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| NCREASED RESI STANCE TO PERMANENT DEFORMATI ON AND METHOD AND COVPOSI TI ON
FOR PRODUCING IT 5 10 15 20 25 Field of the Invention This invention
relates to a nethod and conposition for preparing set gypsum contai ning
products, e.g., gypsum boards, reinforced gypsum conposite boards,

pl asters, nmachinable materials, joint treatnent materials, and acousti cal
tiles, and nmethods and conpositions for producing them More particularly,
the invention concerns such set gypsum containing products that have

i ncreased resi st ancesYPSRMM-OONETAINKG FRODYTT HAVING NJCREASERNCE) by

| oyi h ' teri . f d enbodi t f
The. i 71 venti on coRBSis T ANGESJ CLEERANENE DERDRMA HARANS! MialHBRbd gypsum
in the presence of an enhang epNMPOZITRONIFBR ;slqmg%ml‘@ get gypsum

produced by such hydration to have I ncreased strengt resi stance to
per manent deformation (e.g., sag resistance), and dinensional stability

(e.g.) nogshri nlﬁga q:f'ﬁl 38 dr.\éi ng of set gypsum). The enhancing nmateri al

al so provrdes ot ' Ll operties and advantages in preparing the set
gypsum cont ai ni ng progyi§ i r ) h?ag i 0f Ivention,
set gypsumis treated w W{QS{HQ" géla%%tg d;ﬁh@tawnﬁ %ggﬁgt ri 210@ ftOEJB%lﬂda?/llY‘ e
simlar, if not schegyeaum-contaimagegreduatsigtelng., rggsinnbeards, geinfarnent
deformation (e.q., sag resistance di nensji onal stability, and other

i mproved proper ?9@5'_"5?%&%%%5%%&%' B§@ﬁ§'céﬂfﬁﬁ"ﬁﬁhﬁ shaglalss . 1ot sone
emoodi ment s of FtF@tm@weﬂfawmlé,%oeﬁome&Hn@ée!&h@lrﬁémaeraﬁe%gl%nﬁsliﬂd?ﬁ
invention contains relatively high concentrations of chloride salts, yet
avoi ds dé0ri mentfar pesdusingsthem. s Mete particulanhy; dhe rinitardion domcgynsssushesett ai ni ng
products in general . n~r~~w-~ -1 |+=~>~~~ ur.o 2 Jr ~EC Back round MNany wel |
known usef ul prcﬂﬁﬁ’é’t’@'ﬁ%’”ﬁ%'w stoq:}%%um?tcan%’l%rfpg[ﬁafs e r&@'ﬁg’{ﬂcﬁe as a
si gni ficant, aané?Ha@u@nﬁéefohﬁaﬂBhgé.g.,%%@ﬁ%i%fﬁncdf%ﬁ/ e‘ﬁ’fﬁaﬂhg’qné% rfgrasum I S
the maj or conponent of paper-face gypsum boar ds’ enpl oyed in typical
drywal | const r ucanhancisyg matenalsr Semespreferrediembogiments of tie ineentione)

of Saypsun cel | uIsRssrT PEKAEESFIE plastiss Pi Pvareon BtfEBetiyrtibtin GBI T
U S. Patest 5, 32&e§€ﬂce&fmciﬁg%haférldltfﬂ!daﬁ@@@ﬂi@ée‘??y%?jrﬁbﬁodlﬁe‘ﬂee”

edges of gypsum boards 10 often contain major anmpunts o psum (see, e.g.,
U.S. Patent 3, 29% $4eh hydration ta hawe ingreaseq skength, resisiapes d@ pegvanemlgs can

tai Cani i _ ' . ! "
nUs. Patent s SoBREETEEGa850 e Y RaitipRndrg o dpl ot G8RCT AT
e.g., for use toshrinkape duriagtdryinguef setagypsaher Mhhe inhadcing matdriad alssual |y
depend 15 mainly on the formation of set gypsum Many specialty materials,

such as a mat er i RIPVidggterigProvabPiopgriasans rVARIRORS I Prepagng the set

pr eci sel chi i i i S. i j or
rount s 30 gyps AP pLe ARG broBubte]. KPR Mainaiife Snbodfiend f 19 D)
form ng 20 a m xinuertiarf, sehypsien igymeated withl arieuar moré @nbaheing nyatesiats andl or

| ci | fat hydrjte) .and, wat d oth ,
Cobropri are) ) cal PrRiden Sy it the S clitreaseh BUBAGIL TaSBIAnSR 9 o
surface, and al | gufighdrt@efBrtieibh (9. IiieRistndey! Binidtisidrial erabiltg by at ed)

gypsum by reaction of the calcined gypsumw th the water to forma
matri x of cryst aptheneimpraved egrapgstiesn anc| advantages aine QYpBYmMreANdRININthi s i s

vater todherd aRyEl oif o nbbiitferdton B IERRIBheutar e o)
gypsum t hat enabt@saining groduatiof the inverition dontains eéfatigelyrhigh conebntration?2 ~, p

~ L 2002 set gypsumcrystals, thus inparting strength to the gypsum

structure in t heOkyGueide opalls: nivey §¥6@§ctd9g%ﬂnlenlﬁ| ﬁ?@céﬁ/p@u l&%ht%ﬁ'hi ng
product s descr i bedh A4ROROH HyPERA!dohidihind i oBLERNAdbrFalt hel T component
set gypsum crysta SPaCEUT 5 TP Mer e o her & eg I'n order to nmake them nore
resistant to the stresses they may encounter during use. Also there is a
continuing effort to nake many such gypsum contai ning products lighter in

wei ght by substituting | ower density mat er{ als (e.g., expanded periite or
air voids) for part ﬁ\“wmr set gypsum 10''matri x. In such cases there is a
need to increa m ‘é th of the set gypsum above nornal | , ] o]
mai ntai n over am\& L strength at the levels of the previ oﬂmmmmmnmm
density product, bee®¥%e there is |ess set gypsum mass to provi de. g dengt
in the | ower density product. Furthernore, there is a need for greater

resi stance to permanent 15 deformation (e.g., sag resistance) in the
structure of many of these



gypsum cont ai ni ng products) especially underconditlons of high mﬁﬁmﬂE9 éﬂ%
tenperature, or even |load. The human eye typically cannot perceive sag of a
gypsum cont ai ni ng board at | ess than about 0.1 inch of sag per two foot

| engt h of board. Thus, there is a need for gypsum containing 20 products
that are resistant to permanent deformation over the useful life of such
products. For exanple, gypsumcontaining boards and tiles are often stored
or enployed in a manner in which they are positioned horizontally. If the
set gypsummatrix in these products is not sufficiently resistant to

per manent deformation, especially under high humdity and 25 tenperature,

or even | oad, theBpckgloohd may start to sag in areas between the points

where they are fastenegd, to or ﬁ‘l’j‘p orteq bé (a”l under | in%egstructure._ Thi s
can be unsightly and cXR¥ayel UATHl BOdugts centain $¢ldyRsyAL (AU, rany

appl i cati ons gypsyif£eHigvdy @y{, ; S I e.g.)
i nsul ati on or condensat i"% I g%d% Q- &éﬁrﬂ' %n@i%g@gggzth%rfﬂgméop rceptt'i bl e
sag. Thus, there Fer £xamplensehgypsudh i the miajer camponemtsef pappetanddavi ng

i ncreased resi stance. t r manent def.ormati.o e.g., .sag resistance There
is also a meed fogy%ﬁl‘gﬁtbg’ g ﬁ_@?i? PW'&%C{}V{‘@" g(phgtg{c%gnﬁ,. grieriwalls
gypsum cont ai ni ngaRd ogwikhgs I bddings! (seRNehacLUS & PAIEME e3 D00DE 2R HAd
comercial application. ESpecially Under conditions of changing tenperature

and hunidity, set2§85s2)calt igialsntheomaiomeemporent eixgynsiusy/cefhilesaufibern aken

exposed o hi gh nenrBeese o8a T MBPHIEEE. as et Bt N P S 6 b obi em
by causing the huprstidtethaidif aAdisensoth énslioirt Betwédeh ddifosifgppsuh belrgdf set
gypsum products there is usually a significant anount of free (unreacted)

wat er | eft1Q n t heofigRr FaNGIN dnaidieagigustsn Hagypsum [3as egee Uit Sfatest
usual Iy subsequentl AJpen 3 | d iNg. e or.at ter

| eaves the cryst aP’%gr??éedr)@fi é@éh%@é’aigﬂ 4%%@[)%%‘?@#@ cﬁlﬁ@gnéeﬁ {:Q&F}gﬁds to
shrink from nat ur signffeantpeientdgesssfisetyyraum,(@s describde, foedampiedn s di ng
apart portions of the interlocking set g)ye%;um c_r%stals in the matrix, which
then tend to mvepaﬂgﬁﬁ@%éaﬁénda%%ﬁ t'Er!adg &959'&5@§§ n Qﬁneéﬁhﬁ-g-, .

di mensi onal instagid] P“c‘?é'ét‘é.&?st%‘(—%hﬂﬁ@e@(rg&?d&k Blifding walls %hb@ﬁ&e fits
woul d result. For exanple, exi'sting gypsum board production net’hods woul d
yi el d nor el®r oducmaihlytdrethedfornation of set gysumk Manyispeciaity inmatprialsdsuch

P Ol N i e ehi P el b making et b etei P
woul d serve their n%h"i’r?éc?ﬁs&&&ér?deﬂiﬁ'tﬁ@Péféfntg?saﬁ, k8nta jo'?laﬁfotuﬁ?w'fsS

intended for interior building wall surtaces coul enefit from not
shrinking during of gypsgmso that the plaster could be applied in thicker

| ayers wi t hout danger racking, rather.than needing to be ied in

mul tiple thinner |ayer gﬁ% tsHCF'(Q@SHQUQ@a_{’Bn%PT %@%l&'@@%ﬁ@?ﬂ&"ﬁ‘&%_en
l'ayer appl2@gationg. misture |df calcin yp&Urh! gallc'il.ﬁmt ¥Efte OheriHyartd Cantl/af ni ng
products al so exhibit other particular problens. For exanple, |ower density

gypsum cont ai ni ng cglcimc sulfalee anhydrite)r and cwatesy (angd wgherogampgnagientas t o

M xtures) that i aparanatel FePG g RRRIR T A pESrad s PORHCOHRA, « ne
set gypsum forns. shifats, &iid alfowingtRe neixturd & hardenao et 56t (R fshyeirdted)s

enpl oyed are inherently unstabl e and therefore many of the bubbl'es may
coal esce and escagypsumd byiraaction of the calsinad, gygsymiwith hewatssr torfoEmMAIbbI e

bat h) bef t he . [ Lani fi { : ' ofrioam ng
agent s ha\cl)%gt o] beﬁ%?@%’%‘%ﬁ{?%&i@g@@&bﬁgﬁ @ég:'@ﬁ%g@%ﬁ ab?@ﬁ&gf T\ﬂ')?ds in
the set gypsum iﬁsdctrftbef_ kfbh)?wbgabyl mil@p}?sht'Iﬁg 0? diwh 'mﬁltichf?rre'm_a}ning'kfrse
i ncreases costs and risks of adverse effects of chenical a agents on
ot her conponent s évnr@agw)tw%grm@#@@y&aﬁv%ﬁ%ﬁ‘rﬁﬂiﬁf‘&?ﬂ%ﬁé@“ qq?h%ul d
pe desirable Lo Deaflihed boodamtRENERatIES 1R atBh of aRfThéoBkiAg mdlAR épd t 0
produce a desired void cbncentration 1 n set gypsum contalning products.
There is also a need for new and i nproved conpositions and net hods for
produci ng set gypsum contai ning products made from m xtures containing high

concentrations (i.e., at least 0.015 weight 20 percent, based on the weight
of calciumsulfate materials in the m xture
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of chloride ions or salts thereof. The chloride ions or salts the@éoﬂtﬁa}
be inpurities in the calciumsulfate material itself or the water (e.g.,
sea water or brine-containing subsurface water) enployed in the m xture,
which prior to the present invention could not be used to make stable set
25 gypsum contai ning products. There is also a need for new and i nproved
conpositions and nethods for treating set gypsumto inprove strength,

resi stance to permanent deformation (e.g., sag resistance), and di nensi onal
stability. -5 1 2 ~ DF_ C 2002 Thus, there is a continuing need for new

a1 D1 ved et R AR g BBENT: S R B LT BB
above. The pr esetite gypsam-containieg prodhete needs. 5 Sunmary of the Inventi on

The present inventors, have unexpectedly found set g m:ont ai ni ng products
and comnpositions and ﬁ'ﬂt‘%ﬁ? g sqrﬂgop}%jplggap@ppgﬁ 5&59(” eabrva 6aHld neet

Lhe needs descr BeriPy st 8FGl EBiHbolenlardisirn ’EthP&rtﬁ‘aﬁFe% one-or
nore of these needs. set sum cont ai ni ng pro e I hventl on

havi ng i n&r easedweesincreases mordmﬂum&i«dthdwﬁmombsmtantﬁoﬂhe&pwssds they
accordance with the invention by formng a mxture of a calciumsulfate
material, water, TRYEHPURR 924%€-anpbunt of one or nore enhancing 15
materials chosen fro ﬁmn i ri ses
2 or nore phosphori C”?éﬁﬂﬁ?ﬁg% B8 saﬁ?séffﬁp?dgﬁ‘sa'%?ﬁ‘ggg eu\ref@e@yrb osphat es,
each of which compmiaﬂnegmnmdumsr tightes siphweightnby subthmtmgxlbwee den$|tyen

mai nt ai ned under nd| tions sufficient.for t hegdégf gox sul fate materi al

& BrBicth

to formthe inpr ﬁ 15 {8 G FXRANAEH Beriite or ak vo SUASEIe Y
"cal ci umqgpl f at epfERELS rPduch ¢asesNhERA8E AdbdRANCEAkEe 'th%ﬁéﬂ%tﬁtcﬁ tReBydri te;

cal cium sul fate hem hydrate; calciumsulfate dihydrate; 1on cal ci um and
sul fate; or mi xt gypsurofabong normal levelsqusidh. maibtaim ovenall prodiuctistrength af t he

eyt at o 1 - SR EVRRALIAE BreVEn Sy Bonel e praiier bR R ooy
will inpart Incrsaﬁg\pbsmﬁln%@%q)rwidawah@ﬁmn WeflohEPéénintotingy se! gypsum

formed. However, sone enhancing naterials (e.g., the f salts, or
the anionic portions Ferthemmere,thereioa neleelrfeogrea@ﬁrdeamanpert@mpmgpnat e

{epeat] nd hhospnar At g SebleeBiani® o AEChARIRRO R M Mot

pol yphosphat e hagypmﬁﬂwnﬁﬂ ﬁr@@@@ﬂs@?é@i&"&l&hdé&dﬂﬂiﬂoﬂsbﬂhngﬁ hugfigity ed to

herein as APP)) will provide preferr benefits) such as greater increase
in sag resi stanc@ndﬁe@aera&pre prev/erul@gdeabwhuwes@évetsalmrtr@tpﬁmen@ ovi ded

o eforred enboot SEACL SavrehaRriaififo badft ot ednahporRoI AN B bddea! b, >

addi ng tri net aphospiedEiength diobgardi XThuss tMrmslwméwfol@ypsmmmamm%t er to
be used to produce set %%/psum cont ai ni ng products (as used herein

term "ceadQined GYPAIAIP INgtare FasistaptiareTmanenhAgioanation Pyen tEBNs&M ite

hem hydrate) bet f Y .

sulfate anhydrl t%f g%ﬁpl%qlg#es%'ee IEP t ﬁer eg{m&gﬁ%&%@@?éﬁé@ 'set
gypsunt and ' hydmeds@ymwmemplogedﬁnimmmw mowhsantheulareuposuomed e

di hydrate). Wh t h, th t {
cal Gi ned Gypsum PPEBPAIEG| e BeCaPelhb bR ndss PduaRis patdurliibrinb ing 1 o
have increased sta&ggntto Eéﬁhﬁﬁﬁﬂ%féﬁnwm%gﬁééla%?ummgwﬂuﬁﬁduﬁ; andag

resi stance), and dinensio stability, conpared with set™ gypsum-forned
froma nd@ure 20emperature,nor aven oat dpacyodicts may. stardonsag dmiaseas or

been unexpect ed PrEHRR RSP WEPLEMenALT 48RS bl ABBHEL bV
retard the rate @ndef9irgostrastiren Tofis 8&th bﬁmtghtls/rammtcaueecﬂnmpmmm 1n
fact) when added at relatively 25 higher concentration levels within its

useful ranges of uUs@dfttheprodydtereinprayArRIEatlionNs GRSWAM P9”'@H’HBQ@|’%@'~§§Sthe
rate of hydratio I r ecially
surprising, as |r}n‘?%1e8|8né\cdrl§§§e@|‘ﬁfﬁﬁa stéghga[]%%?&fﬁz%gg g%/%lsdurfnl etause
it has been generally thought in the gypsumart that phosphoric or
phosphate _7_ 2 40 ~c zooz materials r®ard the rate of formation of
set gypsum and decrease the strength of the gypsumforned. This is in fact
true for nost such materials, but not for trinetaphosphate ion. Thus, in
general ) sone preferred enbodi ments of the invention 5 provi de a net hod for
produci ng a set gypsum contai ni ng product having increased strength,

resi stance to permanent deformation (e.g., sag resistance), and di nensi onal
stability, conprising: formng a mxture of calcined gypsum) water, and
trimet aphosphate |on and mai nt a| ning the m xture under condltl ons (e g. ) a
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In sone preferred enbodi nents of the invention the method is one2dfDFC 2002
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 form ng a
flowabl e m xture (slurry) of calcined gypsum 15 water, and
trimetaphosphate ion, depositing it between cover sheets) and allow ng the
resul tant assenbly to set and dry. While the board thus produced has all of
the desired inproved properties of increased strength, resistance to
permanent deformation (e.g., sag resistance), and dinensional stability, it
has been observed witheutqerceptible sagolbusnthesss awoptingingmeedtoabe ablestof or

The bond between tRE e PR iRt Raedid S eRymiatien ng

paper) can | ose st(eangsag eesistunte) ai | ) even when the board contains a
typi cal nonpregel ati ni z_f;d starch (e.g.,, an acid-nodified star ch%!yv\,hi ch 25
normal |y contributes tol B&E: Bralsapamaes. iy grasdad dimeasienal, stabilty cofy set

sheets coul & t hen ) nat 1 ; r Leh | e.
For t unat el y%t he pr@@es%{ﬁ\ i iﬁvgﬁ%@?c{?@%m&gs?@%ﬁ%g g% S&rﬁ%@nw%ﬁﬁﬁ?éﬁg
possi bl e at t endant procebsiag) andeomingreial applidatibal Especialypbhesr camdiienswpi ded
by including a pre(%_t.al atinized starch in the 2 ~ D E C 2002 production

ne g :
siurry. This starctnanaing iRIeesraturgiand hynidiy, soh BRsHBLER BBrIAK S lexpANd.
sum core, and i ,?ga n : ; A i :
\%gkeni ng of the b'tc:)cr,\ mgnqlg'gt n&%ﬁ%@ﬁgkﬁgpéliﬁ@@ﬁ{iﬁggs&%?hgﬁgwggﬁg{@%ltjns{ in
some of its enbodi ofenggpsum boardorttiie axposed todigh homigitysand temperdatumetdaod f or

pr oduci ng even nore inproved m poard.. The co ition conprises a
mture of Whter, SO0 BvRELA SRABNSHIBIEMBY Bptitiofilth BOERTed heAuft Bxband
pregel atinized stapgl, idhfiefmbparhtioATsr bé?@yfa@ﬁﬁ‘i Bodetd thefd X4 WsBally a
depositing it between cover sheets 10 and aflow ng the resultant assenbly
to set and dry. i nsigaieantamount of tree derieasted)ovatesdaftin thegmadtixrafienthe of
fighter weight, the invention,ptovides a,conposition and nethad for
acconpl i shing t hi sYPHHM Wél fl'?\bsnﬁl’ggM?gl@susauq?yﬁugﬁgqggn&géﬁgygn O ned
gypsum tri met aphogjhaicating" Asthe e(?eagéﬁﬂimafm%ave%rtﬁetd?ﬁstéﬁim&%heés of

conprises formng such a mxture, ositirng it between cover sheets, and
al | owi ng t HEB r esul thergypssse matix, the swmtrixtends iy, sheinkifraro madeiad fereeand theet hod

provi de a board of _|jghter i ecause ub . of e

result in corr espoﬁ%ﬁ&é’sﬁm @oﬁ%wﬁ%rﬁ% Q@bwgﬁpésﬁ ﬂf%g‘l{&éé%?@nt
board. The overall ggt E?pgirh SysthlzeirPang tnatpix2 WHIL Bén ttBAE © Afdver cldkkr
board produced with the inclusion of an aqueous foamin the m xture,
because of the i nclQggiker as therwater p¥aRaratas)by t he i ncl usi on of the
trimetaphosphate ion ingt " " he, | ! For
exanpl e, ceiling boards”o p@nﬁﬁsﬁoﬁﬁgﬁégg@’%@ |8?1 %ﬁﬁ%éﬁc@ﬁ%&ﬁ% he
present invZhtion baneuybeabfits wealdstesolte For Zxapwiepexistingl fypsurt board

(e.g.) sag resistance) than 5/a inch ceiling boards made using prior art
conposi tions and nBf onmaigods weuldviald morepradectdiihe peardgedidnab shank i al

cost savings for cgjki r d ; I rtelae{ icESH
found to be anot herahh}éqg{ﬁﬁe’t%f%Fgg}aéﬁﬁwgpen{ét%ﬁ%ospoggéﬂle??'on I'n

hm‘ xt gr es ?I sodcoRt 0 hbma@_ea’qelislhape_@g di_men‘si_aréa propgninrlso(amg., Itbmtlasq_,ini t
as been found that porti.on nore air Vvoi and nore, oyer r

voi d vol une) per um‘{gagﬁﬂt?ﬁ‘? %&dé’éﬂﬁwy‘?‘ﬂﬁﬁpé‘fﬁ)ﬁ'ﬁiféﬁ{rp%‘%s 9?&%%”?% he
resul t ant sumc iU / 7 ' ¥Scd ed
o the m xiap e, Thara il 8 RaEls el ibPPAGRR BBORG PR dcestioud
result is that |esbehefinfram aoteshrirking duribg dryipgogedhabthe eirater cavlddesi r ed
amount of air void_volume in the set wmn cont ai ni p Thi Sl

turn results in IO\%BF"‘%‘ii m@ﬁpbwye&\e@@ﬂﬁnggg Oflfl:%?agp’ g%sgﬂheane%e;débé of
chem cal foam ng agees 2pplied NErmERPROIRIRhSr AaydrsOonfthtlong phusde to allow
gypsum cont ai ni ng product. 10 In some enbodi ments the invention provides a
conposite board corgenuateydrying bptyeamlayed applieati®f-ci ng material, prepared
by: form ng or depositing a m xture on a surface, wherein the mxture
conprises the reinforcing material, a calciypsulfate material, water, and
an appropriate anount of one or nore enhancing materials chosen from
condensed 15 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 nore phosphate units. The m xture is then nai ntai ned under
conditions sufficient for the calciumsulfate material to forma set gypsum
material. 20 The invention also provides a conposite board conprising set
gypsum and host particles) at |east a portion of the set gypsum bei ng

posi tioned in and about accessible voids in the host particles. The board
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condensed phosphoric acids) each of which conprises 2 or nore poéd( iaf02
acid units; and salts or ions of condensed phosphates, each -10 2 ~DEC
2002 of which conprises 2 or nore phosphate units. The mxture is then

mai nt ai ned under conditions sufficient for the cal ciumsulfate hem hydrate
to formset gypsun) whereby the portion of the set gypsumin and about the
accessi ble voids in the host particles forns by in situ 5 hydration of the
calcium sul fate hem hydrate crystals in and about the voids of the host
particles. The invention also provides a set gypsum contai ni ng nmachi nabte
product prepared by f@dhapattictlarttyses 6RYpsuFi-86ntairihg peddudisalso@xhmitol a
wat er -redi spersi bl e polyner, a calciumsulfate material, water, and an 10
appropri ate anour@hgf RaTCWar RIpRleahandioigexamela, alawen sieasity r gyasum-

condensed phosphg acy.d e @@ i I ric
acid units; and s%qrtﬁ%'ﬁgﬁ ?Bor?gﬁo ag%ndg{ear?sgr P oép gﬁlgirgé’é%%ﬁfn% ngﬁtgh%
conprises 2 or nocreashagETaiscdubbldssin Ceieined gypsem slutries(floniableaqesbusnder
conditions sufficient for the calciumsylfate material to 15 form a set

gypsum mat &ri al . TREURES) R Vel eeriesnansingirermanent vaids inthe predtctwhen
roduct enpl oyed i R hiphdt e

Broduct p;ne)pa?/ed %‘% slfért1gg‘?%lfrﬁébﬁ]?olt?ﬁé“?@%nﬁgﬁnﬁﬁgg)%%g%%)?g%Zaeaé\%l nder,

a thickener, a nofoamsyemplayeaare Jnherently iunstahié farnd thatstoreamanyadfethe and

an 20 appropriate nt of one or nore enhancgin terials chosen from
co_ndensgg pﬁo!sphop‘iwg%irﬂa C@éi@?"@f apf; ese I?g@gﬁ’e& 4‘@?99 nga’jsﬁﬂf?ri c
acid units; and S%Bﬁﬁé’ﬁn I BabBle. HAH) fo RRE St un?36fné s%féiggﬂtn der

conprises 2 or nore phosphate units. e mxture iS'then nalnta
condi ti ondOsuf f i ccenmaentration ef tadroingragarits have tatberémbplayed2d producentheet

t i al. he i ti .al ~ovi d t i ni
gypsum mater ol IR dNSLreahed BAIARR Seo S bl Sl
conprising a gel agﬂrc]ﬂglbéﬁgf ééﬁféd‘deﬁsif?. Rl indfeRlses Edstd thdrﬂs‘kﬁ'cffaat&erse

material, water, an appropri ate“anount of one or nore enhancl ng
mat eri al s chosen éffests of themical fodming apanis dncathde companentpbopicpedisss,

of Condenaed phochiaBaypSuTteoRmY Brodlin 136 b &8s 1Bt eBila i t <.
The mi xturg i S t heyuEBItHG At b HEmFR s drit e dedfthigtbatite AWesirbg verl ci um

sulfate material to 5 forma set gypsumnaterial. The invention also
provi des anot her €girenymtionin §etaypausdeontaining preduetsi cal til e prepared by

expandad per || te parsi e SAKo FeBUitRE BB RRG Jrfoted BofinaRlihRe Ad: ¢
material, water, matheds 8PpRRIUCHE sbb gipeURi-coftaiineg QSrodRte A1aueN frony

mat eri al s chosen from condensed phosphoric acids, each of which conprises 2
or nore phosphori BWdyres gantaining figh fancepirations (be..cahdrass Opdoypsht es,

each of iech co j A . i T . i s
mai nt ai n\é\?(ﬁnder "E%tc}ﬁf,ib%ﬁgagﬁ? p?ﬁ@? FE:P%rhﬁ:t' e sté'gf"%? ﬁﬁt%%%g‘[@er@f&eﬁﬁgl
forma set 15 gypstichiortieions! or skits tharewi! iThe chloideions desaltsethereof may
gypsum cont ai ni ng, _pr.oducts nmade by.form a m xture of enhancing material,
2P e i sul Tat e APRYAPHTLSSAIRG calkiU b2t Retedal isBinpr (RSB Rt rorin <

i nvol ve the treat gaidr &f hidLesmtafin s%%bﬁﬁ@@%bggerﬁ?kﬁfédaih-thg%MHeP” of
a mxture of the 20 enhancing materTal) water, and calci'umsul fate

di hydrate has beewhichpribrtothe presednt ipeentigmsauid pohbeaiuseddo prakestakleiseti ng

i ncreased sirengt [ esi st%nc.e to Ber manent deformati-on (i.e.) sag

h
resi stance$® and GYRRHEICORANIDORIPHYCYS: Such post set treatment can be
acconpl i shed by additi JRef s ARoCA hdRel fod rEw ahdamprsved [deeipsaichsl &gd or
soaki ng the 25 calciumsul fate di hydrate cast with the enhancing material.
In the case of suftetpeds fertreatingtsedr@yPsunt te impieye Sliandih.i wsitafre o
chosen fromthe gr i .sling. of .. ph : d i . e
conprises 1 or mor g”ﬁﬁ%@@?@?&ﬁ%@?‘éeéﬂi g%@r%g%tég@@r glﬁgrgfs?ﬁ1 %p S@gﬁ e%@g '
phosphat es, each -12 2 4 ~ E C 2002 of which conprises 2 or nore
phosphate units; and nonobasic salts or nonoval ent ions of orthophosphates.
In sonme enbodi ments the invention provides conposition and nethod for
produci ng set gypsumcontaining products fréem m xtures 5 containing high
concentrations of chloride ions or salts thereof (i.e., at least 0.015
wei ght percent, based on the weight of calciumsulfate materials in the
m xture). The chloride ions or salts thereof may be inpurities in the
calciumsulfate material itself or the water (e.g., sea water or
bri ne-cont ai ni ng subsurface water) enployed in the m xture,

-~



10 which prior to the present invention could not be used to nzlléengpapga?
set gypsum containing products. In pre-set treatnent of calciumsulfate
material in accordance with the present invention, it has been further

di scovered that sone enhancing materials will retard the hydration rate of
formati on of set 15 gypsum and adversely effect the strength of the set
gypsum contai ni ng product. It has been discovered that this retardation and
the adverse effect on strength can be aneliorated or even overcone by
including in the mxture an acceterator in an appropriate anmount and
manner. It has furtherThesnthdrs cigvareshtinbily geesuBrbaaw daRdVirpdoredisst  ed
20 shape can be made in accordance with the teachings of the present

i nvention. Prior QYPSURFCRPIAIRIAG iPROEAYERtEorand eomepesitons andyumnathodsaforgypsum

oard and take 1 1Piorag By 4188 G008, ROGLTR b, Y8 Breb Bt A, or

as desired and t habowi Thagrésenttiverition miebts hbge ndedklowever, this prior

t echni que %leves rise to many nmanufacturing and installation di sadvant ages
since the wetting required to weaken the board and make it nore flexible so
that it can be mogd|fnssh!d tRe WSt shape takes a significant amount of
tinme, i.e. at |eaSTt one nhodr or re, and twelve hours is not uncommon. In
addi tion, the prior tethaipresent invEhtors2haveD unegpaftediynfauralusetegypsuns t o

easy nodi fication_of the desjred shape of the board, if the board is not

broper |y weakenedOMAINIAG Biekiols,RAd EBMRRRINPYS ARE racthpss far heiEPtsparalions

desired. That is, ! ol t S ard

as desired) and i}@ggefﬁcﬁégj ?Egéﬁfyea%qs?(%& 'ﬁ Réagbgg%r gﬁ\?\nﬁleﬁ{%otrdengﬁ&PThus,

there is d0yreat otthe inventinn medds and aronpresdftithess nedds. wi | | decrease t he

wetting tinme and inproye the ease of nanufacture 12% 'h..nst.al I atti on of gypsum
e

board of desired shape! ISt a8¥THARANGINNG LrpPue S IDYRMRMM YIS he

present inventionjnctedseR aidlstanco f tRt pymaibhtD eRFSHnfEdNDas S BFeH4pEd Wi h an
10 aqueous chloride solution containing any enhancing material (as

descri bed above i Acedrdance mithrthedhventiorpbetosming aveikture of arcdidiumtsuate

exanpl es bel ow) t ra%en %é’ne haard_and malt<e it r'r_gr? flexi hle. The weakened
and nore 11 exi bl e EGHS: Waleh A L APROATRIGAHIYL ST £HELFJBQTS ARHIL Wi t h
l'ess forceyg han ppfibrisle cdHsenefronin@ohB6nstrs pheshHdTicSAGES, bach bewiwgh fi ed

board will be maintained after the board is dried because of the beneficial
effects of the enROMEFIEES ndit@r MOEre phospheric @eicdbfunitie andawalgorriogsref 1 is

Gypeum boar o of ¢ RENgaEst BFodHHaeh. RERATER’ EntihisBs 2 hdre picatgleld @

resi stance of a gypisim board nade in accordance with the present invention
with comrercially avai | abl e gypsum boards), wherein all_ the tﬁ,sjt ed boards

( ...
are installed using coffermpixBiglis thhenynaintainad dndereanditiens agflisienbionthent . 25

Figure 3 isha gra fR j : [ : I ein
accor dancezsowi tht Eglcpr esgﬁé@ﬁ@gﬁ?éﬂgﬁ f%&ﬁﬁm’?ggﬁﬁy%@gﬁ%%gypsum
Jboards, wherein all thastesddhelziarttie term, icadiainl sulfats majedalt)\ie intémaed
F2100 ceiling attachment (i.e., adhesive). -14 2 ~ a ~ ¢ zpoz Figure 4 is
a graph conparing'® ﬁ\?@&@h%ﬂ%ﬂ%‘%ﬁ"&&%%cé‘?uﬁ‘ ﬂi}@%ﬁ?ﬁ@#ﬁa %&PH‘
accordance with t hSVRAKI i 8t Yad bPdhEodyPsum
board. Figure 5 igﬁgagﬁgg&%%i @P.Enﬁ%ﬁg?%ﬁﬂe Ietg’t iaonwg‘ﬁf ect ofye?reat ment
5 of gypsum boar dthereat.cordance with the present invention prepared from

b i Si i | y. dri (i.e. | ci
i Tate disgarats) . Dodesompeabodimarts S dvarbat i Resa b s Rabudl
invention can be Ry arbdiReGaRHIOKliMGe HERARYdraRS ANQUBR bagis Slinbf ae t o

those enployed in the prior art to prepare various set gypsum containing
products. The essenhantingimaierialscdesaribedaboyapdtimparhicigasedaepis@coto sone

preferred enbodi nents of is inventjon fr C sj tlons

enpl oyed in the pﬂeé'F‘aBPP‘t B8?%g‘ ‘roé‘pt?r g"?/égpgéfgg@@t *oé)@'%gUmﬁ@gwﬁtqg{’ nm:?)gge
products is that @nhéhﬁmbaﬁh@érﬁﬁlgtéé.gﬁﬁlﬁe fsllowitd sdis, dothe amiodis pordbns n
met hods of the invention the rehydration of cal cined gypsumto form set
gypsum t akes place in the presence of trinetaphosphate ion and thereby
produces the benefits of the invention. In ®fher respects the conpositions
and 20 nmethods of the invention can be the sane as the correspondi ng
conposi tions and nethods of the prior art. The trinetaphosphate salt

i ncluded in conpositions of the invention can conprise any water-sol uble
tri met aphosphate salt that does not adversely interact with other
conponents of the composition. 25 Sone exanpl es of useful salts are sodi um
trimetaphosphate) pot~~~iumtrinmetaphosphate, amoni um tri metaphosphat e)
lithiumtrinetaphosphate, alum numtrinmetaphosphate, and m xed salts

Y o, o, N B




2 ~DE C 2002 Mssouri, previously a unit of Mnsanto Conpany o? St .
Louis, Mssouri. To be used in the practice of one of the prefer édDErét pggés
of the invention, the trinetaphosphate salt is dissolved in the aqueous

m xture of calcined gypsumto yield a trimetaphosphate ion concentration of
fromb5 about 0.004 to about 2.0 percent by weight, based on the weight of
the cal ci ned gypsum A preferred concentration of trinetaphosphate ion is
from about 0.04 to about 0.16 percent. A nore preferred concentration is
about 0.08 percent. If desired for easier storage and delivery in the
practice of sone enbodinents of the invention, the trinmetaphosphate 10 salt

can be predi ssol Jaereoh &0 drigpetaphaspoate (alse referredioieseinas BAMRY m of
an aqueous sol ut iQpA: A _ ; j

Mventi on. the t Frouh ReRaiRliARegniteliayhdY-o7 REpCR BRSO RRB (136
m xture of cal ci meferigdoimedeini agy SHMPhyand tanomooiun lpelyphosphate gyiagm t o

f 15 T, f .while 1t . is . | | i dth
o et 15 U Rtk S ol b BB S RIS AL,
stage, it gs al sqyfuptdvid&Nbretdtréd SEerefite e subh MBS AgRAN HPeasy ihNkagt he

m xture of calcined gypsumand water at a sonmewhat "l ater stage. For
exanmpl e, in prepdesistanceiAlad, AFBprovidessdual sagresistantedathst peavided ypsum

are brought together,-j n a_nxin ar at us re_ mxe roughly.. and then
are usualgl y degoé'fwgJ ' YEB VH’%%g&g‘g%%?'ymegoHﬁ&tﬁﬁwFoﬁg%f“é’mao&ond
cover sheet is placed |pvedmé Reférie@sdrhBedimerits 'of the brisent Meeffdrothidist of

the rehydration of calcined gypsumto formset gypsum occurs. Wiile it is
nmost conveni ent taccgeplishedtty adding tipetaghiaspbateioni tataomixtarendhealeisedur i ng

its prepaggtion in th 1 xin ragu it i fficient to. t he
trimet aphggphat e qy(!?ﬁugq nga{ﬁ J?Bégpgﬁag%)&gee.dg .t? @V%Iygga%{ngy%sﬁﬁg'&aﬁ%@ﬂg

sol ution of the ifBdaBisO(dshgsate Refdin SeewROtsaltthéd Wypsh” G8listeAEEddPsum
just before the second cover sheet is placed over the deposit, so that the

aqueous -16 ~ -MgaE @lptw2caleiumt swifatep hemihydiateolbeta opalgium  swifatei nt o

et aypeum occur fEPey Rafireeitle KARshatA AR Berls Br bl tnle Torm

tri met aphosphat e gradll {hir€of, RAATHY tevrnts, Weél ubREicEhydiated opsuraf, aredi nary
skill in the art and are of 5 course considered to be within the scope of

the preseib i nverintesigled-n meamealeium sulfate dibygmie). pWhanthe watesdn thee or

both of the cover { i i phat ' | t
will dissolve and™ @ggésaee%grgt%m%pggﬁéds%gg%n{@oeﬁlﬁgirégt %”?‘gﬁéﬁhpﬁeéﬁ xture
when the deposit gjpsume, #wieetgypsuinis urkexpattetiye ougybtumavenmsraased
contact with the 10 cover sheet. Another alternative is to nix a

tri met aphosphat e HENOWH; Esistancejppermaseatfeierpation (@.9-Sagsesislancs). a8dm

cal cined gypsum & t ~d t hnad
gypsumis m xed w&méﬂmﬁé%érl%ac u%%'ﬁﬁﬁﬂ?g%gﬁwm@ﬁﬁd eftlﬁg? iqbgmﬁr]r@t hods
of gettin@0 he trcontamihgspbatrimeétaphosphatesiarhe ihet mmechanisn ofoadthesiee

tri met aphosphate jon to the set sum % anﬁ Sl.{i tgbl e neans, such as
spraying or soaki'HbDrPN@"?éTs&/B S 1§ Nptyy Gﬁ_B ‘containing _
trimetaphosphate. It hegrpgfifofe?unfl t Ras tBeehr! Oﬁéwatﬁn.in@n Whad

mgrate to the set gypsumthrough conventi onal paper sheets used in the

pr ocgss! ng ﬁf fset tl’@@tgwhospbatﬁﬂ@n Qkﬁ(fi%}ﬁ@ﬁmimme@ﬁ@lw&ﬂ ehihe flrmatigint i on
o espondi g enbBLFRHISgs MPREbyBRBA' dBsE. Ih fekt hdfPaadba diteldively ¢

hem hydr atgs bet ahigkei bohcentfation heveidydithine itswaisetuls rngelse ot ahddition,
sul fate anhydriteg_or m xt ures of an¥ gr all thereof) from nE{#ral or, 25
synt hetic sour cestrimetaphesphater ian agtuallyoarseiftales thaarate ofi Dvdralipp ot

hem hydrate is e ' =] i g FakiahhVv hi gh
strength. In ot hg?élgﬁe?’eé%éf "ﬁe{r}‘gof}cl)jlgﬁl1 rr%rt@gpﬁgbé ca a%{@gﬁ}@éh[ﬂ?%%@hﬁ@% ﬁ%/gsr ate
or a mixture of btieninomeasaiin she saenagiheof thalsat gypsumwbesauseadt bbbk dasr ci um
sul fate anhydrite are enployed. -1 2 ~ DE C 2002 O her conventiopal
addi tives can be g%ﬁﬁjlé{dthorﬁ'ggﬁé“ ptZ'SCQYRﬁé"Bfa‘? kcfﬁaq R\%‘Qﬁ’?ri‘(?ﬂ? Ph F\tfl?§9bﬂ};ery
anounts to inpart desirable properties and to facilitate manufacturing,
such as) for exanple, aqueous foam set accelerators, set retarders,
recal ci nati on inhibitors, binders) adhesives) 5 dispersing aids, |eveling
or nonl evefing agents, thickeners) bactericides, fungicides, pH adjusters,
colorants, reinforcing materials, fire retardants, water repellants,
fillers and m xtures thereof. In sone preferred inventive enbodi nents
wherein the nethod



and conposition are for preparing gypsum board conprising a COQeA@TTﬂQOE?t
gypsum contai ning materi al sandw ched bet ween cover sheets,
trimetaphosphate ion is enployed in the concentrations and manner descri bed
above. In other respects) the conposition and nethod can be practiced with
t he sane conponents and-in the same manner as the corresponding
conpositions and nethods for preparing gypsumboard 15 of the prior art)
for exanple, as described in US Patents 4,009,062 and 2, 985, 219) the

di scl osures of which are incorporated herein by reference. Boards produced

using this preferred inventi conposi.tion, and net hod exhi bit inproved
st reggt h, rgsi st aﬂ'@gerﬂ%s 5%‘315%?,&1{5{{8&; 6?'}%[}[0(5}1‘)” %ﬁfcﬂY@SHﬁhéi‘Grﬁjﬁcr shtha ty.
20 In preferred meggosin @Pﬂ\é@?ﬁ%ﬁgtfe &df OThid RPRY 14 tay&%m;g;ﬁhze g

wherein the surface sheets of oard conprise paper, a pr
starch is al so enfilatgralsbutanadifer trimetapimesphiatesion. i ght |y i ncreased ri sk of
paper del am nati on und%bygandi ti or]s of ext;eme noi sture. Pr Z@el.ati ni zi ng of

raw starch is achi eved CHSHENGLR, BOMERIpTesEed e pats pfdhiejpvention, 4t
185F or by mther prividka avetho8 tareH6duchoga s@{@ﬁﬁ&%c@htéiﬁaggdéﬁ?@aﬂd\ﬁtq

e
pregel atinized starches that serve the purposes of the preés I nventi on
are (identified bipcrersed shanetheirasistancesio ppuraoent deforomatioavéd.gabsag from

Lauhoff Grain Co. ;.. 2. . ~ , - . PREGEL
et 2 e g R ET DAL 0
preferred practi pealofndd”gpﬂsnmw.dtm andl émptapisphate isAdand ﬁf&dﬂa’hﬁn? fid uded
in the aqueous m xture of calcined 5 gypsumat a concentration of Trom

about 0.08 to aboltxtgresupdercanditipns\eigyia temperature prefecably lessithan abgst

about 0. 16105 aboq 206! 3 AHERN G Balce LR IO R SR BRERE anoue
0.3 percent. |f the coin esmenpretgredreatbomments’ oft the ipvestiorattie AMethodedt ai ns

a starch that 10 has not been pregel atipi zed q&%s many do), the

pregel atini zed st 2PBHPT Prodyging 3 Ve BARISLPABRIISIESNA A05e of S8 IYRSUTp| ace

all or a portion j I ed.
1 enboni ant s of SERANRNBEREMed ook shBoisdt pabbr of theHmARAEL i BRREY O
![E t he set gypslun}iscpm_pa'redbgf?milt(ig(a ﬂtb\:)augcmixﬁﬂfel (:st;htﬁmfwai@héd g}g;ﬁsamné oft
e conventjona oam ng agents known to be useful jn preparin paned se
gypsum prod®ict s cé%"ﬁ%re ag\% iReiaphesphpte iR depasiting '&Q@Eﬁ’g '&P@ngﬁheﬁﬁown

and readily avail gﬁhea,@g{iﬁ?md;[ %lgw%%tgac%sp HN %&Fépmegﬁpi alty Chemcals in

Anbl er, Pennsyl vani a I'ons of useful foam ng agents)
see, for exanple: U S. Whietheb@érdithGs irédicedhas ajic2he Xiediredaatpraved

5,643, 510; and PCT |nter na?]l onal e?ggl i c%i on. I?ubl i cation WO gcge/fl%%{f’é
publ i shed June 22PraRRyEes Of INGIRISqAURNGHD, (GSIS arb%eﬁ}gpgp?%%ntt PEPA{on
relatively large y .E‘.j,ssdd‘rés'%i_aﬁé’hé),sﬁﬁhwﬁdrlﬁbnai StaBNite it has bRlp dBddiedn its

strength. This can be acconplished by enploying a foam ng agent that
gener at es 20am t hihat; forxmasenaunkepwnuwheasuchwadroard hasntarcsometrrasanci ned

o oam ng. agent BRBRMA Yol bhops ot HEER, TPl el Hiad BUANS RrAuRGR, BEDCT
amount of foam ng b@aawew@@metgypsaﬁﬂf@éanaﬂi@éave@bueétsgggaalfmpﬁﬁﬁg 2 4

p E C 2002 Such a foam ng agentm xture can be pre-blen "of f-1ine",

i.e., separate fr@RPEHCN Bsesrengtpoepyen fajl, Pyanwheyy fubeaihernriains a
ey et bus, a2 SR BoBsHAeR sk T 50l To8R86 AR e

25 normally contributes to better paper-to-core bond integrity. The cover

sheets could then delaminate from the board, which would be

unacceptable. Fortunately the present inventors have also found a

solution to this possible attendant problem. They have found that the

problem can be avoided by including a pregelatinized starch in the

-8-



5 acconplished, for exanple, by punping separate streans of the gifbgrent
foam ng agents and bringing the streans together at) or just pri % P 2002
foam generator that is enployed to generate the stream of aqueous foam
which is then inserted into and m xed with the cal cined gypsumslurry. By
blending in this manner, the ratio of foam ng agents in the 10 bl end can be
sinply and efficiently adjusted (for exanple, by changing the flow rate of
one or both of the separate streans) to achieve the desired void
characteristics in the foanmed set gypsum product. Such adjustnment wll be

made i n response ] 1,nat.k i r.m

whet her such adj %llsot% #e@{?n?r‘??@wémsgﬁa &r%@rgé@qﬁ%gé%mtgé%&%@ﬁgm H"gen-l i ne"
bl endijng andSadj nesuitagt gyfplsube cbm;raci)\g it M?geé’a;m}vxgéc&my gg@md gﬂigni this
copending U.S. Patent i catjion | 577, 367 il ed Dec. , 1995, An
exanpl e of one t?/‘ﬁ%g%iﬂféog'&ﬁ{‘%@nﬁééﬁﬂ? %95@?'19 %FW%%FQTGZB"GAB?é:EV@'foams)
has the formula &X43e M (Q wherein Ris an alkyl group containing from 2

to 20 carbon atons, and Mis a cation. Preferably) Ris an al kyl group
contai ning from 8 to Thusanbsomat ohits émbedimphts tHe dmeeritiqre podvidesira ng

t ful t ate 2 table f . h the f I
OB ) xorz( ot BB HERA 889 (Rg1B50 raHBRHORSI AN SYROES IMPERHOS IBSYE v | s
a nunber from 0 Hgark) m%mﬁtwﬁmﬁﬂi@wrgmugé%ﬂmh cg‘%gcmfsaggbswcent

of the foami ng agent, and Mis a cation. -20 . DE 002 sone
preferred enbodi irenetapbosphate i ionerandorg pregelatipizage starchavi Fige t methad nul as

d (J) ab bl gnded h h that the f | f oani
gent and the porPTBASer G SRRy S GaReREna e miEa efverahests)

toget her gpnsti taheailbwmg&ﬁetresa&nwsg&hbgefocﬁttanadﬁ}.the resultant blend
of foam ng agents. In soffe preferred enbodi nents of the invention, the

aqueous foam has beeningasesayvkarefiris desired &o praduten gypsimdaagd of lighter ng t he
f |l a CH3(CH2 H2) " 3e M. 10 i.p X i f 2
Lo 20) v 15 a nuEty B §aTI00 Bravies o8 Fatibgalier aBenaReles,dptan: ~of
the foam ng agenhecamplidving thls C AtHeoBomposhtinalomprisdssa tnixture’ @ﬂw%fbrto 99

wei ght percent of the fornula (Z) foam ng agent. In sone preferre
i nventive enbodi aalsinedgypsum, tnmetapbosphiatejoaand anpaueous foameandthe

preparin conpQsi r opprisin t u .par.t.i gl of

el hfor o1 o o6 BpREs S8 RbtiRd, et 8 miRE, JALIRE T hepanYovdr
concentrations asHes®NAd slRWNG IRE raBaltant héserbiatd isetl @d Yrpr eSedh ed
that the conposite product conprise set gypsum and host particles) at feast

a portion of theCeBPO§HEs@RCHBERNGAFsaYidRFbearsrfilighigraveisbtiibecarse dhe) e
voids in the hos i Gl The.lnv Wi 2 A } xture
of : host particl EgBﬁ{géi ﬁg ggggg?%’ﬁe'%\%.ﬁﬁﬁ ﬁ%@?haiﬁlﬁcfg}g@ggﬁggﬁﬁj@ at
| east a portion giypsinncore of the resuitanbboard. The svertall strengthl ohthedvoarkéds voi ds

in the ho articles; and g watersoluble trjnetaphosphate salt. The
conposi ti (F:)an ighertkan WW‘H"%E’@P’AZB'Q cgﬂdﬁ"ﬁagpeawcqﬁmpféeaﬂpﬁwe of

water, host part kGARSn iy duRs beesudY 8f the increased strength provided by the
inclusion of the trimetaphosphate ion in the mixture used to form the

inventive board. For example, ceiling boards of %2 inch thickness made

in accordance with the present invention have greater resistance to

25 permanent deformation (e.g., sag resistance) than % inch ceiling boards

made using prior art compositions and methods. Thus, the present

invention provides substantial cost savings for ceiling board production.

Unexpectedly, there has been found to be another benefit to the

inclusion of trimetaphosphate ion in mixtures also containing an aqueous

-9-



voi ds therein, calcinéd gypsum (at |east a portion of which is i&LtMECfgmm
of crystals in and about the voids in the host particles), and
trimetaphosphate ion. The nethod conprises form ng such a m xture,
depositing it on a surface or into a nold, and allowing it to set and dry.
-21 2 4 DEC 2002 in other respects, the conposition and nethod can be
practiced with the sanme conponents and in the sanme manner as the
correspondi ng conpositions and methods for preparing conposite board of the
prior art) for exanple, as described in US Patent 5,320,677, the disclosure

onbodi ment's. whelbenh AR bl Erl Ppomahaly Moaiavaiigand o ¢
machi nabl e mat efiodé , ovdralleiia g PVGILE) OPel LnRMBHIGAE df“abESoﬁ%Wgsm rations
enno

and nmanner described above. !n sonme preferred forns of suc Iments the
10 conposition eORIMMEseareciepiadindhefresultant geasypmantginingrrioductsdharbl e

tri met aphosphat g, rch. i eles. a r-redi spersible
pol ymer. The coﬁ'ﬂi@?bpgﬁp@aﬁ 'éﬂ‘%ﬁ&gﬁ&% ﬁh&\ﬁa@ﬁ%’?o %ﬁqﬁ? r‘aﬁ‘?ri vt ve
mxture & wat enot Kredven, "t tigy benadicial igsitag et dvstfeainy agéal I8ds told
particles of water-redjispersibie polymer. The nmethod 15 conprises formng

such a ni xt ur e) eNR¥AG toproducethe dasiredamennt oftair woigoiolumaria the seti ng i t

to set and dry. 4| < o t ner t.he i ' 0

tri met aphosphi ©REREinhGeRaGE, oS a i bt HR dbrests
practiced w th afie¢ IsssTHsk @faaverses effadtsi of ¢Hmni&ahﬁaanﬁngqgeaﬁs 'oheother
correspondi ng conpositions and net hods for preparing 20 nmachi nabl e pl aster

material of theCHYNPERentstor prapedias el tbe aypsteseentaiing prodychat ent

5,534, 0 t he di scl i: [+S 4 : I f ce. In
sone prg@erred inven??%ﬁg r%%\imrr'en dﬁ&%@ﬁ@’?ﬁ%’ﬁé@é‘ﬁ%ﬁﬁﬁ%@@ﬁ@?@ ion are
for produci ng acompesinglse: gppsyadirida feiniosting matenal, plepactdbenienies of
gypsum boards) trinetaphosphate salt or. ion is enployed in the
concentrations Qed8PPY amrelon@Fﬁgﬁ%tWQ%e‘é\g’B@ég@%?ﬁQF"Wﬁ‘Qﬁ thee

i ncl usi on of ”'él'ﬁfoﬁkﬂ i ! BE Wateasd bi iafget hod
can be practi ceE w t Hgﬂ?ggﬁéagg%oﬁgﬂpg%gte}nﬁﬁt he égﬁr%a}r}ggﬁzo?ﬁg? t he
correspondi ng camuasit taf @me anohoré 2nhahcingoniatarials @hosen o domdepsediuci ng a

joint fiyshi terial i.n th por.art, f I d i bed in US
bat ent 357, c0RROEROH atiRssthet bl WL ROmBNEet S g analea R 450
reference. In Sgﬁﬁs;phgﬁeg?lt%d ofrgbﬁ§ of c%HGBn@éﬁ)%dé’gﬁlé@st '&&P@P%iiﬁ on

conprises a mxture of calcined gypsum 5 a water-soluble trimetaphosphate
salt, a binder, camphiseseher monephaspbate units. | The mipdute isthendoaptaingd on can
be m xed with water _to_ produce..an l.nventive .n xt f.calcined gypsum

tri met aphosphat 8"38&%0'@)'{\%? ?”‘i"ﬁleaig?l‘eﬂh? %iﬁ'ﬂ“ &ﬁflégq/&aitwéaljagﬁp gf%z nmet hod
conprises form ggpsSudmatgiiakt ure) inserting it into a joint between edges
of gypsum boards, and 10 allowing it to set and dr_ty. In such preferred
joint fi?f shing enbodihgeinvention: alstpeqvides ASasTR9iItePRRIARPAMBIYNG $§t agent

compound art . FaVPSYRARERGH Gaitics, B MEb LogRBArANp sl YybPuhdeing .
with polyvinyl pesitiehed ianghd abpot \echssiblevsidsVinrib hesttpdrtitlebei Tige

preferred and being included in a range of from about 1 to about 15 percent
by wei ght of thboathinprepared By, fesaing er gepasiting aumixtre leghar syriace,

et hyl cel 1 ul o5 RLeR, e misl cshiphicdy, ThaZheRt paeRs; cAkMAUNAEY .
includedn a hemihydrate, at least a portion of which is in the form of crystals in and
about the voids of the host particles; water; and an appropriate amount
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
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20 range of fromabout 0.1 to about 2 percent by wei ght of the dohfEL t2002.
Exanpl es of suitable non-leveling agents are attapulgite) sepiolite,
bentonite) and nontnorillonite clays, included in a range of from about 1
to about 7 0 percent by weight of the conposition. In some preferred

i nventive enbodi nents wherein the nethod 25 and conposition are for
preparing an acoustical tile, trimetaphosphate ion is included in the
concentrations described above. In sonme preferred fornms of such enbodi nents
t he conposition conprises a mxture of water, calcined gypsum
trimetaphosphate i z 1 ure
of water, calci ne gyhﬁﬁj%swrlsﬁgt%ﬁrgéép‘{?;p go%t@ﬁ;ﬁf Tﬁg%%ﬂ‘ggqlsgpr‘réﬁ

gel atini zed st ar cimaistairediednder | corditiens i suffitierdndor thebesalciamnf sulfateng
agent. The nethod, conpri ses fornlnq such a m xture, casting it into a tray,

and allowing it t&CEUbYGALe tnlprm setgyrpwm: wherehyibe porigneithesghaypsum
i nclusion of trimy apRotRfIRtRe 'aeeésé.ﬂrg . n&%’ﬁgiﬁd ﬂ&t?g%n éemﬂmﬂgms}?&

practiced with the sanme conponents an samne nner as t
correspondifig compydiationnst mgobarmuhodslféterhemrbn}dcate@rwtatsqnlmtd adut theé e of

the prior art, for ribed in US Patents 5,395,438 and
3, 246, 063, the d|§9F§§gRb§*E¥§ f%ﬁ?%re |ncorporated herein by reference.
10 The follow ng exanphgg nﬂ(r@ntﬁ%r?él%gﬁévrﬁgs ig% dnhJ ia{nﬁr Wﬁtrﬁ ble

preferred enbodi nents of the invention and to ¢ are ods and
conposi ti ons out sipdedudtepreparss oy farrmng a\mrxturercomprismgs acsttarehy\pmmles of
i ndi cat ed, concentratjons of erials inc osi t nd m xtures, are
gi ven in per cent BYVREIT ﬁ?'sBsg'i‘a‘e Phé& 9@&8 "Bﬁa qn?%ﬁ%@'cr”ﬂ » He0m
present. Tg abbr %ﬁ?ﬁ/@r‘iﬁ‘te aralft of 6B drBlerticiy ialdRiGBResHAbA: and

. EXAMPLE 1 20

t he abbrevratron ands for trinetaphosphat
L~or at orv Cube Cor@ondeneed;rmmsahoerngaadsarqabbsobmmmmMSaznrbrngrore

products were prepared in acgc nce w the vention ared

Pegard to. conpr e SRpsPapHie AN andSalts o hsial SaPue TRy Hosire sRen
met hods and conpogtyKies coﬁkﬁuée@é d?rmeﬁéibhsssﬁ&bqyrﬂ% WIhel rixdGre0s dREs €

W th 25 ASTM C472-93. Sanpl es were prepared by dry bl ending: 5003 of beta

cal ci um sul f at e heénaintained under eenditions sufficient tor thexcalciuspawfateimajeralie

gr ound par cles I hydrate coated with sugar to maintain
effici ency nd hei{’@ﬁ% iétwggﬂh{)&@??rﬂélu S. Patent No. 3,573,947, the -24

2 ~ D E G 2002 discl osurife giverlionhalisd providas armr s&h?—dorl‘mairﬁmg\ prodduct
reference; and Qg additive gcontrol sanpl es), 0.5-2g of STMP (preferred

i nventive sanpl es)emr@lpyedsa @tsbfar@tmeawpemgﬁgﬂs‘eomsum@@amé redycke

Cemper st ure of - rorrRattl By iREliRG Md ifCR Thids 8Gphsiig!d el
seconds and mi xed thickenar, armrdleﬂ:enngagemcandmmlilselfaﬂetmatml Water, &nd and
were cast into nolds to gtp are cu i nches er si de ter t

cal ci um suPPat e heRREGRR 9!-“"19 PBPrﬁ’gW‘BERrﬁP %?’Bglm? g ?@Saf‘ﬁmat e),

the cubes were re d eds i | at n at
112F for at | east %g%rég”%l&%@'cdaﬁgér %?‘gﬁ{ @'gbé%g{@r%éﬁg?ng‘dn%g

dried cubes had a mmsphbyrcmrdawts;amdaaitermquQomldeose@phoﬁmt% eagbh dry
cube's conpressive St gt h_was asur ed o es hi n
Resul t5.are. repor tgMhiENTGeinENses Bophmore Phodehals: Ughs, recmiiry frioen

tested sanpl es. Stm&ménhekﬁidd@?cBﬁ&utréﬁ@&ﬁﬂﬂcre‘iﬂ‘fﬁHtﬁé cHRIUMA dulfARGARRAaMaY | ous
sources of beta calciumsulfate hem hydrate andlor different batehes of

beta cal ci @ sul f dosntaesetgypsane matedalknpl oyed. Results in the table are

squar telef'n'cﬂ (pei ) “ana 2000 IR AR BROTAEE R, <4 RS BB LR R per
w). Me
of about <1 59 ??ﬂﬁ?e;:’;“ﬁr L ot | hey Gase ver Lne cont ol of 10%

may have actual |y @glaini e, & mingral Wéﬁbé qarmenﬁs%ate matgrial pvatep apdc
2002 TABLE 1 Co
T0.2i 0. 47 0. 6i Add| 17 %Q%@p?‘fa@eggg‘f?h%”?\?i‘ga%lg ﬁ‘@é%gﬂﬂéu ve%H‘aat?‘u'a\‘/'SEB%?‘infﬁsi :

%)) ~Psi; 9®)(Psi: 9%D)~Psi; %) STMP9871054; 6.81075; 8.91072;
8.6 ---- ---- _STMP724843; 16.4957; 32.2865:1119. 5783; 8. 1STMP742819;

10. 4850 14, 6---cccmcmeaaeaeaaaas STWMP714800; 12.0B34;

16. 8 - - STMP842985; 17.01005; 19.41053;611; -27.425. 1STMP682803;
17.7826; 21.1887; 30.1------ sodi un®50951; 0. 1929;

A R phosphat esodi unt ri pol y- 950993; 4. 5873;

-8.1 - - phosphat esodi umhexanet a- 950845; - 11. 1552;

e R e phosphat edi cal ci unv63769; 0.8775; 1.676t;

-0.3--------- phosphatedrsodrun763757 -0 8728 -4 6700

~ o~ o o o 1T . L ey g g o o~ PN NN,



- 26 z ~ ~ Er zooz EXAMPLE 2 Resistance to Permanent Deformatiory C 2002
| Labor at or ~ Gypsum Board Sag Resi stance) Sanpl es of gypsun}contalnlgg
boards were prepared in a 5 laboratory in accordance with the invention and
conpared, in regard to resistance to permanent deformation, with sanple
boards prepared using nmethods and conpositions outside the scope of the

i nvention. Sanples were prepared by mxing in a 5 liter WAKING bl ender for
10 seconds at | ow speed: 1.5kg of beta cal cium sul fate hem hydrate; 2g 10
of accelerator as previously defined; 2 liters of tap water; and Qg
additive (control sanples), 3g of STMP (inventive sanples)) or 3g of other
addi ti ves (conpar sangensedpphasphoripeacids,r paefs of hukichocomgriges e2 carsmaret o

bxotx~h i hohoe. -t srPRHC AR GR BBIES: ol Rl e Aol PSP BIER, 235Hy peur
(cal cium sul fate difhwhichtcomprises 2@r Hisre\BResphate dinits. ﬁ'tl'ﬁ%]ﬁﬁix%’r@rlsbtﬂbiéﬂ

their wei ght stopped changing. The final neasured weig each board was
recorded. No paperMaitaingd wadeeggnditions sufticiertfoniberaiciumsulfade materiahtoi d

the effect @f pap VELS um boards' sag pertornmance under
huri di fi ed onditﬁ@ﬁ@%%%&wﬂﬁaﬁ%}oard was then laid in a horizontal
posi tion upon two ~/ ~-iTidinvestorralseeioviiesansther fpaldi sergridmalcbhtaifing!

wi dth of the board) wi th one support at each end of _t_he'f%oard. The boards
remained in this ustieal tilerprapapast by ifetmingr proderpsitingrdn @ trayha snituiapl e,

4 days) under contgd ; r e Wti Jte r 90
percent 25 rel ati v%d}ﬂlghn?r(ﬁ%.é&rﬂg{%% ?ﬁ%}egf eggéno d 3%"%0&?@@%% ?h@y
det erm ned by neasminfogindageints aaadaiuri sulfatecimatgriabfwaiee, amd aarappropetet op
surface of _the board fron?the irracgi nary hori zont al péane ?xtendi ng between
the top edd® of tHBOURLSS Afe PhANGIEATIIANENY Malarials, aResen frogm sed

def ormation of the ieH&Rs Rk : i i 27
2 4 DE G 2002 i nvareErone aeldee %Hiﬁf‘“{“é&?ﬁ‘é”@??%%?S%@“?ﬁ%gﬁégg%‘?@ Ai-27-
board. Thus, the gumits; eand fsaltexorimnsobf tdondsaged phospbates)eeadts of hwhich

| ati i st to. t def ' f_.the set trj
Compri 81 ng the. boayeMPUse 8 oF Gaere RoSPBRIEL WAl Tt MiBHH R Re BB AEEon

are reported in T%r@oddﬂﬁdé(&d@ﬁci&ﬁlﬁowméihhpémw n?&@ﬁﬁ%f@%%s t

(wei ght percent based on the weight of calciumsulfate hem ate) of the
additive) t¥e finagypseinymatefialt he board , and the extent of neasured sag.

The additives enployed in the conparative samples (outsi.de the scope of the
10 invention) are repreI@%F'é{PP@%l‘r%F°BH’(§es Sy 'Wﬂ%t'r_"ﬂg\';’éo‘ﬂ'ffg% | oyed
to attenpt to 'WPFB%%Mﬁ?Sd RIMGErePbf BHRAKETME PRHtEriAI0 cARELEH NELIfAN Aihydrate

y.

conditions of high hum di TABLE 2 15 20 25 Extant of Gxpsum Board Sa4
Addi tiveAddi tive (@Bdyatery)Mors spegilically, thgreembediagnts invoive the treatment

of gypsum cast with enhancing material. Formation of a mixture of the

\ 20 enhancing material, water, and calcium sulfate dihydrate has been found
’ to provide set gypsum-containing products having increased strength,
resistance to permanent deformation (i.e., sag resistance), and

dimensional stability. Such post set treatment can be accomplished by

addition of the enhancing material by either spraying or soaking the

25 calcium sulfate dihydrate cast with the enhancing material. In the case

of such post-set treatment, the enhancing material can be chosen from

the group consisting of: phosphoric acids, each of which comprises 1 or

more phosphoric acid units; salts orions of condensed phosphates, each
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(i nches) none (control)08300.519STM P0. 28380. 015boric aci d0. 2829@. 4 §ELo P00
al um num phosphat e0. 28350. 550wax enul si on7.57180. 411gl ass

fi ber0.28380. 5499l ass fiber + boric acid0.2 + 0.28250.161 The data in TABLE
2 illustrate that the board (STMP) prepared in accordance with the
invention was nuch nore resistant to sag (and thus nuch nore resistant to
per manent deformation) than the control board 28 2 4 UE C 2002 and the
noni nventi ve conparative boards. Mreover) the board prepared in accordance
with the invention had sag that was nuch I ess than 0.1 inch of sag per two

foot length of board, and thus not perceptible to the human eye. 5 EXAMPLE
3 Resistance to PEMNGIRAPMBEESS relliMore RhQANGLe UAts:iand mpsohasic sals 0aa

Resi st ance) A pr%ﬁvmtgaﬁ%gpgn%hﬁ%ﬂa?eihom in Figure 1, and the sag
suc owl I'n

10 resistance of products I's s igures 2 and 3. The product
wei ght of interior '/ 2nisoote embodimemtsahe invendion@rovides awionipdsitorpard ent

has e Saime’ el GRS R RPHIRNG 4t EhRSUFEEAMBIGG SRS YOR IRBERFd madle
nas the = _ UK F egatart gyps! nd
y United st at es conpaHiRgBRN eﬂ_ﬁgtb@wlfgﬁﬁg?ﬁée |drﬁs %lgﬁ]ts' tRbfddfq %ié Ing

le$
board shown in Figure 17 s™Col chon rengt I ng Boar der’ra e by
Nat i onal Gypsum GzasiadP15Tweight qreagents/basedcon ghe sweighb af dakiiwmnsulfatéi gur e

1 is SHEETROCK 5/ e inch Firecode Type sum boar d e.b ited States
Oypaum Gonpany. _ Beptenglh i 47 Bsuih? FAeHSHR, BELer PR mteelms b gy peum
board made in ac@RpdAnes iMithd chltfurr KRG mateaal itst) vt tHe wafe?e(b.fgo.?béx

avai |l abl e gypsum boards descri bed above, wherein all the tested boards are

install ed usi ng sateenr ibsine-contaipinglsuipsurianeewatery employpedaint tehmisdure, Fi gur e

3 is a graph conpar.ing.. esi stance of. a board, .- 2 de, in

2ccor danciOui ¢ n el pudEf hERiEsE T GvateR ARRNLERE QiR Rrfie o um
boards descri bed gwpgum-cof@irmhg prdductéle tested boards are installed using
conventional F21 Two- Part U etohane Adhesive ceiling attachnent. -29 2 ~

0 ~ C 2002 The gypsum|pse-set eatmantef caleivm sulbate sratadaldn agcarganewithhe

Fol | owa: A Gypsum'bBapires] MIGBGRCH HER:5361E fulngk YiEverafidfier #0hFaance
Wi th the present gnhapairg materialsvill retard th8 hytration ?4tel ofctormiationdlset
Q/psurrConPany Gol d Bond High Strength CeilingBoard.103. '/z inch x 48 inch

x 96 i nch1®egul algyPBETRANH agypesel eitestdhestrengthgfithe sebgysesn-cpptaiming

boar d made by 1sUN ol e Rt b Bioted R hal B it AWkRE ™ o
inch | ong nmanuf acftecednfstanyivcanbedameolidrateddor evsh dverbemheby iftiddingdhe,
I nc. Joi nt Conpound - USG Tuff Set HES Joi nt Conpound. JointTape - USG

Fi ber gl ass Mesh $BEOIXHHEAMACCANRIRAOrTR RN 3RPrEPIAISAMEURtand MBANRE. - #4512

bl owi g whol , Rackviool TaSH Y BefralsBaubRidts qypeB ol A R SRRl | P11

Spr ay25Te20ur e Qsﬁamdi:amtthmdﬁ. iRcaccondance withrtbe teackings /ot thepinesent x Ga.

Adnes! vet rom FoarB¥eMtiot. OBl 16 Bregen EVOOHAN.CItR PhRPataPBtlarifift A 2
4 ttach it i K.

X 4s were attac egg/&%hnb%ar&@%pgﬁggmgo%ug%gﬁgtbggg?ga Eodrdl Usith Wasiraeor

B. Twelve (12) sh S of gypsu s d to the truss
framewor k wi t h Fareakeniitha board andamakadgt nieradfiesibie ranst then moifying theasur ed

h b ds. C, ..Th i Li fully.rai
of 1 our warle pr bR B e Bokf ab fbs!iBd 4R Faf whing' BEGRS Boall PSSR oo -
D. The cephiNg asseWBLEr, "W BHOPEEMMIGUR bivest i5d RS Aldnyoiahbfactaring andt h #8

x 3'/2 inch screws around the perineter. A second ceiling was built using
screws and st apl d8stadation fiipadvantages since the wetting required to weaken the

board and make it more flexible so that it can be modified to a desired
shape takes a significant amount of time, i.e. at least one hour or more,
and twelve hours is not uncommon. In addition, the prior technique is
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15 gypsum boards to the trusses. It was al so raised up and attdchdEG 200dur
(4) walls. Two (2) ceilings were built using three (3) sheets of each
gypsumtype board in each ceiling. The one ceiling was nmechanically
fastened (see Figure 2), while the other was fastened with F2100 urethane
20 adhesive only (see Figure 3). The gypsum boards were | aid out)
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

Lo 55 X 1 ca. " Sl sEBhitle "6 HaRl HoditatiofhidRE Gesitel Shabe o the badtn g
drywal | screws alftH@bbaﬁd]isQadt-prébéH}gwéhﬁér%d,riﬁﬁscﬁﬁicum?@n‘?&ﬁlﬁﬁih\éeél'\y,\%f;ét ngged

ceiling used an approximate 1'/4 inch bead al ong trusses. A‘bead
on one side of fplein® koardsassdesiedal Dhrf ia, mose forcebistraquireid o anodifyutiees at

gypsum seans. -3 e g um board s attached w,th the
paper w apped ed%é%pezzalolf é’ﬁ%§°§&‘fgg%@m§8 %ﬁé '{T}Q&g‘% ce 'ﬁ'ﬁ@pﬁﬁﬁﬂr}%

posi tion \gas neasedred wall tteeak Ne THYSSHBrECRMR WeeR haB8%orNREthdde & | | ngs
were painted with vapor barrier paint and then 5 spray textured. A second

readi ng was t akefOMRasitipas &at vl deereasrithe iwaftingRéiolieand impraMeathieoeasgas t hen

Cemper at ure and AUREARISRErARF R e omb! Ay e (Rt o] bR SRR n e
bl own in. The target Iremgeomiante witl dretirted ernbodinfdntant tRe%preskat i ve

hum dity. These conditions were 10 held for seven (7) days white,
defl ecti ons wer elNYBRUN.cPr SXAMMSr Aiflay YRAURY PeAKLEAN be SRfaYedewlB\ah days,

t he roomywms ope @qlﬁh ik en e L e
measur ene1\r/1t?s vvergﬁqueea fé(i)l{| rtesgﬂ?% %P%@ggs?ngngﬁﬁ%@% hrena[ es l \‘\a/ass
terminated. As steseribed &boue @sthis somnfarygfpihenpizsent invemtioni andiire thigdance

15 with the present ipventio rovj de signifjcant sag. resistance qver other
gypsum boar ds anaxwpgsb%lewﬁﬁweﬁk%mgaa ang makeit Merecttexibles atherer two

foot length of bR%’éﬁeﬁ&P\la%ﬁ%t .‘Igg}'f fl le"?er‘Hreﬁn%Sn b?J)eEMWPnlwgdiﬂed to

L~bor at or ~Gypsum Boar esi stance Laboratory prepare sarrp% es of
t ypi cal paper - codesieetd ghppa witio lesd Soeotharedrion techoiquts) @ndnthehdesieed

i nventi on re compared with control boards in.regard to nail pull .
Fosi ot anckS i | Se T 4 o Gy WaEbRmaaRgd et e Braed B i ¢ ne
strengths of thepBealish sf SersaHsriERS Sﬁeétﬁ%flﬂ?@@hhﬁﬁ&iﬁp MaReke, and the bond

bet ween the paper and the gypsum The test neasures The maxinmum force
required to pull a nail with a head through the board until major cracking

of the board occws, .and is,,carried out in accordance with ASTM C473-95.
-32 24DEGM@J‘1—?}?—P—M@M@%epared by mixing in a HOBART m xer for
40 seconds at a nedi U'Pigméeﬂis Q-Qj?aﬂﬂ,g d@bidﬁ?gapt@ghﬁt W@igi't!'cffaé@s'mﬂﬁ"bbh?’d ate,;

59 of accel erator as previously defined, 3 o] C- 211 starch (a dry mlled
aci d- modi 20 ed nopredusis iaciudinggtie gypsumdicard of the presany investioled 5 in pri or

Bani el's M di and M 11 Eiod 38 e PoriAiE sheleri i o afpe rBarE "
liters of tap wahedde Gn EaccarddnbdPwithntheD prdsarmtl ifVehfioR Owith egsrhatdroialed corn
starch, comercially available from Lauhoff Grain Co. 10 The slurries thus

fornmed were cast avaiable gypsusnbeasdsowheseiaralbihe tested boards are installed
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, wherein all the tested boards are installed
using conventional F2100 ceiling attachment (i.e., adhesive).
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then had paper applied to their top surface to prepare flat gypsumpoargho
sanpl es, each havi ng di nensi ons of about 14x24x~h inches. The paper on one
surface was nulti-ply with manila outer plies, and the paper on the other
surface was nulti-ply newsiine, both typical of papers enployed 15 to
prepare paper-covered gypsum board in the board industry. 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.

Fi nal board weight and_nail pull resistance were nmeasured. The 20 results
are reported in TABLE Bigurea4 s 3 graph gamparegitee sagedefecivpetieat ohtar at i on

Resi otance (1 bs) cOPRE] 268" piiks, {LEBEH SR il inesBlacglihiddtn ahy'd
0. 10. 524581680. 21lcarpdiEsdidlly avaiiabsgypsumboBfBLE 3 show t hat boards prepared

in accordance 5 with the i nyenti on exhibjted hi gher. overall strength (nail
pul | resistance) conpaf@yf tsh'flW@ﬁhr‘:@p‘%mtggﬁagﬁﬁﬂecﬁome ¢t aftr EeRXAVPLE

5 Di nensi oal St alj & ~n§%ja '&;ozi\a ; ; : |

Producti on Li ne Gafré}?&#l oarrgﬁg%per-%@%%&gﬁﬂ?%%ghtg@géﬁ{r'ng;ggg%g&é\gp g‘
prepared on a typgygpsurbbbatd coraprisingprelicusiysel antdnied gypsumiite:| edicigypsum
board manufacturi ngI facjlity. Boards were prepared with various
concentrations of SEifatael bhate ion and were conpared with control
boards (prepared w thout trinmetaphosphate ion) in regard to di nensional
stability and resistance to permanent deformation. Except for the inclusion
of 10 tri net aphosPesatepticoofi Prefdreech Eeyizoditents of sone of the boards, the

boar d d ' t hod di dients typical of L Q. t
gypsum boatdi pr oduct i ot NEBIFRRIY HRTPAFASERE Rracticed eMplGYIng corbRosiens nei

Sbon o et gt “of "EEfANLEAAAl ARS8 AIaTed PG PIEL i NEbIepH st 2255
2 ~. D E C 2002 T#&Lgyps@nppxantaiBingr préductsct iThe lesgentiale difforent® in the
compositions and methods of some preferred embodiments of this
invention from compositions and methods employed in the prior art to
15 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
benefits of the invention. In other respects the compositions and
20 methods of the invention can be the same as the corresponding
compositions and methods of the prior ant.

The trimetaphosphate salt included in compositions of the
invention can comprise any water-soluble trimetaphosphate salt that
does not adversely interact with other components of the composition.

25 Some examples of useful salts are sodium trimetaphosphate, potaczium
trimetaphosphate, ammonium trimetaphosphate, lithium
trimetaphosphate, aluminum trimetaphosphate, and mixed salts thereof,
among others. Sodium trimetaphosphate is preferred. It is readily
commercially available, for example, from Solutia Inc. of St. Louis,

-15-



| NGREDI ENTWEI GHTbet a cal ci um sul f at e hem hydr at el00wat er 94 - g?iﬁg
acceleratorl.1l - 1.6starch0.5 - 0. 7dispersant0.20 - 0.22paper Ti @).@02

0. 7set retarder0.07 - 0.09f oam ng agent0.02 - 0.03sodi umtrinmetaphosphate
("STMP")0 - 0.16recalcination inhibitor0.13 - 0.14 15 In TABLE 4: the set
accel erator conprised finely ground sugarcoated particles of calcium

sul fate di hydrate as described in U S. Patent No. 3,573,947) wherein the
accelerator is not heated during its preparation; the starch was dry-m |l ed
acid-nodi fied H -BOND starch obtained coormercially from Lauhoff Gain Co.;

t he di spersant was 20 DI LOFLO, a napht hal ene sul f onate obtai ned

commer ci al |y froMiskurgpereviausly LbeirotMonsahto’Dbmpany BeSaLuigMigsodrhe
paper fiber was fine hlamrermll_eg’léa&eggj fiber; the set retarder was
VERSENEX 80) a chel at i riiPaHERE inHepractce ghree of tha prefersed matheds efdhe &

Rogers of Kirkla s HeT4 R ' : T, ; 25
obt ai ned conmer ci%a\fel y f Fgﬁﬁ}wﬁﬁgb@?éﬁg}%&%gﬁ\%&gﬁ@%ené%el%gﬁg'ﬁ &ﬁﬁg
sodi um t ri net aphad paleinedgypssopid yield atrimetaphadghatdiondonecantraticioof fasm St .

Louis, M i d | ci i i i bit REL OSE - 36 2 ~ E
o002 bocs - a e DB G SRS b esearty weiahh BaseRcn e weightoidhas

C 2002 2003, a d . .

aring drying. Toeidied Bipdihe AbAAHFEE Rodnfaiin SORmAERoGIML IINY>

production fine by: contfnuously Introducing a e I'ngre
in a mxer to forfrara@baytieddstodhouty. 18 perdembnAmoregprefeved caseehttation

t N | t L t the f
Phen tntroduced i eBouhE B BRETI i ARrecHo sRakr FroragR ARARISEY GBS 1i ng

the slurry on a pRagtice 8V S6maleRbobimEmtsPFBE)inGehidnTRYe ﬂ%ét%lsptnbsﬂhﬁei ng
anot her paper cover sheet (back paper) over the deposited 10 slurry to form

*/z inch 18i ck bsaltacarmherpredissh ini watesfanchipsedediint® the mixtarehisnthBy dr at e
to formcal cium i r at .oceeded far enough to make the slurry
hard enough to cjﬁrb?oi%ing%%%u%ﬁqlﬁ{@?t he noving board to make individual
boards of about 12x4 figeiccarthndezwith@lprofdredd embadimmant sl thEsnamdibasthbn a
heated nul tideck kiln. 15 Resistance to permanent deformation of the boards

V\ﬁ.s L henddet er ni tEMEIPHRSRIA® ign 58gdaNIY decpresent iNtheagrRusNdWet t hat
bl oduct] on | ne e EhEa gRBImBUrRRng rjafdit i edciBlioyBSLRRo!m 38\ o

product i of5boar dgypsasur Therdford, while vitids cgsuallpdmost cahienieRd andnthusi oni ng
the boards in an enyironment of 90F tenperature and 90% rel ative humdity
for 24, 48, and JYeIRIIAGto inserlithe tamté@mme 1oR | e miXxtye atanaatyyve
sanpl es produced M i ; i i i and
control sanples (%/?gb!ﬁ% n@ }fJ(? isr?rle%%ﬁ\%{s%was% gss tl’%‘; g%%tggh%?ra}ta éﬁ?ffogfglf ore
and after the i nvaixturecof2ialicinedrgypsem afd watér 4t HsBnmevwitilafeABlages For

Concint 01 on' (P AR SR aPRlga AL i S e el L. geies
48hrs. (i mghes)B f i - ;

{(bef or e) 32953, o5 sbyREcad H6udAl GeolshCCR) idng apparatis. 218 TXSYs 00
0240. 961. 121. 610.thocoutdty,catd shen Gse. usLallyAppsied ainterg soBen sBe@. v als The
data in TABLE 5 illustrate that the bpard ' ith th
"vent o ver e priBBVESSBOE: T 8SFerkf Bput SRS Fadeh VRO PERdle o'y
nore resistant tompahERHETere fifd Ai]BE bm)ofltﬁ@i’eﬁyagamﬂbf @élch@%{]gwsuﬁﬁtoSTNP

concentration was increased. The sag resistance provided by the
conposi tions and fepmheet gypsam Ocours: esBilei itvianmiosh cenvenignt Her detethiect ed

in Table . More_specificall Tabl e 5A.sho S i hunl di f.i

defl ecti o%@l n acc$'F§§ﬁBé°i®ﬁ&¥®’h‘7§9§’?,mﬁ“?%@ﬂféﬁ%ﬁaﬁ"%q@ srhﬁlﬂgpar d
havi ng the di nensagigraflis, it i§ afo sufficleP®to and thaiintetabhespivdte ibmanalaaén on
shown in above Table 4. Table 5A shows the sane trends in sag resistance

pursuant to ASTM €228, £78- d&y &prayingt aenaguecs seludisg PbdNet RACRMPOINS onger
boards (1 foot X gof0Gfely AueiWhiktlrd bPELBInRd gypSum just before the second

cover sheet is placed over the deposit, so that the aqueous
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2 4 DE C 2002 Table A Results of ASTM C 473-95 Hum difi ed Deleéaﬁitico? ﬁst
for Production Line Gypsum Board 5 10 Test Number STMP Addition ™™p 9
Board Wi ght | b/ MSF48 Hours Hum dified Deflection (inch)(w /o) Parallel
AcrossControl Before01590- 0.306- 0.24710.041583- 0.042- 0.03420.081609-
0.027- 0.02130.161583- 0:015- 0.014Control AfterOi 585-0.409- 0. i 45 Both
wet 12x4ft. production boards and final dried 12x4ft. production |ine
boards were al so nmeasured (in accordance with ASTM C473-95) to determ ne

t he amounts of shrinkage of their widths and 15 | engths after drying. The
nmore the boards shimetephbiehatessn sslutibeimll sbakeniitha dbpssitd mixtyre ahldde

results are reported in TABL . -3 2 ~ D E C 2002 TABLE 6 Production
Li ne ~Ypsum Boar dp"Q?PPﬁWL‘&@ tge%ylliggtﬂ? RYFRIIRR IR IA5P $RY QYRSUTPLAWS 99 Boar d

W dt h Shri nkage (inche i j .
(control)0. 130, 380, 04D R auerRaN S Bl oPRLNGIRE v ABBRGsATE I8t 50000

. 1600 The dat a i ntheABDEU® willbe apparebblartiese obprdinaty iskillan ther athand are oh t he
i nventi on re nore dinensionally,stabl.e.than contgol boards. At 0.0Q04% STMP
addi tion amd abovEOUTRE 0L q{egrtgﬂedyaiﬁngﬁ?g ﬁﬁgﬁ%o&&_@ PWHBP'"E%EQ‘B’ 0Sag
Resi stance Under Flisyn Ié,'iﬁﬂa?% W€$@bf@80£i%}% &F AR s BSidrahebtdne

Gxpsum Boardl An additional test illustrates sag resistance provided by the
25 conposi ti ons awithretiimetapifosphateasalics thatvihet sajhwilMlissolypearid caudd y)

Dy et on 1 e b aBrBR8Ss83 ) FTB SIS BerhRieleh SRR
the aqueous mixture of calcined gypsum comes into contact with the

10 cover sheet. Another alternative is to mix a trimetaphosphate salt with
raw gypsum even before it is heated to form calcined gypsum, so that
the salt is already present when the calcined gypsum is mixed with water
to cause rehydration.

Other alternative methods of getting the trimetaphosphate ioninto

15 the mixture are to add the trimetaphosphate ion to the set gypsum by
any 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.

20 The calcined gypsum employed in the invention can be in the form
and concentrations typically found useful in the corresponding
embodiments of the prior art. |t can be alpha calcium sulfate
hemihydrate, beta calcium sulfate hemihydrate, water-soluble calcium
sulfate anhydrite, or mixtures of any or all thereof, from natural or

25 synthetic sources. In some preferred embodiments alpha calcium sulfate
hemihydrate is employed for its yield of set gypsum having relatively high
strength. In other preferred embodiments beta calcium sulfate
hemihydrate or a mixture of beta calcium sulfate hemihydrate and water-
soluble calcium sulfate anhydrite are employed.
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and the joists. The nethod for this test is as follows. A snall 2scdlFe 2002 C
and room encl osure was constructed. The attic space was insulated on -40

2 4 DE C 2002 its top and sides and kept cool to obtain controlled
condensation at the ceiling. The ceiling area was 8 foot x 8 foot, with 2
foot x 8 foot fram ng and 24 inch o.c. The room space was encl osed by a 6
m | poly vapor barrier at its top and sides, and the humdity of the room
space was 5 elevated to obtain controlled 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 m| polyethylene

vapor barrier |ocated dDthercbpvedtinral blditibescan bEreamployedan thdprdtdisebiver e
not fastened. The Fum’ dity i.n the roomportion was 10 then i ncreased via a

vapori zi ng_hui di ft _@H“‘_ﬁﬁﬂt%@ P ILISIMBR AMRRIS 1R IMpartdasiebigBrarsmieeandsi ng
a i ndow ai v _condith! Biibte HiahutalAfnG2RAEN Ad! R ofmbles? A“tglé'oﬁgff’oﬁh Véet
n at e vapor arri ér above

adj usted until a constant condensati occurte
the ceiling boar d.adgeleratarsyset wetarderserecalciretiondnhibitorss thimders cagivesives,e and

hum dity throughout, the,test. The, 15 results should therefore be viewed as

a rel at ?/ve ﬁeagur (.A'%‘?e'?!{@ Et“@%i'?‘(@ﬁ@e"‘ﬁ‘@ﬂ%ﬁ!?ﬁ%@ge@ét NeRd %ﬂ‘?"g%

control products, faAdicids, R 'quméﬁfélera?ﬁ@,%ﬁorbihg rAdiiAls gfe rﬁi?rda’hté
nt. Cei odically

defined conditioned environnent. I'ng sag was tHen peri measur ed
for three |ocati orwateo repellants, filetsoandimidurasi tiepaof. bet ween each pair of
trusses), giving a tot

| of si flecti i duct t est.
The tenperature of t hea]Qt %Q?'Eg 'aﬂ)iafj%? %¥%€tfnvc?;§$$§’g&ﬁ?'gtggwgé%‘é§% g'g?rfhgsseach
sag measurenent. R eéﬁip@rs%ﬂchrbrfapb@bhﬁg gyb86mt Mﬁ%drﬁﬁ«'}i}siﬂg‘ﬁbe 'OVFSSf -

conditions (assumng a constant 70F roomtenperature) are sho
-41 2 ~. 10 E C Re20ypaum-reniaimpgnmataral isaadwichedi beiween coyep.Sherts o6 1

> ninet con day por fTPABIRPTENE (90% SAHIYLTL M. PorhuraBhspid e o'

gypsum board made debclibedaboveantsther tdspbbte, thieasompoditiveahd aAfsthéddahbe | nch
Firecode Type X gypsum board as previously described. Results are shown in

the Figure 4 and sPiefticed witathe $arme compapedisiand én ihe samemannssas the

i ecode Type x oy SRR GampBHiybHE RN ibBRb 18t prebafing plutltidere,
di stributedd oad obf the@rivriart)é6r exaraple@sdesupibeddn US Patentsd,0E3,0682angach
truss imedi ately fall ow ng_‘the reading of Day 8. Application of this |oad

signi ficantly incré286 hihadiselpeutes ol whichigsaingomaratadheraingy retarenees ect
on the board of th j ' ' j BHRSH rds
made in accor danceg&aiﬁﬁgug%wggbggm p@%@%@!ﬂ&ghﬂ\é{%@ﬁfgﬁ F@é{' ion o?@gg
that is significanexhibibéinprovethstrahgthh résistarce ¢ptpebinaneot deéormation, and)
i.e., less than O.éajlnch e]r twop foot |length. EXAMPLE 7 25 Production Line
Gypsum Board Nai | an%’g‘? St3BY. Anot her set of paper-covered foaned
gypsum boar was prepa t YRt ; ! ithd k
gypsum board manuf act ur !rﬁgréfggléfjl ?ﬁg#rﬁggaérrgis b&e@%’?@%ﬂ?ﬁﬁ?ﬂﬁ? F??ggﬂma
concentrations of boantstwipdreip iz esurfaceastketeod thenipeardd comprise qrapesi a

D 02 i ¥ oo oledSu et SRR A St TR B RS S Dby
trimetaphosphate | pradsdd9isk’ 6P Papet Usblamination under conditions of extreme
moisture. Pregelatinizing of raw starch is achieved by cooking in water

25 at temperatures of at least 185F or by other well known methods.
Some examples of readily available pregelatinized starches that
serve the purposes of the present invention are (identified by their
commercial names): PCF1000 starch, available from Lauhoff Grain Co.;
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of sone of the boards, the boards were prepared using nethods (a,jp?i
ingredients typical of prior art gypsum board production nethods el 52002
ingredients. The ingredients and their weight percentages were the sane as
those listed 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 C473-95. Results are reported in TABLE 7 for inventive
sanpl es 10 produced with various concentrations of trinetaphosphate ion and
control sanples {0% sodi umtrinetaphosphate) produced i medi ately before

d aft the i [ | 8% ' i.a. Boar d
i | Pull Resi ot G AMEERBRR AT Aol PREGRLfRichkE Do kLahiigts o2
Resi st ance (| bS) Arahee Danigi8 MAIdRATD.08960. 16990 (after)90 The results in

TABLE 7 show t hat production boards prepared in accordance with the

i nvention exhi bited hi§hBe 4$RS 4N asprefgged ERegticep@f | theednventinty) theonpar ed
with control bo Eﬁ?ﬁﬁ%\@ = 4.3; Y r i [ psum
Board Paper Bongﬁ'g%teéar |l V&Etr?g?mglngé@e& Rpg?)%ra-%@gégge o;aelnggcéyggeuoﬁ/

boar ds wa$ pr epagyssumm ah at gquicentratiori bf froai abpu0.0Sttocabduiti®5ipereentypsum

board manufacturing.facility. Boards were prepared, with various
concent ra'tJ i pn;uo‘lﬁ’e&htvnélﬁ§l Xﬁ‘pﬁ)ﬁ yeagm,ofpr%gegﬁri\qq gaesg%r/hr Ic"h?”&?ﬁired
nonpr egel ati ni Zeﬂoﬁfﬁféﬁoﬁrﬁ megaaﬁmggars?&cw ighrctﬁg%%%'t 0P RE SipoRf BRET ed

wi t hout trinetaphosphate 1on or”pregelatinized s inregard to the
integrity of thepémedt.od moee préferrgd momeebtratidn éoaboah0.3 perdarte It theer

paper after conditioning.under extrenely wet an um difjed conditjions. 10
Except for the iﬁ%ﬂf%%ﬁ%ﬂi"aﬂ emoﬂﬁ%ﬂs%ﬁeﬂ@ri%ﬁa CHMBES ast@ichddatt arch

and the wgyying Rfs hegbs@ﬁ@eégémmiﬁa sﬁﬁﬂgm&gﬁ{@ﬁéye?étﬁﬂ PEfdich th the

preparation of some of the boards, the boards Wwere preépared using nethods
and i ngredi ent s thggheentiveferpbodimeat canygisoservator réplacedloari aporientod thse and

i ngredi ents. The_ingredignts._.and 15 their i ght percentages were the sane
as those listed ?WO%REEE&fttQHB(/@s ‘éh Hﬁfw\é_ﬁygfnpﬂgﬁér ation of the boards
was as described in Ex\drbbdmentsof ﬂfeeﬂ%ﬁﬁérﬁ"tﬁéi%rﬁéié?@‘foﬁmh%o)éﬁén!fbthe
tests was PCF1000, comercially available from Lauhoff G ain .. The

non- pregel at i ni zyigldA@ids imtbe sekgypsumBImRIningiprpduct toguovdpdightatweight,
Ater producti onany BLsrestRaNRLA Samec e RoSwn iR BeaBtilh eib R ons of
4x6x~/z inches (id¥méd isetggpsumipidudts chn by efitéyed) IMagy éuchGbaming wer e
cut fromthe boards. Each of these spaller board 25 - sanples was then
condi ti oned by kaepntsgarenwell kpawnanchreadilyravailable commerstalys eighe froBver
paper on its facephd8pbBiaft) "EAGMIHE In2AMBILY, WahREyivania. For further
descriptions of useful foaming agents, see, for example: U.S. Patents
20 4,676,835; 5,158,612; 5,240,639 and 5,643,510; and PCT International
Application Publication WO 95/16515, published June 22, 1995.
In many cases it will be preferred to form relatively large voids in
the gypsum product, in order to help maintain its strength. This can be
accomplished by employing a foaming agent that generates foam that is
25 relatively unstable when in contact with calcined gypsum slurry.
Preferably, this is accomplished by blending a major amount of foaming
agent known to generate relatively unstabie foam, with a minor amount

of foaming agent known to generate relatively stable foam.

-19-



soaked cloth for about 6 hours in an environnment of 90F tenper a&ure an% 90
percent relative humdity and then renoving the wet cloth and a IIO\RiErEg Die
board sanple to slowy dry in that same environnent until -44 24 DEC
zOQ it reached constant weight (usually about 3 days). A one eighth

i nchdeep straight score-was then made in the rear surface of the board
sanple 2~/2 inches fromand parallel to one of the 6 inch edges. The board
core was then snapped al ong the score w thout breaking or 5 stressing the
paper on the face side of the board, and the |larger (2 hx6 inches) piece of

the board sample vas t&eh asaith Aguhtiiand ARMYSEChIBRELE dHns TR, o7

pi ece was held stationary and horizZontally with its rear surface up,”’in an
attenpt to forceseparatecisomatee process dfapeeparing ddbamad gypsuintprodael. away

f he | i A f 0 1 d il,th
bl eces came compl S & aréleifud plend SGci RRRng Rbrs GehclEBrl 68 ves
then exami ned toceglimiclghg &5 antinlegPal rPRfepaH of trfe 5r5cfe§§?Thisecatrﬁ§$) paper

had pull ed conpletely away fromthe core (referred to as Ncl ean pee
Thi s percent age Pscomaplished forexanmle, By pumping separatestreamaofiie difforine S

Pr oducti on Line 0 Paher Bo Fai l ure, 20,,25 H - BOND Concentrati on
Cvei gt 55 TP ARG 4T o0 B e ehine s RstS IoBRUHT aLeonion R IEe o5 o6
Bond Fail ure foam generator that is em(?loyed to generate the stream of aqrt)Jeous

(9% 0. 6000870. 600. 080970. 960. 080970. 600.080. 16420. 600. 080. 3200. 280. 080. 32200

. 600083 The dat afeammECE ig theninsamed into eegamixedowvith the calsinad gypsismer

broblem i nor caselS neY HiaBdhb A MBhnEr he:retl o dapmlg aBPRe NI Ls 7,
4 p E ~ 2092 stabignd ¢an B@I\ﬂﬁhggipﬁrﬁi Bfficientlyeadjasedt (fsr axaphpieNby aHghgiagsome

pregel atini zed star @h (PCF100 eviates or elimnates the problem
EXAVMPLE 9 5 Post the dgwhiate ofroneosibath <fithatsenaralp streamsktq achigne the

alternative pref QBBP i . t: r i Qv i ﬁ': i ul fate
di hydrat e cast igb% fr?g%te %hgﬁd%g%'é;g:aelﬁages@?ﬁﬁdoén&ﬁ& %Pﬁpng{ ap%s%h%ﬁe ion,
in a manner suffiadjustinentd witideormdde th sesportsd ke anoéxdmimatioh of the final

tri metaphosphate ion in the calciumsulfate 10 di hydrate cast, to increase

strength, resi st R EPIRIREING WREtBPRHUCHnadiys .‘?msiég“?%@ﬁf& drher and
di . AL . ; 2
Vor e spectTi cal | gespiatn Sftudy eRue Bibrding ahd BRicinb TR betbuhd i U110
t ri met aphosphat e Ratentt 8485410, dnd rocapertiing Ui $.d7 atenbA pplicatigh BB8/575538%, anc e

to pernmanent def g ion_ 15 g., sag resistance) and dinensi onal
stability to an 2'58Eh?°s?1%ri?ét§5-to that achi eved by the enbodi nents wherein

trimetaphosphate ion ign agdfthié ‘bf?‘o’ﬂ&%oﬂ)’%iﬁg dgutt; ubbful egRMeraBt

wherein the trinetaphosphate'ion is a to set "gypsum provi des new
conposi ti ons and umstatie foams, haktheyfarmiaved gypsum cont ai ni ng product s,

i ncluding,Qut not limted 20 to bo els, plasters, tiles,

gypsumnl ce?_BuI ose fiberconposites, g@‘é’bv%«?\ﬁgf ore, k ny gypsum based product
~whi ch requires StyiHerbirCRNS a9 awﬁroﬁa@oh%hmgﬁ?@m Mol 20 BamIn atohfsp@nkhi s
enbodi ment of the present invention. The tredtnment al so i ncreases gypsum

cast strength by M ise catiamePrefecainaRds iamaliyhgioup! eandaining fromod 1@ 189

(based on gypsum 2%- WFQiJﬁht) into gypsum cast by spraying or soaking with
an aqueous sol ut iCBHP YL AU ng trinetaphosphate ion and then redrying the
gypsum cast. Two net hqus exbnipis loftarratypanbf ¢damitly gyersty useful tesgdneratews.

25 stable foams, has the formula
CH,(CH,),CH,(OCH,CH,),0S0,e Me W)
wherein X is a number from 2 to 20, Y is a number from 0 to 10 and is
greater than O in at least 50 weight percent of the foaming agent, and M

is a cation.
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1) Stucco and other additives -46 ~c o ~ ¢ 200z 5 10 15 20 22 l??E 2802
plus water to make slurry 1 Foam (for weight or density reductiofn) psum
cast/final set and dry 1 Post treatnment with STMP (spray or soaking) 1
Redry gypsum cast 1 inproved gypsum product 2) Stucco and ot her additives
(dry) plus water to nmake slurry 1 Mxingl Stirring (wet) 1 Gypsum cast/fi nal
set 1 Post treatnent wwith STM P (spray the surface) 1 Dry gypsum product 1

| mproved gypsum product In both of the above nmethods, the aqueous sol ution
of trimetaphosphate ion is preferably applied in an anount and nanner

sufficient to creale anceftepidisibavniodihits o e ifkeHithDoanihg bekigased

on the weight of calciumsulfate dehydrate) of trinetaphosphate™ i don in the

cal ci um sul fat e d@vjng thecfosasias hand d) apovecanechieoded togathetsuch dhaton

i ve (5) boar as wipaotnfle GRPArhiBadi ARG SRR it R DIcH Pl o
5. The dried boargiferiiheheitl Y i3 0,hegéthageonstitufelrém 8630 9B waRght déreehtstt r ol

boards did_not have any solution applied to themafter gypsum cast/fi nal
set and dr§. The thedesultantiend efifaamingeagant®r only board had only water

applied as a spray to t i : ANAS L h ried.
The board identified J@%@gﬁ%@éﬁ hﬁ%&g}{@%ﬁ{r&dgﬁyf E‘Q’%HW tre"G5LddiS
trinmet aphosphat e foam laagipeers ﬁenétﬁtédlﬂromaldre(bla&j@i fomnig bgehtieavirey thend
dried gypsumcast, and was then redried. The board identified as pSTMVP

solution had an af@[fééll?s m xture saturated with gypsum and containing 1 % by

wei ght trinmetaphosphate j | ~ed r e -47 4 D~ C 2002
5 set and dried gypsum cgg{;(éﬁﬁdcaé@ﬁg%ﬁgé%dégﬁgn generaﬁ%) it is
preferredipo havewhéeirsHlisiairumber flomsP tagedy isoahammben fropm 0&o t 0ainidds 0of
trimetaphosphate ion in the range of 0.5%to, 2%, The final apmpunt of

tri met aphosphat e INGH le@astyR I‘Nqi@% refoent of the tnamipgraget@nt M is/p salien.

sol uti on board O; i f : psum
cast and 0.17% gireege%?ﬁéfg%to '@f”@ﬁgaéetgu??i ngés t gg%’fsﬁfmﬂ?é?r@%t MPLE
10 10 15 20 Treatfoemingfigeihhh Salt Materials O her enbodi ments the

i nvention concern set gypsum containing products, prepared from m xtures of
cal ciumsul fate materi 'gl %@ﬁ&fﬁ&fﬁg&\%ﬁwﬁi‘-‘r{'@bﬂ@lg}?"ﬁ%l’{@]@ﬁﬂnaﬁhﬁdﬁg
chloride kgns or "{g& f afd & i ' oS foased
on the wepght of ca (E::léu s&ﬁ?\a?ﬁeé nﬁgﬁ?&ﬂb@ﬁbgﬁtg@#ﬁawﬁg@%@réﬁu ug?l y
0.02-1.5 wei ght pgypsam and Pasticies of iadeinforeing mateiials trimetapbbsphate lien is
inmpurities in the_calciumsulfate terial itself or the.wate e.q. , sea
water or bri ne- cRBIGegntiss BbRedatiar ahd irop@tiorriishdl AN & i on
prior to the presmiculaw?rﬁremréwmad tHe lcoffbosRe prbQuetadenisds & ipbum
gypsum cont ai ni ng products because of attendant problens, such as blisters)

paper bond fai | urand bagt partigieRgat ILast a PoTtianpidbesst BUPSHIN ORINGPeRiiRNSshal
stabilityag in and about accessible voids in the host particles. The inventive

composition comprises a mixture of: host particles having 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. The composition can be mixed with water
25 to produce an inventive mixture of water, host particles having 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
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.
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deformation, |ow strength, and |ow The tests included in Table 9 czg@g@ 7002
gypsum boards prepared 25 and treated in the sane manner as descrzi I N
Exanpl e 2, except that various anmounts of chloride ion were introduced into
the m xture along with various anounts of trinetaphosphate ion. The sag
defl ection was tested in:the same manner as described in Exanple 2. -48
TABLE 9 Lab test results of gypsum cubes (2x2x2) / board core (24x6x0.5)
cast fromstucco with various STMP 8 sodium chloride addition 10 15 20

Sodi um Chl ori de Addition (w. 9% STMP Addition (w. % Dry Board Wi ght

bt | 6ct i on- (i nchol] SBRIARPER pe e Faioditcn b Meifiy eabe practicedin e
(psi ) 005340. 170. 4¢850ABBABAIsER OR! 1B 4AmBORARASP B6. (P EBHbsBRARG 74>

64482. 004816. 94> -
63040. 505301. 903. FBPRASiioBvaNGIEtheixfo0pEPRB0g EOMPBSiTta bear ARG PHer &6, 35181

. 950. 0056620. 50. 5 0036680..80509 7864770.80. 15093. 070. 0145400. 8
0. 35082920, 0075430 MR85 CRRCHIBRTE S B AN 53586 /do RS MePEtes Gy
The tests igncl udeghich ig #dorpdiatsdRBrdindY réfoperidgent with trimet aphosphate
ilon permts the use of m xtures containing high concentrations of chloride

i ons or salts thereof. INTsRMBQetasrakirvestiys @ imenls wheeaindhe imethedsame

manner as in Exa nﬁﬁ&%ﬁt val i unt.s | de_Lpn. were
i ntroduced into {Tﬁ}é@m'dg?t re anongé?évi t@Fvﬁé%ﬁéﬁinéun%cﬁHqﬁén@é@@ghate
ion. The integrityinudtaphesgiatd ibrtiseanmplohed ¢y tisel cohesrittationscand tanserf ace
cover paper was teste&) In the sane nmanner as described in Exanple 8. -50

TABLE 10 Paper - t o400 EestN RR RIetaITed tsmsael sughhembagiments the
(20x14x0. §h cast E5MBLEhBAReiinsed 4 Mizurd Wealkifes' G, Lwatdr-sdiabe": and

salt addition 5 1
trimetaphosphate salt, a starch, and particles of a water-redispersible

polymer. The composition 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

15 comprises forming such a mixture, depositing it on a surface or into a

mold, and allowing it to set and dry. 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 preparing

20 machinable plaster material of the prior art, for example, as described in

US Patent 5,534,059, the disclosure of which is incorporated herein by
reference.

In some preferred inventive embodiments wherein the method

and composition are for producing a material employed to finish a joint

25 between edges of gypsum boards, trimetaphosphate salt or ion is

employed in the concentrations described above. Inrespect 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
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(wvt. 9% STMP Addition (w. 9% PCF1000 & LC-211 Addition (w. 9 Dry'égpggg 2002
Wei ght (grans)Water Pick-up After 5 Days in 90/90 Room (w. %5 ys Bond
Failure (%93 Hrs Hum dified Bond Failure (%3 Days Hum di fied Bond Failure
(Wt & Hum dified Bond Failure (% 000.2 8 0.222710.2905020. 200.2 &

0. 222900. 8110000. 600. 2 &:0.222842. t 228000.20.10.2 8

0. 222690. 8701210. 60. 10. 2 & 0.222671. 9523000. 60. 20.2 &

0.222712.0730321. 00. 20. 2 & 0.222853.61914310 h~ <) Cr~ 2 ~DEC ~~;.~;

~ Tabl 11 sh t t t ith tri t aph hat i PFC 1000 st h
5t high chiori de E8NCOsOERRALCINg. dgoinh NpISpIMateiak T de AHoE AT fafe | n

stucco) of boar dss)difile 8 BeSEAHd IS Pfa?é}ﬂra‘?@bﬁ861,tﬂ%i§6\o§@re?omﬁ?&ﬁr
simlar to that previously described in Exanple 5. As shown 5 in Table 11,

the treatnment redslineorperated heceindyerofarence. Ipsomesprefayed formairsughi n t he
er formance ( neasuTBadents R cotmaafion Foronisgs Amtis ¥ E8tinad burum
control bogrds wig Wafsr-sehsbie Himtaphodhatelyaithg binderi ARhiBRESPEAH Y AEH
treatment provided significant 10 inmprovenent in hum dified sag, even up to
0. 3% chl ori de salleveling agest. Thezxomprsition can emixedbwith water to produce an

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

10 allowing it to set and dry.

In such preferred joint finishing embodiments the binder,
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

15 poly(ethylene-co-vinyl acetate) being preferred and being included in a
range of from about 1 to about 15 percent by weight of the composition.
An example of a useful thickener is a cellulosic thickener, e.g.,
ethylhydroxy ethylceliulose, hydroxypropyl methylceliulose,
methyihydroxypropyl cellulose, or hydroxyethyl cellulose, included in a
20 range of from about 0.1 to about 2 percent by weight of the composition.
Examples of suitable non-leveling agents are attapulgite, sepiolite,
bentonite, and montmorillonite clays, included in a range of from about

1 to about 10 percent by weight of the composition.
In some preferred inventive embodiments wherein the method
25 and 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
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PLANT TEST RESULTS OF HI GH SALT TRI AL AT GYPSUM PI LOT FACI LI TYTri al NaCl

Sal t STMPHi - BondPCF 1000Boar dNai | Pul | Paper to Core Bond24 Hrs. Hark §itiG €802
SagPer i odAddi ti onAddi ti onSt ar chSt ar chWei ght St rengt hLoad% Fai | (1' x 4")(wt.
W(w. BA(w. W (w. %9(Ib/MSF)(Ib)(Ib)(%(inches/4 ft span)l
(Control)000.520158188. 714. 813. 63. 252000. 280. 24158692. 113. 3015. 32. 4530. 0800
. 280. 24157789. 311. 2013. 75. 2540. 1600. 280. 24158087. 711. 5022. 411. 550. 300. 280. 2
4157489. 69. 0031. 8>

12. 560. 30. 080. 280. 24157789. 28. 1030. 30 2570. 160. 080. 280. 24156795. 511. 4032. 80

. 2580. 080. 080. 280. 24159294..512. 2019. 50. 259000,.280. 24160993, 612. 4015, 12. 8510
(Cont rol ) 000. 520158483 . 8%'2‘85?9 8 'E '1f€fP§6g ngfBi@ @%’?ﬁ%é RS Jibef, 5

c~t~>a 0 tv  2rdinidrbing dgdnte FReShewod ' eampRiRbs Woki ré@?ilﬁphﬁﬁﬁorl e

ion and PFC 1000 starch of even higher (than shown in Ta
salt materials (0c88:git intg@adray angrallowingit to sat em@dm)lndesmmaspws wer e

th I

described | n Examgteranah e icliSef F3HE R Shntbite s, HE ropEtIRT afa o

lncr ease insnail padthodicanrtss pradctRasuwies tha shifs 86MPoRBARCIN( M ResEthe 4)
.e.) ASTM C 473-95) and provides better bond performance {neasured in the

sarre manner as Ex&MINEr @S the CONASRPBINGIQOMRRSitiens apd Mmetbods forprogucing TABLE

i ah- Oh or | dechl o qacBta e Pt olhel et 3t ol Bxamsfl, ZEBRcbakigius!
BondPer i odSynt het iRatémtes Bmt and i 8)246¢063,0 1% adisbiosaresh Bfr amidhhlaped%

Fail (1AL, %(W. %(YJt. 9% (W. %(4Vt. % (1t))(117)(% 1
(Cont rol ) 00. 03200 'QRWBQ@"% erein HygeireNa’0. i 50. 258516. 700. 031000. 3680 i

60. 150. 258644. 400. 0410
Cont r ol oo.g§200.407519%f8@38“r‘{&®23~r ?%gc~ gﬁﬁg?(j}w'f @iéni@[_ﬂﬂégé?eZ NPLE
11 Tr feat rr;an% hof Caifreﬁeneg é)yn{i)mdnnehtshoi/alné ouserlﬂf:brg_midntd\/abmpiaaé ghéem with

e o0 e rer e e odl ne revi ou | SCU e en cin
a1 O s Tr P T ShBES bR armoolisagbuteits The sGang PLI nventemanless
meterial s that fa'dthw;éfé Thdiie@e eBhabnHAIrY bl %t@ﬁal%”uh%&hPGsuﬂ@ﬁ@%hﬂ' s

previously discussed w produce beneficial results (e.g., 1ncreased
resistance to per rraixtuses (m‘éogwam |0npencant rtqawmhlt baserhluoionetinegwﬁighhof"l'he

general ly ef ul enhan rrat er nden ci ds,. each
of which ng’pl’l se§a§:%‘? sé’@@'?ﬁﬂ@pﬁb?@@ LRyYigy ﬁ'ﬁ'lg ana{%s?g FRdIYmns of
condensed phOSphattﬁﬁvet%épfﬁaté‘h' QRJCOfRY | Sa%rgwﬁhoﬁm ETIPOS PI3EArRISUNEGSS .
Speci fic exanples of such enhancing nmaterials include, e.g., the follow ng

aci ds or salts, ortrimetaphdsphate.porti ons thereof: sodi umtrinetaphosphate
havi ng the nol ecul ar formula (NaP03) 3, sodi um 15 hexanet aphosphat e havi ng
6- 27 repeating phosphate units and having the nol ecul ar formul a Na~2P~03" +1
wherein n=fi-27, tetrapotassium pyrophogpirmPLEayi ng the nol ecul ar fornula
K4P20;, trisodi um di potassiumtri pol yphosphat e haV| ng the nol ecul ar fornul a
Na3k2P30, 020sodi um t ri pol yphdsibeatoniLubeCompragsixe teanatyr nul a Na5P30, o,

20 tetrasodi um pyropho ¥/ I 4 | ¢m num
tri met aphosphat e havi ngsgé){]ﬂérer?o cgg%émornuﬁﬁm&a(&;bgg'g& soégE ﬁ]?eg)are@ f
pyrophosphat e haviaigotdehcaoitis theainvbntion kadsoPhig&2d, )n myawdtaicompressive
pol yphosphat e havi ng 1000- 3000 repeati ng phosphate units and h@‘ ing the
mol ecul ar f or mul a StfaAgh.~ ity 3samplger Riepased o Ming odiftesent, MBIMARSH &hor i ¢

acid having 2 or "iyfd&Rsd.| T9ePiaet PRYddurd ErfipidyeliSwas in accordance with
25 ASTM C472-93.

Samples were prepared by dry blending: 500g of beta calcium
sulfate hemihydrate; 0.6g of a set accelerator comprising fine ground
particles of calcium sulfate dihydrate coated with sugar to maintain
efficiency and heated as described in U.S. Patent No. 3,573,947, the

-24-



and having the nol ecul ar formul a HZP~03"+, wherein nis 2 or re. -5 ~
4 DEC ZU,.. Results of using such enhancing naterials to treat ngalre(,DiErCe%DUZ
gypsum are shown in Tables 13) 14, and 15. In Table 13 various enhanci ng
materials were used to treat cal cined gypsumin the process of preparing
gypsum boards and cubes. 5 The boards were prepared and treated in the sane
manner as previously in described in Exanple 2. The cubes were prepared and
treated in the sane manner as previously described in Exanple 1. Except in
bot h cases, various different enhancing nmaterials were used rather than
just trimetaphospisziasurenf wHich idi ierety sacprpefdted hieosinupsretaranuecand 0gt he 10

same nmanner as previously described in le 2 essive strength was
measured in the égﬁﬂ'vﬁaﬁ%%'?trojs Sﬁpﬁ?%usggggsefi%gmpﬁéﬁﬁﬁpe inventive Tabl e

14 pol yphosphori i 523%3 ! Iy B ss of
prepari ng gypsumggggr‘%sg\"\gﬁ%gc effsqihér@f?@%%?@@%ﬁ@gﬁ%@#‘@&%{ﬁ@gg "eat ed
in the sane manndheasapnpies owsre thendenixedbadthi 7OBramtape Watefhhavingea were
prepared and treated in the manper vi ous| escribed in Exanple
D cent Bn bot iEReEura gt 7ahe 84 Ner RAFINGBENAe! aloserdpsansler ooy
rat her than just ; AR Gt | d—d‘égg irf4 &ﬂgd e cdyi

nmeasured in !the fg&s}g&née manner agt pl)(?gvsl ous @rd"edsag?l ec#i ;rhgx%iurlrg[égm@%s
Conpr essi ve st r efiginhedvaerereastintedmids tocprepare cubess(? inches per sida). \After

d i bed in Ex I . In Tabl e 15 i | yph hat " APP" d
Lo T eat cal ci nodg kv stifte heriodaEng 4l B ot R HBUR Doy adralRs o
cubes. 25 The bogiairaRye RS 88B6&warsrémeas@drdr theembREPaRAMIRY fra

previously in described’in Exanp 2. The cubes were prepared an(§j treated
in the sah® manneentikted ovenat! 2k teratieast 72-haawaapurtiitheicweight stappedt h

cases, various different .anhgncing, materi al,s r sed ,rat her, t han j.ust

trinet aphosphate‘:itnéﬂ.g'q%rﬁ&qaf'%‘?icgg sh@fjlaegw% %%Sgétﬂoé’&’dﬁﬁ?efﬁ@b'-cw 2

~ D E C 2002 sam;ogp?agf as previously described in Exanple 2. Conpressive
red i

strength was neasu n the same manner as previously described in Exanple
1. The results in TablEachi 3 Kube'sl copnpiesaivehatreagth wasemealssracconed 5

that are within t fini.tion of en Ci i n used to
treat calcined g ﬁ&i tﬁst'ﬂ% ancgw"u%'t %‘%’Uggg‘?’gﬁgééb@]i@ m\{% A;A'ﬂélom, uct s,
cause t heqgr oductagyerage vaildst osthiss fteswiat sampiest agtrength palugsientontrol

deformation conpared with the controls. -58 TABLE 13 Lab test results of

gypsum cubes ( 2x 3aP)PIgs dvaving, deecauses Marious cseurces odh Heta calainmn svifateous

Cnom cal saddi ti oA paHFhpAdor HSPRIRERICEs ke A Ao hofiydrate

were employed. Results in the table are reported in the form of the

measured compressive strength in pounds per square inch (psi) and

20 percent change in strength over the relevant control (%A). Measured
values are estimated to have an experimental error of about +/- 5%
(thus, a reported strength increase over the control of 10% may have
actually been anywhere in the range of 5-15%).
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(gramRetard (-),
Room (wt .

Neutral (0) or Accelerate (+)Water Pick-Up fron2doDB6 2002
% Ten Day Hum di fied Sag Defl ection (inches)Conpressive Strength

of Dried Cubes (psi)Sodium Tri netaphosphat e0. 1537. 00/ +0.060. 016745Sodi um
Hexanet aphosphat e0. 1538. 2- 0. 090. 019 552Sodi um Chl ori de & Sodi um
Tri met aphosphate0.5 & 0.1527. 5+1. 930. 008621Sodi um Chl ori de 8 Sodi um
Hexanmet aphosphat e0. 5 & 0.1539.6- / 02.080.021498Tet r apot assi um
Pyrophosphat e0. 1538. 7- / 00. 110. 137560Tri sodi um Di pot assi um
Tri pol yphosphat e0. 1538. 8- / 00. 070. 201552Sodi um Tri pol yphosphat e0. 1535. 1- /
00. 090. 286531Tet r asodi um Pyr ophosphat e0. 1556. 2- / 00. 180. 436544Al um num
Tri met aphosphat e0. 1536. 20 / 00. 020. 521673
enPhosphat e0. 1540. 90 / +0. 110. 595657

assi um Di hydr
diribresiibGrRyg@Phos phat e0. 1547. 70 /

Ry bt L

ium

ck-

00. 161. 385637Bori ¢ AcidQ_1539 40 / 00 i um
Phosphat 0. 1537. 0- 0. 131. 64153y gant r o] §14546. 2@ 2% 00. 1B, 4syj3463r5@§%sphor'
Aci d0. 1534. 0+0. 22 4 hadiied 7 3NbNagdmlieUNadditive | additive addltlve additive
Di hydr ogenPhosphat ¢0. 1540. 9+0 : b )(ﬂ @@}3’)152@5@9,“)\
+0. 232. 875521Di sodirormrvbnohydfogentt 611536606 86332662950+
Al uni num Sul $at e0. 154MR ~+omza&7. 867 OORE;@.20 N107ZBHc | ~-==---—-
Chl ori de0. 1536. 20 7>6.0 u T qrl.deq. .3t
+0. 53>6. 0464Sodi um i deq é%l 6+ Q‘gg]‘gg ?% t@gﬁ 1@3‘50 B 8leq)
of gypsum cubes (2x2xRp / boafl dsgp ( 24X§@15)4 ceggb; fagemistucca wih .
pof yphosphori c aci ¢—addt+tt+or—o—06—Po hos fe—Actthicei-torteve—(wt .
% Dry Board Wi ght |[S&dM®tard {(7)4 NeuBOQaI12(00) 834, 18k el er-at-e--( H) Yater-- Pi
Up from 90/ 90 Room Jdwo Weeks Hu T,Led Deil ¢ i
i nchesConpr essi ve $t gth O %?Sed %§'7§| I@%E’?rﬁ“h(fﬁ éé)Am gl 611274
Control 0. 0536. 50 / L0060 683¥67Pal s horid acid m |2 with Mater
first0.02539960 / Q@TiD. 04273680 hpgoRawizc |aRete1A Xij Bayidoly wWal.ek.......
first0.05535.10 / (6—690-0258#2—Patvphosnhrortc—actd %Aﬁtr-n-y—m—ﬁ-h—mt-a—
first) 0.1 542.3 - |/sodium0. 15 +980 046 851,08 1| 9Q9r-22 m|rter—~—a O+te--
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 | ===mmeeem—e-
20 phosphate
disodium 763 757,-0.8 | 728;-4.86 700; -8.3 | =memmee—--
phosphate
monocaicium
phosphate
25 monohydrate | 763 786, 3.0 766, 0.4 824, 8.0 et
The datain 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 strength
30 increase or even a significant strength decrease.
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TABLE 15 Lab test results of gypsum cubes (2x2x2) / boards (2 x[fS)ﬁ%.(S)zuﬁzast
fromstucco wi th ammoni um pol yphosphate addition a, .r Anmoni ’

Pol yphosphate ("APP")Addition Level (w. 9% Dry Board Wi ght (gran)Retard
(-), Neutral (0) or Accelerate (+)Water Pick-Up from 90190 Room wt. %wo
Weeks Humi dified Sag Deflection inchesConpressive Strength OF Dried Cubes
si Control 0. 0540. 70 / 00. 350. 694912APP Powder m xin wth water
first0.01532.50 / 00.350. 045937APP Powder m xin with water first0.03536.30
/ 00.370. 020924APP Powderm xin with water first0.05539.70 /

00. 370. 005901APP Powderm xin with water qugr;i,gg%%ﬂ 30 / 00.280. 005956APP
Powder m xing with water first0.2546.7 03967APP Powder m xirn

with water firstO0.4588i28nde @P@&ﬁaﬁ&&@ﬁéﬁﬁammwm@%ﬂwswﬂp
first0.05533.50 / 00.350.005907APP Powder m xin with stucco first0.1546. 90
/ 00.300. 006948APP Powder mixin with stagBesistangs) 2538 30 /

00. 310. 006998APP Powder 53740 .

00. 350. 0021017 | !-n Sé'%‘gsng’f%‘t’&"% %ﬁ% hg %&Eﬁ E’éﬁ pr/eé’a:'ed nf 8

Cal ci um Sul Bat e Di lhbdraaow lﬁmbomadme\mh mesnEelttwmancchdpare@,hn régamgetoer al )
any enhancing materials that fall W|thnthe ener al efinition of

enhanci ng mat er i al ©StaRc&% IW'@@@GEQ@@’W@“P %@uﬁﬁmﬂ OOAKIS PreRaTgL:

(e.g., increased r

Ser Sty ety cat Sahg ARG} BB o ‘!°'g§5tﬂ§'§53¢‘§@83§?‘3f%“%’fﬁ%ﬁﬁ% y
usef ul enhanci ng materlSampwssuewpmpamdbymmrtganaéialdbrWAmN@Iblmmrses 1
or nore phosphoric}$C|d u salts Q con hat es,

each of which conpt? SESC ﬁ@eﬁﬂogéﬁlﬁgggﬂﬁq CIURIRY Bﬁﬁgﬁ‘@géﬁ 29 or
monoval ent 4igons of O%éﬂ:‘é@?@f&@g?ﬁ gﬁggﬂhﬁéd @lnt&é‘&@aﬁ%&ﬁ&ﬁ&@@g@@mve

materials to treat cal cium sul drate cast are shown in
In Tabl e 16 vari outcontrot samptles)atag p&l&TMBr@mﬁdetsampbsb eet3ganti oilserdrl ed

calciumsulfate dih ate in the.form of and..cuhes. The boards wer e
repared i n the saMedTiRiGPMErSieRaales) ey BRS 1Eis i med Wasp Sasi et

further treated '“tréJjﬁaosﬁ'GB F@Mﬁyp@ﬁn‘ﬁﬁ@dﬁ'sﬁnﬁnlegﬁﬁcﬁmd‘@i%r@'Mﬁd in
the sanme manner as previously descCribed in Exanp and further treated in

a manner simlar t@leﬁzﬁXa?éxbdnchSQOAEQﬁhﬁICélQlJJmE!dE%tﬁthﬁfﬁlhygfaie@@é&fOFm

{Fi et aphosishat o 1 SRR PP SLld” abio Budly Sie RERRAL eI Breltth 412
manner as previ ousbyerlaamiithéie Weightfeteppddechangiry T s fihalemeaseredt eightof
measured in the same manner as previously described in F~canple 1. 25 The

results in Tabl e 18aghboandwas racorgded. dNe parerfasingavasanpligddo 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 position upon two
Ye-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 90F temperature 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 surtace of
the board from the imaginary horizontal plane extending between the top
edges of the ends of the board. The resistance to permanent
deformation of the set gypsum matrix of the board is considered to be
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within the definition of enhancing materials above, when used tczgrly?ﬁ p:15)d
and dried calciumsul fate di hydrate cast, cause the resulting products to
exhi bit significant resistance to permanent deformati on and significant

i ncreased strength conpared with the controls. -62 TABLE 16 Lab test
results of post-treated gypsum cube (2x2x2) / board (24x6x0.5) cast from
stucco with various phosphate & chloride addition 5 '~ 10 15 20 Phosphate
Salts O O her Specified Chem cal sAddition Level w. %ry Board Wi ght
ramMater Dick-Up from 90/90 Roomwt. 9% en Day Humi dified Sag Defl ection

i nchesConpressive Strength O Dried Cubes si Sodium Trinmeta hos

hat e0. 4537. 00. 50. o1@@5@.\6mmﬁme&@ln@ttaerﬁa@emaﬁfébemofzmegmwg6'§°7umrtha

hat 60 4556, 20 60, o ey Hie gRerP of a0 37 30 BB 1508 Pelatvg euangtes n
dr en Phos hat e0. 4péiméaesitididfmaiddobthet set gypsud hathocenpfiag the board.

hat e0. 4487. 50. 20. 029708Phos hori ¢ Aci dO. 4534. 70. 40. 065624Sodi um Tri o! hos
hat e0. 4540. 50. 60. 123657Bori c

Aci dO. 4486. 68. 10. 345611 ] [ . r Phos
hat 0. 4541. 30. 70. 67472ﬁ?’?@%@%3’%@%@?&3‘883&@5@5@&%@?@%@@%&%@2@%

Chl ori de0. 4559. 92. FARISAPincluding the édrhpositien andcoHcedrafion (Weifit péicdhta O
N 2 ~DCC ~UD2 Those of skill in the art will recognize that in the

|
manufacture of set DGFBYamiBe WeidNtial salsiymifate hemitsiraiel obthe additiye the
present Invention, ffﬁﬁmg@hf ?"ﬂﬂ@ bBErcP%ﬁ@ﬁé@nﬁrﬂ%ﬁg\éa&redgég?‘ﬁ'ﬁé ahﬂﬁﬂegr
t he nut a oar he

equal to 3.5. 5 1In cture of gypsum I'n accordance w
present invention) entploygkriat iveg comparatiee vidnplps e(aartaidey the stiopst ob.tBet o
9.0, and norg preferably about 6.5 to, 7. 5.  EXAMPLE 10 Overcom n

Ret ar dat i on1§nd md?\@é‘é‘ﬁ"?@f%ﬂ?@%@ﬂﬁ@fl\'ﬁ%P&%@atﬁr@gﬁéﬁ'ﬂa\@r qef &naieyed

sulfate mterl al | o dRAfAB aloU8 reSRIEHASEI bybSNNbLA 1d babi@fghRer

further discovered that ancing materrafFs wll retard

rate of formation aongdiionssf gighshumidity. adversely effect the strength of the
set gypsum containing product. It has been discovered that this retardation
and the adverse effect on strength can be aneliorated or even overcone by
including in the mxture an accel erator i sl @ppropriate anount and
manner. This -

15 Extent of sum Board Sa

Additive Additive Board Board Sag
(weight %) Waeight (g) (inches)
none (control) 0 830 0.519
STMP 0.2 838 0.015
. boric acid 0.2 829 0.160

20 sodium aluminum 0.2 835 0.550
phosphate
wax emulsion 7.5 718 0.411
glass fiber 0.2 838 0.549
glass fiber + boric acid 0.2+0.2 825 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
much more resistant to permanent deformation) than the control board
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Is showmn in the following Table 17. A slurry was made in accorgalhgfgggo\%th
Exanpl e 1 above) and sodi um hexanet aphosphate was used as an enhanci ng
material. A portion of the slurry was tested using ASTM C 472 to determ ne
the tine required to reach 98% hydrati on of set gypsum Another portion of
the slurry was used to make cubes in accordance with Exanple 1 to test
conpressive strength. Any of the 25 materials known to be useful to
accelerate the rate of formation of set gypsum can be used for this
purpose. A preferred accelerator for this purpose is the accelerator

previ ousl y i dent BREHL RoniNentiveermparative boargs, Moreover, tie boaatprepaeed 17

Ef fect of Accel ej ength 5
10 15 Accel eratorﬁaigé(f 'P.Q%‘%WW%%%@J% %tﬁ%ﬁﬁ#@ﬂ%aﬁﬂ?%@g reach
98% Hydr ati on of irSbtof Gagpentwoifoottiesgtbrof boabe, &itd tnt ot perceptible to the

(PSI') 0023. 355800 0831 13580 050. 0818. 76600. 100. 0815. 97390. 250. 0813. 18080. 50
0. 0812. 2907 EXAI\/'5 i artina a Desired Shai a to GypsunBoard It has
further begn di scovered that gypsum board having a desired 20 shape can be
made in accordance with the teachings of the present invention. Prior to

t he present invention, the shape of r&XAMPLE Qt gypsum board is typically
nodi fied by wetti the badvmth at tQ t.he board and_make it
more flexible andiEIIANCRIQ P SRHRRUQN X 0 &l yaul} RQakg
waiting for the board to dry. 25 Homgéa }3°§i§550@" or technl que gi ves rise
to many manufacturing and installati | V ages since the wetting
required to weaken thé proaudt watghtm&mpiarismﬁs;slﬁd:wniibIFﬁgum 1,hemnd the sag be
nodi fi ed a desir.ed shape kes Si g i fican t at

| east one}(ﬁour oresiRipRce 5 gguc Qr‘?:dur?t%'srs ovg&ng ﬁ%l%%;ﬁ 'lf&sépgoqﬁ.{g
unconmon. | n addidight. oftiRforid 12 indHeedimg bBatd Wﬁécér'éﬁﬁé@%ﬂt thd Presdmi

nmodi fication of the desired shape of the board. If the board is not
proper |y weakenednvention di.gi, fgdraining tnmetapllncpgphate vglﬂapelcmect gypsidar ands

desired. That i | Al f boar d
e desi e, ana WERDGaR R Fashe kAR et % nich, SHEF TRCTHPR gl B e
there is a great gpsumicoardPiduecsy Gt SIS Gypsnm Comipany! Theesverage t he

wetting time and Tnprove the ease
15 % 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
Company.

20 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 installed using conventional stapled and screwed ceiling attachment.

Figure 3 is a graph comparing sag resistance of a gypsum board
~ 25 made in accordance with the present invention with commercially
available gypsum boards described above, wherein all the tested boards
are installed using conventional F2100 Two-Part Urethane Adhesive
ceiling attachment.
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of manufacture and installation of gypsum board of desired shap%.l' DE\C 2002
accordance with a preferred enbodi nent of the present 10 invention) for
exanple, a flat gypsum board can be sprayed with an aqueous chl ori de

sol ution containing any enhancing material (as described in the above
exanpl es and summary of the present invention) to weaken the board and nake
it nmore flexible. The weakened and nore flexi ble board can then be easily
nodified to a desired shape with | ess 15 force than prior techni ques) and
the desired shape in the nodified board will be maintained after the board
is dried because of thefigaypsunfoasds aodotber corsterttioncdatgilsrin evakel the

particularly the regsi : r ef or 1on.. re specifically,
for example, it hacé%ﬁk’%%%%s'@30@?@%“@‘1%&%@@6‘%'@%')g‘é[ﬁa -1 bt"}‘ﬁr@k
regul ar flat gypsweibews: can be nodified to a desired shape by weakeni ng

t he gypsum board l;% spraying a chloride salt solution or a conbination of
various chloride dalt SYRRUNBEOEuch as sodi um chloride) cal ci um chlori de,

magnesi um chl ori de, potassiy or,J . 1, N orj etc.) containing
an enhanci n§ materi al a§ 25 %nrgg‘{hou)és?@ dgérgﬂ(bgg] ﬁyht ﬁﬁgﬁ%a{ﬁd. To achi eve
the nost preferred results, accorddnceowiliyeng pteder imeentiongi t ol NP-9
surfactant from Uni on Carbi de Chem cal & Plastic Conpany, Inc.; Neodol~ 1-7

. 2 . A y
and Neodol 1-5 from Shed:| Chérdn@nx 484aghx 26 inal National GYPRU® and | conol

DA-6 f BASF Co ti ' tq| [ d efficient
"85 1) E G 20C2 waakeni ng ToRREnL N RSRERON SshmBURG O s50 o

Stapol 630 fromA E. Stal eyBddduf acturi ng Conpany) can be used to inprove
the final paper to core bond1 and enhance the strength of the nodified
board. A défPoamer coul B-be ifkcliRgiedXi ASt MaCRkaKt SoliNEh offaWar oami ng becones

a 5 problemdue to foam ng c@gggg{gfqtgﬁ Lcﬁtyipgbn.\{veédbé'rag t In the

preferred enbodi nent, the above on and other tredting nmaterials
are applied to one side of tUritddStates Gypsuas Qdmpanyher side is untreated

to maintain the tensile strength on the untreated, sj o) e board to

prevent breaking of theétboar® 'Hﬁpi"rﬁéﬂﬁﬁm4‘i9@a‘995r1sékgﬁ-ﬂéq{5 hape. The

treated board can be, for exgpgpiie q'gﬁetxpéﬁg m rd GANSE gypsum boar d)
nd” gyps #orrm i

with any of the typical additives a ations of' such board. In
the preferri& enbodi nent, theniedStateaGypsunn Codmpainf orci ng materi al s,

such as discrete fiber e.qg.) .gl.ass. papel., and/ or 15 synthetig fibers). In
accordance with th%' pr:gé‘ﬁ?g? ﬁ\)gn'f‘f’ﬁﬁ?‘%)ﬂg@u’r’?\cgda?gl@%‘x%ﬂw%, ﬁgmand

thi ckness can have theifomfHapPesingRY Biifgh I&xﬂbé?‘b?rﬁﬁlf‘%lé\ﬁ In@. t fginpr ef erred
enbodi ment of the present invention) the shape of 5/16", 3/8") and'/Xx"

paper covered gypsum boaempausdnodSG Tuffiyet HES: deipt Gesmmuing. adoinf t he

JeFat on) 0. 05 vei ght o3 9h SRR berBReE B SeICAURERRS yFRL Ege g, = O ©
trinetaphogghate, Q.05 vapahBafir PAimt 9i #4% 1 NBiRes WdpeetBertief, Wwesrhi ng
agent), and 0.025 wei ght % of Stapol 580 (nodified corn starch). Paper

covered gypsum board sh&48¥0G%f 4' x4' of USG SHEETROCK 25 brand wal | board of
vari ous thickness re Wi h r di | ypiqn
identified above, pﬁ a %E%@qsdf ﬁbégae%ley’@{§ogﬁsq't|%§ﬁ5lq%”ﬁ§oa%%&w t h about
2 loou_nds of l(:j)enﬂi ngzsolbubblamoomﬂmegal&ibdp,oard W th abouEI 4 poulnds of b_(la_ndi ng
solution, and the " ard w th about p jng solution. Tests
were run by treatifg on\gP@YdJQﬁwrﬁhe U g%ﬁéﬁ%&%zbﬁﬁﬁgum | boar d,
and the re ts were th?ﬁﬁpgd?%ﬁégbﬁ.pg?lgf whet her the treated side was
eres

the face-side or the back-Ssi de. S are
F. Fasteners - 1 inch ¢. x 1% inch Ig. x Ga. staples, and #6 x

1% Ig. drywall screws. F2100 Two-part Urethane Adhesive

from Foamseal, Inc.
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shown in Table 18. As shown in Table 18) the shape of gypsum \Za{'l%rzgg%f
various 5 thicknesses can be nodified as desired after treatnent in
accordance with the present invention. As shown, the length of tine needed
bet ween bendi ng sol ution application and board bending was a matter of

m nutes rather than the*hours required in the prior art techniques. The
m ni mum bend radius (i.e., a neasurenent of the degree of 10 bendi ng

achi evable; the smaller the radius the greater the degree of bending
achievable) is shown in Table 18 for each board thickness. In each case,
t he m ni num r adi @sgilihg Cor@tiuctieant |y smal l er than can be achieved with
previ ously known techni ques. As usual, the boards can be bent further in
the inherently weakerAwi dt®w 48 Werecattashed gt beth ends, ektheret hod of

treatnent and installatio truction site is as
lnt[rlg%s L fgf@%@%ﬂs@fraﬁ\e R

foll ows. Take chloride sa ancing nmaterial, wetting agent,

and desired amunt ofBwat eTwéIv%O(1®mhbptsbeX?yﬂwm boaa:lshwerég Ob]'E ain a
ution on one side of gypsum

uni form bendi ng solution 1 %Sgé%bendi ng s

board 1 w&it for 5-25 minu@ tp thastsuss ramewark wWilsF210 cur vat ur e,
install the board, and all oay, ral ] . e level by

wei ght of solution: 0.05- 18%%%’%?‘ ea‘tééz:a}ﬁggtb%ags‘b'gﬂg%;'/\eﬁ I ng agent;

0. 05- 0. 5% enhanci ng nat er i was rie@ired. Ithet gypsiom boatdser, a def oaner (e.g.,

Foanivast er from Henke& Corporation) can be 30 included in the bending
solution in an amountChy weNgeilingd was carefuiiyraisedand piaosd i 1 necessary.

-68 Z ~0 ~ c zooz The cgll,%b%ereflég} 2’8&%&%‘@?95'9%%"}’%6 enhanci ng

material can be applied to the bo jointly of severally at
any timeifrior to the dryitegfooin amé foohxd8tfoobtaomm.n t he benefits of the

toi ti . -6 ~ ~ 2UU72. bl 1 1 iti Ti d
! o mum Bondi my_Radi i Bof - oJPe GaiiBaAssemby was Aachad ot 1 et ed wi t h

Bendi ng Sol ution of the Prggedbt IIWWIEW}WWX%%WB&R%%WQQ

Ti meBet weenSol uti onM ni nu ni nunBoar dAppl 1 cat 1 onBendi ng Radi i Bendi ng

Radi i Thi cknessand around the perimeter. A second ceiling was

Boar dLengt hwi seW dt hwi se(i pches).Bendi ng(inches) (i nches)5l.16"5

m nut es20" 16" 31 8" 15 m nut e@%’ﬂ" nglsgnezlgé ﬁpﬁﬁ%’éé%%éﬁa% € nvention has
been desagm bed in detail m'?yﬁg@arﬁdacrug% thétrisease If wasefidgi n preferred
enbodi ments thereof, but it should be appreciated that variations and

nodi fi cati ons can be ef f ecfaiseduprand attachesi oyorr (4)amallsscope of the

i nvention. -70 2 4 S i L Sa
produci ng a set gypsuzwwg %ké@ﬁﬁ%g ?%Eﬁ'é‘f&ﬁ’“ |n8é?3r?cé1eeaégégpé£e@? p%%(r:ne to
per manent def or nypiediyard dmeachicelling. OThe bge xeitingtwaie mechanizalig fastesad f at e

material, water, accel erator, and one or nore enhan?’%gprmteri al s

chosen fromthe bﬁa‘egu%i%ﬂsg)stww& 6'_99 @Bﬁﬂ&%%éﬁ%ﬁ'@%‘ﬂ)wm dgfet@%ﬂ?h of
whi ch CO??JIVO' Ses gdﬂési@rcgnpgsé%lpfgnu?% %dﬁ‘”&' bghs@ﬂdbéﬁjdgswgf%'lélasoﬂf

condense hosphates, ea rises or nore phosphate units,
and nai nt ai ni ng alternating gypsuntboarbtypes| alengsthbidedingst The trubsescasad um 10

sul fate mterial 0, k%ogt Bnch 16hb 8544 ol ahahers bpdder STA TR b6

center (“0.c.”).

The mechanically fastened ceiling used 1 inch crown x 1% inch ig.

25 x 16 Ga. staples at 7 inches o.c. along seams and #6 x 1% inch Ig.

drywall screws at 12 inch o.c. along field trusses.

The adhesively attached ceiling used an approximate 1% inch
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.
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the enhancing material or materials having been included in thé bi Dt Gir 2902 n
an anount such that the set gypsum containing product has greater

resi stance to permanent deformation than it would have if the enhancing
materi al had not been included in the m xture, 15 the accel erator having
been included in an 'anmbunt such that the set gypsum containing product has
greater strength than it would have if the accel erator had not been
included in the mxture. -71 4 0 E C 2002 2. The nmethod of O aim 1,
wherein the concentration of the enhancing material in the mxture is from

about 0.004 to about 2. j t I f
calciumsul fate materi a?h£§$’ﬁ% Brerﬁeétr%?c?% ﬁaﬁﬂgﬁwmﬁ@ (?Wrg ﬁéea e&ggg
concentration of tagnedparalleldoniné dussichords. he mi xture is from about 0.04

to about 0.16 percent by, wei.ght, based on the i ght of the calciumsulfate
material. 4. The net hod¥B? 'rﬂi?agiprﬂsfq'of‘ mmwfﬁag%waer&m&wbw@mtwe

enhanci ng mat eri al tagpBgt ' B i ; 3 [ ed on
the wei ght of the eBrg (NexThiHS Lhifingd weRe Bhirfe At YaBEF baftier et tind @gﬁ
wher ei n t heSenhancs$prgy texturedalA second readingrveastakem inemeftliatély after textisring.aci ds

or salts, or the Loni.c_.p Lons thereoft: sodiumtrinetaphosphate, sqdium
hexanet aphosphat eaﬁa&aﬂéo‘ég%ap%y&fﬁhan bm e g%%m@)‘ﬁg gﬁ’ﬁgﬁ%'t gs@i"'am
pyrophosphate) 5 tigagiey WasthBAttareh UTHG taAbdRIREPIRT RUmidif) Wore raised
tripol yphosphate, tetrasodi um pyrophosphate, alum num tri net'aphosphate,

sodi um aci d pyr ophdsingihe)tirnetheinsuiation wastpwaire Thketargetiteftpedande and
repeati ng phosphatge uni.ts)_ or | hori.c aci d havi 2 or nore
repeating phosphorri“ém&h{ydk'?fﬁ ?@% %PJ]Q@Z’ fr?&tw&&%?'d%/-ahﬂgi? CRAditions were _

m xture funpher congItifeeSeverP(7s dRlyaWHIbZRAIcetiehsWerd meblBrdiFd rrﬂirgﬁga' m

1, wherein the calciumsulfate naterial conprises one or nore of: ium
sul fat e anhydri t e; 2@ RERINACK. IAfaréherseverydays, $e wom was opened rodibroagit

sulfate. -72 i . t f ' ein the | Gl
sulfate material c ﬁgpﬁg@?@%ﬁ?sﬁﬁe@%ﬁ% §%§h§%€}ﬁ?§@§‘s ﬂgfer%ea“ﬁ&’%’%@of
Claim8, wherein t{8) mokadays)andrhen tife tex?Wdsi teRfin@Rwl, or nore of the
follow ng salts) or the anionic EOI"[I ons thereof: sodiumtrinetaphosphate,

sodi um hexamet aphosphat ASISBOWAIN Bigures 2 8ad 8 aypsurvards enads inaccardance

The methot 151 ar WD nd R ToveRtin HdRob AR sBHPReRIBe Sl Btne 015
wei ght percent (bagﬂslsm Hoaeds\ehd Werebetaw theithreshdidict avalie0i fainchroftdag
m xture} of chloride ions or salts thereof. 11. The method of Caiml,

wherei n the mi xt ur BeEBYR i dength @b beard paicgrtibigde dke humane%® on t he wei ght
of calciumsulfate material in the mxture) of chloride ions or salts
thereof. 12. A set gypsumcontai ning product prepared by the nethod of
Claim 10. 13. A gypsum board having increased sag resistance, conprising a
core of matgrial sandw ched between cov g@ té wherein the core

conpri ses interlocking matrix of seteéﬁ% ﬁw %md t he board has been

Laborat sum Board Nail Pull Resistance

Laboratory prepared samples of typical paper-covered gypsum
boards produced in accordance with the invention were compared with
control boards in regard to nail pull resistance. Nail pull resistance isa
25 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,

and is carried out in accordance with ASTM C473-95.
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prepared by a nethod conprising: 5 form ng or depositing a m xt Qr@ﬂf&v&g%
the cover sheets, wherein the mxture conprises a calciumsulfate material)
wat er, an accel erator, and one or nore enhancing materials chosen fromthe
group consi sting of: condensed phosphoric acids, each of which conprises 2
-73 Z ~a ~ c zooz or 'nore phosphoric acid units; and salts or ions of
condensed phosphates, each of which conprises 2 or nore phosphate units,
and mai ntaining the m xture under conditions sufficient for the cal cium
sulfate material to formthe interlocking matrix of set gypsum 5 the
enhancing material or : of | J iacl u j ] in an
anount such that the %%i%gm (g;éird(]’aﬁ%{s&g%gﬁélrngsg‘ggﬁgg%%ﬁ?g%ﬁgw?’tol woul d
have if the enhasexongsmtaenédilmhspbedo8.Mepof beta Caidienn solfatedhemikydrate; t he
accel erator havi een i ncluded in an amunt such that the 10 gypsum board
has greater stre%@gapﬁﬁ'lﬁr?t?r\ﬁéﬂrﬁv‘ﬁﬁ'é( ‘ﬁ?'"?ﬁe%ﬁecfgl leéﬁUrStﬁéﬁh %@%een

i ncluded in the g -miduifi | : r e e
concentration ofﬁ;l?yﬁeﬁ%anc”ﬁ%—@ﬁgﬁ ﬁf;}lﬁgﬂ‘a?ﬁ%ﬂgﬂf r%agsﬁérrghi]@&?%nahg{# 0. 004
to about % 0 15 ipepricerart byrnvaations fdragypdumrbodrd amd gbmnoéreidily avalilablem

sul fate materi aIf 15 herﬁgﬁsw(gar ,ﬁf- CI&i T , V\Q?rei n the
concentration of r?WeAé%P?é § and Milling; te. rrkig upkfing harsmesmilad 0. 04
to about 0.16 pe &r;zé}tf- . e é}@@ ireh fa. } ul fate
material. 20 16.‘5 e bﬁé%ﬁgt 0 E%rg?-r%b;tg aﬂg?gpﬁotﬁgﬁggﬁgmﬂagi on of
t he enhanci ng naptegetdtinized ternnstatah; commerisially avaiiableciromnkauhoffv@rgint |
based on the wei r&t of the calciumsulfate material. 25 17. The gypsum
board of C aim 13, wherein the enhancing material conprises one or nore of
the foll oy ng acids orhsalrfies fHusfBAmad wené Eafahid 1PAYS SN ESEEf paptHrdm

tri metaphosphate, sodi um hexanetaphosphate having 6-27 reﬁgatq rP;é}%osphate
;.In! tsl, tﬁtraﬁoz aﬂmn;haqqgazp;qiwu agtt@tzhegrrztbped;famfuppr@pasl eﬂatgyr?sum board

ri pol yphosphate, - ~ f. 2a02 sodium.t.ri phos e

et Fasa um pyr oSRBElRsae o brvRe AR PRE SLaRL B ORBRRE His aper
pyrophosphate, agR@ReWlrRie/RAS TR/ WﬂHhﬁ%il&QﬁﬂeﬁQﬁ&,-dn@ﬁﬁétddﬁbrwpsphat e
units, or polyphosphoric acid having "2 or nore repeating phosphoric acid
units. 18. The giiesthetssufacesvasanulitingly pewsling, both typicatel papens employeas

cul fat o Ho nycr & BERRrS paRer Sperad Bl hosty e BOUY sy SHd oa o
of O aim 13, whebear was tisén heldninsalB50F ovaniuntil Rllost@perent aeightundul fate
hem hydrate. 20. The gygsum board of Cl aim 19, wherein_the enhancing

materi al conpri sWasdhrn Bansferredde apddeldinaslidieven wrtil typaehed eensiant
portions thereof; ezggﬂi um tri met aphosphat e, sodi um hexanet aphosphate havi ng
6- 27 repeating p?’nvo ate units) and ammoni um pol yphosphate 5 havi ng

1000- 3000 repeati ng pFRombbated weight and hail pod rgsistance veeredneasidedi rMHes,
wherein t m xture further conpri feast 0.015 wei ght percent (based
on the ht of '%%'%i%%@ﬂ?'gaﬂ“ﬁﬁiﬁail in the mixture) of chloride ions
or salts thereof. 22. The gypsum board of C aim 13) wherein the m xture
conprises 0.02-1.5 weight percent (based on the weight of calciumsulfate
material in the mixture) of chloride i cRABRE 3alts thereof. 23. The gypsum

board of C aim 21, wherein the m xtur FJ 4 her _conprises a pregelatinized
starch. -75 2 4 DE C 2002 24. Thed of Claim13, wherein the

m xture further conp a pre €d frarch. Z5. [INE, sum| boar d of
Claim 24, wherein t ﬁéﬁﬁlcent‘rat ieﬁo&#wééhe l)b@gé‘l’ atini ze’ga'ﬁ%ﬁch in the
m xture i25from abolopcestratiomycsara 5 per ¢&eIgHY wei qrﬁ?s'ﬁﬁﬁéé bn t he
wei ght of the cal ci htweight%)e nyt{weight %) (Ibs/1000ft%) | (Ibs)

0 0 2465 150

0.1 0 2454 155

0.2 0 2326 158




26. The gypsum board of C aim 24, wherein the concentration of QW?DEC 2002
pregel atini zed starch in the mxture is fromabout 0.16 to about O.

percent by weight) based on the weight of the calciumsulfate naterlal.

The gypsum board of C aim 24, wherein the concentration of the
pregel atinized starch in the mxture is about 0.3 percent by weight) based

on the weight of the calciumsulfate nmateri al
the core has voids uniformy distributed therein;

Claim 13, wherein:

27.

28. The gypsum board of

and

the m xture further conprises an aqueous foam 29. The gypsun1board of

Claim?28, whereint

a blend of foami ng ddeh

€ aqueous 10
ts, havin

mrhas—been
Othe fornul a

or e Tom
28B8( cHj x

a foam gy

2 CH~

gent, or
YOS03e M

5 wherein X is a nun

in at feast 50 weig

Qfé fron12 t
[=

rcent

1§£,fY is a

nanlnn

gBer fron
t_or bl

e

o 10 a
of foa

1d is O

ng

agents, and Mis a c
in from86 to 99 wei
agents. -76 ~r,

ation.
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30. The gypsun1board of Claim 29, wherein

o T8 B 38n PAgh S ARRHIR R0 pRactp AT o 1

Y |s 0
n

the

m xture furgher Cwnnrmémeat.@ﬁ @gﬁibﬂbuw%m SVeral BtrangtriPai puf eusistapes) 32.
oar

A et hod for produci

uni f orm aqueous sodmpRES Witheentrp
and one or
phosphoric acids,

wetting agent,
consi sting of:
phosphoric acid unit
whi ch conprises 2 or
nonoval ent

ng a shaped

S,

nore phosphate units;
i ons of orthophosphat es,

oh

psum

nor e

d, 5 conprising: preparing a
poatdser) at | east one chloride salt,
nore enhancing naterials chosen fromthe group
each of which conprises 1 or
salts or ions of condensed 10 phosphates,
and nonobasic salts or
and appl yi ng the uni form aqueous

a

each of

solution to a gypsum board in an anobunt sufficient to weaken the gypsum
board to all ow the shape of the gypsum board to be nodified) 15 nodifying

t he shape of the gypsum board as desired,
dry to produce the shaped gypsum board,
material s) and the wetting agent,

mat eri al or

greater
enhancing material,

conprises a pregel atinized starch. 30 -77

and all owi ng the gypsum board to

the chloride salt, the enhancing

havi ng been applied to the
gypsum board in an amount 20 such that the nodified shape of the shaped
gypsum board is achieved in a shorter tine and the shaped gypsum board has

resi stance to permanent deformation than if the chloride salt,

and wetting agent had not been applied to the gypsum
board. 25 33. The nethod of C aim 32, wherein the applied solution further

2 ~4 p~ G2Cr~? 34. The

nmet hod of Cl aim 32, wherein the applied solution further conprises a

def oaner .
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35. The nethod of C aim 32) wherein the applied solution has a chloride

salt concentration of 0.05-1.0% by wei ght of solution. 36. The nethod of
Claim 32, wherein the applied solution has a wetting agent concentration of
0.05-0.3% by weight of solution. 37. The nethod of C aim 32, wherein the
applied solution has an enhancing material concentration of 0.05-0.5% by
wei ght of solution. 38. The nethod of C aim 33, wherein the applied
solution has a starch concentration of 0.025-0.2% by wei ght of sol ution.
39. The nethod of C aim 34) wherein the applied solution has a defoaner
concentration of 0.01-0.05% by wei ghtexAMPlEE on. 40. The nethod of O aim
32, wherein the gypsumboard is a paper covered board. 41. The nethod of

Cl ai m 32, wher ei RINEHS|QNA StIPIHGYBNE6 ISOS 10 Permanant Deformationobne si de
of the gypsun1board 42. A shqp ed by the nethod of
Claim32. 43. A nethod for prodd TDooard conprising: _78

~ 1. o a c 2o0a2 appl Papﬁr-bcvéﬂé@fgamu@ybgaﬁﬂbdhrdgwb%;ﬁﬁe@ﬁmﬁa ig#li on
conprising water and a wetting agent, applying to a %p@eunl board 'a uni form

aqueous sl uti of¥llcen@i PEAdugtinatiee infdcemmesgiel qypaura Foard mansaeturing
appl ying to thecgypsum Bagred) Baledr nlRaghh OWAY v%ﬁgu yBBHﬁérﬁfag{%%[st Qdry. a

sol ution conprising’ one or nNore en an Ing materia hése he group

consi sting of: pimetapbosphaielidn andawredonmprrel withgontret Bodrdy (prapated
phosphoric acid units; salts or ions of condensed phosphates, each of which

conprises 2 or witheub triragtaphosphate; iomnid FRgASE 1S @'W&‘@"@(ﬁt@b“'%ﬁBQal ent

i ons of orthoph

desired, and al ovv%"}%‘gi'8 drg’ghi'ghaﬁ‘ ?@Ep@iﬁgﬁb %i%é%g%}g H?hg‘%ﬂ#?%ﬁ?fgypsum
board, tig chl otrimetaphiosphafeciom reties prepatationadf somevdetheabdardw)dhehe 15
wetting agent, having been applied to the ypsum board in an anount such

that the nodifi Eﬁa%‘ﬂér%fepﬁ@%HﬂBG(!“ﬁMérﬂﬂgdaQE?Q'@tﬁéW'w&i Prigr @tshor t er

time and the sh

def ormati on thaggﬁﬁrﬁﬁg%c or| goggﬁ@&a&hgﬁéﬁgh%@?ﬁﬁ ﬁg d&]'\}/gts p |ang
agent had not btnsir apptoxedateowsight pepsentages (dxpreseld as Tetativetyhoarrolv C ai m
43, wherein a solution coppris elatln zed sta i S,als plied
to the gypsum bB%ﬂgfspt??qﬁdm ﬁﬁﬂeﬂﬁpﬂﬁamﬁ? @ps‘l’ﬁee’ﬁ\d]‘mﬁﬁi)éf gftﬁam 43,
wherein gssolut,pmAﬁmﬂp4|S|ng a defoamer is also applied to the gypsum
board prior to board drying. -79 z 4 0 Ec zooZ 46. The nethod of O aim
43) wherein the applied solution conprising the chloride salt has a
chloride salt concentration of 0.051.0% by wei ght of solution. 47. The

met hod of Claim 43, wherein the applied solution conprising the wetting

agent has a wetting agent concentration of 0.050.3% by wei ght of sol ution.
48. The nethod of Caim43, wherein the applied solution
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conprising the enhancing material or materials has an enhancin ri
concentration of 0.05-0.5% by weight of solution. 49. The net hgﬁﬁozﬁ@m

44, wherein the applied solution conprising a starch has a starch
concentration of 0.025-0.2% by wei ght of solution. 50. The nethod of C aim
45, wherein the applied solution conprising a defoanmer has a defoaner
concentration of 0.01-0.05% by wei ght of solution. 51. The nethod of Claim
43, wherein the gypsum board is a paper covered board. 52. The net hod of
Claim43, wherein the chloride salt) the EEEEH? ng material or materials,
and the wetting agent are applied to onl i de of the gypsum board. 53.
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10%& ()- ! 10%z& ()- 10%& ()- &0 10%& ()-( 10%& ()-xmbC ,28618(520&'2?[)]2-
10z 10z 10zL$: 10% & ()-99310% & ()-910%& ()-M 410%& ()- s WWnbCl $ F
1109 ()-,!PF 110% & ()-,!8 F 110%& ()-,!)S F 1'109%& ()-,!)F 110%& ()-, .F
110%&' ()-,)g~_ @$ F 4 1099& ()- glowd& ()-Of &10%T& ()- 10 10 10
:3109%&' ()-!c F 110%& ()-, zdE~ @$ F y10%9& ()- F10%& ()- ,10%& ()-
& 1099& ()- SF109d& ()- 109%& ()-GidE~ @$ FS 110%& ()- 10%& ()-
“1094& ()-  yl09%& ()- & 10%& () -
S10%& () -1 1d B~‘2%0$1\, I;! dAéﬁr%ggﬂé%%lggédeozr%%(@g Ire(ga_lc-lirr]:alt?géd-gi b(o)a_rd ends during
drying.
The boards were produced on a four foot wide continuous
production line by: continuously introducing and mixing the ingredients
5 in a mixer to form an aqueous slurry (the foaming agent was used to
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 %2 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 ¥z 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 thatthe
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 SOF temperature and 90%
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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18

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.

20

The sag resistance provided by the compositions and methods of

the present invention are further depicted in Table SA. 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 pursuantto ASTM C

25

foot) as shown in Figure 5.
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h& ()-1<", llo%h\h&() | e JOXBRSE )

(L' 10°/<hh&()-|A | 109 rats ' did 2T -
1) ! 10%CHCh& () -: ! $! 10%b>b& (m proeruéta@mh& Qyp_gafnlg&%b& () %0%& ()-3w "
“&bcccccz[ PE:!'! 10b 10b

10bY910%& ()-! A (I1ﬂ%(hxhk,(\-lK{l1OAg NP b&()
cccddDeeaBPE: !'! |10 s10%@Y& () - z10%&' ()- F &!10W H }§ %%
g10%@& () - $10%@%' () - eeEf Sggglg} *=PE: !! 1 A $! 109& ()-1 ours Fumiclile
STMP Dry Board Deflection (inch)
5 Test Number ﬁc:vcthg/s)n Weight Ib/MSF
Parallel Across
Control Before 0 1590 -0.306 -0.247
1 0.04 1583 -0.042 -0.034
2 0.08 1609 -0.027 - 0.021
\ 3 0.16 1583 -0.015 -0.014
10 Control After 0 1585 -0.409 -0.145

Both wet 12x4ft. production boards and final dried 12x4ft.
production line boards were aiso measured (in accordance with ASTM
C473-95) to determine the amounts of shrinkage of their widths and

15 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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10 0.016 0 0.25
0.024 0 0.25
0.040 0 0
0.080 0 0
0.16 0 0
15

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

found.
20
EXAMPLE 6
aq Resistance Under Humidified and Condensation Conditions
Production Line m rd
An additional test illustrates sag resistance provided by the
25 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
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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ceiling. The ceiling area was 8 foot x 8 foot, with 2 foot x 8 foot framing

and 24 inch o.c. The room space was enclosed by a 6 mil poly vapor

barrier at its top and sides, and the humidity of the room space was

5 elevated to obtain controlled 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 enclosures 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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A test was performed over a nineteen day period using the
following material: %2 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 Production Line Gypsum Board Nail Pull Resistance
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
of trimetaphosphate ion and were compared with control boards
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above. The method of preparation of the boards was as described in
EXAMPLE 5.

The pregelatinized starch employed in the tests was PCF1000,
commercially available from Lauhoff Grain Co. The non-pregelatinized

20 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 4x6xYz inches (the 4 inches being in the production line
direction) were cut from the boards. Each of these smaller board

25 -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
and 90 percent relative humidity and then removing the wet cloth and
allowing the board sample to slowly dry in that same environment until

-44-



39%40%& ()-_?vU4 2 L DEC 2002

. 1090$D& () -M 109D$D& () - M 1090$D&' () - M 10%D$D&' () - M 10%D$D& () - M 10%D$D&’ (
)-M ", 7= _2vU4

. 1090$D& () - M 10%D$D& () - M 10%D$D& () - M 109D$D& () - M 109D$D&' () - M 109D$D&’ (
)- ME>S@GKL” <vU4  #3 -

. 1090$D& () - M 10%D$D& () - M 10%D$D& () - M 10%$D& ()-M#3 LPRW\ " DvU4
#3. 109D$D&' () - M#3

. 1090$D& () - M 10%D$D& () - M 10%D$D& () - M 109D$D& () - M bgkl nrs{ ?2410%

10088 () 10V Che Mot RBRS A R e FOhS St Oy

10$D10%$" <E410$#3jeep stranght score was then made in the rear surface of the board
HHOI 10%mX#m&' () -91 1 | 10%XH#mE 9l 10%mX#ME (
HH6TYZ[ \ aTG 10162 ‘i ‘gz%# o) a”@ﬁﬁf/@'iig‘ ‘P 0%%‘101(5%@ {"Fb edges. The

100%€ () - 91 10%miEaR (dorb K

“oLl 10t(y?2e$z& ()- 9oL 9%&"%%5“{‘ )5@ Soppet st 9sfﬁﬁeo&«é3hf’)u t ORI Yz ()- v
vU4 10%~Bs& ()stressmgsthemqe)o@tme%eetsﬂe(oitheﬂbuw&mr(e) larger (2Y2x6
(10Ze$2102e$210

7e$7 . 910%Ze$
#. 56W \ kK3410% %‘3@% DR66s Oﬁag( boakshsample )Vafo%ﬂ!#é@!aéﬁjd and forced
L0% S8 ()| b1 NG e dmdEgiBeE s RaSsadhdn ko 107
S& ()-sW41l0%~#s&' () -10%s~#s& 109%s~#s& () - 1 ) - xX@1
096~#s& () - 10%swmq Joar Gustate &Ip( jn Araiemptid jores mwx:pap@%;nmacp 109 ~#

& ()-10%~#s& 10%s ~#s &
; *(12)%#& ?) ) ( g %P)agc} t Qﬁsfbw&)’g%om l?\kflf{gg{@l gse- ,@# Afgérég was
| 10% #. &10) - +VU4ncre§éQ%B&tn( ihe tvﬂ@&@?& élbcéé)#ééﬂ%l%npfél&%’%a@ “The face

Sy210%#& ()- =~ 3-!110%t& R I 109%#& () - F10%& ()-@f"
110%& ()- X | mowiage(gf-t eslargemwga was thememu@d tq/datergmm/@nzemt)

o151 109" & () E100599 B Eulticn e 1CY Babet st oulBe rbofil () '

10%" z& () - Yi s_"1udph the core greferred to as “clean peel”). This gercentage is reported

95! 10%" z& ()-C5! 10%" z& () - C5! 10%" z&' () - Ilofya z 10%"z& ()-C5! 10
%" z& ()- CuY9vu4n TABLE 8 as the “% Bond Failure”.

51 10%" z&¢() - C5! 10%" z& () - Cz) ?} 2! 5! 109 (Q-C5!10%" z& ()-C5! 10%" z& () -
51 10% " 285 FABEEQ

5!'10%" z& () - G5! 10%" z Pfoductivr L HebGYPSETvBOANd PapdiBEnd KalureCS! 10%" z&' () -

CuYovWu4
51 10%" 28 () - C5! 100 HBOND o) 7[R PMFO%" 2& ()PeP1ae0e" 28] 1 BeRA1PY" 2& () -

CuY9vU4 Concentratlon Concentratlon Concentration | Failure

51 109" 2& () - C5! 109aafirtnl-?) 7} Phidha) 2& (\werint@lf " 28] fohy C5! 1p%" 2& () -

C % +. 4uY9vU4
51 10%" z&(( ) - C5! 10%a@y.gd () - Cz) ?}29 5! 10%&" z& ()0 C5! 10%" z&} g¥- C5! 1p%" z& () -
C49>CDEJuY9vWU4
5! 10%" z& () - C5! 10%60.8@ () - Cz) ?}[20.8B10% " z& (|)0@ C5! 10%" z&| Y- C5! 1p%" z& () -
CIOTYZ[ " uYov U4
5110%" z& () - C5! 109:0-9& () - Cz) 2} P0-6B10% " z&' (|)@ 5! 10%" z&] Y- C5! 1p%" 2& () -
C ej opq{uY9vU4
51 100" 2& ()- 5! 1092-0% () - ) 219881006 78 ()Q-361 100" 281 #8- 51 109" 2& () -
G uz9va
IE_O%’\#A& ()-5'10%" 969\ C2)-2} 7LR?9§04L19 A &?%00/.7 Z'&—F_OGQ-;Q%Z"Z&' ()-C7
vU4 S10%Z5 & () - ( '3%1.98/035 & () 1p6330#10# 910%82() C "1 109%#K& (] -
TT10%& () - % @U [S—E0% &€ NS )—11090 &)= 109$ &) - C 910%
$&()- 10%$ & ()03&+467AthU408 10% $ & (DO 10% 83

The data in TABLE 8 show that in regard to the problem of paper-

—

to-core bond failure after extremely wet conditioning: STMP aggravates
the problem; increasing the concentration of typical non-pregelatinized
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starch (HI-BOND) does not alleviate the problem; adding some
pregelatinized starch (PCF1000) alleviates or eliminates the probiem.

EXAMPLE 9

5 Post Treatment of Calcium Sulfate Dihydrate
In some alternative preferred embodiments of the present

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
10 dihydrate cast, to increase strength, resistance to permanent
deformation (e.g., sag resistance), and dimensional stability of set
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
15 (e.g., sag resistance) and dimensional stability o an extent similar to that
achieved by the embodiments wherein trimetaphosphate ion is added to
calcined gypsum. Thus, the embodiment wherein the trimetaphosphate
ion is added to set gypsum provides new compositions and methods for
making improved gypsum-containing products, including but not limited
20 to boards, panels, plasters, tiles, gypsum/celiulose fiber composites, etc.
Therefore, any gypsum based product which requires strict control over
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
25 -  weight) into gypsum cast by spraying or soaking with an aqueous
solution containing trimetaphosphate ion and then redrying the gypsum
cast.
Two methods of post treatment of set gypsum are as follows.
1) Stucco and other additives
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(dry) plus water to make slurry 2)

! Stucco and other additives
Foam (for weight or density (dry) plus water to make slurry

reduction) !

5 | Mixing/Stirring (wet)
Gypsum cast/final set and dry l

! Gypsum cast/final set

Post treatment with STMP !

(spray or soaking) Post treatment with STMP

10 l (spray the surface)

Redry gypsum cast !

l Dry gypsum product
Improved gypsum product !

improved gypsum product

15
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
20 calcium sulfate dihydrate cast.

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

25 have any solution applied to them after gypsum cast/final set and dry.
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
30 dried gypsum cast, and was then redried. The board identified as Gyp-
STMP solution had an aqueous mixture saturated with gypsum and
containing 1% by weight trimetaphosphate ion applied as a spray to the
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set and dried gypsum cast, and was then redried. In general, it is
preferred to have the solution to be sprayed contain a concentration of
trimetaphosphate ion in the range of 0.5% to 2%. The final 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
board.

EXAMPLE 10
Treatment of High Sait Material

Other embodiments the invention concern set gypsum-containing
products prepared from mixtures of calcium sulfate materials and water
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, more usually 0.02-1.5 weight percent). 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, 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 burning,
low resistance to permanent deformation, low strength, and low
dimensional stability.

The tests included in Table 9 concern gypsum boards prepared
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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. 10%m<m&’ () - >q
. 10%mt<m&’ () - >c:
. 10%m<m&’ () - >q
. 10%m+<m& () q c.

10%m+<m& () - >q

. 10%mr<m& () - >q
. 10% c. 10%n+<m&’ () g c. 10%n+<m&' ()->q c. 10%m-<ng ()->q c. 10%n+<rr& () ->q

. 10%m+-<mg&! () >q z@;ﬂ
.10% c. 10%m+<rr& (Q@p csta <ﬁ&90)hlng|e[: (m%rs (m 'i;qble 1®P/ahlonde($alt>q

10

c. 10%m<n& ()->q c. 10%m<nmg& ()->q 2 L DEC +
d:h:j:t:y:bB? UHg c. 10%) c. 10%m<m& ()->qg c. 10%m<m& () ->q

c. 10%m+<m& ()->>Aol )/#( .y:::::: _?.UHg c.10%
10%m<m&' () ->qg c. 10%m+<m& ()->q c. 10%6m+<ng! ()->q

c. 10%mk<m&' ()->::::::bB?. UHg c.10% c. 10%m<m& () ->q

c. 10%m+<nm&' () ->q c. 10%m<n& ()->>Aol )/ #( .:::::: _?.UHq

ClO%n’r cl/cm+<m& A

otherwise prepared and treated in a manner similar to that previously
described in Example 5. As shown in Table 12, the treatment results in
an increase in nail pull strength (measured in the same manner as
Example 4, i.e., ASTM C 473-95) and provides better bond performance
(measured in the same manner as Example 8) as compared with control
boards.
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c. 10%m+<m& ()->q c.
YI#( . _?.UHg
c. 10%m-<m&' ()->q c.
c. 10%m+<m& ()->q c.
YI#(C .55 7. UHg
c. 10%m<n& ()->q c.

10%mt<m&' () ->g c. 10%m<m& ()->q c. 10%mt<n®&’ () - m 00
C. 10% c. 10%mn<m& () q c. 10%m<m& () ->q c. 10%mime iy Lf2
10%m<m& ()->q c. 10%m<m& ()->:::; ;;bB?. UHg c.10%
10%m+<m&' () ->q c. 10%m<n& () ->q c. 10%n+<m& () - >>Aol
c.10% c. 10%m<m& ()q c. 10%m<nm& ()->q c.10%m<m& ()->q
10%m+<m&' ()->q c. 10%m<m& ()->;; ;*;-;.;/;0;,aTG UHg 10~;

10~; 10~ ?&Y10%-; & ()- 2&Y10% & ()-g c 10%mr<m& ()->>Aol )/#(".0;C ~;
;<We<| [ UHg &110%8& |69 - fL0%8& LIS | JIPIYEER! () - , f10%-8& ()->
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EXAMPLE 11
Treatment of Calcined sum with Various Enhancing Materials

In the example of the preferred embodiments previously

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

5 general, any enhancing materiais 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

condensed phosphoric acids, each of which comprises 2 or more

10 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
trimetaphosphate having the molecular formula (NaPQ,),, sodium

15 hexametaphosphate having 6-27 repeating phosphate units and having
the molecular formula Na,,,P,O,,,; wherein n=6-27, tetrapotassium
pyrophosphate having the molecular formula K,P,0; trisodium
dipotassium tripolyphosphate having the molecular formula Na,K,P,0,,,
sodium tripolyphosphate having the molecular formula NagP,0,,,

20 tetrasodium pyrophosphate having the molecular formula Na,P,0,,
aluminum trimetaphosphate having the molecular formula Al(PO,),,
sodium acid pyrophosphate having the molecular formula Na,H,P,0;,
ammonium polyphosphate having 1000-3000 repeating phosphate units
and having the molecular formuta (NH,),,,.P,Os,., wherein n=1000-3000,

25 or polyphosphoric acid having 2 or more repeating phosphoric acid units -
and having the molecular formula H,,,,P,O;,., wherein n is 2 or more.
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Results of using such enhancing materials to treat calcined
gypsum are shown in Tables 13, 14, and 15.
In Table 13 various enhancing materials were used to treat
calcined gypsum in the process of preparing gypsum boards and cubes.
5 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
trimetaphosphate ion. Humidified sag deflection was measured in the
10 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 polyphosphoric acid was used to treat calcined
gypsum in the process of preparing gypsum boards and cubes. The
15 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
trimetaphosphate ion. Humidified sag deflection was measured in the
20 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
caicined gypsumin the process of preparing gypsum boards and cubes.
25 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
trimetaphosphate ion. Humidified sag deflection was measured in the
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same manner as previously described in Example 2. Compressive
strength was measured in the same manner as previously described in
Example 1.
The results in Tables 13, 14, and 15 show that all materials tested
5 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
permanent deformation compared with the controls.
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EXAMPLE 12
Treatment of Calcium Sulfate Dihydrate Cast with Various Enhancing
Materials

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,
and increased strength) in treatment of calcium sulfate dihydrate cast.
The generally useful enhancing materials are: phosphoric acids, each of
which comprises 1 or more phosphoric acid units; salts or ions of
condensed phosphates, each of which comprises 2 or more phosphate
units; and monobasic salts or monovalent ions of orthophosphates.

Results 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
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
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 described in
Example 2. Compressive strength was measured in the same manner
as previously described in Example 1.

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
to exhibit significant resistance to permanent deformation and significant
increased strength compared with the controls.
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Those of skill in the art will recognize that in the manufacture of
set gypsum-containing products in accordance with the present
invention, a wide range of pH can be used, i.e., greater than or equal to
3.5.

In the manufacture of gypsum board in accordance with the
present invention, the operating pH range will preferably be about 5.0 to
9.0, and more preferably about 6.5 10 7.5.

EXAMPLE 13
Qvercoming Retardation and Decrease in Strength

In pre-set treatment of calcium sulfate material in accordance with
the present invention, it has been further discovered that some
enhancing materials will retard the hydration rate of formation of set
gypsum and adversely effect the strength of the set gypsum-containing
product. It has been discovered that this retardation and the adverse
effect on strength can be ameliorated or even overcome by including in
the mixture an accelerator in an appropriate amount and manner. This
is shown in the following Table 17. A slurry was made in accordance
with Example 1 above, and sodium hexametaphosphate was used as an
enhancing material. A portion of the slurry was tested using ASTM C
472 to determine the time required to reach 98% hydration of set
gypsum. Another portion of the slurry was used to make cubes in
accordance with Example 1 to test compressive strength. Any of the
materials known to be useful to accelerate the rate of formation of set
gypsum can be used for this purpose. A preferred accelerator for this
purpose is the accelerator previously identified above in Example 1.
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gypsum board is typically modified by wetting the board with water to

weaken the board and make it more flexible and then modifying the

shape of the board as desired and then waitir_wg_ for the board to dry.

However, this prior technique gives rise to many manufacturing and

installation disadvantages since the wetting required to weaken the

board and make it more flexible so that it can be modified to a desired

shape takes a significant amount of time, i.e. at least one hour or more,
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210%<: & () -= 21004begboard-s 2\90mo@rmwemmwwwmmmmodﬂyotmsaapye
u: &' -=
2109 & () 2103Mh& Bord as desired. Thati is, more force is required to modify the
5 shape of the board as desired, and if too much force is applied, the
board will break. Thus, there is a great need for methods and
compositions that will decrease the wetting time and improve the ease
of manufacture and installation of gypsum board of desired shape.
In accordance with a preferred embodiment of the present
10 invention, for example, a flat gypsum board can be sprayed with an

aqueous chloride solution containing any enhancing material (as

described in the above examples and summary of the present invention)

to weaken the board and make it more flexible. The weakened and more

flexible board can then be easily modified to a desired shape with less

15 force than prior techniques, and the desired shape in the modified board

will be maintained after the board is dried because of the beneficial

effects of the enhancing material, particularly the resistance to
permanent deformation.

More specifically, for example, it has been discovered that 5/16”,

20 3/8", and %" thick regular flat gypsum board can be modified to a desired

shape by weakening the gypsum board by spraying a chloride sait

solution or a combination of various chioride salt solutions (such as

sodium chloride, calcium chloride, magnesium chloride, potassium

chloride, aluminum chloride, etc.) containing an enhancing material as

25 previously described to the board. To achieve the most preferred

results, a wetting agent (such as Tergitol NP-9 surfactant from Union

Carbide Chemical & Plastic Company, inc.; Neodo!® 1-7 and Neodol® 1-5

from Shell Chemical Company, and lconol TDA-6 and lconol DA-6 from

BASF Corporation) can be applied to obtain a quick and efficient
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210%K: & () - =5Wiveikemng trezment. A stazhqesucizas }Sxapol 580 and Stapol 630 from

210%: & () -= v.US f+2.2109: & - 009 = 21QuK: &

Sionk & )2 T ib k. shaie WadRhciGagd Botirid van i (S i ipretpyne rinal

210%C & ()-=

21p4pero(dore b%h@%dgér(ﬁanéeiiﬁe%e&gfﬁ ofthe modified board. A
defoamer could be included in the salt solution if foaming becomes a
5 problem due to foaming characteristics of wetting agents.

In the preferred embodiment, the above salt solution and other
treating materials are applied to one side of the board, whereas the other
side is untreated to maintain the tensile strength on the untreated side
of the board to prevent breaking of the board during modification of its

10 shape.

The treated board can be, for example, any typical paper covered
gypsum board, with any of the typical additives and gypsum formulations
of such board. In the preferred embodiment, the board has internal
reinforcing materials, such as discrete fibers (e.g., glass, paper and/or

15 synthetic fibers).

In accordance with the present invention, gypsum boards of any
size and thickness can have their shapes modified. In accordance with
the preferred embodiment of the present invention, the shape of 5/16",
3/8", and 2" paper covered gypsum board was modified by treating one

20 side of the gypsum board with a “bending” solution comprising (based on
total weight of solution) 0.05 weight % of sodium chloride, 0.05 weight %
of sodium trimetaphosphate, 0.05 weight % of Tergitol NP-9 surfactant
(wetting agent), and 0.025 weight % of Stapol 580 (modified corn starch).
Paper covered gypsum board sheets of 4'x4' of USG SHEETROCK®

25 brand wallboard of various thickness were sprayed with the preferred

bending solution identified above, in a manner sufficient to soak the

5/16" board with about 2 pounds of bending solution, the 3/8" board with

about 4 pounds of bending solution, and the 2" board with about 6

pounds of bending solution. Tests were run by treating one side of the
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shown in Table 18.
As shown in Table 18, the shape of gypsum wallboard of various
5 thicknesses can be modified as desired after treatment in accordance
with the present invention. As shown, the length of time needed
between bending solution application and board bending was a matter
of minutes rather than the hours required in the prior art techniques.
The minimum bend radius (i.e., a measurement of the degree of
10 bending achievable; the smaller the radius the greater the degree of
bending achievable) is shown in Table 18 for each board thickness. In
each case, the minimum radius is significantly smaller than can be
achieved with previously known techniques. As usual, the boards can
be bent further in the inherently weaker widthwise direction.
15 A preferred method of treatment and installation of gypsum board
at a construction site is as follows.

Take chioride salts, starch, enhancing material, wetting agent, and
desired amount of water
l
20 Gently mix them together to obtain a uniform bending solution
!

Spray bending solution on one side of gypsum board
| wait for 5-25 minutes
Bend gypsum board to desired curvature, install the board, and allow

25 board to naturally dry

Usage level by weight of solution: 0.05-1% chloride salt; 0.05-0.3%

wetting agent; 0.05-0.5% enhancing material; 0.025-0.2% starch.

Further, a defoamer (e.g., FoamMaster from Henkel Corporation) can be
30 included in the bending solution in an amount by weight of solution of

0.01-0.05%, if necessary.
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10 " 25 minutes 36" 28"

The invention has been described in detail with particular
reference to certain preferred embodiments thereof, but it should be
appreciated that variations and modifications can be effected within the

15 spirit and scope of the invention.
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3% ()-8 g accelerator, 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 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 an interlocking matrix of set gypsum material,
the enhancing material or materials having been included in the
mixture in an amount such that the set gypsum-containing product has
greater resistance to permanent deformation than it would have if the
enhancing material had not been included in the mixture,
15 the accelerator having been included in an amount such that the
set gypsum-containing product has greater strength than it would have if

the accelerator had not been included in the mixture.
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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.

5. The method of Claim 1, 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, tetrapotassium pyrophosphate,
trisodium dipotassium tripolyphosphate, sodium tripolyphosphate,
tetrasodium pyrophosphate, aluminum trimetaphosphate, sodium acid
pyrophosphate, ammonium polyphosphate having 1000-3000 repeating
phosphate 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 suifate anhydrite; calcium sulfate

hemihydrate; or ions of calcium and sulfate.
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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 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.

11. 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.

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

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

5 torming or depositing a mixture between the cover sheets,
wherein the mixture comprises a calcium sulfate material, water, an
accelerator, and one or more enhancing materials chosen from the group
consisting of: condensed phosphoric acids, each of which comprises 2
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# phosphates, each of which comprises 2 or more phosphate units, and
maintaining the mixture under conditions sufficient for the calcium
sulfate material to form the interlocking matrix of set gypsum,

5 the enhancing material or materials having been included in the
mixture in an amount such that the gypsum board has greater sag
resistance than it would have if the enhancing material had not been
included in the mixture,

the accelerator having been included in an amount such that the
10 gypsum board has greater strength than it would have if the accelerator
had not been included in the mixture.

14. The gypsum board of Claim 13, wherein the concentration of
the enhancing material in the mixture is from about 0.004 to about 2.0
16  percent by weight, based on the weight of the calcium sulfate material.

16. The gypsum board of Claim 13, 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.

20
16. The gypsum board of Claim 13, 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.
25 17. The gypsum board of Claim 13, 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,
tetrapotassium pyrophosphate, trisodium dipotassium tripolyphosphate,
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polyphosphate having 1000-3000 .repeating phosphate units, or
polyphosphoric acid having 2 or more repeating phosphoric acid units.

18. The gypsum board of Claim 13, wherein the calcium sulfate
material comprises one or more of: calcium sulfate anhydrite; calcium
sulfate hemihydrate; or ions of calcium and sulfate.

19. The gypsum board of Claim 13, wherein the calcium sulfate
material comprises calicium sulfate hemihydrate.

20. The gypsum board of Claim 19, 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.

21. The gypsum board of Claim 13, 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.

22. The gypsum board of Claim 13, wherein the mixture
comprises 0.02-1.5 weight percent (based on the weight of caicium

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

23. The gypsum board of Claim 21, wherein the mixture further
comprises a pregelatinized starch.
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27. The gypsum board of Claim 24, 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.

28. The gypsum board of Claim 13, wherein: the core has voids
uniformly distributed therein; and the mixture further comprises an
aqueous foam.

29. The gypsum board of Claim 28, whaerein the aqueous foam
has been formed from a foaming agent, or a blend of foaming agents,
having the formula

CH,(CH,),CH,(OCH,CH,),0S03e Mo
5 wherein X is a number from 2 to 20, Y is a number from0to 10and is 0
in at least 50 weight percent of the foaming agent or blend of foaming
agents, and M is a cation.

30. The gypsum board of Claim 29, whersin Y is 0 in from 86 to
99 weight percent of the foaming agent or blend of foaming agents.
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one chloride salt, a wetting agent, and one or more enhancing materials
chosen from the group consisting of: phosphoric acids, each of which
comprises 1 or more phosphoric acid units; salts or ions of condensed
10 phosphates, each of which comprises 2 or more phosphate units; and
monobasic salts or monovalent ions of orthophosphates, and
applying the uniform aqueous solution to a gypsum board in an
amount sufficient to weaken the gypsum board to allow the shape of the
gypsum board to be modified,
15 modifying the shape of the gypsum board as desired,
and allowing the gypsum board to dry to produce the shaped
gypsum board,
the chloride salt, the enhancing material or materials, and the
wetting agent, having been applied to the gypsum board in an amount
20 such that the modified shape of the shaped gypsum board is achieved in
a shorter time and the shaped gypsum board has greater resistance to
permanent deformation than if the chloride sait, enhancing material, and
wetting agent had not been applied to the gypsum board.

25 33. The method of Claim 32, wherein the applied solution further

comprises a pregelatinized starch.

30
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36. The method of Claim 32, wherein the applied solution has
a wetting agent concentration of 0.05-0.3% by weight of solution.

37. The method of Claim 32, wherein the applied solution has
an enhancing material concentration of 0.05-0.5% by weight of solution.

38. The method of Claim 33, wherein the applied solution has
a starch concentration of 0.025-0.2% by weight of solution.

39. The method of Claim 34, wherein the applied solution has
a defoamer concentration of 0.01-0.05% by weight of solution.

40. The method of Claim 32, wherein the gypsum board is a
paper covered board.

41. The method of Claim 32, wherein the uniform aqueous
solution is applied to only one side of the gypsum board.

42. A shaped gypsum board prepared by th; method of Claim
32.

43, A method for producing a shaped gypsum board

comprising:
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permanent deformation than if the chloride salt, enhancing material, and

wetting agent had not been applied to the gypsum board.

20
44, The method of Claim 43, wherein a solution comprising a
pregelatinized starch is also applied to the gypsum board prior to board
drying.
25 45. The method of Claim 43, wherein a solution comprising a

defoamer is also applied to the gypsum board prior to board drying.
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46. The method of Cfaim 43, wherein the applied solution
comprising the chioride salt has a chloride salt concentration of 0.05-
1.0% by weight of solution.

47. The method of Claim 43, wherein the applied solution
comprising the wetting agent has a wetting agent concentration of 0.05-
0.3% by weight of solution.

48. The method of Claim 43, wherein the applied solution
comprising the enhancing material or materials has an enhancing
material concentration of 0.05-0.5% by weight of solution.

49. The method of Claim 44, wherein the applied solution
comprising a starch has a starch concentration of 0.025-0.2% by weight
of solution.

50. The method of Claim 45, wherein the applied solution
comprising a defoamer has a defoamer concentration of 0.01-0.05% by
weight of solution.

51. The method of Claim 43, wherein the gypsum board is a
paper covered board.

52. The method of Claim 43, wherein the chloride salt, the
enhancing material or materials, and the wetting agent are applied to
only one side of the gypsum board.

53. A shaped gypsum board prepared by the method of Claim
43.
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