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This invention relates to an improved method of mak-
ing gypsum wallboard. More particularly, it relates to
novel binder compositions, used in the manufacture of
gypsum wallboard.

Gypsum wallboard generally comprises an incombus-
tible core material, essentially gypsum (CaS0,.2H,0),
which is surfaced with sheets of fibrous material, such as
paper or paperboard. The core material, or as it is com-
monly called, the gypsum stucco, consists for the most
part of partially dehydrated gypsum (CaS0,415H,0),
along with minor quantities of various metal salts, wood
fiber, glass fiber, asbestos fiber, or similar filler materials.
In the manufacture of gypsum wallboard, the gypsum and
other ingredients of the core material are dry blended
and the resulting mixture is then fed into a continuous
blender wherein water and foaming agents are added.
The slurry is then metered onto a travelling web of paper
board and then passes under a roll where a second sheet
of paper board is applied to produce the composite wall-
board. After the gypsum core has hardened, the finished
wallboard is then dried under controlled temperature
conditions.

In order to enhance the strength of the bond between
the gypsum stucco core and the paperboard liners, waste
starches, corn flours, acid hydrolyzed starches and similar
low cost starch containing binding materials have often
been incorporated in the dry blend together with the
stucco. 'When the gypsum-water shurry sefs and the wall-
board is subjected to the heat drying operation, gypsum
crystals grow into the paper interstices forming a physi-
cal bond with the paper fibers of the surface sheets.
During this heating operation, the above noted binder
material migrates to the core face and appears to act as
a protective barrier for the gypsum’s water of crystalli-
zation, that is, these starch binders prevent the dehydra-
tion of the gypsum crystals which have bonded with the
paperboard. In order to be effective in the commercial
manufacture of gypsum wallboard, these starch and starch
containing binders are commonly added in amounts rang-
ing from 0.5% to 1.0% by weight of the gypsum stucco,

In an effort to realize improved binding effectiveness,
and increased manufacturing economy, attempts have
been made to utilize various substitutes for the starch
binders previously used in gypsum wallboard manufac-
ture. These substitutes were employed since the starch
binders heretofore used were found to possess several
undesirable features. Thus, when these starch binders
were utilized, the density of the gypsum core could not
be reduced beyond a designated minimal value without
an accompanying diminution of the degree of binding
between the paper and the stucco. Moreover, these
starch mixtures have impeded the drying of the wallboard
since they hinder to some extent the passage of water
vapor from the stucco core through the fiber board sur-
face sheet. In addition, it would be advantageous to
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employ binders which could withstand drying tempera-
tures which are higher than those that can be tolerated
by the materials heretofore used for this purpose.

It is an object of this invention to provide a highly ef-
fective and economical method of making gypsum wall-.
board. Another object of this invention is to provide
a novel binding composition for gypsum wallboard. A
further object of this invention is to provide a gypsum
wallboard which exhibits enhanced processing charac-
teristics as well as considerable resistance to delamina-
tion. Other objects and the advantages of this invention
will be apparent from the discussion that follows here-
inafter,

In accordance with this invention, binder compositions
for gypsum wallboard are formulated utilizing as binder
aids for the stucco core certain starch ether or starch ester
derivatives, whose compositions will be hereinafter de-
scribed. The incorporation, using the process of our in-
vention, of these starch derivatives in the dry blends used
to prepare the wallboard core permits the preparation of
products which can be rapidly dried, easily handled, and
economically manufactured,

The starch derivatives employed as binders in the proc-
ess of our invention comprise low viscosity starch ethers
and starch esters having certain prescribed characteristics.
In order to satisfy the exigencies of gypsum wallboard
manufacture, the binders utilized must possess several
characteristics. Such - binders must not detrimentally
affect the hardening or setting of the gypsum core which
occurs before the wallboard is dried. These binders must
be stable and must resist retrogradation in water solution
over extended periods of time. The starch derivatives
should also be able to form films at room temperature
when such films are cast from a water solution. The
starch binders must be compatible with commonly used
constituents of gypsum stucco cores and should also be
hydrophilic in nature. We have found that all of the
aforedescribed features are adequately satisfied by the
use of the herein described starch ethers and starch esters,
each of which is required to have a degree of substitution
(D.S.) of from about 0.01 to about 0.14 as well as a water
fluidity (W.F.) value of at least 50. Degree of substitu-
tion represents that fraction of the primary hydroxyl
groups of the starch molecule which have been substituted
or derivatized with an ether or ester group substituent.
Water fluidity is a means of describing the viscosity of the
starch solution. As the water fluidity values increase,
the viscosities of the starch solutions decrease.

The water fluidity values of the starch derivatives used
in the process of our invention are determined by means
of the following procedure:

A sample of the starch derivative varying in size from
7 to 15 grams is weighed out and placed, with 100 cc.
of water, in a 150 cc. copper beaker. With constant stir-
ring, the aqueous slurry of the derivative is then heated
for 30 minutes in a water bath maintained at 100° C.
At the end of the heating period, the sample is removed
from the water bath and any water that may have evapo-
rated from the slurry is replaced: After the sample has
cooled to about 82° C., it is poured ' inte the standard
cup used in the Stormer Shear Viscometer, which is main-
tained at 82° C. Using a large paddle, the time re-
quired for 100 revolutions of the rotor is then measured
on the viscometer. The water fluidity value is then de-
termined from a chart that calibrates viscosity in relation
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to the time required for 100 revolutions of the rotor, as
based on the sample size used. Thus, the less time re-
quired under these conditions for 100 revolutions of the
rotor, the lower will be the viscosity of the sample, as
reflected, in turn, by a higher water fluidity value.

Among the various starch ethers which may be used as
the binders in the process of this invention, are included
hydroxyethyl, hydroxypropyl, tertiary aminoalkyl, and
comparable starch ethers. Among the various starch
esters that may be used in the process of this invention, are
included acetates, succinates, sulfates, maleates, phos-
phates, octenyl succinates, and comparable starch esters.
As was previously mentioned, it is necessary that these
starch derivatives possess a D.S. and a W.F. within the
prescribed limits for these values. These starch deriva-
tives may be used in combination with other binder aids,
such as mannogalactan gums, urea-formaldehyde resins,
traw starches, and similar materials.

The starch ethers and starch esters for use in the proc-
ess of this invention may be derived from any of the com-
monly used starch bases, such as corn, high amylose corn,
sago, wheat, rice, sweet potato, sorghum, waxy sorghum,
waxy maize, potato, arrowroot, or tapioca, as well as com-
ponents or fractions of these starches, such as amylose or
amylopectin. It is to be noted that, although starches and
starch containing materials have been used previously
as binders for gypsum wallboard, the starch derivatives
used in this invention have not heretofore been employed
as such binder aids.

The exact amount of binder to be added to the gyp-
sum stucco is not critical to our invention since the
optimum amount of the starch derivative used is de-
pendent upon such factors as the surface characteristics
of the paperboard surfaces, the density of the wallboard,
the composition of the stucco, and the drying tempera-
tures employed. Usually, from about 0.05% to about
3.0% of binder, as based on the weight of stucco, is
utilized. As was pointed out previously, a particularly
advantageous feature of the use of our starch derivatives
in wallboard manufacture lies in the fact that relatively
small amounts of these binders may be used without detri-
mentally affecting the board’s resistance to delamina-
tion. Thus, the employment of 0.075% by weight of
one of the starch derivatives of our process is sufficient
to effect an excellent bond between the gypsum core and
the paper board liners, whereas as much as 1% by weight
of the previously utilized binder was heretofore required
to obtain such a bond. It can be seen, therefore, that the
use of such exceedingly small amounts of our binder ma-
terials enables substantial economic benefits to be real-
ized. In addition, higher concentrations of our starch
derivatives (that is, from about 0.5% to about 1% by
weight, as based on the weight of stucco) enable the
density of the gypsum core to be reduced considerably.
Such a decrease in the core density has not been possible
when equivalent amounts of the starch binders heretofore
utilized have been employed. The reduction of core den-
sity has heretofore usually resulted in delamination of
the wallboard product. The starch derivatives of the
present process can be used to prepare cores of reduced
density without sacrificing the strength of the bond be-
tween the core and the paper liners. These lower density
gypsum wallboards, because of their lighter weight, not
only lower the cost of their manufacture, but also result
in savings with respect to their subsequent shipment and
handling.

The gypsum waliboard prepared by the process of this
invention comprises two sheets of paper bonded to both
surfaces of the gypsum core wherein our novel binder
composition is contained. The process followed in mak-
ing the wallboard is one that is a standard procedure in
the field of wallboard manufacture. Gypsum, together
with an accelerator such as potassuim sulfate to set the
gypsum, land plaster, the starch derivative, and various
other ingredients and filters (e.g., wood fibers, paper
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fibers, glass fibers) are first dry blended. This dry blend
is then fed into a continuous blender where the core den-
sity is lowered by the addition of water and foaming
agents, the latter being anionic surface active agents,
such as sodium abietate, various alkyl aryl sulfonates,
various alkyl aryl sodium sulfonates, and the like. This
mixture is blended until it is of a smooth consistency. The
smooth gypsum slurry is then spread evenly over a web
of paper board or like material. A second sheet of paper
board or like material is then placed over this coated
board and excess plaster is pressed from the frame. The
composite wallboard is allowed to set for a short time and
thereafter is subjected to a suitable drying cycle.

In the following examples, which further illustrate the
embodiment of this invention, all parts given are by
weight, unless otherwise indicated.

Example 1

This example illustrates the superior effectiveness of
of our binding compositions with respect to the smaller
quantities of our compositions which are required to ob-
tain satisfactory binding in comparison with the starch
binders previously utilized in gypsum wallboard manufac-
ture.

In making the gypsum wallboard wherein the binding
compositions of our process are contained, the procedure
set forth hereinafter was followed. In this procedure,
land plaster (i.e., fully hydrated calcium sulfate) and a
foaming mixture, such as those heretofore described, are
separately prepared. The land plaster is subsequently
blended with stucco, an accelerator (i.e., potassium sul-
fate), paper fiber or other filler material, and a starch
derivative having the aforedescribed properties required
for use in the process of our invention. This blend is
thereupon mixed with a large quantity of water, with care
being taken to avoid lumping of the mixture. The foam-
ing mixture mentioned above is then added to the formu-
lation and the resulting blend is mixed until it is of a
smooth, creamy consistency. The smooth gypsum slurry
is then spread evenly over a web of paper board or similar
liner. A second sheet of paper board or similar liner is
then placed over this coated board and excess plaster is
pressed from the frame. After the gypsum core has
hardened and set, the composite wallboard is subjected to
a suitable drying cycle in a forced draft air oven. Dry-
ing consists in heating the gypsum wallboard for 15 min-
utes at 350°-370° F., then cooling gradually to 120° F.
and holding at this temperature for at least 30 minutes.

In this example and in the examples that follow, the
bond between the gypsum core and the paper liners was
tested according to the procedure set forth hereinafter.
In this procedure, the gypsum board was removed from
the drying oven and the gypsum core was then broken
on the side opposite to the liner surface that was to be
tested. This was done, e.g., by scoring the backing liner
with a knife in a straight line perpendicular to the ma-
chine direction of the board, and thereafter breaking the
core against a hard surface. If the adhesion of the back-
ing liner was to be evaluated, then the procedure was
merely applied to the face liner rather than to the backing
liner. When the core was broken, care was taken to
prevent damage to the face liner. After the core was
broken, the face liner was then pulled down in a direc-
tion away from the break parallel to the surface of the
board. The type of bond obtained was classified accord-
ing to the degree of fiber tear and surface conditions of
the core at the point of separation. The types of bond
are classified as follows:

(a) Good—no splitting or peeling of the liner.

(b) Poor—splitting at the edge resulting in delamination
of the core just below the surface.

(c¢) Complete failure—peeling of the liner resulting in no
fiber tear between core and liner.

The procedure set forth previously was followed in
making wallboard with the various starch derivatives
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presented in the table appearing below. This table also
indicates the lesser amounts of these binders which are
needed to achieve satisfactory binding, in comparison
with the binders heretofore used for this purpose.

Minimum
Quantity of
Binder Re-
Binder Utilized ! D.8. | W.F.| quired for
Good Bond
(1bs./1000
bs. of
gypsum)
(a) Low viscosity corn flour-_....ooneee.. 8.0
{b) Dextrinized wheat starch.___.. - 7.5
(c) Acid hydrolyzed corn starch. - 5.0
(d) Acetate ester of corn starch___._ . 0.75
(c) Hydroxyethyl ether of corn star .04 73 0.75
(f) Sulfate ester of tapioca starch. .06 82 0.75
(g) Succinate ester of corn starch .03 64 0.76
(h) Masleate ester of corn starch.. ... ccen .03 66 1.0
gi) Octenyl succinate ester of corn starch___| .05 65 Lo
7) Phosphate ester of potato starch..__..._ .03 68 1.0
(k) Tertiary aminoalkyl ether of corn
starch 2 . 025 74 10
(@) Hydroxypropyl ether of corn starch. ... .04 70 1.0

1 Binders (a), (b), and (c) are typical representations of binders previ-
ously used; the remaining binders are compositions exemplary of our
binding formulations.

2A beta diethyl aminoethyl chloride hydrochloride corn starch ether
as prepared by means of the procedure deseribed in Example I of U.S,
Patent #2,813,003.

Example 11

This example illustrates the superior effectiveness of
our binding compositions in comparison with the binders
previously utilized in the production of low density gyp-
sum wallboards.

The procedures followed in preparing and testing the
formulations of this example were the same as those de-
scribed in Example I, with the exception that the amount
of foam added to the gypsum stucco was varied to change
the density of the finished board. The results obtained
are set forth in the following table:

Amount of | Board Wt.
. Binder (1b./1,000 Bond
Binder (1bs./1,000 | sq. ft. and | Evaluation
1b. of 147 thick)
gypsum)
(a) Acid hydrolyzed corn 5.0 2,010 { Good.
starch (control).
(b) Acid hydrolyzed corn starch. 10.0 1,540 | Com, Fail.
(¢) Acetate ester of corn starch 5.0 1,620 | Good.
(D.S.=.05, W.F.=70)

Example III

This example illustrates the superior binding effective-
ness and resistance to heat imparted to the gypsum wall-
boards prepared by the use of the binding compositions
of the process of our invention.

The procedures followed in preparing and testing the
formulations of this example were the same as those
described in Example 1. The gypsum wallboard was
heated for 30. minutes at 470° F., then cooled gradually
to 120° F. and maintained at this temperature for at least
30 minutes. After the drying was completed, the board
samples were then evaluated to determine bonding effec-
tiveness, following the procedure set forth in Example I
The results obtained are set forth in the following table:

Amount of | _Bond
Binder Binder | Evalua-
(lbs /1,000 tion
bs, of
E’YDSUm)
(a) Acid hydrolyzed corn starch._ ..o wecenccnen 6.0 | Poor,
(b ?ullate ester of corn starch (D.S.=.04, W.F.= 1.2 { Good.

Example IV

This example illustrates the necessity of employing
starch derivatives having the prescribed properties of the
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derivatives utilized in our process in order to realize
increased binding effectiveness.

The procedures followed in preparing and testing the
formulations of this example were the same as those de-
scribed in Example 1. The results obtained are set forth
in the following table:

Amount of
er on
Binder D.S W.F (lbiifl’mo Evaluation
S.
’ gypsum)
(a)tAc%tate ester of corn .04 70 0.75 | Good.
(b) Aeetate ester of corn 007 73 1.0 | Poor,
(c) Acetate ester of corn .15 68 1.0 | Poor,
(d)tAoitate ester of corn .05 65 0.75.| Good.
starc]
(e) Acetate ester of corn .05 30 1.0 | Complete
starch. Failure.
(f) Hydroxyethyl ether of .04 28 1.0 | Complete
corn starch. Failure.

Thus, it can be seen that unsatisfactory results are ob-
tained when starch derivatives having a D.S. and/or a
W.F. other than those specified for our derivatives are
used as binders for gypsum wallboards.

Any departure from the above description which con-
forms to the present invention is intended to be included
within the scope of the mventlon as defined by the follow-
ing claims.

We claim:

1. The composition of a core material of gypsum and
a starch derivative binder, the said starch derivative binder
being selected from the group consisting of starch ethers
and starch esters having a water fluidity value of at least
50 and a degree of substitution ranging from 0.01 to 0.14.

2. The composition of claim 1, in which the amount
of said starch derivative ranges from 0.05% to 3.0% by
weight as based on the weight of said core material.

3. A gypsum wallboard comprising at least one cover
sheet bonded to a gypsum core material, said core mate-
rial including as a binder composition therefor a starch
derivative selected from the group consisting of starch
ethers and starch esters having a water fluidity value of
at least 50 and a degree of substitution ranging from
0.01 to 0.14. )

4. The gypsum wallboard of claim 3, in which the
amount of said starch derivative ranges from 0.05% to
3.0% by weight as based on the weight of said core
material.

5. In the process of preparing gypsum wallboard by
means of the bonding of at least one cover sheet to a
gypsum core material, the improvement which comprises
adding to said core material as a binder composition
therefor a starch derivative selected from the group con-
sisting of starch ethers and starch esters having a water
fluidity value of at least 50 and a degree of substitution
ranging from 0.01 to 0.14.

6. The process of claim 5, wherein the amount of said
starch derivative ranges from 0.05% to 3.0% by weight
as based on the weight of said core material.
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