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(57) A surface covering comprising at least one layer
containing wear-resistant particles, such as aluminum
oxide, 1s disclosed. Preferably, the wear-resistant
particles are present 1n the outermost layer of the surface
covering which 1s exposed to the environment. A method
to improve wear and/or stain resistance to a surface
covering 1s also disclosed and includes adding an
effective amount of wear-resistant particles to a top coat
layer or outermost layer of a surface covering optionally,
with the use of a suspension aid. Also, layers of surface
coverings having differences 1n gloss levels are also
disclosed. Methods of making the surface coverings are
also disclosed.
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CONTRASTING GLOSS SURFACE COVERINGS AND SURFACE COVERINGS OPTIONALLY CONTAINING DIS-
PERSED WEAR-RESISTANT PARTICLES AND METHODS OF MAKING THE SAME

(§7) Abstract

the wear-resistant particles are present in the outermost layer of the surface covering which is exposed to the environment. A method
| to improve wear and/or stain resistance to a surface covering is also disclosed and includes adding an effective amount of wear-resistant
particles to a top coat layer or outermost layer of a surface covering optionally, with the use of a suspension aid. Also, layers of surface

A surface covering comprising at least one layer containing wear—resistant particles, such as aluminum oxide, is disclosed. Preferably, ‘
coverings having differences in gloss levels are also disclosed. Methods of making the surface coverings are also disclosed.
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CONTRASTING GLOSS SURFACE COVERINGS AND
SURFACE COVERINGS OPTIONALLY CONTAINING
DISPERSED WEAR-RESISTANT PARTICLES AND
METHODS OF MAKING THE SAME

BACKGROUND OF THE INVENTION

This application incorporates by reference, in their entireties, U.S. Patent Application No.

08/956,022 entitled "Surface Coverings Containing Aluminum Oxide, " filed October 22, 1997, U.S. Patent
Application No. 09/014,912 entitled "Surface Coverings Containing Dispersed Wear-Resistant Particles and
Methods of Making the Same” filed January 28, 1998, U.S. Patent Application No. 60/039,534 entitled
"Surface Coverings Having a Natural Appearance and Methods to Make a Surtace Covenng Having a Natural
Appearance” filed February 20, 1997, and U.S. Patent Application No. 08/996,701 filed December 23, 1997.

The present invention relates to surface coverings, such as resilient floor coverings or wallpaper, and
further relates to methods of preparing the same. The present invention also relates to methods to improve

wear and/or stain resistance of surface coverings. The present invention also relates to surface coverings, such

as surface coverings having a natural appearance, and optionally having a difference 1n gloss between two or

more layers. The present invention further relates to methods of making these types of surface coverings.
Present surface coverings, such as resilient flooring, can contain a resilient support surface, a wear

surface, and a wear layer top coat. The top coat, in situations where the su rface covering 1s a _resilient floor,

is subjected to foot traffic and wear from carts and other heavy objects coming in contact with the wear layer

top coat. As a result, the top coat deteriorates leading to the exposure of lower layers of the resilient floor

such as the wear layer base coat, a print layer or even the resilient support surface. When the lower layers

are exposed and subjected to the environment including foot traffic and other objects, the resilient floor
becomes unsightly (e.g., dirty, difficuit to clean and susceptible to stains) and can aiso be partially or
completely destroyed.

While efforts have been made to create more resilient surface coverings, especially in the floonng
industry, such efforts have not totally solved the probiem ot making the wear top coat more resilient to the
environment it is subjected to. Efforts to make the top coat more resilient have included radiation curable
urethane topcoats, waterbase urethane, acrylic, or melamine coatings and the ltke. However, none of these

efforts have proven totally satisfactory. Accordingly, there is a need for an improved surface covering which

is more resilient to wear and staining. Also, there is a need for surface coverings having a realistic, natural

"look" or appearance of wood, stone, marble, granite, or brick which are more resilient to wear and staining,

and methods of making the same.

SUMMARY OF THE INVENTION

Accordingly, a feature of the present invention is to provide # surface covering which has improved

wear and/or stain resistance.
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Another feature of the present invention is to provide a surface covering having a design, such as,
for example natural wood, stone, marble, granite, or brick appearance which is realistic in appearance and yet
has improved wear and/or stain resistance. A further feature of the present invention is to provide a method

of making such a surface covenng.

Also. a feature of the present invention is to provide a surface covering having contrasting gloss

between two or more layers.
Additional features and advantages of the present invention will be set forth i1n part in the description
which follows, and in part will be apparent from the description, or may be learned by practice of the present

invention. The objectives and other advantages of the present invention will be realized and attained by means

of the elements and combinations particularly pointed out in the written description including the drawing and

appended claims.

To achieve these and other advantages and 1n accordance with the purpose ot the present invention,
as embodied and broadly described herein, the present invention relates to a surface covering comprising at
least one layer which contains wear-resistant particles, like aluminum oxide, dispersed therein. Preferably,
the wear-resistant particles are present as part of at least one of the outermost layers or top coat layer.

The present invention further relates to a method to improve wear and/or stain resistance to a surface
covering. This method includes the steps of adding an effective amount of wear-resistant particles, like
aluminum oxide, to at least one layer, such as one of the outermost layers or a top coat layer, or to a
formulation which is used to form at least one layer, such as one of the outermost layers or a top coat layer,
with the use of a suspension aid preferably comprising silica, a polyamine amide, a polyamude, or an
unsaturated polycarboxylic acid.

In addition, the present invention relates to a method of making a surface covering which includes
the steps of forming a layer comprising wear-resistant particles, like aluminum oxide. Preferably, this layer
is a top coat layer or at least one of the outermost layers.

The present invention aiso relates to a surface covering having a backing layer and a foam layer
located on top of the backing layer. Further, a design layer having a design is located on top of the foam
layer. Part of the design on the design layer may contain a foaming inhibitor (i.e., chemically embossed).
A wear layer, located on top of the design layer, is mechanically embossed with a surtace texture when the
wear layer is in a softened state. The foam layer may or may not be mechanically embossed. Finally, at least

one top coat layer is located on top of the wear layer, wherein the top coat layer comprises a cured resin; a

suspension aid preferably comprising a polyamine amide, a polyamide, or an unsaturated polycarboxylic acid;

and wear-resistant particles dispersed throughout the layer.

The present invention further relates to a surface covering having a natural wood, stone, marble,
granite, or brick appearance. Other destgn or appearances can he created or simulated. This surface covenng
has a backing layer, a foam layer located on top of the backing layer, and a design layer. The design layer

has a design of wood, stone, marbie, granite, or brick. This design layer is located on top of the foam layer

and the design has chemically embossed joint or grout hines, which simulate such features found in natural
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surfaces where wood, stone, marble, granite. or brick are formed as surfaces tor floors, for example. In
addition. a continuous wear layer, located on top of the design layer, 1s mechanically embossed with a surface
texture of natural wood, stone, marble, granite, or brick after the wear layer has been softened. The foam
layer may or may not be mechanically embossed. Finally, a non-continuous top coat 1s located on top of the
erbossed wear layer but only overlying the non-chemically embossed areas. The continuous wear layer and
non-continuous top coat layer can have a difference in gloss to obtain a contrasting effect. In the alternative,
a continuous top coat layer can be located on top of the wear layer and a non-continuous top coat layer can

be located on top of the continuous top coat layer. One or both of the top coat layers and/or the wear layer

can contain wear resistant particles and the suspension aid.

This invention further relates to a method of making a surface covering which includes the steps of
forming a layer comprising wear-resistant particles, like aluminum oxide. Preferably, this layer is a top coat

layer or the outermost layer.

The present invention also relates to a method tor making a surface covenng, preferably having a

natural wood, stone, marble, granite, or brick appearance. The method includes the steps of providing a
surface covering having a backing layer, a foamable layer located on top of the backing layer, and a design
layer located on top of the foamable layer. The design layer preferahly has a design of wood, stone, marble,
granite, or brick. A portion of the design in the design layer is printed with a retarder composition. In the
preferred embodiment, the design that is printed with the retarder composition i1s joint or grout lines. A
continuous wear layer is then provided on top of the design layer and subjected to curing to cure the wear
layer and expand the foamable layer, thus chemically embossing arcas which have been pnnted with the
retarder composition. For purposes of the present invention, "curing” is also known in the art as "fusing.”
This product is then subjected to a sufficient temperature to soften the cured wear layer. After it has been
softened, the wear layer is mechanically embossed while it is the softened state. In particular, the wear layer
is mechanically embossed with a surface texture, for example, of wood, stone, marble, granite, or brick and
the foam layer may or may not be mechanically embossed depending on the embossed design and the pressure
applied to the wear layer. Finally, a non-continuous top coat layer 1s provided on top of the embossed wear
layer only overlying the non-chemically embossed areas. The continuous wear layer and the non-continuous
top coat layer can have a difference in gloss to create a contrasting effect. Alternatively, a continuous top coat
layer is provided on top of the wear layer and a non-continuous top coat layer is located on top of the
continuous top coat layer but only overlying the non-chemically embossed areas. The continuous top coat
Jayer and non-continuous top coat layer can have a difference in gloss as well.

It is to be understood that both the foregoing general description and the following detailed

description are exemplary and explanatory only and are intended to provide further explanation of the present

invention, as claimed.
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BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a graph showing the relationship between particle size of Al,O, and concentration and

abrasion resistance.

Figures 2-6 are graphs showing the relationship between viscosity and shear rate of several coating

formulations.

Figure 7 depicts a side view of an apparatus for embossing the surface covering of the present

invention.

Figure 8 is a fragmentary, cross-sectional view of a surface covening of the present invention

depicting the multiple layers in detail.

Figure 9 is a microscope photograph of a surface covering of the present invention.

Figures 10 and 11 are fragmentary, cross-sectional views of surface coverings of the present

invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention relates to a surface covering compnsing at least one layer containing wear-

resistant particles, like, aluminum oxide. Surface covering includes, but 1s not limited to, flooring, wall

paper, countertops, automobile dash boards, automotive coatings, and the like. Particularly, preferred surface

coverings are tiles, resilient flooring, slip-resistant tlooring, and the like.

The aluminum oxide that can be used 1n the present invention is also known as alumina or Al;O,.

Preferably, the aluminum oxide is fused or calcined. The refractive index is preferably from about 1.4 to 1.7.
Other wear-resistant particles include, but are not limited to, carborundum, quartz, silica (sand), glass
particles, glass beads, glass spheres (hollow and/or filled), plastic grits, silicon carbide, diamond dust (glass),

hard plastics, reinforced polymers, organics, and the like, and may be substituted for all or part of the

 alumina.

Also, while any source of aluminum oxide can be used, it is preferred that the aluminum oxide have

the following characteristics: fused or calcined and having a hardness of trom about 6 to 9 on a Moh's scale,

and most preferably about 9 on a Moh's scale. Preterably, the particle size of the wear-resistant particles is
from about 10 microns to about 350 microns, and more preterably from about 20 mucrons to about 250
microns, and most preferably from about 30 microns to 200 microns. Sources for preferred aluminum oxide
are Washington Mills, N. Grafton, MA: ALCOA Industrial Chemicals. Bauxite, AR; Composition Matenals,
Fairfield, CT; Micro Abrasives, Westfield, MA; and Alu Chem, Inc. Birmingham, AL.

Generally, a sufficient amount of the wear-resistant particles are present in at least one layer of the
surface covering to provide tmproved wear and/or stain resistance to a surface covering as compared to no
wear-resistant particles being present. Wear resistance can be determined by a Taber abrasion test, a Gardener
Scrubber test, a walk test, and the hke. The Taber abrasion test is more commonly used in the flooning

industry. One way to determine stain resistance i1s by staining the sample with difterent stain substances and

removing the stain after about | to 5 hours with solvents. The stain remaining on the sample is rated on a
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scale from O to 3, where O means no stain showing and 3 means the darkest, visible stain showing.

Preferably, from about 2 g/m" to about SO g/m*, and more preferably from about 4 g/m” to about 20
g/m? of wear-resistant particles are present in at least one layer of the surface covenng. Altematively from
about 1% by weight to about 75% by weight of wear-resistant particles are present in a layer of the surface
covering, more preferably, from about 5% to about 50% by weight based on the weight of the layer.

The wear-resistant particles, which are part of at least one layer of the surface covering, can be added
in any manner known to those skilled in the art for adding particles to a layer. The wear-resistant particles
can be mixed into a wet coating or scattered on top of a wet coating. For instance, the wear-resistant particles
can be applied by a pellet dispenser which applies or spnnkles the particles on top of a layer which is still
"wet” or uncured. By the layer being "wet" or uncured, the wear-resistant particles "stick” or adhere to the
“wet” layer and at least a portion of the particles "sink” into the layer and thus are not exposed to the
environment.

Several types of scattering machines can be used to accomplish the unitorm sprinkling or dispensing
of alumina or other hard particles. Normally the scattering machine has a rotating or applicator roll (engraved
or knurled) at the bottom of the hopper. A stationary or rotary brush is used to remove particles from the
dispensing or applicator roll. A shaker screen may be used under the hopper for uniform distribution of
aluminum oxide or other hard particles. The knurl size, the dispensing or applicator roll speed, the brush
position, the speed of the rotary brush, and the speed and the size of the shaker screen should all be selected

based on the amount and the size of the wear-resistant particles to be used.

For example, to obtain a smooth-looking product, the coating thickness should be just sufficient to
cover the wear-resistant particles when scattered on the wet coating. The other way to accomplish this is to
use a multi-layer coat system. In this case, the particles are uniformly scattered on a wet coat, and then after

a partial, full, or no cure, a second coat is applied on top of the initial coat with or without wear-resistant

particles in the second coat. For a smooth coating, the total thickness of the coating (different layers) should
be greater than the largest particle size used. There are several combinations of this type of construction. For
example, a construction can be used where the wear-resistant particles are placed at different locations 1n a
coating, such as the top coat (see Tables 3 and 6). Another construction would be to sandwich the wear-
resistant particles between two layers of coating. 1f this construction is used, the particle can anchor the first
layer with the second layer. In this type of construction, the curing process is precisely controlled to have
intercoat adhesion and other desired properties of the hnished product.

In still another type of construction, the coating thickness and the particle size of the wear-resistant
particles are chosen in a way that a desired portion of the particles sinks 1nto the coating and the other part

is exposed above the top coat. This gives the product very high wear resistance because the protruding

particles offer high wear resistance.

The scattering of the wear-resistant particles are preferably very uniform and precise. In a typical
application, the particles are dispensed by industrial or {ab scale dispensing machines such as the Chnsty

Machine (Ohio, U.S.A.) or the Emil Paul Schilling AG Scattering Machine (Germany, Switzerland).
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Application of the particles by scattening machines gives several advantages over conventional methods of
mixing and other techniques.

For instance, solid vinyl (inlaid) coverings are preferably coated with 1.0-1.8 mul of acrylated
urethane based UV-curable top coat. On the wet coat (in a typical application), from about 5 to about 15 g/m*

of wear-resistant particles, like fused alumina with average particlie size in the range of from about 25 to about

40 microns are applied to this top coat by a modified Christy Machine or by a Schilling scattenng machine
and then the top coat is cured by UV-light employing either a direct or differential cure mechanism.
Depending on the product specification, the amount of wear-resistant particles and the thickness of the coating

can be varied. For example, from about 15 to about 35 g/m’ of wear-resistant particles (in a layer) in the

particle size range of from about 50 to about 150 microns could be used in the production of non-slip
covenngs.

The size and the concentration of the wear-resistant particles can be optimized based on several
properties of the finished products, such as wear resistance, flexibility, stain resistance, gloss, cleanability,

appearance, etc. In a typical application, a coating thickness of from ahout 1.0 to about 1.8 mil with a particle

size of from about 25 to about 35 microns can be used at a particle application rate of from about 5 to about
15 grams/m" of a layer to achieve a smooth look. The particles can sink into a wet coating and thus be covered
by the coating. The coating can then be cured to achieve smoothness.

Once the wear-resistant particles are applied to the layer which is "wet” or uncured, the surface
covering containing this layer is cured by means known to those skilled in the art, such as radiation cunng,
UV, electron beam, thermal and/or moisture cunng, and the like.

While this "scattering” method, described above, is an effective way to incorporate wear-resistant
particles into coating layers, the incomporation of more than 20% by weight wear-resistant particies, based on
the weight of the layer, can be difficuit due to agplomeration concerns and/or placing such a large amount of
wear-resistant particles on top of the "wet" layer. When larger amounts of wear-resistant particies are
intended to be included in a layer or when a more untform distribution of wear-resistant particles throughout
the entire thickness of the layer is preferred, then a more preferred embodiment would be to use a formulation

to which the wear-resistant particles are added to and subsequently dispersed and maintained in suspension

with the aid of a suspension atd.

In order to overcome the potential difficulty ot maintaining wear-resistant particles in a coating
medium or formulation, a method of incorporating wear-resistant particles, like alumina, and preferably high
density wear-resistant particles, into a liquid coating medium or formulation for subsequent storage or cure
is also part of the present invention. With the use of the particular formulation of the present invention, the
storage and subsequent use of the coating medium or formulation containing the wear-resistant particies 1s
possible without significant settiing of the particles or the hard-packing of the wear-resistant particles. Also,
higher amounts of wear-resistant particles can be incorporated into the layer without significant settling or
agglomeration. Thus, with the present invention, it i1s possible. and even preferable, to use this formulation

to incorporate wear-resistant particies into a liguid coating medium or formulation (prior to curing), such as
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liquid thermoplastic or thermosetting curable polymers or resins, like urethane-based poiymers, urethane-

acrylates, and the like.

In particular, a suspension aid is used to prevent the settling of the wear-resistant particles, such as

alumina, in the liquid coating medium or formulation. Preferably, the suspension aid is a polymer compnsing
a polyamine amide, a polyamide, or an unsaturated polycarboxylic acid and more preferably 1s a high
molecular weight version of one of these polymers. More preferably, the suspension aid 1s a polymer
comprising a carboxylate acid salt of a polyamine amide, a phosphoric acid salt of a long chain carboxylic acid
polyamine amide or a solution of a partial amide and alkylammonium salt of a higher molecular weight
unsaturated polycarboxylic acid and polysiloxane copolymer. Any combinations or mixtures of various
suspension aids can be used. Specific examples of such polymers include, but are not limited to, Anti-Terra®
polymers from BYK CHEMIE. More preterred are the specific products Anti-Terra®-202, Anti-Terra®-205,
Anti-Terra®- 204, Anti-Terra®-P, Anti-Terra®-U-80, BYK-P-105, Anti-Terra® U and Lactimon type
suspension aids, all available from BYK Chemie. Other specific examples of suspension aids include
Disparlon® 6500 polyamide thixotrope from King Industries. Other suitable suspension aids which can be
used in the present invention are also described in U.S. Patent No. 4,795,796 which 1s incorporated 1n its
entirety herein by reference. Typically, a solvent, such as a non-aqueous solvent is present with the
suspension aid, such as butyl acetate, xylene, PMA, methoxy propyliacetate, alcohols (such as isubutanol and
methoxypropanol) and the like.

Thus, a coating medium or formulation comprises a) wear-resistant particles, such as alumina, b) a
suspension aid and c) a curable resin, such as a urethane-based resin or the like. A liquid coating medium or
formulation can be made from these ingredients and can be added and/or mixed in any order. Preferably, all
other ingredients, including the suspension aid, are added before the introduction of the wear-resistant
particles. Further, it is preferred that all other ingredients, except for the wear-resistant particles are first

compounded by any means, such as mixing, and then heated to a temperature sufficient to lower the viscosity

of the formulation or mixture before introducing the wear-resistant particles.

More preferably, the curable resin is added and compounded and then the suspension aid 1s added
and the mixture subjected to mixing and thereafter the wear-resistant particles are added with further mixing.
For instance, if a urethane-based resin is present, the formulation will typically be heated to a temperature of
from about 190°F to about 230°F to lower the viscosity without causing any curing of the curable resin. Once
all of the ingredients have been compounded, except for the wear-resistant particles and the suspension aid,
and the temperature of the formulation is at an elevated state, the suspension aid can be added preferably under
high shear rates and mixed thoroughiy with the other ingredients. Then, this hquid formuiation 1s preferably
cooled (such as less than 100°F) under agitation to a temperature which will increase the viscosity of the entire

formulation. When the mixture is cooled, such as to ambient conditions, the wear-resistant particles can then

be added under high shear mixing. Then, the liquid coating medium can be stored for subsequent use or can

be immediately used in the formation of a coating layer, such as a top coat by means known to those skilled

in the art in forming any other type of surface covering layers, such as roll coating and the like.
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With high molecular weight suspension aids, heating with mixing i1s preferred, but such heating s

unnecessary with lower molecular weight suspension aids, and mixing can occur at ambient temperatures.

Generally, the suspension aid is present in an amount sufficient to suspend the wear-resistant particles
in the liquid coating medium or formulation for a period of time, preferably for at least one week, and more
preferably for at least one month, and even more preferably for at least 3 months prior to any curing of the
liquid coating medium or formulation. Other preferred periods of time of suspension of the wear-resistant
particles include from about 1 week to about 6 months and more preferably from about 2 weeks to about 3
months, and most preferably from about 3 months to about 6 months. Preferably, the suspension aid is
present in an amount of from about 0.5% by weight to about 1.25% by weight, and more preferably from
about 0.10% by weight to about 1.0% by weight, and most preterably from about 0.20% by weight to about
1.0% by weight, based on the weight of the coating layer containing the suspension aid.

Further, with the use ot the suspenston aids of the present invention, the viscosity of a coating
medium or formulation can be stgnificantly increased during storage. For instance, the viscosity of a coating
medium or formulation containing a curable resin, wear-resistant particles, and an effective amount of a
suspension aid, can be increased from about 5 times to about 100 times, and more preferably from about 10
times to about 20 times compared to the same coating medium or formulation not having any suspension aid
present. This increase in viscosity during storage or during no application of shear assists in maintaining the
wear-resistant particles in suspension. Further, with the proper suspension aids in the coating medium or
formulation, duning shearing (e.g. from about 0.5 to about 100 rpm using a Brookfield [Thermosel] No. 27
spindle), the viscosity can be significantly lowered, such as on the order of | to 10 times which is
advantageous when mixing the coating medium or formulation or applying the coating medium or formulation
by a roll coater or other methods of coating where high shear can be used or other means to form a coating

layer for subsequent cuning.

When adding the suspension aid to a hiquid coating medium, it is preferred that the liquid coating
medium be subjected to high shear mixing conditions (e.g. about 700 rpm) until the suspension aid is
substantially dispersed amongst the liquid coating medium and then with the introduction of the wear-resistant
particles, it 1s preferred that the mixture be mixed at a higher shear rate, (e.g. such as 800 rpm) while the
wear-resistant particles are being added to the liquid coating medium. Thereafter, when all ingredients have
been added, it is preferred that the mixing rate of the mixture be signiticantly increased, such as to about 1800

rpm for about 30 minutes or until the wear-resistant particles are substantially dispersed uniformly in the liquid

coating medium.

Preferably, an anti-foaming agent or defoamer 1s also present in the coating medium or formulation
in effective amounts to reduce or prevent any tfoaming resulting from the high shear rates which are preferably
used to introduce the wear-resistant particles into the coating mediums of the present invention.

If the particles are uniformiy suspended in the coating at a fixed coating thickness and weight of the
wear-resistant particles, the abrasion resistance will increase as the particle size is increased. Similarly, at a

given coating thickness and wear-resistant particie size, the abrasion resistance will be governed by the weight
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or concentration of particles in the coating. Table 6 and Figure | turther exemplify this relationship.

The particle size of the wear-resistant particles is generally proportional to the wear resistance of the
coating at a constant coating thickness and at a constant loading of the wear-resistant particles. In the same
way, at a fixed coating thickness and particle size of the wear-resistant particies, the wear resistance of the
cured coating is directly related to the weight of the wear-resistant particles incorporated in the coating.

The particle size of the wear-resistant particles are preferably equal to or higher (preferably from 10-
60 % higher) than the coating thickness in order to achueve high wear resistance. When the hard particles, such
as alumina, protrude above the coating, these hard particles protect the coating from abrading. This method
gives very high abrasion resistance to the product. However, when the wear-resistant particles are exposed
or not covered by the coating, the particles may act as dirt catchers. Thus, depending on the end use of the
product, the coating thickness, the particle size, and the amount of wear-resistant particles should be suitably
selected.

The coating thickness and the particle size of wear-resistant particles should be selected depending
on the required wear characteristics, product appearance, and other properties of the finished product such as
stain resistance, flexibility, cleanability, aesthetics, slip resistance, tactile modification, and styling
requirements.

Preferably, the wear-resistant particles are present in one of the outermost layers of a surface covenng
which are the layers subjected to the environment including foot trathc and other objects coming 1n contact
with the surface covering. Generally, these outermost layers are known as the top coat layers or wear layer
top coats. Typically, the wear layer top coat 1s made of a thermoplastic or thermosetting matenal, such as
urethane or acrylic, melamine, polyvinylchloride, poiyolefins, and the like. Preferably, the curable layer 1s

a thermosetting urethane-based acrylate. For purposes of the present invention, curable resin encompasses

thermoset and thermoplastic resins, inciuding 100 % solid-based and water-based resins and includes the resins

mentioned above and below.

Acrylics, alkyd resins, melamines, conventional clear coats, poiyvinyl chloride, polycarbonates,

kevlar, epoxy coatings, polyester, polyester acrylates, vinyl-ether-functionalized urethane, epoxystloxanes,
multifunctional amine terminated acrylates, acrylate melamines, polyethylene and diene copolymers, and the

like, can also be used, in place of the urcthane based acrylates described above. Basically, the wear resistance

of any surface or coating can be improved by the incorporation of wear-resistant particles, such as fused or

calcined alumina.

In a preferred embodiment of the present invention, the surface covering 1s a resilient tlooring which

contains a resilient support surface. Applied to the top of and adhered to this resilient support surface 1s a
wear surface. The wear surface can contain a wear layer base coat and a wear layer top coat. Also, an imbtal
wear layer can be applied prior to the wear layer base coat which 1s adhered to the support surface. A
strengthening layer can also be present and located anywhere 1n the resilient surtace covering. Preferably,
the strengthening layer is present and is in contact with the resilient support surface, The strengthening layer

can comprise a vinyl resin and a polymerized, cross-linkable monomer and can even be disposed between two




10

15

20

25

30

35

CA 02283835 1999-09-13

WO 99/39042 PCT/US99/01628

-10-

foam layers. The wear layer base coat preferably comprises a flexible, thermosettable, polymer composition.
The wear layer top coat preferably comprises thermosettable, UV curable blend of acrylic or acrylate
monomers or urethane. Typically, the top coat comprises a urethane layer and this urethane layer will contain
the wear-resistant particles.

One preferred design of a surface covering wherein wear-resistant particles can be applied to a layer
1s described 1n U.S. Patent No. 5,458,953, incorporated in its entirety by reference herein. The method of
preparing this surface covering can also be used in the present invention with the additional step of adding the
wear-resistant particles to one layer incorporated into this method.

Besides the above-described embodiments for incorporating wear-resistant particles into a coating
layer, another method of incorporating wear-resistant particles into one or more coating layers involves the
use of fumed silica or alumina or other similar types of materials as the suspension aid which have a submicron
particle size range. Preferably, the submicron particle size range is from 5 to about 25 nm. Preferably, from
about 0.10 to about 2.0% by weight (based on the weight of the layer) is used to provide effective suspension
of wear-resistant particles. Examples of suitable particles include Aerosil® R972 and R974 as well as
Aluminum Oxide C, all available from Degussa. These submicron particles are preferably added in the same

order as the above-described suspension aids and preferably prior to the introduction of the wear-resistant

particles.

In general, abrasion resistance of the coating or the substrate usually reflects the durability of the
product. Abrasion is caused by mechanical actions such as sliding, scraping, rubbing, scuffing, etc. Abrasion

results in wearing, marring, staining, and the loss of the surface properties, and eventually the bulk properties

of the product.

The formulations containing the suspension aids of the present invention preferably maintain at least
25% by weight of the entire wear-resistant particles added in suspension for at least one month during storage
and more preferably at least 40% by weight, and even more preferably at least 50% by weight and most
preferably at least 75 % by weight.

Abrasion resistance can be related to several properties of the substrate and coating such as hardness,

cohesive strength, tensile strength, elasticity, toughness, thickness, etc.

Thus, to test the wear resistance of the product, several test methods have been followed: Some of

them are 1) falling sand test ASTM D968; 2) air blast abrasive test ASTM D658; 3) jet abrader, method 6193
of Federal Test Method Standard # 141 C, 4) Taber abrader ASTM D4060; 5) NEMA test method LD 3.31;

7) walk test; 8) Taber scratch or modified Hoffman scratch test; and 9) Gardener scrub test, among others.

As stated earlier, with the addition of wear-resistant particles, preferably in at least one of the

outermost layers exposed to the environment, improved wear and/or stain resistance are significant and lead

to a better surface covering product for consumer use.

Specific examples of surface coverings which can use the wear resistant layer(s) of the present
invention include a surface covering which combines chemical embossing with mechanical embossing to form

a umque product. Preferably, this product is a surface covering having a natural wood, stone, marble, granite,
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or brick appearance, though other surface coverings having the desired combination of chemical embossing
and mechanical embossing as described herein form part of the present invention. For purposes of the present

invention, surface covering includes, but is not limited to, flooring such as in-laid floors, hardwood floors,

solid vinyl tiles, homogeneous floors, cushioned floors, and the like; wall paper; laminates; and countertops.

In making the surface covering, a backing layer or substrate A is provided and 2 foamable layer C
and D is formed or placed on top of backing layer A as shown in Figure 8. A design or print layer B is
applied, adhered, or located on top of the foamable layer as seen in Figure 8. The design layer B has a design
(not shown) and a portion of this design is formed with a retarder composition, such as, but not limited to,
a retarder ink. Preferably, the portion of the design with the retarder composition is in the shape and form
of one or more joint or grout lines (not shown) which simulate, for instance, the joint lines between two strips

of wood forming a surface covering or the joining of stones, marble, granite, or brick by mortar or grout lines

between each stone, marble, granite, or brick.

Once the design layer B is applied, a wear layer is applied or located on top of the design layer. The
wear layer is then cured such as by subjecting the surface covering to heat to form a cured wear layer. This
curing process will also chemically emboss areas of the design layer where the retarder ink has been apphed.
In the preferred embodiment, the chemically embossed areas are the printed joint or grout lines. Ahy heating
means can be used, such as a gas-fired forced-hot-air oven. The product is then permitted to obtain ambient
temperature, such as by cooling. Afterwards, the surtace of the product is subjected to a sufficient
temperature to soften the cured wear layer surface, for instance, through re-heating, preferably by infrared

radiant heat. This softens the surface in order to enable the product to receive the mechanical embossing. The

wear layer is then mechanically embossed to have a surface texture. Any surface texture can be embossed onto
the wear layer. Preferably, the surface texture simulates or has a wood, stone, marble, granite, or bnck
surface texture. During mechanical embossing, the foam layer may or may not be mechanically embossed.
The foam layer may be slightly embossed. In particular, in a preferred embodiment, the portions of the wear
layer being mechanically embossed will compress or lose trom about 3 to about 8 mils in thickness while the
nortions of the foam layer in contact with these portions will compress or lose from about | to about 5 muls
in thickness. Preferably, the foam cells within the foam layer are not crushed or collapsed in the embossed

areas, but may be tlattened or distorted as shown in D 1n Figure 8.

A top coat (not shown in Figure 8) is then provided on top of the embossed wear layer to form the
surface covering. The outer most layer exposed to the environment, for instance, in the embodiments
described above, preferably contains the wear resistant particles, Thus, in a preferred embodiment, the top
coat layer contains a curable resin, a suspension aid comprising a polyamine amide, a polyarmde, or an
unsaturated polycarboxylic acid or silica, and wear-resistant particles dispersed throughout the layer.

The top coat Jayer can be non-continuous and can only overlap the non-chemically embossed areas.

The non-continuous top coat layer can have a different gloss from the continuous wear layer. This contrast

in gloss can be to any degree. For instance, the non-continuous top coat layer can have a non-glossy finish

and the continuous wear layer can have glossy finish or vice versa. The difference in gloss level between the
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non-continuous top coat and the continuous wear layer or a continuous top coat layer can be from about 15

to about 95, more preferably from about 25 to about 75, and even more preferably from about 35 to about 55.

Typically, the gloss level 1s measured by a 60° glossmeter.

Besides the above-described embodiment, another embodiment of the present invention involves a
continuous wear layer and a continuous top coat layer located above the continuous wear layer. Above the
continuous top coat layer is the non-continuous top coat layer described earlier. The continuous wear layer,
continuous top coat layer, and/or the non-continuous top coat layer can have wear resistant particies dispersed
therein and further, each of these three layers can have the same or different gloss depending upon the desired
effect. Preferably, in such an embodiment, that non-continuous top coat layer does not contain wear resistance
particles and only the continuous top coat layer has wear resistant particles. Figures 10 and 11 further set
forth these various embodiments mentioning some preferred components, however, realizing that other

components can also be used.

Another embodiment of the present invention s where multiple top coat layers are used where each

of these top coat layers can be continuous or non-continuous and can overlap in any fashion to create any
desired effect. Each of these layers can have a different gloss level to create any desired effect.

The gloss effect can be achieved by formulating a pre-determined gloss level in each individual
coating. The difference in gloss level can be achieved by using a flating agent to provide dullness. Examples
of flating agents include, but are not limited to, silica. Depending on the gloss desired, the more silica
present, the lower the gloss will be. Further, the wear resistant particles also contribute to a lower gloss.

The non-continuous layer can be applied in any fashion but is preferably applied with a differential
roll coater such as a Dubois RCD-24 Single Station Differential Coater with a roll diameter of from about 9°

to about 10.25". This differential roll coater has the ability to coat only the non-chemically embossed areas

or the raised areas while not coating the recessed or embossed areas. The roll coater does have the ability to

coat mechanically embossed areas if the embossing is less than 5 mils deep.  Accordingly, in one embodiment

of the present invention, a further design or textured appearance can he achieved by using a mechanical
embosser which will create embossments 5 mils or more which will then not be coated by the non-continuous
layer. Alternatively, a mechanical embosser can be used which has a pattern which creates embossments
which are below 5 mils and other embossments which are about 5 mils or more which will then lead to a non-
continuous layer which covers some but not all of the mechanical embossments. Again, this can lead to a very
aesthetically pleasing product which can accurately represent various patterns which are being simulated.
The backing layer used in the present invention can be any conventional backing layer used in surface
coverings such as a felted or matted fibrous sheet of overlapping intertwined filaments and/or fibers, usually
of natural, synthetic, or man-made cellulosic origin, such as cotton or rayon, although many other forms of
sheets, films, textile materials, fabncs, or the like, may be used. The substrate or backing layer can be non-
foamed, non-crosslinked vinyl compositions as well, for example cellulosic telt, fiber glass scrim, and

polyester non-woven sheets. The thickness ot a conventional substrate layer is generally not critical and it

is preferably from about 2 to about 100 mils, more preferably from about 15 to about 30 muls.
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The foamable layer used in the present invention can be any conventional foamable layer used 1n
surface coverings, such as a foam layer used in floonng. In particular, the foamable layer can be any suitable
material known in the art for producing foam layers such as polyvinyl chlonde plastisol or organosol.
Alternatively, and preferably, the foam layer is a resilient, cellular foam layer which can be formed from a
resinous composition containing a foaming or blowing agent that causes the composition to expand on heating.
It is also known in the art that foamable, resinous sheet material can be selectively embossed by controlling
the decomposition temperature of a catalyzed blowing or foaming agent in the heat-expandable composition.
For example, by applying to the heat-expandable composition a reactive chemical compound which is referred
to in the art as a "regulator,” "inhibitor,"” or "retarder,” 1t is possibie to modify the decomposition temperature
of the catalyzed foaming or blowing agent in the area of application of the reactive compound. It is thus
possible to produce sheet materials having surface areas that are depressed with inhibitor application and raised
proximate the area without inhibitor application.

The inhibitor or retarder can be conveniently incorporated in an inhibitor or retarder composition,
preferably in a foam-retarding, printing ink composition, which is printed over the heat-expandable resinous
composition. Such compositions are well-known in the art and are generally based on an organic solvent
carrier or vehicle system. Altematively, and preferably, an aqueous retarder printing ink composition 1s used
such as the one described in U.S. Patent No. 5,169,435, incorporated in its entirety by reference herein. A
most preferred aqueous retarder printing ink composition contains from about 20% to about 30% by weight
acrylic resin binder, from about 6.5% to about 17% by weight tolyl triazole, from about 20% to about 30%
by weight alcohol, and from about 35% to about 50% by weight water. Other foam-retarding, pnnting ink
compositions can also be used such as those described in U.S. Patent Nos. 4,191,581 and 4,083,907 to
Hamilton: U.S. Patent No. 4,407,882 to Houser, and U.S. Patent No. 5,336,693 to Frisch, all incorporated
in their entirety by reference herein. For purposes of the present invention, the retarder composition does not

necessarily have to contain a pnnting 1nk.

In the present invention, for purposes of creating the foamable layer, which 1s chemically embossed,

a substrate comprising an expandable resinous layer containing a foaming or blowing agent is provided. A
printing design is provided over at least a portion of the expandable resinous layer. At least a portion of this
printing design comprises a retarding composition, optionally containing printing ink. As will be described
in further detail below, once a wear layer is applied on top of the foamable layer, the expandable resinous
layer (e.g., the foamable layer) is then subjected to a sufficient temperature for a sufficient ime to expand the

layer and thereby form an embossed region of the layer proximate to the portion of the printing design that -

contained the foaming or blowing agent modifier or inhibitor. Generally, a sufficient temperature 1s from
about 195°C to about 215°C and for a time of from about 2.5 minutes to about 3.0 minutes to create the foam
layer.

Prior to subjecting the expandable resinous layer and design layer to heat, a wear layer 1s deposited
or applied on top of the design layer and the layers, along with the substrate, are subjected to heat or cuning

which will not only cure the wear layer, but also expand the resinous layer and cause chemucal embossing as
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described earlier.

The portion of the design layer which does not comprise at least one retarder composition is formed
by non-retarder ink compositions. An example of such an ink composition contains an acrylic resin, water,
alcohol. and one or more pigments. In forming a design having both a retarder composition and one not
containing a retarder composition, such a design can be done in register using mulfiple station rotogravure

printing. As indicated earlier, in the preferred embodiment of the present invention, a design layer contains

a pattern of joint or grout lines which are created with at least one retarder composition. Upon expansion of
the foamable layer, these portions will be chemically embossed and wili visually form joint or grout lines to

simulate such lines which exist with natural wood, stone, marble, granite, or brick surfaces. The joint or

grout lines created with the retarder composition generally will have a width of, for example, from about 1/16

inch to about 1/4 inch.

The wear layer can be made ot any suitable material known in the art for producing such wear layers.
Preferably, the wear layer is a transparent poly(vinyl chlonde) layer. The dry film thickness of this PVC layer
is not critical and it is preferably from about 5 mils to 50 mils, and more preferably from about 10 mils to
about 25 mils. Other examples of this wear layer include, but are not limited to, acrylic polymer, polyolefins,
and the like.

As indicated, this wear layer can be applied to and adhered to the foamable layer. Means to apply
the wear layer to the foamable layer are known in the art and include, but are not limited to, a reverse-roll
coater. Once the wear layer is applied to the top of the foamable layer, the wear layer is cured. This cuning
can be accomplished by subjecting the wear layer along with the foamable layer and substrate to a sufficient
temperature, e.g., by heating, to cure the wear layer in a multi-zone gas-fired hot air oven essentially as
described in U.S. Patent No. 3,293,108, Also, the curing or heating step will expand the foamable layer to
form the foam layer which will have chemically embossed areas. For purposes of curing the wear layer, a
sufficient temperature for a sufficient time would be used and known to those skilled 1n the art. Preferably,

this temperature is from about 195°C to about 215°C for a time of from about 2.0 minutes to about 3.0

minutes, more preferably about 2.0 minutes to about 2.2 minutes.

Once the wear layer is cured, it is preferred to permit the wear layer to obtain an ambient
temperature, such as by passing it over a series of water-cooled drums or "cans” essentially as described in
U.S. patent No. 3,293,108. The wear layer is then subjected to a sufficient temperature for a sufficient time

in order to soften the wear layer to a sufficient degree to allow it to be mechanically embossed. The surface

temperature of the wear layer for purposes of embossing is preferably from about 145°C to about 160°C

depending on, among other things, the color of the wear layer surface. The mechanical embossing of the wear
layer can be achieved in such a manner that the foam layer beneath the wear layer may or may not be
mechanically embossed. The portions or areas of the foam layer beneath the areas or portions of the wear
layer that are embossed are generally slightly embossed. For pumposes of the present invention, any embossing

technique known to those skilled in the art can be used: for example, the product can be fed through a nip

between an engraved steel embossing roll and a rubber back-up roll, such that the tace of the wear layer is in
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contact with the engraved steel roll. See Figure 7. The embosser gap can "float” against a fixed pressure,
or more preferably the embosser gap can be "fixed" by adjustable steel "wedge blocks" for example.
However, the fixed gap approach requires that careful attention be paid to maintaining consistent caliper of
the product prior to entry into the embosser section of the process. The preferred starting point for the fixed
5 gap is 60% of the specific product caliper. Fine-tuning adjustments can then be made to achieve the specified
appearance. Furthermore, in order to maintain faithful reproduction of the embossing roll engraving in the
embossed surface covering, it is advantageous to maintain some positive tension or "draw” on the web as it

enters the nip. This tension also helps to keep the web tracking straight.
For purposes of mechanical embossing, generally, the pressure applied to the wear layer is sufficient

10 to create an embossing of, for example, from about 1 mil to about |2 mils, more preferably from about 3 mils
to about 8 muls. It is certainly within the bounds of the present invention to use several devices to
mechanically emboss different textures onto the wear layer. In the preferred embodiment of the present
invention, the device used to mechanically emboss will have a pattern that will simulate the surface texture
of wood, stone, marble, granite, or brick and this texture will be transterred onto the wear layer.

15 In accordance with the invention and as shown in Figure 7, a cured, foamed, and cooled surface
covering is processed as follows to produce a surface having a "natural” appearance. A web of cooled
cushioned covering is passed through the "WEB GUIDE" at the point indicated by the entry arrow. This
"WEB GUIDE" is provided to insure that the web tracks straight through the embosser nip. After exiting the
"WEB GUIDE, " the web passes under the five burners of the "IR HEATER." The heat output of the "IR

20 HEATER" is adjusted as necessary to properly heat the surface of the web by adjusting the height of the
burners above the web, and by adjusting the gas flow to the burners. From the "IR HEATER" the web
proceeds to the "EMBOSSER." The hot surface of the web contacts an engraved steel embossing roll. The
embossing nip, mentioned above, includes the engraved steel embossing roll and a rubber bed roll, which

contacts the back surface of the web. The rubber bed roll is provided with a steel back-up roll which can be

23 used, if necessary, to counteract any tendency of the rubber roll to "bow" downward. The web is maintained
in contact with the water-cooled embossing roll for about 90° of wrap by means ot the uppermost idler roll.
This contact with the cooled embossing roll surface removes some of the heat from the surface of the web by

heat transfer from the web sheet to the water-cooled steel embossing roll, and thus "sets” the embossing. The

dwell time is dependent on exact embossing roll circumference and line speed and can be easily determuned

30 by one skilled in the art. Approximate dwell time ranges are given for three possible web speeds in Table ]

below.

TABLE |

Web Speed (ft./min.) Dwell Time Range (seconds)
33 el iswa
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The cooled embossed web is then directed back under the "IR HEATER" section of the apparatus.
At the point indicated by the exit arrow, the web continues on to a final coating station (not shown) for

applying a top coat to the surface of the web as descrnibed below. The apparatus for this coating station is well

known to those skilled 1n the art.

As indicated above, an important feature of the invention is the surface temperature of the web at the
exact instant when the web sheet enters the embossing roll nip. This temperature is dependent on the thickness
of the layer, the speed of the moving web, and the exact position where the measurement is taken. However,
this exact spot is not generally accessible for temperature measurements because of the diameter of the
embossing roll. Normally, therefore, the reading is taken from the mid-point of the distance between the end
of the IR heater and the embossing roll nip. The actual temperature as the web sheet enters the embossing roll
nip will be lower than this reading because of heat loss from the web sheet surface as it moves through the
space between the measurement point and the embossing roll nip. The faster the line speed, the less
opportunity for heat loss and the closer the actual temperature will be to the measured temperature at the
embossing nip.

A guide for temperature ranges hased on web speed and layer thickness for vinyl is given below in
Table 2. It should be remembered, however, that the ability of a surface to absorb heat from IR energy 1s

dependent, among other things, on the color of that surface. Thus, the exact temperature within the preferred

range will depend on the predominate color of the sheet being emhossed. Therefore, these conditions are

starting conditions only, and fine tuning adjustments can be made as needed to achieve the desired product

appearance specified.

TABLE 2

temperature range °C
155-160
150-155

145-150

Once the wear layer is mechanically embossed, a top coat, also known as a wear layer top coat, 1s

applied to the top and adhered to the embossed wear layer. The top coat can be composed of any suitable
material known in the art for this purpose. Preferably, the top coat 1s a urethane top coat. Once the top coat
is applied, the overall surface covenng containing all of the layers 1s cured. Preferably, the top coat has a
thickness of from about 0.5 mil to about 2.0 mils, more preferably, from about 0.9 muil to about 1.3 muls.
Optionally, besides the layers discussed above, one or more additional layers can be present, such
as the layers described in U.S. Patent No. 5,458,953, incorporated in its entirety by reference herein. Such

additional layers include strengthening layers, additional foamable layers, and a wear layer base coat.

Examples of the composition of these layers and their locations are described in U.S. Patent No. 5,458,953

and can be used in the surface covering of the present invention.

As indicated earlier, the present invention also relates to a surtace covering as seen 1n the photograph
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of Figure 9. This surface covenng has a backing layer A, a foam layer C and D applied on top and adhered

to the backing layer. A design layer B having a design is printed on the foam layer. At least a portion of the
design layer includes a chemically embossed pattern. Preferably, this chemically embossed pattern is in the

shape and form of joint or grout lines as previously described. A wear layer is applied on top of the design

layer and this wear layer 1s mechanically embossed with a surface texture. The foam layer C and D may or

may not be mechanically embossed. The surface texture is preferably the texture of wood, stone, marble,

granite, or brick. Finally, a top coat or wear layer top coat (not shown in Figure 8) is applied on top of and
adhered to the embossed wear layer. Wear resistant particles can be located in the wear layer and/or top coat.

The details of each of these components is described above.

As also indicated, additional optional layers such as those described 1n U.S. Patent No. 5,458,953

can be incorporated into this surface covering. Such additional optional layers include a strengthening layer,

a wear layer base coat, and/or additional foam layers.

The present invention will be further clarified by the following examples, which are intended to be

purely exemplary of the present invention.

EXAMPLES

In testing the product of the invention, the NEMA LD-3.31 test was modified by using 220 gnt
sandpaper with a 500 grams weight, and changiny the paper every 500 cycles. The sandpaper was pasted onto
CS-17 wheels supplied by Taber. In normal Taber abrasion test, CS-17 wheels are used with 1000 grams
weight. The Gardener scrub test employs a 100 grit sandpaper with 577 grams weight.

This test determuned the inutial or final wear-through or a change in the surface property. In each set

of tests, the product without alumina was used as the control.

As a representative of the several hard inorganic and organic material, different amounts of fused or

calcined alumina with the charactenstics described above were used in the following expernnments:

Substrates: vinyl sheet goods (the construction is described in U.S. Patent No. 5,405,674); sohd

vinyl tile; homogeneous vinyl sheet; and hardwood flooring.

The alumina was sprinkled on wet urethane based acrylate and mixture of acrylates and cured by UV-

radiation. While alumina was used in the examples, other types of wear-resistant particles can be used.

Example |

A homogenous vinyl sheet was prepared by forming a vinyl sheet, and on top of an urethane "wet”

coat, aluminum oxide was scattered and then the coating cured.

N AR * & ™ 4 e LY 1S Ul
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Table 3--Effect of weight of fused alumina (aluminum oxide)

on homogenous vinyl sheet

Weight of alumina

# of Taber cycles

30 micron average particle size)p/m*

Gloss to wear through the top coat*

* Moditied NEMA test LD3.31

From Table 3, it is ciear that as the weight of alumina was increased, the wear resistance of the top
coat also increased. Higher amounts of alumina could be incomorated depending on the wear resistance

equipment. In a range of 1 g/m- to 50 g/m-, the other desirable properties of the vinyl sheet goods were not

affected. The preferred range of the weight of alumina is about 3 g/m" to about 40 g/m®. The top coat

thickness was varied from about 0.9 to about 1.5 mils. This is a typical example, but different particle sizes

and amounts could be used.

Example 2

A sheet was made as in Example | but for the parameters set torth in Table 4.

Table 4--Effect of the particle size of alumina on the wear

resistance of homogenous vinyl sheet

Average particle size of Weight of No. of cycles to wear

alumina in. microns alumina (g/m°) through the top coat*

T T 2500

!
1756

~ * The abrasion was tested by Taber abrader with CS-17 wheels with 1000 grams weight.
Example 3

The incorporation of alumina 1n the wear layer also increased the wear resistance of the homogenous

vinyl sheet goods made as 1n Example |, but tfor the parameters set forth in Table 5.
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Table 5-Effect of incorporation of alumina in the top coat of

l

sohid vinyl sheet (inlaid)

Weight of alumina (g/m")
e e
e 123
150

* Modified NEMA test DL-3.31
Exampie 4

A two-layered floor product was made having an urethane-based-acrylate base coat and an urethane-

based top coat on a vinyl sheet. Each of the samples had substantially the same thickness for each layer. The

effects of wear-resistant particles on each layer can be seen 1n Table 6.

Table 6--Effect of placement of alumina on the wear resistance

of solid vinyl sheet

Average weight of alumina Average weight of alumina Average No. of

(average particle size 30 microns) (average particle size 30 cycles for

in the base coat (g/m?) microns) in the top coat (g/m°) initial wear

through *

I T
T T
I T v
| oimiWelawen | o | 0
 OGimiwelayen | a5 | ew

* Modified NEMA test LD-3.31

Thus, by properly selecting the particle size, weight, and the location of alumina 1n a product

construction, the desired wear resistance could be achieved.

Example 5

To demonstrate the excellent wear resistance by the incorporation of aluruna in the top coat, a

Gardener Scrubber test was also conducted on a sample like Example 4 and as described in Table 7.

Gardener Scrub Test Method:
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The substrate was mounted onto a Gardener scrubber and scrubbed with a 100 grit sandpaper with
577 grams weight for 1000 cycles changing the sandpaper every 500 cycles. The substrate was then stained
with oil brown to estimate the extent of wear. The extent of wear is directly related to the extent of staining,

with a stain rating of O being no stain (excellent wear charactenstics without any surface damage) and 3 being

worse (with severe surface damage to the top-coat).

_—

Table 7-Effect of incorporation of fused alumina into the top coat of solid vinyl sheet

(inlaid) on its wear resistance

Weight of alumina (average particle size 30 micron) Stain rating after 1000

incorporated into the top coat (g/m”) cycles of scrub

T T T

In general, at a given particle size the wear resistance increases as a function of the amount of alumina

(see Tables 3, 5, 6, and 8, and Figure I).
Example 6

In this Example, aluminum oxide was added to a urethane top coat which eventually formed part of

a wood floor product. The conditions are described below.

Table 8--Aluminum Oxide in Wood Urethane Based Topcoat

Number of | Number ot | Overall Thickness Number

Cycles for | Cycles tor | Coating of Base of

Initial Final Thickness | and Top Passes

Wear Wear tn milis Coats During

Through Through applied in Curing

mils Process

o | o | | isie | osno | o | m9ssing
5 | s | e | ens | ous | 1 | masss
P P T T P T e

1 | o | oo | ies | osio | 2 | ssis
s | o | osos | ousus | voos | 2 | o0zs
; -__

Notes:

CmAmts ot s ceede = e s el gi— — ol o o o e— - P
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Samples 1-3, aluminum oxide with average particle size ot 25 microns used at 10 g/m- application

rate.

Samples 4-6, aluminum oxide with average particle size of 25 microns used at 20 g/m* application

rate.
Samples 7-9, no aluminum oxide used.

Aluminum oxide sifted through 400 mesh screen.

Application Method:

No. 6 mire rod used tor 0.5 mul. draw.
No. 8 mire rod used for 1.0 mul. draw.

No. 14 mire rod used for 1.5 mil. draw.

Table 9

Curning Conditions UV Lamp Intensity

Watts/Inch
First pass samples 1, 2, 4,

5,7, and 8

Second pass samples |, 2,

Curing energy n mlh

Joules/cm”

o
4,5, 7, and 8

One pass cure sample 3, 6 200/200 1030

Example 7

A urethane coating containing wear-resistant particles was prepared as follows using the following

ingredients:

Formula

Weight (Ihe

Urethane based acrylate (U312

Photoglaze) from Lord Corporation

BYK-088 Defoantér

Anti-Terra 204 Suspension Aid

Aluminum Oxide (WCA 50)

265
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Procedure tfor Mixing: Mixing was done on a Shar high shear mixer with a 2 inch diameter shaft,

where the blade was set eight inches from the bottom of the drum. Blade diameter was eight inches. The

single blade was a high shear saw-tooth blade.

The liquid urethane based acrylate was added into a 55 gallon drum, and then the defoamer was added
and the mixture slowly mixed for one minute using a mixing speed of about 960 rpm. Afterwards, the

suspension aid was added and the mixture was stirred for one more minute at the mixing speed of 960 rpm.

Then, the aluminum oxide was slowly added and the vortex was just above the blade, but not down to the

mixing blade.

As the aluminum oxide was added, the speed of the mixing blade was increased from 960 rpm to

1850 rpm to maintain the vortex level. The mixture was mixed for 35 minutes.

The viscosities of the resulting mixture were measured as shown tn Table 10. Table 10 further shows

two other formulations made in the same manner but for the type of aluminum oxide used,

Table 10

Brookﬁeld Brookfield viscosities (#4 spindle) (cps)

Aluminum oxide Type

Severs Viscometer Throughput, grams, Orifice dimensions: Length 5.00 cm. Diameter 0.155 cm.

Table 11 Severs Viscometer (grams effluent/min)

[_J_ZI_I_I_
w0 | e | s | w0
w0 | omo | es | w18 |
I VR U RV

The average particle size tor the aluminum oxide was: WCA 50 = 50 mucrons; ALR 180 = 150

microns; and WCA 60 = 60 microns.

The formulation was formed 1into a coating using an air knife coater and cured using the following

parameters.

Jrp—rpT—

- s A A e renlh Sy - w -



10

15

20

25

30

CA 02283835 1999-09-13

WO 99/39042 PCT/US99/01628

A. Air knife
Applicator roll speed = 18 to 21 fpm
Applicator Roll Speed = 0.61 setting
Air Knife Distance = 0.18
Air Knife Angle = 38.3°
Air Knife Pressure = 4.2 psi

B. UV cunng conditions

First unit lamp one = 125 W/in
lamp two = 200 W/in
lamp three = 125 W/in

Second Unit lamp one = 200 W/in

Aluminum Oxide matenals:

WCA 50 and 60 are products from Micro Abrasives Corporation, 720 Southhampton Rd., Box
669, Westfield, MA 01086-0669

ALR 180 White Aluminum oxide is distributed by Composition Matenals, Co., Inc., 1375 Kings
Highway East, Fairfield, CT 06430. .

The cured coating was examined visuaily and appearance was acceptable.

Example 8
A cured urethane based acrylate (U337 from Lord Corporation) was made and tested as descnbed

in Table [2.
In this example, 35% by weight of 30 micron aluminum oxide, | % of suspension aid and 0.4 %

by eight of defoaming agent were mixed together to torm formulations with radiation curable urethane

based acrylates.
Substrate: Homogenous (solid) vinyl sheet (inlaid).

Curing: UV cured with medium pressure mercury lamps by a ditferential cure method known to

them who practice the art of radiation curing. A total energy of 1800 to 2500 mH/cm" was used.
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From Table 12, the following conclustons can be made.

1.
2.

Basic Deflocculating agents do not suspend aluminum oxide without hard settling.
Controlled flocculating agents aid the suspension of aluminum oxide without any hard
settling. The formulations with controlled flocculating agents are more thixotropic (shear
thinning) than those with flocculating agents.

Controlled flocculating agents increase the viscosity (measured at Jow shear

rates) of the final formulation several times, which helps in suspending

aluminum oxide.

Deflocculating agents do not increase viscosity at low shear rates to a greater extent
compared to controlled flocculating agents. Thus, the deflocculating

agents are not as effective as controlled fiocculating agents in suspending

aluminum oxide over long penods of time.,

Example 9

A homogenous solid vinyl sheet was prepared with a urethane based acrylate topcoat having

the following components.

Urethane based acrylate coatings with aluminum oxide: contain 30% by weight of

aluminum oxide, 0.8% by wetight of Anti-Terra-204 suspension aid and 0.4 % by weight of a

BYKO088 defoamer. A coating was formed and cured at 1500-2500 mJ/cm” using medium pressure

mercury vapor lamps.

Substrate: Homogenous (solid) vinyl sheet (inlaid)
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Table-13 Effect of the type and particle size of alumina of the properties of top coat.

Viscosity (Brookfield Spindle #4)/cps @ 76°F

20 rpm 1300 2,500 2,350 2,500 2,350
) ’ ...."
RT/cps
Pl
RT/cps

0.5 rpm 10,000 { 10,000 10,000

| at
. RT/cps

Settlin - minor | minor minor -

| 60° 25-30 | 22-26 | 26-28
| Gloss

Coating
thickness

/ol

Taber 25
Initial

wear/c

Normaliz 25
ed initial

wear

Il Surface None

defects

" Sand paper changed after 100 cycles in the NEMA test.

Control - Does not contain any aluminum oxide.

5-10 g/m" of aluminum oxide is sprinkied on the wet coating and then the coating is cured.
The particle size mentioned here is the average particie size.

The tollowing observations were made:

. Fused alumina (CM-Composition Material) offered more wear resistance than the calcined

alumina (WCA aluminum oxide from Micro Abrasives).

-

Larger particle size alumina increased the wear resistance.

PCT/US99/01628
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3. 40 micron alumina from Composition Material had the best balance of
properties.
4. Incorporation of aluminum oxide in the coating increased the abrasion resistance of the

coating. The abrasion resistance of the coating was determined by the amount and the size

5 of the aluminum oxide used.

5. All the coatings containing aluminum oxide mentioned in Table 13 were shear thinning.

Example 10

A formulation containing urethane based acrylate coating (U337) aluminum oxide, a

10 suspension aid as shown in Table 14 was prepared and tested for setthng properties.

Table 14 - Effect of Suspension Aids (30% of 30 p CM ALQ, in coating)

Aluminum oxide (30 micron from Composition Material)

mixed in the following proportion:

The following observations were made.

1. Addition of the flocculating agent like Disperbyk-161 does not change the density of the

total formulation, and does not aid in the dispersion or suspension of aluminum oxide in the

25 coating.

™J

However, controlled tlocculating agents like Anti-Terra-204 aid in the
dispersion of aluminum oxide in the coating and also suspend the heavy
alumunum oxide particles very wetl without hard setthing,
3. The coating containing both Anti-Terra-204 and aluminum oxide was shear thinning and
30 suitable for storage and subsequent use as shown in Figures 2-6 which show the viscosity of
formulations containing suspension aids and aluminum oxide as well as controls.

4. The lower density of sample 5 compared to sample 2 indicated that Anti-Terra-204 stabilized

the aluminum oxide particles in the coating by controlled flocculation.

s e e A AR A A bl . Sk M VY ASOMTTAT . 50Dttt A A SN TY ors
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S. From the viscosity measurements, as shown in Figures 2-6, it can be seen that the
deflocculating agent like Disperbyk-161 did not increase the low shear viscosity of the final
formulation with aluminum oxide. However, the use of controlled flocculating agents like
Anti-Terra-204 increased the low shear viscosity of the final formuiation significantly with a

) slight decrease in the bulk density of the formulation which aided the effective dispersion

and the long term stability of the system.

Example 11

Solid vinyl (inlaid) sheet covering was made according to U.S. Pat. No. 5,670,237 and was

10 coated with radiation curable urethane based acrylates containing aluminum oxide with 1 % by wt. of

controlled flocculating agent Anti-Terra-204, by a roll coater and air-knife. The wear resistance was

measured and 1s shown 1n Table 18S.

Table 15

.- —

15 Properties Coating w/o alumina Coating + 26% by wt. alumina

Initial wear thro'/c 50

Stain performance

&)
#
|

Gloss 23 20-22

" NEMA test as mentioned before.
20 The following observations were made.

1. The coating containing the aluminum oxide could easily be processed on line  similar to

coatings without aluminum oxide.

o

The addition of aluminum oxide into the coating increased the wear resistance of the coating

without atfecting the gloss and the stain performance of the coating.

25
Exampie 12

A formulation containing 25% by weight of 30 micron fused aluminum oxide with 1% of

Anti-Terra-205 suspension aid and 0.4 % of BYKO088 as the antifoaming agent was prepared. The

formulation was formed into a coating and cured as in Example 7. Table 16 sets forth some

30  measured parameters.
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Table 16 - Effect of Suspension Aid on Surface of Coating Containing Aluminum Oxide

I
 BoodeldSpAdnoetemn | gem
5

20 RPM/eps  we
Coating Thickness/mil s
140

Taber Initial wear thro'/cvs

10 Final wear thro'/cys

Total stain rating . 4.0

As shown in Table 16, the suspension atd was an effective dispersant. Also, the cured

coating had acceptable properties for use as a floor product.

15
Example 13

Sub-micron particles (5-25 nm) were used in combination with Anti-Terra-204 suspension

aid to further enhance the dispersion of heavy particles such as tused or calcined aluminum oxide or

other heavy or light solids in coatings or liquids.
20  Mixing procedure:

The sub-micron particles such as fumed alumina and fumed silica were incorporated into the
coating by high shear mixing and then suspension aids like BYK-P-105. Anti-Terra-204 and Anti-
Terra-P and the required amount of aluminum oxide were dispersed in the coating as described
betore. 0.1-5 wt. % of the sub-micron size fumed alumina or silica or combinations thereof were

25  used in combination with the suspension aid.

Settiing: The amount of clear coating separating on top of the formulation when subjected to 125°F

and measured as a function of time in inches to check the stabitlity of the final formuiations.

Fumed silica was Aerosil R972, Aerosil 974, Fumed alumina was: Aluminum oxide C. all are from

30 Degussa Corp. Ridgetield Park, NJ 07660 and 3500 Embassy Parkway, Akron, Oh 44333-8327.

Coating: Radiation curable urethane base acrylates.
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Table 18

Fumed silica e.g.,

Aerostl R972

Fumed silicae.g., Fumed alumina,

Aerosil R974 e.g., Aluminum

oxide C
12 13

90-130 150-190 | 85-115

22 32

pH of 4% slurry in

water

Example 14

Radiation curable urethane based acrylate was used and Al,O, dispersed therein with 0.8 %

by wt. su‘sﬁension aid (Anti-Terra-204). The coating was cured from 1 100-1400 mJ/cm® in an inert |

atmosphere using medium pressure mercury lamps. Table 19 shows the results.

Table 19 - Effect of aluminum oxide mixed into top coat of PVC Floor Covering

0% Al.O 5% Al.O 15% Al.O 20% Al.O

Coating 1.4 1.5 1.4
thickness
Mean gloss 77.9 60.4 56.0 49.0
at 60°
measured by

Gloss meter

Initial wear

through™

(No. of

cycles)

Final wear

through
(No. of

cvcles

Stain

resistance®

60 75 '.

225 350 400 500
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"~ The wear resistance 1s determined by the modified NEMA test as described before.

® The Jlower the number, the better the stain resistance. This reflects the stain resistance of
the coating to different stains.

The following observations were made.

1. This example shows that by properly selecting the amount of aluminum oxide in the coating,

the desired wear resistance can be achieved.
2. Addition of aluminum oxide into a high gloss coating decreases the gloss of the coating.
However, the desired gloss level could be achieved by properly

selecting the particle size and the concentration.

3. Depending on the amount and the particle size of aluminum oxide the siip resistance of the

product could also be increased.

4. The preferred particle sizes are 15-300 microns, more preferably 20-200 microns.

5. In this example, fused aluminum oxide was used, basically any hard particles could be used.

6. The alumunum oxide can stay suspended 1n the coating from a week to 6 months at room
temperature.

Example 15

In this example, the effects of just using a submicron particle, such as fumed silica or fumed
alumina as the suspension aid was determined. In particular, in a mixture of urethane-based acrylate
and either fumed or calcined aluminum oxide mixed at a speed of at about 660-700 m/min, the
submicron material was added. The Degussa R972 fumed silica was added in an amount of about
1% by weight to the mixture containing fumed aluminum oxide and about 5% by weight fumed silica
was added to the muxture containing the calcined aluminum oxide with the curable resin being a
urethane based acrylate from Lord Corporation. After mixing, the formulations were studied for at
least two days and after two days it was observed that the aluminum oxide wear resistant particles
were still substantially suspended in the tormulation thus showing the ability of the submicron
particles to suspend the wear-resistant particles. The submicron particies, which act as suspension
aids, had a significant increase in the viscosity of the formulation thus assisting in the suspension of
the wear-resistant particles. A control was used which had no submicron particles present, but had
aluminum oxide wear-resistant particles present and severe settling occurred in the first and second

days of the study. The formulations were then cured by a 200/200 watt UV lamp to show that the

formulations were usable as coatings.
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xample 16
A urethane based acrylate coating was prepared using the amounts and specific ingredients

set forth in Table 20. The formulation was then formed into a coating and cured using the
procedures set forth in Example 7 and the various properties set forth in Table 20 were measured.
As can be seen from the measured properties, the use of a suspension aid and wear-resistant particles
had a substantial effect on coefficients of friction, thus showing a significantly improved slip-

resistant product which could be used in surface coverings, especially floor coverings.
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Table 20

Aluminum Oxide Combinations and Effect on Coefficients of Friction

Urethane

(U312

BYK-088

147 147 147 147 147 147 147

S T A I N P

i | 20 | 24 | 24 | 20 | 26 [ 20 20 |
om0 | w0 | 10 | w0 | s | s | s | o |
Wea 56 n--—---

Coefficients of

Friction

062 | 069 | 00 | o6 | oas
weneoie | 02s | 025 | 024 | 02 | 025 | 024 | 020 | ors_

viosies | | | L | | )

AP N I N N AN N N

20 RPM 5700 | 8000 | 5400 | 6800 | 5500 m 6900 m

U-312 is a urethane coating provided by Lord. Com. ---

| Comp Mat 30 is an aluminum oxide provided by Composition Matenals (180 ..
Mesh).

T o

.

WCA 50 is an aluminum oxide made by Microabrasives. ---
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Example 17

Gloss contrast between grout chemically embossed against smooth raised tiles; the contrast

effect is created by using the difference of gloss between UV curable PU coatings. The foliowing

observations were made:

Apply 10 mils of 2:1 to 4:1 blow ratio of foamable pregel on fibrous backing. Heat and gel

the subsitrate.

Print the pre-determined design or pattern by Gravure cylinders using foamable inhibitor at

selective areas of design.

Formulate a dull gloss resinous PVC plastisol wear layer by adding proper amount and type
of flatting agent or other additives to have a gloss level around 15% - 20% measured by 60
degree glossmeter.

Apply the dull gloss wear layer 5 mils to 30 mils on the printed, gelled substrate. Fuse the
product at an elevated temperature such as 395°F to 410°F for 4.5 muinutes to 2.5 minutes.
At this stage, the reaction of foamable inhibitor and blowing agent in the pregel has created
the pre-determined surface embossed texture. For instance, for the ceramuc tile-printing
pattern, the sheet will have § mils to [5 mils embossed texture as the grout line and very
smooth or very subtle texture surface as ceramic biocks.

Apply the last top coat preferred to use UV curable PU about 0.5 mils - 2.0 mils by
difterential direct roll coater or other equipment that can easily transfer the coating from the
applicator of the coater to the non-embossed areas of the sunstrate coming to contact with

the coater to form a discrete layer.

The gloss level of the last topcoat has to be sharply different from the gloss level of the

continuous layer directly underneath to torm the noticeable contrast etfect.

Cure the last topcoat by UV radiation curing chamber or by other means.

Example 18

Gloss contrast between grout chemically embossed against smooth raised tiles; the contrast

effect 1s created by using two different gloss UV curable PU coatings. The following observations

were made:

1.

D

Apply 10 mils to 30 mils of 2:1 to 4:1 blow ratio of foamable pregel on fibrous backing.
Heat and gel the substrate.

Print the pre-determined design or pattern by Gravure cylinders using foamable inhibitor at
selective areas of design.

Apply a resinous plastisol wear layer 30 mils on the pfinted, gelled substrate. Fuse the
product at an elevated temperature such as 395°F to 4107 F for 4.5 minutes to 2.5 minutes.

At this stage, the reaction of foamable inhibitor and blowing agent in the pregel has created
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the pre-determined surface embossed texture. For instance, for the ceramic tile-printing
pattern, the sheet will have 5 mils to 15 mils embossed texture as the grout line and very

smooth or very subtle texture surface as ceramic blocks.

Apply the first UV curable PU topcoat, a dull gloss (15 - 20 units by 60° glossmeter) about
0.5 muils to 1.5 mils thickness, on the fused, blown sheet to form a continuous layer.

Control proper curing energy to just ssmi-cure the first dull, UV top coat. Otherwise, 1t can
run into an adhesion problem with the second higher gioss UV curable PU top coat applied
on top of it.

Apply the second top coat preferred to use UV curable PU about 0.5 mils - 2.0 mils by
differential direct roll coater or other equipment that can easily transfer the coating from the

applicator of the coater to the non-embossed areas of the substrate coming to contact with

the coater to form a discrete layer,

The gloss level of the last top coat has to be sharply different from the gloss level of the

continuous layer directly undemeath to form the noticeable contrast effect.

Fully cure the first and the second top coat by UV radiation cunng chamber or by other

means.

~ Example 19

Gloss contrast plus grout texture contrast against smooth, raised tiles. The following

observations were made:

.

Apply 10 mils to 30 mils of 2:1 to 4:1 blow ratio of foamable pregel on tibrous backing.

Heat and gel the substrate.

Print the pre-determined design or pattern by Gravure cylinders using foamable inhibitor at

selective areas of design.

Apply a resinous plastisol wear layer 5 mils to 30 mils on the printed, gelled substrate.
Fuse the product at an elevated temperature such as 395°F to 410°F for 4.5 minutes to 2.5
minutes. At this stage, the reaction of foamable inhibitor and blowing agent 1n the pregel
has created the pre-determined surtace embossed texture. For instance, for the ceramic tile-
printing pattern, the sheet will have 5 mils to 15 mils embossed texture as the grout line and
very smoﬁth or very subtle texture surface as ceramic blocks.

Heat the substrate and then mechanically emboss the entire surface with "sandpaper like”
texture.

Expose the entire sheet to a moderate heat environment (250°F - 300°F) for 20-30 seconds

that cause the sandpaper like texture at non-retarded tiles to restore its smooth surface but

retarded grout remains down with sandpaper texture.

Apply the last top coat preferred to use UV curable PU about 0.5 miils-2.0 mils by

differential direct roli coater or other equipment that can easily transfer the coating from the
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applicator of the coater to the non-embossed areas of the substrate coming into contact with

the coater to form a discrete layer.

7. The gloss level of the last top coat has to be sharply different from the gloss level of the

continuous layer directly underneath to form the noticeable contrast effect.

8. Cure the last top coat by UV radiation cunng chamber.

Other embodiments of the present invention will be apparent to those skilled in the art from

consideration of the present specification and practice of the present invention disclosed herein. It 1s

intended that the present specification and examples be considered as exemplary only with the true

scope and spirit of the present invention being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. A liquid formulation for a surface covering layer comprising a curable resin: a
suspension aid comprising a polyamine amide. a polyamide. or an unsaturated polycarboxylic acid;

and wear-resistant particles.

2. The hquid formulation of claim 1. wherein said curable resin is a thermosetting

resti.

3. The hquid formulation of either of claims | or 2. wherein said curable resin is a

urethane based polymer or oligomer.

4, The hiquid formulation of any of claims 1-3. wherein said curable resin is a urethane

based acrvlate.

5. The liquid fonmulation of any of claimns 1. 3 and 4. wherein said curable resin is a

thermoplastic resin.

6. The hiquid formulation of any of claims 1-3. whercin said wear-resistant particles

are aluminum oxide.

7. The hquid formulation of any of claims 1-5. wherein said wear-resistant particles

compnse carborandum, quartz, silica, glass particles. or combinations thereof

8. The liquid formulation of any of claims 1-7. wherein the wear-resistant particles are
substantially and uniformly suspended in the hiquid formulation.
9. The liquid formulation of any of claims 1-8. wherein the wear-resistant particles are

present in an amount of from about 1% by weight to about 75% by weight. based on the weight of the

liquid formulation.

10. The liquid formulation of any of claims 1-9. wherein the wear-resistant particle are

present in an amount of from about 1% to about 50% by wei ght. based on the weight of weight of the

liquid formulation.

11. The liquid formulation of any of claims 1-10. wherein said suspension aid 1s a
carboxylate acid salt of a polyamine amide. a phosphoric acid salt of a long chain carboxylic acid
polyamine amnide. or a solution of a partial amidc and alkylammonium salt of a higher molecular
welght unsaturated polycarboxvlic acid and polysiloxane copolymer.,

12. The liquid formulation of anv of claims I-11. further comprising a defoaming agent.

13. The liquid formulation of any of claims 1-12. wherein the curable resin is a urethane
based resin. the wear-resistant particlcs arc substantially and uniformly suspended in the liquid
formulation and are present in an amount of from about 1% to about 50% by weight, based on the
weight of the liquid formulation: and the suspension aid is present in an amount of from about 0. 10%

by weight to about [.25% by weight. based on the weight of the liquid formulation.

14, A surface covering comprising a cured layer comprising a restn: a suspension aid

compnising a polyamine amide. a polvamide. or an unsaturated polvcarboxvlic acid; and wear-

resistant particles dispersed throughout the laver.
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15. The surface covering of claim 14, wherein the surface covering is a resilient surface
covering, |
16. The surface covering of either of clatms 14 or 15, wherein the layer is a wear layer.
17. The surface covenng of claim 16. wherein said wear layer contains a bottom coat

layer and a top coat layer or an outerinost layer and wherein said top coat layer or said outermost layer
is the layer containing the suspension aid and wear-resistant particles.

18. The surface covenng of any of claims 14-17, wherein the wear-resistant particles are
aluminum oxide.

19. The surface covering of any of claims 14-17. wherein the wear-resistant particles
comprise carborandum. quartz. silica. glass particles. or combinations thereof.

20). The surface covering of any ol claims 14-19. wherein said wear-resistant particles
are present in an amount of from about 1% by weight to about 75% by weight. based on the weight of
the layer.

21. The surface covering of any of claims 14-20, wherein said wear-resistant particles
are present in an amount of from about 1% to about 50% by weight based on the weight of the layer.

22. The surface covering of any of claims 14-21, wherein said wear-resistant particles
are present in an amount of from about 1% to about 50% by weight. the suspension aid is present in
an amount of from about 0.10% to about 1.25% by weight, and the cured resin is present in an amount

of from about 50% to about 90% by weight. based on the weight of the laver.

23. The suriace covering of any of any of claims 14-22, wherein said suspension aid is a
carboxylate acid salt of a polyanune amidc. a phosphoric acid salt of a long chain carboxvlic acid
polvamine amide. or a solution of a partial amidc and alkylammonium salt of a higher molecular

weight unsaturated polycarboxylic acid and polystloxane copolvmer.

24, The surlace covering of any of claims 14-23. further comprising a defoaming agent.
23. A method (o makc a surface covering having wear-resistant particles suspended
therein, comprising mixing together a) a liquid curable resin, b) a suspension aid comprising a

polyamine amide. a polyamide. or an unsaturated polycarboxvlic acid: and ¢) wear-resistant particles

to form a formutlation:

forming a laver from said liquid forimmulation: and
curing said laver.
26. The method of claim 25, wherein said curable resin is mixed with the suspension
aid and then said wear-resistant particles are introduced and mixed to form said formulation.
27. The method of either of claims 25 or 26. wherein said curable resin and said
suspension aid are mixed together and then subjected to clevated temperatures of from about 150°F to

about 230°F. and then said wear-rcsistant particies are added and mixed together with the curable

resin and suspension aid.
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28. The method of any of claims 25-27. whercin said resilient surface covering
comprises a bottom coat layer comprising polyvinylchloride in addition 1o said urethane based acrylate
top coat layer.

29, The surface covering of claim 18, wherein said aluminum oxide is calcined or fused.

30. The surface covering of any of claims 14-24 and 29, wherein said wear-resistant

parucles have an average particle size of form about 20 to about 250 microns.

31. The surface covenng of claim 17, wherein said bottom coat layer comprises
polyvinyl chloride.
32. The surface covering of any of claims 14-24 and 29-3 1. wherein the surface

covering is a tile.

33. The surface covering of any of claims 14-24 and 29-31. wherein the surface

covering 1s a wood {loor product.

34, The surface covering of any of claims 14-24 and 29-33. wherein the surface
covering is a slip resistant product.

35. A surface covering comprising:

a) a foamed layer having a top and bottom surface, wherein said foamed layer has

embossed and non-embossed areas:

b) a continuous wear layer having a top and bottom surface, wherein said bottom
surface 1s 1n contact with said top surface of the foamed layer; and

C) a non-continuous top coat layer having a top and bottom surface, wherein said
bottom surface i1s in contact with said top surface of the continuous wear layer and said non-
continuous top coat layer overlies said non-embossed areas of the foamed layer, and said non-
continuous top coat layer 1s a cured layer compnising a curable resin; a suspension aid comprising
stlica, a polyamine amude, a polyamide, or an unsaturated carhoxylic acid; and wear-resistant

particles dispersed throughout the non-continuous top coat layer.

36. The surtace covering of claim 35, further comprising a base layer in contact with

said bottom surface of the foamed layer.

37. The surface covering of either of claims 35 or 36, further comprising a print or

design layer located between said foamed layer and said continuous wear layer,

38. The surtace covering of claim 37, wherein a portion of said print or design layer

compnises a foam inhibitor corresponding to the embossed areas.

39. The surface covering of any of claims 35-38, wherein said continuous wear layer is
a cured layer comprising a curabie resin; a suspension aid comprising a2 polyamine amide, a
polyamide, or an unsaturated polycarboxylic acid; and wear-resistant particles dispersed throughout

the continuous wear layer,

40, The surface covering of any of claims 35-39, wherein said continuous wear layer

comprises a UV curable polyurethane composition.
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41. The surface coverning of any ot claims 35-40, wherein said non-continuous top coat
layer compnses a UV curable polyurethane composition.

42. The surface covering of any of claims 35-39, wherein said continuous wear layer
and said non-continuous top coat layer each comprise a UV curable polyurethane composition which

can be the same or different.

43. The surface covering of any of claims 35-39 and 41, wherein said continuous wear

layer is a UV curable vinyl composition.

44 . The surface coverning of any of claims 35-40 and 43, wherein said non-continuous

top coat layer is a UV curable vinyl composition.
45. The surface covenng of any of claims 35-44, wherein said non-continuous top coat
layer 1s non-glossy.

46. The surface covering of any of claims 35-44, wherein said non-continuous top coat

layer is non-glossy and said continuous wear layer is glossy.

47. The surface covering of any of claims 35-44, wherein said non-continuous top coat
layer 1s glossy.
48. The surface covenng of any of claims 35-44, wherein said non-continuous top coat

layer is glossy and said continuous wear-layer is non-glossy.

49, The surface covering of any of claims 35-48, wherein said non-continuous top coat

layer simulates the gloss and texture of wood, stone, marble, granite, or brick and said continuous

wear layer simulates the gloss and texture of joint or grout lines.

50. The surface covering of any of claims 35-48, wherein said non-continuous top coat
layer simulates the gloss and texture of a ceramic tile and said continuous wear layer simulates the

gloss and texture of the surface of grout lines.
51. A surface covering having a natural wood, stone, marble, granite, or brick
appearance, comprising:

a backing layer;

a toam layer located on said backing layer;

a design layer located on said foam layer and having a design of natural wood,
stone, marble, grantte, or brick, wherein satd design includes chemically embossed joint or grout
lines;

a wear layer located on top ot said design layer and mechanically embossed with a

surface texture selected from natural wood, stone, marble, granite, and brick, wherein the surface

texture 1s mechanically embossed in the wear layer after first subjecting said wear layer to a sufficient
temperature to soften said wear layer; and
a top coat layer located on said embossed wear layer, wherein said top coat

comprises a cured resin, a suspension aid comprising silica, a polyamine amide, a polyamide, or an

unsaturated polycarboxylic acid; and wear-resistant particles dispersed therein.
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52. The surface covering of claim 51, wherein said wear layer comprises polyvinyl
chionde.
53. The surface covering of either of claims 51 or 52, wherein said top coat comprises

polyacrylic-urethane.
54. The surface covering of any of claims 51-53, wherein said joint or grout lines are
chemically embossed with a retarder composition compnising tolyl triazole, acrylic resin binder,

alcohol, and water.

55. The surface covening of any of claims §1-54, wherein said surface covering further

comprises a strengthening layer located between said backing layer and said foam layer.

56. The surface covering of any of claims 51-55, wherein a portion of said design

comprises a non-retarder ink composition.
57. A surface covering comprising:
a backing layer;
a foam layer located on said backing layer;

a design layer located on said foam layer and having a design, wherein said design

includes a chemically embossed portion;

a wear layer located on said design layer and mechanically embossed with a surface
texture, wherein the surface texture is mechanically embossed in the wear layer after first subjecting
sald wear layer to a sufficient temperature to soften said wear layer; and

a top coat located on said embossed wear layer, wherein said top coat comprises a

cured resin; a suspension aid comprising silica, a polyamine amide, a polyamide, or an unsaturated

polycarboxylic acid; and wear-resistant particles dispersed therein.
58. A surface covering having a natural wood, stone, marble, granite, or brick
appearance, comprising:

a backing layer;

a foam layer located on said backing layer;

a design layer located on said foam layer and having a design of natural wood,
stone, marble, granite, or brick, wherein said design includes chemically embossed joint or grout
lines;

a continuous wear layer located on top of said design Jayer and mechanically

embossed with a surface texture of natural wood, stone, marble, granite, or brick, wherein the

surface texture is mechanically emhossed in the wear layer after first subjecting said wear layer to a

sutficient temperature to soften said wear layer; and

a non-continuous top coat layer located on said embossed wear layer, wherein said

top coat layer overlies only the areas which have not been chemically embossed.

59. The surtace covering of claim 58, wherein a continuous top coat layer is located

between the embossed wear layer and the non-continuous top coat layer.
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60. The surface covering of claim 58, wherein said continuous top coat layer has wear

resistant particles dispersed therein.

61. The surface covering of either of claims 59 or 60, wherein said continuous top coat

layer and non-continuous top coat layer comprise a cured urethane.

62. The surface covering of any of claims 59-61, wherein said continuous top coat layer
and non-continuous top coat layer both contain wear resistant particles dispersed in each layer.

63. The surface covering of any of claims 59-62, wherein the difference in gloss level

between the non-continuous top coat layer and the continuous top coat layer is from about 15 to

about 95 as measured by a 60° glossmeter.

64. The surface covering of any of claims 59-63, wherein the difference in gloss level
between the non-continuous top coat layer and the continuous top coat layer is from about 35 to
about 55 as measured by a 60° glossmeter.

65. The surface covering of any of claims 5§9-64, wherein the continuous top coat layer

has a non-glossy appearance and the non-continuous top coat layer has a glossy appearance.
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