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FLOOR PAD WITH VARIABLE ABRASIVE DISTRIBUTION

BACKGROUND

Non-woven floor pads have been commercially available for many years. The
floor pads have a wide variety of types to provide many functions. Some pads are
extremely abrasive and are desirably used for wax stripping and cleaning floor surfaces
which are heavily encrusted with soil. Other floor pads are mildly abrasive and sometimes
used for daily maintenance and floor polishing. The different abrasive properties of the
pads are achieved by appropriate selection of the fibers, resin binders and abrasive
materials used in their construction. Stripping and cleaning pads are used on a rotary
machine at low rotational speed of 50rpm to 250rpm. Burnishing pads are normally used
on a rotary machine at high rotational speed of 1500rpm to 3000rpm.

Among all types of floor pads, uniform distribution of abrasives across the entire
surface and/or through the thickness of non-woven web is traditionally desired. One
exception is the ACS Cyclone® CYCLONE-D™ diamond pad. Diamonds are only
present on an outer circle of this pad. This is done primarily for economic reasons to
reduce the use of expensive diamonds by leaving the center uncovered by diamonds. Due
to the pad holder in the center of the diamond pad, the about 4” circle in the center of the
pad is not actually contacting the floor when the pad is mounted to a cleaning machine.

However, for both uniform abrasives coverage on a floor pad and the outer circle
coverage on the surface as described with respect to the ACS Cyclone® CYCLONE-D™
diamond pad, the scratch pattern on the floor generated by abrasives on the floor pad is not
uniform, due to velocity difference from center to edge of the pad and translational
movement of the floor scrubbing machine. These types of floor pads give a non-uniform
appearance on the floor when the floor pad is moving in one direction with self-rotation
around a central axis.

It is therefore desirable to develop a new floor pad that allows for superior control

of the uniformity of appearance due to abrasion of a floor or other surface.

SUMMARY OF THE INVENTION
In some embodiments of the present invention, a surface-treating article is

provided. The surface-treating article includes a circular substrate with a first major
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surface and an abrasive disposed on the first major surface. The abrasive has a first
concentration at a first radius measured from the center of the substrate, and the abrasive
having a second concentration not equal to the first concentration at a second radius
measured from the center of the substrate, where the first radius and the second radius
have different lengths.

In some embodiments, the surface-treating article includes a circular substrate
including natural fiber, a polyamide, a polyester, rayon, polyethylene, polypropylene, or a
combination thereof, having a first major surface and a single abrasive formulation
disposed on the first major surface. The single abrasive formulation has a first
concentration at a first radius, and the single abrasive formulation has a second
concentration at a second radius that is a different length than the first radius, where the
ratio of the first concentration to the second concentration ranges from about 2:1 to about
1.1:1.

In some embodiments, the surface-treating article includes a circular substrate
including natural fiber, a polyamide, a polyester, rayon, polyethylene, polypropylene, or a
combination thereof, having a first major surface and a single abrasive formulation
disposed on the first major surface. The single abrasive formulation has a first
concentration at a first radius, and a single abrasive formulation has a second
concentration at a second radius that is a different length than the first radius, where the
ratio of the first concentration to the second concentration ranges from about 1:1.2 to
about 1:2.2.

In some embodiments, a surface-treating article for controlling the amount of
material removed from a work-surface is provided. The surface-treating article includes a
circular substrate having a first major surface and an abrasive disposed on the first major
surface. The abrasive has a first concentration at a first radius measured from the center of
the substrate, and the abrasive having a second concentration not equal to the first
concentration at a second radius measured from the center of the substrate that is a
different length than the first radius, where the amount of material removed from a work-
surface by the surface-treating article is a function of the difference between the first
concentration and the second concentration.

Advantageously, the surface-treating articles described herein are able to achieve

more uniform finishes when used on a work-surface due to the radially non-uniform
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abrasive grain distribution on the surface-treating articles. In some embodiments, by
including multiple abrasive regions, each of which with a gradient distribution of abrasive
particles, fine control of the finish on a work surface can be achieved. Advantageously, by
placing more abrasives in a more effective working region, a higher removal rate from a

work surface can be achieved.

BRIEF DESCRIPTION OF THE FIGURES

In the drawings, which are not necessarily drawn to scale, like numerals describe
substantially similar components throughout the several views. Like numerals having
different letter suffixes represent different instances of substantially similar components.
The drawings illustrate generally, by way of example, but not by way of limitation, in
accordance various embodiments of the present invention.

FIG. 1ais a schematic of the surface-treating article showing a region with a first
and second abrasive concentration, in accordance with various embodiments.

FIG. 1b is a schematic of the surface-treating article showing a region with a first,
second, and third abrasive concentration, in accordance with various embodiments.

FIG. 2a is a uniform random grain distribution of 800 grains on a circular pad.

FIG. 2b is a uniform random grain distribution of 800 grains on a circular pad.

FIG. 2c¢ is a uniform random grain distribution of 800 grains on a circular pad.

FIG. 2d is a representative modeling result of the scratch pattern of a uniform grain
distribution of 800 grains on the circular pad, in accordance with various embodiments.

FIG. 3ais a radially non-uniform random gradient distribution of 800 grains on a
circular pad, where the center and edge of the pad have lower concentration of abrasive
grains, in accordance with various embodiments.

FIG. 3b is a radially non-uniform random gradient distribution of 800 grains on a
circular pad, where the center and edge of the pad have lower concentration of abrasive
grains, in accordance with various embodiments.

FIG. 3c is a radially non-uniform random gradient distribution of 800 grains on a
circular pad, where the center and edge of the pad have lower concentration of abrasive
grains, in accordance with various embodiments.

FIG. 3d is the radial distribution of abrasive grains, from the center of the pad (0)

to the edge of the pad (r), in accordance with various embodiments. T
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FIG. 3e is a representative modeling result of the scratch pattern of a radially non-
uniform grain distribution of 800 grains on the circular pad, according to some
embodiments.

FIG. 4a is a radially non-uniform random gradient distribution of 800 grains on a
circular pad, where the center and edge of the pad have higher concentration of the
abrasive grains, in accordance with various embodiments.

FIG. 4b is a radially non-uniform random gradient distribution of 800 grains on a
circular pad, where the center and edge of the pad have higher concentration of the
abrasive grains, in accordance with various embodiments.

FIG. 4c is a radially non-uniform random gradient distribution of 800 grains on a
circular pad, where the center and edge of the pad have higher concentration of the
abrasive grains, in accordance with various embodiments.

FIG. 4d is the radial distribution of abrasive grains, from the center of the pad (0)
to the edge of the pad (r), in accordance with various embodiments.

FIG. 4e is a representative modeling result of the scratch pattern of a radially non-
uniform grain distribution of 800 grains on the circular pad, according to some
embodiments.

FIG. 5 is a plotted the density of scratches on the floor across the pad for a
comparative pad (Sample 1) and two pads according to some embodiments (Samples 2
and 3).

FIG. 6 1s a plot of 60° gloss across the test lane on a vinyl composition tile (VCT)
tile with signature floor finish after scrubbing with a floor pad having uniform abrasive

grain distribution.

DETAILED DESCRIPTION OF THE INVENTION
Reference will now be made in detail to certain embodiments of the disclosed
subject matter, examples of which are illustrated in part in the accompanying drawings.
While the disclosed subject matter will be described in conjunction with the enumerated
claims, it will be understood that the exemplified subject matter is not intended to limit the
claims to the disclosed subject matter.
Throughout this document, values expressed in a range format should be

interpreted in a flexible manner to include not only the numerical values explicitly recited
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as the limits of the range, but also to include all the individual numerical values or sub-
ranges encompassed within that range as if each numerical value and sub-range is
explicitly recited. For example, a range of “about 0.1% to about 5%” or “about 0.1% to
5%7 should be interpreted to include not just about 0.1% to about 5%, but also the
individual values (e.g., 1%, 2%, 3%, and 4%) and the sub-ranges (e.g., 0.1% to 0.5%,
1.1% to 2.2%, 3.3% to 4.4%) within the indicated range. The statement “about X to Y”
has the same meaning as “about X to about Y,” unless indicated otherwise. Likewise, the
statement “about X, Y, or about Z” has the same meaning as “about X, about Y, or about
Z.” unless indicated otherwise.

2%

In this document, the terms “a,” “an,” or “the” are used to include one or more than
one unless the context clearly dictates otherwise. The term “or” is used to refer to a
nonexclusive “or” unless otherwise indicated. The statement “at least one of A and B” or
“at least one of A or B” has the same meaning as “A, B, or A and B.” In addition, it is to
be understood that the phraseology or terminology employed herein, and not otherwise
defined, is for the purpose of description only and not of limitation. Any use of section
headings is intended to aid reading of the document and is not to be interpreted as limiting;
information that is relevant to a section heading may occur within or outside of that
particular section.

In the methods described herein, the acts can be carried out in any order without
departing from the principles of the invention, except when a temporal or operational
sequence is explicitly recited. Furthermore, specified acts can be carried out concurrently
unless explicit claim language recites that they be carried out separately. For example, a
claimed act of doing X and a claimed act of doing Y can be conducted simultaneously
within a single operation, and the resulting process will fall within the literal scope of the
claimed process.

The term “about” as used herein can allow for a degree of variability in a value or
range, for example, within 10%, within 5%, or within 1% of a stated value or of a stated
limit of a range, and includes the exact stated value or range.

The term “substantially” as used herein refers to a majority of, or mostly, as in at
least about 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.9%,
99.99%, or at least about 99.999% or more, or 100%. The term “substantially free of” as

used herein can mean having none or having a trivial amount of, such that the amount of
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material present does not affect the material properties of the composition including the
material, such that the composition is about 0 wt% to about 5 wt% of the material, or
about 0 wt% to about 1 wt%, or about 5 wt% or less, or less than, equal to, or greater than
about 4.5 wt%, 4,3.5,3,2.5,2,15,1,0.9,0.8,0.7,0.6,0.5,04,0.3,0.2,0.1,0.01, or
about 0.001 wt% or less. The term “substantially free of” can mean having a trivial
amount of, such that a composition is about 0 wt% to about 5 wt% of the material, or
about 0 wt% to about 1 wt%, or about 5 wt% or less, or less than, equal to, or greater than
about 4.5 wt%, 4,3.5,3,2.5,2,15,1,0.9,0.8,0.7,0.6,0.5,04,0.3,0.2,0.1,0.01, or
about 0.001 wt% or less, or about 0 wt%.

The term “surface” as used herein refers to a boundary or side of an object,
wherein the boundary or side can have any perimeter shape and can have any three-
dimensional shape, including flat, curved, or angular, wherein the boundary or side can be
continuous or discontinuous.

As used herein, the term “polymer” refers to a molecule having at least one
repeating unit and can include copolymers.

The term “abrasive,” as used herein, refers to abrasive particles suitable for use as
an abrasive coating on the surface-treating article described herein, abrasive particles
within the interior of the surface-treating article, abrasive particles both on the surface and
in the interior of the surface-treating article, or to resins and other polymeric materials on
the surface, in the interior, or both on the surface and in the interior of the surface-treating
article that have a hardness measured on the Mohs hardness scale that is greater than the
hardness of the surface-treating article itself. Exemplary abrasive particles include both
naturally occurring and synthetically formed particles, such as fused aluminum oxide
based materials such as aluminum oxide, ceramic aluminum oxide (which may include
one or more metal oxide modifiers and/or seeding or nucleating agents), heat-treated
aluminum oxide, silicon carbide, co-fused alumina-zirconia, diamond, ceria, titanium
diboride, cubic boron nitride, boron carbide, garnet, flint, emery, sol-gel derived abrasive
particles, novaculite, pumice, rouge, sand, corundum, sandstone, tripoli, powdered
feldspar, staurolite, ceramic iron oxide, glass powder, steel particles, and blends thereof.
Exemplary resins and polymeric materials suitable for use as an abrasive material in the
surface-treating article described herein include melamine resin, polyester resin such as

the condensation product of maleic and phthalic anhydrides and propylene glycol,
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synthetic polymers such as styrene-butadiene (SBR) copolymers, carboxylated-SBR
copolymers, phenol-aldehyde resins, polyesters, polyamides, polyureas, polyvinylidene
chloride, polyvinyl chloride, acrylic acid-methylmethacrylate copolymers, acetal
copolymers, polyurethanes, and mixtures and cross-linked versions thereof.

The term “single abrasive formulation,” as used herein, refers material that can
contain a single abrasive as defined herein or a mixture of abrasives. A single abrasive
formulation can contain a distribution of abrasive particle sizes and shapes of any one of
the abrasive materials described herein. The single abrasive formulation can also include
fillers such as talc, calcium carbonate, etc., which can also possess abrasive properties, but
can have lower abrasiveness and lower hardness than the abrasive particles described
above.

As used herein, the term “free of intentionally included abrasive” refers to a region
may have some small amount of adventitiously deposited abrasive due to deposition of
abrasive at an adjacent region.

As used herein, the term “radius” refers to a length on a circular surface that
extends from the center of the surface to another portion of the surface, or to a length that
originates at a point on the circular surface that is not the center of the surface and extends
to another point on the surface.

As used herein, the term “non-working region” refers to a portion of the surface-
treating article that does not touch a work-surface, such as a floor, when the surface-
treating article is used to, for example, abrade or polish the work-surface.

As used herein, the term “working region” refers to a portion of the surface-
treating article that is in contact with a work-surface, such as a floor, when the surface-

treating article is used to, for example, abrade or polish the work-surface.

Surface-treating article.

In some embodiments, a surface-treating article is provided. The surface-treating
article includes a circular substrate with a first major surface and an abrasive disposed on
the first major surface. The abrasive has a first concentration at a first radius measured
from the center of the substrate, and the abrasive has a second concentration not equal to

the first concentration at a second radius measured from the center of the substrate, where
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the first radius and the second radius have different lengths. In some embodiments, the
surface-treating article has a working region and a non-working region.

A surface-treating article according to some embodiments is shown in FIG. 1a. In
FIG. 1a, circular substrate (100) has a first radius (110) and a second radius (120), where
the second radius is longer than the first radius. The two radii define an abrasive region
(130) that has a first concentration at the edge corresponding to the end point of the first
radius and a second concentration at the edge corresponding to the endpoint of the second
radius. The concentration gradient in the abrasive region (130) can either increase from
the first concentration to the second concentration (i.e. the first concentration is lower than
the second concentration), or decrease from the first concentration to the second
concentration (i.e. the first concentration is higher than the second concentration). The
circular substrate (100) has a central region (140) that does not have any intentionally
deposited abrasive. The pattern in FIG. 1a only indicates where abrasive is disposed on
the surface-treating article, but does not illustrate a gradient of abrasive at different radii
on the circular substrate.

The circular substrate can have any size that is suitable for the abrading, scouring,
finishing, sanding, or polishing applications that it is used for. In some embodiments, the
substrate can have a diameter of about 1 inch to about 50 inches, or about 4 inches to
about 40 inches, or about 5 inches to about 30 inches, or about 6 inches to about 20 inches,
or any range or sub-range between these values. In some embodiments, the substrate has a
diameter of 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, or 50 inches, or any
range or sub-range between these values. In some embodiments, the substrate has a
diameter of about 12 inches to about 27 inches. In some embodiments, the substrate has a
diameter of about 4 inches to about 27 inches. The circular substrate can have a thickness
ranging from about 0.01 inches to about 1 inches, about 0.1 inches to about 0.9 inches,
about 0.2 inches to about 0.8 inches, about 0.3 inches to about 0.7 inches, or about 0.3
inches to about 0.6 inches, or ay range or sub-range between these values. In some
embodiments, the circular substrate has a thickness 0.05, 0.1, 0.15,0.2, 0.3, 0.4, 0.5, 0.6,
0.7,0.8, 0.9, or 1.0 inches, or any range or sub-range between these values. In some
embodiments, the substrate has a thickness of about 0.25 inches to about 1 inch. In some

embodiments, the substrate has a thickness of about 0.025 inches to about 0.07 inches.
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The substrate can include a web open, lofty, three-dimensional nonwoven fibers,
including natural and synthetic fibers. In some embodiments, the substrate comprises
natural fiber (e.g., vegetable fibers such as hemp, jute, and the like; animal hair fibers,
such as hog’s hair), a polyamide (e.g., a nylon), a polyester (e.g., polyethylene
terephthalate or polyethylene isophthalate), rayon, polyethylene, polypropylene, a
synthetic fiber, or a combination thereof. Synthetic fibers include polymers derived from
natural sources, such as polylactic acid derived from corn. The substrate can be a non-
woven web, including a plurality of fibers, which are adhered to each other at their joints
of mutual contact by a binder and/or by being melt-bonded. In other instances, the
substrate can be a variety of materials, including paper, woven fabrics, nonwoven fabrics,
calendared nonwoven fabrics, polymeric films, stitch-bonded fabrics, open cell foams,
closed cell foams, and combinations thereof.

In some embodiments, the abrasive includes abrasive grains. The abrasive grains
can be any of the abrasive particle materials described herein, such as aluminum oxide,
ceramic aluminum oxide, heat-treated aluminum oxide, silicon carbide, co-fused alumina-
zirconia, diamond, ceria, titanium diboride, cubic boron nitride, boron carbide, garnet,
flint, emery, sol-gel derived abrasive particles, novaculite, pumice, rouge, sand, corundum,
sandstone, tripoli, powdered feldspar, staurolite, ceramic iron oxide, glass powder, steel
particles, and blends thereof. In some embodiments, the abrasive is a single abrasive
formulation. The abrasive can also include resins. Exemplary resins suitable for use as an
abrasive material in or on a major surface of the surface-treating article described herein
include melamine resin, polyester resin such as the condensation product of maleic and
phthalic anhydrides and propylene glycol, synthetic polymers such as styrene-butadiene
(SBR) copolymers, carboxylated-SBR copolymers, phenol-aldehyde resins, polyesters,
polyamides, polyureas, polyvinylidene chloride, polyvinyl chloride, acrylic acid-
methylmethacrylate copolymers, acetal copolymers, polyurethanes, and mixtures and
cross-linked versions thereof.

In some embodiments, the substrate further includes a second major surface. The
second major surface, in some embodiments, can be the side of the surface-treating article
opposite to the first major surface. The second major surface can have any suitable
abrasive described herein disposed on it. In some embodiments, the second major surface

has a greater hardness than the substrate as measured on Mohs scale. The second major
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surface can have disposed on it any abrasive suitable for use in the first major surface,
including melamine resin, polyester resin such as the condensation product of maleic and
phthalic anhydrides and propylene glycol, synthetic polymers such as styrene-butadiene
(SBR) copolymers, carboxylated-SBR copolymers, phenol-aldehyde resins, polyesters,
polyamides, polyureas, polyvinylidene chloride, polyvinyl chloride, acrylic acid-
methylmethacrylate copolymers, acetal copolymers, polyurethanes, and mixtures and
cross-linked versions thereof. The substrate can also have resin or polymeric materials
disposed within the interior of the surface-treating article. The resin or polymeric material
can give the surface-treating article additional structural rigidity and provides finishing
capability.

The abrasive or single abrasive formulation can be applied to the surface of the
substrate in a coating using any suitable coating techniques, such as spray coating or roll
coating. In some instances, particularly where the substrate is porous, when the abrasive is
disposed on the first major surface or second major surface of the surface-treating article,
it may penetrate into the interior of the surface-treating article to a depth less than the
thickness of the surface-treating article. In some embodiments, at least some of the
abrasive or single abrasive formulation can be present in the interior of or throughout the
surface-treating article. The abrasive or single abrasive formulation can be present on the
first major surface, the second major surface, the interior of the surface-treating article, or
any combination thereof. The coating containing the abrasive or single abrasive
formulation can be deposited on the first or second major surface of the surface-treating
article so that a radially non-uniform gradient of the abrasive or single abrasive
formulation is formed.

The coating can include the abrasive or single abrasive formulation, together with
binders, fillers, crosslinkers, or other additives suitable for use in such substrates. Suitable
additives can include an organic solvent, a surfactant, an emulsifier, a dispersant, a
crosslinking agent, a catalyst, a rheology modifier, a density modifier, a cure modifier, a
free radical initiator, a diluent, an antioxidant, a heat stabilizer, a flame retardant, a
plasticizer, filler, a polishing aid, an inorganic particle, a pigment, a dye, an adhesion
promoter, antistatic additives, or a combination thereof. The coating can be a curable

coating composition.
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In some embodiments, the first concentration and second concentration of the
abrasive are greater than zero. In some embodiments, the first concentration is greater
than the second concentration. In some embodiments, the second concertation is greater
than the first concentration.

The ratio of the first concentration to the second concentration can range from
about 10:1 to about 1:10. In some embodiments, the ratio of the first concentration to the
second concentration can range from about 9:1 to about 1:9, from about 8:1 to about 1:8,
from about 7:1 to about 1:7, from about 6:1 to about 1:6, from about 5:1 to about 1:5, from
about 4:1 to about 1:4, from about 3:1 to about 1:3, from about 2:1 to about 1:2, or any
range or sub-range between these values. In some embodiments, the ratio of the first
concentration to the second concentration can range from about 2:1 to about 1.1:1. In
some embodiments, ratio of the first concentration to the second concentration can range
from about 1.8:1 to about 1.4:1. In some embodiments, the ratio of the first concentration
to the second concentration ranges from about 1:1.2 to about 1:2.2. In some embodiments,
the ratio of the first concentration to the second concentration ranges from about 1:1.5 to
about 1:2.

In some embodiments, the length of the first radius is less than the length of the
second radius. In some embodiments, the second radius extends from the edge of the
substrate to the end of the first radius. The first radius or the second radius can be from
about 0.5 to about 25 inches, about 2 to about 21, about 3 to about 19, about 4 to about 17,
about 5 to about 16, about 6 to about 13, or about 7 to about 11 inches in length. In some
embodiments, the first radius is about 1,2, 3, 4,5,6,7, 8,9, 10, 11, or about 12 inches in
length. In some embodiments, the second radius is about 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, or
about 12 inches in length. In some embodiments, the ratio of the first concentration to the
second concentration ranges in a gradient distribution.

In some embodiments, a concentration of the abrasive at the first radius to the
second radius decreases from the first concentration in a gradient distribution to the second
concentration. For example, FIG. 4d depicts a concentration gradient where the first
concentration at a radius of 2 inches decreases along a gradient to a lower concentration at
a radius of 6 inches.

In some embodiments, a concentration of the abrasive at the first radius to the

second radius increases from the first concentration in a gradient distribution to the second
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concentration. For example, FIG. 3d depicts a concentration gradient where the first
concentration at a radius of 2 inches increases along a gradient to a higher concentration at
a radius of 6 inches.

In some embodiments, the first concentration or the second concentration is a
maximum abrasive concentration of the first major surface of the surface-treating article.
In some embodiments, the first concentration or the second concentration is a minimum
abrasive concentration of the first major surface of the surface-treating article. FIGS. 2d
and 3d show both maximum and minimum first concentrations and second concentrations.
In FIGS. 2d and 3d, the maximum concentration has been normalized to a value of 100.

FIG. 3d shows a first concentration that is a minimum, and a second concentration
that is a maximum. In FIG. 3d the minimum concentration is 60% of the maximum
concentration. FIG. 4d shows a first concentration that is a maximum, and a second
concentration that is a minimum. In FIG. 4d the minimum concentration is 55% of the
maximum concentration.

In some embodiments, the first major surface includes a central region
substantially free of intentionally included abrasive. The central region of the first major
surface is the portion of the surface-treating article that is mounted on or attached to a
machine or apparatus adapted to rotate and/or translate the surface-treating article to effect
abrading or polishing a work-surface. When the surface-treating article is configured the
on the machine or apparatus, the central region can be punched out. For this reason
depositing any abrasive on this region is economically wasteful. The area of the central
region can be from about 1% to about 15%, about 2% to about 13%, about 3% to about
11%, or about 4% to about 9% of the total area of the surface treating article. In some
embodiments, the central region can be 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, or 15% of the total surface area of the surface-treating article, or
any range or sub-range in between these values.

In some embodiments, the surface-treating article further includes an abrasive
having a third concentration at a third radius measured from the center of the substrate. In
some embodiments, the first and third concentrations are both greater than the second
concentration, and the length of the second radius is between the length of the first radius

and the third radius. In some embodiments, the first and third concentrations are both less
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than the second concentration, and the length of the second radius is between the length of
the first radius and the third radius.

The gradient distribution of the abrasive can have a sinusoidal or parabolic shape,
such that the maximum abrasive concentration occurs at the first concentration and the
first radius, the minimum concentration occurs at a second concentration and the second
radius, and a maximum concentration occurs at a third concentration and the third radius.
The gradient distribution of the abrasive can also have a sinusoidal or parabolic shape,
such that the minimum abrasive concentration occurs at the first concentration and the first
radius, the maximum concentration occurs at a second concentration and the second
radius, and the minimum concentration occurs at a third concentration and the third radius.

A surface-treating article having a first, second, and third concentration and radius
is shown in FIG. 1b. In FIG. 1b, circular substrate (200) has a first radius (210), a second
radius (220), and a third radius (230), where the second radius is longer than the first
radius, and the third radius is longer than the second radius. The three radii define
abrasive regions (250 and 260) that have a first concentration at the edge corresponding to
the end point of the first radius, a second concentration at the edge corresponding to the
endpoint of the second radius, and a third concentration at the edge corresponding to the
endpoint of the third radius. The concentration gradient in the abrasive region (250) can
either increase from the first concentration to the second concentration (i.e. the first
concentration is lower than the second concentration), or decrease from the first
concentration to the second concentration (i.e. the first concentration is higher than the
second concentration). Similarly the concentration in the abrasive region (260) can either
increase from the second concentration to the third concentration (i.e. the second
concentration is lower than the third concentration), or decrease from the second
concentration to the third concentration (i.e. the second concentration is higher than the
third concentration). The circular substrate (200) has a central region (240) that does not
have any intentionally deposited abrasive. The pattern in FIG. 1b only indicates where
abrasive is disposed on the surface-treating article, but does not illustrate a gradient of
abrasive at different radii on the circular substrate.

The number of regions having a particular abrasive concentration is not limited, so
that the surface-treating article can have a fourth concentration at a fourth radius, a fifth

concentration at a fifth radius, and so forth. In some embodiments, the concentration of
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abrasive can also be substantially zero at a particular radius, so that the surface-treating
article can include regions of abrasive with a gradient distribution interspersed with
regions where no abrasive is intentionally deposited. Regions having no abrasive can still
have small adventitious amounts of abrasive at the edge where the abrasive-free region
meets a region containing abrasive.

In some embodiments, the surface-treating article includes a circular substrate that
can include natural fiber, a polyamide, a polyester, rayon, polyethylene, polypropylene, or
a combination thereof and having a first major surface. The first major surface includes a
single abrasive formulation having a first concentration at a first radius, and a single
abrasive formulation having a second concentration at a second radius that is a different
length than the first radius, where the ratio of the first concentration to the second
concentration ranges from about 2:1 to about 1.1:1.

In some embodiments, the surface-treating article includes a circular substrate that
can include natural fiber, a polyamide, a polyester, rayon, polyethylene, polypropylene, or
a combination thereof and having a first major surface. The first major surface includes a
single abrasive formulation having a first concentration at a first radius, and a single
abrasive formulation having a second concentration at a second radius that is a different
length than the first radius, where the ratio of the first concentration to the second
concentration ranges from about 1:1.2 to about 1:2.2.

In some embodiments, a surface-treating article for controlling the amount of
material removed from a work-surface is provided. The surface-treating article includes a
circular substrate having a first major surface. The first major surface includes an abrasive
having a first concentration at a first radius measured from the center of the substrate, and
the abrasive having a second concentration not equal to the first concentration at a second
radius measured from the center of the substrate that is a different length than the first
radius, where the amount of material removed from a work-surface by the surface-treating
article is a function of the difference between the first concentration and the second
concentration.

In some embodiments, the pattern of material removed from the work-surface by
the surface-treating article is a function of the difference between the first concentration
and the second concentration. The overall pattern of material removed from the work-

surface is produce by a combination of regions of lower first concentration and higher
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second concentration or regions of higher first concentration and lower second
concentration. As, discussed herein, there is no limitation as to the number of regions on
the surface-treating article, and the pattern of material removed from the work-surface will
also depend on the number of non-radial abrasive gradient distributions on the entire
surface of the surface-treating article.

The work-surface can be any surface that requires controlled removal of material
such as wood, stone, metal, ceramic, glass, mineral, cured polymer, or combinations
thereof.

The work-surface can include resilient floor, vinyl composition tile (VCT) tile,
laminate, hardwood, seamless polymer floor, etc. and surfaces that have been treated with

coatings.

Examples
Various embodiments of the present invention can be better understood by
reference to the following Examples which are offered by way of illustration. The present

invention is not limited to the Examples given herein.

Modeling.

Modeling was used to simulate the situation of a floor pad scrubbing on the floor.
A 20 inch circular pad with uniform abrasive grain distribution was calculated first. The
pad self-rotational speed of 200rpm and its translational speed of 72 feet per minute were
used in the modeling to simulate the actual conditions of a floor pad under the floor

scrubbing machine.

Comparative Example 1.

A pad having a uniform abrasive grain distribution was modeled. There were 800
abrasive grains in total and three randomizations of the abrasive grains were generated.

Three random uniform abrasive grain distributions on a circular pad are shown in
FIGS. la-1c. FIG. 2d shows a representative modeling result. The pad was rotated
courter clock-wise at a speed of 200 rpm and a translational speed of 72 feet per minute (to

the right). One side of the pad has higher density of scratches, and both center and edge of



10

15

20

25

30

WO 2019/025883 PCT/IB2018/055037
16

the pad have lower density of the pad. A pad with uniform abrasive grain distribution
does not provide a uniform scratch pattern on the floor.

Example 2.

A pad having a radially non-uniform abrasive grain distribution was modeled.
There were 800 abrasive grains in total and three randomizations of the abrasive grains
were generated.

Three random radially non-uniform random gradient distributions on a circular pad
are shown in FIGS. 2a-2c. The center and edge of the pad have lower concentration of
abrasive grains than the middle portion of the pad.

The radial distribution of abrasive grains, from the center of the pad (0) to the edge
of the pad (r), is shown in FIG. 3d. The distribution is gradient distribution having a
normalized maximum abrasive grain concentration at the portion in the distribution curve
marked 100. The abrasive grain concentration decreases on either side of the maximum
point in a continuous gradient.

A representative modeling result of the scratch pattern of a radially non-uniform
grain distribution of 800 grains on a circular pad is shown in FIG. 3e. The pad was rotated
courter clock-wise at a speed of 200 rpm and a translational speed of 72 feet per minute (to
the right). This embodiment shows a higher density of scratches in the middle (between

center and edge of the pad), which is the most effective working area.

Example 3.

A pad having a radially non-uniform abrasive grain distribution was modeled.
There were 800 abrasive grains in total and three randomizations of the abrasive grains
were generated.

Three random radially non-uniform random gradient distributions on a circular pad
are shown in FIGS. 3a-3c. The center and edge of the pad have higher concentration of
the abrasive grains than the middle portion of the pad.

The radial distribution of abrasive grains, from the center of the pad (0) to the edge
of the pad (r), is shown in FIG. 4d. The distribution is gradient distribution having a
normalized maximum abrasive grain concentration at the portions in the distribution curve
marked 100. The abrasive grain concentration decreases between the maximum points in

a continuous gradient.
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A representative modeling result of the scratch pattern of a radially non-uniform
grain distribution of 800 grains on the circular pad is shown in FIG. 4e. The pad is rotated
courter clock-wise at a speed of 200 rpm and a translational speed of 72 feet per minute (to
the right). This embodiment shows a more uniform distribution of scratches, which will
allow a more uniform appearance on the floor.

The density of scratches on a floor is shown in FIG. 5. FIG. 5 plots Sample 1
(uniform grain distribution), Sample 2 (radially non-uniform gradient distribution with
maximum abrasive concentration in the middle of the pad and minimum abrasive
concertation at the center and edge of the pad), and Sample 3 (radially non-uniform
gradient distribution with minimum abrasive concentration in the middle of the pad and
maximum abrasive concertation at the center and edge of the pad). Standard deviations
for Samples 1, 2, and 3 are 14.05, 18.55, and 9.48, respectively. The scratch pattern of
Sample 3 is more uniform across the floor with smaller standard deviation, Sample 2 with
more abrasive grains in the middle of the pad showed more scratches in the most effective

working zone.

Example 4. Sample Preparation.

3M™ Aqua™ 3100 Floor Pad (20 inches) were used as a starting material. Such
pads are available from 3M Company, St. Paul, MN, USA. The fibers constituting the pad
are held together at their points of mutual contact by a primary polymer resin. The pad is
flexible and resilient and contains polyester fibers.

A homogenous polymer resin mixture was prepared, consisting of 292.5 grams of
Phenol resin BBO77a (available from Arclin USA, LLC, Roswell, Georgia, 300076), 511.2
grams of aluminum oxides 240f (available from Washington Mills, Niagara Falls, NY,
14302), and 196.3 grams of water. The resin mixture was evenly sprayed onto one of the
surfaces of the 20 inch floor pad by hand using a standard type compressed air spray gun
(normally used for spraying paint) with above mixture. The wet (uncured resin) add-on

weight thereafter weighed 81 grams.

Testing.

The test area was prepared by coating a bare vinyl composition tile (VCT) floor

with 4 coats of Signature floor finish (available from Sealed Air, Charlotte, NC, 28273) at
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a rate of 2000 sq. ft per gallon and allowed to cure 2 days before testing. Each of
Examples was mounted on a Tennant T300 auto scrubber filled with water only. After
conditioning the pad by running for 15 linear feet, the sample was used to scrub a test lane
at ~72 feet per minute at the high-pressure setting.

A series of 60° Gloss measurements were taken using a Rhopoint 1Q 20/60 meter.
The meter was aligned perpendicular to the test lane and 19 readings were taken at
intervals of 17 across the width of the test lane. The meter was also aligned parallel to the
test lane and 19 readings were taken at intervals of 17 across the width of the test lane.
FIG. 6 plotted the 60° gloss data across the test lane.

The modeling data of the floor pad with uniform abrasive gain distribution
(Sample 1 in FIG. 5) matched very well with this experimental data on 60° Gloss. FIG. 6
is a plot of 60° Gloss across the test lane on a vinyl composition tile (VCT) tile with
signature floor finish after scrubbing with a floor pad having uniform abrasive grain
distribution.

The terms and expressions that have been employed are used as terms of
description and not of limitation, and there is no intention in the use of such terms and
expressions of excluding any equivalents of the features shown and described or portions
thereof, but it is recognized that various modifications are possible within the scope of the
embodiments of the present invention. Thus, it should be understood that although the
present invention has been specifically disclosed by specific embodiments and optional
features, modification and variation of the concepts herein disclosed may be resorted to by
those of ordinary skill in the art, and that such modifications and variations are considered
to be within the scope of embodiments of the present invention.

Embodiment 1 provides a surface-treating article, comprising: a circular substrate
comprising a first major surface; an abrasive disposed on the first major surface; the
abrasive having a first concentration at a first radius measured from the center of the
substrate, the abrasive having a second concentration not equal to the first concentration at
a second radius measured from the center of the substrate, wherein the first radius and the
second radius are different lengths.

Embodiment 2 provides the he surface-treating article of embodiment 1, wherein

the substrate comprises a web of open, lofty, nonwoven fibers.
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Embodiment 3 provides the surface-treating article of embodiments 1-2, wherein
the substrate comprises natural fiber, a polyamide, a polyester, rayon, polyethylene,
polypropylene, a synthetic fiber, or a combination thereof.

Embodiment 4 provides the surface-treating article of embodiments 1-3, wherein
the abrasive comprises abrasive grains.

Embodiment 5 provides the surface-treating article of embodiments 1-4, wherein
the abrasive is a single abrasive formulation.

Embodiment 6 provides the surface-treating article of embodiments 1-5, wherein
the substrate further comprises a second major surface.

Embodiment 7 provides the surface-treating article of embodiments 1-6, wherein
the second major surface has a greater hardness than the substrate.

Embodiment 8 provides the surface-treating article of embodiments 1-7, wherein
the first concentration and second concentration are greater than zero.

Embodiment 9 provides the surface-treating article of embodiments 1-8, wherein
the length of the first radius is less than the length of the second radius.

Embodiment 10 provides the surface-treating article of embodiments 1-9, wherein
the second radius extends from the edge of the substrate to the end of the first radius.

Embodiment 11 provides the surface-treating article of embodiments 1-10, wherein
the first concentration is greater than the second concentration.

Embodiment 12 provides the surface-treating article of embodiments 1-11, wherein
the second concertation is greater than the first concentration.

Embodiment 13 provides the surface-treating article of embodiments 1-12, wherein
a concentration of the abrasive at the first radius to the second radius decreases from the
first concentration in a gradient distribution to the second concentration.

Embodiment 14 provides the surface-treating article of embodiments 1-13, wherein
a concentration of the abrasive at the first radius to the second radius increases from the
first concentration in a gradient distribution to the second concentration.

Embodiment 15 provides the surface-treating article of embodiments 1-14, wherein
the first concentration or the second concentration is a maximum abrasive concentration of

the first major surface of the surface-treating article.
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Embodiment 16 provides the surface-treating article of embodiments 1-15, wherein
the first concentration or the second concentration is a minimum abrasive concentration of
the first major surface of the surface-treating article.

Embodiment 17 provides the surface-treating article of embodiments 1-16, wherein
the first major surface comprises a central region substantially free of intentionally
included abrasive.

Embodiment 18 provides the surface-treating article of embodiments 1-17, wherein
the ratio of the first concentration to the second concentration ranges from about 10:1 to
about 1:10.

Embodiment 19 provides the surface-treating article of embodiments 1-18, wherein
the ratio of the first concentration to the second concentration ranges in a gradient
distribution.

Embodiment 20 provides the surface-treating article of embodiments 1-19, wherein
the ratio of the first concentration to the second concentration ranges from about 2:1 to
about 1.1:1.

Embodiment 21 provides the surface-treating article of embodiments 1-20, wherein
the ratio of the first concentration to the second concentration ranges from about 1.8:1 to
about 1.4:1.

Embodiment 22 provides the surface-treating article of embodiments 1-21, wherein
the ratio of the first concentration to the second concentration ranges from about 1:1.2 to
about 1:2.2.

Embodiment 23 provides the surface-treating article of embodiments 1-22, wherein
the ratio of the first concentration to the second concentration ranges from about 1:1.5 to
about 1:2

Embodiment 24 provides the surface-treating article of embodiments 1-23, further
comprising an abrasive having a third concentration at a third radius measured from the
center of the substrate.

Embodiment 25 provides the surface-treating article of embodiments 1-24, wherein
the first and third concentrations are both greater than the second concentration, and the

length of the second radius is between the length of the first radius and the third radius.
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Embodiment 26 provides the surface-treating article of embodiments 1-25, wherein
the first and third concentrations are both less than the second concentration, and the
length of the second radius is between the length of the first radius and the third radius.

Embodiment 27 provides a surface-treating article, comprising: a circular substrate
comprising natural fiber, a polyamide, a polyester, rayon, polyethylene, polypropylene, or
a combination thereof and having a first major surface; a single abrasive formulation
disposed on the first major surface; the single abrasive formulation having a first
concentration at a first radius, the single abrasive formulation having a second
concentration at a second radius that is a different length than the first radius, wherein a
ratio of the first concentration to the second concentration ranges from about 2:1 to about
1.1:1.

Embodiment 28 provides a surface-treating article, comprising: a circular substrate
comprising natural fiber, a polyamide, a polyester, rayon, polyethylene, polypropylene, or
a combination thereof and having a first major surface; a single abrasive formulation
disposed on the first major surface; the single abrasive formulation having a first
concentration at a first radius measured from the center of the substrate; the single
abrasive formulation having a second concentration at a second radius measured from the
center of the substrate that is a different length than the first radius, wherein a ratio of the
first concentration to the second concentration is 1:1.2 to about 1:2.2.

Embodiment 29 provides a surface-treating article for controlling the amount of
material removed from a work-surface, comprising: a circular substrate comprising a first
major surface; an abrasive disposed on the first major surface; the abrasive having a first
concentration at a first radius measured from the center of the substrate, the abrasive
having a second concentration not equal to the first concentration at a second radius
measured from the center of the substrate that is a different length than the first radius;
wherein the amount of material removed from a work-surface by the surface-treating
article is a function of the difference between the first concentration and the second
concentration.

Embodiment 30 provides he surface-treating article of embodiment 29, wherein the
pattern of material removed from the work-surface by the surface-treating article is a

function of the difference between the first concentration and the second concentration.
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Embodiment 31 provides the surface-treating article of embodiments 29-30,
wherein the work-surface comprises wood, stone, metal, ceramic, glass, mineral, cured

polymer, or combinations thereof.
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What is claimed is:

1. A surface-treating article, comprising:
a circular substrate comprising a first major surface;
an abrasive disposed on the first major surface;
the abrasive having a first concentration at a first radius measured from the
center of the substrate,
the abrasive having a second concentration not equal to the first
concentration at a second radius measured from the center of the substrate, wherein the

first radius and the second radius are different lengths.

2. The surface-treating article of claim 1, wherein the substrate comprises a web

open, lofty, nonwoven fibers.

3. The surface-treating article of claim 1, wherein the substrate comprises natural
fiber, a polyamide, a polyester, rayon, polyethylene, polypropylene, a synthetic fiber, or a

combination thereof.

4. The surface-treating article of claim 1, wherein the abrasive comprises abrasive

grains.

5. The surface-treating article of claim 4, wherein the abrasive is a single abrasive

formulation.

6. The surface-treating article of claim 1, wherein the substrate further comprises a

second major surface.

7. The surface-treating article of claim 1, wherein the second major surface has a

greater hardness than the substrate.

8. The surface-treating article of claim 1, wherein the first concentration and second

concentration are greater than zero.
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0. The surface-treating article of claim 1, wherein the length of the first radius is less
than the length of the second radius.
10.  The surface-treating article of claim 1, wherein the second radius extends from the

edge of the substrate to the end of the first radius.

11.  The surface-treating article of claim 1, wherein the first concentration is greater

than the second concentration.

12. The surface-treating article of claim 1, wherein the second concertation is greater

than the first concentration.

13.  The surface-treating article of claim 1, wherein a concentration of the abrasive at
the first radius to the second radius decreases from the first concentration in a gradient

distribution to the second concentration.

14.  The surface-treating article of claim 1, wherein a concentration of the abrasive at
the first radius to the second radius increases from the first concentration in a gradient

distribution to the second concentration.

15. The surface-treating article of claim 1, wherein the first concentration or the
second concentration is a maximum abrasive concentration of the first major surface of the

surface-treating article.

16. The surface-treating article of claim 1, wherein the first concentration or the
second concentration is a minimum abrasive concentration of the first major surface of the

surface-treating article.

17. The surface-treating article of claim 1, wherein the first major surface comprises a

central region substantially free of intentionally included abrasive.
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18.  The surface-treating article of claim 1, wherein the ratio of the first concentration

to the second concentration ranges from about 10:1 to about 1:10.

19.  The surface-treating article of claim 17, wherein the ratio of the first concentration

to the second concentration ranges in a gradient distribution.

20.  The surface-treating article of claim 1, wherein the ratio of the first concentration

to the second concentration ranges from about 2:1 to about 1.1:1.

21.  The surface-treating article of claim 19, wherein the ratio of the first concentration

to the second concentration ranges from about 1.8:1 to about 1.4:1.

22.  The surface-treating article of claim 1, wherein the ratio of the first concentration

to the second concentration ranges from about 1:1.2 to about 1:2.2.

23.  The surface-treating article of claim 21, wherein the ratio of the first concentration

to the second concentration ranges from about 1:1.5 to about 1:2

24, The surface-treating article of claim 1, further comprising an abrasive having a

third concentration at a third radius measured from the center of the substrate.

25.  The surface-treating article of claim 24, wherein the first and third concentrations
are both greater than the second concentration, and the length of the second radius is

between the length of the first radius and the third radius.

26.  The surface-treating article of claim 24, wherein the first and third concentrations
are both less than the second concentration, and the length of the second radius is between

the length of the first radius and the third radius.

27. A surface-treating article, comprising:
a circular substrate comprising natural fiber, a polyamide, a polyester, rayon,

polyethylene, polypropylene, or a combination thereof and having a first major surface;
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a single abrasive formulation disposed on the first major surface;

the single abrasive formulation having a first concentration at a first radius,

the single abrasive formulation having a second concentration at a second
radius that is a different length than the first radius, wherein a ratio of the first

concentration to the second concentration ranges from about 2:1 to about 1.1:1.

28. A surface-treating article, comprising:
a circular substrate comprising natural fiber, a polyamide, a polyester, rayon,

polyethylene, polypropylene, or a combination thereof and having a first major surface;

a single abrasive formulation disposed on the first major surface;

the single abrasive formulation having a first concentration at a first radius
measured from the center of the substrate;

the single abrasive formulation having a second concentration at a second
radius measured from the center of the substrate that is a different length than the first
radius, wherein a ratio of the first concentration to the second concentration is 1:1.2 to

about 1:2.2.

29. A surface-treating article for controlling the amount of material removed from a
work-surface, comprising:
a circular substrate comprising a first major surface;
an abrasive disposed on the first major surface;
the abrasive having a first concentration at a first radius measured from the
center of the substrate,
the abrasive having a second concentration not equal to the first
concentration at a second radius measured from the center of the substrate that is a
different length than the first radius;
wherein the amount of material removed from a work-surface by the surface-
treating article is a function of the difference between the first concentration and the

second concentration.
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30.  The surface-treating article of claim 29, wherein the pattern of material removed
from the work-surface by the surface-treating article is a function of the difference

between the first concentration and the second concentration.

31. The surface-treating article of claim 29, wherein the work-surface comprises wood,

stone, metal, ceramic, glass, mineral, cured polymer, or combinations thereof.



PCT/IB2018/055037
1/8

WO 2019/025883

3 8 o o
S 2 2/ 2 S
/ AT T T = ; %
..%M&M%W@%W&Ml&@ "5 >
G XN
e S S\ S
Elsr N2 8 ~ YK !
“ ; / VoSO K . A . TR g
Hv S S g / } w )
g@& @W&f{c\s % 3
s
@?&0«»@»&&% 0‘\

ST A o




WO 2019/025883 PCT/IB2018/055037
2/8

[am]
<
w
(o]
<
o O\
[ ]
o
bb
®
o s
[an]
3 h
(o]
(o]
~
o
e E TS S
(=]
<
<
o O\
(]
™ .
)
(]
(]
g K
(]
<<
~
(=]
o
(]
[a]
w
(o]
<
<
S O\
(]
[ap]
o
o [ ]
by —~
~ Ry
(o]
(]
~
(=




PCT/IB2018/055037

WO 2019/025883

3/8

pg S

O+B000
(4 965°9
LRapE | |
108107 |

\\.

L
E



WO 2019/025883

T

et

200 300 400 500

100

A
«

f{

%y o e
Yoo
o

Y et T
<y

et}

% g
pog o
i

)0
2
o
o 7eR
<,
olgg:

R RCEAY X

L -

o o‘(‘\{hvﬁf) 'étnf
o &t N

200 300

100

G
&3

229 %
Grenl...

3
o

oy

o
“.

~
3
o1

o eesgrerainn
T

n
e

AT @
o G BLLF
P \\”‘;;)3

500

\Q\&

N -

R T
\%\ N
2 AN
N

RS TR )

VxS

PCT/IB2018/055037

Fig. 3b Fig. 3c

Fig. 3a



WO 2019/025883

> I

0 | 60 |73.3|86.7| 100 |86.7|73.3| 60 |

Fig. 3d

PCT/IB2018/055037

5/8

NN

\Q\\

-

Fig. 3e



WO 2019/025883 PCT/IB2018/055037
6/8

200 300 400
Fig. 4c

100

200 300 400
Fig. 4b

100

300

&

200

Fig. 4a

100




WO 2019/025883

> I

Fig. 4d

0 |100| 85|65| 55 |60|80|100|
2

~1

/8

PCT/IB2018/055037

Fig. 4e

R

NMMiE T e e




WO 2019/025883 PCT/IB2018/055037

8/8

10
—Sample1
-10 - --Smaple2
——Sample3

1

w

o
l

Scratch Density (arb. unit)
~ O
T 9

1

©

o
|

-110 T |
0 5 10 15

Pad Diameter (inch)

Fig. 5

60° Gloss

O I I I I I I I I I
0 2 4 6 8 10 12 14 16 18

Pad Diameter (inch, from left to right)

Fig. 6



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2018/055037

A. CLASSIFICATION OF SUBJECT MATTER

INV. B24D11/04
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

B24D B24B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0023], [0024],

[0055], [0058],

5 May 2005 (2005-05-05)

16 November 2005 (2005-11-16)

abstract; figures 4, 6, 8, 11

X EP 1 702 714 Al (HTC SWEDEN AB [SE])
20 September 2006 (2006-09-20)

[0036],
[0061]; figures 2a, 2b

X US 2005/095959 Al (SUNG CHIEN-MIN [TW])
paragraph [0087]; figures 7, 8
X EP 1 595 645 Al (MIYANAGA KK [JP])

1-11,
15-17,
29-31

1,4-24,
29-31

1,4-12,
15-17,
24-26,
29-31

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

16 October 2018

Date of mailing of the international search report

26/10/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Endres, Mirja

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2018/055037

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 20127157006 Al (FIORE NICOLA [IT]) 1-29
22 November 2012 (2012-11-22)

page 16, line 14 - page 17, line 2;
figures 17, 18

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2018/055037
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1702714 Al 20-09-2006 AT 361815 T 15-06-2007
AT 516109 T 15-07-2011
CN 101175602 A 07-05-2008
CN 101219526 A 16-07-2008
CN 101219527 A 16-07-2008
cy 1108028 T1 04-09-2013
CYy 1111862 T1 04-11-2015
DE 202005021478 Ul 17-04-2008
DE 602005001110 T2 10-01-2008
DK 1702714 T3 10-09-2007
DK 1787751 T3 31-10-2011
EP 1702714 Al 20-09-2006
EP 1787751 A2 23-05-2007
ES 2286730 T3 01-12-2007
ES 2370913 T3 23-12-2011
PT 1702714 E 26-07-2007
PT 1787751 E 18-10-2011
SI 1702714 T1 31-10-2007
TW 1385052 B 11-02-2013
UA 88099 (2 10-09-2009
UA 88803 (2 25-11-2009
UA 94911 C2 25-06-2011
ZA 200708741 B 25-03-2009
ZA 200805901 B 28-04-2010
ZA 200805902 B 28-04-2010

US 2005095959 Al 05-05-2005 CN 101068654 A 07-11-2007
JP 2008515238 A 08-05-2008
KR 20070063569 A 19-06-2007
W 1290506 B 01-12-2007
US 2005095959 Al 05-05-2005
US 2007254566 Al 01-11-2007
WO 2006039457 Al 13-04-2006

EP 1595645 Al 16-11-2005 AT 441502 T 15-09-2009
AU 2003289412 Al 14-07-2004
AU 2007216741 Al 04-10-2007
AU 2009200815 Al 19-03-2009
BR 0316766 A 01-11-2005
CA 2509910 Al 08-07-2004
CA 2632701 Al 08-07-2004
CA 2632775 Al 08-07-2004
EP 1595645 Al 16-11-2005
EP 1941972 Al 09-07-2008
JP 4335872 B2 30-09-2009
JP 2009006478 A 15-01-2009
JP W02004056533 Al 20-04-2006
KR 20050085667 A 29-08-2005
W 1238753 B 01-09-2005
US 2006160481 Al 20-07-2006
WO 2004056533 Al 08-07-2004

WO 2012157006 Al 22-11-2012 BR 112013029474 A2 17-01-2017
CA 2836116 Al 22-11-2012
CN 103717353 A 09-04-2014
EP 2709799 Al 26-03-2014
ES 2546673 T3 25-09-2015
HK 1194032 Al 19-02-2016

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2018/055037
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 5844455 B2 20-01-2016
JP 2014513635 A 05-06-2014
MX 336863 B 04-02-2016
US 2014154961 Al 05-06-2014
WO 2012157006 Al 22-11-2012

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

