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An acoustical tile composition based on a gypsum/cellulosic fiber composition which can replace all or a portion of the mineral
wool nommally present in acoustical ceiling tiles. The gypsum/cellulosic fiber composition is combined with a lightweight aggregate
material and a binder to form a composition which is used in a water-felting process to manufacture acoustical ceiling tiles and panels.
" | The preferred source of the cellulosic fiber is a composite gypsum/cellulose fiber material which is prepared by mixing the gypsum and
cellulosic fiber material with sufficient water to form a dilute slurry which is then heated under pressure to calcine the gypsum, converting
it to an alpha calcium sulfate hemihydrate. ‘The resulting composite material comprises cellulosic fibers physically interlocked with calcium
sulfate crystals. Another source of both gypsum and cellnlosxc fibers is waste (scrap) gypsum wallboard, Expanded perlite is the prefesred
llghtwelght aggregate material.




ceiling tile. In this process, a dispersion of m neral wool ,

-ty

| i ght wei ght aggregate, binder and ot her. I ngredi ents as desired or
necessary is flowed onto a . novi ng foram nous support wire, such as
that of a Fourdrinier or  Oiver mat formng mnmachine for ‘
dewat eri ng. The dispersion dewaters first by gravity and then vacuum
suction neans; the wet mat is dried - i n heated convection drying ovens,
and the dried WD 96/ 05149 : ' ' -
PCT/ US95/ 09703 ' o - 2- material is cut
to the desired dinensions and - optionally top coated, such as with
paint, to produce acoustical ceiling tiles and panels For
many years, acoustical ceiling tile has also been nmade by a wet pulp
nol ded or. cast process such as described.in U S. Patent No. 1,769, 519.
Accordi ng to. the teaching of this patent, a nolding conposition
conprising granulated mneral wool fibers, fillers, - colorants and a

bi nder, 'in particular a starch gel, is prepared for nolding or casting

the body of the ~tile. This mixture or conposition is placed upon
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sui tabl e trays which have been covered with paper or a metallic foi

and then_t he conposition is screeded to a desired thickness with a
screed b 3O WOSHF | er, A decorative surface, such as dIGRGSA5H8703
fissures, may be provided by the screed bar or roller. The trays
filled wth the mneral wool pulp or conposition are then placed in
an oven to dry or cure the conposition. The dried sheets are
renoved fromthe trays and may be treated on one or both faces to

provi de snooth surfaces to obtaln the desired thlckness and to
prevent war pi ng. : R '

S ont b 5. 320 677 ve disclose a

si ze. conposite
mat eri-al and net hod for naki ng it wherein ground gypsumis cal ci ned
under pressure in a dilute EIW”CG of a cellulosic
fiber. The WO 96/ 05149

PCT/ US95/ 09703 ' ' - 3-

This inventioﬁ relates to acoustical tile
_composmtlons useful 1n manufacturlng acoustlcal tlles
and panels for ceiling appllcatlons. More
particularly, this invention relates to acoustical
tile compositions_based'on a gypsum/cellulosic fiber
composition which can.replace ali or a portion of the
mineral wool normally present in acoustical ceiling
gtlles The invention also 'relates' to a novel

| _gypsum/cellu1051c fiber/lightWEight' aggregate
| materlal compo81tion which is used in a water- feltlng
process to manufacture acoustlcal celllng tiles and
: panels. _ -
BACKGROUND OF THE INVENTION

The water-felting of dilufelaqueous dispersions
of mineral wool and lightweight' aggregate 1is a
.commercial process 'for manﬁfaCturing acoustical
ceiling tlle. In this prooess;' a dispersion of
'mlneral wool 11ghtwelght aggregate, binder and other'
ingredients as desired orx necessary is flowed onto a
moving foram:.nous support w:.re, ‘'such as that of a
Fourdrinier or_ Ollver mat formlng machine for
dewatering ‘The dlspers1on dewaters first by gravity
and then vacuum suction means,_the wet mat is dried

- in heated convectlon. drylng ‘ovens, and the dried



T

uncal ci ned, ground gypsum and the cellulosic fiber are m xed together
wth suwicient water to forma dilute slurry which is then heated
under p WS o cal ci ne the gypsum converting i tPCTUSYSHEI08 M

sul fate al pha hem hydrate. The resulting co-cal cined ~material
consists of the cellulosic fiber physically I nterl ocked with cal cium-
sulfate crystals. This I nterlocking not only creates a good bond :
bet ween t he cal cium,sul fate and the cellulosic fiber, it al so
prevents migration of the cal ci um sul f<2-e away fromthe cellul osic

fi ber when the al pha hem hydrate -~ -is subsequently rehydrated to the -

- di hydrate su (ofc snegsgyn cel Lylpsic fiber

mat eri al canmggegrg'}égd [Qnswe(ﬁ%% elglobegg?e ??ggg%fis ?3%H§E%%ovia ed)a st abl e,
rehydr at abl ecpitpbhaldy eyt dcated, suedpas wdthopaiater tds rofuc natively,
the co- cal cined_material can be directly converted into a usabl e
product by sageugtisgli reidingssikgBepndhPeRels. s not needed for

It 00 of® "k WP YERRN Reoner 8BRS 108 15 Wk TSR ©
gypsuni cel | upgdhC rddeerby 08PRett puly eidlded or cast phbbeks!l stdl
acoustical tiles are very porous -+ which is necessary to provide good
sound. absor pasodescribethdnpU.&. Fatent. ¥o.Pd:,F60,839.. 3 Merding
5,013,405 and 5,047,120} .ol S0 diggl 0ses that mhsral o V0,96 05149
comprising granulated mineral wool fibers, fillefs,-
coloranté and a binder, in particular a starch gel, ‘
is prepared .for Imo_iding. or cast_ing the body of the h
tile. This mixture or composition is placed upon
suitable trays which héve_ been covered with p.ape'r or
a metallic foil and then the composition is screeded
to a desired t_hickness with_ a .'sc_::'reed bar or roller,
A decorative sﬁrfaoé, such E:as. eionga:t;éd fissures, may -
be provided by the screed bar or roller. The trays
filled with the mineral '_wool pu;p or composition are
then placed in an oven to dry or cure the
composition. 'I_'he driold' she_ets are removed from the
trays and way be treated on one or both faces to.
provide smooth ._sﬁrfaoes, to obtain the desired
thickness and to prevent warping. The sh‘éets are
then cut into tiles of a desired size.
In our U.S. Patent No. 5,320,677 we disclose a
composite moteriai and method for making J.t wherein
ground gypsum is calcined un_der pfessure in a dilute

slurry in the presence of a cellulosic fiber. The



_4- fillers, such as expanded perlite, may be I ncorporated into

t he conpa&%ﬁ#@ﬂ”to | mprove sound absorbing properties and to provide
i ght welght. It is an object of this invention tRETHSS0I3an

i mproved acoustical tile conposition for making acousticl es having
acoustical properties conparable. to the mneral wool tiles nade by a
wat er-felting process. The present invention provides a
conposition ~suitable for making acoustical tiles consisting
essentially of gypsum cellulosic fiberLg.a | i ght wei ght aggregat e
material and a binder in which on a dry solids basis there is at |east

b 15% b L, ght, of g nd_at_L . 13% by wei f
el lul ose 11 bepcal®ifea, oriRy Bittn hoa FRe i LolatT Bt ne et tea

conposi tion gyl gbkea Eeéleﬁﬁéknﬁitﬁcgﬁﬁ%g?léntt Wwhedr to £82fSaSting

essentially of mneral -wo0l, gypsum . ulosic: fiber, a |ightweight
aggregat e nat dilate sluamy shiichdds thenhestesh undey prdssisreasds t here
is at | east abouyt ,10% by wei ght of m neral wool, at .| east_ about 10% by

wei ght of gypS@8AFiRg k0 U0 CONVERE ing i to Falciym § t&i ber.

A particular cdmgﬁ? ' TP Y - cellulosic
fi ber conposi lf%plnlgt grglfng'ﬁﬁi’d%%%'ch t etzlge%hpslum z?gdéo %ﬂ%’%ﬁ#ﬁ osic fiber are
co-cal ci ned upgdeeriadsedvnsiists of MH& icEllulogiieriler tgleyidaldpsi c fiber
with the WO 96/ 05149 - o o

interlocked with calcium sulfate crystals. This

" interlocking not only creates a good bond between
‘the calcium sulfate_and'the cellulosic fiber, it
also prevents'migrétion of the calcium sulfate away
from the cellulosic.fiber when the alpha hemihydrate
is subsequently rehydrated to the dihydrate
(gypsum) . - | _' | - |

-The co-calcined gypsum/cellulosic fiber
~material can be dried immediately before it cools to
provide a étable; rehydratable alpha hemihydrate
composite for later use. Altefnéti?ely, the co-
calcined.material can be directly converted into a
~usable product by separating th§ excess water which

.:is not needed for rehydration, fbrming thé composite
partidles_into a desired shape 6? form, and then
rehYdratihg the particles to a set and stabilized
gypsﬁm/cellulosic fibér composite material.

” B Mineral wool acoustiéal.tiles are very porous

..ﬁhich is necessary to provide good sound'abSOrption;'

 The prior art (U.S. Patent Nos. 3,498,404; |

'5,913,405 and 5,047,120) also discloses that mineral



PCT/ US95/ 09703 - 5 calciumsul fate crystals. The

acoustical tiles nade from the conpositions of this invention
have WO 260849 abl e physical properties for use in suspepeiftsesingroscei | i Ng
systens. In addition, the conpositions which contain waste newsprint
and/ or waste (scrap) gypsum wal | board are environnmental friendly.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON - The acoustical tile
conpositions. of this , . invention are based on using a

gypsuni cel | ul osi c ~fiber conpositidﬁ*hs a replacenment, either partial or
conplete, for mneral wool in manufacturing ceiling - tiles or panels:
usi ng a wat erEiElexrsg sucheas expanded pexnlifite amaydbéhe gypsum and
cellulosic fiber, the ' onposition alsp contains a |ightweight

aggr egat e 1n¢ﬁﬁ29¥%ﬁe%ﬂﬁnﬁpth%e$°mEQ%1?%°%BS°a}ﬁﬁxeﬁﬂt%Pﬁnéther :
e R or b SO nd o YA o e fGRETLLY, L0
conposition may. It is an object of thls 1nventlon to prov1de an
| | 1mproved acoustical t11e comp051tlon for maklng |
acoustlcles hav1ng acoustzcal properties comparable
to the mzneral wool tiles made by a water-felt;ng |
process. | |
The present 1nventlon prov1des a composltlon ' l
suitable for maklng acoustlcal tiles conslstlng
essentially of gypsum; celluloslc fiber; a
lightweight aggregate materiel end a binder in which
on a dry solids basis.there is at least about 15% by
weight of gypsum and at least 13% by weight of
cellulose fiber.. o _
The present inyention also provides the wetted
composition suitable for .msking acoustical tiles
~ consisting essentially- of Mineral wool, gypsum,
cellulosic fiber, a lightweight .aggregate material
and a binder, in which.on a dry solids'basis there
is at least about 10% by weight_of miﬁerel wool, at
least_about_lo% by weight of gypsum and at least 13%
by weight of cellulose fiber. A particularly
preferred compos;tlon employs a gypsum/cellulos;c
fiber composite material in whlch the gypsum and
cellulosic fiber are ‘co-calcined und_er' pressure to

physically interlock the cellulosic fiber with the



contain some mneral wool (in reduced anount), however, it has .

been founqw%ggk e conpositions of this invention can be used to nake
mner al ree acoustical tiles and panels. - PCT/Ts05/09703t he
key ingredients in the novel acoustical tile conposition of this

I nvention is gypsum (cal cium sul fate di hydrate). The solubility

of the gypsumin the processing slurry enables the gypsum to

function as a flocculants in the WD 96/ 05149 '

PCT/ US95/ 09703 formulation. ~3this flocculating function

provi des ~uniformdistribution of fine particles (clay, gypsum

perlite and smamgﬂumrsulﬁammtcmmatamsinngneacousﬁnggés@mﬁys magde t he

Barcrol co t endean *Eha’ Eheasi S0 pbm il e TEveBEtehy MR ssi ng
The' pr esence 25 gypsuﬂéﬁfﬁmfl°i°r"5?§¥-‘%§;t€%*ﬁ”ﬁ%?sé*‘B?%‘ﬁ%%%dé@t
de-aggloneratbailmng gystems. nmheradditidmes tHe fcompesimigns asttickrel | ul ose
fi ber contain waste hewsprint and/or waste (scrap) gypsum
wallboard are environmental friendly. o
DETAILED DESCRIPTION OF THE INVENTION
The acoustical tile compoéitions of this
‘invention are based on using a gypsum/cellulosic
fiber composition as a replacement, either partial or
complete, for mineral wool in nmnnfacturing ceiling
“tiles or panels using a water-felting_ process. In
addition to the gypsum and cellulosic fiber, the
composition also contains a lightweightl éggregate
material and a binder, and it may also contéin other
"additives,asuéh as clay, flocculant and surfactant,
normally included in acoustical ceiling tile
" formulations. As noted above, the_cbmposition may
contain some mineral wool (in reduced émount),
" however, it has been found that the compositions of
this invention can be used to make mineral wool-free
acoustical tiles and panels. N | .
 one of the key ingredients in .:he novel
acoustical tile composition of this inventién is
gypsum (calcium'Sulfate_dihydrate). The solpbiiity
of the gypsum in the processing slurry enables the

gypsum to function as a flocculant in the



slurries. The de-aggloneration or dispersant function provided
by the ggayn1 enables the processi ng of a higher slurry consistency
(% soli (%ﬁ 4¥hi ch reduces the amount of water to be I EPOTES95100753 t he
mat and increases the production rate. The hi gher slurry
consistency also enables t he entrai nment of nore air during
formation of the mat, ‘and this inproves the sound. absorption property
in the dried product. , _ I'n addition to the processing benefits
provi ded . by the gypsum it also i mp=oves the properties of the -
acoustical tile,. The presence of the gypsum. replacing the

mneral  wook o B8 ichRar t i fhig Or floco i} ©)furbtiils | {@lelsOn,
provi des a significant i nprovenent 1 n the surface hardness of the
panel s. thée formr dietiribution bér fives pafrtikdeeci(cilay, pgypissm, al so

rovi des good surface texturin e.q. fissuring, : 6/ 05149
gCT/U595/89799r1ite an 'star%hs n the we% _mat gg&gﬁ@rf&h&tion,

etc.).  Thebhaghshgvel ofn C@hdl! a8Bence of | N3 g 10lcRR 160 but e to
EITEI’I S. e Jf

t hese i nprov surface snoothness of the acoustical panels
may al so acthen|, Mmuleyvefiy ahé Guphudedmimb\paetitles otehdie to

surface after drying may be elimnated. _The gypsum i n the panels
al so provi demigwptevdip fthe posfom ief the mat during processing
k which adveiéelY'affects drainage of the water from
the wet mat.  The presence of -gypsum in the
formulation also provides de-agglomeration of the '
mineral fiber (if ©present) and cellulose fiber
slurries. The de-agglomeration or dispersaht
function pfovided by the gypsum enables the
pfoceséing_of a.higher slurry consistency (% solids)
which reduces the amount of water to be removed from
the mat and increésés the production rate. The
higher 'slurry . consistency ' also . enables _ the
entrainmeht of more air during formatian'of';he mat,
and this improves the sound absorption property in
the dried product. o
In'addition':o the processing benefits provided

by the gypsum, it also improves the properties of the
acoustical tile. | The présence ‘of the gypsum,
replacing the ‘mineral wool fiber (éartial or
complete) in the formulation, provides a significant
improvement in the surface hardness of the panels.
The improved surface hardness of the.céiling panels

also provides_good surface texturing (e.g. fissuring,



I't has al so been f ound that . the gypsuni cel l ul osic
-fiber . fornulation does not springback (swell) after the wet

pr essi ngVQOMYi ng operations conpared to formRCGAYIIHEI703
cont ai ni ng m neral fiber. The non-swelling characteristics of

the mneral wool-free ceiling tile indicates that the dry mat

t hi ckness can be precisely determ ned or controll ed during the wet
pressi ng operation, thereby ~elimnating the need to apply aflller
coat or .to sand the dry mat to cefM<ol the thickness for

finishing the panel. The gypsum source may be calciumsul fate -

dhydrate, — egditbracion CéxIE\é'd) Or'rnéamgneﬁl ldwel of hamiiygd e and

t hen rehydrat fnative ypsum source nay be cal ci um

sul f at e -hem h¥dkgire may alsy tdmmr:muﬁmtno trhesad mmpmy)ememtsc.al cthen sul fate
anhydrite. As nore fully discussed_ bel ow, the gypsu may be

co- cal ci ned wisurfacee|smoaidnegs oL rrﬁh%rﬁﬁpuﬁ‘élcal PaFGﬂ- f Y cﬁiﬁﬁfbm te

T ey, " b pPiRedy 1Y the _gybgax%f'wcé&eew anGRhg UBES Ut ©
PCT/ US95/ 09703%yrface after drying may be eliminated. The gypsum
in the panelé"also provides improved fire properties.

It has also been found that = the
gypsum/celluldsic ' fiber formulation does mnot
springback (swell) after the wet pressing and drying
.operatiozis compared to formulations containing
mineral fiber. The non-swelling characteristics of
the mineral wool-free ceiling tile indicates that the
dry mat thickness can be precisely determined or
controlled during the wet pressing operation, thereby
eliminating the need to apply a filler coat or t';o
sand the dry mat to control the thickness for
finishing the panel. '

"The gypsum source may be calcium sulfate
dihydrate, either wuncalcined or calcined to
'ﬁemihydrate and then rehydrated. Alternatively, the
gypsum source may be calcium sulfate hemihydrate‘
(with or without co-calcining) or calcium sulfate
| a'nhydrite. 'As more fully discussed below, the gypsum

may be co-calcined with a cellulose fiber material to
' form a compos:.te material of cellulose fibers

' interlocked with calcium sulfate crystals.



-8- Anot her key ingredient in the novel acousti cal tile
conposiﬁ}ggﬁ Pf this invention is the cellulosic fiber. Several types
of cel | YO8 hor have been evaluated in these conpecIvussosrz !t is
wel | known to use newsprint in acoustical tile formulations, and

both hammerm || ed and hydropul ped newsprint have been: evaluated in

t hese conpositions. Refined paper - fibers and wood fiber may al so
be used as the source ,of the cellulosic fiber, however, it has been
found that ceiling tiles nade -@+th wood fiber, either

sof twod or hardwood, are nore difficult to cut with a knife at the .

I nstallation sitea, h r %?QEEE anfl a nsi ve
source of the ce|fﬂ|°§§|éic’ %?330 %Iu er. ?It 1n é}%er;rrle %Ir'rg g%&?g:ggof t he
cellulosic ftbke compositionsnpbsthésgipventiehl dboshef ckdludebécri al which
has been, co-cal cined as disclosed in_U_S. ,Patent No. 5, 320, 677.

As di scl osedEib@Fei n Sawexali ey piumellulasd coifikar WRave oPeBBRper fibers

o e 8 1n"thipS BRI ASERET 8 A8 ta it Bbr T
to an  algbe newdpdiN® ifuldedustical tile formulations, and '
both hammermilled and hydropulped newsprint have been
evaluated in these compositions. Refined paper
fibers and wood fiber may also be used as thé sburce
of the cellulosic fiber, however, it has been found ‘
that ceiling tiles made with wood fiber, either
softwood or hardwood, are more difficult to cut with
a knife at the installation site. Furthermore, wood
_fiberé'are a more expensive source of';he cellulosic
fiber. | | -
A préferred source of the-celluldsic fiber is a
composite gypsum/celiulose fiber material which has
been co-calcined as disclosed in U.S. Patent No.
5;320f677. As disclosed therein, uhcalcined gypsum
and either wood or paper.fibers are mixed together :
with_éufficient water to form a dilute slurry which
is then heated under pressure to calcine the gypsum,
converting it to an __alpha calcium sulfate
-hemihydrate. | The resulting composite material
comprises cellulosic fibers physically inﬁerlocked
with calcium sulfate crystals. The composite
material can bé dried immediately beforé it“copls to

provide a stable, but rehydratable calcium sulfate



heni hydr at e. The resulting conposite materi al conpri ses

cel |l ul OS%V%JJIOQ‘%S physically interl ocked with calcium sulfate

crystal s’ e conposite material can be dried i mRI/E3985009708ef or e
it cools to " provide a stable, but rehydratable calciumsulfate WO
96/ 05149 - ' PCT/ US95/ 09703

hem hydrate, or the conposite material slurry can be used directly in
manuf cturing the acoustical, tile. 49- has been found that the wuse
of co-cal ci ned gypsuni cel | ul ose fiber conposite material provides an

acoustical til q@;&ﬁ | 0 Nalo) NS ; tihen and

better wet Iapr&en'?]i ng %é'h(r)bvxg\a/‘girl? c?{nﬁé&%e”'g%ggg'g.?gj r?léﬁrg\/\f‘/e?iﬁdb?s har der
to cut with adged edirectlyhdn tmdmefataneing tthgypsousphyalcaile.bl ended
W th paper fiber (newsprint), especially if the Longer and, '
stronger wood ¥4 behas arkeemedfound that thet Hese sk ceCotcabERNed psum and

cellulost < aviBFlAR LR ol e HAPEH 0 Bibsdis e
oyl e 20 g dderen ) S on vy S§A e e 1
retention and better wet lap strength, however, it
| does drain slower and is harder to cut with a knife
than .til.es made with gypsum physically blended with
| _ paper fiber (newsprint), especially if the longer and
~ stronger woed fibers are ueed.

Anothef souf:ce of both gypsum anc'i. cellulosic
fibers is | waste (scrap) gypszim wallboard. It has
been found thet the scrap wallboe:_:'d een be' ;_:jrohnd
~into gypsum pafticies and ‘paper flibers which can be
physically mixed with the other ingredients in an
acoustical formulation to provide a slurry ﬁseful' in
a weter-felting procefs.s for pr_epa'.x:'ing a ceiling tile.

Alﬁemaﬁively, the | gi‘ound scrap Waliboard' can be

- used ae a feed materi.:a-l in a co;calcining p_;roc.ess,

and the co-calcined 'eom.posit'e” gypsum/paper fiber

_ lﬁaterial can be used :Ln a formulation for préparing a
ceiling tile by Wat;er-felt__:i.ng. | |

A third key ingredient in the novel acoustical
tile compositions" of this invention is a lightweight

- aggregat_e “material. . _F_.xpanded perlite is preferred
. for its low cost and perfdrﬁiance. This is not a

novel ingredient, for it is well known in the art to



acoustical fornmulation to provide a slurry useful in a water-felting

process forg&laéoari ng a ceiling tile. Alternatively, the ground
scrap war? can be used as a feed material in a PCFUSISHOTIZN]
process, and the co-cal ci ned conposite gypsunt paper fiber

mat er i aI can be used in a formulation for preparing a ceiling tile by
wat er-fel ting. A third key ingredient in the novel acoustical
tile conpositions of this,invention is a |ightweight - aggregate

mat eri al . Expanded perlite is preferred for its | ow cost and
performance. - This is not a . novel ingredient, for it is well known in
the art to \éqp%g

PCT/ US95/ 097 &?e d%ral‘iquerllte in acoust1ca1 tif.(e composulste:.oerg(sﬁan ded

perlite in acogie cdxpaﬂdtd:orpm:ms)nfprow.des Thorowigynddeh Rd ite
provides porosity in the :- ' conposition which enhances acousti cal
 properties. ppmposmnbmc#bma_mms ace@tdeadr pyopexsiesed Frlite

provi des ffigient o] and ceptabl e exturahility.
A" expandedageriaa ToRRRCERRE a WeaiEr SF8nE Fpancel et iks |
Silbrico Coppeididesn suffdeiehte dur@Ralhon 3amiperlddpabieeen found

accept abl e.- The nedium grade -expanded “perlite

texturability.. An expanded perlite material
commercially available from Silbrico Corp'oration
under the des:.gnat:l.on 3-8 perlite has been found
acceptable. The medium grade expanded perl:Lte ‘
contalns perllte part:.cles that are similar in size -
to granulated m:.neral wool. Equ:.valents of the
. expanded perl:.te such as vermiculite, glass beads,
diatomite or exfol:.ated clays may also be used as
substitutes for _t;he perl:Lte or in combination
therewith. | |
The _fourth' key "ingredient, .whi'ch algso is not
novel in acoustical _compositiens, is a binder. It is
well known to use starch as a binder in mineral wool
based ac_oustical tiles.. A starch gel may be 'prepared
by dispersing s_tarch particles in water and heating
the slurry until the starch is fully cooked and the
slurrjr thickens to a viscous 'g"el. A portion of the
celiulosic fibers may be in'sorporated into the starch
slurry prior to s00kingQ The cooking temperatu're' of
the starch slurry shbuld be closely monitered to
assure full swelling ' of the starch granules. A

representative 'cooking temperature for ‘corn starch is



contains perlite particles that are simlar in size to granul ated

m neral _wool . Equi valents of the expanded perlite such as.

ver ni cul WOS605HP 155 beads, diatomite or exfoliated cl RCT UGRS3 0 be
used as substitutes for the perlite or in conbination

t herew t h. The fourth key ingredient, which also is not nove

I n acoustical conpositions, is a binder. It is well known to use '
starch as a binder in mnetal wool based acoustical tiles. A starch
gel may be prepared by di spersing st®sch particles in water and heating
the slurry until the starch is fully cooked and the slurry thickens to

a viscous gel PQrtlo b o8 "RY b r por at ed
into the star@ﬁ t qg% ?ryqb? %F t8°c EL#gq§$ﬁe CO%QI ten%gfgggﬂe of
the starch sl paiyaibeuiyd hisdd a6l & BRABES! fEthbat prea&wk&ngf thle

swel ling of the starch granul es. A representative cooking

t enper at ur e f ekarohntet fprh asgel. WD 96/ 05149
PCT/ US95/ 09703 %§O[err]F

(82[err]C.) to aboftt Y38F%: ﬁ:gxde(zgorugyr]he) useg r%'@h I’:I"-’werrr;1€P B he used
as a binder wigghouh Rie- ‘i?Pkéél%iﬁEtlon wWitR' Ckhé O gr@ridha Eﬂxder. A

| at ex binder may be used. i n place of the starch or in conbination
with the starMangi no€r. the 1lstex &finders lmedul biimdersoustdiaal in

acousti cal

ceiling formulations are disclosed in U.S. Patent No.
5,250,153. As set forth therein, one of the problems
with acoustical panels employing a Stafch bindef is
excessive  sag, especially in high humidity
conditions. It is well known in the art to use
thermoplastic binders (latexes) in acoustical tiles
based on mineral wool. These latex binders may have

- a ~glass transition temperature fanging from about
30°C. to about 110°C. Examples of latex binders
include polyvinyl acetate, vinyl .acetate/acrylic
emulsion, vinylidene chloride, _pblyvinyl chloride,
styrene/acrylic copolymer and carboxylated
styrene/butadiene. A kraft paper gel formed by
refining the paper flbers may also be used as a
binder. .

In addition to the four principal ingredients,
the acoustical compositions of this invention may
.also contain:inorganic fille:s such as clay, mica,
‘wollastonite, . silica . and = other lightweight

aggregétes, surfactants and flocculants. These



ceiling fornul ations are disclosed in U S. Patent No. 5, 250, 153. As

set forth therein, one of the probl ens with acoustical panels :
enpl oyi W@ %/98M3; ch bi nder is excessive sag, . esp@®CTAisOHsw9703n  hi gh
hum dity condi ti ons. It is well known in the.art to use

t hernopl astic binders (latexes) in acoustical tiles based on m neral
wool . These | atex binders may have a glass transition tenperature
rangi ng from about 30[err]C (Ezﬂxnu 110[err] C. Exanpl es of

| at ex bi nders i ncl ude ponV|ny1 acetate, vinyl acetatel/acrylic
enul sion, vinylidene chloride, polyvinyl chloride, styrene/acrylic
copol ymer 1ngaedlentsarbmﬁylaﬁﬁﬂ knowatymauyannuﬁnxnal tdlekraft

paper gel formed .b “refining the paper fibers nay al so be used as a
bi nder . °°mP°51Fﬁ° Bdition to.-the four principal ingredients, t he .

acoustical co bti %xfgtféﬁf [ El\_{_?gt i OB s:.t:.orfs al 3@ cogia%n I'norgani c

fillers such as ay m c ast oni t'e, ot her

| ght wei ght;,nventi@@grcﬁﬁﬁm esuehaihamys oian@yptdmcu{:amlﬁlose These
WO 96/ 05149 PCT/ US95/ 09703
fiber, a l:.ghtwe:Lght aggregate mater1a1 and a binder

which can be _pre_sent, preferably, in the follow:.ng

amounts:
Gypsum : o o 15-45%
Cellulose Fiber o ' - 13-30%
- Lightweight Aggregate ' 25-60%
Binder o 3-15%

Is some of the examples which follow, soluble
gypsum was added to the slurry water prior to
incorporatihg the dry ingredients into the slurry.
The reason for this prior addition of gypsum to.the

~ slurry water is that gypsum dissolves in water, and
the prior ‘addition of gypsum to the slurry water
gives better retention of the dry gypsum ingredient
in the dried product. Otherwise, it may be necessary
to increase the amount of dry gypsum in the
J.ngredlent mix to compensate for gypsum going into
solution.

Acoustical 'ceiling' tiles were prepared to

evaluate replacing mineral fiber in a conventional



-12- ingredients are well known in acoustical tile

conposi t Lons, The acoustical tile conpositions of this

inventi oVR¥BIB essential | y of gypsum cellulose f i bePCT/HSIS0g7A3nei ght
aggregate material and a bi nder whi ch can be present, preferably, in the
foll ow ng . anount s: I ngr edi ent Wi ght

Per cent Gypsum . 15- 45% Cel | ul ose
Fi ber ' 13-,30% 'Li ght wei ght Aggregate ,
25-60% Bi nder -13- 3-15% In sonme of
t he exanples which follow, soluble gypsum was added to the slurry water
prior to | W4eePOfeited ifvanililatiesy edh@ntpgrddds®s.t he THeIr mineral The
reason for this prior addition of gypsumto the slurry water is that

gypsum di ssol fdker nwast seplaggd withe gymisum and twend ofllg?!ps%tn 8.t he

| t b i
the v eq prodtcls EflerapEcievein, “Bemhekites: yerd pade) E BRAER (o "
amount  of  dipe GYPSUM dr¥ WwESd f:.bé?gwéé‘eefﬁolﬂaiéi%éd)”%éf@ﬁt fof or

gypsum going I nto sol uti on. anple 1

Acoustical cintorporaties imhe theepaceustical formulation, and
other tiles were made iri which the gypsum and wood
fiber were Jjust physically mixed with the other
ingredients without co-calcining.. The ratio of
_g'ypsum to wood fiber was 85:15 percent by weight in
all formulations.

Thé yood fibef was .a_' sbftwood obtained from the
International Paper Pilot Rock fadility. The
expanded perlit_:é was Silbrico Corporation 3-S grade..

In additio;x to the | wood fiber, cellulosic fibefs
were .also supplied by éhredded newspaper. 1500 grams
of water was added to the required amount of
newspaper ‘and mixed at high speed in an industrial
blender. Corn stai'ch was used as the binder. The
flocculant  was GEN DRIV. 162, and 4 grams of the
flocculant were added to 1000 millili_ters of
deionized water and mixed for at least 2 hours. The
‘surfactant was NEODOL 25-3. |

The g'ypsum and wood fiber-were calcined together
in a reactor at is% solids cgnsisten 7.  The
calcination was carried out in accordance with the
procedures disclosed in U.S. Patent No. 5,320,677.

After co-calcining, excess water wa: removed from the



eval uate replacing mneral fiber in a convent i onal WO 96/ 05149

PCT/ USQ%{,‘gﬁz,gﬁ -13- water-felted
f or mul at ® process. The m ner al fi ber was repl BECRUSIHOTO3gypsum
and wood fiber at 25, 50, 75 and 100% | evels. Sone tiles were made in
whi ch t he gypsum and wood fiber were co-calcined prior to
incorporation into the acoustical fornulation, and other tiles were
made in which the gypsum and wood fiber were just physically m xed
with the other i ngredients wtRgu co-calcining.’ The ratio of
gypsumto wood fiber was 85:15 percent by wei ght in al | forrrul ations.
The wood fi ber was,a softwood ai ned f.ram t he | nt ergﬁt | og Paper
PbPr co

Pilot Rock ‘P'QB??H'? waterdl w&ﬁ@ed eVRFREN, o
Corporati on ReSedhRflen the cAmb@éicﬂéI%ﬂechtahe wagd aﬂs&edcekbul osic

fibers were al so supplied by shredded newspaper. 1500 grans of
wat er was addpdravet ffaliyqutio edabobumt sulfate didwahegine dgdpsumpd at hi gh
speed in an industrial : bl ender . . Lorn starch was used as the binder.
The - prior to dry:l.ng at 120 °F. overnight to constant
weight. Another batgh of gypsum/wood fiber was co-
calcined as p_févibusly described, except that after
removal .of the excéés wéter by vé.cuum,. the composite
material was immediately dried at 250°F. for 30
minutes to avoid hydration, followed by drying at
120°F. overnight to constant weight. In this
composite _ma.tt'ezfial, " the caléium sulfate was in the
hemihydréte form | 'After -drying, the gypsum/wood
fiber compos:.tes, in both dihydrate and hemihy’drate
forms, were broken down 1n a twin shell blender prior
to- incorporation :Lnto ~ the acoust:.cal tile
composition. _ |
In the water-felting process ‘used to make the
acoustical  tiles, the feed | slurry during mat
formation was held at 4% solids. This 4% solids
consistency was also used in mak:l.ng the control tile
which conta:l.ned 100% m:.neral fiber and no gypsum/wood

fiber. The following formulations (in weight

percent) were used to make the tiles:



f1occul ant was GEN DRIV 162, and 4 grans of the floccul ant were added

to 100%‘{ r&)oghglters dei oni zed water and m xed for_at |least 2
hours. THE sur f act ant was NECDOL 25- 3. The §ECFEHEE3 wood
fiber .were cal ci ned together im 18 -reactor at 15% solids
consi sten The calcination was carried out in accordance with the
procedures disclosed in U S Patent No. 5,320,677. Af ter co-cal cining,
excess water was renoved fromthe WO 96/ 05149
PCT/ US95/ 09703 . ' _ : -14- conposite
mat eri al by applying a vacuum t heret o, ‘afterwhich the conposite
material was allowed to hydrate fully to calcium sulfate di hydrate
(gypsum ~prior to drying at 120[err]F. overnight to . constant
wei ght. Another batch of gypsum wood fiber was co- . cal cined as
previously described, except that after renmoval of the excess wat er by
vacuum the conposite B naterl |m"rt.=.,d| atgly, dpiegd
250[err]F.: for 30 - ut es to a\p0| h?‘dr@tl on'-n f@l | owee by dryi ng at
120[err] F. overni ght o conat ant m\l\le{u-ghtn o ¢hn ot hbs o
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conpos
After

to i

ite material, the calciumsulfate was in the hem hydrate form
drying, the gypsun wood fi ber conposites, in both dihydrate

and henM@2§05149 forms, were broken down in a tw n shedrudsbeoges pr

ncor porati on into the -acoustical tile conposi tion.

In the water-felting process used to nake the - acoustical tiles,

f eed
sol i ds
cont ai

slurry during nat formati on was held at 4% soli ds. Thi s

i or

t he
4%

consi stency wag al so used in nmaking the control tile ~ whi ch

ned  100% m neral fiber and no gygsuni wood fiber. The

followng formulations (in weight percent) were used to nmeke t

tiles:

PCT/ US95/ 09

7'{‘%@ %@ﬁ%&g@ ogfﬁgedﬁxes includd®’ Hoard formation and

PCT/ USGrddiling, drainage time, pressing, dryirkS-and theThEfecd uat
procedures included board formation and processing; . drainage tine,
AR EERal: Bbf

pressi
acoust
f or.mat

e PHYRECah(PFRPEEFE8E: ofn BhR ®8+ es 161 FoReral,

he

i on

Glrd | 488 nd NsUGHEERLant ! MRIF MR B IV CABmA IS BRoGAL the

mat. After mixing all of the ingredients at a 4% solids
consistency, the slurry was poured in a Tappi Box and gently
mixed with a iz inch by 12 inch pe:forated plunger to disperse
the solids uniformly. After the mat was formed in the box,
vacuum was applied to the wet mat. It took about 30 seconds
for the vacuum to reach 20 inches of mercury, afterwhich the

vacuum was.released and two drainage times were recorded. The
first drainage time was when the water tgtally disappeared from
the surface of ;he mat,'and'the second drainage time was when

the vacuum dial indicator dropped to 5 inches of mefcury.' At

‘this stage, the_vacuﬁm system was turned off, and the wet mat

was. removed from the Tappi Box and weighed prior to pressing.
The vacuum dewatered boards were pressed to 5/8 inch thickness

and dried.

" The wet mats were dried in an oven at 600°F. for 30

minutes, and thereafter, the oven temperature was lowered to
350°F. and the tiles were dried for an additional 90 minutes.
Prior to dfying, a study was performed to determine whether the
wet mats could be dried without calcining the gypsum therein.

It was determined that the mats could be dried in an oven as

‘recited above without calcining the gypsum to hemihydrate or

anhydrite.



mat . After mxing all of the ingredients at a 4% solids consistency,
t he slurgxo s ured in a Tappi Box and gently mxed with a 12 inch by 12
i-nch perfora_e& pl unger to disperse the solids uniformy. PATUSPSATE3 mat
was formed in the box, vacuumwas applied to the wet mat. It took about
30 seconds for the vacuumto reach 20 inches of nercury, afterwhich the
vacuum was rel eased and two drainage tinmes were recorded. The first
drai nage time was when the.,water totally disappeared fromthe surface of
the mat, and the second drainage tine +w&-when the vacuumdial indicator.
dropped to 5 inches of nmercury. At this stage, the vacuum system was
turned of f, apgcbhe #Bying! WS ©EOYRE fHdup t RpebiRRnsBowesBd ¥@E Nl
prior to pressing. The vacuum dewat ered boards were pressed to 5/8 inch
t hi cknessubgedtddi ed. 75°F. /Stfe Relatintes Humiditiy erbridi tAiomy domtatb Wdast or
30 mnutes, and thereafter, the oven tenperature was |owered to _350F. and
the til e34wdonrg iRXLIHrtantagBingeonaThey ReRARens Wwere testedi Aer £he udy
was perf 5?§§w determ ne whether the wet mats could be dried w thout

S 5§ﬁ§un1therein.' It was determ ned that the mats coul d be

dried in an-oven a3) I@enkey3DeKeckheB8UAnEaMORNsESehgEnIYPSUM L O

hem hydrate or anhydrite.
o 2) acoustical properties (NRC)

calcinin :

3) dimensional stability (water absorption) |
The following results were recorded (results are based on an

average of 4 specimens in each set unless otherwise indicated):



L3

WO 96/ 05149 ' _ PCT/ US95/ 09703 .
-17- After drying, all of the test specinmens were cut and subjected
to 75[eﬁ¥??@¢§6@6R€Iative Hum dity conditions for at | easPCT/P89Smowg3s pri or

to testing. The specinens were tested for the follow ng: 1)
density, thickness and MOR strength - 2) acoustical properties
( NRC) 3) dinensional stability (water absorption) The follow ng

results were recorded (results are based on an average of 4 specinens in
each set unless otherw se indicated): .1g- WD 96/05149
PCT/ US95/ 09703 -18-

TABLE 1D

Density, Thickness, Strength (MOR)

No. of % Thickness - Density MOR
Samples ~ ME/WF _nch = (b./ftd (psi)
Control 29 100 0 0.627  10.05 53
(100% MF) - o
10 .75 .25 0.600 ' 9.86 . 55 ‘
Gypsum/ 10 S0 50 = 0.602 : 9.95 56
Wood (Not 10 25 75 0.591 ~10.05 63
‘Co-Calcin.) 9 ' 0 100 0.590 . 10.15° | 83
10 o 75 25 0.630 10.05 48
Dihydrate 10 50 50  0.593 9.99 57
Composite. |
(Co-Calcin.) 6 25 75 0.591 9.64 57
10 0 100 0.559 10.22 63
. 10 75 25 = 0.602 9.76 58
Hemihydrate 10 50 50 0.597 - 9.39 55
Compoéite ‘
(Co-Calcin.)10 25 75 0.571 9.46 57

7 : 0 100 0.568 9.32 53



TABLE 1D ~ Density, Thickness, Strength (MOR)
No. of % Thi ckness ~ Density MOR Sanpl es

NEIWE WOSASEE, (Ib. /ft[err]) (psi) Control PCEJUS95/09703 100
0 0. 627 10.05 53 (408% M) . 10 75
25 0. 600 9. 86 55 Gypsun 10 | 50 50
0. 602 9. 95 56 W)Od ( Not 10 25 75 ‘0. 591
10. 05 63 Co- CaICIn 0 100 0. 590 . 10. 15
83 _ 10 75 25 0. 630 10. 05 48
D hydrate 10 <« 0- 593 _ 9&9 Y Corrp05|te
(Co-Calcin.) 6 = 0. 59 o 9. a 57
10 0 100 o 55 < 10 WM a3 “ 10
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Hemi hydrate 10 50 50 0.597 9. 39 55 Conposite

(Co-Calcin.)10 25 75 0.571 9.46 57

7 - WO90S90 . 0.568 ' 9. 32 53 PCEFUSPS/09703

PCT/ US95/ @703 [err] WO 96295149

"PCT/ US95/ 09703 - : ' -21- The drai nage tine

was not affected when 25% of the mineral fiber was replaced by gypsum and
wood fi ber; however, the drainage was slightly adversely affected as the

gypsum wood fiber ~level ' increased, especially at 100% hem hydrate
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conposite. The thickness of the dewatered mat slightly decreased
when the gypsunl wood fiber |evel increased. The difference in

moi stur VOOBMEMAL,  after vacuum dewatering and pressi n@CTNS85/09703
insignificant. The thickness of all of the wet nmats was controlled at 0.55
inches during pressing. |t appeared that wet pressing only controls the
thi ckness of the mat and does not dewater the mat. " The drying data

i ndi cates that some gypsum,filtered tdyough the screen with excess water
during the mat formati on and vacuum dewatering. The average weight loss in
the control mats was about 5.5% whereas the wej |

h | ' h '
cont ﬁi ni ng tﬁ'be]g%ﬁéﬁﬁﬁéo&iﬂﬁbéfﬁsv@?ts&g@&ﬁﬁﬁa n;?é&?i?%. I%ﬁﬂ@@i | ed
in the hoftom of t t ' o s T , edis Ll
o the bekLam o U o UL noo Tl o | Gaog el Ohdidi Fow i 9
severe JWpginhBe "d®' allidhtlher adkerkelyl |af fegiat edsw the t kypsunpiwdoted

gypsum wood fiber. However, there was no warpage in the tiles made by

repl aci igbere nleeehl fimeweasedy a espesticldyd dahydri@s or hemhydnake :
conposi te.

was _cor’rﬁQF“HBFé"-F@T[1 ﬁel\'{'%nts :t(rgﬁr‘]’?‘t"g\??@a tﬂ%ﬁuz#ete?\ %%w :Fﬁ%ﬂ}{ io&é?
(probably due tQ {(HEnI¥RSUBYLERH/HEbE"E1b0E TBYel incy€h88405149

The difference in moisture content, after vaéuum
dewatering and pressing, was insignificant. The thickness of
all of the wet mats was controlled at | 0.55 inches during
‘pressing. It appeared that wet pressing only contr_ols the
thickness of the mat and does not dewater thg mat.

The drying data indicates that .some gypsum filteréd
through the screen with excess wéter during the mat formation
and vacuum dewat‘éring. The average weight loss in the control

~ mats was -about 5.5%, whereas the weight loss in the mats
containing the gypsum[véood. fiber was substantially gi:'eater.
Gypsum settled in the bottom of thé_ mats during mat formation.
The dried tiles- containing the gypsum/wood fiber were also
slightly warped, and the warpage was'_ severé when the mineral
fiiler was totally replaced w_ith the .uncalcined gypsum/wood
fibe.r. Howewlrer, there was no.'_ .lwarpage in the tiles made by
replacing the mineral fiber with é co-calcineci dihydrate or
hemihydrate composite. o S |

The MOR strength of the tiles containing gypsum/wood fiber
was comparable to the .control, even ‘though the density was

slightly lower (probably due to the gypsum lost during the mat



PCT/ US95/ 09703 -22- formation). The
thickness of the tiles containing the gypsuniwood fiber was | ower due
to the WOPHSHi fic vol ume for gypsum which did not sprlmnkggs/hgﬁyrl ng
drying as did the 100% m neral fiber tiles. ~ Duplicate sanples of
Control and experinental tiles with mneral fiber replaced by gypsum wood
fi ber dihydrate conposite (co-calcined) were tested for NRC using the

| npedance tube nmethod. The sanples were.not perforated, fissured or
painted. In general, the NRC rati ngefor the tiles containing the
gypsuni wood fi ber were better than the control, especially for the tiles

wher ei aII he m peral _ti; s repl d. st or

di mens tl%‘? abilit S iu.l&fthe r?(?psﬁ:gﬁel fi cJaJFﬁs d???E%gnjC%& Ehét he
one @ﬁsﬁr@}kﬁooﬁ'oﬁ‘{bewﬁ 16RO dild Ad \tHelQow spheiFaice doliumel %&4 y,
very | le water (about 2% was renpved fromthe:tiles during we

pr essm@sm;()whi?@%@bdsm@t espmsn@vb@@ka‘ﬂwl@EIIrdMIMWdilﬂobbeeMO%hl S
~produced ex%ﬁstsj ve por inthe tiles. -However, during the dinensional
st abi |T43PE%St etrated into the pores of the tiles resulting in

nigh wat ?Leﬁ@ﬁi’{@é’éé’”samples SHASESHERST 2R KRPEF bRk 1S GYehuat ed
mineral fiber replaced by gypsum/wood f:.be_r dlhydrate composite
(co-calcined) were tested for NRC using the Impedance tube
method. The samples were noﬁ perforated, fissured or painted.
In general, the NRC ratings for the tiles containing the
_ gypsum/wood fiber were better than the control, especialiy for
the tiles where:.n all of the mineral fiber was replaced.
_ In the test for dimensional stability, there was no
significant diff'erence. in the one and four hour water
absoifptibn ‘values. As noted previously, very 1little water
(about 2%) was removéd from the tiles during wet pressing.
About 78% moisture w'a-s'. ev_apdrated during drying, however, this
produced excessive pores in f:h_e t:’_Lles. However, during the
dimensional stability'tést', water pénetratéd into the pores of
the tiles resulting in high water absorption.

Waste (scrap) gypsum wallboard was evaluated as a source
of gypsum and paper f:.ber (co-calcined) in acoustical ce:.l:.ng
tiles. The waste wallboard was ground into small particles.
Though some la.rge paper piece_s were .pre'sent,'- these were. broken
during' the célcining and the agitation required to keep the
slurry in suspension during the calcining. The scrap gypsum

wallboard slurry was " co-calcined with additional = waste



of gypsum and paper fiber (co-calcined) in acoustical ceiling tiles. The

wast e wal | was ground into small particles. Though sorre Iar aper
pi eces V\é¥ %&é@’ent these were broken during the calciniPgF 9‘&’?@

agitation required to keep the slurry in suspension during the cal ci ni ng.
The scrap gypsum wal Il board slurry was co-calcined wth additional
wast e WD 96/ 05149 _ PCT/ US95/ 09703
-23- (hydropul ped) newspaper, whereby the slurry consisted of 15%dry

wei ght of paper fiber and 85% by wei gﬁ1236f gypsum These were co-cal ci ned
at a 15% solids consistency, and the calcination was carried out as

di scl osethydrdpElpddt enewlpapsr320vigaeby theAmlarmhecensisredi @f 15%ke

gypsumni paper beer osite eria i scharged fromthe re or with
the gyp i peiglt ﬁgg&ﬁ? tfé"% A 4% ggoﬂ?f" gg greﬁyrfﬁi‘mll I gﬁ‘ﬁg?e
made by Jeua! eebhgaley EHU"%t the $b4rryoliak! elcolisiigtentyl,h axpandede
perlite and corn starc then pressing the wet mat to “renbve -
addi t i onfdleNtfistonawas aeirtied ooutolag hdisblokedssimfU.She Ratexst pNoor to
drying. The tiles were dried at 600[errF. for '

5,320,677.

After the calcination, the gypsum/paper fiber composite
material was discharged from the reactor with the -gypsum in its
hemihydrate form. Two acoustical ceiling tiles were made by
dewatering (vacuum) the slurry, after mixing with expanded
perlite and corn starch, and then pressing the wet mat to
remove additional excess water and to control the thickness of
the tiles prior to drying. The tiles were dried at 600°F. for
30 minutes, followed by 90 minutes at 650°F.

- The following table_é represent the formulation and the

recorded MOR strength:

IABLE 2 A _
| Tile NO. 1 ' Tile NO. 2
Ingredieni: . Wgt-. (gms.) | Wg;.% o Wgt.(gms.) Wgt.%
Gypsun (hemihydrate) — 158.1 39.4 607.8 66.4
Waste Paper 85.9 21.4 - 167.0 18.3
Expanded Perlite | 137.0 34.2 120.0 13.1
Corn Starch. | 20.0 5.0 20.0 2.2

Slurry Consis. (solids ¥) 4 | | 6



30 mnutes, followed by 90 m nutes at 650[err]F. The follow ng tables
represe&k*ﬁgugor mul ati on and the recorded MOR strength:
2 A .

TABLE _ Tile NO 1 PﬁTN§9m7032
| ngr edi ent Wyt . (gns. ) Wit . % Wit. (gns.) Wit. Gypsum
(hem hydrat e) 158.1 39.4 607. 8 66. 4 Waste Paper
85.9 21. 4 167.0 18.3 Expanded Perlite 137.0
34.2 120.0 13,1 Corn Starch. 20.0 5.0
20.0 2.2 Slurry OonS|s (soli 0294 4 : 6
WD 96/05149 PCT/ US95/ 9703 -
- 24- S Thi mgggz_g Density - MR Tile
Sanpl e i nch Th:.cﬁzﬁ@és t[. e”]ﬂens:.ty (psi) oR 2
g. 232 Tile S ! 7.5 e 1&?]: I b 3 0. -
67 1d 12 0. 630532 7. 4; 5 78 68 Ayg.
0.626 1b 7. 45 ' - 0. : 7.5 62
ic _ 0.623 7.4 67
1d 0.630 7.4 78
- avg. o 0.626 7.45 : 69
2a ~ 0.620 20.4 . 168
2b . 0.645 ' 21.1 ' 179
2¢ 0.642 ' 20.5 ' 159
2d 0.643 20.2 154
avg. . 0.638 20.6 165

Control (Typical ' 0.62 = 11 ' 65
Mineral Fiber Tile) : S

Tile No. 1 which had a dens:.ty suztable for use as an
'acoustlcal ceiling tile also had a MOR comparable to the
control.

Two ceiling tiles were made. ‘using ground scrap gypsum
wallboard. There were large paper pieces in the ground
wallboard. The éeiling tiles were produced by substituting the
ground gypsum wallboard and addit;ional newéﬁaper fiber in a
mineral fiber board formulation. The tiles were produced by
mixing all of the ingredients for 3 minutes .in an aqueous
slurry (4% solids). After mixing, the slurry was formed into a
wet mat, dewatered under vacuum, and wet pfesééd to control the
thickness and to remove some excess water prior to drying. The
processing was comparable to using a mineral fiber formulation

except that drainage time was slightly longer. After drying,



2a . 0. 620 20. 4 168 2b

0.645  woosmnsigel 1 179 2C 0. 642

20.5 . | l‘%’159 2d 0. 643 PCHYS95/09703

154 Avg. _ 0. 638 + 20.6 165 Contr ol
(Typi cal 0. 62 11 65 M neral Fiber Tile)

Tile No..1 which had a density suitable for use as an acoustical ceiling
tile also had a MOR conparsable to tgg_control. _

Exanple 3 Two ceiling tiles were fiede using ground scrap gypsum

wal | boar d. There were large paper pieces in the ground wall board.
The cei Ithere iweste \aivid orlagse pigcesuind inapsmdn Hherivikes gy fEhen daiedoar d
and addi tional newspaper fiher in_a mneral fiber board formulation, The
tiles wiidaf o¥ered sb‘g’Jﬁicﬁleﬂg Lo 75?"‘%5%" [ ﬁ@?-éﬁ?-’éﬂt dumddityni serditiongn

aqueous A % i : T XI . r d into a wet
mat , dedg%gfgh]%%ﬁ%fQ@hgﬁﬁﬁfﬁgkgoﬁgkép?gggégstgbgoﬁé$ggéfkgggﬁrckness'and
to renpve SOMhéEXESS.S.oW&h?r tablés t repiresept ToRe Prixeatliatdics andrekabl e
to using a mneral fiber fornulation except that drainage tinme was slightly
| onger . nafqoxdegt MIORy strengthy 96/ 05149

PCT/ US95/ 09703 -25- there were stil

| arge pi eces of paper in the tilesgmﬁﬁﬁ?%thd tiles were subjected to
75[err]F/50%relative hum dity conditions - weight Weight
Ingredients _ - {grams) —_—
Gypsum (scrap board) ' 167.696 41.924
Paper Fiber (scrap board) _ 10.704 2.676
Newspaper Fiber (additional) N 64.0 16.0
Total Paper Fiber 0 74.704 ~ 18.676
Expanded Perlite _ 120 30
Clay (CTS-1) . 17.6 | 4.4
Starch o 20 - 5
' Flocculant (Gendriv) ” ' _ 0.06
Surfactant (Neodol 25-3) - . 0.08
IABLE 3 B
_ Thickness == = Density MOR
Tile Sample —linch) Obs /fe® - _(pai)
1a 0.578 - 10.2 46
1b 0.570 10.4 ' 55
1c 0.565 . 10.4 . 45
1d 0.572 10.1 43
l1e 0.590 '10.4 47
Avg. 0.575 10.3 ~ 47
2 a 0.578 - 10.1 51
2b 0.599 10.2 . 60
2c - 0.588 ©10.0 48
24 0.579 - 10.0 44
2.e 0.577 10.3 50

2
d

0.584 10.1 - 51



for at |least 24 hours prior to testlng for MOR strength. The
followw%tabl es represent the fornulation and the recorded MOR strength:

TABLE 3 Wei ght  PCT/US95/09703\éi ght

| ngredi ents Gypsum (scrap board) - - 167. 696 41.924
Paper Fi ber (scrap board) 10. 704 : 2. 676 Newspaper
Fi ber (additional) 64.0 16.0 Total Paper Fi ber
74.704 18. 676 Expanded Perlite : 120

30 Clay (CTS-1) =26~ 17.6 - 4.4 Starch

20 5 Fl occul ant (Gendriv)

0.06 Surfactails" (ﬁ&mdodaﬁ’é Indicates that the MOR of these. tileB3 (no
TABLE 3 B Thi ckness Density . MOR ;
Tile sggppglcz.natlon) was (lewer at h;gher/ fdenpér.yj )when compase to 1 a

20528 the same 5gYPes ©f t11es-,4( see Exagglg652) produced %;4 co-

45 BuR’®allboard scraplmdterial. 43 1e
05gp Chlbining the seme gypluh’¥all g P 0.575

10. 3 47 2 a - Example 4 0.578 10 1
51 2 b '0.599 10. 2 2 C

0.588 Tests were ggngucted to evq]guate gog% replacement of gu.g:pg:-al

ég 0 WSP& :.n a4 ce:.l:.%g th%S ZFormulat:u:n w%ﬁ a gypsum/ceé.(liu%.ose

' fiber (co-calcined) composite material. In order to 'improve

~the cutability of the ceiling tile, the gypsum was co-ealcined ‘
with fine (hydropulped) newsprint instead of wood. fibers.

Gypsum and 20% by weight _ef shredded peper (newsprint)

were calcined in accordance with the procedure disclosed in

' U.S. Patent No. '5,320,677.. The shredded newsprint was soaked

in water over'night,._ and then gypsum was added and mixed with

the paper fiber sluri'y for at 1east. 1 hour prior to calcining

the slurry. After calcining, the eeccess water was removed

(vacuum) and then the gypsum/paper fiber composite was dried to

hemihydrate.. | |
The following tables represent the formulations and ﬁhe

recorded MOR data:



ﬁo 96/ 05149

;%#ﬁﬁteSt data indicates that the MOR of these tiles Sno
qu caI ci mat was | ower at higher density when conpared PEI/PHS
%) prod@Zed by

types of tiles

(see Exanpl e

gypsum wal | board scrap materi al
were conducted to eval uate 100% repl acenent of m neral
tile fornmulation with a gypsums&eld ukose fé&ber (co-cal ci ned) conposite
nprove\she>culablllty of the ceiling tile, the
th fidé (hydroPul ped) newsprint instead of wood
(newsprint) were
ith the procedure disclosed in U S. Patent No.

material. In order
gypsum was co-calc
fibers.
calcined in accorda
5,320,677. The shr
gypsum was added an
prior to calcining
renoved (vacuum an
hem hydr at e. .
recorded MOR dat a:

to
ned

e

d.

t he
dt

newsprint was soaked *in water overnight,

PCT/ US95/ 09703

co-

09%%ne -

cal cining the sane

Gypsum@nd 20% by wei ght of shredded paper

wool

Exanpl e 4 Tests
‘in aceiling

and t hen

ed woth the paper fiber slurry for at least 1 hour
the excess water was

lurry.

After cal cining,

n the gypsum paper fiber conposite was dried to
ollomnng tabl es represent the formul ati ons and the

[ner&]

,M

37.2 142.3 35.4 142.3

142.3

Gypsum (calcined)

Paper Fiber (calcined) . 30

N
~

30
50

7
9

30
40

10

40

Newsprint

39.2 150 37.3 150 38.2

150

Expanded Perlite

[
n

20

40

.2

Corn Starch

20 -

Mineral Fiber

Clay

b
~

Slurry Solids

SUBSTITUTE SHEET (RULE 26)

17 grams of gypsum was added to the slurry water to control gypsum solubility.

standard flocculant and surfactant were used in all formulations.



WD 96/ 05149 PCT/ US95/ 09703

- 28- Thi ckness Density : MOR Break Load
Sanpl eWa6/05{49nch) - (lbs . f t.[err]) (psi) (| bPQI/USISIT03Form 1 a
0. 637 9.5 . 30.2 " 4.08 1b  0.630 :
9.2 26. 8 3.55 1c 0. 636 9.2
23.5 - 3.17 1 d 0. 639 9.3 26. 7
3.63 ~1e , 0.682 . 987 ' 30.4 4.71
é\vgrzgge 8 645 9.4 _ 27.5 . .3.83 Form 2 a
- 0. .7 37.9 4 - 2b - 0.630
9.8 _35.4 4.68 . IﬂéﬁEﬁﬁ-B 0.636 9.8
35. 1 4.773 Th:.ckn%sé ﬁeﬁE?ty 10.MOR Break 3Léad
6. 16 Aver age 0. 3y 38.0 5.13
. Sample No. _iznghl__ ilbsﬁlinh —f{psi)
Form. 1 a 0.637 9.5 30.2 4.08
1b  0.630 9.2  26.8 3.55
1c 0.636 9.2 23.5 3.17
14 0.639 9.3 26.7 = 3.63
1e 0.682 9.7 - 30.4 4.71
Average 0.645 9.4 - 27.5 3.83 ‘
Form 2 a 0.626 . 9.7 37.9 4.95
2 b 0.630 9.8 35.4 4.68
2c  0.636 9.8 35.1 4.73
2d 0.652 10.1 43.5 . 6.16
Average 0.636 9.9 | 38.0 5.13
Form 3 a - 0.627 - 9.8 40.9 5.36
3b 0.621 9.6 31.1 -~ 4.00
3c  0.619 9.5 30.1 3.85
3d ° 0.625 9.6 31.9 4.16
3e  0.653 9.9 44.4 6.31
Average 0.629 9.7 35.7 . " 4.74
Control a 0.593 11.3 49.5 5.80
" b 0.590 11.3 46.9  5.44
c 0.596 11.3 - 46.3 5.48
d 0.589  11.4 52.1 6.02
e ' 0.611 11.6 48.1 5.98
Average 0.596 11.4 48.6 5.74

SUBSTITUTE SHEET (RULE 26)



Form3 a - 0.627 9.8 40.9 5.36 3 b

0.621 9.6 31.1 4.00 o 3 ¢ 0.619
9.5 ‘WO 96/03149 | 3. 85 3 d 0.625 PCT/US9§/09703
31.9 4.16 3 e 0.653 . . 9.9 44.4
6.31. : Aver age 0. 629 9.7 35.7 4.74
Control a 0.593 11. 3 49.5 5. 80 ' |

0. 590 11. 3 ' A6. 9 " 5.44 . c 0.596 -
11. 3 | 46. 3 5. 48 - .29- . d 0.589 11. 4
52.1 6. 02 : e 0.611 11.6 48. 1

2meT TUTE sHERREERFestipe the gmelpgs fqy MOR strengtHl; Cthey vePe’&lso

PCT/ US95/ €8d€8d for cutability using a wallboard knife. The control
tiles (16% newsprint) cut clean, howevef, the gypsum/paper
fiber tiles (17.4% newsprint) had_véry rough cuts. -

Example 5

Further tests were carried out to determine the effect on
tile cutability by reducing the paper fiber content in the
formulation and also increasing the starch content to maintain
the strength of the dry tile. It was believed that reducing

the paper fiber conteﬁt'would adveisely affect the strength.
~ The experimental ceiling tiles were made using co-calcined
gypsum and paper fiber (newspririt_) . After calcining .an ' 80%
gypsum and 20% newsprint slufry'(ls% solids), the slurry was
dewatered (vacuum) and dried as a hemihydrate composite
material. The hemihydrate composite was evaluated as a
replacement fér 100% of the mineral fiber. The shredded
newsprint was soaked in Qater overnight and the next day it was

mixed with gypsum to form the 15% solids slurry for calcining.
The following.tables represent the formulations and_the

recorded strength data:



- 29- After testing the sanples for MOR strength, they were also tested

for cutability usi ng a wal | board knife. The control ti I es (16% newsprint)
cut CIWWﬁ!Mever t he gypsuni paper fi ber tiles (17. 4%H pORO$ had very |
rough cuts. - 3k<anple 5 Further tests were

carried out to determ ne the effect on tile cutability by reducing the
paper fiber content in the fornulation and al so increasing the starch
content to maintain e st&,er}gth.of the LAry tile. It was believed that .
reduci ng the paper;;fiﬁer cqntgnte wBul g aglversely affect the strength. The
experinental ceilipg®iles?we?e male dsing co-cal ci ned gypsum and paper
fiber (newsprint).d fter cal.cining an 80% gypsum and 20% newsprint slurry
(15% solids), the Bl fry was ®ewatered (vacuun) and dried as a

hem hydrate conpq@itee pat@righl 8 Thg *emi hydrate conposite was
evaluated as a rep cerreﬁt Hfor 100%of the mineral fiber. ' The
shredded newsprint was soaked in vvater overni ght and the next day it was
m xed with gypsumto®&ormthe 15% solids slurry for cal cining. The

following tables represent the fornulations and the recorded strength data:
[err] WO 96/ 05149
PCT/ US95/ 09703

.0

~ ~ 60 oS

Formula #3
9
35

0
150
132.8

28

29

35

39
35.2
7.
§ :
5
2
7

4
30
16

5

Control #1
64
20
17

: | Formuia:#z . -

Ht. (gms.) WL.% BE, (gms.) WE. % We., (gms) WE.%
- a4.6 0 |
L150 .8
;32.8_' .

28
36
20
10

178.4
120
0
0
17 grams of gypsum was added to the slurry water to control gypsum solubility.
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2 31-
Sanmpl e
Contr ol
1lb

0. 586
11.19
4.5
50.9

2 b
0.525
11.02
3. 65
90.5
3 c

0. 536"
11.04
5.11
76. 4
4 c
0.519
11.01
4.55

Thi ckness Density Break Load
: . If t.Jerr (1 bs. Si
o R LD St
0.592 11. 32 4. 88 55.7 . 1c
11. 25 4,27 49.7 . 1d 0. 586
4,2 ©48. 9 1le 0.577 11. 25
54.1 Aver age -01588 11. 28 4.4
Formula 2 a 0.515 10. 58 ' , 3.65 255.0
0.521 10. 55 3.27 - %mglﬁ 54§. ' : c
. 10.58 4. 02 58. 2 d 0.541
" 3. 65 T}zwcbness Breal) Iml MOR 29
10.99 6.1
gz. 9] gg g 3 a 2 2;9_
0.525 contrd?- $1a 0.60f 72 4.17
10 1 p 468 592 %% 4.8%36\
5.18 6/ ge . 531 84
72.8 ¢ Forn&l‘%sﬁ a. 1l-4p:53s fo. 38 4%753
4 pt 4 0.587586  10LBOLY 4.2
0. 519 10.&7e - 0.57%. 25 11.25 63.1 4.5 3%£1
10. Bferage 4.050.588 0.8 4.4 4e b 57
4.73 63. 2 Aver age 0. 528 10. 85
. FéPmila 2 a '0.515 10.58 3.65 55.0
2 Db 0.521 10.55 3.27 48.2
2 ¢ 0.525 10.58 4,02 58.3
2d 0.541 11.02 3.65 49.9
Average 0.526 10.659 3.65 52.9
Formula 3 a 0.520 10.99 . 6.12 90.5
3 b 0.519 10.68 4.87 72.3
3 ¢ 0.525 10.61 4.72 68.5
3d 0.536 10.88 4.68 65.2
- 3 e 0.555 11.04 5.18 67.3
Average 0.531 10.84 5.11 72.8
Formula 4 a 0.538 10.98 5.53 76.4
4 b 0.517 10.80 4.18 62.6
4 c 0.519 10.67 4.25 63.1
4 4 0.519 10.81 4.05 60.1
4 e 0.547 11.01 4.73 3.2
Average 0.528 10.85 4.55

SUBSTITUTE SHEET (RULE 26)

MOR

65.1



SUBSTI TUTE SHEET (RULE 26) WD 96/ 05149 ° _

PCT/ US95/ 09703 . - 32- The ceiling
tiles wHOPSHMS tested for wet st rength by taking sanpl PCTIS980970 oven
drying.  The experinental tiles with 17% and 15%total paper fiber handled -
very. well, simlar to the control. The tile with 13% paper fiber -was '
sonmewhat weaker. '

~32-

The ceiling tiles were also tested for wet strength by
taking samples prior to oven drying. Thg experimental tiles
with 17% and 15% total paﬁér'fiber.handled very well, similar
to the éontrol. The tile with 13% paper fiber was somewhat
weaker. | ) _

It was concluded that the ceiling tiles containing 15% to
17% paper fiber, 40% expanded perlité'and 10% starch binder
provided processing and ph}(sical properties comparable to the ‘

i mineral fiber ceiling tile.
Example 6

The following formulations were used to coﬁpare ﬁsing co-

calcined gypsﬁm/newsprint with a physical mixture of gypsum and

newsprint without'calciningz

IABLE € A
Control - Hemihydrate
, (Mineral Composite Newsprint &

‘Mineral Wool = 44.6% a o 0
‘Expanded Perlite 30.0% 40% 40%
Tot. Paper Fiber (Newsprint) 16.0% 16% 20-22%
Gypsum 0 34% ©32%
Corn Starch : 5.0% . 10% 7-9%
Clay . 4.4% 0 0
'Flpcculant 0.06% - 0.06 0
Surfactant 0.08% 0.08 0

Slurry Solids 4% 7% : 7%



It was concl uded that the ceiling tiles containing 15%to 17% paper fiber,
40% expaa,gr%glﬁgﬁg‘l Ite and 10% starch bi nder provided processing and
| T

physi ca i es conparable to the mineral fiber ceili R§T{G39809703
Exanple 6 The follow ng fornul ati ons were .used-to conpare using co-
cal ci ned gypsuni newsprint with a physical m xture of gypsumand newsprint
W t hout cal cining: ' . : TABLE 6 A

Cont r ol Hem hydr at e . ' " (M neral Conposi te
Newsprint & | ngr edi ent ~33- Fi ber)

(cal ci ned)- Gypsum M neral Wool 44. 6% 0 ‘
0 Expanded Perhipfeparing the Haiding tile mé08G the surfdltaitt . (Whear
Fi ber (Newsprint) 16.0% 16% 20-22% Gypsum

0 used) wAas added to the,desired amount of water and mixed, Then

0, - 00 : 0 .
éOél) oc cJ"I’l%ﬁ‘ut %e%é)pgi%% (hydropu)og%)% was add%c_ilbg é)ollowed b¥)O§H1 ’?J:'i’&‘ant

(7)%08% Then t‘;ﬁoe/o%expanv%e% 6 /poéS}%?f.g:‘ér r ¥n&0/nidferal - wool (when Yhed) was

PCT/ USOHd®ed3vith continued mixing. Finally, the clay (when used) and
starch was added, with continued mixing for about 3 minutes
until a homogeneous slurry was formed, afterwhich the
flocculant (when used) was added and mixing continued for
another 15 seconds. In preparing the non-mineral wool ceiling
tiles, the clay and minez_'al fiber were repla_éed with gypsum and
newsprint.

The mat was formed by pouring the slurry into a Tappi de
where it was gently mixed, and' thereafter there was gravity
drainage and vacuum was applied to the wet mat to remove excess
water. Then, the mat was wet pressed to the desired thickness
(about 5/8 inch) in a static press, also removing additional
excess water. The wet mat was tested for wet lap strength
prior to drying. The mats wére dried with steam at 600°F. for
30 minutes, followed by drying at 350°F. for 90 fninute's.

It has been found that in the non-mineral wool
formulation, the amount of .lpap'er' fiber (newsprint) should be at
least about 20% by weight for an acceptable mat formation. The
formulation _employing the co-calcined composite material did
slightly increase the |drainage. time, especially at higher paper
fiber content. There was no Significént effect on drainage
using the mixture of gypsum and newsprint even at levels as
high as 22%. ' |



-33 - In preparing the ceiling tile mats, the surfactant (when used)
was ad t he desired amount of water and ntxed Then t he newsprint
(hydroSﬁﬂﬁ@@? Ras added, followed by m xing. Then the exP&AAsaspyo3ite and
m neral wool (when used) was added with continued m xing. Finally, the
clay (when used) and starch was added, with continued m xing for about 3
m nutes until a honbgeneous slurry  was .fornmed, afterwhich the
flocculant (when used) was added and m xi ng continued for another 15
seconds. In preparing the non-m neral34sol ceiling tiles, the clay and

m neral fiber mere repl aced with gypsum and newsprint. . The mat was

formed by popy h ur, a '
and thereafter t e{r.'eﬁlv?/glse v{%:\ﬁ %H%rg%ﬂgﬂgﬂéeﬁg&%ﬁ?&agag&l%yﬂ %ﬁe wet
mat toeaﬁy)vcoexmﬁdlwtcm:-mg herodevsimyt #0d \Idd pwetsellapo steesigehr ed

t hi ckness (about 5/8 inch) in a static press, also renoving additional
_excess apEmarablerito \khe raingral (Eibew contxel, |with thekhytf rmelations

dryi ng.__The .nats dried ste at, 600l err]E._.for. .30 mnute

fol I owse ‘éféf BaRte, ﬁ.é@rf or rﬁ°mﬁ°%§' ¢ material, po “B’é%?tf %ound
that imat tﬂe wRPEh TERE! dlet VIRRS ngbaal aeaébe;aﬁvumnﬂb R g ber
(newsprint) should be at Ieast about 20% by wei ght for an acceptabl™e mat :
f or mat iAfitexTheheé otestsnicon Ehel mpltnglaptebreakallmneedwmmsd.ﬁ.ghtlyatlmmdtl did

slightly increase the drainage ting, g ¢i al léhat hi gher paper fi ber
cont eniPresspter bafareno BVgHSyi céﬁf’-eé’ff Bichn Bhei gle UBg 1iRe niv@Rire of

'gypsumc%%l'é‘?:@‘}{ Ml faf! rneCHBLS ndid" Wi %a 2atkture of gypsum and p

.newsprint generally had weaker wet lap strength, however, at a
20% newsprint level, it did have a wet lap strength comparable
to the hemihydrate composite formulation at a 16% paper fiber
content. - | | |

The we:i.ght retention in the tiles made with the
hemihydrate composite was génerally -superior to the tiles made
with a mixture of gypsum and newsprint. This indicates ‘that
there may have been loss of gypsum, as well as perlite
segregation, in the mat formation using the mixture. As
prev:.ously noted, both types of experlmental tiles were harder
to cut than the mineral fiber tile.

The densities of both types of experimental tiles were
slightly highei' than the control, due to the lower thickness of
the mat. The lower thickness was the result of springback

~after pressing in the mineral fiber mat, - where_e.s the
gypsum/paper fiber mat did not sprin§ back. The MOR strength
of both types of experimental tiles was acceptable or better

than the mineral fiber control tiles.
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- 34- t made wth the hem hydrate conposite naterial was easy to
handl e durl ng b&gcesm ng and had wet |ap strength conpar adPE/USORW3N ner al
fiber control, with both fornulations containing 16% paper fiber. The
conposite materi al provided a mat in which the wet |ap had good defl ection
during testing. After the testing, the wet lap break line was slightly hand
pressed before drying, after which the wet lap Iine was conpl etely heal ed.
The mat made with a mixture of gypsum=@®&t newsprint generally had weaker

wet | ap strength, however, at a 20% newsprint level, it did have a wet |ap
strength conparable to the hem hydrmmm te for mul ati on at a 16% paper
fi ber content. The weight retention in the tiles nmade with the

hem hydrat e cBaposfeblewingerfiormulationg | wene used i tes @&raéumteh &he
m xture o sum and Egérsfrg{\t: Thi s .i ndi iatgs t hat thﬁé have been
| oss of R EpraREI Y| i P 5 &?E@E\" BR Pﬁw?ﬂﬁl t ap r Y PE™

.using thedaisifed) akd PheYikame! hel ntb%tat (%P&ﬁé‘&i“?& biles
were harder to cut than the m neral er tile. edenS|t|es of both
types ofcompgleterarspladeherst gre rminegi‘at]l Edbegher than the control, due to
the |l ower thickness of the mat. - The |ower thickness was the result of

springback after pressing in the mneral fiber mat, whereas the
gypsuni paper fiber mat did not spring back. The MOR strength of both types
of experimental tiles was acceptable or better than the mneral fiber
control tiles. : ' S '
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- 35- - ' Exanple 7 The fol l owing fornul ations
vier e UMP6(0§149ya| uate the effect on cutability of hydr I YN hsprint

and gypsum (uncal ci ned) and the sam3gnewsprint and gypsum (cal ci ned) as a

conpl ete replacenment for mneral fiber: [err] WO 96/ 05149
PCT/ US95/ 09703 - 37- Al'l of these
fornulations were forned into aqueous slurries having a 7% by wei ght _
solids content. In the case of the co-calcined gypsuninewsprint, the
ratio of gypgmmtoﬂ NN NN NN N NN No™N
e ™M ™ ™ ™M ™M m (a2 M ™M m [a2] ™ [a]
g .
&
O 5 Q o O O O O O O O © o © o
N N N N NN NN NN NN o~
. Lo B o R o B - Y - B - T o B B B T S ] —
g
® (-] s N < N N O I~ W o ©
4 - o] - N o N - - - ~ (3} ~
5 ‘
M
0
]
3 E n
() . . . ? . . . . . . (=] [Ts] .
< o TN s B o B s T o Y o TR o R SR o B V- T o S o)
. tn ~

e O ¢ VYW O A 0 N = O O
QwZHﬂH [ - o~ -
L
&)
-
3
W - ]
v “zu’- . . . . . « O W . .
N N MMM N NME M Hm
N 1 m N ™ ™
O ¢ VW © 6 N O A O o o
$m¢m¢ﬁ'ﬁ‘mﬁ'm¢mq‘
)] .
s
o : .
o w oo omo@o.a
2 N m_.wV'm v
¢ N < N <~
~ = A

12 grams of gypsum was added to the slurry water to control gypsum solubility.._

® o O
@ N mow o Qe

11
12
13

Sample Grams HL.%
' 165
135 '
165
135
150
150
157.5

SUBSTITUTE SHEET (RULE 26)



ﬁemsprint was 85:15, and additional newsprint was added to provide the
amount  @ooepRygePrint set forth in the above formulatjon.
eval uating the 13 sanple tiles, the follow ng data was r e X HHps09703

TABLE 7B Cutability For ce : -

Type of Cut Sanple Cal ci ned Uncalci ned Cal ci ned Uncal ci ned
23.8 ' 19.8 - Very Rough Very Rough 2 20.9

12.7 Rough . Clean 337- 22.7 16.0 - Very

Rough ~ Very Rough 4 21.6 21.1 Rough Very

Rough 5 a11 df- 6these f%%m%latlons Reeh formed i gh%qugous

28. 1 : 21.8 Very Rough . -Very Rough 7.

14.3  sShngties heougly S| 'V’ghbirywachggb soaldglcznteﬂ.A 11; 7the 28ade %If
Slightly Rough ht Rou o ean
Sl : Sm | 5= 03%9'0335 the Ay QYEeglwneWSPrl% g the snragtmq y qrfoumpsumd tan
11 news%}&%t was &8: :\?5R a.tgd ! Q?@Eh@&!& rﬁw%prlr?tn wafE3 gdded tc2>5 0

19.7

Rough provide Otmm amount Qﬁﬁblﬂévisprin@ NS Ur £o0th t Won F 8CROT Sapohew
difficult it is to cut with a hand-held utility knife and the appearance of

t he cuﬁormulanmny piece jig was designed to perform the cutability

tests. ece eld a 3 .inch_ b nch ellln l.e sanple_in place
and a standa tﬁYqi]iFiﬂguﬁpﬁa£3 égmgheaﬁl es, £°11°W£H% datapwas
recorded:
IABLE 7B
Cutability _
' Force ~ Type of Cut
Samlg Calcined Uncalcined - Calcined Uncalcined

1l 23.8 19.8 Very Rough Very Rough

2 20.9 12.7 ‘Rough ' Clean

3 . 22.7 16.0 . Very Rough Very Rough

4 21.6 21.1 Rough Very Rough

5 17.6 13.2 " Rough Rough

6 28.1 21.8 . Very Rough Very Rough

7 17.6 14.3 Slightly Rough Slightly Rough

8 17.4 20.0 Slightly Rough Slightly Rough
9 21.4 18.7 Clean Slightly Rough
10 23.4 - 16.8 Slightly Rough  Clean
11 23.4 16.7 Slightly Rough Clean
12 ' 25.0 "19.7 . Rough Rough
13 27.8 16.0 - Rough Clean

Cutability is a measuré of two factors - how difficult it
'is to cut with a hand-held utility knife and the appearance of
the cut; A two piece Jjig was designed ﬁo perform the
cutability tests. One piece held a 3 1nch by 4 1nch ce111ng

tile sample in place and a standard utility blade was sét at an
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- 38- { 30[err] relative to the sanple in the other | ece. The
cutabi Tty #%é%s were performed on an Instron Universal FEI(GSE09MB.chi ne
with the unit operating in a tension node and the crosshead speed set
at 20 inches/mnute. - This test approximtes the action of cutting a

tile wwth a hand-held utility knife. Results are reported as the force
required to cut the sanplLe and a description of the appearance of the cut.
In conparison to the difficult to cut3gypsum newsprint fornulations, al
of the mneral fiber tiles had a clean cut and required an average force of

About Bhe1® Ber 5581 Lelellle ol Wl Uhdoord R LUl {pLgRECONU AU N0

t he co- gypsunT Aiewsprint conp e or t m Xt ure

gy PSUMcHEAHIAARY, fﬁelytrs (werealpd ﬁ%i)medadn e ToridBdGH | WHE vl NPége Big | east
about 10% dry wei ght of n1nera| fiber ‘has better cutting properties %han

the mi Machingoowitheehd | upit operating imxaspltemsion wmadep| and theal

was  PeLlonieds UsiigeqNeed ol LW N TRhIHLEVRSRSee" N {iBs B PHILEN
approximates the actlon of cutting a tile with a hand- -held
utiliﬁy knife. Results are reported as the fo;ce required td
cﬁt the sample aﬁd a.deséription of the apéearénce of the cut.

In comparison to the difficult to cut gypsum/newsprint
formulations, all of the mineral fiber tiles had a clean cut ‘
and required an average force of about 11. As a result of the
difficulty in cutting the tiles containing Ithe co-calcined
gyésum/newsprint composite or the physical mixture of gypsum

" and paper fiber (uncalcined), a'tile fdrmulation containing at
least about 10% dry weight of mineral fiber has better cutting
pr0pe£ties ﬁhan the minefal wool-free'tiles.

_ - o

A plant trial was performed uéing the following

formulatlons, with the gypsum and hydropulped newéprint being

phy51cally mlxed into the formulation without co-calcining:

. - TABLE 83 '
Ingredients ' Formulation Formulation
& Other Factors . A B
Expanded Perlite - : 39% 41%
Newsprint (hydropulped) . 22% ' 20%

- Gypsum 32% 32%
Starch - ' - 7% - 7%
Solids COntent - 5.5% 5.5%

Line Speed (ft./min.) 30 S - 30-34



ﬁhysi cally mxed into the fornul ati on w thout co-cal cining:

TABLE 8A Lent s Formul ati on Formul ati on & O her
Factors WO A B Expanded Per|PEEUSISN09703
39% : 41% Newsprint (hydropul ped) - 22% 20%
Gypsum - 32% - 32% St ar ch _
7% 7% Sol i ds Cont ent _ 5.5% : '5.5%
Li ne Speed (ft./mn.) a- 30 30- 34 WD 96/ 05149
PCT/ US95/ 09703 -39- - -39- The starting line

speed (Fornulation A) was 30 ft./mn and this was increased to 34 ft./mn.
during tTite | ataetipgrliné speeds¢Popsulation (EprwasadooftByminTRagwehisat s
were dried with the follow ng dryer tenperature ranges after startup:

Dryer #1Waspipgreased topdfer £h3/minyeduringothel datéem pago- o[ shel F.

470- 500 S92 448L 5 [hpPhbignion B, " The" het walll ¥d) pRled whEh, Enge

after drfollowifd @ryePftémSerituire ranges after startup: | '
Formulation A 790f802°F. 458-492°F.,l409-4%i°F. 408-4716F.
Formulation B 783-821°F. 470-_50_0°F._. 419-454°F 419-450°F.

The mats exhibited no warpage after drying, and all of the dry
panels passed through the trimmers. = Approximately 65,000
square feet of panels were produced. ' |
The slurry consistency in both trials was about 5.5 weight
% which appeared to be acceptable. The water did not separate
. from the stock when poured on a smooth.surface'(slump test).
The slurry feed rate. was maintained at approximately 400
gallons/minute during both trials. The wet mat waé pressed to
a thickness of about 0.610 inch prior to drying which removed
- some of the. excess water. - The final density of the dried
- panels was about 13 pounds/cubic foot. |
Example 9
Another plant trial was performed in which 33% of the mineral
fiber was replaced with gypsum and additional newsprint and a
second formulation whereip all of the mineral fiber was

replaced. The following formulations were used:



panels passed through the trimmers. Approxi mately 65,000 square
feet of re produced. The slurry consistenc n both trials
was aboﬁag @V\%\?ghtp % whi ch appeared to be acceptable. %W"W@?‘Bdl d not
separate fromthe stock when poured on a snmooth surface (slunp test). The.
slurry feed rate was nai ntai ned at approximately 400 gallons/m nute during
both trials. The wet mat was pressed to a thickness of about 0.610 inch
prior to drying which remved sonme of /rb excess water. The final density
of the dried panels was about 13 poun cubi ¢ foot .

Exanple 9 Another plant trial was perfornmed in which 33% of the m neral
fiber was replaced with gypsum and F@&LE-SRal newsprint and a second

fornul atlngrediemin al | of the ni nerRdxmhilaxicmdd repl afedmuliaeibnl Bowi ng

for nul atEsginded Peikike WO 96/ 05149 35% o , 39%

PCT/ USON&igiddint (hydropulped). - 40- 22%

TABLE 9 Forrﬂg%atl on A FOE%I ation B
Expande TN 35% 10% 39% 7%

Mineral Fiber . 27% B 0%

In both trials, the starting line speed was 30 ft./minute,
however, due to the use of addlt:.onal d:.lut:.on water, the line
speed was reduced to 28 ft /m:l.n. (Formulat:.on "A) and 27 ‘

ft./min. (Formulation B). The follow:.rig data was recorded:



I\]ewspri nt (hydropul ped) 16% 22% Gypsum

12% 32% Starch 10%

7% M ner 3° BB 27%  (RET/US9SI0BT8N
trials, the starting |line speed was S@&fft./mnute, however, due to the
use of additional dilution water, the line speed was reduced to 28

ft./mn. (Fornul atio‘Q and 27 ft./mn. (Formul-ation B). The follow ng
data was recorded: © derjJommsaan W 86&KA0R1I490 m
PCT/ US95/ 09703 = ARdAd duNNQNQ -42-

The warpage in both trials was mninmal and all panels passed through the

slitters. There was also mninmal calcination of the gypsumin the dryers.

During the processing, the initial slurry consistency (33%
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repl acenent) was approxinmately 6.6% by weight of solids. Because of the

hi gh consi stency, the slurry flow was not uniformand the wet mat cracked
bef ore yacuum dewat eri ng. The slunp test patty dianeter was only 6.5 _
inches, ¥‘f%%ﬁ"l§ 4% ng inproper flow of the slurry. Addition RT/AISosS09708N Wat er
solved the slurry flow problem and reduced the slurry consistency to 5.4%

sol i ds. The slunp test patty dianmeter was 9.5 inches (normal). Lat er
inthe trial, additional (dilution water |owered the consistency to 4.9%
solids, with no adverse effect on the mat foffiati on. ' In the 100%

m neral fiber replacenent trial, the initial slurry consistency was 6. 3%
solids. This caused sone cracki ng in the mat formation which was resol ved

ot ovi di ng & S8 | MEREEERecrotRa i aherar Bininal and ‘all’ fanels
%%ﬁq:hrough the s@.l;%@terg.' alTﬂ@fe 'WhsU3hse %}%&h@ll( ﬁ&]&%x{ﬂl@ﬂ aggon:
EXWW iire the dryers. 43 _ Gypsum
Starch 5 Paper Fi ber
(newsprl nt) During the pvg:ggpggg4gthe initial slurry consistency (33%
Pcﬂe%ﬁ%?!e%%% was approximately 6.6% by weight of solids. Because of
the high coﬁsist:ency, the slurry flow was not unifqrm and the wet mat
cracked before vacuum dewatering. The slump test patty diameter was
only 6.5 inches, indicating impropei:' flow of the slurry. Addition of 1\‘
dilution water solved the slurry flow problem and reduced the slurry
consistency to 5.4% solids. The slump test patty diameter was 9.5
inches (normal). Later in the trial, additional dilution water
lowered the consistency to 4.9% _éolids, with no adverse effect on the
mat formation. .
In the 100% mineral fiber replacement trial, the initial
- slurry consistency was 6.3% solids. This caused some cracking' in the
mat formation which was resolved by adding dilution water, lowering.
the consistency to 5.4% solids and providing a 9.5 inch slump test
patty diameter. |

Example 10

A plant trial was run using the followihg formulation:
‘Expanded Perlite 43
Gypsum o 32
Starch S - 5

.Paper-' Fiber (newsprint) 20



;43-. The formul ation consistency was about 5.5% solids and the
gypsum jher were physically mxed into the slurry (w thout
pﬁ?}%ﬁ«&h@

co-cal ci > The newsprint was added as a slurry cont aiP¢TRFSBHAE 3%
sol i ds. The Iline speed was about 30 feet/mnute, and the wet mat

t hi ckness was carefully maintained at about 0.6 inches usi.ng a conbination
of vacuum and pressing rolls. The foll ow ng data was
-recorded: WO 96/ 05149, -

PCT/ US95/ 09703 ~43- - 44- :
TABLE 10B ' Thi ckness Density - NMOR

Sanpl e ffhe formulationh)consistefity. /was|ecabbdit(p3id% solids and Ithke

0.614 -15.0 ) 162 L 1-b , 0.617

14.9 gypsum/papgr £fiber were . physically miged, into the jgplurry

162 P MY ‘s 1 ; 1. 33, 1

5. b (without %o gbaglc:mlng) - éﬁbés ﬁewspr:.nt 1 g%aqs added as a 2:s7lux'::'y
containing about 3% solids. The 1line speed was about 30
feet/minute, and the wet mat thickness was carefully maintained
at about 0.6 inches using a combination of vacuum and pressing
rolls.

The following data was recorded:



2-¢ 0. 607 13.2 141 3-a
0. 602 3.7 146 3-b 0. 602
13.6 "0 ss1db, [ 3-¢ 0.604 PCT/USISN83 7
146 4-a 0. 607 12.9 ' 135
4-b 0. 609 , 12.9 137 - 4-c
0.610 12.9 137 5-a 0.615
13.1 124 . 5-b 0.605 13.2
121 5-¢ 0.611 --44- 13.2 128
6- a 0.623 12.4 142 6-b
0. 624 12. 2 - 141 'TARLE 108B- C _ 0. 624
12. 3 142 - 7-a . 0. 624 13.9
152 7-b - Thigkness Pensity ‘MOBR9
7-¢ 0.622 13.9,, 83- 8;
0. 626 .1§¥§“££LN9* 16+—ach) éihrlfF*?’ Lk o5
ig-29 - 155‘ 1-a - - 8-Q.614 - 53 | ﬂézg
9-b 0% 13,8527 1&%%43 %ééc
0. 622 13. 2-¢ 144 0-611 10- #>-1 %16
13.0 1462-a 10-b 0.614 36y 127
145 10-@-b 0.06508 2.2 132
11-a @-&18 19407 0. 2 1412 b
0.612 15. G -5 171 o.602 - 11-q3.7 16
15. 4 1684 - The tiles gig@e With thiss formulation gigl not war
and readily passeti_gt hrough the OS'.IajOtt.er S. . ﬁ%e_.z dried ti lftfs had
excel I'ent hardness4q_ar_rpar ed to m neor. o:fl ber bas%. .t9| | es. 135
4-b 0.609 12.9 137
4-c ' 0.610 12.9 137
5-a 0.615 13.1 124
5-b 0.605 13.2 121
5-¢ 0.611 13.2 128
6-a 0.623 - 12.4 142
6-b ' 0.624 12.2 141
6-c 0.624 12.3 142
7-a 0.624 13.9 152
7-b 0.621 13.9 159
7-¢ 0.622 13.9 153
8-a 0.626 13.9 161
8-b 0.625 13.9 157
8-c 0.623 14.0 162
9-a 0.631 13.0 140
9~b 0.624 13.2 150
9-¢c 0.622 13.2 144
10-a 0.616 13.0 146
10-b ~ 0.617 13.0 145
10-¢ 0.622 13.1 144
11-a 0.618 15.4 162
11-b _ 0.612 15.6 171
11l-c 0.616 15.4 168

The tiles made with this formulation did not warp and
The dried tiles had

readily .paésed through the slitters.

excellent hardness compared to mineral fiber based tiles.

\
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. Aco sui tabl e for making acousti cal tiles characterized
| n t hat Waég}ﬂéﬁgt s essentially of gypsum cel | ul osi c PETAES95/09703
I'i ght wei ght aggr egat e material and a binder in which on a dry sol i ds

FZZiStS 13% b;h\?\ésglhal“mmnm““ﬂﬂnml'%g:@ > \_/\4re5|-ght 'ogl_gy_ﬁ)_f]gmcgggoglt tion of

claim1, characteriZed®in® " %Yhdt the ICLAEMSis starch present on a dry
solids basis in an anount ranging fromabout 3 to about 15% by wei ght;
the |ightwei ght aggregate material is expanded perlite present on a

dry solids basis in.an arg)u%gmﬁgsﬂléﬁaéﬁl able E%,_/ %9&%0&9{21&3?

cellul ose fiber is paper resen on a asl s

anount rangi ng ¢ires charéétéﬁhi&&nﬂn3@Hﬁbylwetaﬁﬁlsts essentlaBly ofhe
conposition of claim2, characterized in t hat the gypsum ranges from

about 15 to am@mpsum%thIIUlOSNEH%#beandathEQQRWQhﬂbﬁ pggregateanges from

about 25 to out 609 oby h [a]8g0]0) n of
cIainrl,_chara@ﬁiﬁ%&ﬁ# bl?#é& ip vhigh 9n3, ¢ Fg-sgilageﬁé%ggunrand
cel | ul osic thdidHs HE 1éhét|99a$¢9t'iﬁn Dé% Ay ONRLGht CofbgPpbam whlchthas
been produced by cal cining under pressure a dilute slurry of gypsum
and cel | ul osi c Yedstr .13% by weight. of géblubapesfiben.of claim 4,

characterized in that the copposite ertial is,calcjum,sulfate
al pha ent hydrt e HI% EPRROBLEIOR(SE AP LB L w ShEFRGEETLEEd Th°

cel lulosic f'txﬂﬁht the binder is starch present on a dry solids basis

in an amount ranging from about 3 to about 15% by weight;

" the lightweight aggfegate material is expanded perlite
present on a dry solids basis in an amount of at least
'25% by weight and the cellulose fiber is paper fiber
present on a dry solids basis in an amount ranging from

13 to about 30% by weight. |
. ‘3. The composition of claim 2, characterized in
that the gypsum ranges from about 15 to about 45% by
weight and the expanded perlite ranges from about 25 to
about 60% by weight,

4. -The.composition of claim 1, characterized in
that at least a portion of théngpsum and cellulosic
‘fiber are in the form of a composite material which has
béen produced by calcining ﬁnder pressure a dilute slurry
of gypsum and cellulosic fiber. |

, 5. The'composition'of cléim-4, characterized in
that the composite material is calcium sulfate alpha
hemihydrate-whichrhas been co-calcined with the |

cellulosic fibers.
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f cIa|n15 characterized in 'fhat
the ceIYvolyglglsl(?gf belﬂi‘mgﬂﬁm “IE 7. Th&CTB1H%69703 on of

claim 6, characteri at a portion of the cellulose fibers are
added to the conmposi tion as uncalcined fibers in addition to the
cal ci ned gypsuni cel | ul ose fiber conposité6material . 8. The
conposi tion of cI 5I m 1 Thehmcapoeitien iof claim thatcharadrsmiredlimportion.
of gypsum and, a the cel lul ose fiber are in the form

of ground gyB?@ﬁl the ﬁ&ﬁhﬂ@&ﬁ&c £ifers aregp pﬁﬁaﬁiﬁﬁiﬁ;ition of claim 1,
characterized in 7. tﬁ)ﬁ o‘\s‘iltla.gno%‘f fdl &hm '65 Waéi:rl%c rﬂor

portion of t'he paper I'S newspril conposi tion
sui tabl e for thaki ng Wibncaalf the c‘emmdﬁearfaosetrs zak iddddiitd teoNSi st's
essentially of m neral wool, gypsum cellulosic fiber, a |ightweight

aggregat e napempeslﬁnenaasuﬁasalcnneﬂnﬂybagﬁ éﬁd@ﬁd&ﬁNQﬁ;to therasis there

t | t about, 1Q% I t about 10%
by wei ght  of CBYFLARAAPAERY E8e1 5108 Eifer, compplfits masenhise (1 ber
11. The conpositi gn OfTﬁ abgh%,g%’gli%agfeglgg_q, |1n36,&ag. {éedalrfpunt of

m neral wool ranges from ab %to out
12. The conpehati ansabsthatdalOportibn of gyp@lwmfdera Ilﬁ.dldzﬂ pdm:.aﬂ | east

a portion Ofo%hghgnglngose fiber are in the form of ground gypsum
wallboard. .

9. The composition of claim 1, characterized in
that the cellulose fiber is paper and the major portion
of the paper fiber is newsprint.

10. A comp081tzon suitable fo:‘making acoustical
tiles characterized in that it consists essentially of
mineial wool, gypsum, cellulosic flber, a lightweight
aggregate material and a binder, in which on a dry solids
basis there is at least about 10% by weight of mineral
wool, ateleast about 10% by weight-df gypsum and at least
13% by weight of cellulose fiber.

11. The composition of claim 10, characterlzed in
that the amount of mineral wool ranges from about 10% to
about 30% by weight. _ |

12. The composition of claim iO or ‘11,
characterized in that at least a-poition of the gypsum
and the cellulos;c flber are in the form of a composite
material which has been produced by calc1n1ng under '
pressure a dilute slurry of gypsum_and cellulosic fiber.

13. The composition of claim 10, 11 or 12,

characterized in that a substantial portion of the gypsum



and the cellul osie—fiberare in the formof a conposite mat eri aI V\:hi ch

has beeg, ed by cal ci ni ng under pressure a di

gypsum ar@ﬁr@ul oj{'ﬂmumulwm 13. The conpositi dﬁ}fZ‘f”é %ﬂo 10 11
or char a uluisubstantial portion of the gypsum
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-47- and a minor portion of the celMif-ose fiber are in the form
of ground gypmédnavaminmmrpbrtion of thdicellulosetfibertate inrtbd with the
composition form Oc];f agn:.yogz;d Cg')%srﬁm 1wa:l(.)lboard

14. A acoustical tile formed with the composition
of any of claims 1 to 13. : '



