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1
GYPSUM BOARD

The invention relates to an improved gypsum board
and particularly to a gypsum board having an increased
density stratum at the portion of the core near the gyp-
sum paper interface.

Typically, in the manufacture of gypsum board a
pregenerated foam is added to the board core slurry mix
to decrease the weight of the gypsum board. This foam
is generated from a mixture of a liquid foaming agent,
air and water in a suitable foam generating apparatus.
The foamed gypsum slurry is then deposited upon a
moving paper substrate which, itself, is supported on a
long moving belt. A second paper substrate is then
applied on top of the slurry to constitute the second face
of the gypsum board and the sandwich passes through a
forming station which determines the width and thick-
ness of the gypsum board. In such a continuous opera-
tion the gypsum slurry begins to set immediately after
forming. When sufficient setting has occurred the board
is cut into commercially acceptable lengths, typically
eight feet, and then passed into a board dryer. Thereaf-
ter the board is trimmed to length, bundled in pairs and
stored prior to sale.

Those familiar with the manufacture of gypsum
board will be familiar with the various kinds of product
quality failures which are typically experienced within
the industry. One of these types of failure is known as a
“splitter”. In a “splitter” type of failure the paper form-
ing one of the faces of the board is easily separated from
the board when the board is cut, normally during board
application in very humid conditions. In the “splitter”
failure, when the paper facing separates from the board
it takes with it a portion of the set gypsum. There is no
paper remaining on the core of the board after failure
and there is a layer of gypsum on the face of the paper.
A second type of failure which is often experienced is
known in the trade as a “peeler”. In this type of failure
there is little or no gypsum adhered to the paper and no
paper is left on the gypsum panel after failure.

Heretofore many efforts have been made to enhance
the so-called paper/gypsum “bond”. Typical of efforts
to enhance the paper/gypsum “bond” are those set out
in U.S. Pat. No. 4,327,146 which issued Apr. 27, 1982.
This patent teaches the method of manufacture of gyp-
sum board in which there is theoretically obtained a
better growth of gypsum crystals into the interstices of
paper and thus it is felt an enhanced paper/gypsum
“bond” is obtained.

Quite surprisingly we have discovered that the major
plane of weakness which effects so-called “splitter”
failures is not the “bond” between the paper and the
gypsum crystals but rather the strength of the core itself
in the stratum adjacent to the paper. Vastly improved
gypsum board may be obtained by enhancing the
strength of this stratum adjacent to the paper. In partic-
ular, the stratum which may most advantageously en-
hance the quality of the gypsum board is that narrow
stratum which is immediately adjacent to the paper but
which does not contain any of the paper fibres.

As is typical in the manufacture of gypsum board
today, the core, at least in the central region, advanta-
geously contains a number of voids which reduce the
density of the gypsum and thus the weight of the board
for a given thickness. Previously it has been thought
that the best results can be obtained by ensuring that the
core, comprises as many voids as possible. It has previ-
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ously been thought that such voids should be of as small
a nature as possible. To this end heretofore, the prod-
ucts which are used as foaming agents are used in such
a manner as to create as many bubbles in the foam as
possible when passed through a foam generator. It is
desired and expected that these bubbles will exist when
the pregenerated foam is mixed with the gypsum slurry
and that the bubbles in the foam will then lead to small
evenly distributed voids in the set gypsum.

Rather surprisingly, we have found that the resulting
gypsum board can be significantly strengthened by the
creation of larger voids in the set gypsum than has been
the practice heretofore. We have found that the cre-
ation of voids of a substantially spherical configuration
provides an enhanced gypsum board. Preferably the
voids are coherent, that is to say, each individual void is
intact and does not extend substantially into adjacent
voids. We have also noted that an improved product
results when the voids are spaced one from another and
the resultant core thus comprises a plurality of such
substantially spherical voids with the gypsum between
voids being substantially solid, that is to say, without
significant voids. The term *discrete” is used in this
disclosure and claims to describe this structure.

In the improved gypsum board in accordance with
this invention, the board has a gypsum core and first and
second cover sheets of fibrous material on opposing
faces. The core has a first stratum parallel to and adja-
cent the first cover sheet. This stratum does not contain
any fibers of the fibrous material. This first stratum has
relatively few voids and a substantially greater density
than the central portion of the core of the board. The
central portion of the core has a plurality of relatively
large discrete voids substantially uniformly distributed
throughout the central portion of the core. These voids
have substantially spherical coherent walls.

The invention may be better understood from refer-
ence to the following description and drawings which
illustrate a preferred embodiment of the invention, and
in which:

FIG. 1 is a drawing of a cross-section through the
improved gypsum board.

FIG. 2 is a table showing specific gravity of various
strata of the improved board and compared to existing
commercial products.

FIG. 3 is a scanning electron microscope photograph
of the improved board.

FIG. 4 is a similar photograph of a portion of FIG. 3
at increased magnification.

FIG. § is a similar photograph of a portion of FIG. 3
at increased magnification.

FIG. 6 is a similar photograph comparable to FIG. 3
of a prior art gypsum board.

FIG. 7 is a similar photograph of a portion of FIG. 6
at increased magnification.

FIG. 8 is a similar photograph of a portion of FIG. 6
at increased magnification.

FIG. 9 is a table of characteristics of a sample of
improved board.

FIG. 10 is a plot of density profile for gypsum board
made with a novel foaming agent but not involving the
improved structure.

FIG. 11 is a plot of density profile for a board in
accordance with this invention made with foam having
a density of 10.4 Ibs/cu ft.

FIG. 12 is a plot of density profile for a board in
accordance with this invention made with foam having
a density of 14.5 lbs/cu ft.
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FIG. 13 is a plot of density profile for a board in
accordance with this invention made with foam having
a density of 13 lbs/cu ft.

FIG. 14 is a plot of density profile for a prior art
board made with foam having a density of 11.7 lbs/cu
ft.

FIG. 15 is a plot of density profile for a prior art
board made with foam having a density of 8.9 lbs/cu ft.

FIG. 16 is a plot of density profile for a prior art
board made with foam having a density of 13 lbs/cu ft.

FIG. 1 illustrates a portion of a transverse section
taken through the improved board. This type of section
is typically made through gypsum board by scoring
through one paper face and snapping or breaking the
board. This gives a substantially planar surface. In this
specification the term “scoring and snapping™ is used to
describe the method of creating this plane. The drawing
is not to scale but illustrates the significant features of
the improved board. The board 10 comprises a first
paper surface 12, a set gypsum core indicated generally
as 14 and a second paper surface 16. Typically in the
manufacture of such board the gypsum slurry is depos-
ited upon the first paper surface 12 and thereafter the
second paper 16 is applied on top of the gypsum slurry.
As will be well understood by those familiar with this
art the gypsum board may be passed through nip rolls
or other forming devices to establish the thickness of
the board. The board is usually made in a ribbon about
4 feet wide. After initial setting the board is cut into
lengths and dried. In such a board the gypsum crystals
at the surfaces of the core extend into the interstices in
the paper. There is a layer of interlinked gypsum crys-
tals and paper fibres which is indicated adjacent paper
surface 12 by the layer identified as 18. There is simi-
larly a layer of interlinked gypsum crystals and paper
fibres adjacent paper surface 16, identified by the nu-
meral 20.

The central portion of the core 14 comprises set gyp-
sum and contains a plurality of randomly located but
substantially evenly spaced voids. The voids identified
typically by the numeral 22 are substantially spherical.
As the voids are located randomly throughout the set
gypsum the apparent diameter in the plane illustrated
will vary. Where the plane passes through the diameter
of a void, the true size of the void is shown in FIG. 1.
Where the void is displaced from the plane then the size
of the void would appear different simply from its loca-
tion in front of or behind the plane. The voids them-
selves however also vary in size.

In the improved board according to this invention the
voids are considerably larger than have been utilized
heretofore. It will be observed that in FIG. 1 the voids
are shown as being substantially coherent. The voids do
not extend for the most part into adjacent voids. In
addition, it is observed from FIG. 1 that the spaces
between the voids do not contain substantial numbers of
voids of smaller size. Rather the space between the
voids is substantially solid set gypsum. In this disclosure
and claims the term discrete is used to describe this solid
structure between the voids.

In FIG. 1 there is shown a first stratum 30 which is
adjacent to the first paper layer 12. The stratum 30 as
shown is approximately 0.005” in thickness. The stra-
tum is located parallel to and adjacent to the paper
surface 12. The stratum 30, however, does not contain
any fibers from the paper surface 12 and thus does not
include any of the layer identified as 18 in FIG. 1. This
first stratum 30 does not contain any substantial number
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of voids. As shown in FIG. 1, there may be small voids
such as that identified by the numeral 32. However, for
the most part, the first stratum 30 comprises a layer of
substantially solid gypsum. As the first stratum 30 does
not contain any substantial number of voids it will have
a significantly higher average density than the density
of the central portion of the core 14.

There is a second stratum 40 located adjacent the
paper surface 16. Second stratum 40 is adjacent to and
parallel to the paper surface 16 but does not include any
fibers from the paper surface 16. The stratum 40 is also
approximately 0.005” in thickness. This second stratum
also contains substantially no voids and thus has a signif-
icantly higher average density than the central portion
of the core 14.

Preferably there is a third stratum 42 adjacent to and
parallel to first stratum 30. The stratum 42 is also ap-
proximately 0.005" in thickness and contains a few more
voids than are contained in the first stratum but signifi-
cantly less voids than are present in the central portion
of the core 14.

In one method of analysing the improved board of
this invention and the existing boards manufactured by
ourselves and various competitive boards, the following
approach was used. In each case the paper layers were
mechanically shaved in several steps from a commer-
cially satisfactory board product until there was no
paper adhering to the core and the remaining board was
accurately weighed. Thereafter, utilizing the same
shaving process the first core stratum of 0.005" was
removed from each board. The remainder of the intact
sample was then accurately weighed to determine the
weight of the first core stratum removed. This was then
used to calculate the specific gravity of the stratum
which had been removed. In this manner the specific
gravity of the first stratum was obtained for a number of
boards. A similar process was used to obtain the specific
gravity of the second and third strata. A number of
other strata were then removed from each face of the
board core. Finally, the specific gravity of the remain-
ing central portion of the core 14 was obtained. In each
case the central portion for which the specific gravity
was obtained was approximately 0.3".

The results of these studies are tabulated in FIG. 2.
FIG. 2 has been arranged with the first stratum and
third stratum at the left hand side with the second stra-
tum at the right hand side of the table. The columns in
the centre identifies the thickness and the specific grav-
ity of the central portion.

Boards 1 through 7 were commercially available
boards obtained by purchasing acceptable market sam-
ples. Except for number 7 two samples were tested from
each board. The sample marked 8 is a control sample
using a novel foaming agent but not including the im-
proved structure of this invention.

At the Jower portion of table 2 test results are pro-
vided for the improved board of this invention. It will
be observed that the range of specific gravity for the
first stratum for the commercially available boards
ranged from a low of 0.545 to 0.876 as a high. The
corresponding stratum for each of the three examples of
the improved board range from 0.984 to a maximum of
1.343. For the third stratum the range of the commercial
product was from 0.602 to 0.869. The improved board
of this invention showed a range of from 0.716 to 1.102.
For the second stratum adjacent to the other face of the
board, the commercial product showed a range from
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0.539 to 0.824. The corresponding second stratum of the
improved board showed a range from 0.963 to 1.210.

After manufacture of the improved board in accor-
dance with this invention studies of the core were made
using scanning electron microscopy of a scored and
snapped plane. Photographs taken using this instrument
are included as FIGS. 3, 4, and § respectively. FIG. 3
illustrates a complete board and both paper faces at 12
times magnification. FIG. 4 is a small area A from FIG.
3 at 50 times magnification. Area A illustrates the first
and third stratum adjacent the first paper surface 12.
FIG. 4 is of area B at 50 times magnification illustrating
the second stratum adjacent the second paper surface.

For comparison purposes similar photographs of a
commercially available board of similar magnification
show the marked difference which exists between it and
the improved board. FIG. 6 compares directly with
FIG. 3, while FIGS. 7 and 8 compare directly with
FIGS. 4 and 5.

A review of these figures will show that the voids in
the improved product are substantially larger than the
voids in the existing commercial products. A review of,
in particular, FIGS. 7 and 8 will show that the voids in
the commercially existing product are relatively closely
located adjacent to one another and in many instances
the voids extend from one into another. The wall struc-
ture between the voids is relatively thin and the voids
are themselves nowhere near as substantially spherical
shaped as in the improved product. The voids in the
prior art board are not coherent and the structure is not
discrete.

Further analysis of the photographs provides an indi-
cation of the void population.

By counting voids in the photographs, FIGS. 4, 5, 7
and 8 and multiplying by the factor representing the
area photographed, the void population per square inch
may be obtained. In the conventional product, void
population as shown is 68,000 per square inch approxi-
mately. By comparison, the void population in the im-
proved product is less than 7,000 per square inch. This
illustrates the significantly larger voids in the improved
product.

The mechanism of board strengthening is not clearly
understood, however some very surprising results have
been obtained by subjecting the improved board to
some of the standard tests used in the industry to evalu-
ate this type of product.

FIG. 9 shows the results from various standardized
tests conducted on §" improved gypsum board and
compared to a check specimen. FIG. 9 shows signifi-
cantly increased nail pull resistance slurry compressive
strength and Hunter hardness results and essentially
unchanged flexural strength based upon ASTM stan-
dard test methods.

In an industry adopted test, the humidified bond
strength is shown to increase with increasing foam den-
sity. The results are tabled in FIG. 9. Most significantly,
the percent bond failure simultaneously dropped to 0%
from a high of 74% for the control sample. At the 0%
level there are no “splitter” failures.

The improved gypsum board of this invention may be
manufactured using a recently developed foaming agent
which is the subject matter of co-pending application
Ser. No. 280,454. This foaming agent comprises an alkyl
ether sulphate of the formula CH3; (CH2):CH;-
(OCH,CH;),-0SO3M wherein at least 90% of x is be-
tween 6 and 8 and the average y is between 0.4 and 1.3
and wherein M is a cation producing a water soluble
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surfactant. Previously, when generating foam for gyp-
sum board from foaming agents the preferred thinking
is that the generated foam should have as low a density
as possible. We have found with use of the newly devel-
oped foaming agent that the improved board of this
invention may be manufactured utilizing much higher
than normal foam densities. In FIGS. 2 and 9 four dif-
ferent runs are tabulated. The first is the control sample
run at 7.0 lbs/cu ft foam density. In the second run the
foam was generated with a density of 10.4 Ibs/cu ft. In
the third run the foam had a density of 13.0 Ib/cu ft and
in the fourth run the foam had a density of 14.5 Ib/cu ft.
It will be observed from the table that a significant
increase in the specific gravity of the first, second and
third strata occurs at foam densities of 10.4 Ib/cu ft and
higher.

FIG. 10 shows the core density profile for the control
sample.

FIGS. 11, 12 and 13 show the core density profile of
the improved board made at foam densities of 10.4, 14.5
and 13 Ibs/cu ft respectively. FIGS. 14, 15 and 16 show
the core density profile for a previously available com-
mercial board made with foam densities of 11.7, 8.9 and
13 lbs/cu ft respectively. Comparison of these figures
shows the increased density of the first, second and
third strata of the improved board as compared to the
previous product. In the improved board, the density of
the first and third strata is at least 0.95 and preferrably
at least 1.1.

The improved product can be made using the foam-
ing agent specified above and using conventional gyp-
sum board equipment. The foaming agent is diluted in
water and passed through a typical foam generator to
entrain air and form bubbles. The pregenerated foam is
then fed to a gypsum core slurry mixer together with
gypsum stucco and additives and any additional water
desired. The resultant mixed slurry is continuously de-
posited to form a sandwich between two paper surfaces
according to conventional gypsum board making tech-
niques.

In describing the preferred embodiment illustrated,
reference has been made to the paper surfaces 12 and 16.
This invention is not limited to gypsum board having
such paper surfaces. The invention is also applicable to
gypsum board having other fibrous surfaces and also to
specialized gypsum board such as fire rated board,
sheathing board, moisture resistant board and the like.

Various other changes to the invention may be made
without departing from the spirit of the invention as
defined in the following claims.

We claim:

1. Wallboards, suitable for use in constructing interior
walls and ceilings of buildings, comprising:

(1) a core of foamed gypsum with a multiplicity of
relatively large voids substantially uniformly dis-
tributed therethrough and having a first specific
gravity, said core having top, bottom, side and end
surfaces, with the top and bottom surfaces being
substantially parallel to each other;

(2) fibrous material cover sheets disposed on and in
substantially the entire top and bottom surfaces,
wherein interfaces between the fibrous material
cover sheets and the top and bottom surfaces of the
gypsum core are established and wherein the inter-
faces are a mixture of fibers from the cover sheets
and gypsum from the core; and

(3) a first stratum of the gypsum core wherein said
first stratum does not contain any substantial num-
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ber of voids, has a specific gravity of at least 0.95,
has a specific gravity significantly greater than said
first specific gravity and is disposed substantially
parallel to and substantially next to at least one of
said interfaces, but spaced from said interface a
distance sufficient that fibers of said cover sheet
disposed in said interface do not substantially pro-
trude into said stratum and said stratum is substan-
tially free from said fibers.

2. The gypsum board of claim 1, wherein said core
has a second of said stratums adjacent to the other inter-
face.

3. The gypsum board of claim 2, said core having a
third stratum adjacent said first stratum, said third stra-
tum having a specific gravity density substantially
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8
greater than the central portion of the core but less than
the specific gravity density of said first stratum.

4. The board of claim 1, wherein said first stratum is
about 0.005"” in thickness.

5. The board of claim 2 wherein said second stratum
is about 0.005” in thickness.

6. The board of claim 4, wherein said first stratum has
a specific gravity of at least 1.1.

7. The board of claim 5, wherein said second stratum
has a specific gravity of at least 1.1.

8. The board of claim 3, wherein said third stratum
has a specific gravity of at least 0.7.

9. The board of claitn 1 wherein said core has a void
population of not greater than 7,000 voids per square
inch of surface area of a plane formed by scoring and
snapping said board.

*

* * x %
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 5,085,929
DATED .  February 4, 1992
INVENTOR(S) : R. BRUCE and Dimitrios MITAKIDIS

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 7: Claim 3, line 15, after "2,", insert --wherein--.
Column 7: Claim 3, line 15, change "having" to —-has--.

Column 7: Claim 3, line 17, delete "density".
Column 8: Claim 3, line 2, delete "density".

Signed and Sealed this
First Day of June, 1993

Attest: M/ s Z{/\{

MICHAEL K. KIRK

Attesting Oﬁ?Cﬂ‘ Acting Commissianer of Patents and Trademarks
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