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WATER-PROOFING BARRIER
Robert N. Olton, Cleveland Heights, Ohio, and Bernard
C. Berney, Indianapolis, Ind., assignors to Mineral
Products Corporation, Cleveland, Ohio
Origiual application Dec. 29, 1969, Ser. No. 888,235, now
Patent No. 3,630,762. Divided and this application
Apr. 2, 1971, Ser. No. 130,683
Int. ClL. B32b 9/00

U.S. Cl. 161—206 6 Claims

ABSTRACT OF THE DISCLOSURE

A water-proofing barrier characterized by its controlled
swelling when wet and comprising in admixture a water-
swellable colloidal clay, such as bentonite, and a particu-
late, inorganic metal salt treated with an oleaginous car-
boxylic acid. Preferably, the metal salt is calcium carbo-
nate, such as amorphous chalk, treated with an acid like
oleic or stearic acids. The mixture is particularly adapted
as a protective layer in a below grade concrete roof system,
or the like, above which a pavement, earth, walks, etc.,
are to be laid. The present mixture may be used alone as in
layer form or in conjunction with an adjoining layer of
water-swellable clay to form a multi-layer barrier. Op-
tionally, the mixture may include a finely divided sili-
ceous mineral such as perlite as an additional ingredient.

This application is a division of patent application Ser.
No. 888,235, filed Dec. 29, 1969, now U.S. Patent No.
3,630,762.

BACKGROUND OF THE INVENTION

The present invention relates to a water-proofing bar-
rier which reacts when wet to block leakage through it by
swelling a controlled amount and, more particularly, to
such a barrier comprising a water-swellable colloidal clay
and a particulate, inorganic metal salt that has been treated
with an oleaginous carboxylic acid, the latter serving to
conirol the natural swelling of the clay while maintaining
the integrity of the barrier.

The use of a water-swellable clay like bentonite to im-
pede water seepage through a structural panel is known.
Such clays have the capacity to swell and gelatinize upon
contact with water and thereby block its flow, For exam-
ple, U.S. Patent 2,277,286 to Bechtner discloses the use
of bentonite for this purpose. Also, U.S. Patent 3,186,896
to Clem discloses a preformed moisture impervious panel
comprising a pair of spaced facing sheets inter-connected
by a corrugated strip. The voids between the strips and
facing sheets are filled with a mass of colloidal clay such
as bentonite. The panel form permits bentonite water-
proofing barriers to be installed conveniently on and
against vertical walls below grade, for example.

As stated in U.S. Patent 2,277,286, bentonite has an ex-
tremely strong adsorptive power and can adsorb almost
five times its weight of water, Commercial bentonite swells,
when contacted with water, as much as ten to twenty times
its dry volume. Such swelling can generate appreciable
pressures if confined. As a result, and contrary to the ap-
parent teachings of Patents 2,277,286 and 3,186,896, a
layer consisting only of bentonite can swell sufficiently to
cause heaving and displacement of a substantial overbur-

10

15

20

25

30

35

40

50

55

2

den. Particularly when the water-proofing layer forms part
of a substantially rigid underground roof system, the swell-
ing of bentonite can cause commensurate displacement of
earth fill and cracking and heaving of overhead rigid and
semi-rigid pavements, etc.

Nevertheless, the practice has been to use water-proofing
barriers of bentonite alone, even as preformed packages
as in the case of the Clem Patent 3,186,896. Although the
swelling characteristics of clays like bentonite vary over a
wide range, it is not possible to tell beforehand how much
swelling can be tolerated in a given installation. The
amount and kinds of impurities present also affect the
swelling characteristics of bentonite., On the other hand, it
would add substantially to the cost to manufacture the
same water-proofing product with different, predetermined
grades or amounts of swelling.

Accordingly, a water-proofiing barrier containing a wa-
ter-swellable clay like bentonite, but having controlled
swelling and therefore adapted for generally universal ap-
plication, would advance the art.

SUMMARY OF THE INVENTION

In order to blunt the expansion of a water-swellable
clay like bentonite without losing appreciable water-proof-
ing qualities, the present invention admixes with the clay
a particulate inorganic salt treated with an oleaginous
carboxylic acid, such as amorphous calcium carbonate
treated with steric acid. Upon wetting of the clay and
salt, it is believed that the carboxylic acid component in-
hibits the swelling of the colloidal clay particles and there-
by acts as a further control in their swelling character-
istics. In the preferred form, a finely divided siliceous
mineral is included, such as perlite or vermiculite.

The present water-proofing mixture is particularly use-
ful as part of a roof system. In this and other similar
installations, the mixture may be used alone or in conjunc-
tion with an adjoining layer of a water-soluble clay like
bentonite to provide a multilayer, water-proofing barrier.
Both layers cooperate in this embodiment to define a wa-
ter proofing barrier, the layer comprising the present
mixture initially protecting the layer of water-swellable
clay from being wetted and effectively reducing the swell-
ing of the multi-layer barrier as a unit upon inadvertent
wetting of the all-clay layer.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a fragmentary, vertical section of an under-
ground, water-proofing roof deck system embodying the
present water-proofing barrier; and

FIG. 2 is a fragmentary, vertical section of a ground-
level roof deck system embodying the present water-proof-
ing barrier in conjunction with a contiguous layer of ben-
tonite to form a multi-layer barrier.

DESCRIPTION OF THE PREFERRED
" EMBODIMENTS

A clay found to be best suited for the water-swellable
clay of the present mixture is bentonite, such as southern
bentonite, and particularly the bentonites found in the
regions of Wyoming and South Dakota. However, other
highly colloidal or bentonite clays which possess the
property of swelling and gelatinizing in water to a sub-
stantial degree are also useful. The degree of their ef-
fectiveness depends upon the closeness with which their
swelling properly corresponds to that of bentonite,



3,705,838

The strong adsorptive power of bentonite in particular
is partially attributable to the preponderance of extremely
small grains or particles which provide tremendous sur-
face area for the adsorptive powers and the film retaining
capacity of the clay. Another factor is the distinctive
nature of the particles themselves which are present in
minute platelike structures that possess the peculiar prop-
erty of allowing water molecules to penetrate their crystal
lattice and expand it.

Bentonite in particular swells because it is composed
primarily of the clay montmorillonite. The montmoril-
lonite “flake” is anionic, that is, it carries a negative elec-
trical charge. These charges are balanced by cations or
positively charged atoms which are external to the crystal.
In western-type bentonite found in Wyoming and the
Dakotas, these cations are primarily sodium, so that the
western grades are sometimes called sodium bentonites
or sodium montmorillonites. In southern-type bentonites,
the cations are primarily calcium, and these clays are
generally referred to as calcium bentonites. The calcium
varieties do not swell as much as the sodium bentonites.

The colloidal bentonites may be used in various particle
sizes. As a rule, the sizes of the dry particles may range
from about fairly coarse granules of four mesh to an
extremely fine powder of less than 325 mesh or 44 mi-
crons. In one useful grade of Wyoming bentonite, from
65 to 75 percent of the grains were finer than 0.2 micron
and over 85 percent were finer than two microns. As ben-
tonite swells, the particles become smaller and smaller.
At complete hydration, the great majority of the particles
are sub-micron in size. The specific gravity of dry ben-
tonite is from about 2.3 to 2.9, depending in part on the
degree of hydration and the sizing or grind which in-
fluences the packing of the particles.

The particulate, inorganic metal salt, treated with an
oleaginous carboxylic acid, inhibits the swelling of the
bentonite and yet does not adversely affect the water-
proofing qualities. Indeed, the treated metal salt inher-
ently possesses a natural water-resistant property as well
as thermal insulating characteristics. The metal of the
metal salt desirably is one from Group II of the Periodic
Table of the Elements, especially calcium and barium.
The salt radical is preferably one from an inorganic acid
such as carbonic, sulfuric, and hydrochloric acids. Ac-
cordingly, the desired metal salts are calcium carbonate,
calcium - sulfate, calcium chloride, barium. carbonate,
barium sulfate, and barium chloride. Barium sulfate is
normally used as the naturally occurring barytes. Of the
metal salts, the preferred one is calcium carbonate, such
as limestone, but especially the amorphous calcium car-
bonate appearing in nature as chalk. A highly useful form
of such chalk is presently sold by Pluess-Staufer (North
American) Inc. under the trademark Protexulate.

The metal salt is aggregated into particle sizes for use
in the mixture, the particles preferably ranging from about
0.5 micron to about 10 microns. In this form, the metal
salt is treated with an oleaginous carboxylic acid. Tn gen-
eral, such acids having from about 13 to about 22 carbon
atoms are sufficiently oily to treat the salt. Both saturated
and unsaturated and monocarboxylic and dicarboxylic
acids are contemplated. Mixtures of the acids may be
used. In the preferred practice, the particles are treated
with stearic, isostearic, palmitic, oleic, or linoleic acids.

The acid treatment provides an outer coat or spherical
encapsulation. In general, the metal salt having the de-
scribed particle sizes is sifted into a chamber in which the
acid is sprayed or atomized as a fine mist. When collected
in the chamber, the metal salt particles have the desired
acid coating. This provides an additional control on the
swelling of the bentonite. When the acid-treated calcium
carbonate becomes wet, as during water leakage through
the mixture, it is believed that the transfer of the acid
component onto the bentonite has an inhibiting influence
on the swelling of the clay.
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The bentonite and inorganic metal salt particles may
be merely mechanically mixed together by any convenient
means to form the mixture. The clay is present in an
amount of about 7.5 percent to about 80 percent by
volume, the balance comprising substantially the metal
salt.

In order to decrease the bulk density of the described
binary mixture and to improve its therma) insulating
properties, it is preferred to include a finely divided sili-
ceous mineral as a third ingredient. The mineral may be
either perlite or vermiculite or compatible mixtures of
the two. Perlite, which is preferred, is a volcanic glass
which when expanded by heat forms a lightweight aggre-
gate. Its particles measure about 142 to 14 inch in diam-
eter. Vermiculite comprises a number of micaceous min-
erals that are hydrous silicates, derived usually from al-
teration of mica, and whose granules also expand at ele-
vated temperatures to provide a lightweight, highly water-
absorbent material. Thin flakes of vermiculite measure
about ¥ inch by 14 inch or smaller. As used in the pres-
ent mixture, both perlite and vermiculite are preferably
employed in their expanded forms. In the preferred prac-
tice, these components may be treated with liquid silicones
to enhance the water-proofness of the mixture.

The siliceous mineral ingredient is merely mechanically
mixed into the bentonite-metal salt mixture. Usually,
substantially equal quantities of each of the three ingredi-
ents are used; but the bentonite may be present in an
amount of about 7.5 percent to about 60 percent by vol-
ume, and each of the inorganic metal salt and the sili-
ceous mineral may be present in amounts ranging from
about 20 percent to about 60 percent by volume.

The following examples are intended to illustrate the
invention and should not be construed as limiting the
claims. In procuring the following data, the indicated
volume proportions of the ingredients were placed in a
circular mold having a diameter of four inches and com-
pacted under a static pressure of 10,000 pound per square
foot to produce a test sample one-half inch in thickness.
In all examples, calcium carbonate treated with stearic
acid was used as the metal salt in order to provide a
uniform basis of comparison. The calcium carbonate
had a bulk density of about :55 pounds to about 65
pounds per cubic foot. The perlite weighed about 7.5 to 8
pounds per cubic foot, and the vermiculite weighed about
6 to 7 pounds per cubic foot. The sample was completely
saturated before testing by soaking in water for a mini-
mum of 24 hours. During the permeability testing, an over-
burden pressure of 100 pounds per square foot was applied
to the top of the test sample, and the rate of water flow
through the sample was recorded hourly. Various hydro-
static heads of water were applied during testing, each
pressure head constituting a test run. The value of the
coefficient of permeability was determined from the meas-
ured flow rates. In order to obtain the degree of swelling
of a sample, the height of sample was recorded to the
nearest 149 of an inch under the wvarious heads of water
and calculated as a percentage increase in volume.

Example 1

The test sample consisted of equal parts by volume of
bentonite, vermiculite, and amorphous calcium carbonate,
The results of the permeability test were:

Pressuill'f head  Permeability

p.sd. in cm./sec.
7 6X10~10

10 1X10-*

15 91010

30 7X10-*

These are extremely low permeability rates. For exam-
ple, a permeability of 10-9 centimeters per second is
equivalent to a rate of one foot in 20 years. From a prac-
tical point of view, this means that any moisture move-



3,705,838

ment through the material is so slow that evaporation
would remove it. The low permeability rates were also
achieved without any appreciable swell occuring in the
material, although a slight swell is beneficial in order to
choke off paths of moisture leakage. When bentonite is
used alone it may also have low permeability rates, but it
may be attended by an appreciable swelling pressure which
may crack a slab or floor deck.

Example 2

Another mixture was prepared comprising equal parts
by volume of bentonite, vermiculite, and amorphous cal-
cium carbonate. The test data were:

Pressure head  Permeability

in p.s.i. in em./sec.
Test No.:
1 7 6.0X10-10
10 1. 0X10-%
15 9. 0X10-10
30 7.0X10-¢
Example 3

In these test runs, a relatively low percentage of ben-
tonite was used, that is, about 9.1 percent by volume of
the mixture. The volume ratios of bentonite, vermiculite,
and amorphous calcium carbonate were, respectively,
0.5:3:2. The test data showed:

Permeability
in cm./see.

Pressure head
n p.s.i.

5. 0X10-?

7. 551078
1.7X107
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Example 4

The compositions tested in this example consisted of
bentonite, perlite, and amorphous calcium carbonate in
the volume ratio of 0.25:1.75:1, respectively. The perme-
ability and swelling percentages were:

Percent

Pressure head Permeability
i swelling

n p.s.. in cm./sec.

1 5.8X10-8 0.5

2 9.0X107 4.2

33 1.3X10-8 4.2

4 9.1X10- 4.2

5 9.1X10-8 4.2
Example 5

Bentonite, perlite, and calcium carbonate were admixed
in a volume ratio of 0.5:1.75:1, respectively. Under the
increasing hydrostatic pressure heads, the permeability
and ‘swelling percentages were as follows. The marked
increase in swelling percentages is significant as compared
to the other examples, although the bentonite of this com-
position comprised only 15.4 percent by weight of the
mixture.

Pressure head Permeability Percent
inp.st. incm./sec. swelling

1 2.0

2 12.0

3 40.0

4 41.0

b 41.0

6 41.0

7 41.0

8 41.0

Example 6

The test composition of this example comprised ben-
tonite, perlite, and amorphous calcium carbonate in a
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volume ratio of 0.25:1.5:1, respectively. The test data
were:

Pressure head Permeability Percent
inp.sd. inem./sec. swelling
1 2.3
2 6.4
3 12.0
4 12.0
& 3. 12.5
6 3.3X10- 12.5
7 1.9X10~%...___. 12.6
Example 7

The ternary mixture of this example included bentonite,
perlite, and amorphous calcium carbonate in the volume
ratio of 0.25:1.25:1, respectively. The test data were:

Pressure head Permeablility Percent
in p.s.i. in cm./sec. swelling

1 2.6

2 6.3

3 10.5

4 1.0

5 11.0

6 2. 11.0

7 1.5X10-0__ 11.0

FIGS. 1 and 2 illustrate two exemplary installations in
which the present invention may be used. FIG. 1 illus-
trates the water-proofing detail for a plaza deck and em-
bodies the use of a layer of the present mixture immedi-
ately above a surface to be protected and without an ad-
joining layer of bentonite. A concrete structure generally
shown at 10 has a horizontally extending slab portion
11, the upper surface of which is to be protected against
penetration by surface water. The structure 10 and slab
11 may, for example, form wall and roof parts of an
underground parking garage.

A layer 12 of the present mixture is placed immediately
above the slab 11. In the illustrated embodiment, the mix-
ture of layer 12 is tamped beneath, about, and above batts
13 of conventional thermal insulation, such as bonded
glass fiber or asbestos batts. A hardboard 14, such as
gypsum or the like, lies over the mixture 12, and a sheet
15 of plastic, such as polyethylene, separates the board
14 from an overburden of gravel 16. Similarly, a plastic
sheet 17 separates the gravel 16 from an overlay of con-
crete 18. The board 14 enables the layer 12 to be smoothed
to a substantially uniform thickness as by rolling a com-
pacting roller over the board. The plastic sheets 15 and
17 serve to prevent mixing of the gravel 16 with adjacent
components. Earth or other fill may be substituted for con-
crete 18, as desired. Conventional seals, such as elastomeric
compression seals 19 and 20, may also be used along the
vertically disposed ends of the layers of the roof deck
construction. Although sizes are not critical and depend
upon a particular installation, the thickness of the layer
12 of the present mixture may range from about 33 inch
to about 2.5 inches, including the insulating batts 13.

FIG. 2 illustrates the water-proofing details of a ground-
level roof deck and embodies a multi-layer barrier in
which one layer comprises the present mixture and the
other layer comprises essentially bentonite. More par-
ticularly, a multi-layer barrier generally indicated at 21
overlies a concrete base slab 22. The barrier 21 comprises
a layer 21ag of bentonite atop the slab 22, and a layer
21b of the present mixture contacting layer 21a. As in
FIG. 1, layer 215 can embody thermal insulating batts
13 of glass fibers or asbestos, around which the mixture
21b is compacted. A polyethylene film 23 preferably sep-
arates layers 21a and 21b. A hardboard 24, such as gyp-
sum or the like, overlies the multi-layer 21, and another
polyethylene sheet 25 separates the hardboard 24 from
gravel fill 26. The board 24 and plastic sheets 23 and
l.‘!;SGserve the same purpose as in the embodiment of

1G. 1.




3,705,838

7

An I-shaped concrete curb 27 is positioned within
the gravel 26. An earth fill 28 lies to the right of the
vertical extent of the curb 27, as viewed in FIG. 2, and
a concrete slab 29 lies to the left, separated if desired as
by an elastomeric compression seal 30. The layer 215 may
have the same range of thicknesses as in FIG. 1. The
layer 21a of bentonite may range from about Y8 of an
inch to V2 inch.

The water-proofing mixture of the present invention is
non-flammable and non-deteriorating under the action of
salts and other normal constituents of soil. The surface
tension of the mixture is such that it has high resistance
to infiltration of moisture even under saturated condi-
tions. A layer of the present mixture, therefore, serves
substantially as a water-impervious panel unless and until
a puncture or rupture occurs in the compacted mass that
is sufficiently large to admit moisture. This may occur in
time due to shifting of the elements of the roof deck,
erosion, and the like. As the water contacts the bentonite
in the mixture, the bentonite swells and gelatinizes, block-
ing all leakage paths in the area. Indeed, for many rela-
tively small punctures, the bentonite renders the present
mixture self-sealing. This characteristic prevents the nor-
mally troublesome lateral or horizontal migration of
moisture in the layers and especially along the horizontal
interface of adjoining layers. Instead, the present water-
proofing mixture is self-sealing and swells to localize the
area of the invading moisture and prevent its further
movement in any direction.

Normally, when encased between two fairly rigid sur-
faces such as concrete or concrete and asphalt, wet ben-
tonite causes the weaker of the surfaces to heave and
crack under its pressurizing swell. However, in the pres-
ent case the amount of swelling is controlled due to the
mollifying effect of the carboxylic acid-treated metal salt
and, if used, to the siliceous mineral. The oleaginous
acid on the particles of the metal salt is believed also
to inhibit the swelling of the bentonite upon being wetted
and does not essentially impair the sealing ability of the
bentonite. Even when the bentonite of the mixture swells,
the mixture does not sufficiently heave to displace other
elements of a roof system.

When a layer of bentonite is used with a layer of the
present mixture as in FIG. 2, the reaction in use is sub-
stantially the same, except that the layer of the mixture
further initially prevents any penetration of water to the
underlying bentonite layer. In a severe fracture or shifting
of the elements of the roof system such that moisture ulti-
mately reaches the substantially all-bentonite layer 21a
(sometimes caused by leakage along the vertically dis-
posed ends of the roof deck system), the layer 21a swells
and gelatinizes to a greater extent than layer 215 since
the former contains more bentonite. In this respect, layer
21q is similar to a second line of defense. Yet, the
amount of swell of the multi-layer barrier 21 as a unit,
that is, layers 21a and 21b combined, is substantially
less than if the multi-layer barrier was composed entirely
of bentonite. There is, therefore, a controlled swell and
one that does not produce heaving or disrupture.

The applications of the water-proof barrier compris-
ing this invention and shown and described herein are
exemplary only. The multi-layer barrier described in con-
nection with the ground-level roof deck system can be
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used in below grade applications including the one shown
in FIG. 1, and the single layer barrier shown applied to
a below grade roof deck system can be used in ground-
level applications including the one shown in FIG. 2. In
addition, both forms of the invention can be used on
above grade roof deck systems.

It is understood that smaller amounts of other rela-
tively inert ingredients may be tolerated in the mixture
of the present invention, such as sand, gravel, earth, and
the like, without destroying the advantages of the mix-
ture. ’

Those skilled in the art will appreciate that various
other changes and modifications may be made without
departing from the spirit and scope of the invention.

What is claimed is:

1. A multi-layer-barrier including a first water-proofing -
layer adapted to face a surface to be protected and com-
prising compacted colloidal clay particles effective upon
wetting to swell and block potential paths of leakage; and
a second water-proofing layer overlying and-contacting
the first layer comprising a compacted admixture of about
7.5 percent to about 60 percent by volume of a water-
swellable colloidal clay, about 20 percent to about 60
percent by volume of each of a finely divided siliceous
mineral selected from the group consisting of perlite and
vermiculite, and of an inorganic metal salt encapsulated
with an oleaginous carboxylic acid, the metal of said
metal salt being selected from Group II of the Periodic
Table of the Elements, wherein both layers cooperate to
provide the barrier and said second layer initially pro-
tects said first layer from being wetted and effectively
reduces swelling of the multi-layer barrier as a unit upon
inadvertent wetting of said first layer.

2. The multi-layer barrier of claim 1 wherein the col-
loidal clay particles of both the first and second layers
are bentonite.

3. The multi-layer barrier of claim 1 wherein said
inorganic metal salt is selected from the group consist~
ing of calcium carbonate, calcium sulfate, calcium chlo-
ride, barium carbonate, barium sulfate, and barium chlo-
ride.

4. The multi-layer barrier of claim 1 wherein said in-
organic metal salt is amorphous calcium carbonate.

5, The multi-layer barrier. of claim 4 wherein said
amorphous calcium carbonate is chalk.

6. The multi-layer barrier of claim 1 wherein .said
oleaginous carboxylic acid is selected from carboxylic
acids having from 13 to 22 carbon atoms.
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