o?inor}csaﬁt%ecc%bgr{y & ét Louns “Missouri.

10

16

20

25

To be used in the practice of one of the preferred methods of the
invention, the trimetaphosphate salt is dissolved in the aqueous mixture
of calcined gypsum to yield a trimetaphosphate ion concentration of from
about 0.004 to about 2.0 percent by weight, based on the weight of the

calcined gypsum. A preferred concentration of trimetaphosphate ionis

from about 0.04 to about 0.16 percent. A more preferred concentration
is about 0.08 percent. If desired for easier storage and delivery in the
practice of some embodiments of the invention, the trimetaphosphate
salt can be predissolved in water and inserted into the mixture in the
form of an aqueous solution.

In accordance with a preferred embodiment of the invention, the
trimetaphosphate ion need only be present in the aqueous mixture of
calcined gypsum during the hydration of the calcined gypsum to form set
gypsum. Therefore, while it is usually most convenient and thus
preferred to insert the trimetaphosphate ion into the mixture at an early
stage, it is also sufficient to insert the trimetaphosphate ion into the
mixture of calcined gypsum and water at a somewhat later stage. For
example, in preparing typical gypsum boards, water and calcined
gypsum are brought together in a mixing apparatus, are mixed

-15-



The trimetaphosphate salt included in conmpositions of the invention can
conprise any water-soluble trinetaphosphate salt that does not adversely
interact with other conponents of the conposition. Sone exanples of useful

salts are sodiumtrimetaphosphate, potassiumb5 tri met aphosphat e,
amroni um 1] aphosphat e, lithiumtrinetaphosphate,_alum num
trimet aphogv&?rg{o@£and m xed salts thereof, anong others. RSP 7293

trimetaphosphate is preferred. It is readily commercially available, for
exanple, from Solutia Inc of St. Louis, Mssouri, previously a unit of

Monsant o Conpany of St. Louis, Mssouri. 10 To be used in the

practice of one of the preferred nethods of the invention, the

tri met aphosphat e $Hwrouphlydand dharedra usually daposiied ontocanoyvenshest an aed

gypsumto yield a_trime hosphat e i ncon ratjon,of f out 0.004 to
about 2.0 percent"]ﬂy%&’ﬂﬁrtan 8385°8 Wﬁg%}lﬁ%ﬁ? plﬂmf’ﬁ’é’eﬁ&? %& oFtedosum A
preferred concent pfiktupé beforé mmhp?baﬁmﬁ@rdrﬁﬂrdﬂ%nwcalclnédgyi?sabﬂut 0.04
to about 0.16 percent. A nore preferred concentration is_ about

percent. If desi r 9 Set YRS agcyrmgMiNle ifids imestycanyepiest ﬁ?aﬂﬂt ’&"@ of some
erbodi ment sgof ¢ ehéysisbhite (i ol AR s ropdraisn B8 riipgi Sol ved
xture 1n the

in water and inserted 1nto e m ormof an agueous sol ution.

20 | n aepparatuscitisalsosuffigieot t@radctthemgtapbnsphﬁte fonatialatert i on,
t he trimetaphosph a0 t eof
cal ci ned gygsumpdgﬁé%g ?Héeﬁeép%yéﬁ%np e ca @P{rl\%g O?quai%ﬁt%“té *l'%

gypsum Ther ef or e depbsites] agueosis mixtaré pf calcined gypsum gus'l befmle thmsemndf er r ed
Stage, 11 15 al socBuRH (REBh:o; BlacAd.PYSH 188 « Fersi At pAnABS | BHHSONEo ¢ he
m xture of qgal ci Ngfnéty Ql%%ﬂ‘@él@l'iorﬁklll 308108 debadirRd rﬁﬁ(ﬁﬁl@ anE%
exanple, in preparing ml cal sum boards, water and cal ci ned
present when the ul of the hydration to form set gypsum occurs.
Other alternative methods of getting the trimetaphosphate ion into
the mixture will be apparent to those of ordinary skill in the art and are
of course considered to be within the scope of the present invention. For
16 example, it may be possible to pre-coat one or both of the cover sheets
with a trimetaphosphate salt, so that the salt will dissolve and cause
trimetaphosphate ion to migrate through the mixture when the deposit of
the aqueous mixture of calcined gypsum comes into contact with the
cover sheet. Another alternative is to mix a trimetaphosphate salt with
20 raw gypsum even before it is heated to form caicined gypsum, so that
the salt is already present when the calcined Qypsum is mixed with water
to cause rehydration.
Other altemative methods of getting the trimetaphosphate ion into
the mixture are to add the trimetaphosphate ion to the set gypsum by any
25 suitable means, such as spraying or soaking the set gypsum with a
solution containing trimetaphosphate. It has been found that the
trimetaphosphate ion will migrate to the set gypsum through
conventional paper sheets used in the processing of set gypsum.
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gypsum are brought together in a m xing apparatus, are m xed - 15-

t horoughly, and then are usually deposited onto a cover sheet on a noving
belt, and a second cover sheet is placed over the deposited m xture before
the major part of the rehydration of calcined gypsumto formset gypsum
occurs. While it is nost convenient to get the 5 trimeta ho&ghate I on
into the n1yvh¥@mﬁﬁrlng its preparation in the nixing appa¥f Qiﬁﬁ? P is also
sufficient to add the trinetaphosphate ion at a |later stage, e.g., by
sprayi ng an aqueous solution of the ion onto the deposited aqueous m xture
of cal ci ned gypsum just before the second cover sheet is placed over the
deposit, so that the aqueous 10 tri met aphosphate ion solution will soak
into the deposited m xt Qhe caltthedgypsur employed in thednventién oén béiin thg orat | on t o

form set gypsum occu Q her al ternative_nethods f. etting the

tri net aphosphat e i @R qsrﬁ°5‘°?'I‘F59t ¢ bypically, fo LB'LJ] t[" 6@%"%""@( di nary
skill in the art aruinwmnﬁhwwrme Fﬁ@:s'aﬁereld de lb% ‘é‘lpiHél Balclifn ssuffate of the
present invention. For may be possible to pre-coat one

or both of the cové?efwh)é@'ﬁ? \netanc@lcvm suifatp hemyhydratecwpter-sslublegalcium sal t
[l di | d h
11 o1 Ve ity PSR o iy 1 AR, YRR

m xture when the depos ypsum cones
into contact wth tsyathetic soursésdn soma(prtferredbmbodmmlpha calciomsulfate

L1} et aphosohate s Semitihing s empic B SRS YREUEpENR Ay JATRY, 0
gypsumis m xed wi tHi anahgtm frotier préferredtemibodifbhisr batht caidiari sulfateet hods
of getting the trinetaph hate ion i e m xt.ur 0, add, t he
tri met aphosphate i JIeW of mixty gﬂqe%,e&qym suifateehemlﬁyérate and water-

10 soluble calcium sulfate anhydrite are employed.

Other conventional additives can be employed in the practice of
the invention in customary amounts to impart desirable properties and
to facilitate manufacturing, such as, for exampie, aqueous foam, set
accelerators, set retarders, recalcination inhibitors, binders, adhesives,

15 dispersing aids, leveling or nonleveling agents, thickeners, bactericides,
fungicides, pH adjusters, colorants, reinforcing materials, fire retardants,
water repellants, fillers and mixtures thereof.

Iin some preferred inventive embodiments wherein the method and
composition are for preparing gypsum board comprising a core of set

20 gypsum-containing material sandwiched between cover sheets,
frimetaphosphate ion is employed in the concentrations and manner
described above. In other respects, the composition and method can be
practiced with the same components and in the same manner as the
corresponding compositions and methods for preparing gypsum board

25 of the prior art, for example, as described in US Patents 4,009,062 and
2,985,219, the disclosures of which are incorporated herein by
reference. Boards produced using this preferred inventive composition
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25 sui tabl e means, such as spraying or soaking the set gypsumw th a
sol ution containing trinetaphosphate. It has been found that the
trimetaphosphate ion will mgrate to the set gypsumthrough conventi onal
paper sheets used in the processing of set gypsum The cal ci ned gypsum
enpl oyed ip the invention can be in the formand concentrations typically
found” usef YPPM¥he correspondi ng enbodi nents of the pri SCTASMIT2X can be
al pha cal cium sul fate hem hydrate, beta cal cium sul fate hem hydrate,

wat er - sol ubl e cal cium 5 sul fate anhydrite, or mxtures of any or all
thereof, fromnatural or synthetic sources. In sonme preferred enbodi nents
al pha calcium sulfate hem hydrate is enployed for its yield of set gypsum
havi ng rel ati vel yahdgmethod:rexhibit impraviedr sipergtle,r resistanbe diomperrsahanta

cal cium sul fate hem hydr.ate ar.a m.xture aof beta calciumsulfate

hem hydrate and wg%ﬁ‘a&%" and d@_BT'ﬂBP%] sgﬁt?'&tVUm sul fate anhydrite are

enpl oyed. Ot her convenin preférretd! fethodss and compositibh® Yerdprepating gypsami ce of
the invention in customary ampunts to i npart desirable properties and to

d I
facilitate manuf abpard. iyhergin the,surfacs sheatsnf the oaed commsism Papar a
accelerat o8, set pigahitiifict sththiis didbmBlbyba th Wbidf the dthéifésiighiges! ves,

15 di spersin eveling or nonleveling agents, thickener
bact eri ci des, f uniyicoéated, riski ofdpaper cdelamination aunder canditiansc oh @xdremer i al s,

preferred | nvent i MR SRdRaI@Rtiing ok oy HRrcHE athibved B9 cHBRRET weldh >0 o,
preparing gypsum abtenperatupes ofi atdesst d85F oo by stierNell knowngpethiods.cont ai ni ng
" the. concentr at ons. S RERTEIEe A Sondiyayallas eroqmiabins stpebes il " ne
conposi ti opgand nggRedtieAPuipdses of the present invention are (identified by their
commercial names). PCF1000 starch, available from Lauhoff Grain Co.;
and AMERIKOR 818 and HQM PREGEL starches, both available from -
Archer Daniels Midland Co.
To be used in a preferred practice of the invention, the
156 pregelatinized starch is included in the aqueous mixture of calcined
gypsum at a concentration of from about 0.08 to about 0.5 percent by
weight, based on the weight of the calcined gypsum. A preferred
concentration of pregelatinized starch is from about 0.16 to about 0.4
percent. A more preferred concentration is about 0.3 percent. If the
20 corresponding embodiment of the prior art also contains a starch that
has not been pregelatinized (as many do), the pregelatinized starch in
the inventive embodiment can also serve to replace all or a portion of the
amount of that prior art starch normally employed.
In embodiments of the invention that employ a foaming agent to
25 yield voids in the set gypsum-containing product to provide lighter
weight, any of the conventional foaming agents known to be useful in
preparing foamed set gypsum products can be employed. Many such
foaming agents are well known and readily available commercially, e.g.,
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practiced with the sane conponents and in the same manner as the
correspondi ng conpositions and nethods for preparing gypsum board 25

of the prior art, for exanple, as described in US Patents 4,009, 062 and
2,985, 219, the disclosures of which are incorporated herein by reference.
Boards pro ing this preferred inventive conpositiqn, -17- and

met hod exhﬂ@ﬁﬁﬂ?ﬁ%roved strength, resistance to pernanen?maag%yﬁgpion, and
di mrensional stability. In preferred nethods and conpositions for preparing
gypsum board, wherein the surface sheets of the board conprise paper, a 5
pregel atinized starch is al so enployed to avoid the otherw se slightly

I ncreased risk of paper delam nation under conditions of extrenme noisture.
Pregel ati ni zi ng ofromaGEQ Spetialty Chehieale ih AmblerpRengsylvaniat &or further

tenperatures of at,_|east 185F qr ot her | _known net.ho exanpl es
of rrPeadi ly avai l aﬂ?@fﬁsginP?ﬁPE@%M%ﬁeﬁ@g ﬁpd?orlg(ample.sﬂﬁlgs q?g'rispur ggses
of the present in4&76836; 5158,6126)240,689 ahy 5/643,510; andPCT Mterhatitral:

PCF1000 starch, available fromLauhoff Gain Co.; and AVERI KOR 818 and HQM
PREGEL starches, HBplicationAudlication \WQ 25/16a15 muishad June 264988: To be used

[0 a preferged pract! of fénydiol RWATE Befolrbé toorm relatidsly 4aig8 oA st ar of

I's included in the agueous 'm xture o cined gypsum at oncentration of
from about 0. 08 t the:gypsum@redystinenderip help maintain ilsstrength nBhisveambe of t he

ot "o 12/ T e RERPY roarPaloePl UL Lite R BR[O
0.3 percent. |f thslath®ly unstable relvervrini contactbwith nealtinett gypsupt istunart al so
contains a starch P}er}g[ably, this is accomplished by blending a major amount of foaming
10 agent known to generate relatively unstable foam, with a minor amount
of foaming agent known to generate relatively stable foam.
Such a foaming agent mixture can be pre-blended “off-line”, i.e.,
separate from the process of preparing foamed gypsum product.
However, it is preferable to blend such foaming agents concurrently and
15 continuously, as an integral “on-line” part of the process. This can be
accomplished, for example, by pumping separate streams of the different
foaming agents and bringing the streams together at, or just prior to, the
foam generator that is employed to generate the stream of aqueous foam
which is then inserted into and mixed with the calcined gypsum slurry.
20 By blending in this manner, the ratio of foaming agents in the blend can
be simply and efficiently adjusted (for example, by changing the flow rate
of one or both of the separate streams) to achieve the desired void
characteristics in the foamed set gypsum product. Such adjustment will
be made in response to an examination of the final product to determine
25 whether such adjustment is needed. Further description of such “on-
line” blending and adjusting can be found in U.S. Patent 5,643,510, and
in copending U.S. Patent Application 08/577,367, filed Dec. 22, 1995.
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has not been pregel atinized (as many do), the pregel atinized starch in the
I nventive enbodi nent can al so serve to replace all or a portion of .the
anount of that prior art starch normally enpl oyed. In enbodi nents of the

i nvention that enploy a foam ng agent to 25 yield voids in the set

gypsum cont | roduct to provide lighter weight, any of the
conventiona‘?b %’g%ggg agents known to be useful in prepari RGTUSHAEW3 s et
gypsum products can be enpl oyed. Many such foam ng agents are well known
and readily available commercially, e.g., -18 from GEO Specialty |
Chem cals in Anbler, Pennsylvania. For further descriptions of useful
foam ng agents, see, for exanple: U S. Patents 4,676, 835; 5,158, 612;

5, 240, 639 and 5, 643, 510An axdmpleTof ahetype obfoamirigp @gentatuseful Rolgenerdte on WO
95116515, published In many cases it will be

u 22.1995..5
preferred to formP%%ﬁS'g\fg?'ps'%éﬁsgtgemai n the gypsum product, in order to

hel p maintain its strength. This caRO$S©,aMée&NpP! i (@gd by enploying a foam ng

agent that generat eF‘ foampthat is relatively unstable when in contact with

cal ci ned gypsum s| WPEEeIn 'éfagrad's{s‘wwmmigmacf&smm?ﬁéew #oewiARg a
maj or amountgof foRMisgcaffon. Prefé@Bi RRAN alk{ dF8E5 cantirig fbin'Gly 18NSt abl e

foam w th a mnor anount of foam ng agent known to generate relatively
stabl e foam Such earben@tomgs.agent m xture can be pre-bl ended "of f-1ine",

Hovever 1t 1 s pref er agh PaTRie. B o6 S o fariAEEoRtR R B0 Sehelare oy 15
continuously, as astablefegms| haothelformtilapart of the process. This can be
foan hg agents and bringt R ABIREHAOLEELE08aRelE o, %) Ll pri or o, the
10 wherein X is a number from 2 to 20, Y is a number from 0 to 10 and is
greater than 0 in at least 50 weight percent of the foaming agent, and M
is a cation.
In some preferred embodiments of the invention, foaming agents
having the formulas (Q) and (J) above are blended together, such that
15 the formula (Q) foaming agent and the portion of the formula (J) foaming
agent wherein Y is 0, together constitute from 86 to 99 weight percent of
the resultant blend of foaming agents.
In some preferred embodiments of the invention, the aqueous
foam has been generated from a pre-blended foaming agent having the
20  formula
CH,(CH,),CH,(OCH,CH,)y0S0ze Me @)
wherein X is a number from 2 to 20, Y is a number from O to 10 and is O
in at least 50 weight percent of the foaming agent, and M is a cation.
Preferably, Y is 0 in from 86 to 99 weight percent of the formula (Z)
25 foaming agent.
In some preferred inventive embodiments wherein the method and
composition are for preparing a composite board comprising set gypsum
and particles of a reinforcing material, frimetaphosphate ion is employed
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foam generator that is enployed to generate the stream of aqueous foam
which is then inserted into and m xed with the cal ci ned gypsumslurry. 20
By blending in this manner, the ratio of foam ng agents in the blend can be
sinply and efficiently adjusted (for exanple, by changing the flow rate of

one or bot (p; /0%’75 separate streans) to achi eve the desi Eﬂ?%%é’g
i P%i 11 be

characteristics 1n the foaned set gypsum product. Such a

made in response to an exam nation of the final product to determ ne 25
whet her such adjustment is needed. Further description of such '"on- |ine"
bl endi ng and adjusting can be found in U S. Patent 5,643,510, and in
copending U. S. Patent Application 08/577,367, filed Dec. 22, 1995. -19-

An exanpl e of one inthe concenteationy augenanne;@lﬂsgnb@d)agevmr&tle pantiaularlye f oans,

contai ni ng 11 om > g, e sprpese HRELE Bobrige €6 Auttin 6 HBst o, o1

F i's aP ?l kyl grommﬂasaatpe'aata‘ portion of mewettcglpbm bﬂimrp?]suﬁor:er?mgamb Ff one
ype O oam ng a use 0 r Sit.a e oans as e or nul a
[orr](d) 10 WiHEPHt spoRsnible yolialn dhe P panies. 61 IVPGING SRS om 0 ¢ o
10 and is gmeater doftiprisés hﬁ‘mﬁ!‘urééﬁﬂiosEBam%léifﬁavﬁ?”aﬁﬂss:ﬁfe\id?ﬂsﬂﬁ?élhﬂg

agent, and Mis a cation. In sone preferred enbodi nents of the invention,

foani ng agents havsakined-aypsymyat @95’(@]:‘06\?6 of whickyis i the form of sevstels Byet her
such that 15 té?ﬁ'i ot the  (didd GRMHY HOZE Parfitiss; ! BARd PR WafdRsBiuble®

formula (J) foamn
tnmetaphosphate salt. The composition can be mixed with water to

produce an inventive mixture of water, host particles having accessible
10 voids therein, calcined gypsum (at least a portion of which is in the form
of crystals in and about the voids in the host particles), and
trimetaphosphate ion. The method comprises forming such a mixture,
depositing it on a surface or into a mold, and allowing it to set and dry.
In other respects, the composition and method can be practiced with the -

16 same components and in the same manner as the corresponding
compositions and methods for preparing composite board of the prior art,
for example, as described in US Patent 5,320,677, the disclosure of

which is incorporated herein by reference.
In some preferred inventive embodiments wherein the method and
20 composition are for preparing a machinable material, trimetaphosphate
ion is employed in the concentrations and manner described above. In
some preferred forms of such embodiments the composition comprises
a mixture of calcined gypsum, a water-soluble trimetaphosphate salt, a
starch, and particles of a water-redispersible polymer. The composition
25 can be mixed with water to produce an inventive mixture of water,
calcined gypsum, trimetaphosphate ion, starch, and particles of water-
redispersible polymer. The method comprises forming such a mixture,
depositing it on a surface or into a mold, and allowing it to set and dry.
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agent wherein Y is 0, together constitute from86 to 99 wei ght percent of
the resultant blend of foam ng agents. In sone preferred enbodi nents of the
i nvention, the aqueous foam has been generated from a pre-bl ended foam ng
agent having the 20 formula [err] (2) wherein X is a nunber
from2 to %%Jgg a nunber fromO to 10 and.is O in at |least 50 weight
percent of R ng agent, and Mis a cation. Pr eferach?:ms?a’??”o in from
86 to 99 wei ght percent of the fornula (Z) 25 foam ng agent. In sone
preferred inventive enbodi mrents wherein the nethod and conposition are for
preparing a conposite board conprising set gypsum and particles of a
reinforcing material, trinetaphosphate ion is enployed -20- in the
concentrations andn raspeetio dspacts bthér tiantbe ihclusion phtrimetaphodphate ssltsr r ed

that the conmposite groduct conpri.se se m and hosit rti,gles. at | east
a portion O][rp t ?113 '%%i%mmﬁﬂ%ﬁ%é?@ F%Xﬁ%élﬁp ﬁ&'ﬁ'ﬁ?%‘b@@ggﬁﬁm Vol dg
in the host parti ¢bpo hd b sEfe sanPesas the'tome dirgpeompositfors M xt ure
of host part!ocles haviﬁgﬁlﬁggeggpblb_emsoi ds therein; g%?nqil ned ¢ sum, at
| east a portion o@ngimethods forprepasingpachinabie plasterynatgriglef tﬁgéﬁf’r #te voi ds
n the host gpar ti Ghegxampl, 8 MBLGHDGCI IS PAeNE 538 /089P Y Gistidbire I

conposition can b 1 1 water to produce an inventive mxture o
wat er, host parti ovhich isdncorporated-bereir ky reference.voi ds t herein, cal ci ned

The Vol ds i the hout. Ik pralitetiniehel? shBEanBLR herShiié oo (1o, ™"

conprises form ng composition ateufor producing a material employed to finish a joint
befween edges of gypsum boards, trimetaphosphate salt or ion is
10 employed in the concentrations described above. In respect to aspects
other than the inclusion of trimetaphosphate salts and ions, the
composition and method can be practiced with the same components
and in the same manner as the corresponding compositions and
methods for producing a joint finishing material in the prior art, for
15 example, as described in US Patent 3,297,601, the disclosure of which
is incorporated herein by reference. In some preferred forms of such
embodiments the composition comprises a mixture of calcined gypsum,
a water-soluble trimetaphosphate salt, a binder, a thickener, and a non-
leveling agent. The composition can be mixed with water to produce an
20 inventive mixture of calcined gypsum, trimetaphosphate ion, binder,
thickener, and non-leveling agent. The method comprises forming such
a mixture, inserting it into a joint between edges of gypsum boards, and

allowing it to set and dry.
in such preferred joint finishing embodiments the binder,
25 thickener, and non-leveling agent are chosen from the components well
known to those skilled in the joint compound art. For example, the
binder can be a conventional latex binder, with poly(vinyl acetate) and
poly(ethylene-co-vinyl acetate) being preferred and being included in a
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depositing it on a surface or into a nold, and allowng it to set and dry.
In other respects, the conposition and nethod can be practiced with the 15
same conponents and in the sanme manner as the correspondi ng conpositions
and net hods for preparing conposite board of the prior art, for exanple, as

descri bed | tent 5,320,677, the disclosure of which, i8Sl orated
herein by re glg]rﬁgdr?ge. In sone preferred inventive enbodi #&T@%ﬁgn t he

met hod and 20 conposition are for preparing a nachinable material,

tri metaphosphate ion is enployed in the concentrations and manner descri bed
above. In sone preferred fornms of such enbodi nents the conposition
conprises a m xture of cal cined gypsum a water-soluble trinetaphosphate

salt, a starch, amanhgesoftion) aboubl taabeutdS pardenthyrweightofihe gamposition
conposition 25 le X kt.h ter t r . ap .1 t] m xture
of water, calci ne&rb%ggﬂﬁ\?e g‘i%&%ﬂoﬁ%ﬁgf i'gné,) cgﬂgl?g'ﬁ “&ﬂ%@ﬁrﬁ% es of
wat er- redi spersi letisyliwdrgxer . efiidceiitildsey Cardxyprogydr M methyloshiulese; xt ur e,
depositing it on a surface or into nol d,, and al | ow ? it t L]@?’t' and dry.
-21- In_respect"“ﬁtﬁyl KYRIORY ﬁ@"&f’ﬁ%rprt “PWE“"XE??JE’_ » MAUYAREARRos phat e
salts and igns, t handeridn abdif0AnE aBBLIRerbant BYAwEIBACSF tRE Goipbitibhe Same

conponents and in the same nmanner as the correspondin corr'E)ole.ops and
met hods for prepafxemples of suitakle nansleveling: @gents| arsr attapulgite, osepiglite, 5

for, exampl e, 2" I53bidrlE ard mbiricHPAlte Sd ini38ed 'S s 130 BoBle i1

I's incorporated herern ef erence. erre ven
enbodi ment s wher eilrtotabaut#0 perteatby weight of theccompositioor produci ng a materi al

empl oyed to finish a j ol ot Deleel Sotive SbdiRRE IRGEAShe MkilR GRIOSPhat @

10 composition are for preparing an acoustical tile, trimetaphosphate ion

is included in the concentrations described above. In some preferred

forms of such embodiments the composition comprises a mixture of

water, calcined gypsum, trimetaphosphate ion, a gelatinized starch, and

mineral wool or a mixture of water, calcined gypsum, trimetaphosphate

15 ion, a gelatinized starch, expanded perlite particles, and a fiber

reinforcing agent. The method comprises forming such a mixture,

casting it into a tray, and allowing it to set and dry. In respect to aspects

other than the inclusion of trimetaphosphate ion, the composition and

" method can be practiced with the same components and in the same

20 manner as the corresponding compositions and methods for producing

an acoustical tile of the prior art, for example, as described in US

Patents 5,395,438 and 3,246,063, the disclosures of which are
incorporated herein by reference.

The following examples are presented to further illustrate some

25 preferred embodiments of the invention and to compare them with

methods and compositions outside the scope of the invention. Unless

otherwise indicated, concentrations of materials in compositions and

mixtures are given in percent by weight based upon the weight of
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10 enpl oyed in the concentrations descri bed above. In respect to
aspects other than the inclusion of trinetaphosphate salts and ions, the
conposition and nethod can be practiced with the sanme conponents and in the
sanme manner as the correspondi ng conpositions and nethods for producing a

oint fini erial in the prior art, for 15 exa as descri bed
{n us Pateﬁ?b399§?;601 t he disclosure of which is incorpggﬁpgﬁﬂﬁgPeln by
reference. In sone preferred fornms of such enbodi nents the conposition
conprises a mxture of calcined gypsum a water-soluble trinmetaphosphate
salt, a binder, a thickener, and a non- |eveling agent. The conposition can

be m xed with water to produce an 20 I nventive m xture of cal cined
gypsum tri met aphossidinedgypsum presentr The bblrieeiation, “STMRTpstahdy firisogiuagent .

The met hod conpri ses such xt ur | nserti into.a joint
bet ween edges of 39[{9&?8"!9 Bﬁ a"\eov\FﬁBr @PB snggnd gapds | fog ¢
preferred joint fitriebaprbsp nﬁgdl ments the binder, 25 t hi ckener, and

non-| evel ing agent are chosen fromthe corrponents wel | known to those
skilled in the joint conpound art. For exanple, the binder can be a

conventionalg | at ex binder, with pol y(v%at e) and
pol y(et hyl ene- co- vi nyl acetate) belng and being included in a
-22- range of from about LaboratoryQuls essive Sirengtlyht of t he
conposition. An exarrpl u [ cel lul osi c thickener,
e.g., ethyl hydroxy é?\gplgflﬁfegggsﬂrﬂﬁaﬁn% %ﬁ?t’ds Were, reesred Bie,

met hyi hydroxyprop)accomdwuéwuhxhe)ihvbmbmmmmr@dl intregar toicdppressivé N a 5

range of from about, 0.1 to out ercent by wei ght of the corrp05|t|on
Exanpl es of suitabl 'éef}‘)i‘?' I?Wﬁgeﬂf@a ‘dﬁ"t‘%pﬂlﬁgﬁrﬁ mathods

10 compositions. The test procedure employed was in accordance W|th
ASTM C472-93.
Samples were prepared by dry blending: 500g of beta calcium
sulfate hemihydrate; 0.6g of a set accelerator referred to as CSA
(Climate Stable Accelerator) commercially available from United States
16 Gypsum Company and comprising fine ground particles of calcium
sulfate dihydrate coated to maintain efficiency; and Og additive (control
samples), 0.5-2g of STMP (preferred inventive samples), or 0.5-2g of
other phosphate additives (comparative samples). The samples were
then mixed with 700ml tap water having a temperature of 70F in a 2 liter
20 WARING blender, allowed to soak for 5 seconds and mixed at low speed
for 10 seconds. The slurries thus formed were cast into molds to
prepare cubes (2 inches per side). After the calcium sulfate hemihydrate
set to form gypsum (calcium sulfate dihydrate), the cubes were removed
from the molds and dried in a ventilated oven at 112F for at least 72
25 hours or until their weight stopped changing. The dried cubes had a
density of about 44 pounds per cubic foot (pcf).
Each dry cube's compressive strength was measured on a
SATEC testing machine. Results are reported in TABLE 1, below, as
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bentonite, and nontnorillonite clays, included in a range of from about |
to about 10 percent by weight of the conposition. In sone preferred

i nventive enbodi nents wherein the nethod and 10 conposition are for
preparing an acoustical tile, trimetaphosphate ion is included in the
concentrations described above. In sone preferred fornms of such enbodi nents
the conposi VP3N Ghprises a mixture of water, calcined gyBSH¥S9817293
trimetaphosphate ion, a gelatinized starch, and mineral wool or a nixture
of water, calcined gypsum trinmetaphosphate 15 ion, a gelatinized
starch, expanded perlite particles, and a fiber reinforcing agent. The

met hod conprises formng such a mxture, casting it into a tray, and
allowing it to Setamdgdwmebrbfrtmmman?le@t Strehpthr valbes forheontrot| usi on
of trinmetaphosphate ign, the .c sition a met hod an be, practi dW|th
t he same corrponent%a"émasl‘f?"ﬁﬁe%g & (yarious sourres 9k Eﬁﬁ)

conposi tions and nednhif g&af indldr eftfeferit Bafth Gf%&ébélehniédlﬁtdﬁarﬁnhwr&té Or art,
for exanple, as described in US Patents 5 395,438 and 3

di scl osures of whi wereaa@plqye@r JResultsdn e table gpe mmlaethewfﬁan 1°6MQ)W| ng
Cvoont rent s P btk cofdie bhoib 3 BodhdF par pavere AT 56 it

enbodi nents of the |nven ion
conposi ti ons out sipercehtcchangpdn sfrength over the retevantobmtea (%A)e Méasured

i ndi cat ed, concentrations of.m S i n_conpositlons an i xt ur are.
gi ven in percent bYAHE} §E eﬁg@ﬁf?%udﬂg??‘fanﬁn \%H%ﬂ?e'a}ﬁpe%r fagé@ Jé’?? gypsum
present. The abbreﬁeﬁ_ﬁ' eordport&d Bltengthtindraasé everstpdi domtrol bNFORINASAavE €, and

t he abbrevi ation stands for trinetaphosphate.
actually been anywhere in the range of 5-15%).
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5 EXAMPLEL1 Laboratory Cube Conpressive Strength
Sanpl es of gypsum containing products were prepared in accordance wth the
i nvention and conpared, in regard to conpressive strength, with sanples
The test

prepared using different nmethods and 10

pr epar ed bwgééy’g?

procedure

a set accel erator

mai ntain efficien

(preferred inventive sanples),

conposi tions.
was in accordance with ASTM C472-93. Sar_}p
endi ng: 500g of beta calciumsulfate hefi

| es were

ﬂ{ﬁa?’%ﬁz%’ 0. 6g of

referred to as CSA (Climate Stabl e Accel erator)
commercially available fromUnited States 15
conprising fine ground particles of calciumsulfate dihydrate coated to

ey,

and Qg additive (control
or 0.5-2IABLE4t her phosphate additives

Gypsum Conpany and

sanpl es),

0.5-2g of STMP

(conparative sanples). The sanpl es @Ehsresdiet ad with 700m tap water
having a tenperat phe—0f—2Z0Edin-a- 2 [ 1or VAR NGBl fp—ar-loved to
soak for 5 secondp and nmi xeq ® | oW Gspbed fdrom sec¢od®s Thelolss ried t hus
formed were cast |Additiven| ds [tasditive peadditiveibes| gdditiveic h¢adgitive si dleyditivel t qr t he
cal ci um sul fate heni hydrate |[dp$) t o @#lh%éypsml(%é) cil (e A af fPshi#B)dr{at e) ,
t he cubes rere Tromit rml drj Jdga d _oven gt
112F for | east %&5 FOLH-S: o AL t@%' 8o old di ng.
The dried cubes hp8TMPdensi twalf Lbj(ms mp&mﬂsiﬂmr Each
dry cube's conprefgLVE Sire a AfEC Test 1 jig nachi rje.
Results are repor M‘ &r@ ?él' 9%-&' ﬁ'%lua.qumm_ues_ol_t hr ee
tested sanples. Sisempt h valjurag for mmzol 834: 16.8
STMP 842 985; 17.0 1005; 19.4 | 1053;25.1 | 611;-27.4
10 STMP 682 803; 17.7 | 826;21.1 | 887; 30.1
sodium 950 951; 0.1 929; -2.2
phosphate
sodium
tripoly- 950 993; 4.5 873; -8.1
15 phosphate
sodium
hexameta- | 950 845; -11.1 | 552;-41.9
phosphate
dicalcium 763 769; 0.8 775; 1.6 761;-0.3
20 phosphate
disodium 763 757;-0.8 728;-4.6 700; -8.3
phosphate
monocalcium
phosphate
25 monohydrate } 763 786; 3.0 766; 0.4 824; 8.0
The data in TABLE 1 illustrate that the inventive samples (STMP)
generally exhibited significantly increased strength over the controls,
while the comparative samples generally showed very little or no
30 strength increase or even a significant strength decrease.
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sanpl es vari ed, because various sources of beta cal ciumsulfate hem hydrate
andl or different batches of beta calciumsulfate hem hydrate were enpl oyed.

Results in the table are reported in the formof the 5 measur ed
conpressive strength in pounds per square inch (psi) and percent change in
strength OVRy }099@ rel evant control (%) . Measured values are estimted to
have an exper| PRental error of about +/- 5% (thus, a reporiCdPS¥IBtht h

i ncrease over the control of 10% nay have actually been anywhere in the
range of 5-15%. 10 -25- TABLE 1 Conpressive Strength 0% 0.1%
0.2% 0. 4% 0.8% Addi tive additive additive additive
additive additive (Posi) (psi; %A (psi; %err]A (psi; %Yerr])
(psi; %[err]) 5 STWP OEXAMPLE P054; 6.8  1075; 8.9 1072;
8.6 STWP 7 . ; . : ; : .1 8.1 STWP
742 819; 10.4 oAvrmans M 2 36126 6834; 16.8
_ STWP 842 985 17 0 -s_gg_gm@ll%s 251 611 -27.4 10
STMWP 682 3;,17.7 826; 21,1 887; 30.1 sodium 950
951; 0.1 929; -2.2 %FBE ﬁa?feQXBW'UﬁPmﬁ"ﬂm)PC‘a s werg prepareshin @ 5

873, -8.1 155  |abbrift6iyifbécordance with the invention and compared, in regard to

resistance to permanent deformation, with sample boards prepared -

using methods and compositions outside the scope of the invention.
Samples were prepared by mixing in a 5 liter WARING blender for

10 seconds at low speed: 1.5kg of beta calcium sulfate hemihydrate; 2g

10 of CSA set accelerator; 2 liters of tap water; and 0g additive (control
samples), 3g of STMP (inventive samples), or 3g of other additives
(comparative samples). The slurries thus formed were cast into trays to
prepare flat gypsum board samples, each having dimensions of about
6x24x%4 inches. After the calcium sulfate hemihydrate set to form

15 gypsum (calcium sulfate dihydrate), the boards were dried in a 112F
oven until their weight stopped changing. The final measured weight of
each board was recorded. No paper facing was applied to these boards,
in order to avoid the effect of paper covers on the gypsum boards’ sag
performance under humidified conditions.

20 Each dried board was then laid in a horizontal positibn upon two
Y-inch-wide supports whose length extended the full width of the board, -
with one support at each end of the board. The boards remained in this
position for a specified period of time (in this example, 4 days) under
continuous surrounding conditions of SOF {emperature and 90 percent

25 relative humidity. The extent of sag of the board was then determined
by measuring the distance (in inches) of the center of the top surface of
the board from the imaginary horizontal plane extending between the top
edges of the ends of the board. The resistance to permanent
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sodi um hexanet a- 950 845; -11.1 552; -41.9 phosphate dical cium

763 769; 0.8 775; 1.6 761; -0.3 20 phosphat e di sodi um 763
757; -0.8 728; -4.6 700; -8.3 phosphate nonocal ci um phosphate 25
nonohydrate 763 788; 3.0 766; 0.4 824; 8.0 _ The data in
TABLE 1 il&#ébhﬁ%g that the inventive sanples (STWMP) generally exhibited
signi fican eased strength over the controls, whi | & Hﬁﬁhrative
sanpl es generally showed very little or no 30 strength increase or
even a significant strength decrease. -26- EXAMPLE2 Resi stance to

Per manent Deformati on (Laboratory Gypsum Board Sag Resi stance Sanpl es of
gypsum cont ai ni ng boards were prepared in a 5 | aboratory in accordance

w t h t he i nventi odeforthationud thedsetigypsemanalrix of theshhaard is considered tabent
deformati on, wth,sanpl.e boards prepare S| met heds .and .c Ltions
out o1 G t he. scope PRSI Prorgichiond) 16 B Seticerite 853 BEfe B TTREHE °h°a s
liter WARING bl engpgatéotheldktiert ot s sag is, dMe fowenrds tHe Feigtivef resistancedtbci um
sul fate hem hydrate; 2g 1 set accel erator; ap

0 of CSA 2. liters of  t
wat er; and Og addpﬁmﬂéﬁpﬂﬂﬁ"%ﬂﬁhéﬁtQmjuﬁfm?amm&é’@%pl es),
or 3g of otger additives

The tests of resistance to permanent deformation are reported in

TABLE 2, including the composition and concentration (weight percent

based on the weight of calcium sulfate hemihydrate) of the additive, the

final weight of the board , and the extent of measured sag. The additives

10 employed in the comparative samples (outside the scope of the
invention) are representative of other materials that have been employed

to attempt to improve resistance of gypsum board to sagging under

conditions of high humidity.
15 JABLE 2
 Extent of Gypsum Board Sag
Additive Additive Board Board Sag
(weight %) Weight (g) | (inches)
none (control) . 0 830 0.519
STMP 0.2 838 0.015
20 boric acid 0.2 829 0.160
sodium aluminum phosphate | 0.2 835 0.550
wax emuision 7.5 718 0.411
glass fiber 0.2 838 0.549
glass fiber + boric acid 02+02 825 0.161

25
The data in TABLE 2 illustrate that the board (STMP) prepared in
accordance with the invention was much more resistant to sag (and thus
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(conparative sanples). The slurries thus formed were cast into trays to
prepare flat gypsum board sanpl es, each havi ng di nensi ons of about.
6x24x[err] inches. After the calciumsulfate hem hydrate set to form 15
gypsum (cal cium sul fate di hydrate), the boards were dried in a 112F oven
unti | thelevo\égg)P%lg; stopped changi ng. The final neasured weight of each

board was d. No paper facing was applied to these RA723, or der
to avoi'd the effect of paper covers on the gypsum boards' sag performance
under hum dified conditions. 20 Each dried board was then laid in

a horizontal position upon two '[err]inch-w de supports whose | ength
extended the full wdth of the board, with one support at each end of the
board. The boar dsmuehwmioredesistanhiospernanenbdefommations trear theeontrekbaatdof ti ne:

(in this exanple, under.. cont| nuouws _surrqundi dif] f 90F

t enperature and Qﬁn%dﬁ% h? 1§gentwe MREraY ehﬁ?ﬁ’ﬁ?‘t ym’?ﬂé‘?% "é%t 8sag of
the boar]g Wﬂs thepreﬁetwmaudrdﬁncemb ithé irvention Had sag mmt(wa:mnahmss Oflthe
center of the top sur e board fromthe. i | na zont pl ane
ext endi ng bet weent@fe Sagr e dve faet iﬁ"gp'hg%?ﬁﬂr '?aethi‘%sﬂ‘gt ance to
per manent -g87- pg@ggfm%g{bmméﬁgyget gypsum matri x of the board is
consi dered to be inversely proportional to the extent of the sag of the

board. Thus, the greater the extent of the sag is, the lower is the
rel ative resistance to per manent def om the set gypsum matri x
conprising the board. 5 The tests of to permanent def or mati on
are reported in THaslE 8 toHemianent De Atiors Ictia 12 {1
(wei ght percent based on the wei ght gf El C|Ium Sul fate hem hydrat e) of the
additive, the 2

10 A product weight comparison is shown in Figure 1, and the sag

resistance of such products is shown in Figures 2 and 3. The product

waeight of interior % inch ceiling board in accordance with the present
invention (i.e., admixing trimetaphosphate with calcined gypsum and
water) has the same weight as interior % inch SHEETROCK® regular
15 gypsum board made by United States Gypsum Company. The average
¥ inch interior ceiling board shown in Figure 1 is Gold Bond® High
Strength Ceiling Board made by National Gypsum Company. The
average % inch gypsum board shown in Figure 1 is SHEETROCK® %
inch Firecode Type X gypsum board made by United States Gypsum
20 Company.

Figure 2 is a graph comparing sag resistance of a gypsum board
made in accordance with the present invention with commercially
available gypsum boards described above, wherein all the tested boards
are instalied using conventional stapled and screwed ceiling attachment.

25 Figure 3 is a graph comparing sag resistance of a gypsum board
made in accordance with the present invention with commercially
available gypsum boards described above, wherein all the tested boards



final weight of the board, and the extent of neasured sag. The additives 10
enpl oyed in the conparative sanples (outside the scope of the invention)
are representative of other materials that have been enployed to attenpt to
I nprove resistance of gypsum board to saggi ng under conditions of high

hum di ty. 99/08979 TABLE 2 Extent of sum Boar d
Sag AdditiV Addi tive Boar d Boar BCEUYSRI ght %
Wei ght (g) (inches) none (control) 0 830 0.519
STVP _ 0.2 838 0. 015 20 boric acid
0.2 829 0. 160 sodi um al um num phosphate 0.2 835

0. 550 wax enul si on 7.5 718 0.411 gl ass fi ber
0.2 838 are installéd! @sigh axnvéntional F21100 iTeveaPad Uretiane Adiesive25

0.161 25 The data jn. TABLE 2 i]Jlustrate that the board (STMP) prepared in
accordance with tﬁ?“!"ﬁ%ﬁ‘hﬂ'ﬁ%g much nore resistant to sag (and thus -28-

much nore resistant t o Thergypssani bskrdls antd otivsi)conbimictionedetails toomakethed and
t he noni nventive co arati¥e oards. Morgeover, .%ﬁ,b?__ard %)r%g\gred I n

accordance with tfelings&sed ithe seo0comRarisens depiried;in Figures R and 3 were o of
sag per twog oot |yvelibwef board, and thus not 5 perceptible to the

human eye. EXAMPLES3
A Gypsum Board -

1. % inch x 48 inch x 86 inch made in accordance with
the prasent invention.
2, % inch x 48 inch x 96 inch National Gypsum
10 - Company Gold Bond® High Strength Ceiling Board.
3. % inch x 48 inch x 96 inch regular SHEETROCK®
gypsum board made by United States Gypsum
Company.
4, % inch x 48 inch x 96 inch SHEETROCK® Firecode
15 Type X gypsum board made by United States
Gypsum Company.
B. Trusses - 18 inch tall x 102 inch long manufactured from
nominal 2 inch x 3 inch lumber by R.J. Cole, Inc. Joint
Compound - USG Tuff Set HES Joint Compound. Joint
20 Tape - USG Fiberglass Mesh Self-Adhering Joint Tape.
C. Vapor Barrier Paint - #4512 Silver Vapor Barrier, item:
246900.
D. insulation - Delta Blowing Insulation blowing wool,
Rockwool mineral fiber.
25 E. Spray Texture - USG SHEETROCK® Ceiling Spray
Texture Q T medium poly.
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Resi stance to Permanent Deformation (Production Line Gysum Board Sag

Resi stance 10 A product weight conparison is shown in Figure 1,
and the sag resistance of such products is shown in Figures 2 and 3. The®
product weight of interior [err] inch ceiling board in accordance with the
present in | (i.e., adm xing trimetaphosphate with cal ci ned psum and
wat er ) has\cf(g%mg;al’?re wei ght as interior '[err] inch SHEETR’&?I‘@[’%F’F?%eguI ar
15 ‘gypsum board made by United States Gypsum Conpany. The average
[err]inch interior ceiling board shown in Figure 1 is Gold Bond[err] High
Strength Ceiling Board nmade by National Gypsum Conpany. The average % nch
gypsum board shown in Figure 1 is SHEETROCKS % i nch Firecode Type X gypsum
board made by Uni fed SFasteper®y{dnch & 1% inchdgny Say staplag@ed#6ixs a gr aph

conparing sag resistangg, qf a um board 6@ accordance with the
present invention wt hg(baﬂerq{%ﬁffcé%?'l alﬁ[@ ya-ng‘{?ﬁ?ﬂgag nhﬂ?scri bed
above, wherein all themgagiedfrbﬁmmnﬁaq; lhest al | ed usi ng convent I onal
stapl ed and screwed ceiling attachnent. 25 Figure 3 is a graph

conparing sag resistance of a gypsum board nade in accordance with the
present invention Ogilﬂb@&'igfﬁf bl | y avail abl e gypsum boards descri bed
above, wherein all the teste oards -29- are installed using

conventional F2100 TwoAPar t 2 ¥dswess sitachessat\boti ends etthadrussestnt . The

gypsum boards and ot her con It!h. o) h%ﬁ ' to make the ceilings used in
t he sag conpari sons depi ct e@‘tal{(%g |g§ es argfd 3 were 5 as follows:

B. Twelve (12) sheets of gypsum boards were
attached to the truss framework with F2100
10 adhesive. An average bead width of 1 inch was
measured on the gypsum boards.
C. The ceiling was carefully raised and placed on top
of four walls previously constructed, to form an 8
foot x 48 foot room.
15 D. The ceiling assembly was attached to the top plate
of the walls with #8 x 3% inch screws around the
perimeter. A second ceiling was built using screws
and staples to attach the gypsum boards to the
trusses. It was also raised up and attached to four
20 (4) walls.
Two (2) ceilings were built using three (3) sheets of each gypsum
type board in each ceiling. The one ceiling was mechanically fastened
(see Figure 2), while the other was fastened with F2100 urethane
adhesive only (see Figure 3). The gypsum boards were laid out,
25 alternating gypsum board types, along the ceilings. The trusses used
were 8 foot 5 inch long by 18 inch tall and were spaced at 24 inch on
center (“0.c.”).
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A Gypsum Board - 1. ‘[err] inch x 48 inch x 96 inch nmade in accordance

with the present invention. 2. [err] inch x 48 inch x 96 inch National
Gypsum 10 Conmpany CGold Bond[err] Hi gh Strength Ceiling
Board. 3. [err]4 inch x 48 inch x 96 inch regular SHEETROCK gypsum board
made by Un ,@t’ tes Gypsum Conpany. 4. [err] inch x 48 _inch x 96 inch
SHEETROCK[erfgﬁ ?ecode 15 Type X gypsum%"gﬂ‘%ﬁs’mﬂe by

United States Gypsum Conpany. B. Trusses -18 inch tall x 102 inch |ong
manuf actured fromnomnal 2 inch x 3 inch |unber by RJ. Cole, Inc. Joint
Compound - USG Tuff Set HES Joint Conpound. Joint 20 Tape - USG
Fi bergl ass Mesh Sel f-Adhering Joint Tape. C Vapor Barrier Paint - #4512
Silver Vapor Barrier, Themechadedlly fastened icailingasedr inciberaven 81 %ninal

| "USG SHEETROOK] ot O o R B 7 R o 350 e g TR [ e
Fasteners -1 i nchdp/waﬂ stPéwsath 2 inich ».cGalort fieid trassesnd #6 x 1 [err] | g
drywal I screws. F2100_Two- Rart Ur et hanj\ce'(ilne%lsg afnré)mroF)g%a ¢ ?1/‘ mcﬂc
Ceiling Construction The adnesively attache g PP
5 bead along trusses. A bead was used on one side of field trusses and
along a bead on both sides of trusses at gypsum seams.
The gypsum board was attached with the paper wrapped edges
aligned parallel to the truss chords.
The initial position was measured after the gypsum seams were

10 taped. Next the ceilings were painted with vapor barrier paint and then
spray textured. A second reading was taken immediately after texturing.
Rockwool insulation was then blown into the top of the trusses. A third
reading was then taken. The temperature and humidity were raised
during the time the insulation was blown in. The target temperature and

15 humidity were S0°F and 90% relative humidity. These conditions were
held for seven (7) days while deﬂectioris were measured each morning
and aftemoon. After the seven days, the room was opened and brought
down to ambient temperature. Sag measurements were read for three
(3) more days, and then the test was terminated.

20 As shown in Figures 2 and 3, gypsum boards made in accordance
with the present invention provide significant sag resistance over other
gypsum boards and were below the threshold of about 0.1 inch of sag
per two foot length of board perceptible to the human eye.

25



A 2 X 4s were attached at both ends of the trusses to nmake a truss
framewor k. B. Twel ve (12) sheets of gypsum boards were attached to the
truss framework with F21 00 10 adhesi ve. An average bead
width of 1 inch was neasured on the gypsum boards. C. The ceiling was
carefully nd placed on top of four walls preV|ousI constructed, to
form an {\@)09?}3&:7%8 foot room 15 D. The cei IRGfFS9¥R% y was
attached to the top plate of the walls with #8 x 3[err]' inch screws around
the perineter. A second ceiling was built using screws and staples to
attach the gypsum boards to the trusses. It was also raised up and attached
to four 20 (4) walls. Two (2) ceilings were built using
three (3) sheets of each gypsum type [EXAMPLE4each ceiling. The one ceiling
was nechanically fastened, ( Fi . -_ot er was fastened with
F2100 uret hane adhesi ve offy=E=ses goards were |aid
out, 25 al t er nat i Dabcp3tRRL! eFQ%diséMﬂésofW phbér-ﬁ@érba@?psﬁhe
trusses used were 8 foot 5 inc ong by 18 inch tall and were spaced at 24
i nch on cent er ("bogrds pro lnawmganﬁa:\n@m hednysntioaweargcompared withused 1

i nch crown 1 A)F&ﬁ%drywaﬂmgre to%a?l%@% a?mcbnﬁé‘ﬂspt.ﬂ’i rg?,sqngggs §eans andl

tance

#6 x 1l err] |nch al’on trusses.
measure of a combination of the strengths of the board’s gypsum core,

its paper cover sheets, and the bond between the paper and the

gypsum. The test measures the maximum force required to pull a nail

with a head through the board until major cracking of the board occurs,
10 and is carried out in accordance with ASTM C473-85.

Slurries were prepared by mixing in a HOBART mixer for 40
seconds at a medium speed: 3.0 kg of beta calcium sulfate hemihydrate;
8g of CSA set accelerator; 10g of LC-211 starch (a dry-milled acid-
modified non-pregelatinized wheat starch typically included in prior art

15 formulations for gypsum board and commercially available from Archer -
Daniels Midland Milling Co.); 20g of fine hammermilied paper fiber; 3 -
liters of tap water; 0-6g of STMP; and 0-30g of PCF1000 pregelatinized
comn starch, commercially available from Lauhoff Grain Co.

The slurries thus formed were cast into trays on top of paper and

20 then had paper applied to their top surface to prepare flat gypsum board

' samples, each having dimensions of about 14x24x%: inches. The paper
on one surface was multi-ply with manila outer plies, and the paper on
the other surface was multi-ply newsline, both typical of papers
employed to prepare paper-covered gypsum board in the board industry.

25 Each board was then held in a 350F oven until it lost 25 percent weight
and was then transferred to and held in a 112F oven until it reached -
constant weight.
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The adhesively attached ceiling used an approximate 1[err]

al ong trusses.

inch 5
A bead was used on one side of field trusses and along a

bead

bead on both sides of trusses at gypsum seans. The gypsum board was
attached with the paper w apped edges aligned parall el

The initia LiLon was neasured after th
W(f@ﬂ)g%ﬁmre painted with vapor

Next the cel

to the truss chords.

e gypsum seans were 10

barrier paint a?ﬁ"ﬁ?%n%ray

t aped.

textured. A second reading was taken Imedi ately after texturing. Rockwool
i nsul ation was then blown into the top of the trusses.

t hen taken.
i nsul ati on was bl own

he seven days, i TeHBAte TedbHEL AOFRAEETS

t enperat ure.

in.

the test was term nated. 20

boards nade in accordance with the pre

A third readi ng was

The tenperature and humdity were raised during the tine the
The target tenperature and 15

hum dity were
90[ err] F and 90% r el at fFinal hoardweight anteail pull resistanne were measured; Jiheseven

each norning and afternoon.
brought down to anbi ent
Sag neasurenents were read for three (3) nore days,

STaBLEY

After

and t hen

in Figures 2 and 3, gypsum
ention provide significant

el ow the threshol d of

sag resistamce over other gypsum bomw
g _per two . len 0 oard per

0 the human

5t ance
s pr oduced

about 0.1 inch of sa fo perceptible t
eye. 25 -32- EXAMPE Labor af ppg16gesum| Beard Nai | | Rahlipuitesi
Laboratory prepared §egh dtiont VBidr@) Paper gt ed gV Resitdes’
in accordance with t 18”éi5“p%§| on Wiehtc%ypar %ﬁ?g‘obbﬁ’) (Ibs)
0 0 2465 150
10 0.1 0 2454 185
0.2 0 2326 168
0.1 0.5 2458 168
0.2 1.0 2495 176
15 The results in TABLE 3 show that boards prepared in accordance

with the invention exhibited higher overall strength (nail pull resistance)
compared with control boards.



5 control boards in regard to nail pull resistance. Nail pull
resistance is a neasure of a conbination of the strengths of the board's
gypsum core, its paper cover sheets, and the bond between the paper and the
gypsum The test nmeasures the maxinumforce required to pull a nail with a
head t hrough .t oard until major cracking of the board and
is carri edg%&’p’ﬁ? %ccordance with ASTM C473-95. Slurries \%e&r?)gg%r e%ggr ed by
m xing in a HOBART m xer for 40 seconds at a nedium speed: 3.0 kg of beta
cal cium sul fate hem hydrate; 5g of CSA set accelerator; 10g of LC 211
starch (a dry-mlled acid- nodified non-pregel ati nized wheat starch
typically included in prior art 15 formul ati ons for gypsum board and
commercial ly available from Archer DamEX&MRLE.Iﬁand M I I i ng Co.); 20g of
fine hammerm | | ed paper f|b (P . i X . ¢ and
0-30g of PCF1000 pr &0eggipnal:
Lauhoff Grain Co. The slurrles tP

paper and 20 t hen had aper ol i€ o r.to surfac are
flat gypsum board sarrpl% ag‘%’?ﬂjj W&%‘B& %%Rﬂ'e‘fﬂ'iglﬁ‘[@
inches. The gaper uﬁ?aﬁam IR & donimerclal vy éumaaa&mamfecmnhges and
the paper on the other s ace vvasrrutl-wy |ne botht |calfof

P

papers enpl oyed t ofgwilifpar cBpardsr wets cprepa y{!ﬂh YgEPYS | FPRoest o
;)g(rjgztn{ yWe|2ght andﬁﬁ&a@ﬂ&h’k‘r ans%er r e%% %@wﬁﬁggpﬁ&?bﬂg% dé?/%énree(rjltslt I 2|5t
reached constant weiithout tnrﬁ&aphosﬁﬁatmiorl)aarregalu tg:hdlmamsmmal stability and
resistance were ne?esslIétggce Ttgeperransalﬁleﬁts deformation, tg prt1 104 B ifelusion of
10 trimetaphosphate ion in the preparation of some of the boards, the
boards were prepared using methods and ingredients typical of prior art
gypsum board production methods and ingredients. The ingredients and
their approximate weight percentages (expressed as relatively narrow

ranges based upon the weight of calcined gypsum employed) are listed
15 in TABLE 4.
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TABLE 3 5 Nai | Pull Resistance STM

PCF1000 Boar d Nai | Pull Concentration Starch Wei ght
Resi st ance (wei ght % (wei ght % (1 bs/ 1000ft[err]) (ibs) O

0 2465 150 10 0.1 2454
155 0.2 2326 158 0.1

2458 WOf%%‘%"‘. 2 1.0 2495 1?’8“8@3"'”93

The results in TABLE 3 show that boards prepared in accordance with the

i nventi on exhibited
with control boards.

hi gher overall
- 34-

strength (nail
EXAMPLES Di nensi onal

pul |

resi stance) conpared
Stability and Resi stance

to Permanent Deformation of Production Line Gypsum Board Paper-covered
5

f oamed gypsum boards were prepared on aﬁABllE_:AI

line In a commerci al

prepared with vari ous concent &
conpared with contrpl boards (pr

regard to di mension

gypsum board

P>,

full

scal e production
. Boards were
I on and wer e

Qig!\nhout t r| met aph

ance 1o pernange

e

I stability

DWEIGE

nrrr

1) I n
tion.

Except for the incl
of sonme of the boar
I ngredi ents §ypi cal

mo@he pre

bar at i on

g6 :ﬁgrﬁgulfate Hdm;ﬁfdrawosr)hate i on
cTrpPTre Al U UST g 1T

wétanl or art gypsum board production

L L
IIUUD daltu

84+88ds a

hd

i ngredients. The in

real en{ S_and
set accelerator

11-16

starch

0.5-0.7

dispersant

0.20-0.22

paper fiber

05-0.7

10

set retarder

0.07 - 0.09

foaming agent

0.02-0.03

sodium trimetaphosphate (“STMP”)

0-0.16

recalcination inhibitor

0.13-0.14

16

In TABLE 4: the set accelerator comprised finely ground sugar-

coated particles of caicium sulfate dihydrate produced by United States

Gypsum Company and referred to as “HRA" (which stands for heat
resistant accelerator); the starch was dry-milled acid-modified HI-BOND
starch obtained commercially from Lauhoff Grain Co.; the dispersant was

20

DILOFLO, a naphthalene sulfonate obtained commercially from GEO

Specialty Chemicals of Ambler, Pennsylvania; the paper fiber was fine
hammermilled paper fiber; the set retarder was VERSENEX 80, a
chelating agent obtained commercially from Van Walters & Rogers of
Kirkland, Washington; the foaming agent was WITCOLATE1276,

25

obtained commercially from Witco Corp. of Greenwich, Connecticut; the

sodium trimetaphosphate was supplied commercially by Monsanto Co.
of St. Louis, Missouri; and the recalcination inhibitor was CERELOSE
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t heir approxi mate wei ght percentages (expressed as relatively narrow ranges

based upon the wei ght of cal cined gypsum enpl oyed) are |isted 15 I n
TABLE 4. - 35- TABLE 4 Gypsum Board Production | ngredi ents | NGREDI ENT
VEEI GHT % beta cal ci um sul fate hem hydrate 100 5 wat er

94 -98 set accel erator : 1.1 -1.

0.5 - 0.7 VI 0. 209&’b§%91?8per
fiber . 0.5-0.7 10 set retarder

0.07 - 0.09 foam ng agent 0.02 - 0.03 sodium
trimetaphosphate ("STWM") 0-0.16 recal cination inhibitor

0.13 - 0.14 15 In TABLE 4: the set accelerator conprised finely

ground sugar- coat2001paidexicdseemploysal toreducewedaitinatinrngfthaard epds dudngl by
United States Gypsum Conpany and referred to as "HRA" (which stands for
heat resistant acc E\gator); the starch was dry-m |l ed acid-nodified

HI - BOND starch obt ai nedrg'HoRfds Wele/ produitedacih d ffodr foot Wide; cortimudus per sant
was 20 DI LOFLO, a napht hal ene sul fonat e obtain d,(;orrgg.cniq%.é/ from GEO
Speci al ty Cheni cal Broguctiopdineby: pentiniauslyintiedyaing ang) BIXIRG Mg 1 1§79 e

e Dot o S5 oo i, P Al Bty G AP YRt s st 1 1
generate aqueous foam in a separate foam generating system; the foam
was then introduced into the slurry through the mixer); continuously
depositing the slurry on a paper cover sheet (face paper) on a moving
belt; placing another paper cover sheet (back paper) over the deposited

10 slurry to form % inch thick board; when the hydration of the calcium
sulfate hemihydrate to form calcium sulfate dihydrate proceeded far
enough to make the slurry hard enough to cut precisely, cutting the
moving board to make individual boards of about 12x4 feet and 2 inch
thick: and drying the boards in a heated multideck Kiln.

15 Resistance to permanent deformation of the boards was then
determined by measuring sag as described in Example 2, except that the
boards tested were about 1 foot x 4 foot (the 1 foot being in the
production line direction, i.e., parallel direction) sections cut from the
production boards. Measurement of sag was carried out after

20 conditioning the boards in an environment of 90F temperature and 80%
relative humidity for 24, 48, and 96 hours. Results are reported in
TABLE 5 for inventive samples produced with various concentrations of
trimetaphosphate ion and control samples (0% sodium
trimetaphosphate) produced immediately before and after the inventive

25 samples.
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Ki rkl and, Washi ngton; the foam ng agent was W TCOLATE1276, 25 obt ai ned
comercially fromWtco Corp. of Geenwich, Connecticut; the sodium
trimetaphosphate was supplied conmercially by Monsanto Co. of St. Louis,

M ssouri; and the recal cination inhibitor was CERELCSE - 36- 2001, a
dextrose e o reduce recal cination of board ends durj ing. The
boar ds 'vvergwéfac/?g’g%éd on a four foot w de conti nuous produclf(%%g?/irl%gyby.
continuously introducing and m xing the ingredients 5 in a mxer to
form an aqueous slurry (the foam ng agent was used to generate aqueous foam
in a separate foam generating system the foamwas then introduced into the
slurry through the m xer); continuously depositing the slurry on a paper
cover sheet (face paper) on a noving bel ci ng anot her paper cover

sheet (back paper) overgjhe. depesi hed 4 &l odt S 4 RFBb& ] inch

t hi ck board; when the < L ST S YO

IT?
arruo s e S
calcium sul fate di e proc f enoll ke | y hprd
enough to cut preci b ?u&ti %?M i ng E&Qéﬁ_ﬁg rna(@Sf éédua boar ds
of about 12x4 feet weﬁ?"\;s Bt s B dr i ‘boa 8@ | oot ed |

0
mul ti deck kiPn. 15 ght R e to pb nt_del 80eR8) on ofl t he
b d th det i b i i bedgi Ex | 2
oards was then de 16/ bY pagring sag agglescri be 51/2?h anpl e

except that the bo e—about—1—+t-eet——4—foet—t+hre—t-Fopt bei ng
in the production |j®e04irecti gr8.28.e., par &Bl?ﬂl direct {8118 secti onp cut
fromthe production UT EImeEnt O $ag _was carr{ed_out artef 20

conditioning the b 088 n. an @Bl onment of 38IF tenper 888 and 90ps

relative humdity f%o?é’ 48, dnp-,gG hour s. l%%slul ts are Eegsorted in
10 0.024 0.96 1.12 1.61
0.04 0.49 0.68 0.82
'0.08 0.21 0.24 0.29
0 (after) 3.65 4.58 - 1 6.75
16 The data in TABLE 5 illustrate that the boards prepared in

accordance with the invention were progressively more resistant to sag
(and thus progressively more resistant to permanent deformation) than
the control boards, as STMP concentration was increased.
The sag resistance provided by the compositions and methods of
20 the present invention are further depicted in Table 5A. More specifically,
Table 5A shows sag, i.e., humidified deflection in accordance ASTM C
473-95, of a production line gypsum board having the dimensions of 1
foot x 2 foot and having the same formulation shown in above Table 4.
Table 5A shows the same trends in sag resistance pursuant to ASTM C
25 473-85 as the trends in the sag resistance for longer boards (1 foot x 4
foot) as shown in Figure 5.
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TABLE 5 for inventive sanples produced with various concentrations of
tri metaphosphate lon and control sanples (0% sodiumtrinmetaphosphate)

produced i mredi ately before and after the inventive 25 sanpl es. -37-
TABLE 5 Production Line Gypsum Board Sag (1 foot x 4 foot Board) STM
Board Sag Sag Board Sag Concentration after_24hrs. after
48hrs. af‘?grg 9(rjs. 5 (wei ght % (i nches) FFﬁ’(‘) 93
(inches) o (before) 3. 45 5.27 0.004 3.23
3.71 5.19 0.008 2.81 3.31 4.58 0.016

1.72 1.91 2.58 10 0. 024 0. 96 1.12
1.61 0.04 0.49 0. 68 0.82 0.08 0.21

0.24 0.29 0 (after) 3. 65 Table 5A1. 58 6.75 15

The data in TABLE 5 iII ordance with
the invention were progretssélﬁ%/aégmr%q?gm st%ﬁ{d}{eﬁé@%ﬂgﬁﬁg

progressively nore resistant t forfRrodactiontLineGypsurhiBoayd t han the control
boards, as STMP concentration was increased. The sag resi stance provi ded by

t he COITpOSi ti ons akd—iwei-hods—of.20 the presont Lovention are furt her
depicted in Tabl ef5A. Mre $pecifical Il,/, Tabl e 5A >hows sa
humi di fied deflecfion_in ac¢ordgpge AJTM C 473-95, | A8 Ho Fg'!i-lm'ﬂlﬁﬁﬁ i ne
gypsum board havi fg t hestdi MeNs) adifiord’ Dry Board Deﬂectlon (inch) '
Number (Wt %) Weight Ib/MSF
Parallel Across
Control 0 1590 -0.306 | -0.247
Before
1 0.04 1683 -0.042 -0.034
2 0.08 1609 -0.027 -0.021
3 0.16 1583 -0.015 -0.014
Control 0 1585 -0.409 -0.145
After

Both wet 12x4ft. production boards and final dried 12x4ft.
praduction line boards were also measured (in accordance with ASTM
C473-85) to determine the amounts of shrinkage of their widths and
lengths after drying. The more the boards shrink, the less is their
dimensional stability. The results are reported in TABLE 6.
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foot x 2 foot and having the sane fornul ati on shown in above Table 4. Table

5A shows the sane trends in sag resistance pursuant to ASTM C 25 473-95
as the trends in the sag resistance for |onger boards (1 foot x 4 foot) as
shown in Fi gure 5. Tabl e 5A Results of ASTM C 473-95 Hum difi ed

Def | ection dgﬁy Production Line Gypsum Board STMP 48
Hours Humi dified Test Addi tion Dry Board Def IPEE’PF??W{’PnCh)
Nunber - (Wt 99 Wi ght | bl MSF Par al | el Across Control

1590 - 0.306 - 0.247 Before 1 0.04 1583 -

0. 042 -0.034 2 0.08 1609 - 0.027 - 0.021 3

0. 16 1583 -0.015 -0.014 Control 0 1585

-0. 409 - 0.145 After Both wet 12x4ftIAB].@_|ct|on boards and final dried

12x4ft. production |ine boar accordance with ASTM
C473-95) to determ ne the arouftt Sum g=o— ettt dt hs and | engt hs
after drying. The nore the boards shrink, the | ess is their dinmensional

stability. The results argrgported TRglAEHL S TBoard Length
Concentration Shrinkage Shrinkage
(weight %) (inches/4ft.) | (inches/12ft.)
0 {control) 0.13 0.38
0.004 0.06 0.38
0.008 0 0.31
0.016 0 0.25
0.024 0 0.25
0.040 0 0
0.080 0 0
0.16 o] 0

The data in TABLE 6 show that boards prepared in accordance
with the invention were more dimensionally stable than control boards.
At 0.04% STMP addition and above, no length or width shrinkage was
found.

An additional test illustrates sag resistance provided by the
compositions and methods of the present invention. More specifically,
production line ceiling board was tested wherein controlled condensation
was allowed to occur at a vapor barrier placed between the ceiling board

5 and the joists. The method for this test is as follows. A small scale attic
and room enclosure was constructed. The attic space was insulated on
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TABLE 6 Production Line Gypsum Board Shrinkage STMP Board Wdth
Board Length Concentration Shri nkage Shri nkage (wei ght %

(inchesl4ft.) (inches/12ft.) 0 (control) 0.13 0.38 0.004
0. 06 0. 38 0.008 0 0.31 0. 016 0
0.25 0.024 0 0.25 0.040 . 0 0.080
0 ) WOIMITE 0 0 The data in EEE¥I2%ow t hat

boards prepared in accordance with the invention were nore dinensionally
stabl e than control boards. At 0.04% STWMP addition and above, no | ength or
wi dt h shrinkage was found. EXAMPLE6 Sag Resi stance Under Humi dified and
Condensation Conditions (Production Line Gypsum Board) An additional test
illustrates sag reisétbpamesmtesnﬁdieabtlwottbmbtainmnirblleﬂmmiedsamdutdbeof t he
present invention. eci.ficall .0 ar.d was

t ested wherein conf® q e %ﬁqﬁpﬂﬁ?xﬁ?%&h%&e ‘B?fge*:ﬁb?‘g?ﬁ&a’(')‘BSor

bar rier placed bet uegDdtihch o, I THaIrdanRspads was enciosed by alEini ipaly Vépor et hod

for this test is as follo mal |l scale attic and room encl osure was
constructed. The aP@V@rsﬁSAGé"mdl sides, andithg-humijdity of the room space was
5 elevated to obtain controlied condensation at the ceiling.

Two 4 foot x 8 foot boards of test material (one trial product and
one control) were attached side-by-side to the trusses, with the 6 mil
polyethylene vapor barrier located directly above the board. The ends
of the board were not fastened. The humidity in the room portion was
10 then increased via a vaporizing humidifier while the temperature in the
attic was lowered using a window air conditioning unit. The vapor output
of the humidifier was adjusted until a constant condensation occurred at
the vapor barrier above the ceiling board. No attempt was made to
maintain constant temperature and humidity throughout the test. The
15 results should therefore be viewed as a relative measure of sag
~ resistance performance between the trial and control products, and not
an attempt to predict the amount of sag in a defined conditioned
environment.
Ceiling sag was then periodically measured for three locations
20 along the board (at midspan between each pair of trusses), giving a total
of six deflection readings per product per test. The temperature of the
attic and room ericlosures were also recorded at each sag measurement.
For background information, the theoretical dew point conditions
(assuming a constant 70°F room temperature) are shown below.
25
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its top and sides and kept cool to obtain controlled condensation at the
ceiling. The ceiling area was 8 foot x B foot, with 2 foot x 8 foot fram ng
and 24 inch o.c. The room space was enclosed by a 6 m| poly vapor barrier
at its top and sides, and the humdity of the room space was 5

el evated t l,h controlled condensation at the ceiling, Tw 4 foot x 8

f oot boardgwg’?}o?#é'gt material (one trial product and one o‘fﬁ"?%?’}’%re
attached side-by-side to the trusses, with the 6 m | polyethylene vapor
barrier located directly above the board. The ends of the board were not
fastened. The humdity in the room portion was 10 then increased via a
vapori zing humdifier while the tenperature in the attic was | owered using
a wi ndow air conditi onRegmiFgrep. The Rooot RelativeHumidithe huni AfticTemp.was
adjusted until a constzﬁF condensati§§s€ccurred at the vapor Z rier above
the ceiling board. No enpt was nma 0 mai ntain constant P%{perature and
hum dity throughout thg0%est. The 1560% results should ther & e be viewed
as a relative neasure ag resista per f or mance bet ween trial and
control products, and 2@'["$an at t enpt 9’§g{. predi ct the anmpount o%a'g:ag in a
defined congitioned enygeponnent. Ceilgomp sag was then periodggeg |y neasured
for three | ocations 20 al ong the board (at m dspan between each pair
of trusses), giving a T8Wal of six d®Pection readings per pP8%uct per
test. The tenperature of the attic and room encl osures were al so recorded
at each sag neasurenent. For background information, the theoretical dew
poi nt conditions (assufi tegt avasoperfarmed7oyerr a Jrineteemdaynperniad using thee shown

below. 25 -41- following material: % inch product line gypsum board made in
10 accordance with the present invention; and % inch Firecode Type X
gypsum board as previously described. Results are shown in the Figure
4 and show the board made in accordance with the present invention
has consistently less sag than the control, i.e., % inch Firecode Type X
gypsum board as previously described.
15 In this test a distributed load of 1.0lb/lineal foot was applied at
midspan between each truss immediately following the reading of Day
8. Application of this load significantly increased sag of the control
board, but had much less effect on the board of the present invention.
As shown in Figure 4, gypsum boards made in accordance with the

20 present invention have deflection of sag that is significantly below that
which is perceptible to the human eye, i._e., less than 0.1 inch per two
foot length.

EXAMPLE 7
25 i i i esi

Another set of paper-covered foamed gypsum boards was
prepared on a typical full scale production line in a gypsum board
manufacturing facility. Boards were prepared with three concentrations
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WO 99/ 08979 PCT/ US98/ 17293 Room

Tenp. Room Rel ative Hum dity AtticTenp. 70[err]F . 50%
51F 70[err]F : 60% 56[err] F 70F

70% 60[err]F 5 70F 80%

63F 70[err 90% 68F A test was

per f or med %@?mgf’%l net een day period using the fol |l ow ng PGSR - [err]
i nch product |ine gypsum board nade in 10 accordance with the present

i nvention; and % inch Firecode Type X gypsum board as previously descri bed.
Results are shown in the Figure 4 and show the board nade in accordance
with the present invention has consistently less s than the control,

i .e., %inch Firecbddmpiaphosphstesiom podrweres cpmaresﬁswi?\ gontreli beards15

In this test a di | : i m dspan
bet ween each trus@%%%ﬁé#ﬁ%@'ﬁgﬁhéﬁé}ﬁt&g‘%“@ﬂr%ﬁ&ip ‘i cat Pon
of this load significaBkdeptiontiecinclasion aptrinfetaphesplvate ion mlﬂmipmpalalbnhad much
aypaum boar ds. maag! AR e DRSS, i Ders 7ere prepesed 4Bk MREHE N have
defl ection gf sag:ﬁd?aalehﬁs i8I of sridiidrty iRy \béarat profilétion MethRES @Pli bl e to
the human eye, i.e., less t?ﬁan 0.1 |nch per two foot Iength EXAMPLE7 25

Producti on Li ne Gingresiestssr dhedngredients ﬂé%ﬂ!ﬁ'%lWé@hA gas; were the
paper - covered foagagl @ég_ﬁgégﬁg TABE A SRbE ﬁ@y&%\dn&cal e
production line in a gypsum boar manu acturi ng |ty S were

prepared with thréhe boardswaszsi deseribed in EXAMPLE 5
Nail pull resistance was determined in accordance with ASTM
10 C473-95. Results are reported in TABLE 7 for inventive samples
produced with various concentrations of trimetaphosphate ion and
control samples (0% sodium trimetaphosphate) produced immediately
before and after the inventive samples.

15 JABLE 7
ion. Li j l ist
STMP Nail Pull
Concentration | Resistance
(weight %) (lbs)

20 | 0 (before) 89
0.04 93
0.08 96
0.16 a9
O (after) S0

25

The results in TABLE 7 show that production boards prepared in
accordance with the invention exhibited higher overall strength (nail pull
resistance) compared with control boards.
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-42- of trinmetaphosphate ion and were conpared with control boards
(prepared without trimetaphosphate ion) in regard to nail pull resistance.
Except for the inclusion of trinetaphosphate ion in the preparation of sone
of the boards, the boards were prepared using nethods and 5

I ngr edi ent | of prior art gypsum board production
|ngredlentgnh¥ﬁgﬁ?ngredlents and their weight percentagegqaggggﬁﬁ sane as
those I'isted In TABLE 4 above. The nethod of preparation of the boards was
as described in EXAMPLE 5. Nail pull resistance was determned in
accordance with ASTM 10 C473-95. Results are reported in TABLE 7 for

I nventive sanpl es produced with various concentrations of trinmetaphosphate
i on and control sanples (O@bsodlun1tr|E§ANEhE§bhate) produced i mredi at el y
before and after the inyen

TABLE 7 Production Line ‘Sygsai- Nai |

(PEI :c Co ;lcent Er3 St | on ReAnomncset(mpgber-&evered (fbéméd 2@/psum boa{;ds0 wasf )0
erore ter
90 25 The results pF?Pafﬁ%L@ a QH'&W ?“!‘l'afc%? &dﬂ@i@Bﬂ%\?aW? yPsHY Eﬂé’a

5 manufacturing facility. Boards were prepared with various

concentrations of trimetaphosphate ion, pregelatinized starch, and non-
pregelatinized starch and were compared with control boards {prepared
without trimetaphosphate ion or pregelatinized starch) in regard to the
integrity of the bond between the gypsum board core and its face cover
10 ' paper after conditioning under extremely wet and humidified conditions.
Except for the inclusion of {rimetaphosphate ion and
pregelatinized starch and the varying of the concentration of non-
pregelatinized starch in the preparation of some of the boards, the
boards were prepared using methods and ingredients typical of prior art
15 gypsum board production methods and ingredients. The ingredients and
their weight percentages were the same as those listed in TABLE 4 .
above. The method of preparation of the boards was as described in
EXAMPLE 5.
The pregelatinized starch employed in the tests was PCF1000,
20 commercially available from Lauhoff Grain Co. The non-pregelatinized
starch was HI-BOND, a dry-milled acid-modified non-pregelatinized
starch commercially available from Lauhoff Grain Co.
After production line preparation of the boards, samples with
dimensions of 4x6x%z inches (the 4 inches being in the production line
25 direction) were cut from the boards. Each of these smaller board
samples was then conditioned by keeping the total area of the outer
surface of the cover paper on its face side in contact with a fully water-
soaked cloth for about 6 hours in an environment of 90F temperature
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accordance with the invention exhibited higher overall strength (nail pull
resi stance) conpared with control boards. -43- EXAMPLE8 Production Line
Gypsum Board Paper Bond Integrity Another set of paper-covered foaned
gypsum boards was prepared on a typical full scale production line in a
gypsum boar manuf acturing facility. . Boards were_prepared with
vari ous con‘gg%/?sgpi ons of trinmetaphosphate ion, pregelati ﬁ&f’é’%%?ch, and
non- pregel atini zed starch and were conpared with control boards (prepared
wi t hout trinetaphosphate ion or pregelatinized starch) in regard to the
integrity of the bond between the gypsum board core and its face cover 10
paper after conditioning under extremely wet and hunidified conditions.
Except for the i ncand BOrpercent rélativenhbmixiity and then remdvipg dloeewet clottzand st ar ch

and the varying of centratio f .non-_ pregelatinized starch.n the
preparation of son@h’gﬁnéﬂ% ﬁ?ﬂf’%émp&g’ ﬂ%&ﬂﬁ%&@ﬁ?@ﬁaﬂn@ﬁmﬂ@?ﬂﬂ‘%t hods
and ingredients tyiprezdhedfcopsiant weight {Usually aby@is3 dayps)arAloné @it ireh- met hods

and ingredients. The ingredients and their wei ght percentages re the sane
as those listed i @%E&awﬁﬁm.“’%@%mgﬁ 'thﬁlrgﬁfa‘F qcﬁrPfdhgfb?@r‘!)oar ds

was as descrg bed isarﬁmewxEnéaesTﬁanFHrggﬁAraﬂ+|r}bm Sf e BirATidgEE iThe t he

tests was PCF1000, 20 comrerci al | aval l able from L_au of f G(al n Co. The
non- pr egel at i ni zedb@Ardr edre\was thergsngpped alopgrthel sapre ovithoub tréaking or

B er” P otoet on RS o PR e YRl o ol ot >
inches) piece of the board sample was then rotated and forced
downward while the smaller piece was held stationary and horizontally

10 with its rear surface up, in an attempt to force the face paper on the face
side of the board to peel away from the larger piece. The force was
increased until the two board pieces came completely apart. The face
surface of the larger piece was then examined to determine on what .
percentage of its surface the face paper had pulled completely away

15 from the core (referred to as “clean peel”). This percentage is reported -
in TABLE 8 as the “% Bond Failure”.
JABLE 8
Production Line G Board Paper Bond Failure
HI-BOND STMP PCF1000 % Bond
20 Concentration | Concentration | Concentration | Failure
(weight %) (weight %) (weight %) (%)
0.60 o 0 87
0.60 0.08 0 97
0.96 0.08 0 97
25 0.60 0.08 0.16 42
0.60 0.08 0.32 o
0.28 0.08 0.32 20
0.60 0 0 83
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di mensi ons of 4x6x[err] inches (the 4 inches being in the production |ine
25 direction) were cut fromthe boards. Each of these snaller.board
sanpl es was then conditioned by keeping the total area of the outer surface
of the cover paper on its face side in contact wwth a fully water- soaked
cloth for qpﬂ% hours in an environnment of .90F tenperature -44- and 90
percent rela e numdity and then renoving the wet clot hPOHUSA1728%i ng the
board sanple to slowy dry in that same environnent until it reached
constant wei ght (usually about 3 days). A one eighth inch- deep straight
score was then made in the rear surface of the board 5 sanple 2[err]

I nches fromand parallel to one of the 6 inch edges. The board core was

t hen snapped al ong t he Eheodata i TABLE 8ishewithat in regact todss prablerhef pape on t he
face side of the bgard,,and. the larqger errlx6,dinches iece of .the board
sanpl e was then ro%é‘f"éﬁb%‘gfaf'w&aéﬁr %W“%i; Weéx}i?'r"é"‘?’l%%g-sﬁﬁﬁg%g‘é%és was
held stati Opar y anﬁieh?oblam:\in&éasmg)th: c%nubﬁt?at!démfrt?picamTtmgelaﬂmzédl an
attenpt to force the face on the face  si of the board to peel away
fromthe Iarger pi#@eh fﬁé‘%ﬁ‘ﬁi}edﬂ% F%Pﬁ%‘é@'& g’?ﬂ iAFo ﬁg‘;tﬂﬂgﬁga§‘§“ﬁi eces
cane conpl etgl y apgfegelatinfrebiatatch (PCRIO00) alfelRtdsP6108ImIRLRS the Brobidiin

exam ned to detern né on what percentage of its surface the face paper had
pul l ed conpletely away 15 fromthe core (referred to as 'clean. peel').
This percentage is reported in TABLE 8%% Bond Failure". TABLE 8
Production Line Gypsum Board Paper Bon HI - BOND STWP

PCF1000 % Bond -20 Post TreGtm ffatecBihidesite

Concentration Fail “"® In some alterative preferred embodiments of the present

10 invention, calcium sulfate dihydrate cast is treated with an aqueous
solution of trimetaphosphate ion, in a manner sufficient to uniformly
disperse the solution of trimetaphosphate ion in the calcium sulfate
dihydrate cast, to increase strength, resistance to permanent
deformation (e.g., sag resistance), and dimensional stability of set

15 gypsum-containing products after redrying. More specifically, treatment
of calcium sulfate dihydrate cast with trimetaphosphate ion has been
discovered to increase strength, resistance to permanent deformation
(e.g., sag resistance) and dimensional stability to an extent similar to that
achieved by the embodiments wherein trimetaphosphate ion is added to

20 calcined gypsum. Thus, the embodiment wherein the frimetaphosphate
ion is added to set gypsum provides new compositions and methods for
making improved gypsum;containing products, including but not limited
to boards, panels, plasters, tiles, gypsum/celiulose fiber composites, etc.
Therefore, any gypsum based product which requires strict control over

25 sag resistance will benefit from this embodiment of the present invention.
The treatment also increases gypsum cast strength by ~15%.
Trimetaphosphate ion can be loaded at 0.04-2.0% (based on gypsum
weight) info gypsum cast by spraying or soaking with an aqueous
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(wei ght % (wei)g(r)lt8 % (wgi ght % (% 0.60 0 0

87 0.60 . 97 0. 96 0.08 . 0
97 25 0. 60 0. 08 0. 16 42 0. 60
0. 08 0.32 0 0.28 0. 08 0.32 20

0. 60 : 83 -45- The da I NJABLE 8 show
that in re‘é"é’r%B 989the pr obl em of paper- to-core bond fai b’%?‘gjggﬁff'%}

extrenely wet conditioning: STMP aggravates the problem increasing the
concentration of typical non-pregelatinized starch (H -BOND) does not

all eviate the problem adding sone 5 pregel ati nized starch (PCF1 000)
alleviates or elimnates the problem EXAVMPLE 9 Post Treatnent of Cal cium
Sul f at e Di hydr at e splutionaentainingrtrimetaphosphste ioreand thendedering thergypsumpr esent
10 i nventi on, cgg#ci um sul fate dihydrate cast is treated with an aqgueous
solution of trinet osphate ion, in a manner sufficient to uniformy

di sperse the sol uti on Fwotmethvets phpost iatmentiof set gypsunsare! asfollows.at e

di hydrat e cast, tgAi ncrease strength, resistgnce to pernmanent deformation
(e.g., sag resistance) ., and di,nensional sta ity of set .

gypsum cont & ni ng pr odS4ceo and other adaifivas,  nor e sgﬂm?'&da&nga@'@ﬁsnent of
cal ci um sul fate di(@ydphisavatasto makie\siufrynet apfdiiies watesto tRITRY

di scovered to increase strengt h,1 resi stance to permanent, déf.o[ mation (e.g.,
sag resistance) and di Feamiltorweight andansity to an extentMWﬁ?thQMhat

reduction)
10 ! Gypsum castffinal set
Gypsum cast/final set and dry !
! Post treatment with STMP
Post treatment with STMP (spray the surface)
(spray or soaking) }
15 ! Dry gypsum product
Redry gypsum cast i
! Improved gypsum product

Improved gypsum product

20 In both of the above methods, the aqueous solution of
trimetaphosphate ion is preferably applied in an amount and manner
sufficient to create a concentration of about 0.04-0.16% by weight
(based on the weight of calcium sulfate dihydrate) of trimetaphosphate
ion in the calcium sulfate dihydrate cast.

25 Benefits of reduction in sag deflection (i.e., sag resistance) of the
first method above are shown in Figure 5. Five (5) boards were made
and tested for sag deflection as shown in Figure 5. The dried boards
weighed in the range of 750 to 785 grams. The control boards did not
have any solution applied to them after gypsum castffinal set and dry.

30 The board identified as the water only board had only water applied as
a spray to the set and dried gypsum cast, and was then redried. The
board identified as the STMP solution board had a 1 wt. %
trimetaphosphate ion aqueous solution applied as a spray to the set and
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achi eved by the enbodi ments wherein trinmetaphosphate ion is added to 20
cal ci ned gypsum Thus, the enbodi nent wherein the trinetaphosphate.ion is
added to set gypsum provi des new conpositions and net hods for making

i mpr oved gypsun}contalnlng products, including but not Iimted to boards,

panel s, ﬁ‘%se@”ﬁtl | es, gypsuni cel |l ul ose fiber conposi te§¢T/§ Ther ef or e,

any gypsum roduct which requires strict control 817293 "5

resistance will benefit fromthis enbodi nent of the present invention. The
treatment al so increases gypsum cast strength by -15% Trimetaphosphate -ion
can be | oaded at 0.04-2.0% (based on gypsum wei ght) into gypsum cast by
sprayi ng or soaking wi th an aqueous sol ution containing trinetaphosphate
ion and then redr drieg gypsurggast amd was thenwedriedhdbe borrghidentified-as Gypt of set
gypsum are as foll d St ucco

and other additive P @%Ba%r?& %‘ﬂ‘heeq“sa'HB?‘f’P\Feaé“’c”bﬁ?@YﬁB|Q}’Esb@t%’? to make
slurry (dry) pl us::onﬁumngu% Wgﬁﬂttlme!amhétéWn appliEdtasoa sprayto the

M xi ng/ St t
Oy psum cast {1 nal SRE1aNS UBGYERWT <ash anckwas heny geiiesk . 1 QBeTRbH % ¢

STMP Post t rgzat merprefédnied tsﬁwe the sol(ifidh Ybd Sraged &aﬁtain 4 éﬁﬁc’ﬁhﬂ@hoﬁ opki ng)
I 15 pr oduct Redr y

gypsum cast | trimetaphosphate ipn i thesange ot 0:6% ﬁq)a%u epf' nal amount of
trimetaphosphate ion in both the STMP solution board and the Gyp-

STMP solution board was 0.2% based on weight of stucco used to make
the gypsum cast and 0.17% based on weight of the resulting set gypsum
10 board.
EXAMPLE 10
tmel i i
Other embodiments the invention concern set gypsum-containing
products prepared from mixtures of calcium sulfate materials and water
15 containing high concentrations of chloride ions or salts thereof (i.e., at
least 0.015 weight percent, based on the weight of calcium suifate
. materials in the mixture). The chloride ions or salts thereof may be
impurities in the calcium sulfate material itself or the water (e.g., sea
water or brine-containing subsurface water) employed in the mixture,
20 which prior to the present invention could not be used to make stable set
gypsum-containing products because of attendant problems, such as
blisters, paper bond failure, end bumning, low resistance to permanent
deformation, low strength, and low dimensional stability.
The tests included in Table 9 concern gypsum boards prepared
25 and treated in the same manner as described in Example 2, except that
various amounts of chloride ion were introduced into the mixture along
with various amounts of trimetaphosphate ion. The sag deflection was
tested in the same manner as described in Example 2.
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| mproved gypsum product 20 In both of the above nethods, the
aqueous solution of trinetaphosphate ion is preferably applied in an anpunt
and manner sufficient to create a concentration of about 0.04-0.16% by

wei ght (based on the wei ght of cal ciumsulfate dihydrate) of

trinmet aphos&?g%%%on in the calciumsulfate di hydrate cast.

Benefits of Ton in sag deflection (i.e., sag resi sté’ﬁ’gﬁrﬁsg%]fmlshe first
nmet hod above are shown in Figure 5. Five (5) boards were nade and tested
for sag deflection as shown In Fi gure 5. The dried boards wei ghed in the

range of 750 to 785 gr ansy: Hre—eqri-ptThpar-ge—rdirerretrhey ey sol ution
applied to themafter gypgsum cast}{/1i pa] peg jarld |[dqy} BO The board
identified as the water nIy ®and{hd| opl tgr |applipdl ds ja spray to the
set and dried gypsum cast ,__an@ wags |t hep fedrfi gd.] The boprd |identified as
the STMP sol ution board all W} Yoir tlaghqspht £ | op laqueous sol ution
applied as a spray to th '%mc 14Y- ri gd lgypsum t], fand was t hen
redried. The board identi p{ BT{VH slol|ut]i ¢n|hhd aqueous m xture
sat:J_raged with gypst ?E % r mggg %utoﬂate ign_ .
applied as a spray A ! en redri ed.
In general, it is 5@ ) haye] thd qoljufi pnj tpp |og sprayed
contain a concentratgon 'l hesphpte |i gn {i he fahge Jof 0.5%to 2% -
The final anount of &ri nge ipn|lip bdth fhe¢ BTMA spljuti on board
and the- Gyp- STMP sduti Off 0] 2po pasqd |o gpt stucco used to
make the gypsum castgand g % oh e ght| df |t helrpsulfijng set gypsum
10 boar d. ) ]
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EXAMPLE1O Treatnment of High Salt Materials O her enbodinents the invention
concern set gypsumcontaining products prepared from m xtures of cal cium
sulfate materials and water 15 cont ai ni ng hi gh concentrations of
chloride ions or salts thereof (i.e., at |east 0.015 wei ght percent, based
on t he_wei g?bgglh”g@l ciumsulfate materials in the mxture). The chl oride
ions or salts thereof may be inpurities in the cal ci um sulPFEUS%M R, | a)
itself or the water (e.g., sea water or brine-containing subsurface water)
enployed In the m xture, 20 which prior to the present invention could
not be used to nake stable set gypsum containi ng products because of
attendant probl ens, such as blisters, paper bond failure, end burning, |ow
resi stance to per manentTheeftestsainchuded! ow Tablee i) shown thatotrestiment switmal

o treated in t niatabholbRte for BRis 460 U B RBPASL, U8Aklng R, °¢ *°
vari ous amounts of caridentratiens of chizrridlei iohs awtusaid theteof! hTheibdardsswer@ng wit h

vari ous amounts of trinetaphosphate.ion. The sag def] ection was tested in
the same nanner asprﬁggr&diﬂ@g'?£ thgiseme manneras in éxampéeae@tcgpt fuded in

Tabl e 10 shagv t hatvdriov@taimolints\bf ¢hibriddhWeie ftfstiued fito MSs MbliSretdi6ng/'se of

m xtures containing _high concentrations of chloride ions or salts thereof.
The boards were prWighvaripusamoupisef timetaphasphsieienndhadntegetyiaf tiebond e 4,

except that between the gypsum board core and its face cover paper was tested in
the same manner as described in Example 8.




5

al ong with various anounts of trinetaphosphate ion.
bond between the gypsum board core and its face cover paper was tested in
the sane manner as described in Exanple 8.

treat nent

08 to 0.16 w.

that were otherw se prepared and treated in a manner simlar to that

-50-
Pt} /E)%wet aphosphate i on and PFC 1000 starch of hi
salt materia

vari ous ambunts of chloride ion were introduced into the m xture

The integrity of the

Tabl e 11 shows
h chl oride

% of sodiumchloride in

previously described in Exanple 5. As shown 5

TYI7HP

treatnment results in an i
sane manner as Exanpl e 4,
performance (nmeasured in t
control boards with no sod
treatment provided signifi
up to 0.3%chl oride salt

trimetaphosphate i on and H

TABLE 10

stucco at various STMP, PCF 1000 & LC-211starch, and salt addition
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1000 starch of even higher (than shown in Table 11) chloride salt materials
(0.368 wt. %of chloride salt in stucco) of boards that were otherw se
prepared and treated in a manner simlar to that previously 5

described in Exanple 5. As shown in Table 12, the treatnment results in an

i ncrease ir\%ag%a%ll strength (nmeasured in the same manner as Exanple 4,
i.e., ASTM ©95) and provides better bond performancePCHEESITHA in t he
same nmanner as Exanple 8) as conmpared with control boards. 10 -54-

EXAMPLE 11 Treatnent of Calcined Gypsumw th Various Enhancing Materials In
the exanple of the preferred enbodi nents previously 5 di scussed, the
enhancing material is trimetaphosphate ion. However, in general, any
enhanci ng materi al s t haTablal11 shaws treatment avithr trimetiaghosphaterion fandPEQCi ng

mat eri al s previous i S Lh 1. produce beneficial, resulbis, (e.q.,

i ncreased resi st anhwé‘g@r‘ﬁg’%k%@géﬁﬂﬂﬁﬁr@s?élbﬁrt%ht'lﬁe% %?f%‘(ﬂhgpned
gypsum The gener athigridé @i stuces)ufboards that wéredtherise %l@pared anhpeateqd
phosphoric acids, each of whi ﬁar}ﬂ‘l(’:i ri ses nor e osphoric acid units;

2 Or r >
and salts or ions BY8EBABRRD Resviously deseribed infxemPpleorpfs §8awn or
nore phosphage uni frfTablRerd, fthé trR4BfiBtaSs@ts MUaM irfAEaSein NailBlIE Siréhdith
include, e.g., the follow ng acids or salts, or the anionic El)ortl ons
t hereof : sodium (measured inthe same manner as Example 4, i.e., ASTM C 473-95) and
provides similar bond performance (measured in the same manner as
Example 8) as compared with control boards with no sodium chloride.
Further, trimetaphosphate ion treatment provided significant

10 improvement in humidified sag, even up to 0.3% chloride salt addition.
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15

trimetaphosphate having the nol ecul ar fornula (NaPO3) 3,

sodi um

hexanmet aphosphat e havi ng 6-27 repeati ng phosphate units and havi ng. t he
nol ecul ar fornmula Na[err] wherein n=6-27,
having the nolecular fornula Klerr] trisodi um di potassiumtripol yphosphate

havi ng the
t he nol ecu

PR

ar formula NaJerr],
la Na[err] tetrasodi um pyrophosphate

20

t et rapot assi um pyr ophosphat e

sodiumtrip

?ngﬂ%g’%%%t e having

nol eculrar fornmula Na[err] alum numtrimetaphosphate having the nol ecul ar
formula Al (P err])[err], sodiumacid pyrophosphate having the nol ecul ar

formula Na[err] a

units 25 and
n=1000- 3000, or pol
acid units and havi
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are shown in Table%
were used to treat
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manner as previousl
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1000- 3000 repeating phosphate
(NH err])[err] wherein

r nore repeating phosphoric

err] wherein nis 2 or nore.
als to treat cal cined gypsum
3 various enhancing materials
he process of preparing

red and treated in the sane

. The cubes were prepared and
I bed in Exanple 1. Except in
al s were used rather than

ag deflection was nmeasured in.
npl e 2. Conpressive strength
descri bed in Exanple 1.



In Table 14 pol yphosphoric acid was used to treat calcined 15 gypsum
in the process of preparing gypsum boards and cubes. The boards were
prepared and treated in the same manner as previously in described in
Exanpl e 2. The cubes were prepared and treated in the sanme nanner as
previously iLhed in Exanple 1. Except in.both cases, various different
enhanci ng ﬁ%ﬁ’%&?s were used rather than just 20 tri Wb"gff“nate i on.
Hum di f'i ed sag defl ection was nmeasured in the same nanner as previously
described in Exanple 2. Conpressive strength was neasured in the sane
manner as previously described in Exanple 1. In Table 15 ammoni um _
pol yphosphate ("APP") was used to treat 25 cal ci ned gypsumin the
process of preparing gyasleri2shows traathent iwith, trimtetaphasphatevienandr BREGr ed and

cubes were. prepar 480G rHenaT, 815 RRE Y SRR by THuters B Btfo Saliccr i bea
in Exanple 1. Excepterials{01368-wt/ % of chilords salt i stucsoyloff beards thatrwereci ng

materials were useg rather tha t trinetaphos hat Hum di fi ed sag
Gof Lecti on s, o BUISreiss: FrePAEdSCIoRtA 87 o 0arsee FUAL| 9 Ihahrmvioual

Exanpl e 2. gonpr egasatbediin Emﬁﬂe\sasaw RAdrdble ‘IﬁQhéQ@trﬁﬁﬁt%éul%ﬁ
previously described in 5 anple 1. The results in Tables 13, 14, and
15 show that al | @BtiBeiease mmlemult stsength dmapsured meeme]mar@ﬁr@s
enhancing materi a v SV

production of set IE%?/@ %nf(’:o\r{l\?al ni ngﬁpro %ﬁfé&vcau?eeﬁtsﬂgg%?égﬁ%ts to exhibit
si gni fi cant resi s{measuredintbe same nmnemﬁxamtdé@b ascomparedhwiiih eontrdlt h t he

control s. boards.

10



- 58- EXAMPLE- 12 Treatnent of Cal cium Sul fate D hydrate Cast
with Various Enhancing Materials In general, any enhancing materials that

fall within the general 5 definition of enhancing materials previously
di scussed wi |l produce beneficial results (e.g., increased resistance to
per manent lon, and increased strength) in treat - ga&plum

sul fate di hydrate cast. The generally useful enhancing ma erlg pi% e
condensed phosphoric acids, each of which conprises 2 or nore phosphoric
acid units; and 10 salts or i ons of condensed phosphates, each of
whi ch conprises 2 or : oY ts of using such enhancing
' t are shown in Table 16. In
tlo treat set and 15

oards and cubes. The boards
sjn described in

Tabl e 16 various diffé¢
dried calciumsul fate
were prepared in the gane
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Exanple 2 and further treated in the same manner as Exanple 9. The cubes
were prepared in the sanme manner as previously described in Exanple I and
further treated in a manner simlar to that used in 20 Exanpl e 9.
Except in both cases, various different enhancing materials were used
rather th ' ri met aphosphate ion. Hum dified sag deflection was
measur ed ?ﬁ'd[s'ﬁ@&g%ne manlr[:er gs previ ously descri bed ign EF Sa8/y295
Conpressive strength was neasured in the same manner as previously
described in Exanple 1. 25 The results in Table 16 show that al
materials tested that are within the definition of enhancing materials
above, when used to treat set and dried cal cium sul fate di hydrate cast,
cause the resulting products -42- tEXAMBLE14 si gnificant resistance to
per manent deformati 0. aRd $hoRLE ' . .

controls. -63- e 1 T xS T ' :
particular reference to certain preferred enbodi nents thereof, but it
shoul d be appreciated that variatjon nd nodi fi.cations can be effected
within the EBi rit and i’&o srample b, i ﬂg"-e§5-emb° iments previously

5 discussed, the enhancing material is trimetaphosphate ion. However, in

general, any enhancing materials that fall within the general definition of
enhancing materials previously discussed will produce beneficial results
(e.g., increased resistance to permanent deformation) in treatment of
calcined gypsum. The generally useful enhancing materials are
10 condensed phosphoric acids, each of which comprises 2 or more
phosphoric acid units; and salts or ions of condensed phosphates, each
of which comprises 2 or more phosphate units.
Specific examples of such enhancing materials include, e.g., the
following acids or salts, or the anionic portions thereof. sodium
15 trimetaphosphate having the molecular formula (NaPO,),;, sodium
hexametaphosphate having 6-27 repeating phosphate units and having
the molecular formula Na,,,P,0,,., Wherein n=6-27, tetrapotassium
pyrophosphate having the molecular formula K/P,0,, trisodium
dipdtassium tripolyphosphate having the molecular formula Na,K,P30,,,
20 sodium tripolyphosphate having the molecular formula NagP,0,,,
tetrasodium pyrophosphate having the molecular formula Na,P,0,,
aluminum trimetaphosphate having the molecular formula Al(POs),,
sodium acid pyrophosphate having the molecular formula Na,H,P,0,,
ammonium polyphosphate having 1000-3000 repeating phosphate units
25 and having the molecular formula (NH,),.,P,,05,..« wherein n=1000-3000,
or polyphosphoric acid having 2 or more repeating phosphoric acid units
and having the molecular formula H,,,,P,04,,, wherein n is 2 or more.



What is clainmed is: 1. A method for producing a set gypsum containing
product having increased resistance to permanent deformation, conprising:
formng a mxture of a calciumsulfate naterial, an accelerator, water, and
one or nore enhancing materials chosen fromthe group consisting of:
condensed I c acids, each of which conprises 2 or nore phos horic
aci d unltsanﬁﬁgggglts or ions of condensed pﬂgsphates ed?ﬁ"g?g

conprises 2 or nore phosphate units, and maintaining the mxture under
conditions sufficient for the calciumsulfate material to form an
interlocking matrix of set gypsum the enhancing material or materials
havi ng been included in the mxture in an anmpbunt such that the set

gypsum contai ni ng product has greater resistance to pernmanent deformation

than it would have if pthe nh nCL t .had een, i ncl d.in the
e, o e et hogRepully B At sfigh Srhabcifi tntial &l reAf sHiefie
enhanci ng nmateri abypgumhgeghmmerameé nsm@fanutwo 004 to about 2. 0 per cent
by wei ght, based on the Web?%t of the calciumsulfate materi The

method of Caim1, wheltil@bied3cyarious:onhansingomateria %m&&*@ tﬁa*f%ﬁtl al in

h f d

the wel ght of ¢ hfﬁeﬁ? sffhhe %ﬁ%%ﬁﬂﬁﬁﬁ*&eﬂ%ﬂ’eﬁ?ﬁ%ﬂ?ﬁfe b
wherei n the concerdhe weire praparadand-reatedrianithe same manngeasipreviouslyi s about
0.08 percent by Wi QlleinG@iikatipid 2°THE bibls Whre! fHEpSRdEnd Treutsd # fre

mat eri al .
: same manner as previously described in Example 1. Except in both

cases, various different enhancing materials were used rather than just
10 trimetaphosphate ion. Humidified sag deflection was measured in the
same manner as previously described in Example 2. Compressive -
strength was measured in the same manner as previously described in
Example 1.
in Table 14 polyphosphonc acid was used to treat calcined
16 gypsum in the process of preparing gypsum boards and cubes. The
boards were prepared and treated in the same manner as previously in
described in Example 2. The cubes were prepared and treated in the
same manner as previously described in Example 1. Except in both
cases, various different enhancing materials were used rather than just
20 trimetaphosphate ion. Humidified sag deflection was measured in the
same manner as previously described in Example 2. Compressive
strength was measured in the same manner as previously described in
Example 1.
In Table 15 ammonium polyphosphate (“"APP”) was used to treat
25 calcined gypsum in the process of preparing gypsum boards and cubes.
The boards were prepared and treated in the same manner as previously
in described in Exampie 2. The cubes were prepared and treated in the
same manner as previously described in Example 1. Except in both

57-



REPLACEMENT SHEET 67 5. The method of Caim 1, wherein the enhancing

mat eri al conprises one or nore of the followi ng acids or salts, or the

ani oni c portions thereof: sodiumtrinetaphosphate, sodi um hexanet aphosphate
havi ng 6-27 repeating phosphate units, tetrapotassi um pyrophosphate,

trisodi um dy fumtripol yphosphate, sodiumtripol yphosphate,

t et r asodi u%w%yr@ﬁ%sphat e, alum num trinet aphosphat e, sodﬂ%ﬁ(‘ﬁ&qﬂdz”

pyr ophosphat e, anmoni um pol yphosphat e havi ng 1000- 3000 repeati ng phosphate
units, or pol yphosphoric acid having 2 or nore repeating phosphoric acid
units. 6. The nethod of Claim1l, wherein the mxture further conprises a
pregel atini zed starch. 7. The nmethod of Claim1l, wherein the calcium

sul fate material coasas, varousrdifferenhenhancing malerialsrwerelusat eathehihdnijast;

cal cium sul fate heg [ X alci sul.fat e dihydrate; or ions, of calcium
and sul fate. 8. Th@'ﬂé&?@ég‘m %ﬁ%dé%é'e%Wasm%ﬁm%m PRat er i al
conpri ses cal ci um sambaMQnmmﬁé\nb&ly Yesdrised R BERample £1 aCHMBresshBr €i N

t he enhanci ng materlal wgrlses one or nore of the follow ng salts, or the

ani oni c portions t Jeeanred l%?éﬁﬂ@s’ﬂ%@asﬁ@Y'QW‘Mé‘ﬁ&@fﬁQﬂdnosphat e
havi ng 6-27 gepeat exgmpleepphate units, and ammoni um pol yphosphate havi ng
1000- 3000 repeating phosphate units. 10 The nmethod of Claim1l, wherein the
cal ci um sul fate nat er i afhemspits inckables 13, dﬁamfﬁasmmhawrmatenalsteﬁ&d

that are within the definition of enhancing materials above, when used

to treat calcined gypsum in the production of set gypsum-containing

products, cause the products to exhibit significant resistance to
10 permanent deformation compared with the controls.
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11. The method of C aim 10, wherein,
resi stance to permanent deformation,

strength than it would have if the enhancing nmateri al

in the m xture.

conprises at |eas

ht

In addition to having greater
the set gypsum forned al so has greater
had not been incl uded
12. The method of Caim1l, wherein the m xture further

% 0. 015 wei ght percent (based on the wei
sul fate mal*'@P2P7n the m xture) of chloride ions or salt

of cal cium

{UR¥EET 13, The

met hod-of Claim1l, wherein the m xture conprises 0.02- 1.5 wei ght percent

(based on the weight of ca

| cium sul fate materi al

in the m xt

chloride ions or sal ¢ 0 gt 0
prepared by the negfhad of |Cha .
prepared by the reg 1% e E
sag resistance, MBS 3 of:
sheets, 1 wherein 0
and the board has
depositing a m xtug
conprises a calciu
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sulfate material to formthe interlocking matrix of set gypsum the
enhancing material or materials having been included in the mxture in an
anount such that the gypsum board formed has greater sag resistance than it
woul d have if the enhancing nmaterial had not been included in the m xture.
17. The QY%{M},&Q d of A aim 16, wherein the concentration of the
enhancing naterial in the mixture is fromabout 0.004 to BEHYEBATH3per cent
by wei ght, based on the weight of the calciumsulfate material. 18. The
gypsum board of C aim 16, wherein the concentration of the enhancing

material in the mxture i| 07027t 0 about 0. 16 percent by weight,
based on the weight B th

Ul f ¢t e|material. 19. The gypsum board
of Caim 16, whereing he

i pn ¢f §he enhancing material in the
m xture i s about 0.0% per i pht ] based on the weight of the cal cium

sulfate material. 208 The rd ¢f aim 16, wherein the enhancing
mat eri al conprises o or b f ol |l ¢ ng acids or salts, or the
anionic portions th@ eof gri@e aphosphat e, sodi um
hexamet aphosphat e haf§ ng p , retPhgPsphate units, tetrapotassium
pyrophosphate, triso& um di pota$ trijpollyphosphat e, sodi um
tri pol yphosphat e, t e& asopi ungp bsphat ¢, al um num tri nmet aphosphat e,
sodium acid pyroph&pha ? m p¢! yphosphat e havi ng 1000- 3000
repeati ng phosphate ®nits|® bsphorijc acid having 2 or nore
repeati ng phosphori cgaci d . Nd'h gypsum board of C aim 16, wherein
the cal cium sul fate ter EL elor nore of: calciumsulfate
anhydrite; calcium sl fat af-a—+Gadf Ci um sul fate di hydrate; or ions
of cal ci um and B , E
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sul fate. 22. The gypsum board of C aim 16, wherein the calciumsulfate

mat eri al conprises calciumsulfate hem hydrate. 23. The gypsum boar.d of
Claim 22, wherein the enhancing material conprises one or nore of the
followi ng salts, or the anionic portions thereof: sodiumtrinmetaphosphate,
sodi um hex t phat e having 6-27 repeating phosphate '

anmoni um po ypgg}gésbgiate havi ng 1000- 3000 repeating phospha@h’%ﬁ@%%. The
gypsum board of Claim 16, wherein the calciumsulfate material conprises
cal cium sul fate di hydrate. 25. The gypsum board of C aim 16, wherein, in
addition to having greafer sa ' ¢ Jgypsum board al so has
greater strength than i} woul ' anci ng material had not been
included in the mxture|8 26 Claim 16, wherein the

m xture further co%ri SES percent (based on the

wei ght of cal ci um Ifa%%rfg

salts thereof. 27 ggrl'g ofElai m 16, wherein the mxture
conprises 0.02-1. S)E/\Eig eel wei ght of cal cium sul fate
material in the mxure] of ja ts thereof. 28. The gypsum
board of O aim 26, Swhergin § onprises a pregel atini zed
starch. 29. The gy'@ym ® effef n the mxture further
conprises a pregel &ini so% sjum board of C aim 29,
wherein the concengati -
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the pregel atinized starch in the mxture is fromabout 0.08 to about 0.5
percent by weight, based on the weight of the calciumsulfate material. 31.
The gypsum board of C aim 29, wherein the concentration of the
pregel atinized starch in the m'xturehi S ;rohm abo:Jt_O. 16 It19 ?boutto._4 o
ercent b i based on the weight of the.calciumsulfate material. .
‘Fl)'he gybsu%%&?}gg’a O ai m 29, wherein the concentration ofCIRE9%8/17293
pregel atinized starch in the mxture is about 0.3 percent by weight, based
on the weight of the calciumsulfate material. 33. The gypsum board of
Claim 16, wherein: the core has voids uniformy distributed therein; and
the m xture further conprises an aqueous foam 72 34. The gypsum board
of Caim33, wherein the aqueous foam EXAMPLEMX ormed from a foanming agent,
or a blend of foa' agent.s,  havilg er X.is a
nunber from2 to — < T RO S - e 50
wei ght percent of the foam ng agent or M%@f.foam. ng agents, and Mis a
cation. 35. The gypsum board ?f Cl aim 34, erein Yis O in from86 to 99
wei ght percent of the f'B&?Pﬂ@,a@wn?nhﬁncmgemateazlsrfb%ﬁaﬂgﬂlﬂg@m%gel:w?al The
sum boar ¢ of Cl Jdfiniti Adi h i Nl _
g%lggel atini gsed st aﬁﬂﬁtﬁ'doﬁﬁgﬁj%?ﬁtg?é%y%?w gglgomgo%%?gg %gﬁgag%errprl si ng
set gypsum and a rkengfigalresuistegarinereasedresistanas topermgnéentaiefometiansd by a

met hod conpri si ng: aPiitddded strAAGHAF irf rostmdnt'bf Sdtbifim Slidte dihl@%ts cidler '

the m xture
The generally useful enhancing materials are condensed phosphoric
acids, each of which comprises 2 or more phosphoric acid units; and
10 salts or ions of condensed phosphates, each of which comprises 2 or
more phosphate units.

Resuilts of using such enhancing materials to treat calcium sulfate
dihydrate cast are shown in Table 16.
In Table 16 various different materials were used to treat set and
15 dried calcium sulfate dihydrate in the form of boards and cubes. The
boards were prepared in the same manner as previously in described in
Example 2 and further treated in the same manner as Example 9. The
cubes were prepared in the same manner as previously described in -
Example 1 and further treated in a manner similar to that used in .
20 Example 9. Except in both cases, various different enhancing materials
were used rather than just trimetaphosphate ion. Humidified sag
deflection was measured in the same manner as previously describad
in Example 2. Compressive strength was measured in the same manner
as previously described in Example 1.
25 The results in Table 16 show that all materials tested that are
within the definition of enhancing materials above, when used to treat set
and dried calcium sulfate dihydrate cast, cause the resulting products -
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conprises the reinforcing material, a calciumsulfate material, water, and
one or nore enhancing materials chosen fromthe group consisting of:.
condensed phosphoric acids, each of which conprises 2 or nore phosphoric
acid units; and salts or ions of condensed phosphates, each of which
conprises 2 phosphate units, and maintaining the m xture under
condi tions gﬁ??ﬁ@#@%t for the calciumsulfate material to PEFHS%7293
interlocking matri x of set gypsum the enhancing material or materials
havi ng been included in the m xture in an anmount such that the conposite
board has greater resistance to permanent deformation than it would have if
t he enhancing nmaterial had not been included in the m xture. 38. A
conposi te board cortpekhibit gigeificant yesistancatd persangnh deformation and sigaificant
portion of the set . gf' itio N an bout accessible voids in
t he host particlesfg¥ﬁég%% %ﬂﬂﬁgﬁﬁﬁéﬁﬁﬁﬁﬂbhﬁﬂgwﬁﬁﬁby a nmet hod conpri sing:
form ng or depositing a m xture on a surface, wherein the m xture
conprises: the host particles; calciumsulfate hem hydrate, at |east a
portion of which is in the formof crystals in and about the voids of the
host particles; water, and one or nore enhancing materials chosen fromthe
group consisting of: condensed phosphoric acids, each of which conprises 2
or nore phosphoric acid units; and salts or ions of condensed phosphat es,
each of- which conprises 2 or nore phosphate units, and maintaining the

m xture under conditions sufficient for the calciumsulfate hem hydrate to
forman interlocking matrix of set gypsum whereby the portion of the set
gypsumin and about the
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accessible voids in the host particles fornms by in situ hydration of the
calcium sul fate hem hydrate crystals in and about the voids of the host
particles, the enhancing material or materials having been included in the
m xture in an anount such that the conposite board has greater resistance
to per_manew %@é@gm&tion than it would have i.f the enhancing material had
not beéen i N in the mxture. 39. A set gypsum cont ai’f 9f/|1'(}a§mt
enployed to finish a joint between edges of gypsum boards, the product
havi ng been prepared by a nethod conprising: inserting into the joint a

m xture conprising a bi ngqer = tHTCReETET DTTF TToTagent, a cal cium
sulfate material, water, q,nd onel dr {ngr ¢ 1 Enhgndi g tkrials chosen
fromthe group consisti ngLaJS:'gco Nsqd hofic lagi qs,| ¢afh of which
conprises 2 or nore phosy _&i'g i juri ¢ ) tis lonl ijops| of condensed
phosphat es, each of whi cactlyri 2 {o1 phosphdt 4 ynift g, and
mai.ntai ning the m xture Yy&dere® Midns <$reiRt dlartwstid-Fal ci um sul fat e
material to form an intern k@ rifx ] BIR Shhanci ng
material or materi s hayrng Reep [ rCT|UC ef i JTyr ¢ |nf an anount such
that the set gypsur@contgining p dduct f baf ef Irgsi|syapck to pernmanent
deformati on than itgwoul g vg I f [t Ne ler LI hg tlerli 41 {had| not been
included in the mxgure. m_ég\ﬁet %yFSl al nj ng |laqouys ital tile
prepared by a neth Go B Rloo [l tead il fant % i iaosot ray a mxture
conprising a gel at i £d & 3 § 2lolelelelelele .gg“?%qﬁ’.“’.‘
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starch, a mneral wool, a calciumsulfate material, water, and one or nore
enhanci ng materials chosen fromthe group consisting of: condensed .
phosphoric acids, each of which conprises 2 or nore phosphoric acid units;
and salts or ions of condensed phosphates, each of which conprises 2 or
nor e phosphghomdthd S: and nmaintaining the mxture under conditions
sufficient for the calciumsulfate material to form an i nPEFUSEA2E matri x
of set gypsumnaterial, the enhancing nmaterial or materials having been
included in the mxture in an amount such that the acoustical tile has
greater resistance to permanent deformation than it would have if the
enhanci ng materi al had not been included in the mxture. 41. A set

gypsum cont ai ni ng acoudhiec irventior rpasepaenddéspnbedmtrhddaﬂmmﬁlpémlar 75 |
form ng or deposit] tr FISI Iatlnlzed starch,
expanded perlite d'gqu? go ﬁ?t"é& Q"tég‘rggfe"f Wt shepldda 1 at e
material, water, wpﬁrwue@maﬁw&ti%ﬁbaﬁelrﬁﬁﬂrf@t@hé 4 be lefreeRdWitkin e 9roup
conS|st|ng of : condeq phosphoric acjds, each of which conprises 2 or

more phosphori ¢ adPit@ndiscopafithednyention. i ons of condensed phosphates, each
of which conprises 2 or nore phosphate units, and maintaining the m xture
under conditions sufficient for the calciun1su|fate material to forman
interlocking matri x of set gypsum the enhancing material or materials
havi ng been included in the



m xture in an anount such that the acoustical tile has greater resistance
to permanent deformation than it would.have-i-f~the enhancing material had
not been included in the mxture. 42. A set gypsum containi ng nmachi nabl-e
product prepared by a nethod comﬁ(ig@l,aﬂgasa‘emw da mixture conprising a

starch, particles of a water-redi r, a calciumsulfate
material, WYCEZ(d one or nore %m%mmm“t i al s chos&FHUBSE#Re group
consi sti-ng of : condensed phosphori 'ds, each of which conprises 2 or
nore phosphoric acid units; and salts or ions of condensed phosphates, each
of which conprises 2 or nore phosphate units, and maintaining the mxture

under conditions sufficient for the calciumsulfate material to form an
i nt erl ocki ng nat ri wWhek isselaimpdisum t he enhancing material or materials

havi ng been included in the mxture in an anmunt such that .ft. .
gypsum cont ai ni ng machi hatf é"ﬁfﬁ%‘glﬁgt PW&@"'QFe%st gyggq@pgﬁ%gﬁlﬁg pggéur%nent
def ormation than ipavify iréréed resistdnee & pamantnt defopmation, loathprisingbeen

i ncluded in the m xture. 76 A conposi tion, usef oduci ng a

43. ) | for pr
gypsum board, conpri si rigmaingiaixiuge efia caicium sifate malerigl waleh @8@8[’,9 fater, a
bregel at ni zed st apihe Ahheiing” mdlBlidls CHABA! REmHE drabs edranting! bpm ¢ he
group consisting of: condensed phosphoric acids, each of which conprises 2
or nore phosBhori ccondehsedi plsosphodc adids; eachi ohwhich compdsered PhowiAat es,

Geeful for producy AOSMSR8HHURE AH 338 8 ok Bt bdnasrited ProgRass oepfl, |
sul fate material, ohwhich comprises2ws more phosphate units, and
maintaining the mixture under conditions sufficient for the calcium
sulfate material to form a set gypsum material,
10 the enhancing material or materials having been included in the
- mixture in an amount such that the set gypsum formed has greater

resistance to permanent deformation than it would have if the enhancing
material had not been included in the mixture.

2. The method of Claim 1, wherein the concentration of the
enhancing material in the mixture is from about 0.004 to about 2.0
percent by weight, based on the weight of the calcium suifate material.

3. The method of Claim 1, wherein the concentration of the
enhancing material in the mixture is from about 0.04 to about 0.16
percent by weight, based on the weight of the calcium sulfate material.

4. The method of Claim 1, wherein the concentration of the
enhancing material in the mixture is about 0.08 percent by weight, based
on the weight of the calcium sulfate material.

'THIS SHEET HAS BEEN
REPLACED
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foam and one or nore enhancing materials chosen_fromthe group consisting

of : condensed phosphoric acids, .each-of-whi¢h conprises 2 or nore .

phosphoric acid units; and salts or ions of opde&nsed phosphat es, each of

whi ch conprises 2 or nore phosphakieShesiBasBeeAEEErne conposition of O ai m 44,

wherein the_m xture further conpri \“ \ I ni zed starch. 46. A

conposi‘ti on B when ni xed wi tﬁwm roduci ng FTHWEL2P% boar d
|

conprisi'ng set gypsum and host particles, at |east a portion of the set
gypsum bei ng positioned in and about accessible voids in the host
particles, wherein the conposition conprises a mxture of: the host
particles having the accessible voids therein; calciumsulfate hem hydrate,
at least a portion of vli cThe method b€ Claimm1pwhereintthesenhaneing edatarial t he

i ds of the host ti.cles: d . enhanci terials.ch
from the group corCHBPAIERS oo OF Bl o6 e flowiaLAcES ot #all. QbR SYORlR; o

conprises 2 or nNDrgorfeRsSRBRIOK Csoiitint trivbtashosphate, sodium hakamefphbsptate
condensed phosphates, each of which conprises 2 or nore phosphate units.
47. A conposition h2¥ng6-27 repeating,rhesphats upits detrapetassiua\REPPRPSRNARE hi nabl e

set gypsum c@nt ai ng NoTang] AATLSY Ll UL Sai0h rticles
of a water- rgdi spetrris%%fjghgg?ie&ntéars;ﬁgﬁgltg?@%sﬁpﬁg{% ﬁ?&gﬁyéﬁ%?@dggga%ﬁe or
nmor e enhanci ng nat tetiagbdiumpyrephdspbate, alumjnemjrimetaphosphate o sodivoratithsed
phosphoric acids, i | ' Ld.units;
and salts or ions W@%MW@égﬁéW%VMW%%@%M% or
mor e phosphat e uni plsosphate units, or polyphosphoric acid having 2 or more repeating

~ phosphoric acid units.

6. The method of Claim 1, wherein the mixture further comprises
a pregelatinized starch. '

7. The method of Claim 1, wherein the calcium sulfate material
comprises one or more of. calcium sulfate anhydrite; calcium sulfate
hemihydrate; calcium sulfate dihydrats; or ions of calcium and sulfate.

8. The method of Claim 1, wherein the calcium sulfate material
comprises calcium sulfate hemihydrats.

9. The method of Claim 8, wherein the enhancing material
comprises one or more of the following salts, or the anionic portions
thereof: sodium trimetaphosphate, sodium hexametaphosphate having
6-27 repeating phosphate units, and ammonium polyphosphate having

5 1000-3000 repeating phosphate units.

10. The method of Claim 1, wherein the calcium sulfate material
comprises calcium suifate dihydrate.
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48. A conposition useful, when m xed wth water, for finishing joints
bet ween edges of gypsum boards, canprising-a mxture of: a binder, . a
t hi ckener, a non-|eveling agent, calciumsulfate hem hydrate, and one or
nore enhanci ng materi al s chosep;sishdiids Been®eplatpd consi sting of : condensed

phosphoric_aci each of which r nore phosphorlc acid units;
and salts ﬁ%’@%?’of condensed H!ﬂuam %leﬁ(:h of which QH‘E"?’Q@? 2 or
nore phosphate units 49. A conp for producing an acousti cal
tile, conprising a mxture of: a gelatinized starch, a mneral wool, a
calciumsul fate material, water, and one or nore enhancing nmaterials chosen

fromthe group consisting of: condensed phosphoric acids, each of which
conprises 2 or nore phosphoric acid units; and salts or ions of condensed

phosphat es, each of vvh' h . conprj.se I, e _phosphat e, yni 78 50. A
conposi tion, usef ul r@mng‘Phlfd;ﬂ'zgg%ﬁnﬁ'c erPf"‘Dé" Wﬂiﬂn Eq ARVIAg i xt ur e
of: a gelatinized ﬁa@ércﬂ%sumrtd%rmnbmtaafamiéﬂml fife sét dypsaim foahed or ci ng
agent, a cal ci um suI fate materia ne,or nore enhancin

mat erial s chosen alsemﬂsr@egheaéﬁsewhghem !trY@‘{W ha%ﬁd@l?@ha%m aci ds,
each of which con’ﬁﬁ ?Sﬁb&'ﬁhﬁm{’&vﬁm&m rbC acid units; and salts or ions
a 0

of condensed phosp es, eac ch conprises 2 or nore phosphate units.
51. A nmethod for produ0|ng a set gypsum contai ni ng product havi ng.

i ncreased strength, e onal .
stability, conprising: f# W’ﬁé‘“&aﬁw q %e%ﬁtﬁémh%gﬁ%c%ﬁ%% and at
| east one at least 0.015 weight percent (based on the weight of calcium sulfate

material in the mixture) of chloride ions or salts thereof.

13. The method of Claim 1, wherein the mixture comprises 0.02-
1.5 weight percent (based on the weight of calcium sulfate material in the
mixture) of chloride ions or salts thereof.

14. A set gypsum-containing product prepared by the method of
Claim 10.

15. A set gypsum-containing product prepared by the method of
Claim 12.

16. A gypsum board having increased sag resistance, comprising
a core of material sandwiched between cover sheets, wherein the core
comprises set gypsum, and the board has been prepared by a method
comprising:

5 forming or depositing a mixture between the cover sheets,
wherein the mixture comprises a calcium sulfate material, water, and one
or more enhancing materials chosen from the group consisting of:
condensed phosphoric acids, each of which comprises 2 or more
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tri met aphosphate conpound, and maintaining the mxture under conditions
sufficient for the cal cined gypsumto convert-to set gypsum the

tri met aphosphat e conpound havi ng been included in the mxture in an anount
such that the set gypsum contai gmglgeénﬂadsce@reater strength,

resi stance nent def or nat onal stability than it
woul d have \&!&9@%‘?&?” met aphosphat E‘\mg m‘jnot been PR %®n t he
m Xture. 52. The nethod of claim e concentration of

tri met aphosphate conpound in the mxture is fromabout 0.004 to about 2.0
percent by weight, based on the weight of the cal cined gypsum 53. The

met hod of claimb51, wherein the concentration of trinetaphosphate conpound

in the m xture i s phospharicacid uhitSZaridsaits ov for$. of copdensadtpHosphateg eachbased on
t he wei ght

f the calcined The rret od of claim51,
wher ei n thé'%conce WQ%WW&P%UB%‘?‘FD@H?&P te in the mixture is
from about 0.08 perCenindmtammgqmmnM&Qﬁdéfbdnhﬂ:oHQbﬁl’héneﬁifo?%@a%thﬂed
gypsum 55. The \ﬁé’s hod of claim51, wherein a trinmetaphosphate salt is

di ssol ved in the ifate materigtiofosm aﬁ@tgm%matﬁnaé. tri nmet aphosphat e i on.
6. h hod of cl ' | ved
56. The method of claiig éﬂhaﬂéﬂg fRbter 596?M5§eh5l Wﬁ&ﬁdb&ggbﬁso ve

in the water in the m xture ovli eatr I on
met hod of cl ai m 5mixiyreiran amasnt such that the gypswc bogrdi formed bas gresiter um

sul fate henighydr atggy rolstandd Yiaf Tt WO 1ve 3 ths ThRarciny Iara AL ndt Bdel ©

further
included in the mixture.

17. The gypsum board of Claim 16, wherein the concentration of
the enhancing material in the mixture is from about 0.004 to about 2.0
percent by weight, based on the weight of the calcium sulfate material.

18. The gypsum board of Claim 16, wherein the concentration of
the enhancing material in the mixture is from about 0.04 to about 0.16
percent by weight, based on the weight of the calcium sulfate material. -

19. The gypsum board of Claim 16, wherein the concentration of
the enhancing material in the mixture is about 0.08 percent by weight,
based on the weight of the calcium sulfate material.

20. The gypsum board of Claim 16, wherein the enhancing
material comprises one or more of the following acids or salts, or the
anionic portions thereof: sodium trimetaphosphate, sodium
hexametaphosphate having 6-27 repeating phosphate units,

5 tetrapotassium pyrophosphate, trisodium dipotassium tripolyphosphate,
sodium tripolyphosphate, tetrasodium pyrophosphate, aluminum
trimetaphosphate, sodium acid pyrophosphate, ammonium
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conprises a pregel atinized starch. 59. . The-nethod of claim1, wherein: the
set gypsum containing product isa gypsum board conprising a core of

mat eri al sandw ched between cove ﬁh@s};aﬁmﬁpﬁpqﬂ the core conprises set
gypsum and the board is forned senbly by depositing the

m xture of d gypsum waterﬂ m w osphat e cQ und bet ween

t he cover s"ﬁ@é’?@&gnd all owi ng the ‘\ﬁ set and dry BARAYL et hod
of Clai'm 59, wherein the m xture further conprises a pregelatinized starch.
61. The nethod of C aim 60, wherein the concentration of the

pregel atinized starch in the mxtures is fromabout 0.08 to about 0.5

percent by weight, based on the weight of the calcined gypsum 80 62.
The net hod of C aipolyphospiaie chaving e 10033000 r repeating f phaosphgte: qunits: iori zed

starch in the mx ' . 0 . i ght,
based on the wei gh’%@?‘@ﬂ@’@a@"‘ﬁﬁ%"@%"i t'j'f‘ﬂq' eggﬁégﬂ?g Pﬁ#ﬁﬁ@'?%c@*gﬁ% 60,
wher ei n tha(]concentration of the pregelatinized starch in the mxture is
about 0.3 percent by based, on t of the calcined psum
64. The nethod of d a She\WB?'ém P°af%&e@am Ha‘@%f’ﬂ@‘ Q"JPM%

di stributed there'rﬁhteﬁﬁﬂcdrﬁﬁld@s%r& rﬁ%tﬁfeéaléiﬁﬂ‘i)ﬁdlfﬂé afRydHle.eiiGiumoam: 65.
The nmethod of C aim64, wherein the agqueous foam has been formed from a

foani ng agent,  or sulfatechemibydsete;rainiumgulfete dihydrate; of ienstefqalgium and
sulfate.

22.' The gypsum board of Claim 16, wherein the calcium sulfate
material comprises calcium sulfate hemihydrate.

23. The gypsum board of Claim 22, wherein the enhancing
material comprises one or more of the following salts, or the anionic
portions thereof: sodium trimetaphosphate, sodium hexametaphosphate -
having 6-27 repeating phosphate units, and ammonium polyphosphate

5 having 1000-3000 repeating phosphate units.

24. The gypsum board of Claim 16, wherein the calcium suifate
material comprises calcium sulfate dihydrate.

25. The gypsum board of Claim 16, wherein, in addition to having
greater sag resistance, the gypsum board also has greater strength than
it would have if the enhancing material had not been included in the
mixture.

- 28. The gypsum board of Claim 16, wherein the mixture further
comprises at least 0.015 weight percent (based on the weight of calcium
sulfate material in the mixture) of chloride ions or salts thereof.
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[err] wherein X is a nunber from2 to 20, Y is a nunber fromO to 10 and is
O in at |east 50 weight percent of the foam ng agent or blend of foam ng
agents, and Mis a cation. 66. The met-hod of "Cl'ai m 65, wherein Y is 0 in
from86 to 99 wei ght percent of the Lw%ggi ng g g{pt or blend of foam ng
agents. 67,7, t hod of C ai nhfsShee m xture further conprises a
pregel ati nm%%%gﬁrch and an aqu Wmﬁ 81 68. The YYYB¥'BP C aim
51, wherein: the set gypsum cont is a conposite board
conprising set gypsumand a reinforcing material; the m xture further
conprises the reinforcing material; and the board is fornmed by depositing
the m xture onto a surface and allowing the mxture to set and dry. 69. The
met hod of Cl aim51, wherein: the set gypsum containing product is a

conposite board conpriging t u n . ticl . I t a
portion of the set gyng(rm Eﬁﬁﬁﬁ%@&\ E}’gﬁgﬂpm&gﬁgéab&??%de?égsrﬁmevoi ds in
thellhost particl esom he?]gmzoz,l' |1,§ Wagd ht percentriba 'sﬁdsor.itmbmmh. tm.irdalcr?.hmfs, andf
at least a portion t cal.cined, um.in.the mxture,is i.n the formo
crystals in and ase'gﬁtem?zeﬁﬂ'am"&ﬁgfﬂﬁ'm ‘PP&P&§?‘E%“\?"ME board is
formed by depositing the m xture onto a surface and allow ng the m xture to

set and dry, whereby the g_grtion of the set gypsumin and about the
accessi bl e voi ds in t h@8hdbe gyasum doged elLlaim 26, whersin therpixture fwthest t he

cal cined gypsumc | r%&i&ﬁw voi ds of the host particles. 70.
The met hod of C a?:ér‘nﬁ@@,gés\/\gxgr n:t e s'sté;ta:ﬁ'gypsum cont ai ni ng

29. The gypsum board of Claim 16, wherein the mixture further
comprises a pregelatinized starch.

30. The gypsum board of Claim 29, wherein the concentration of
the pregelatinized starch in the mixture is from about 0.08 to about 0.5
percent by weight, based on the weight of the calcium sulfate material.

31. The gypsum board of Claim 29, wherein the concentration of
the pregelatinized starch in the mixture is from about 0.16 to about 0.4
percent by weight, based on the weight of the calcium sulfate material.

32. The gypsum board of Claim 29, wherein the concentration of
the pregelatinized starch in the mixture is about 0.3 percent by weight,
based on the weight of the calcium sulfate material.

33. The gypsum board of Claim 16, wherein: the core has voids

uniformly distributed therein; and the mixture further comprises an
aqueous foam.
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product is a machinable material, and the mxture further conprises a
starch and particles of a water-redispersible polynmer. 71. The net hod of
Claim 51, wherein: the set gyps g%r;stgeiem@gcdar oduct is a material enployed

u
to finish a joint between edgey’ rds; the m xture further
conpri ses ' , a thi ckener,\ mamgmlevel I ng agent: and the

nat eri‘al .@‘%ﬂﬂ@é by insertin nto the joi MCTARIEPHwi ng t he
m xture to set and dry. 82 72. The nethod of Caimb51, wherein: the set
gypsum cont ai ni ng product is an acoustical tile; the m xture further
conprises a gelatinized starch and mneral wool; and the tile is fornmed by
casting the mxture into a tray and allowing the mxture to set and dry.

73. The nethod of C a84n Fhe gypsumiboard 6fClairh 33y whereirs the agueons fpamduct i s
an acoustical tileg; the mixtu furfher. conprises el atinjzed starch,
expanded pertile 59?#8@9’,‘"%@@ q{%g}'"g @SER‘O?‘E? ng@gfﬁﬁ??mm? 'tile is
formed by castinghavifgithefoimald Nto a tray and allowing the mxture to set

and dry. 74. A conposSition, useful for roducirbq a gypsum board,
conprising a mxture of: wat eQHa(@é‘lzhCth;@Sh@'dm 0.9 Mast one

trimetaphosghate %81%’5&35 %ﬁﬂﬂbérfgérﬁﬁ%%i ?gé g‘ﬁuﬁﬁﬁ%m 68 10andis 0

tri met aphosphat e conpound havi ng been I nctu e mxture 1n an anmount
such that, when t ireahieast5@ wieight pertentofthedoarsingyagenbobblend of foamingt hod i n

whi ch the cal ci negggp{tg's% mg\éeéatﬁan.to set

35. The gypsum board of Claim 34, wherein Y is 0 in from 86 to
98 weight percent of the foaming agent or blend of foaming agents.

36. The gypsum board of Claim 16, wherein the mixture further
comprises a pregelatinized starch and an aqueous foam.

37. A composite board comprising set gypsum and a reinforcing
material, the board having been prepared by a method comprising:
forming or depositing a mixture on a surface, wherein the mixture
comprises the reinforcing material, a calcium sulfate material, water, and
5 one or more enhancing materials chosen from the group consisting of:
condensed phosphoric acids, each of which comprises 2 or more
phosphoric acid units; and salts or ions of condensed phosphates, each
of which comprises 2 or more phosphate units, and
maintaining the mixture under conditions sufficient for the calcium
10 sulfate material to form a set gypsum material,
the enhancing material or materials having been included in the
mixture in an amount such that the set gypsum formed has greater
resistance to permanent deformation than it would have if the enhancing
material had not been included in the mixture.
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gypsum the gypsum board will have greater resistance to pernmanent
deformation than it woul d have if the tri met aphosphat e conpound had not
been included in the mxture. A corrp03| tion, useful for producing a

gypsum board, conprising a mﬁ getﬁasBe ﬁ’ cal ci ned gypsum at | east

one trinet g@ﬁ)? %gte conpound; oam the tri rretgt,imosphate
conpound h 8’9 en incl uded | n an anount? at, when

the m xture is used to produce SHEET gypsum board in a

met hod in which the cal cined gypsum converts to set gypsum the gypsum
board w Il have greater resistance to permanent deformation than it would
have if the trinetaphosphate conpound had not been included in the m xture.
76. The conposition of Claim75, wherein the mxture further conprises a

pregel ati ni zed starch A CcQMosi |on useful when Wlt . wat er,
for producing a corrpos@geASB"H osite %r%ﬁ(??g i cles,

at |east a portiogt Rfast Bepéreibn maelreeb@ypaxrﬁcwuﬁg Eagiﬁohéd i Gndbabout
accessible voids in the host particles, wherein the conposition conprises a

m xture of: the haeaespiblevoidsds thebps@meeéaewam bayipg been pesrarad

cal cined gypsum I n of which is in the formof crystals in
and about the vmgg'salnﬁétﬁﬁdeﬂﬁgﬁ&h rtlcl es; and a water-sol uble

trimet aphosphate sal t .forsing mdemsnmameefaﬁqrfmeWhmekeme«mMum/at er,
for producing comprises: the host particles; calcium sulfate hemihydrate, at least a

portion of which is in the form of crystals in and about the voids of the
host particles; water; and one or more enhancing materials chosen from

the group consisting of: condensed phosphoric acids, each of which
10 comprises 2 or more phosphoric acid units; and salts or ions of
condensed phosphates, each of which comprises 2 or more phosphate
units, and
maintaining the mixture under conditions sufficient for the calcium
sulfate hemihydrate to form set gypsum, whereby the portion of the set
15 gypsum in and about the accessible voids in the host particles forms by
in situ hydration of the calcium sulfate hemihydrate crystals in and about
the voids of the host particles,
the enhancing material or materials having been inciuded in the
mixture in an amount such that the set gypsum formed has greater
20 resistance to permanent deformation than it would have if the enhancing
material had not been included in the mixture.

39. A set gypsum-containing product employed to finish a joint
between edges of gypsum boards, the product having been prepared by
a method comprising:
inserting into the joint a mixture comprising a binder, a thickener,
5 a non-leveling agent, a calcium sulfate material, water, and one or more
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a machi nabl e set gypsumcontaining material, conprising a m xture of:

cal ci ned gypsunm a water-soluable trinet aphosphate salt; a starch; .and
particles of a water-redispersibl-e polymer. A conposition usef ul, when
m xed with water, for finishi n gl %&Bp&ﬁ{\éﬁﬁm edges of gypsum boards,

conprising _a m xture of : cal CI ter-soluble trineta hosphate
salt; a bi M?plosyst hi ckener; “ﬂ mmﬁ‘“‘ag agent . .CT’W%’E)VS%Q tion,
useful for produci ng an acoustl rising a mxture of : water,
cal cined gypsum trimetaphosphate ion; a gelatinized starch; and m neral
wool . 81. A conposition, useful for produci ng an acoust i cal tile,
conprising a mxture of: water, calcined gypsum trimnmetaphosphate ion; a

gel ati ni zed st ar clenharciaganatepals ichbserpfromi thé gsoupcahsistinglofr conderisedci ng

agent. 82. A rreth d for I n e sum ¢ont ai ni duct. havi ng
i ncreased resi staf 8 phor ffg?ﬂg éﬁ"ﬂd’gf’%\"%’a%'seé rmgﬁﬁ%ﬁb&rﬁgﬁé’d |

m xture of a cal ciunitss ahtiasitsdbh ¥sHsAbP conbéried piesphates)reathr 6f whivhnci ng
material s chosen fromthe group consi sting,_ of: phosphoric acids, each of

whi ch conpri ses 1°6F‘Pﬁ‘§9%2|&ﬁ&?5ﬁ0hpm &“ﬁ%aﬂ"ﬁ sal ts or ions of condensed
phosphat es, geach of whj SiRMSthe lSn!‘Tgkih%ca?él
ort p osp at es,

nonobasi ¢ sal ts or nonovalent “ions o mal nt al ni ng the
m xture under condulfatermateriatodorma sebgypsum matarlam sul f at e di hydrate to

formor maintain an in ' Hgﬁ ' dr at e,
t he enhancing materi al Elﬁé@ﬁﬂg!}%a ﬁé ﬁéa%ﬂglﬁﬁxﬁ%sgi ih%lﬁpﬁ% m{i%t ure in
an anount and nmanmixtuse i ahhamodritesuoht thay (e setcgypsaimnformed has greater
resistance to permanent deformation than it would have if the enhancing
10 material had not been included in the mixture.

40. A set gypsum-containing acoustical tile prepared by a method
comprising:
forming or depositing in a tray a mixture comprising a gelatinized
starch, a mineral wool, a calcium sulfate material, water, and one or
5 more enhancing materials chosen from the group consisting of:
condensed phosphoric acids, each of which comprises 2 or more
phosphoric acid units; and salts or ions of condensed phosphates, each
of which comprises 2 or more phosphate units, and
maintaining the mixture under conditions sufficient for the calcium
10 sulfate material to form a set gypsum material,
the enhancing material or materials having been included in the
mixture in an amount such that the set gypsum formed has greater
resistance to permanent deformation than it would have if the enhancing
material had not been included in the mixture.

41. A set gypsum-containing acoustical tile prepared by a method
comprising:
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product has greater resistance to permanent deformation than it woul d have
I f the enhancing material had not been i-Acl-uded in the mxture. 83. The

nmet hod of claim 82, wherein the conee {i | dt he enhancing material in
the mxture is from about 0.004 t'ﬁ %i %ﬂ"ﬁ; &FCent by weight, based on

t he wei ght cal ci um sul fat The net |.aj m 82,
wher ei n thﬁ%@gg,%t ration of the | al in t%ﬁ?ﬂﬁ?@ Is from
about 0.04 to about 0.16 percent by weight, based on the weight of the
calciumsulfate material. 85. The nmethod of claim82, wherein the
concentration of the enhancing material in the mxture is about 0.08

percent by wei ght, based on the weight of the calciumsulfate material.
85 86. The nethod of fomnqnsdepqsﬂvegmatnama ixtIR GomPprisinges gelRtiniaedr i ses

one or nore of th R"‘ﬂ'&d‘ ffph: sodium
tri met aphosphat e, ?taf‘cg{l t%@%ds ospﬁIEF ﬂg\é/'o'tna"% bg&ge%{als{\g phosphat e
units, tetr&pot assunlfahe mata}ﬁipwa’m,t and one s:oaimrmeﬂhancmgsmatanals chosen

tri poI yphosphat e,

h hate, tet hosphat
al um num tri met apﬂ%@ E{&“’“glﬁgpﬁ%{)'ﬁs 8 PG?}?ﬁe%’r ug]?n%fﬂop pa of >

pol yphosphat e havivRizhlddmprises 2 érane [bﬁtﬁ;pﬁbﬁé abnatuhwenaﬁ@ salf®oeRAgiohM
di hydrogen phosphate, nonopotassi um _d hK rogen hos hat e, phosphoric

acid, or a pol yph%lﬂ@ﬂﬁ%l’@&ﬁﬂh‘atﬂﬂﬁﬂ@" of whi @Pf‘éﬁ%aﬂ' mfrﬁﬁbgﬁmﬁ‘?c aci d
units. 87. The nghiwdngf claim 82, wherein, in addition to having greater

resi stance to permanent deformatlon t he set Jypsum cont ai ni ng product al so
has greatef0strength tmaintaining\thel raixikiee/underr co iensiaufficiend forthecalgiumad not -

been included in Lt!ﬂf'atg}ﬁg!éﬁaef to form a set gypsum material,
the enhancing material or materials having been included in the

mixture in an amount such that the set gypsum formed has greater
resistance to permanent deformation than it would have if the enhancing
15 material had not been included in the mixture.

42.. A set gypsum-containing machinable product prepared by a
method comprising: forming a mixture comprising a starch, particles of
a water-redispersble polymer, a calcium sulfate material, water, and one
or more enhancing materials chosen from the group consisting of:
5 condensed phosphoric acids, each of which comprises 2 or more
phosphoric acid units; and salts or ions of condensed phosphates, each
of which comprises 2 or more phosphate units, and
maintaining the mixture under conditions sufficient for the calcium
sulfate material to form a set gypsum material,

10 the enhancing material or materials having been included in the
mixture in an amount such that the set gypsum formed has greater
resistance to permanent deformation than it would have if the enhancing
material had not been included in the mixture.
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88. The nmethod of claim8, wherein the enhancing material is chosen from
the group consisting of one or nore of.the following salts, or the anionic
portions thereof: sodiumtrinmet aphOﬁEhat e, and anmmoni um pol yphosphat e

havi ng 1000- 3000 repeati ng pho@ﬁﬁﬁ m@i‘ﬁﬁiﬁ&i The nethod of claim 88,
h terial int ' Is from
ased on the%&sﬁé’w&% t he

wherein th tration of t

about O. Oogchg g gut 2.0 percen

calciumsulfate material. 90. The nmethod of claim88, wherein the
concentration of the enhancing material in the mxture is from about 0.04
to about 0.16 percent by weight, based on the weight of the calciumsulfate
material. 91. The nethod of claim88, wherein the concentration of the
enhancing material in 43ie A eompesifien, absaful Grogrodacingng gypswei doard,based on
t he wei ght of the _cal cium sul f.ate L erial, 86, 92. The nethod of claim
88, wherei n the nPARRRENG, A inRiufe o 8, Beighun (Shifeld; melalfelo Meteh 805 “The
met hod of cl ai m 1pgregefainized stafch d@rth sriecormors@hhancihg Adrals ehosencfrem nor e of
a trinmetaphosphate or hexanet aghosphate salt or |

1 on. 94. The t hod of
claim 12, wherei the goup; sansisting of:t ﬁBPd%?HrP'L"éE“ﬁ"‘b?@&E'I %%Pg@ﬁ‘c tarch.

95. A set gypsunpgmpliaesiZGr Hherel phospre’ &éld niish ante saes! oPfiofs afm 1. 96.
A set gypsum containi ng product prepared by the method of claim82. 97. | A

set gypsum cont ai APndensedphesphates, gackh obwhicheomprises 24 more phosphate
units.

44, A composition, useful for producing a gypsum board,
comprising a mixture of. a calcium sulfate material, water, an aqueous
foam, and one or more enhancing materials chosen from the group
consisting of: condensed phosphoric acids, each of which comprises 2

5 or more phosphoric acid units; and saits or ions of condensed
phosphates, each of which comprises 2 or more phosphate units.

45. The composition of Claim 44, wherein the mixture further
comprises a pregelatinized starch.

46. A composition useful, when mixed with water, for producing
a composite board comprising set gypsum and host particles, at least a
portion of the set gypsum being positioned in and about accessible voids
in the host particles, wherein the composition comprises a mixture of:
5 the host particies having the accessible voids therein; calcium sulfate
hemihydrate, at least a portion of which is in the form of crystals in and
about the voids of the host particles; and one or more enhancing
materials chosen from the group consisting of: condensed phosphoric
acids, each of which comprises 2 or more phosphoric acid units; and
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claim88. 98. A set gypsum containing product prepared by the nethod of
claim12. 99. A conposition, useful..for -producing a gypsum board,

conprising a mxture of: a calcium sulf e L.&ai al, water, an accelerator,
and one or nore enhanci ng nat er Thi$ =he em"the group consisting of:
condensed I c acids, each I ses 2 or h hori c
acid uni tswbg%@%'él ts or ions of \ phat es, eﬁ@?%ﬁ?’gh

conprises 2 or nore phosphate units. 100. The conposition of claim 99,
wherein the m xture further conprises a pregel atinized starch. 87 101.
The conposition of claim99, wherein the m xture further conprises an
aqueous foam 102. The conposition of claim 101, wherein the m xture
further cot@ri sessaltporipasaf conderdedtphosphatés eachygfwhich camgrisesiBiorsi ng set
gypsum and at | east ong tripetaphosphate conpound, said gypsum board havi ng
a sag resi stance,mggeﬂﬁ?%#%e'éﬂpsaccordi ng to ASTM C473-95, of less than
about 0.1 inch per two foot |ength of said board. 104. The gypsum board of

cl aim 103, wherein said set gypsum and_tri nmetaphosphate co Or‘:’:Qﬁ are in the
formof a core materi o#7-sAcemipesitionmsefiwb whengnixed withavater, forprogiyeingy hsum

gypsum boar g of 12?;?%%33’,'@i%%%%%?“*é‘ﬁ?%*gﬁﬁ%@wa""We of e

a starch, particles of a water-redispersble polymer, calcium sulfate

hemihydrate, and one or more enhancing materials chosen from the

5 group consisting of condensed phosphoric acids, each of which
comprises 2 or more phosphoric acid units; and salts or ions of
condensed phosphates, each of which comprises 2 or more phosphate

units

48. A composition useful, when mixed with water, for finishing
joints between edges of gypsum boards, comprising a mixture of: a
binder, a thickener, a non-leveling agent, calcium sulfate hemihydrate,
and one or more enhancing materials chosen from the group consisting
5 of: condensed phosphoric acids, each of which comprises 2 or more
phosphoric acid units; and salts or ions of condensed phosphates, each
of which comprises 2 or more phosphate units

49. A composition, useful for producing an acoustical tile,
comprising a mixture of: a gelatinized starch, a mineral wool, a calcium
sulfate material, water, and one or more enhancing materials chosen
from the group consisting of: condensed phosphoric acids, each of

5 which comprises 2 or more phosphoric acid units; and salts or ions of
condensed phosphates, each of which comprises 2 or more phosphate
units.
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board having a shrinkage of |ess than about 0.06 inch per four foot wdth
and | ess than about 0.30 inch per twelve foot |ength. 107. The gypsum board
of claim103, 104 or 105, said gypsum board having a shrinkage of |ess than
about 0.1% across its width arﬂiuslsasasHasrBaenmiﬂqu 0.25% across its length.

108. S conprising se d fromat |east calcined
gypsugpwauwgll; g’ | east one m “Hm "gte corrpound,PC'ersas’Hﬁﬁsum board
havi ng -a sag resi stance, as determ ned according to ASTM C473-95, of |ess

t han about 0.1 inch per two foot |length of said board. X

88 109. The gypsum board of claim 108 wherein the anmount of said

tri met aphosphate conmpound is from about 0.004 to about 2.0% by wei ght of
said cal cined gypsum S00.ATdemppsitionmuseful doofprodiuding BEd8acoustical tilegr ei n

Sheets. 11 The SRR BRI Er o AEEY YNEhrroeeaey Fee padii s

conpri se paper. 14 fibef fsinfoysing! &Gtaé@ew“urﬁlsalfﬂblﬁ&eﬂél Water, mbﬁemsal d
tri met aphosphate conpound is se ected fromthe group consi st;*ggof sodi um

tri met aphosphat e, MOre t@NNAREING; Matwials HNOSARL oM e QYR Fans aPhosphat e,
arToni UM § i Te! GGHALHRA! ShosphBic achleyBaBHTRR Wi tmmh% Riord Xt ur es

thereof. 113. The gypsum board clarm 108 or rein sad
tri met aphosphat e plsowqu@wd units; aag saliswrdons of condensed phosphates, each

of which comprises 2 or more phosphate units.

51. A method for producing a set gypsum-containing product
having increased strength, resistance to permanent deformation, and
dimensional stability, comprising:

forming a mixture of calcined gypsum, water, and

5 trimetaphosphate ion, and maintaining the mixture under conditions
sufficient for the calcined gypsum to convert to set gypsum.

52. The method of Claim 51, wherein the concentration of
trimetaphosphate ion in the mixture is from about 0.004 to about 2.0
percent by weight, based on the weight of the calcined gypsum.

53. The method of Claim 51, wherein the concentration of
trimetaphosphate ion in the mixture is from about 0.04 to about 0.16
percent by weight, based on the weight of the calcined gypsum.

54. The method of Claim 51, wherein the concentration of
trimetaphosphate ion in the mixture is about 0.08 percent by weight,
based on the weight of the calcined gypsum.
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114. The gypsum board of claim 108 or 109, wherein said gypsum board has a
shrinkage of |ess than about 0.06 .i.nch per four foot width and | ess than

about 0.30 inch per twelve foot |ength. 115. The gypsum board of claim 112,
sai d gypsum board havi ng a shri E‘“ﬁt gewBeplatddan about 0 06 inch per four

foot w dth 5% t han about wel ve foot |e 116. The
gypsum board o? claim 108 or 10 board havi n CE‘?@?%??Rage of
an ess than about 0.25% across its

| ess than about 0.1 %across its width
| engt h. 89 117. The gypsum board of claim 112, said gypsum board havi ng
a shrinkage of |ess than about 0.1% across its wdth and | ess than about
0.25% across its length. 118. The gypsum board of claim 103, wherein said
gypsum board furt her cﬁﬁpr'rhgdaethoﬂloégdﬁlmﬁhmwlsttmtrimetapbospﬁata pppsum

board of claim1l starch. | from
about 0.08 to abou Wper tdgt%om taﬁpt%h%?ﬁiﬁéaﬁa 'ﬁgﬂ mguﬁ $20. The
gypsum board of clhxtorel19, wherein the anmount of pregelatinized starch is

fromabout 0.16 to about 0.4 percent by weight of the cal cined gypsum 121.
The gypsum board of claim 119, wherein the amount of pregelatinized starch

i s about 0.3 percent bgewghglthetAbd oheidiml 54, mraumwmméagh Seﬂ%ﬂsum
board of claim 108, 109, 115 or 117, wherein said sum urther

conprises a pregefhPiayidedby disselving sodium trimetaphospl ate in the water in the
mixture.

S57. The method of Claim 51, wherein the calcined gypsum
comprises beta calcium sulfate hemihydrate.

58. The method of Claim 51, wherein the mixture further
comprises a pregelatinized starch.

59. The method of Claim 51, wherein: the set gypsum-containing
product is a gypsum board comprising a core of material sandwiched -
between cover sheets, wherein the core comprises set gypsum; and the
board is formed by depositing the mixture of calcined gypsum, water,

5 and trimetaphosphate ion between the cover sheets and allowing the
resultant assembly to set and dry.

60. The method of Claim 59, wherein the mixture further
comprises a pregelatinized starch.

61. The method of Claim 60, wherein the concentration of the

pregelatinized starch in the mixture is from about 0.08 to about 0.5
percent by weight, based on the weight of the calcined gypsum.
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123. The gypsum board of claim 122, wherein the anount of pregel atinized
starch is fromabout 0.08 to about 0.5.percent by weight of the cal cined

gypsum 124. The gypsum board of claim 123 eJ ei n the amount of
pregel atini zed starch is from am@tﬁbecﬂiag ﬁm SUt 0.4 percent by wei ght of

t he cal ci n m 125. The gy claim 123, wherein the anmount
of preégel at'l n%%dst arch is abou by wei ght HVEREL2PT i ned
gypsum- 90 126. The gypsum boar of clai m 103, wherein said set gypsum
has voids uniformy distributed therein. 127. The gypsum board of claim
126, wherein said set gypsumis further formed fromat |east one foam ng

agent, having the fornula: [err] wherein X is a nunber from2 to 20, Yis a
nunmber fromO to 10 anBR.i Ihe methad dfé‘dﬂm%wmrgiﬂtthpmm@fomﬁdheoam ng

of Gl ai'm 125, uncPSHREyRpReRCSRICh, 8 M deds Tt 3our 8 EGUEL™, 00T g
agent. 129. The gpemsent bpweibhfbaskdiomthe Seight 9f thklcalcined giypsumer ei n sai d

set gypsum has voids uniformly distributed therein. 130. The gypsum board
of claim 129, wherein said set gypsumis further forned fromat |east one

foam ng agent, having g§e Thermuthed df Tlaim BO.aWSerBin*theSconcBHIF&tn 6f1tABY 2 L O
20, Y is a nunber fromO to 10 and is O in
pregelatinized starch in the mixture is about 0.3 percent by weight,

based on the weight of the calcined gypsum.

64. The method of Claim 59, wherein: the core has voids
uniformly distributed therein; and the mixture further comprises an
aqueous foam.

65. The method of Claim 64, wherein the aqueous foam has
been formed from a foaming agent, or a blend of foaming agents, having
the formula

CH,(CH,),CH,(OCH,CH,),0S0z0 Mo
5 wherein X is a number from 2 to 20, Y is a number from O to 10 and is O
in at least 50 weight percent of the foaming agent or blend of foaming
agents, and M is a cation.

66. The method of Claim 65, wherein Y is 0 in from 86 to 99
weight percent of the foaming agent or biend of foaming agents.

67. The method of Claim 59, wherein the mixture further
comprises a pregelatinized starch and an aqueous foam.
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at least 50 weight percent of the foam ng.agent or blend of foam ng agents,
and Mis a cation. 131. The gypsum board of Iaclm 130, wherein Yis 0 in
from86 to 99 wei ght percent of {srgﬁeefmﬁﬁ ‘mnt 132. The gypsum board of
claim 126, wherein the set gypsu nprises a pr egel atinized
starch andgafe }H gt one foam ng 3. The gy %& of claim
129, wherein the set gypsumis f rrred froma preg e atini’zed starch.
134. The gypsum board of clai m 103, 108 109, 115, 117, 118 or 123, wherein
sai d set gypsum conprises an interlocking matrix. 135. Gypsum board
conprising an interlocking matri x of set gypsum and at |east one nateri al
chosen fromthe group consisting of phosphoric acids, each of which
conprises 1 or nore pHes phermethad ofiClaim 63, wlmemstmrsatgnpsw-coommw

Tonobasi o sal t s oroRlgS A ERPYslR Boaf b BaaRad antls FinioRifg
material; the mixturs further comprises the reinforcing material; and
the board is formed by depositing the mixture onto a surface and

5 allowing the mixture to set and dry.

69. The method of Claim 51, wherein: the set gypsum-containing
product is a composite board comprising set gypsum and host particles,
at least a portion of the set gypsum being positioned in and about
accessible voids in the host particles; the mixture further comprises the

5 host particles, and at least a portion of the caicined gypsum in the
mixture is in the form of crystals in and about the voids of the host
particles; and the board is formed by depositing the mixture onto a
surface and allowing the mixture to set and dry, whereby the portion of
the set gypsum in and about the accessibie voids in the host particles

10 forms by in situ hydration of the calcined gypsum crystals in and about
the voids of the host particles.

70. The method of Claim 51, wherein: the set gypsum-containing
product is a machinable material, and the mixture further comprises a
starch and particles of a water-redispersible polymer.

71. The method of Claim 51, wherein: the set gypsum-containing
product is a material employed to finish a joint between edges of gypsum
boards; the mixture further comprises a binder, a thickener, and a non-
leveling agent; and the material is formed by inserting the mixture into -

5 the joint and allowing the mixture to set and dry.
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72. The method of Claim 51, wherein: the set gypsum-containing
product is an acoustical tile; the mixture further comprises a gelatinized
starch and mineral wool; and the tile is formed by casting the mixture into
a tray and allowing the mixture to set and dry.

73. The method of Claim 51, wherein: the set gypsum-containing
product is an acoustical tile; the mixture further comprises a gelatinized
starch, expanded perlite particles, and a fiber reinforcing agent; and the
tile is formed by casting the mixture into a tray and allowing the mixture

5 to set and dry.

74. A composition, useful for producing a gypsum board,
comprising a mixture of: water; calcined gypsum; trimetaphosphate ion;
and a pregelatinized starch.

75. A composition, useful for producing a gypsum board,
comprising a mixture of: water; calcined gypsum; trimetaphosphate ion;
and an aqueous foam.

76. The composition of Claim 75, wherein the mixture further
comprises a pregelatinized starch.

77. A composition useful, when mixed with Water, for producing
a composite board comprising set gypsum and host particles, at least a
portion of the set gypsum being positioned in and about accessible voids
in the host particles, wherein the composition comprises a mixture of:
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5 the host particles having the accessible voids therein; calcined gypsum,
at least a portion of which is in the form of crystals in and about the voids
in the host particles; and a water-soluble trimetaphosphate salt.

PCT/US98/17293

78. A composition useful, when mixed with water, for producing
a machinable set gypsum-containing material, comprising a mixture of;
calcined gypsum; a water-soluble trimetaphosphate salt; a starch; and
particles of a water-redispersible polymer.

79. A composition useful, when mixed with water, for finishing
joints between edges of gypsum boards, comprising a mixture of:
calcined gypsum; a water-soluble trimetaphosphate salt; a binder; a
thickener; and a non-leveling agent.

80. A composition, useful for producing an acoustical tile,
comprising a mixture of; water; caicined gypsum; trimetaphosphate ion;
a gelatinized starch; and mineral wool.

81. A composition, useful for producing an acoustical tile,
comprising a mixture of: water; calcined gypsum; trimetaphosphate ion;
a gelatinized starch; expanded perlite particles; and a fiber reinforcing
agent.
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