
EP 0 491 454 B1 Description The present invention is directed to a method
of manufacturing a multi-layer article of manufacture useful as a
waterproofing membrane for waterproofing surfaces such as soil, plaza
decks, in the formation of waterproofed con- 5   struction areas, soil
structures, such as lagoons, hazardous or toxic waste containment areas,
plaza decks, subterranean foundation surfaces and the like. The multi-layer
waterproofing article of manufacture includes a layer of powdered or
granular material e.g. a water-swellable clay, such as bentonite,
surrounded by contacting layers of flexible fabric ma- terials, such as
geotextile fabrics, interconnected at spaced locations, after lubrication
of the clay layer, such as by needle punching, to provide a structurally
sound spacing and interconnection between the flexible fabric materials.
The 10   spacing between thefabric layers is defined by athickness of an
intermediate layerof powdered or granular water-swella- ble clay material.
The fabric layers are water-permeable, if not initially, by virtue of their
being punctured during the manufacture of the multi-layer article of
manufacture but do not require  an adhesive to structurally secure the wa-
ter-swellable clay to the upper and lower fabric layers. The method of
manufacture includes interconnecting a pair of flexible fabric sheet
material layers at least one of 15   what is non-woven fabric by needle
punching, to interconnect fibers of one fabric layer to the fibers of the
other fabric layer, and optionally, while maintaining sufficient fabric
porosity in at least one fabric layer, to permit the intermediate
water-swellable clay layer to extrude from the interior of the article to
an exterior surface of the article, thereby creating a sealing layer of
water-swellable clay capable of sealing at overlaps and seams between
adjacent articles. At least one of the fabric layers is a non-woven fabric,
and the other is either a woven or non-woven fabric. The 20   multi-layer
article of manufacture can maintain a relatively heavy, uniform thickness
of water-swellable clay between the fabric layers without the necessity of
application of adhesive on the major inner surfaces of the fabric layers.
Where desirable, water or an adhesive can be applied to the edges of the
article to prevent the water-swellable clay from falling out of the edges
of the article, or the edges may be needle punched or sewn together. In
other embodiments, water-im- permeable layers can be adhered to one or both
exterior surfaces of the fabric, or placed between adjacent articles or 25
at an overlap of adjacent articles during installation to provide
additional or safety layers of impermeabiliy. Various polymers, swellable
clays, and articles of manufacture have been applied to the surface of soil
to provide a waterproofing layer to prevent the penetration of water and
hazardous or toxic materials into the earth, and to provide lagoons, ponds
and other water containment areas. Water-swellable clays, such as
bentonite, have been applied directly to the soil surface and impacted in
place, as disclosed in this assignee's prior Patent No. US-A-3,986,365. In
addition, 30   many different multi-layered articles of manufacture
containing a water-swellable clay, such as bentonite, have been
manufactured by adhesively securing the water-swellable clay to major
interior surfaces of flexible sheet materials for application to the soil
surface in abutting oroverlapping relation of adjoining multi-layered
articles. Examples of flexible sheet materials containing adhesively
secured water-swellable clays are found in the following U.S. Patents Clem
4,467,015; Clem 4,501,788; McGroarly et al 4,693,923; Harriett 4,656,062;
and Harriett 4,787,780. 35      U.K. published patent application GB
2,202,185A discloses a layer of water-swellable bentonite between flexible
layers that have been needle punched together in a needle loom that secures
material form a lower layer of non-woven textile material to an upper layer
of non-woven textile material, and secures material from an upper non-woven
textile material to the lower non-woven textile material. Another
waterproofing barrier, disclosed in Blias U.S. Patent No. 4,344,722, is
constructed in the field by applying 40   a first flexible, water-permeable
fabric layer, overlaying a thickness of water-swellable clay material and
applying an overlayer of the same flexible water-permeable fabric
thereover. Other patents disclosing the use of water-impermeable layers for
protecting a soil surface include British Patent Specification 1,059,363;
British Patent Specification 1,029,513 and British Patent Specification
1,129,840. EP-A-0278419 describes a waterproof sealing mat consisting
essentially of a support layer, an intermediate layer 45   of clay and a
covering layer. Also disclosed is a method of making such a mat in which
the three layers are needle punched together. German patent DE 37 04 503 C2
discloses an article having two fabric layers including one one-woven
fabric, surrounding a bentonite clay layer wherein the two fabric layers
are needle punched together. Crawford U.S. Pat. No. 4,565,468 discloses an
article including two fabric layers surrounding a bentonite clay layer
wherein the two fabric layers 50   are quilted together in a pattern
forming four sided compartments. While the Blias waterproofing barrierdoes
not require the use of adhesive because the multiple layers are assembled
at their final location, this at-site assembly is disadvantageous because
of the increased man hours necessary to con- struct the barrier at the site
and because of the attendant difficulty in applying a uniform thickness of
the water-swellable clay over the lower fabric layer with relatively crude
construction equipment. 55      The above disadvantages of adhesively
affixing the water-swellable clay to upper and lower fabric layers over
their 



full intemal, major surface areas or assembling a multi-layer article at
the site of application are overcome in accordance with the principles of
the present invention, as will be described in more detail hereinafter.
According to the present invention there is provided a method of
manufacturing a multi-layer article useful as wa- 2    EP 0 491 454 B1
terproofing material, which comprises disposing a layer of a powdered or
granular abrasive material between a pair of flexible fabric sheet material
layers at least one of which is a non-woven fabric, securing said powdered
or granular material between said fabric layers by needle punching, a
lubricating-effective amount of a lubricant having been applied to the
abrasive material or to the non-woven fabric layer to provide lubrication
to assist the penetration of a needle 5   through the layer of abrasive
material, thereby reducing needle wear and friction and needle breakage and
providing consistent, effective securing of the sheet material layers
surrounding a uniform thickness of abrasive material. In a preferred
embodiment the multi-layer article of manufacture obtainable by the method
of this invention includes an intermediate layer of a water-swellable
colloidal clay, such as bentonite, sandwiched between two layers of
flexible sheet or fabric material wherein the two flexible layers of sheet
or fabric material are structurally interconnected to 10  surround the
intermediate clay layer, such as by needle punching, at spaced locations
over essentially the entire surface areas of both sheet or fabric material
layers. Although this description referes particularly to clay or bentonite
clay it will be appreciated that this is for the purpose of illustration
only and similar considerations apply to the general expression abrasive
material". In accordance with an important feature, the bentonite
clay/needle interface, at least in the areas where the clay is 15
penetrated by a needle during securement of the two fabric layers, is
wetted with a lubricant, liquid or dry, preferably water or other aqueous
lubricant, e.g., water, or aqueous solutions containing a lubricant, such
as a glycol, to provide easier needle penetration (less friction) with less
wear and/or needle breakage; quicker and more efficient manufacture; and a
more compact, tighter product that has an unexpectedly more consistent,
even thickness of clay over the entire fabric area covered with clay.
Alternatively, the clay particles can be wetted throughout the thickness of
the clay layer, 20   or other abrasive material layer, such as by wetting
the surface area of the clay particles while the clay particles are
deposited on the lower fabric layer. Alternatively, only a portion of the
clay particles need be wetted during deposition of the clay layer in an
amount sufficient to lessen the friction of the needles during penetration
of the clay layer. In accordance with one important embodiment of the
present invention, the upperand lowerfabric layers are interconnected by
needle punching wherein a plurality of fibers orfilamentsorstrands of
material are dislodgedfrom an upper non-woven 25  fibrous layer, forcing
the fibrous Material through the intermediate water-swellable clay layer
and into the lower fabric layer The fibers, filaments or strands of
material from the upper non-woven layer are interconnected to the lower
layer requiring only one non-woven upper fabric layerand, optionally,
fibers from a lower non-woven layer are needle-punched into the upper
layer. In one embodiment the multi-layerarticle of manufacture includes
upperand lowerflexible sheet orfabric materials, 30   at least one of which
is non-woven, and an intermediate layer of a water-swellable clay or other
abrasive material, and the upper and lower sheet orfabric layers are
structurally interconnected by interconnecting fibers or filaments
orstrands of flexible material from one non-woven fabric layer to the other
fabric layer while lubricating the abrasive material layer, or the abrasive
material layer at least in an area in which the needles are in contact with
or directly on or beneath the non-woven layer, and without requiring an
adhesive contacting the major internal surfaces of the sheet or fabric
layers 35  to provide structural integrity. The present invention provides
a method of needle punching two flexible fabrics together, surrounding a
uniform thickness of a water-sWellable clay or other layer of powdered or
granular, abrasive material by wetting at least a nee- dle-penetrated
surface of the clay or other abrasive material layer between the two fabric
layers at the area in which the needles are in contact with the sewing or
needle punch needles to reduce the coefficient of sliding friction of the
abrasive 40   material prior to needle penetration, thereby reducing needle
breakage and vibration of the article during manufacture, while the
abrasive particles are heavier due to water absorption, at least on the
surface of the abrasive particle layer to substantially reduce movement of
the clay layer during manufacture, thereby maintaining an even thickness of
abrasive material between the fabric layers through completion of
manufacture. In a further embodiment the article of manufacture is a
waterproofing membrane capable of holding water disposed 45   above the
membrane such that water permeates the membrane at a rate of 1 x [err]/sec
or less, wherein the membrane includes a pair of flexible sheet or fabric
layers surrounding an intermediate clay layer, wherein the fabric layers
are structurally interconnected by needle punching while lubricating the
needle penetration into the intermediate clay layer 



such that the membrane can be manufactured as a completed multi-layer
membrane in roll form with significantly less needle wear and/or breakage,
while maintaining an even thickness of clay between the fabric layers. 50
Preferably the powdered or granular abrasive material is a water swellable
clay and/or a liquid interacting material therebetween, wherein the active
material is selected f rom the group consisting of a water-swellable clay,
an organophilic clay, a zeolite, a water-soluble contaminant absorbent, a
water-soluble contaminant adsorbent, an ion-exchange mate- rial, a
water-soluble contaminant reactant, a water-soluble contaminant
neutralizing material, and mixtures thereof in separate or intermixed
layers, by sewing, quilting or needle punching the two fabric layers
together surrounding the 55   abrasive material after first wetting a
needle-penetrated particle surface area of the abrasive material. The above
and other aspects and advantages of the present invention will become
apparent from the following detailed description (which exemplifies the
present invention) taken in conjunction with the drawings, in which:- 3
EP 0 491 454 B1 Fig. 1 is a partially broken-away perspective view of the
multi-layer water barrier produced in accordance with the present
invention; Fig. 2 is a partially broken-away perspective view of the
multi-layer water barrier produced in accordance with the 5       present
invention, including water oran adhesive applied at the edges to prevent
loss of water-swellable clay during handling and installation; Fig. 3 is a
schematic flow diagram of the manufacturing process of the present
invention; 10      Fig. 4 is a side view of a modified water barrier,
including an upper layer of another water barrier material, being installed
to a plaza deck; and Fig. 5 is a side view showing one method of wetting
individual abrasive particles as the particles are being deposited onto a
lower fabric layer. 15 Turning now to the drawings, and initially to FIG.
1, there is illustrated multi-layer article of manufacture, generally
designated by reference numeral 10 useful as a waterproofing material
including a pair of woven or non-woven flexible sheet material layers,
generally designated 12 and 14, having a layer of waterswellable clay 16
sandwiched therebe- tween. The pair of sheet material layers 12 and 14 are
structurally interconnected one to the other with fibers, filaments 20   or
strands of flexible material 18 from one fabric layer 12 or 14
interconnected to the other sheet material layer 12 or 14 at spaced
locations over essentially the entire internal major surfaces 22 and 24 of
the sheet material layers 12 and 14. The fabrics are secured together by
needle punching wherein at least a portion of the abrasive material, at
least on one of the surfaces of the layer that is penetrated with the
needle-punching needle has been wetted with water or other lubricant,
preferably aqueous, to lubricate the needle'penetration and thereby lessen
article vibration during manufacture. 25   As shown in FIG. 2, water or an
adhesive can be applied along the edges of the multi-layer article of
manufacture 10 to prevent some of the clay 16 from falling out of the edges
of the multi-layer article of manufacture 10. As shown in FIG. 2, the
adhesive 20 is applied between the flexible sheet material layers 12 and
14, at the edges only, to connect both flexible sheet material layers 12
and 14, to seal the edges and confine the clay 16 between the sheet
material layers 12 and 14. 30      In accordance with an important and
unexpected feature of the present invention, it has been found that the
flexible sheet material layers 12 and 14 can be needle-punched together
surrounding a layer of clay or other abrasive powdered or granular material
much more effectively, efficiently and maintaining a uniform thickness of
abrasive material while experiencing substantially less needle wear and
breakage by wetting the abrasive material prior to needle penetration. In
accordance with a preferred embodiment, the fabrics are secured together
structurally with threads, fibers, filaments 35   or strands of flexible
material from one non-woven fabric layer interconnected to the fibers of
the other fabric layer at spaced intervals e.g., 5 x 10[err]to 1.2 x [err]
(2 to 500 mil) spacing by applying water or other lubricating liquid to the
surface of the layer of abrasive material, or to the surfaces of the
abrasive particles during formation of the abrasive material layer, and
thereby avoiding substantial needle wearand breakage while manufacturing
atighter, denser product with the opposed fabrics 13 and 14 held tighter
together and surrounding a more uniform thickness of abrasive material 40
as result of less vibration experienced by the product during manufacture.
In accordance with another important feature of the present invention, the
multi-layer article of manufacture, man- ufactured in accordance with the
present invention, can be made with essentially no adhesive contacting the
major internal surfaces 22 and 24 of flexible sheet material layers 12 and
14 so that the clay layer 16 sandwiched between the flexible sheet material
layers 12 and 14 will maintain complete swellability while being an article
of manufacture that 



45  is sufficiently structurally sound that it can be rolled up after
manufacture, as shown in FIG. 4, without substantial loss of the
intermediate clay layer 16. In accordance with another important and
unexpected feature of the present invention, it has been found that when
the flexible sheet material layers 12 and 14 are structurally
interconnected with the threads, fibers, filaments or strands of flexible
material 18 from one non-woven fabric layer interconnected to the fibrous
material of the other fabric layer, 50   and wet or dry lubricating the
abrasive material, such as by preWetting the abrasive layer or individual
particles prior to needle punching, as by spraying the abrasive layer
surface via spray nozzles 28 or 29 disposed across the width of the
abrasive material layer, or dispposed to spray an under surface of
non-woven fabric 22, as shown in Fig. 3. In this manner, the flexible sheet
material layers 12 and 14, and the sandwiched or intermediate clay or other
powdered or granular abrasive material layer 16 can be provided in a new
and unexpectedly consistent thickness throughout the 55   entire articles,
while achieving structural integrity of an article that has a reduced
thickness with the same amount of abrasive material. Turning now to FIG. 3,
there is shown a schematic diagram of the method of manufacturing the
multi-layered article of manufacture of the present invention, generally
designated by reference numeral 30. A water-swellable colloidal clay, 4
EP 0 491 454 B1 such as bentonite 16, is charged to a clay receiving hopper
32. An auger 34, disposed at a lower end of the receiving hopper 32 and in
fluid communication therewith, forces the water-swellable clay through
conduit 36 to an inlet 38 of a clay elevator 40. The water-swellable
colloidal clay is discharged from the clay elevator 40 at clay elevator
outlet opening 42 through conduit 44 into a clay-receiving hopper 46. A
pair of augers 48 and 50 in fluid communication with the lower 5   end of
hopper 46 force the clay into one, two or three clay feeding mechanisms,
generally designated by reference numerals 52, 54 and 56, for feeding the
clay in a controlled manner to one, two or three continuous clay feed
conveyor belts 58, 60 and 62 successively aligned above an elongated
product conveyor belt 64. The clay generally is applied over a lower fabric
layer 66 in an amount of about 1.22 to about 48.82Kg/[err] (about 1/4 to
about 10 pounds per square foot) of fabric surface area, preferably about
4.88 to about 24.41 Kg/[err](about 1 to about 5 pounds per square foot). 10
A supply of a flexible sheet material in roll form 66 is disposed above the
continuous product conveyor belt 64 to provide a continuous supply of
flexible sheet material onto an upper surface of the product conveyor belt
64 for receiving a layer of water-swellable clay from one, two or all three
of the clay feed conveyor belts 58, 60 and 62. Any one, two or all three of
the water-swellable clay feed conveyor belts 58, 60 and 62 can be used to
provide one or more layers of water-swellable clay onto an upper surface 24
of the flexible sheet material held on top of the product conveyor belt 64,
15  depending upon the thickness of clay desired in the product. As shown
in FIG. 5, the individual abrasive, e.g. clay, particles can be wetted
during deposition of the particles onto the lower fabric layer by spraying
the particles, via spray nozzles 65, across the entire width of the fabric,
as the particles drop from the clay feeders 52, 54 and/or 56. In this
manner, the entire thickness or any portion of the abrasive layer thickness
can be wetted during manufacture of the multi-layer article. Dust
collection suction devices 68, 70 and 72 are disposed near each continuous
clay feed conveyor 20  belt 58,60 and 62 toclear the air of fine clay
particles emanating from clay feeding mechanisms 52,54 and 56. A second
roll of flexible sheet material 74 is disposed on a downstream side of the
clay feeding mechanisms 52, 54 and 56 and above the product conveyor belt
64. The second roll of flexible sheet material 74 is fed by power driven
roller 76, power rollers 78 and 80 and wind up rollers 82 and 84 to dispose
flexible sheet material layer 12 on top of the clay layer 16 to sandwich
the clay layer 16 between lower flexible sheet material layer 14 and upper
flexible sheet material layer 12. 25     In accordance with an important
feature of the present invention, needle punching device 86, as well known
in the art as shown in U.K. published patent application G.B. 2,202,1 85A,
and German patent DE 37,04,503 is disposed above and below the multi-layer
article 10, at a point in the manufacturing process where the upper and
lower flexible sheet material layers 12 and 14 have sandwiched the clay
layer 16 therebetween, to interconnect the upper and lower sheet material
layers 12 and 14 with flexible threads, fibers, filaments or strands of
flexible material from one fabric layer to 30  the other fabric layer, as
shown by needles 88 on the upper portion of the needle-punching device 86,
and needles 90 on the lower portion of the needle-punching device 92.
Needles 88 dislodge fibers from the upper flexible sheet material layer 12
and force the dislodged fibers from sheet material layer 12 into lower
sheet material layer 14 to interconnect these dislodged fibers from the
upper sheet material layer 12 to the lower sheet material layer 14.
Optionally, needles 90 on the lower portion of the needle punching device
86 dislodge fibers form the lower sheet material layer 14 and 35  force the
dislodged fibers upwardly through the clay layer 16 to interconnect the
dislodged fibers from lower sheet material layer 14 to the upper sheet
material layer 12, thereby interconnecting the upper and lower sheet
material layers 



12 and 14. If needles 90 are used, the lower fabric layer 14 should also be
a non-woven fabric layer. As shown in FIG 4, the multi-layer article of
manufacture can be secured on its outer surfaces to a lower layer 11 and/or
an upper layer 13 of another water-barrier material, such as a polyolefin
e.g. polyethylene or polypropylene sheet 40 material, or the polybutene or
polypropene compositions disclosed in assignee's prior patents no.
US-A-4,534,925; 4,534,926 and 4,668,724. The composite article of FIG 4 is
particularly suitable for securing to a plaza deck 15, or other concrete,
planar surfaces, and provides new and unexpected waterproofing. The
water-swellable colloidal clay utilized as the sandwiched clay layer 16
between flexible sheet material layers 12 and 14 of the mufti-layered
articles of the present invention is any water-swellable colloidal clay
which will hydrate 45  in the presence of water i.e., will swell in the
presence of water. In accordance with one important embodiment of the
present invention, the colloidal clay is bentonite. Apreferred bentonite is
sodium bentonite which isbasicallyahydratable montmorillonite clay of the
type generally found in the Black Hills region of South Dakota and Wyoming.
This clay has sodium as a predominant exchange ion. However, the bentonite
utilized in accordance with this embodiment may also contain other cations
such as magnesium and iron. There are cases wherein a montmorillonite
predominant in calcium 50  ions can be converted to a high swelling sodium
variety through a well known process called peptizing". The collodial clay
utilized may be one or more peptized bentonites. The colloidal clay may
also be any member of the dioctahedral or trioctahedral smectite group or
mixtures thereof. Examples are Beidellite, Nontronite, Hectorite and
Saponite. To achieve the full advantage of the present invention, the
colloidal clay, i.e., bentonite, generally is finely divided as known for
use in water barrier panels and the like, i.e., 4 to 350 mesh, preferably
about 10 to about 50 mesh. 55     In accordance with another important
embodiment of the present invention, in addition to the water barrier
charac- teristics of the multi-layer articles of manufacture of the present
invention, the articles may be manufactured to include instead, or in
addition to the water-swellable clay, a material capable of removing or
interacting with one or more wa- ter-soluble contaminants from the water
penetrating the outer fabric layer. 5    EP 0 491 454 B1 Some of the most
prevalent contaminants found in waste waters contained in ponds, lagoons,
areas of subteranean structure and other water-releasing areas,
particularly where these areas include industrial waste waters, are heavy
metal ions and water-soluble organic materials. It is well known in the
prior art that natural and synthetic zeolites are capable of removing a
substantial portion of the heavy metal ions from a waste water solution and
that organophilic 5   clays are capable of removing water-soluble organic
materials f rom solution. However, the prior art suggests that removal of
these materials from waste water streams should be done on-stream, treating
the  entirety of the waste water stream in order to remove these materials,
requiring frequent replacement of treating materials because of the heavy
volumes of waste water stream that passes through the zeolites or passes
through the organophilic clays in order to clarify these waste water
streams. In accordance with an important feature of the present invention,
it has been found that by including 10   a layer of a natural or synthetic
zeolite or by including a layer of an organophilic clay with or without a
layer of a wa- ter-swellable clay, such as bentonite, and/or applying a
layer of the mixture of water-swellable clay with the zeolite or
organophilic clay in the articles of manufacture obtainable by the
disclosed method, the waterswellable clay will expand upon hydration and
the zeolite and/or organophilic clay combined with the water-swellable clay
will form a water-treat- ment layer wherein the zeolite and/or organophilic
clay will last many times longer than it would if the entire waste water 15
supply were treated as in the prior art with full contact of the entire
volume of the waste water stream since only that quantity of water will be
treated that permeates the water-swellable clay. In accordance with another
important embodiment of the present invention, the contaminant interacting
layer, com- prising any contaminant adsorbent, absorbent, reactant, or
contaminant neutralizing material can be supplied as a sep- arate layer
below or instead of the water-swellable clay layer so that the amount of
material treated for the removal of 20   contaminants is only that material
which completely penetrates the water-swellable clay layer as shown in FIG.
2. In accordance with another advantageous feature, the contaminant removal
material mixed with the water-swellable clay, as shown in FIG. 1, or
supplied as a separate layer, as shown in FIG. 2, or included in the
article of manufacture instead of the clay layer, can be any material
capable of adsorbing, absorbing, reacting with for insolubilization or for
neutralization, while keeping the contaminant water-soluble in order to
substantially lessen or remove the contaminant 25   characteristics of the
contaminants originally present in the water contacting the article of
manufacture. Examples of materials capable of removing or neutralizing
contaminants that are present in water include absorbent fibers, such as
microcrystalline cellulose; attapulgiteclay; zinc rincinoleate absorbed on
an absorbent fiber or other absorbent material amorphous silica powder;
synthetic calcium silicate; polyolesin pulp; sodium alumino-silicate (type
A sodium zeolite); 



multodextran; sodium silica aluminates (note that all the above are
absorbents). Other materials, such as adsorbents 30  include
microcrystalline cellulose; silica hydrogel based compositions;
attapulgites; synthetic sodium magnesium sili- cates; synthetic calcium
silicates; silicon dioxide; acid activated clays; type A sodium zeolites;
and the like provided as a separate layer or mixed with the absorbents
and/or adsorbents. Other materials can be included such as an algicide,
antimicrobial material, bactericide, disinfectant, and/or fungicides such
as phenol; zinc undecylenate N.F.; acetyl tyrid- inium chloride N.F.X.III
and the like. 35      Most preferred as the adsorbent, absorbent and/or
reactant and/or neutralizing material are natural or synthetic zeolites
and/or an organophilic clay which is basically a montmorillonite clay that
has been reacted with a quaternary organic material to make it hydrophilic
and absorbent to organic contaminants. The flexible sheet materials 12 and
14 are, for example, geotextile fabrics, at least one of which is a
non-woven fabric. Any suitable fabrics can be used for this purpose,
particularly since the fabrics have no water-impermeability 40   purpose
other than to achieve proper installation of clay layer 16 with a
predetermined degree of clay bleed-through after installation. Suitable
fabrics include woven and non-woven permeable and non-permeable fabrics
made from poly- propylene, polyesters, nylon, propylene-ethylene
copolymers, polypropylene-polyamide copolymers, and the like. The
geotextile fabrics are preferred for their bacteriological and chemical
resistance but the fabrics can be biodegradable since, once positioned, the
fabrics have little importance except as a means to install a clay layer in
the proper position. 45  In some installations, the thickness of the fabric
is not important and such fabrics generally are available in thicknesses of
about 7.6x[err]to about 7.6x[err](about 3 to about 30 mils) or about
3.3[err] to about 1 .67Kg[err](about one to about 50 ounces of material per
square yard) It has been found that by lubricating the water-swellable clay
(bentonite) layer directly beneath a non-woven fabric layer prior to needle
punching the article together, using approximately 0,6 kg of water per
[err] of bentonite clay surface 50   area (i.e. approximately 2 ounces per
square foot), with a bentonite layer of about 5,5 kg of clay per m2 (i.e.
about 18 ounces per square foot, having a clay thickness of about 0,006 m
(err inch), the following advantages were realized in comparison to the
manufacture of the same product without water lubrication: Needle Wear &
Breakage                          Lubricated Clay Surface  Non-Lubricated
Clay Surface % Needles Replaced                                33%
100% Continuation of the Table on the next page 6    EP 0 491 454 B1
(continued) Needle Wear & Breakage                         Lubricated Clay
Surface  Non-Lubricated Clay Surface Frequency Replaced: Linear metres
(feet)         (2134m) 7000           (762m) (2500) 5    manufactured prior
to replacement Production Line Speed                            X + 35%
X Consistent Thickness (Statistical Variability)   Y - 35%                Y
Overall Thickness of Mat (estimate)              Z -5%                  Z
10 The lubrication of the clay resulted in a faster and easier needle
penetration and resulted in much less vibration being experienced by the
multi-layer articles of the present invention during manufacture. Vibration
tends to cause an even layer of powdered or granular material to shift
position and accumulate in localized areas on the lower fabric material
during manufacture, particularly during needle punching, and by lubricating
the needle penetration in accord- 15  ance with the present invention, the
vibration experienced during manufacuture was substantially lessened, and
the clay surface was heavier resulting in a product with a consistent,
uniform layer of clay, or other abrasive material, having a constant
thickness. Further, needle lubrication enables faster production due to the
ease of needle penetration, and enables the production of multi-layer
articles having a reduced thickness (a denser product) since the upper and
lower fabrics can be sewn or needle punched together more tightly. The
application of lubricating water enabled production 20  of needle punched
articles containing bentonite clay to rise from about 11.148m2 per week
(about 120.000ft.2 per week to about 18.580m2 per week about 200,00Oft.2,
hence, increased production line speed and decreased down time caused by
needle replacements (maintenance). The amount of lubricant, e.g. water,
should be at least about 0.1% based on the dry weight of the intermediate
layer of abrasive material, e.g. bentonite clay, and should be less than
the amount which would necessitate an additional 25  drying step, e.g. less
than about 40% based on the dry weightof the intermediate layer of abrasive
material. The preferred 



amount of lubricant is about 40% based on the dry weight of the
intermediate layer of abrasive material. The preferred amount of lubricant
is about 5% to about 25% based upon the dry weight of the clay or other
abrasive material being lubricated. Any methodof wetting the clay can be
used in accordance with the present invention. Best results are obtained by
spraying the bentonite clay or other abrasive material with about 1 0% to
about 20% water, based on the dry weight 30  of the clay, especially about
10% to about 15% by weight water, based on the dry abrasive material
weight, to avoid excessive weight in the finished product. It should be
understood that the present disclosure has been made only by way of
preferred embodiment and that numerous changes in details or construction,
combination and arrangement of parts can be resorted to within the scope of
the invention as hereunder claimed. 35 Claims 1. A method of manufacturing
a multi-layer article useful as a waterproofing material, which comprises
disposing a 40      layer of a powdered or granular abrasive material (16)
between a pair of flexible fabric sheet material layers (12,14) at least
one of which is a non-woven fabric, securing said powdered or granular
material between said fabric layers by needle punching, a
lubricating-effective amount of a lubricant having been applied to the
abrasive material or to the non-woven fabric layer to provide lubrication
to assist the penetration of a needle through the layer of abrasive
material, thereby reducing needle wear and friction and needle breakage and
providing consistent, effective securing 45      of the sheet material
layers surrounding a uniform thickness of abrasive material 2. A method as
claimed in claim 1, wherein the sheet material layers (12, 14) are
interconnected with fibres, filaments or strands (18) of flexible material
secured to both sheet material layers (12,14) at spaced locations over
essentially the entire internal surface areas of said sheet material layers
to structurally secure the intermediate layer of granular so      abrasive
material (16) between the sheet material layers (12, 14). 3. A method as
claimed in claim 1 or 2, wherein fibres (18) are dislodged from the said
non-woven sheet material layer and secured to the other layer of sheet
material to interconnect the sheet material layers (12, 14). 55  4. A
method as claimed in any one of the preceding claims, wherein the edges of
the article are bound to prevent a substantial amount of the granular
abrasive material from falling out of the edges of the article. 5. A method
as claimed in any one of the preceding claims wherein the abrasive material
or non-woven fabric sheet 7    EP O 491 454 B1 C   L   M   S * (continued)
Needle Wear & Breakage                          Lubricated Clay Surface
Non-Lubricated Clay Surface Frequency Replaced: Linear metres feet)
(2134m) 7000           (762m) (2500) 5    manufactured prior to replacement
Production Line Speed                            X + 35%                X
Consistent Thickness (Statistical Variability)   Y - 35%                Y
Overall Thickness of Mat (estimate)               Z - 5%                Z
10 The lubrication of the clay resulted in a faster and easier needle
penetration and resulted in much less vibration being experienced by the
multi-layer articles of the present invention during manufacture. Vibration
tends to cause an even layer of powdered or granular material to shift
position and accumulate in localized areas on the lower fabric material
during manufacture, particularly during needle punching, and by lubricating
the needle penetration in accord- 15  ance with the present invention, the
vibration experienced during manufacuture was substantially lessened, and
the clay surface was heavier resulting in a product with a consistent,
uniform layer of clay, or other abrasive material, having a constant
thickness. Further, needle lubrication enables faster production due to the
ease of needle penetration, and enables the production of multi-layer
articles having a reduced thickness (a denser product) since the upper and
lower fabrics can be sewn or needle punched together more tightly. The
application of lubricating water enabled production 20   of needle punched
articles containing bentonite clay to rise from about 11.148m[err] per week
(about 120.000ft.2 per week to about 18.580m2 per week about 200,000ft[err]
hence, increased production line speed and decreased down time caused by
needle replacements (maintenance). The amount of lubricant, e.g. water,
should be at least about 0.1% based on the dry weight of the intermediate
layer of abrasive material, e.g. bentonite clay, and should be lees than
the amount which would necessitate an additional 



25 drying step, e.g. less than about 40% based on the dry weight of the
intermediate layer of abrasive material. The preferred amount of lubricant
is about 40% based on the dry weight of the intermediate layer of abrasive
material. The preferred amount of lubricant is about 5% to about 25% based
upon the dry weight of the clay or other abrasive material being
lubricated. Any method of wetting the clay can be used in accordance with
the present invention. Best results are obtained by spraying the bentonite
clay or other abrasive material with about 10% to about 20% water, based on
the dry weight 30  of the clay, especially about 10% to about 15% by weight
water, based on the dry abrasive material weight, to avoid excessive weight
in the finished product. It should be understood that the present
disclosure has been made only by way of preferred embodiment and that
numerous changes in details or construction, combination and arrangement of
parts can be resorted to within the scope of the invention as hereunder
claimed. 35 Claims 1. A method of manufacturing a multi-layer article
useful as a waterproofing material, which comprises disposing a 40
layer of a powdered or granular abrasive material (16) between a pair of
flexible fabric sheet material layers (12,14) at least one of which is a
non-woven fabric, securing said powdered or granular material between said
fabric layers by needle punching, a lubricating-effective amount of a
lubricant having been applied to the abrasive material or to the non-woven
fabric layer to provide lubrication to assist the penetration of a needle
through the layer of abrasive material, thereby reducing needle wear and
friction and needle breakage and providing consistent, effective securing
45      of the sheet material layers surrounding a uniform thickness of
abrasive material. 2. A method as claimed in claim 1, wherein the sheet
material layers (12,14) are interconnected with fibres, filaments or
strands (18) of flexible material securedto both sheet material layers
(12,14) at spaced locations over essentially the entire internal surface
areas of said sheet material layers to structurally secure the intermediate
layer of granular 50      abrasive material (16) between the sheet material
layers (12, 14). 3. A method as claimed in claim 1 or 2, wherein fibres (18
) are dislodged f rom the said non-woven sheet material layer and secured
to the other layer of sheet material to interconnect the sheet material
layers (12, 14). 55   4. A method as claimed in any one of the preceding
claims, wherein the edges of the article are bound to prevent a substantial
amount of the granular abrasive material from falling out of the edges of
the article. 5. A method as claimed in any one of the preceding claims
wherein the abrasive material or non-woven fabric sheet 7    EP 0491 454 B1
material has been wetted with water in an amount of at least 0.3 Kgof water
per Sq. metre of surface area prior to needle punching (i.e. about 0.1
ounce per square foot). 6. A method as claimed in any one of the preceding
claims, wherein the granular abrasive material is a clay. 5 7. A method as
claimed in claim 6, wherein the clay is a water swellable clay. 8 A method
as claimed in any one of claims 1 to 6, wherein the abrasive material
includes a contaminant-interacting layer of material sandwiched between the
sheet material layers, said contaminant-interacting layer capable'of inter-
10      acting with water-soluble contaminants from water contacting said
layer, said sheet material layers are structurally interconnected one to
the other with continuous, elongated fibres to confine the abrasive
material therebetween, after wetting at least one of the surfaces of the
layer of contaminant-interacting material. 9. A method as claimed in claim
8 wherein the contaminant interacting layer is selected from the group
consisting of 15      a contaminant adsorbent, contaminant absorbent,
contaminant reactant, contaminant ion-exchange and contami- nant
neutralising material. 10. A method as claimed in claim 8 or 9 wherein the
contaminant-interacting material is selected from the group con- sisting of
a zeolite, an organophilic clay, and mixtures thereof. 20 11. A method as
claimed in any one of claims 8 to 10, wherein the article further includes
a water-swellable clay between said sheet material layers. 25
Patentanspriche 1. Verfahren zur Herstellung eines mehrschichtigen
Gegenstandes zur Verwendung als Impragnierungsmaterial, das folgende
Schritte umfalt: Auftragen einer Schicht aus elnem pulver- oder
granulatffrmigen abrasiven Material (16) zwischen ein Paar flexibler
Gewebebahnmaterialschichten (12, 14), von denen wenigstens eine ein
Faserviies ist, 



30      Befestigen des genannten pulver- oder granulatffrmigen Materials
zwischen den genannten Gewebeschichten durch Vemadeln, nachdem eine
schmierungswirksame Menge eines Schmierstoffes auf das abrasive Material
odor auf die Faservilesschicht aufgetragen wurde, um das abrasive Material
zur Erleichterung der Penetration einer Nadel durch die Schicht zu
schmieren, um so Abnutzung, Reibung und Bruch der Nadel zu reduzieren und
eine bestandige, wirksame Befestigung der Bahnmaterialschichten zu
erzielen, die eine gleichf6rmige Dicke von abra- 35      sivem Material
umgeben. 2. Verfahren nach Anspruch 1, wobei die Bahnmaterialschichten (12,
14) mit Fasern, Filamenten oder Strahnen (18) aus flexiblem Material
untereinander verbunden sind, das an beiden Bahnmaterialschichten (12, 14)
an beabstan- deten Stellen Ober im wesentlichen die gesamten
Innenflachenbereiche der genannten Bahnmaterialschichten 40
befestigt'ist, um die Zwischenschicht aus granulatartigem abrasivem
Material (16) zwischen den Bahnmaterial- schichten (12, 14) strukturell zu
befestigen. 3. Verfahren nach Anspruch 1 oder 2, wobei Fasem (18) aus der
genannten Viiesbahnmnaterialschicht herausgel6st und an der anderen
Bahnmaterialschicht befestigt wurden, um die Bahnmaterialschichten (12, 14)
untereinander 45      zu verbinden. 4. Verfahren nach einem der
vorhergehenden Ansprfche, wobei die ilnder des Gegenstandes gebunden sind,
um zu verhindem, daB eine betrachtliche Menge an granulafformigem abrasivem
Material aus den Randem des Gegen- standes herausfalit. 50 5. Verfahren
nach einem der vorhergehenden Ansprfche, wobei das abrasive Material bzw.
das Faserviiesbahnma- terial vor dem Vemadeln mit Wasser in einer Menge von
wenigstens 0,3 kg pro Quadratmeter Oberflachenbereich benetzt wird (d.h.
etwa 0,1 Unze pro QuadratfuB). 55   6. Verfahren nach einem der
vorhergehenden Anspruche, wobei das granulatf6rmige abrasive Material ein
Ton ist. 7. Verfahren nach Anspruch 6, wobei der Ton ein in Wasser
quellfahiger Ton ist.    * C   L   M   S 8. Verfahren nach einem der
Anspr~che 1 bis 6, wobei des abrasive Material eine mit Schmutzstoten
zusammenwir- kende Materialschicht beinhaltet, die sich zwischen den
Bahnmaterialschichten befindet, wobei die genannte mit Schmutzstoffen
zusammenwirkende Schicht in der Lage ist, mit wasserl6slichen
Schmutzstoffen aus mit der Schicht in Kontakt kommendem Wasser
zusammenzuwirken, wobei die genannten Bahnmaterialschichten strukturell
unter- 5       einander mit kontinuierlichen, langlichen Fasem verbunden
sind, um das abrasive Material zwischen sich zu begren- zen, nachdem
wenigstens eine der Seiten der Schicht aus dam mit Schmutzstoffen
zusammenwirkenden Material benetzt wurde. 9. Verfahren nach Anspruch 8,
wobei die mit Schmutzstoffen zusammenwirkende Schicht ausgewdhlt wird aus
der tO      Gruppe bestehend aus einem  Schmutzstoffadsorptionsmittel,
einom  Schmutzstoffabsorptionsmittel, einem schmutzstoffreaktionsmittel,
einem Schmutzstoff-lonenaustausch- und einem
Schmutzstoff-Neutralisierungsmittel. 10. Verfahren nach Anspruch 8 odor 9,
wobei das mit Schmutzstoffen zusammenwirkende Material ausgewahit wird aus
der Gruppe bestehend aus einem Zeolith, einem organophilen Ton und
Mischungen davon. 16* 11. Verfahren nach einem der AnsprOche Bbis 10, wobei
der Gegenstand weiterhin elnen in Wasser quellfahigen Ton zwischen den
genannten Bahnmaterialschichten beinhaftet. 20   Revendliations 1. Methode
de fabrication d'un article multicouche servant de mat6riau
d'impermeabilisation, laquelle consists A dis- poser une couche d'une
matibre abrasive en poudre ou grains (16) entre une paire de couches de
matibre en feuilles de tissu souples (12,14) dont au moins une est un tissu
non tiss6, a fixer ladite matibre on poudre ou grains entre 25
lesdites couches de tissu par aiguilletage, une quantite efficace de
lubrification d'un lubrifiant ayant 6te appliqu~e a la matibre abrasive ou
a la couche de tissu non tiss6 pour fournir une lubrification aidant la
penetration d'une aiguille a travers la couche de matibre abrasive,
reduisant ainsi l'usure et la friction des aiguilles at la cassuro des
aiguilles et a assurer une fixation r6gulibre, efficace des couches de
matibre en feuilles entourant une epaisseur uniforme de matibre abrasive.
30 2. Methode solon la revendication 1, dans laquelle les couches de
matibre en feuilles (12, 14) sont interconnectees avec des fibres,
filaments ou fils (18) de matiere souple fixes aux deux couches de matibre
en feuilles (12, 14) au niveau d'emplacements espaces sur essentiellement
toutes les zones de surface interne desdites couches de 



matibre en feuilles pour fixer structurellement la couche intermediaire de
matibre abrasive en grains (16) entre les 35      couches de matibre en
feuilles (12, 14). 3. M6thode solon la revendication 1 ou 2, dans laquelle
los fibres (18) sont delogees de ladite couche de matibre en feuilles non
tissee at fixees a l'autre couche de matibre en feuilles pour
interconnecter les couches de matibre en fouilles (12, 14). 40 4. Mbthode
selon I'une quelconque des revendications precedentes, dans laquelle les
bords de larticle sont lies pour i-J      empecher qu'une quantite
substantielle de la matibre abrasive en grains ne s'echappe des bords de
larticle. 5. M6thode solon l'une quelconque des revendications prec6dentes,
dans laquelle la matibre abrasive ou la matibre 45      onfeuilles detissu
non tisse a et6 mouillee avec de l'eau a raison d'au moins 0,3 kg d'eau par
mbtre carre de surface avant laiguilletage (c.-&-d., environ 0,1 once par
pied carre). 6. Methode solon lune quelconque des revendications
prec6dentes, dans laquelle la matibre abrasive on grains est une argile. 50
7. Methode solon la revendication 6, dans laquelle l'argile est une argile
gonflable a l'eau. 8. Methode sebon lune quelconque des revendications 1 A
6, dans laquelle la matibre abrasive comports une couche de matibre
d'interaction avec les contaminants intercalee entre les couches de matibre
en feuilles, ladite couche 55      d'interaction avec les contaminants
etant capable d'interagir avec des contaminants solubles dans l'eau
resultant du contact de l'eau avec ladite couche, lesdites couches de
matibre en feuilles sont interconnectees structurellement l'une A lautre
avec des fibres continues, allongees pourconfiner la matibre abrasive entre
celles-ci, apres mouillage d'au momns une des surfaces de la couche de
matiere d'interaction avec les contaminants. 9    * C   L   M   S * 9.
Methode selon la revendication 8, dans laquelle la matiare d'interaction
avec les contaminants est selectionnee dans l groupe consistent an une
Matibre adsorbante de contaminants, absorbante de contaminants, r6agissant
aux contaminants, a echange d'lons de contaminants at de neutralisation do
contaminants. 5   10. Methode solon la revendication 8 ou 9, dans laquelle
la matibre d'interaction avoc les contaminants est sblectionnee dans lo
groups consistant en un z6olite, une argie organophile, et des mblanges de
ceux-ci. 11. Methode selon lune quelconque des revendicatbons 8 & 10, dans
laquelle l'article comporte en outre une argile gonflable I l'eau entre
lesdites couches de matiere en fouilles. 10 15 20 25 30 35 40 45 so 55 10


