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A QYPSJJM/CELLVLOSiC FiBER ACQtJSTiCJ\L ~XLE CQMPOSXTION 

FIELD OF THE INVENTION 

This invention relates to acoustical tile 

compositions useful in manufacturing acoustical tiles 

and panels for ceiling applications. More 

particularly I this invention relates to acoustical 

tile compositions based on a gypsum/cellulosic fiber 

composition which can replace all or a portion of the 

mineral wool normally present in acoustical ceiling 

tiles. The invention a.lso relates to a novel 

gypsum/cellulosic fiber/lightweight aggregate 

material composition which is used in a water-felting 

proC'.ess to manufacture acoustical . ceiling tiles and 

p~els. 

BACKGRQIINp OF THE INVENTION 

The water-felting of dilute aqueous dispersions 

of mineral wool and lightweight aggregate is a 

commercial process for manufacturing acoustical 

ceiling tile. In this process, a dispersion of 

mineral wool, lightweight aggregate, binder and other 

ingredients as desired or necessary is f 16wed onto a 

moving foraminous support wire, ··such as that .· of a 

Fourdrinier or Oliver mat forming· machine for 

dewatering. The dispersion dewaters first by gravity 

and then vacuum suction means; the wet mat is dried 

in heated convection prying ·ovens, and the dried 
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material is cut to the d~sired dimensions and 

optionally top coated, such as with paint, to produce 

acoustical ceiling 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.S. Patent No. 1,769,519. According 

to the teaching of this patent, a molding composition 

. comprising granulated mineral wool .·. fibers, fillers,· 

colorants and a binder, in pal'.'ticular a starch gel, 

is prepared for molding or casting the body of the 

tile. This mixture or composition is placed upon 

suitable trays which have been covered with paper or 

a· metallic foil and then the composition is screeded 

to a desired thickness with 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 wooi pulp or composition are 

then placed in an oven to dry or cure the 

composition. The dried sheets are removed from the 

trays and may 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 tiles of a desired size. 

In our U.S. Patent No. 5,320,677 we disclose a 

composite material and method for making it wherein 

ground gypsum is ·calcined under pressure in a dilute 

slurry in the presence of a cellulosic fiber. The 

·' 
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uncalcined, ground gypsum and the cellulosic fiber 

are mixed together with sufficient wat_:er to form a 

dilute slurry which is then heated under pressure to 

calcine the gypsum, converting it to calcium sulfate 

alpha hemihydrate. The resulting co-calcined 

material consists of the cellulosic fiber physically 

interlocked with calcium sulfate crystals. This 

interlocking not only creates a good bond between 

·the calcium sulfate and the cellulosic fiber, it 

als.o prevents mi~ration of the calcium sulfate away 

from the cellulosic f.iber when the alpha hemihydrate 

is subsequently rehydrated to .the dihydrate 

(gypsum). · 

The ca-calcined gypsum/cellulosic fiber 

material can be dried immediately before it cools to 

provide a stable, rehydratable alpha hemihydrate 

composite for later use. Alternatively, the co­

calcined material can be directly converted into a 

usable product by separating the excess water which 

is not needed for rehydration, forming the composite 

particles into a·desired shape or form, and then 

rehydrating the particles to a set.and stabilized 

gypsum/cellulosic fiber composite material. 

Mineral wool acoustical tiles are very porous 

.. which 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 perlite, may be 

incorporated into the composition to improve sound 

absorbing properties and to provide light weight. 

It is an object of this invention to provide an 

improved acoustical tile compos;i.tion for making 

acousticles having acoustical properties comparable. 

to the mineral wool tiles made by a water-felting 

process. 

The present invention provides a composition 

suitable for making· acoustical. tiles consisting 

essentially of gypsum; cellulosic fiber; a 

lightweight aggregate material and 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. 

The present invention also provides the wetted 

composition suitable for making 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 mineral wool, at 

least about 10% by weight of gypsum and at least 13% 

by weight of cellulose fiber. A particularly 

preferred composition employs a gypsum/cellulosic 

fiber composite material in which the gypsum and 

cellulosic. fiber are co-calcined under pressure to 

physically interlock the cellulosic fiber with the 
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calcium sulfate crystals. The acoustical tiles made 

from the compositions of this invention have 

acceptable physical properties for use in suspended 

ceiling systems. In addition, the compositions which 

contain waste newsprint and/or waste (scrap.> gypsum 

wallboard are environmental friendly. 

DETAILED DESCRIPTION OF THE INYENTION 

The acoustical tile compositions of this 

invention are based on using a gypsum/cellulosic 

fiber composition as a replacement, either partial or 

complete, for mineral wool in manufacturing ceiling 

tiles or panels using a water-felting process. In 

addition to the gypsum and cellulosic fiber, the 

composition also contains a lightweight aggregate 

material and a binder, and it may also contain other 

· additives, such as clay, 

normally included in 

flocculant and surfactant, 

acoustical ceiling tile 

formulations~ As noted above, the composition may 

contain some mineral wool (in reduced amount), 

·however, it has been found that the compositions of 

this invention can be used to make mineral wool-free 

acoustical tiles and panels. 

One of the key ingredients in the novel 

acoustical tile composition of this invention is 

gypsum (calcium sulfate dihydrate). The solubility 

of the gypsum in the processing slurry enables the 

gypsum to function as a f locculant in the 
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formulation. This flocculating function provides 

uniform distribution of fine particles (clay, gypsum, 

perlite and · starch) in the wet mat during the 

processing. 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 adversely affects drainage o~ 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 dispersant 

function provided by the gypsum enables the 

processing_of a higher slurry consistency (%solids)' 

which reduces the amount oe water to be removed from 

the mat and increases the production rate. The 

higher slurry . consistency also enables the 

entrainment of more air during formation of ·~he mat, 

and this improves the sound absorption property in 

the dried product. 

In addition· to the processing benefits provided 

by the gypsum, it also. improves the properties of the 

acoustical tile. The presence of the gypsum, 

replacing. the mineral wool fiber (partial or 

complete) in the formulation, provides a significant 

improvement in the surface hardness of the panels. 

The improved surface hardness · of the ceiling panels 

also provides good surface texturing (e.g. fissuring, 
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perforation, etc.). The higher level of cellulose 

fiber may also contribute to these improvements. The 

surface smoothness of the acoustical panels. may also 

be improved by the gypsum whereby sanding of . the 

surface after drying may be eliminated. The gypsum 

in the panels 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 fill er coat or to 

sand the dry mat to control the thickness for 

finishing the panel. 

The gypsum source may be· calcium sulfate 

dihydrate, either uncalcined or calcined to 

·hemihydrate and then rehydrated. Alternatively, the 

gypsum source may b.e calcium sulfate hemihydrate 

(with or without co-calcining) or calcium sulfate 

anhydrite. As more fully discussed below, the gypsum 

may be co-calcined with a cellulose 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 compositions of this invention is the cellulosic 

fiber. Sever~l types of cellulosic fiber have been 

evaluated in these compositions. It is well known to 

use newsprint in acoustical 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 the source 

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 pref erred source of the cellulosic fiber is a 

composite gypsum/cellulose fiber material which has 

been co-calcined as disclosed in U.S. Patent No. 

5, 3 2 o,. 677 . As disclosed thex-ein, uncalcined gypsum . 
and either wood or paper fibers 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 

eomprises cellulosic fibers phy~ically interlocked 

with calcium sulfate crystals. The composite 

material can be dried immedi~tely before it cools to 

provide a stable, but rehydratable calcium sulfate 
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hemihydrate, or the composite material slurry can be 

used directly in manufcturing the acoustical tile. 

It has been found that the use of co-calcined 

gypsum/cellulose fiber composite material provides an 

acoustical tile composition having greater mat solids 

retention and better wet lap strength, however, it 

does drain slower and is harder to cut with a knife 

than tiles made with gypsum physically blended with 

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

stronger wood fibers are used. 

Another source of both gypsum and cellulosic 

fibers is waste (scrap) gypsum wallboard. It has 

been found that the scr.ap wallboard can be ground 

into gypsum particles and paper fibers which can be 

physically mixed with the other ingredients in an 

acoustical formulation to provide a slurry useful in 

a water-felting process for preparing a ceiling tile. 

Alternatively, the ground scrap wallboard· can be 

used as a feed material in a co-calcining p_rocess, 

and the co-calcined composite gypsum/paper fiber 

material can be used in a formulation for preparing a 

ceiling tile by water-felting. 

A third key ingredient in the novel acoustical 

tile compositions.of this invention is a lightweight 

aggregate material. . . Expanded perlite is preferred 

for its low cost and performance. This is not a 

novel ingredient, for it is well known in the art to 
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use expanded perlite in acoustical tile compositions. 

The expanded perlite provides porosity in the 

composition which enhances -- ~-coustical properties. It 

has been found that a medium grade expanded perlite 

provides sufficient porosity and acceptable 

material texturability. An expanded- perlite 

commercially available - from Silbrico Corporation 

under the designation 3-S perlite has been found 

acceptable. The medium grade expanded perlite 

contains perlite particles that are similar in size 

to granulated- min.eral wool. Equivalents of the 

expanded perlite such as vermiculite, glass beads, 

diatomite or exfoliated clays may also be used as 

substitutes for the perlite or in combination 

therewith. 

The fourth key -ingredient, which also is not 

novel in acoustical compositions, is a binder. It is 

well known to use starch as a binder in mineral wool 

based acoustical tiles. A starch gel may be prepared 

by dispersing starch particles in water and heating 

the slurry until the starch is fully cooked and the 

slurry th~ckens to a viscous gel. A portion of the 

cellulosic fibers may be incorporated into the starch 

slurry prior to cooking. The cooking temperature of 

the starch slurry should be closely monitored 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 a gel. 

A latex binder may be used in place of the 

starch or in combination with the -starch 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 starch binder is 

excessive sag, ~specially 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 ranging from about 

30°C~ to about 110°c. Examples of latex binders 

include polyvinyl acetate, vinyl acetate/acrylic 

emulsion, vinylidene chloride, polyvinyl 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 fillers such as clay, mica, 

_wollastonite, silica and other lightweight 

aggregates, surfactants and flocculants. These 
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ingredients are well known in acoustical tile 

compositions. 

The acoustical tile ·compositions of this 

invention ·consist essentially of gypsum, cellulose 

fiber, a .lightweight aggregate material and a binder 

which can be present, preferably, in the following 

amounts: 

I~redient. 

Gypsum 
Cellulose Fiber 
Lightweight Aggregate 
Binder 

WeiSJb,t Percent 

15-45% 
13-30% 
25-60% 
3-15% 

In some of the examples which follow~ soluble 

gypsum was added to the ·. siurr}r water prior to 

incorporating 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. Othe%'Wise, it may be necessary 

to increase the amount. of dry gypsum in the 

ingredient mix to compensate for gypsum going into 

solution. 

Examp1e·1 

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 tiles were made in which 

the gypsum and wood fiber were co-calcined prior .to 

incorporation into the acoustical formulation, and 

other tiles were made in which the· gypsum and wood 

fiber were just 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. 

The wood fiber was a·softwood obtained from the 
") 

International Paper Pilpt Rock facility. The 

expanded perlite was Silbrico Corporation 3-S grade. 

In addition to the wood fiber, cellulosic fibers 

were also supplied by shredded 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 15% solids consisten f • The .. 
calcination was carried out in accordance with the 

procedures disclosed .in U.S. Patent No. 5,320,677. 

After co-calcining, excess water wat removed from the 
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composite material by applying a vacuum thereto, 
; 

af terwhich the composite material was allowed to 

hydrate fully to calcium sulfate dihydrate {gypsl.im) 

prior to drying at 120°F. overnight to constant 

weight. Another batch of gypsum/wood fiber was co­

calcined as previously described, except that after 

removal of the excess water by vacuum,. the composite 

material was immediately dried at 2S0°F. for 30 

minutes to avoid hydration, followed by drying at 

12 0°F. overnight to constant weight. In this 

composite material, the calcium sulfate was in the 

hemihydrate form. After ·drying, the gypsum/wood 

fib4!r composites, in both di.hydrate and hemihydrate 

forms, were broken down in a twin shell blender prior 

to incorporation · into the acoustical 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 making the control tile 

which contained 100% mineral fiber and no gypsum/wood 

fiber. The following form\ilations (in weight 

percent) were used to make the tiles: 



,, 

~ 
Q 
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TABLE 1 

Control Experimental 

100% M-F 75% M-F 50% M-F 25% M-F 0% M-F 

Ing;r;:edients Qi GlWE· 2Si GliiE SQi GliiE 2Si GliiE lOQ% GliiE 
-~ 

Mineral Fiber 37.58 28.18 18.79 9.39 0 

Gypsum 0 7.98 15.97 23.9 31.94 

Wood Fiber 0 1.41 2.82 4.22 5.64 .... 
c.n 

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 

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 
"'1:1 

Surfactant 0.08 0.08 0.08 0.08 0.08 ~ 
Ill 
\0 
~ 
Cl 
\O· ..a = CH 
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The evaluation procedures included board formation and 

processing, drainage time, pressing, drying and the effect on 

the physical properties of the acoustical tiles. In general, 

there was no significant difference 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 12 inch by 12 inch perforated plunger ~o 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 totally disappeared from 

the surface of the mat, and the second drainage time was when 

the vacuum dial indicator dropped to 5 inches of mercury. At 

thfs stage, the vacu~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 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 

3S0°F. and the tiles were dried for an additional 90 minutes. 

Prior to drying, a study was performed to dete~ine 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. 
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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 testing. 

following: 

The specimens were tested for the 

1) 

2) 

density, thickness and MOR strength 

acoust_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 lD 

Density, Thickness, Strength (MOR)· 

No. of 

Samples 

Control 29 

(100% MF) 

10 

Gypsum/ 10 

Wood (Not 10 

Co-Calcin.) 9 

10 

Dihydrate 10 

Composite 

(Co-Calcin.) 6 

10 

10 

Hemihydrate 10 

Composite 

(Co-Calcin.)10 

7 

% 

MF/WE 

100 0 

75 25 

50 50 

25 75 

0 100 

75 25 

50 so 

25 75 

0 100 

75 25 

so 50 

25 75 

0 100 

Thickness 

inch 

0.627 

0.600 

0.602 

0.591 

0.590 

0.630 

0.593 

0.591 

0.559 

0.602 

0.597 

0.571 

0.568 

Density 

(lb I /ftl..l. 

10.05 

9.86 

9.95 

10.05 

10.1s· 

10.05 

9.99 

9.64 

10.22 

9.76 

9.39 

9.46 

9.32 

MOR 

(psi) 

53 

55 

56 

63 

83 

48 

57 

57 

63 

58 

55 

57 

53 



2SD Hz 
en 

Control Db Drop 32 c: 
m 
~ . Absorbance 0.266 
~ 
-f 75% MF/25% GWF Db Drop 29.5 m 
en ' :c Absorbance 0.326 m 
!!I. 

50% MF/50% GWF Db Drop - 29 
:Jl1 c:: 
r- Absorbance 0.332 m 
N 
C> 

25% MF/75% GWF Db Drop 29.5 ......... 

Absorbance 0.332 

100% GWF Db Drop 29 

Absorbance 0.339 

TABLE lE 

Acoustical Properties 

Dihydrate Composite 

Fre~ency 

SQO Hz 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 

2000 Hz 

22 

0.532 

21 

0.560 

19.5 

0.606 

19.5 

0.613 

19 

0.621 

NRC (ayg.l 

0.434 

0.481 -'° 
0.501 

0.502 

0.525 

., 

~ 
Q 

I ... 
~ 

I'd 
·~ 
~ 
"' ~ 
~ 



Control 

75% MF/25% GWF 

50% MF/50% GWF 

25% MF/75% GWF-

100% GWF 

TABLE lF 

Dimensional Stability 

Dihydrate Composite (Avg. 6 Samples) 

% H20 % H20 

Absorption Absorption 

l - Hour 4 - Hours 

387.96 404.14 

386.48 396.15 

390.23 399.90 

388.10 400.66 

388.61 400.50 

,a 

% Thickness 

Increase 

~-.Hours 

- 0.540 

0.035 

- 0.412 

- 0.066 

- 0.121 

.~ 

. I 

N 
C) 

I 

~ 
I .... 
it 

"'d 

~ 
! as 
\0 e 
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The drainage time was not affected when 25% of the mineral 

fiber was replaced by gypsum and wood fiber; however,. the 

drainage was slightly adversely affected as the gypsum/wood 

fiber level increased, especially at 100% hemihydrate 

composite. The thickness of the dewatered mat slightly 

decreased when the gypsum/wood fiber level increased. 

The difference in moisture content, after vacuum 

dewateririg and pressing, was insignificant. The thickness of 

all of the wet mats was controlled at o. 55 inches during 

·pressing. It appeared that wet pressing only controls the 

thi9kness of the mat and does not dewater the mat. 

The drying data indicates that some gypsum filtered 

through the screen with excess water during the mat formation 

and vacuum dewatering. The average weight loss in the ~ontrol 

mats was· ·about 5 . 5%, whereas the weight loss in the mats 

containing the gypsum/wood fiber was substantially greater. 

Gypsum settled in the bottom of the mats during mat formation. 

The dried tiles containing the. gypsum/wood fiber were also 

slightly warped, and the warpage was severe when the mineral 

filler was totally replaced with the uncalcined gypsum/wood 

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

replacing the mineral fiber with a co-calcined dihydrate or 

hemihydrate composite. 

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 specific volume for 

gypsum, which did not spring back during drying as did the 100% 

mineral fiber tiles. 

Duplicate samples. of Control and experimental tiles with 

mineral fiber replaced by gypsum/wood fiber dihydrate composite 

(co-calcined) were tested for NRC using the Impedance tube 

method. The samples were not perforated, fissured or painted. 

In general, the NRC ratings for the tiles containing the 

gypsum/wood fiber were better than the control, especially for· 

the tiles wherein all of the mineral fiber· was replaced. 

In the test for dimensional stability, there was no 

significant difference in the one and four hour water 

absorption values. As noted previously, very little ·water 

(about 2%) was removed from the tiles during wet pressing. 

About 78% moisture was e~aporated during drying, however, this 

produced excessive pores in th~ tiles. However, during the 

dimensional stability test·, water penetrated into the pores of 

the tiles resulting in high water absorption. 

ExaJDPle 2 

Waste (scrap) gypsum wallboard was evaluated as a source 

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

tiles. The waste wallboard was ground into small particles. 

Though some large paper pieces were present, these were broken 

during the calcining 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 co-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 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.a represent the formulation and the 

recorded MOR strength: 

TA:BLE 2 A 

Tile NO. 1 

Ingredient Wgt. (gms.) 

Gypsum (hemihydrate) 158.1 

Waste Paper 85.9 

Expanded Perlite 137.0 

Corn Starch. 20.0 

Slurry Consis. (solids %) 4 

Wgt.% 

39.4 

21.4 

34.2 

5.0 

Tile NO. 2 

Wgt. (gms.) Wgt.% 

607.8 66.4 

167.0 18.3 

120.0 13.1 

20.0 2.2 

6 
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Tile SaJQgle 
·1a 
lb 
le 
ld 

·.Avg. 

2a 
2b 
2c 
2d 

Avg. 
Control (Typical 
Mineral Fiber Tile) 

-·24-

?AaLi 2 B 

Thickness 
inch 
0.632 
0.619 
0.623 
0.630 
0.626 

0.620 
0.645 
0.642 
0.643 
0.638 
0.62 

PCT/US9S/09703 

Density MOR 
( l:ba • ·lft • 1 > (;gail 

1.5 68 
7.5 62· 
7.4 67 
7.4 78 
7.45 69 

20.4 168 
21.l 179 
20.5 159 
20.2 154 
20.6 165 
11 65 

Tile No. l which had a density suitable for use as an 

acoustical ceiling tile also had a MOR comparable to the 

control. 

ExaJQgle 3 .· 

Two ceiling tiles were made using ground scrap gypsum 

wallboard. There were large paper pieces in the ground 

wallboard. The ceiling tiles were produced by substituting the 

ground gypsum wallboard and additional newspaper 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 pressed to control the· 

thickness and to remove some excess water prior to drying. The 

process~ng 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 MOR strength. 

The following tables represent the formulation and the 

recorded MOR strength: 

TABLE 3 A 

IDQU:dients 
Gypsum (scrap board) 
Paper Fiber (scrap board) 
Ne~spaper Fiber (additional) 
Total Paper Fiber 
Expanded Perlite 
Clay (CTS-1) 
Starch 
Flocculant (Gendriv) 
Surfactant (Neodol 25-3) 

TABLE 

Thickness 
l':il~ S~l~ (inchl 

1 a 0.578 
1 b 0.570 
1 c 0.565 
1 d 0.572 
1 e 0.590 
Avg. 0.575 
2 a 0.578 
2 b 0.599 
2 c 0.588 
2 d 0.579 
2,e 0.577 
Avg. 0.584 

J B 

Weight 
(grams} 

167.696 
10~704 

64.0 
74.704 

·120 
17.6· 
20 

Density 
(lbs I /ft I 

2.1. 
10.2 
10.4 
10.4 
10.1 
10.4 
10.3 
10.1 
10.2 
10.0 
10.0 
10.3 
10.1 

Weight 
!ft 

41.924 
2.676 

16.0 
18.676 
30 
4.4 
5 
0.06 
0.08 

MOR 
(Ji2Si l 

46 
55 
45 
43 
47 
47 
51 
60 
48 
44 
so 
51 
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. . This · test · data indicates that the MOR of these 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 wallboard scrap material. 

Example 4 

Tests were conducted to evaluate 100% replacement of mineral 

wool in a ceiling t:i,le formulation with a gypsum/cellulose 

fiber {co-calcined) composite material. In order to ·improve 

the cutability of the ceiling tile, the gypsum was co-calcined 

with fine (hydropulped) newsprint instead of wood fibers. 

Gypsum and 20% by weig~t . ~f shredded paper (newsprint) 

were calcined in accordance with the procedure disclosed in 

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

.in water overnight, and then gypsum was added and mixed with 

the paper fiber slurry for· at least 1 hour prior to calcining 

the slurry. After calcining, the excess water was removed 

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

hemihydrate .. 

The following tables represent the formulations and the 

recorded MOR data: 



. TABLE 4 A 

EQXlDUlatimi 11 Egrmulatimi 12 EQ:tmUla.tiQD IJ 

Ingredient Wt. Cams.) Wt.!fr Wt. Cgms.) Wt. !fr Wt. Cgms.) Wt. !fr 

Gypsum (calcined) 142.3 37.2 142.3 35.4 142.3 36.3 

en Paper Fiber (calcined) 30 7.8 30 7.5 30 7.65 
c: 
m Newsprint 40 10.5 !!l 40 9.9 so 12.75 

-I Expanded Perlita 150 39.2 c:: 150 37.3 150 38.2 

nt Corn Starch 20 5.2 en 40 9.9 20 5.1 
:c 
m Mineral Fiber 0 m 0 0 
-t - Clay 0 :0 0 0 
c:: 
r- Slurry Solids 7.8 m 8.1 7.4 
"-> 
CD -

Standard flocculant and surfactant were used in all formulations. 

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

CQDt:r:::Ql 

Wt. Cgms.) Ht.....l 

0 ... 
0 

16.0 

30.0 

s·. o 

44.6 

4 

I 

N ...., 

J 

~ 
I .... 
~ 

"d 

~ 
UJ 

~ 

~ 
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TABLE 4 B 

Thickness Density MOR Break Load 

Sample No. Cinch> <lbs I /ft I ;il Cpsil (lbs I) 

Form. 1 a 0.637 9 .·5 30.2 4.08 

1 b 0.630 9.2 26.8 3.55 

1 c 0.636 9.2 23.5 3.17 

1 d 0.639 9.3 26.7 3.63 

1 e 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 

2 c 0.636 9.8 35.1 4.73 

2 d 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 c 0.619 9.5 30.1 3.85 

3 d 0.625 9.6 31.9 4.16 

3 e 0.653 9.9 44.4 6.31 

Average 0.629 9.7 35.7 . 4. 74 

Control a 0.593 11.3 49.S 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.l 6.02 

e 0.611 11.6 48.1 5.98 

Average 0.596 11.4 48.6 5.74 

SUBSTITUTE SHEET (RULE 26) 



W096/05149 PCT/US95/09703 · 

-29-

After testing the samples for MOR strength, they were also 

tested for cutability using a wallboard ~ife. The control 

tiles (16% newsprint) cut clean, however, the gypsum/paper 

fiber tiles (17.4% newsprint) had very 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 content would adversely affect the strength. 

The experimental ceiling tiles were made using co-calcined 

gypsum and paper fiber (newsprint). After calcining an sot 
gypsum and 20% newsprint slurry (15% solids), the slurry was 

dewatered (vacuum) and .dried as a hemihydrate composite 

material. The hemihydrate composite was evaluated as a 

replacement for 100% of the mineral fiber. The shredded 

newsprint was soaked in water 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: 



~ 
m 
5!l· 
=i 
Si m 
en 
:::c 

m 
s 
c 
f;; 
N s 

Ingredients 

Mineral Fiber 

Expanded Perlite 

Gypsum (-calcined) 

Paper Fiber (calcined} 

Newsprint 

Corn Starch 

Clay 

Slurry Solids 

Control #1 

Wt. (amS_._) 

178.4 

120 

0 

0 

64 

20 

17.6 

Ht....l. 

44.6 

30 

16 

5 

4.4 

4.0 

TABLE SA 

Formula #2 Formula #3 

Wt. <gms.) Wt. !Jr Wt. (gms> Wt...l 

0 0 

.150 39.8 150 39.5 

132.8 35.2· 132.8 35.0 

28 7.4 28 7.4 

36 9.6 29 7.6 

20 5.3 35 9.2 

10 2.7 5 1.3 

7.0 7.1 

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

-

~ 
0 
\0 

~ 
"' .... 
~ 

Formula #4 

Wt, <gms. l Wt...l 

0 
" 

150 39.8 

132.8 35.2 

28 7.4 

21 5.6 

40 10.6 w 
0 

5 1.3 

7.0 

"U 

~ 
fa 
~ 
ai w 
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IAS~E s B 

Thickness Density Break Load MOR 

Sample No. Cinch) !lb. /ft I ~l !lbs I) Cpsi} 

Control 1 a 0.601 11.39 4.17 46.2 
1 b 0.592 11.32 4.88 55.7 
1 c 0.586 11.25 4.27 49.7 
1 d 0.586 11.19 4.2 48.9 
l e 0.577 11.25 4.5 54.l 

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 
2 d 0. 541 . 11.02 3.65 49.9 

Average 0.526 10.69 3.65 52.9 

Formula 3 a Q.520 10.99 6.12 90.5 
3 b 0.519 10.68 4.87 72.3 
3 c 0.525 10.61 4.72 68~5 
3 d 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 b 0~517 10.80 4.18 62.6 
4 c 0.519 10.67 4.25 63.1 
4 d 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) 
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The ceiling tiles were also tested for wet strength by 

taking samples prior to oven drying. The experimental tiles 

with 17% and 15% total paper fiber handled very well, similar 

to the control. 

weaker. 

The tile with 13% · paper fiber was somewhat 

It was concluded that the ceiling tiles containing 15% to 

17% paper fiber, 40% expanded perlite and 10.% starch binder 

provided processing and physical properties comparable to the 

mineral fiber ceiling tile. 

Example 6 

The following formulations were used to compare using co­

calcined gypsum/newsprint with a physical mixture of gypsum and 

newsprint without calcining: 

TABLE 6 A 

Control Hemihydrate 

(Mineral Composite Newsprint & 

Ingredient Fiber) (calcined) G¥PSYID 

·Mineral Wool 44.6% 0 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 4.4t 0 0 
Flocculant 0.06% 0.06 0 
surfactant 0.08% 0.08 0 
Slurry Solids 4% 7% 7% 
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· In preparing the ceiling tile mats, the surfactant (when 

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 

f locculant (when used} was added and mixing continued for 

another 15 seconds. In preparing the non-mineral wool ceiling 

tiles, the clay and mineral fiber were replaced with gypsum and 

newsprint. 

The mat was formed by pouring the slurry into a Tappi Box 

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 were dried with steam at 600°F. for 

30 minutes, followed by drying at 350°F. for 90 minutes. 

It has been · found that in the non-mineral wool 

formulation, the amount of paper 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 significant effect on drainage 

using the mixture of gyp~um and newsprint even . at levels as 

high as 22%. 
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The mat made with the hemihydrate composite material was 

easy to handle during processing 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 lap line 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 strengtA comparable 

to the hemihydrate composite formulation· at a 16% paper fiber 

content. 

The weight retention. in the tiles made with the 

hemihydrate composite was generally 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 

previously noted, both types of experimental tiles were harder 

to cut than the mineral fiber tile. 

The densities of both types of experimental tiles were 

slightly higher 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, ·whereas the 

gypsum/paper fiber mat did not spring 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: 



~ 
TABLE 7A 

0 
'O 

Per lite Starch Newsprint Gypsum 
~ 
"' .... 
~ 

Samnle Grams 1it....l. ·Grams Wt. % Grams t!t...1. Grams ~ 

1 165 44 · .22 I 5 6 67.5 18 120 32 

2 135 36 52.5 14 67.5 18 120 32. 

3 165 . 44 37.S 10 52.5 14 120 32 .... 

en 4 135 36 37.5 10 82.5 22 120 32 
c: 
tD 5 ·.150 40 52.5 14 52.5 14 120 
~ 

32 

=i 6 150 40 22.5 6 82.5 22 120 c:: 32 

n1 
en 7 157.5 42 33.8 ·9 . 63.8 17 120 32 
:c 

w 
m 

en 

!!I 8 142.S 38 41.3 11 71.3 19 120 32 

-:0 9 
. 153.8 41 30 8 71.3 19 

c:: 120 32 
J;:; ' 
I'> iO 146. 3. 39 45 12 63.8 17 120 32 

°' -
11 153.8 41 41. 3. 11 60 16 120 32 . 

12 146.3 39 33.8 9 75 20 120 32. 

13 150 40 37.5 10 67.5 18 120 32 
9i:I 

~ 
fl) 
'\O 

12 grams of gypsum was added to the slurry water to control gypsum solubility. ~ = w 

... 
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All of these formulations were formed into aqueous 

slurries having a 7% by weight solids content. In the case of 
the co-calcined gypsum/newsprint, the ratio of gypsum to 
newsprint was 85: 15, and additional · newsprint was added to 

provide the amount of newsprint set forth in the above 

formulation. 

In evaluating the 13 sample tiles, the following data was 
recorded: 

TABLE 7B 

CUtability 
Force Type of cut 

SUJ'2le Calcined IInca.lcinea . calci:oea . ll:oca.lcinea 
1 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.l 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 measure of two factors - how difficult it 

·is to cut with a hand-held utility knife and the appearance of 

the cut. A· two 

cutability tests. 

piece jig was designed to perform the 

· One piece held a. 3 inch by 4 inch ceiling 

tile sample in place and a standard utility blade was set at an 
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angle of 30° relative to the sainple in the other piece. The 

cutability tests were performed on an Instron Universal Testing 

Machine with the unit operating in a tension mode and the 

crosshead speed . set at 20 inches/minute. This test · 

approximates the action of cutting a tile with a hand-held 

utility knife. Results are reported as the force required to 

cut the sample and a description of the appearance 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 

di~f iculty in cutting the tiles containing the co-calcined 

gypsum/newsprint composite or the physical mixture of gypsum 

and paper fiber {uncalcined), a tile formulation containing at 

least about 10% dry weight of mineral fiber has better cutting 

properties than the mineral wool-free.tiles. 

Example 8 

A plant trial was performed using the following 

formulations, with the gypsum and hydropulped newsprint being 

physically mixed into the formulation without co-calcining: 

Ingredients 
& Other Factors 
Expanded Perlite 
Newsprint {hydropulped) 

·Gypsum 
Starch 
Solids Content 
Line Speed (ft . /min. ) 

TASLE BA 

Formulation 
A 

39% 
22% 
32% 

7% 
5.5% 

30 

Formulation 
B 

41% 
20% 
32% 

7% 
5.5% 

30-34 
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The starting line speed (Formulati~n A) was 30 ft./min and this 

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

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

following dryer temperature ranges.after startup: 

TABLE BB 

Px:yer #1 Px:yer #2 Peyer #3 Peyer #4 

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. 

square feet of panels were produced. 

Approximately 65,000 

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 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 wh~rein all of the mineral fiber was 

replaced. The fo~lowing formulations were used: 
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Insredient 
Expanded Perlite 
Newsprint (hydropulped) 
Gypsum 
Starch 
Mineral Fiber 

-40-

TABLE 9A 
Formulation A 

35% 
16% 
12% 
10% 
27% 

PCT/US9!/09703 

Formulation B 
39% 
22% 
32% 

7% 
0% 

In both trials, the ·. starting line speed was 3 O ft. /minute, 

however, due to the use of additional dilution water, the line 

speed was reduced· to 28 ft./min. (Formulation A) and 27 

ft./min. (Formulation B). The following data was recorded: · 



* 

Sample No. * 

1 & 2 
3 & 4 
5 & 6 

7, 8 & 9 
10 

24 & 25 
·11 
12 

13, 14 & l-5 
16, 17 & 18 

19 & 20 
21 & 22 

No.· of 

Samples 

6 
6 
6 
9 
3 

6 
.3 
3 
9 
9 
6 
6 

. 
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TABLE 98 

Thickness 

Cinch) 

0.·622 
0.626 
0.639 
0.614 
0.6l.2 

0.607 
0.623 
0.636 
0.637 
0.636 
0.618 
o·.643 

Density 

Uh. /ft I .3.1. 

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 1-10 were 33% mineral fiber replacement and 11-25 were 100%. 

MOR 

{ps.i.l 
... 

136 
223 
167 
179 

I 
159. .,. -I 
198 
259 
247 
223 
204 
218 
233 

~ 
Q 

I .... 
.Do 
IC 

.,, 
~ 
fl) 
\0 
UI cs 
IC 
~ = w 
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The warpage in both trials was 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 consistency, the slurry flow was not uniform and the wet mat 

cracked before vacuum dewatering. The slump test patty diameter was 

only 6. 5. inches, indicating improper 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: 

TABLE lOA 

Ingredient Amount (Wt,.%> 

Expanded Perlite 43 

Gypsum 32 

Starch 5 

Paper Fiber (newsprint) 20 

4 
'\.. 
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The formulation consistency was about 5.5% 

gypsum/paper fiber were physically mixed 

PCT/US9S/09703 

solids and the 

into the slurry 

(without co-calcining) . The newsprint was added as a slurry 

containing about 3% solids. The line speed was about 30 

feet/minute, and tlie wet inat thickness was carefully maintained 

at about o. 6 inches _using a combination of vacuum and pressing 

rolls. 

The following data was recorded: 
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T~LJ3 lDB 
Thickness Density. MOR 

Sample No. (inch> ' l. Clb. /ft I ) Cpsil 

1-a 0.614 15.0 162 
1-b 0.617 14.9 160 
1-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-c 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 
s-a O. 6J,.S 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-c 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-c 0.622 13.1 144 
11-a 0.618 15.4 162 
11-b 0.612 15.6 171 
11-c 0.616 15.4 168 

The tiles made with this formulation did not warp and 

readily . passed 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 dry 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 weig~t; 

the lightweight aggregate 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 the gypsum and ce1lulosic 

fiber are in the form of a composite.material which has 

been produced by calcining under pressure a dilute slurry 

of gypsum and cellulosic fiber. 

5.. The composition of claim 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 S; characterized in 

that the cellulosic fibers are paper fibers. 

7. The composition of claim 6, characterized in 

that a portion of the cellulose fibers are added to the 

composition as uncalcined fibers in addition to the 

calcined gypsum/cellulose fiber composite material. 

a. The composition of claim l, characterized in 

that a substantial portion of gypsum and a minor portion 

of the cellulose fiber are in the form of ground gypsum 

wallboard. 

9. The composition of claim l, characterized in 

that the cellulose fiber is paper and the major portion 

of the paper fiber is newsprint. 

10. A composition suitable for making acoustical 

tiles characterized in that it consists essentially of 

mineral wool, gypsum, cellulosic fiber, a lightweight 

aggregate mat_erial and a binder, in which on a dry solids 

basis there is at least.about 10% by weight of mineral 

wool, at least about 10% by weight of gypsum and at least 

13% by weight of cellulose fiber. 

11. The composition of claim 10, characterized in 

that the amount of mineral wool ranges from about 10% to 

about 30% by weight. 

12. The composition of claim 10 or·ll, 

characterized in that at.least a portion of the gypsum 

and the cellulosic fiber are in the form of a composite 

material which has been produced by calcining under 

pressure a dilute $lurry 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 portion of the cellulose fiber.are in the 

form of ground gypsum wallboard. 

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


