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A GYPSUM/CELLULOSIC FIBER ACOUSTICAL TILE COMPOSITION
_ . .

| This inventiorx relates to acoustical tile
_compos:.tlons useful 1n manufactur:mg acoust:.cal t:.les
and panels for ceiling appln.cat:.ons. More
particularly, this invention relates' to acoustical
tile compositions _basec_'l ‘on a gypsum/cellulosic fiber
composition which can .replace ali or a portion of the
mineral wool normally present in acoustical ceiling
.t:|.1es The invention also 'relates' to a novel
- gypsum/cellulos:Lc fiber/ light’w‘eight' aggregate
| mater:Lal compos:.tion which is used in a water- felt:.ng
process to manufacture acoust:.cal ce:.l:.ng tiles and
| panels. "
BACKGROUND OF THE INVENTION
The water-felting of dilut'e Iaqueous dispersions
of mineral wool and lightweight' aggregate 1is a
.commercial process 'for mamifa(':turing acoustical
ceiling t:.le. In this process;' a dispersion of
| m:.neral wool 11ghtwe1.ght 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 Ol:l.ver mat form:l.ng machine for
de_v:atering. ‘The _d:l.spers:.on dewaters first by gravity
and then vacuum suctioxi means}_ the wet mat is dried

' in heated convection drying ovens, and the dried
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material is cut to the desired dimensions and
optionally top coated such as w1th palnt to produce
acoustical ce111ng tiles and panels.

For many years, acoustical ceiling tile has also
been made by a wet pulp molded or cast process such
as described in.U.Si Patent No. 1,769,519. According
to the teaching of this_patent, a molding composition
comprising granulated mineral wool fibers, fillers,
colorants and a blnder, in particular a starch gel,
is prepared for molding or castlng the body of the
tile. This mixture or conlposltlon is placed upon
suitable trays which have been covered with paper cr
a’ metallic f011 and then the composit:on is screeded

: to a desired thlckness w1th a screed bar or roller,

A decorative surface, such as elongated fissures, may -
be provided by the screed bar or roller. The trays
filled with the mineral'wool pulp or composition are
then placed in an oven to dry or cure the
compositicn. The dried'sheets are removed from the
trays and way be treated on one or both faces to.
provide smooth :surfaces, to obtain the desired
thickness and to prevent warping. The sheets are
then cut into tlles of a desired 31ze.

In our U.S. Patent No. 5,320,677 we dlsclose a
composite mater1a1 and method for maklng 1t wherein
ground gypsum is ‘calcined under pressure in a dilute

slurry 1n the presence of a cellulos;c fiber. The
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uncalcined, grddnd gypsum and the cellulosic fiber
are mixed together with sufficient water to form a
dilute:slﬁrry which is then heated unaer pressure to
calcihelthe gypsum; converting it to calcium sﬁlfate
alpha hemihydrate.' The resulting co-calcined
material consists of the cellulosic fiber physically
inﬁerlocked 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) . - | _' | o |
-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; |

5,013,405 and 5,047,120) also discloses that mineral
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fillers, such as expanded perlito, may be |
incorporated ihto the oomposition to'improve sound
absorbing properties agdttolproVide iight weight.

It is an object of this ihvention to provide an .
1mproved acoust1cal t11e comp051tlon for maklng
acoustlcles hav1ng acoustzcal properties comparable
to the mzneral wool tlles made by a water- feltlng |
process. .

The present.inrention provides'a composition
suitable for making:acousticsi.tiies consisting
essentially of gypsum; osllulosic fiber; a
lightweight aggregate materisl snd 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 flber -

The present 1nventlon also prov1des the wetted
composition suitable for .maklng acoustical tiles

~ consisting sssentially- 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 miﬁérsl wool, at
least_about_lo% by weight of gypsum and at least 13%
by weight of cellﬁloée_ fiber. A particularly
preferred composition employs a gypsum/oellulosic
fiber composite material in thch the gypsum and
cellulosic fiber are ‘co-calcined und_er' pressure to

physically interlock the cellulosic fiber with the
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calcium sulfate crystals. The acoustical t_iles made
from the compositions of this invention héve
acceptable physical properties for usé in suspended
ceiling systems. In addition, the cbmpositions which
contain waste newsprint 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 _mamifacturing ceiling
“tiles or panels using a water-felting_ process. In
addition to the gypsum and cellulosic fiber, the
composition also contains a lightwei.ghtl éggre_gate
material and a binder, and it may also contéin other
‘additives, -.suéh as clay, flocculant and surfactant,
normally included in acoustical ceiling tile
" formulations. As noted above, th_e_ cbmposition may
contain some mineral wool (in reduced é.mount) '
" 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 the novel
acoustical tile composition of this inven_tién is
gypsum (calcium sulfate ~dihydrate). The solt__:.biiity
of the gypsum in the processing slurry enables the

gypsum to function as a flocculant in the
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formulation.  This flocculating function provides
uniform distribution of fine particles (clay, gypsum,
perlite' and - starch) in the wet ma: during the
prbcessing. In the absence of this flocculating
action, the fine and high density particles tend to
migrate to the bottom of the mat during processing
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,
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perforation, etc.). The highér'level of cellulose
fiber may also contribute to these improvements. The
surface smoothness of the acoustical panels may also
be impfoved by the gypsum whereby sandiﬁg of .the
surface after drying-may be eliminated. The gypsum
in the panelé”also provides improved fire properties.
It has also been found that = the

gypsum/cellulosic ~ fiber formulation does not
springback (swell) after the wet pressing and drying
.operations 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 calciuﬁ sulfate

lanhydrite. 'As more fully discussed below, the gypsum
- may be co-calcined with a céllulose fiber material to
' form a composite material of cellulose fibers

' interlocked with calcium sulfate crystals.
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Another key ingredient in the novel acoustical
tile compositidns of this 'invent_ion is the cellulosic
fiber. Several types of cellulosic fiber have been
evaluated in these compositions. It is well known to
use newsprint in acoustical tile f'qrmulatilons, and
both hammermilled and hydropulped newsprint have been
evaluated in these compositions. Refined paper
fibers and wood fiber may also be used as the. _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
_fibers.' are a more expensive source of | the cellulosic
fiber. | -

A préferred source of the cellulosic fiber is a
composite gypsum/celiulose fiber maite_rial which has
been co-calcined as disclosed in U.S. Patent No.
5,.320,-677. As disclosed therein, uﬁcal_cined gypsum
and either wood or paper .f'ibers are mixed together :
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 in.ter__locked'
with calcium sulfate crystals. The composite
material can bé dried immediately bef_oré it “co.ols to

provide a stable, but rehydratable calcium sulfate
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hemlhydrate, or the composzte mater1a1 slurry can be
used dlrectly in manufcturing the acoustlcal tile.
It has been found that the use of co-calcined -
:gypsum/cellulose flber compOSLte material provides an
acoustical tlle composition having greater mat solids
.retentlon and better ‘wet lap strength, however, it
does drain slower and is harder to cut with a knlfe
than.tiles made with gypsum physically blended with

._paper fiber (newsprint), especially if the longer and

~ stronger wood flbers are used.

Another source of both gypsum and cellulosic
fibers is waste (scrap) gypsum wallboard It has
been found that the scrap wallboard can be ground

~ into gypsum partlcles and paper flbers whlch can be
physically mixed with the other ingredients in an
acoustical formulation to provide a slurry nseful'in
a water-felting process for preparing a ceiling tile.
‘Alternatively, -the'.ground scrap Waliboard' can be
- used as a feed material in a co;calcining process,
and the co- oalclned comp051te' gypsum/paper fiber
_ material can be used in a formulatlon for preparing a
- ceiling tile by water-felt;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 perforﬁiance. This is not a

novel ingredient, for it is well known in the art to
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use expanded perllte in acoust1ca1 tile comp051tlons.
The expanded perllte' prov1des por051ty in the
compcsltlon wh;ch enhances acoust1ca1 propertles It
has been found that a medlum grade expanded perllte
~provides sufflclent - porosity "and  acceptable
texturablllty ‘An expanded .nerlite '.material
commerc1ally available from Silbrico Corpbration
under the des1gnatlon 3-8 perlite has been found
acceptable. The medium grade expanded perllte
contalns perllte partlcles that are similar in size
to granulated mlneral wool. Equlvalents of the
. expanded perl:.te such as verm:.cullte, glass beads,
diatomite or exfol:.ated clays may also be used as
substitutes for the perlite or in combination
therewith.' |
The fourths key Jingredient, .which algso is not
novel in acoustical_compositicns, is a binder. It is
well known to use starch as a binder in mineral wool
based acoustical tiles. A starch gel maf be'prepared
by dispersing starch particles in water and heating
the slurry until the starch is fully cooked and the
slurrf thickens to a visccus'gel. A portion of the
celiulosic fibers nay be inccrporated into the starch
slurry prior to c00kingQ The cooking temperature'of
the starch slurry shculd be closely monitcred to
assure full swelling“ of the starch granules. A

representative COoking'temperature for_corn starch is
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about 180°F. (82°C.) to about 195°F. (90°C.). Starch
may also be used as a binder without pre-cooking'the
starch to form.é gel. '

A latex binder may be used_ in place of the
stafch or in combination with the -staré:h- binder.
Many of the latex binders useful in acoustical
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 fibers 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
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ingredients are well known in acoustical tile
compositions. | _ __ _

' The acoustical tile 'compc_isi_tiops of th:i..s'
invention consist essentially of gypsufn, cellulose.
fiber, a ,lightweight aggx_‘egate' mater_ial and a binder

which can be present, preferably, in the foilowirig '_

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

I;I some of the examples which follow, soluble
gypsum was added to the slurry water prior to
incorporatih'g 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 dj:-ied product. Otherwise, it may be necessary
to increase the amount of dry gypsum in the
ingredient mix to co'mpenlsaite for gypsum going into
sollution.' |

Acoustical 'ceiling' tiles were prepared to

evaluate replacing mineral fiber in a conventional
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water-felted formulation and process. The mineral
fiber was replaced with gypsum and wood fiber at 25,
50,75 and 100% levels. Some tileé were made in which
the gypsum and wood fiber were co-calcined prior .to
incorporation into the acoustical formulation, and
other tiles were made ih which the gypsum and wood
fiber were Jjust physically mixed with the other
ingredients without co-calcining.. The ratio of
gypsum 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 perlite 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 starch was used as the binder. The
flocculant  was GEN DRIV. 162, and 4 grams of the
flocculant were added to 1000 milliliters of
deionized water and mixed for at least 2 hours. The
‘surfactant was NEODOL 25-3. |

The gypsum 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
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composite"meterial by applying iag vacuum thereto,
afterwhich the composite material was allowed to
hydrate fully to calcium sulfate dihy&rate (gypsum)
prior to drying at 120°F.-:overnight to constant
weight. Anotherlbateh of gypsum/wood fiber was co-
calclned as prev;ously described, except that after
removal of the excess water by vacuum, 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_mete:ial,ﬁthe caleium sulfate was in the
hemihydrete form .'Aﬁter -drying, the gypsum/wood
flber comp051tes, in both dihYdrate and hemihYdrete
forms, were broken down 1n a twin shell blender prior
to incorporation 1nto ~ the acoustlcal 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 maklng the control tile
which contalned 100% m1nera1 fiber and no gypsum/wood
fiber. The following formulations (in weight

percent) were used to make the tiles:
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TABLE 1 |

Control " - Experimental ,

100% M-F 75% M-F 50% M-F  25% M-F 0% M-F
Ingredients 0% G/WF- ' 25% G/WF 593_GLHE 15% G/WF. 100% G/WF
Mineral Fiber _37.58'- 28.18 18.79 9.39 0
Gypsum - | .0 7.98 15.97 23.9 31.94
Wood Fiber o 1.41 2.82 4.22 5.64
Expand. Perlite 34.83 34.83 ' 34.83 34.83 34.83
Newspaper 15.91 15.91 - 15.91 15.91 15.91
Total Cellu-  15.91 17.32 18.73 20.13 21.55 .
losic Fiber o ' _
'CTS-1 Clay 3.54 " 3.54 3.54 3.54 3.54
Starch 8.01 8.01 8.01 8.01 8.01
Flocculant 0.06 0.06 0.06 0.06 0.06
Surfactant 0.08 0.08 0.08 0.08

-sl-

£0L60/S6S0/1Dd
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The evaluation procedhres included board formation and
processing, drainage time, pressing, drying and the effect on
the physical properties of the acoustical tiles. 1In general,
there was no significant diffe’i‘ence in the formation of 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 'release_d and two drainage times were recorded. The
first drainage time was when the water tgtally disa_ppeared £rom
the surface of t_:he niat, and the second drainage time was when
the vacuum dial indicator dropped to 5 inches of mei-cury.' At
‘this stage, the _vacui;m 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 ﬁo 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 drying, a study was performed to determine whether the
wet mats could be dried 'wi'thoﬁt 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.
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After drying, all of the test specimens were cut and
subjected to 75°F./50% Relative Humidity conditions for at least
24 hours prior to testingl The specimens.were tested for the
foilowing:

' 1) density, thickness and MOR strength

2) acbus;ical properties (NRC)
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):
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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 .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
Composite

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

7 : 0 100 0.568 9.32 53
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Control Db Drop
_ . Absorbance
75% MF/ZS% GWF Db Drop
| Absorbance
50% MF/50% GWF Db Drop

Absorbance

-25% MF/75% GWF Db Drop

Absorbance

100% GWF

Absorbance

Db Drop

32

© 0.266

29.5

. 0.326

29

0.332

29.5

0.332
29

0.339

TABLE 1E

Acoustical Properties

' Dihydrate Composite

Frequency
._5ﬂﬂ_ﬂz 1000 Hz
27 21.5
0.392 0.546
24 21
0.476 0.562
24.5 20
0.469 0.599
22.5 . 21.5
0.518 0.546
23 . 18.5
0.503  0.636

22

0.532 0.434
21
19.5
19.5
0.613 . 0.502
19 |
0.621 0.525

-6‘—
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Control
75% MF/25% GWF

50% MF/50% GWF

. 25% MF/75% GWF.

100% GWF

TABLE 1F
Dimensional Stability

Dihydrate Composite (Avg. 6 Samples)

$ H,0 | $ H,0

Absorption Absorption |
387.96 - © 404.14
386.48 - 396.15
390.23 | . 399.90
388.10 400.66
388.61 . 400.50

% Thickness_

Increasé
S,

- 0.540

0.035

0.412

0.066

0.121

-0z -

- 6¥150/96 OM

£0L60/S6SO/LDd
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The drainage time was not affected when 25% of the mineral
fiber was replaged by gypsum and wood £fiber; howevér,- the
drainage was slightly adversely affected .as the gypsum/wood
_fiber level increased, especially .at 100% hemihydraté
composite.  The thickness of the dewatered mat slightly
decreased when the gypsum/wood fiber level'increased.

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 cont: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 dewatéring. The average weight loss in the control
~ mats was -about 5.5%, whereas the weight loss in the mats
containing the gypsum[ﬁood.fiber was_substantially gfeater.
Gypsum settled in the bottom of thé_mats during mat formation.

The dried tiles-ccntaining the gypsum/wood fiber were also
slightly warped, and the warpage was severé when the mineral
fiiler was totally replaced with the .uncalcined gypsum/wood
fibér. Howe&er, there was no ﬁmrpage in the tiles made by
replacing the mineral fiber with é co-calcineci dihydrate or
hemihydrate composite. o o h |

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
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formation).  The thickness of the tiles containing the
gypsum/wood fiber was lower due to the low speczflc volume for
gypsum, whlch did not spring back durlng drylng as did the 100%
m1nera1 fiber tiles. |

Duplicate samples. of Control and expefimental tiles with
mineral fiber reélacéd by gypsum/wood fiber dihydrate 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 wherezn all of the mineral fiber was replaced.

_ In the test for dimensional stability, there was no
significant différence. in the one and four hour water
absdfptibn ‘values. As noted previously, very 1little  water
(about 2%) was removéd from the tiles during wet pressing.
About 78% moistuie waé.evapdrated during drying, however, this
produced excessive pores in'thg tiles. However, during the
dimensional stability'tést, water'pénetratéd into the pores of
the tiles resﬁlting in high water absorption.

Wéste'(sciap) gypsum wallboard was evaluated as a source
of gypsum and paper fiber (co-calcined) in acoustical ceiiing
tiles. The waste wallboard was ground into small particles.
Though some lafge paper pieces Were.preSent,rtheSe 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
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(hydropulped) newspaper, whereby the .slurry consisted of 15%
dry Weight of paper fiber and 85% by weight of gypsum. These
were do-calcined at 'a 15% solids consistency, and the
calcination was carried out as disclosed in U.S. Patent No.
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 acousticallceiling 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 tébles' represent the formulation and the

recorded MOR strength:

.IBBLE_Z_A _
| Tile NO. 1 ' Tile NO. 2
Ingredien# . Wgt;(gms.) | Wg;.% o Wgt.(gms.) Wgt.%
Gypsum (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 ¥) PO | 6
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_ Thickness - Density MOR
Tile Sample —inch {bs./£t.2) —(psi)
1a - - 0.632° - 7.5 - 68
1b - - 0.619 7.5 62
1ic | 0.623 7.4 67
d ' 0.630 7.4 78
. Avg. o 0.626 7.45 69
2a ~ 0.620 20.4 - 168
2b . 0.645 21.1 - 179
2c 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,
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there were still large pieces of paper in the tiles. The dried
“tiles were subjected to 75°F/50% relative humidity conditions
for at least 24 hours prior to testing for_MdR strength.

The following tables represent the formulation and the

recorded MOR strength:

- IABLE 3 A
‘Weight Weight
Ingredients D {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 ' © 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) {bs./ftd - _(psi)
1la 0.578 ' 10.2 46
1b 0.570 10.4 ' 55
1c 0.565 . 10.4 . 45
1d 0.572 10.1 43
le 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
2d 0.579 - 10.0 44
2.e 0.577 10.3 50
Avg. 0.584 10.1 - 51
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) .ThiS'test'data indicates that the MOR of thesé-tiles (no
co-calcination) was lower at higher density when_compared to
the same types of tiles (see Example 2) produced by_ co-
calcining the same gypsum“wallbdard scrap material. ' |

_ Example 4
Tests were conducted to-évaluate-loo% ;eplacement of mineral
wool in a ceiling. tile-=fdrmulation with a gypsum/cellulose
fiber (co-calcined) composite material. In order to improve
~the cutability of the ceiling tile, the gypsum was co-éalcined
with fine (hydropulped) newsprint instead of wood.fibers.
Gypsum and 20% by weight _qf shredded pépér (newsprint)
were calcined in accordance with the procedure disclosed in
' U.S. Patent No.'5,320,677; The shredded newsprint was soaked
in water owerhight;_and then gypsum was added and mixed with
the paper fiber slurfy for at leastll hour prior to calcining
the slurry. After calcining, the ekcess 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:
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Formulation #1 Formulation #2 Formulation #3
Gypsum (calcined) . 142.3 37.2 142.3 35.4 142.3 36.3 .
Paper Fiber (calcined) 30 7.8 30 7.5 30 7.65 _
Newsprint ' 40 10.5 40 9.9 50 12.75 16.0
Expanded Perlite 150 39.2 150 37.3 150 38.2 30.0
Corn Starch 20 5.2 40 9.9 20 - 5.1 5.0
Mineral Fiber 0 (] ' 0 44.6
Clay 0 0 0. 4
8.1 ' 7.4

Slurry Solids 7.8

Standard flocculant and surfactant were used in all formulations.

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

—Lz-
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Thickness Density MOR Break Load
sample No. _(inch) = (lbs./ft.*) _ (pasi) _(lbs.)
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

1d  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
2b | 1 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
3 b 0.621 9.6 31.1 - 4.00

3¢  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)
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After testing the'samples for MOR strength, they were also
tested for cutability using a wallboard !cnife. 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:
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IABLE 5 A

Control #1 | Formmﬁa:#z : . Formula #3 Formula #4
Ingredients He, (gms.) WE.% He, (gms.) WE. % Wet. (gms) WE.% HE. (gms.) Wt.%
Mineral Fiber 178.4 44.6 0o | 0 : 0 '
Expanded Perlite 120 30 1150 39.8 150 - 39.5 150 . 39.8
Gypsum.(calcined)'. 0 | | 132.8 35.2- 132.8 35.0 - 132.8 35.2
Paper Fiber (calcined) o : 28 7.4 28 7.4 28 7.4
Newsprint 64 16 36 9.6 29 7.6 21 5.6
Corn Starch ' 20 5 20 5.3 35 9.2 40 © 10.6
Clay | 17.6 4.4 10 2.7 - 1.3 5 1.3
-Slurry Solids 4.0 | 7.0 7.1 ' 7.0

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

6VIS0/96 OM
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IABLE 5 B
Thickness Density Break Load MOR
g le N (inch) (1b. /£t %L (1 ) ( 1)
© Control 1 a 0.601 11.39 4.17 46.2
~1b 0.592 11.32 4.88 - 55.7
lc 0.586 11.25 4,27 49.7
1d 0.586 11.19 4.2 48.9
le 0.577 11.25 4.5 54.1
Average 0.588 11.28 4.4 50.9
. Formula 2 a '0.515 10.58 . 3.65 55.0
2 b 0.521 - 10.55 3.27 48.2
2 c 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
3b 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
Formulé 4 a 0.538 10.98 5.53 76.4
4 b 0.517 10.80 4.18 62.6
4 cC 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 63.2
Average 0

.528 10.85 4.55 65.1

SUBSTITUTE SHEET (RULE 26)



WO 96/05149 PCT/US95/09703

~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 physical properties comparable to the
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%
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.'In_ﬁreparing_the ceiling tile mats, the surfactant (ﬁhen
used) was added to the desired amount of water and mixed. Then
the newsprint (hydropulped) was added, followed by mixing.
Then the expanded perlite and mineral wool (when used) was
added with 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 mine;al fiber were replaéed 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 ﬁinutes.

It has been found that in the non-mineral wool
formulation, the amount'of:papér'fiber (newsprint)2should 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%.



WO 96/05149 : ' PCT/US95/09703

~-34-

The mat made with the hemihydrate composite material was
easy to handle during proéessing and had wet .lap strength
comparable to the mineral fiber control, with both formulations
containing 16% paper fiber. The composite material provided a
mat in which the wet lap had good deflection during testing.
After the testing, the wet lap break line was slightly hand
pressed before drying, after which the wet 1lap 1line was
completely healed. The mat made with a mixture of gypsum and
.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 weight retention in the tiles made with the
hemihydrate composite was génera11y~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 perlité
segregation, in the mat formation using the mixture. As
pre#iously noted, both types of experimental tiles were harder
tb cut than the mineral fiber tile.

The densities of both types of experimental tiles were
slightly highet 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, 1where§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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Example 7

The following - formulations were used to evaluate the
effect on cutability of hydropulped newsprint and gypsum
(uncalcined) and the same newsprint and gypsum (calcined) as a

complete replacement for mineral fiber:
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Perlite
Sample Grams Ht.%
1 165 44
2 135 36
3 165 - 44
4 135 36
5 150 a0
6 150 40
7 157.5 42
8 142.5 38
-9 153.8 41
10 146.3- 39
11 153.8 41
12 146.3 39
13 150 40
12 gr

ams of gypsum was added to the slurry water to control gyps

37.5

Starch
Grams WL, %
.-22.5 6
52.5 14
37.5 i0
| 37.5 10
52.5 14
22.5 6
33.6 9 .
41.3 11
30 8
45 12
41.3- 11
33.8 °
10

67.5

- Newsprint

Grams HWt.%
67.5 18
67.5 18
52.5 14
82.5 22
52.5 14
82.5 22
63.8 17

- 71.3 19
71.3 19
63.8 17
60 16
75 20
18

Gypsum
Grams HWE.%
120 32
120 32
120 32
120 32
120 32
120 | 32
120 - 32
120 32
120 32
1120 32
120 32 -
120 32
'120._, 32

um solubility.

_gs-
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All of these formulatlons were formed into aqueous
slurrles having a 7% by welght solids content. 1In the case of
- the co-calcined gypsum/newsprlnt, the ratio of gypsum to
neﬁeprint was 85:15, and' additional newsprint ‘was added to
provide the amount of neWspriﬁt set forth in the above
formulation. | |

In evaluating the 13 sample tiles, the following data was

recorded:

IABLE 7B
Cutability _
Force ~ Type of Cut
Samle Calcined Uncalcined - Calgined. 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 measufe 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 to 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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angle of 30° rélétive to the sémple.in the other piece. The
éutability tests were performed on an Inst:qn_Uniﬁersal Testing
Machine with the unit_'operating_ in a tension mode and the
crosshead speed -sét at 20 inches/minute. This test’
approkimates the aétion of cuttiﬁg' 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
properties ﬁhan the minefal wool-free'tiles.
_ - o

A plant trial was performed uéing the following
formulations, with the gypsum and hydropulped newéprint being

physically mixed into the formulation without co-calcining:

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
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The starting line speed (Formulation A) was 30 ft./min and this

was increased to 34 f;./min. during the latter part of the

second trial (Pormulation B). The wet mats were dried with the

following dryer temperature ranges after startup: '
 IABLE 8RB |

Formulation A 790-802°F. 458-492°F., 409-471°F. 408-471°F.

Formulation B 788-821°F. 470-500°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 wmaintained at approximately 400
gallons/minute during both trials. The wet mat was 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 wherein all of the mineral fiber was

replaced. The following formulations were used:
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Expanded Perlite 35% : 39%
Newsprint (hydropulped). - 16% o 22%
Gypsum 12% o 32%
Starch 10% 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:
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TABLE 9B

Thickness

—f{inch)

0.622
0.626
0.639
0.614
0.612

0.607
0.623
0.636
0.637
0.636
0.618
0.643

Density

__le.../_f.r_..‘*)_ -

11.0
14.0
12.0
12.2 -
11.5

13.7

©14.8

14.3
13.4
12.8
13.1
13.7

Samples:1e10 were 33% mineral fiber replacement and 11-25 were 100%.

\

MOR

136
223
167
179
159,

198
259
247

- 223

204
218
233

'_‘7-"
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The warpage in both trials waé minimal and all panels
passed through the slitters. There was also minimal calcination of
the gypsum in the dryers. |

During the processing, the initial slurry consistency (33%
replacement) was approximately 6.6% by weight of solids. Because of
the high coﬁsistency, 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 impropef flow of the slurry. Addition of

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% solids, 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 following formulation:
‘Expanded Perlite 43
Gypsum o 32
Starch S - 5

PaperfFiber (newsprint) 20

4
.
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The formulation consistency was about 5.5% solids 'and the
gypsum/paper fiber were thsically mixed into the slurry
(wit_hoi’xt co-calcining) . The newsprint was added as a slurry
containing about 3% soiids. The 1line speed was about 30
feet/miﬁute, and the wet mat thickness was carefully maintained
at about 0.6 inches using a coﬁbination of vacuum and pressing
rolls.

The following data was recorded:
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TABLE 10B

Thickness Density 'MOR

Sample No. (inch) : (.lb_._Lﬂ:_.. 1). {psi)
‘1l-a 0.614 . 15.0 - 162
1-b 0.617 14.9 160
1l-c 0.611 15.1 162
2-a 0.614 13.1 127.
2-b 0.608 13.2 132
2-c 0.607 13.2 141
3-a 0.602 13.7 146
3-b 0.602 13.6 . 145
3-¢ 0.604 ' 13.7 146
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-c - 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 o 171
1l-c 0.616 15.4 ' 168

The tiles made with this formulation did not warp and
readily .paésed through the slitters. The dried tiles had

excellent hardness compared to mineral fiber based tiles.

-
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1. A composition suitable for making acoustical
tiles characterized in that it consists essentially of
gypsum; cellulosic fiber; a lightweight aggregate
material and a binder in which on a dfy'solids basis
there is at least about 15% by weight of gypsum and at
least 13% by weight of cellulose fiber. | |

2. The composition of claim 1, characterized in
that 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-which has been co-calcined with the |

cellulosic fibers.
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6. The;composition of claim 5, characterized in
that the cellulosic fibers are papef fibers.

7. The composition of claim 6, characterized in
that a portion of the cellulose flbers are added to the
composition as uncalc1ned fibers in addltlon to the
calcined gypsum/cellulose fiber composite material.

8. . The compoeition of claim 1, characterized in
that a substantial portion of gypsum and a mindr portion
of the cellulose 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, atlleast 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 cellulosic fiber are in the form of a composite
material which ﬁas beeneproduced bygcalclning 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
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and a minor peprtion of the cellulose fiber are in the
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form of ground gypsum wallﬁo;rd.

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



