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A method for producing abrasive non-woven cloth includes forming a non-woven web of fibers (10) including a first layer (12)
adjacent to a first surface of the web (14) containing at least about 5% by weight of thermoplastic fibers. The web (10) is patterned
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to generate raised regions (16) and lowered regions (18) In the first surface (14), and then heat treated to cause at least part of the
thermoplastic fibers to form nodules (20), thereby imparting abrasive properties to at least the raised regions (16) of the first surface

(14). The non-woven web preferably includes a second layer (60) adjacent to a second surface (62) of the web (14) made up
primarily of fibers which do not form nodules under the heat treatment.
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(57) Abstract: A method for producing
abrasive non-woven cloth includes
forming a non-woven web of fibers (10)
including a first layer (12) adjacent to a
first surface of the web (14) containing at
least about 5% by weight of thermoplastic

A fibers. The web (10) is patterned to
generate raised regions (16) and lowered
regions (18) in the first surface (14), and
then heat treated to cause at least part of
the thermoplastic fibers to form nodules
(20), thereby imparting abrasive properties
to at least the raised regions (16) of the
first surface (14). The non-woven web
preferably includes a second layer (60)
adjacent to a second surface (62) of the

8 web (14) made up primarily of fibers
which do not form nodules under the heat
treatment.
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METHOD FOR PRODUCING ABRASIVE NON-WOVEN CLOTH

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to non-woven cloth products and, in particular, it

concerns a method for producing abrasive non-woven cloth, and the cloth resulting
from this method.

Non-woven cloth (fabric) is used for an ever-growing range of products and
applications. In particular, the constant trend towards use of disposable products has
lead to huge growth in the market for non-woven materials, and has seen mon-woven
cloths being adapted as a cost-effective basis for many new products.

Types of non-woven cloth may be classified in many ways, for example,
according to the type and gauge of fibers used, the laying technique for forming a web,
or the linking technique for uniting the fibers into a cloth. Examples of classes of cloth
production techniques to which the present invention is believed to be applicable
include, but are not limited to, hotmelt, wet-laid and dry-laid water entanglement,
thermo-bonding, air-through thermo-bonding and chemical bonding.

For certain applications, it is desirable to provide various degrees of abrasivity
to non-woven cloth. This ranges from very mild abrasive properties used for facial
cleansing or skin treatment through to highly abrasive scouring pads used for cleaning
kitchen utensils. The required abrasive properties are generally achieved by use of
thick gauge fibers which inherently exhibit the required abrasivity.

U.S. Patent No. 5,786,065 to Annis et al. describes a process for producing an
abrasive non-woven material from an initially non-abrasive precursor by heating the
cloth which includes between 10% and 50% by weight of thermoplastic fibers to near
the melting point of the thermoplastic fibers so that they contract to foram nodules.
These nodules impart abrasive properties to one planar surface of the material.
Differential properties between the two surfaces is achieved by ensuring a gradient in
the proportion of the thermoplastic fibers through the initial cloth.

According to the teachings of Annis et al., the abrasivity 1s a function of the size
of the nodules which is, itself, a function of the gauge of thermoplastic fibers used in

the precursor material. From the examples quoted, Annis et al. implies that effective
1
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high abrasivity may be achieved by using fiber size in the range of 10-55 denier,
corresponding to about 11-60 grams per 10,000 meters length of fiber (referred to as
“decitex” or “d-tex”). This thickness of fiber necessarily imparts a noticeable
coarseness and, after heat treatment, a degree of stiffness to the resulting cloth. In all
cases, the surfaces of the material are clearly stated to be planar.

There is therefore a need for a production method and corresponding product
which would provide a controllable degree of abrasivity of a non-woven cloth using

low-gauge fibers and while maintaining a high degree of flexibility in the cloth.

SUMMARY OF THE INVENTION

The present invention is a method for producing abrasive non-woven cloth, and

the cloth resulting from this method.

According to the teachings of the present invention there is provided, a method
for producing abrasive non-woven cloth comprising: (a) forming a non-woven web of
fibers including at least a first layer adjacent to a first surface of the web containing at
least about 5% by weight of thermoplastic fibers; (b) patterning the web so as to
generate a pattern of raised regions and lowered regions in the first surface; and
(c) performing heat treatment on the web sufficient to cause at least part of the
thermoplastic fibers to undergo changes in physical morphology, thereby imparting
abrasive properties to at least the raised regions of the first surface.

According to a further feature of the present invention, the non-woven web is
implemented so as to include at least a second layer adjacent to a second surface of the
web, the second layer containing primarily fibers which do not undergo changes in
physical morphology under the heat treatment.

According to a further feature of the present invention, the patterning is
implemented so as to cause migration of at least a proportion of fibers within the first
layer from the lowered regions to the raised regions.

According to a further feature of the present invention, the patterning is
implemented so as to cause migration of a majority of fibers making up the first layer

in the lowered regions to the raised regions.
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According to a further feature of the present invention, the patterning is
implemented by use of water jets to displace fibers.

According to a further feature of the present invention, the water jets are
directed towards a portion of the web passing over a cylinder with a perforated surface.

According to a further feature of the present invention, the water jets are
directed towards a portion of the web passing over a cylinder with a netting surface.

According to a further feature of the present invention, the water jets are
directed towards a portion of the web passing along a patterned conveyor belt.

According to a further feature of the present invention, there is also provided a
step of employing water jets to cause entanglement of fibers in the web.

According to a further feature of the present invention, the patterning is
implemented such that the raised regions include a plurality of isolated projecting
features surrounded by the lowered regions.

According to a further feature of the present invention, the patterning is
implemented such that the raised regions include a plurality of elongated ridges.

According to a further feature of the present invention, the thermoplastic fibers
have a weight of no more than about 4.5 grams per 10,000 meters, and preferably no
more than about 2.2 grams per 10,000 meters.

According to a further feature of the present invention, the first layer contains at
least about 10% by weight of the thermoplastic fibers.

According to certain implementations of the present invention, the first layer
contains less than about 50% by weight of the thermoplastic fibers. In alternative
implementations, 1t 1s preferable that the first layer contain more than about 50% by
weight of the thermoplastic fibers.

There 1s also provided according to the teachings of the present invention, an
abrasive non-woven cloth comprising at least a first layer of fibers adjacent to a first
surtace of the cloth, the first layer containing at least about 5% by weight of
thermoplastic fibers heat treated so as to include a plurality of nodules, the first layer
being patterned such that the first surface exhibits a pattern of raised regions and

lowered regions.
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According to a further feature of the present invention, there is also provided at
least a second layer of fibers adjacent to a second surface of the cloth, wherein the
plurality of nodules are substantially only in the first layer.

According to a further feature of the present invention, a majority of material
from the first layer is located within the raised regions.

According to a further feature of the present invention, the cloth is formed from
a water entanglement process.

According to a further feature ot the present invention, the raised regions
include a plurality of isolated projecting features surrounded by the lowered regions.

According to a further feature of the present invention, the raised regions

include a plurality of elongated ridges.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to

the accompanying drawings, wherein:

FIGS. 1A-1C are schematic cross-sectional views 1llustrating stages in
production of a first implementation of an abrasive cloth according to the teachings of
the present invention;

FIGS. 2A-2C are schematic cross-sectional views 1illustrating stages 1n
production of a second implementation of an abrasive cloth according to the teachings
of the present invention;

FIG. 3 1s a schematic side view of a production line for implementing the
method of the present invention;

FIG. 4A is an isometric view of a cylinder for use in the production line of
Figure 3;

FIG. 4B is an enlarged view of a portion of the cylinder of Figure 4A as
indicated;

FIG. 4C 1s a schematic partially-cut-away isometric view of a non-woven
abrasive cloth produced by use of the cylinder of Figure 4A;

FIG. 5A is an isometric view of a cylinder for use in the production line of

Figure 3;
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FIG. 5B is an enlarged view of a portion of the cylinder of Figure 5A as
indicated;

FIG. 5C is a schematic partially-cut-away isometric view of a non-woven
abrasive cloth produced by use of the cylinder of Figure SA;

FIG. 6A is an isometric view of a conveyor belt for use in the production line of
Figure 3;

FIG. 6B is an enlarged view of a portion of the conveyor belt of Figure 6A as
indicated; and

FIG. 6C is a schematic partially-cut-away isometric view of a non-woven

abrasive cloth produced by use of the conveyor belt of Figure 6A.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a method for producing abrasive non-woven cloth, and
the cloth resulting from this method.

The principles and operation of production methods and corresponding products
according to the present invention may be better understood with reference to the
drawings and the accompanying description.

Referring now to the drawings, Figures 1A-1C and Figures 2A-2C 1llustrate
various stages during two implementations of a method for producing abrasive non-
woven cloth according to the teachings of the present invention in single-layer and
multiple-layer implementations, respectively. Referring generically to both
implementations in general terms, the method requires forming a non-woven web of
fibers 10 (Figures 1A and 2A) including at least a first layer 12 adjacent to a first
surface 14 of the web, where layer 12 contains between about 5% and 100% by weight
(preferably at least 10%) of thermoplastic fibers. Web 10 is then patterned so as to
generate a pattern of raised regions 16 and lowered regions 18 in first surface 14
(Figures 1B and 2B). A heat treatment is then performed on web 10 so as to cause at
least part of the thermoplastic fibers to undergo changes in physical morphology, for
example forming nodules 20 (Figures 1C and 2C), thereby imparting abrasive

properties to at least the raised regions 16 of first surface 14.
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It should be appreciated that the method of the present invention and the
resulting product provide distinct advantages over the method and product proposed by
the aforementioned Annis et al. reference. By using patterning to ensure a desired
surface topography of the cloth, the level of abrasivity may be controlled independent
of the particle size of the nodules. Specifically, in Annis et al. abrasivity results from
nodules which are adjacent to the planar surface of the cloth and varies as a function of
size of the nodules which, in turn, is a function largely of the initial fiber size. In
contrast, the texture of the product of the present invention provides an extra degree of
freedom to adjust the abrasivity of the product, similar to the ridges of a metal file
which produce an effective abrasivity much greater than that of a smooth surface of
similar material. As a result, fine thermoplastic fibers of d-tex no more than 4.5, and
more preferably no more than 2.2, can be used, thereby avoiding the coarseness and
stiffness which results from the use of larger gauge fibers. This and other advantages
of the present invention will be better understood by reference to the following detailed
description.

Betfore addressing the features of preferred implementations of the present
invention in more detail, it will be useful to define certain terminology as used herein
In the description and claims. Firstly, the term “thermoplastic” is used herein in the
description and claims to refer to any polymer which flows on the application of heat.
Preferably, the present invention is implemented with thermoplastics having a
crystalline fraction when they are at a temperature below their characteristic melting
point, 1.e. where sections of the polymers’ chains fold in an orderly pattern. Examples
of crystalline polymers useful for implementing the present invention include, but are
not limited to, polypropylene, polyethylene, polyester terephthalate, and polyamides. A
most preferred example is polypropylene. In certain cases, amorphous polymers (i.e.,
that do not have a crystalline fraction) may also be used.

Reference may also be made to a “polymer transition temperature” of the
thermoplastic material as a point of reference in defining the heat treatment performed
according to the teachings of the present invention. In the case of a polymer with a
crystalline fraction, the melting point is typically used as the point of reference. For

amorphous polymers, the glass transition point may be used as the point of reference.
6



10

15

20

25

30

CA 02544232 2006-04-28
WO 2005/044177 PCT/IL2004/000997

In both cases, the reference point will be referred to generically as the “transition
temperature” of the polymer.

The term “nodule” is used to refer to agglomerations of thermoplastic material
caused by the heat treatment of the present invention such that the minimum
dimension of the “nodule” is significantly greater than the diameter of the original
fibers. It should be noted that the “nodules™ do not need to be of any particular shape,
and may in fact be complex interconnected masses formed from partial or total
conglomeration of a plurality of fibers.

When referring to the gauge of fibers in fabric production, reference is made
variously to scales of “d-tex” or “decitex” and to “denier”. Decitex or d-tex is defined
as the weight in grams of 10,000 meters of a fiber. Denier is defined as the weight 1n
grams of 10,000 yards (about 9,000 meters) of a fiber, and is therefore related by a
ratio of about 9:10 to the d-tex value.

When referring to the composition of the various layers of fibers according to
the present invention, reference is made to “percentage by weight” of the various
fibers. It should be noted that the percentage by weight of thermoplastic fibers 1n layer
12 is calculated according to the initial fiber mix used for that individual layer.
Although, after heat treatment, a proportion of the fibers have been converted into
nodules or otherwise conglomerated such that they are no longer “fibers”, the weight
of the nodules is still taken into account when referring to the composition of the
corresponding layer in the final product.

Turning now to the features of the present invention in more detail, 1t should be
noted that the present invention is applicable to a wide range of types of non-woven
fabric production techniques. By way of a non-limiting particularly preferred example,
the invention will be illustrated in the context of a dry-laid water-entanglement
production technique. Thus, Figure 3 shows schematically a production line for dry-
laid water-entanglement production of non-woven cloth modified for implementing the
method of the present invention.

Specifically, Figure 3 shows schematically a feed system 30 for supplying one
or more layer of fibers to a water entanglement bonding system 32 with water jet

nozzle arrangements 34 facing rotating cylindrical screens 36 under which lie one or
7
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more suction boxes (details not shown). These systems together produce a bonded
cloth web corresponding to web 10 of Figures 1A or 2A. Both feed system 30 and
water entanglement bonding system 32 include many details not shown here, including
devices for fiber opening, blending, feeding and carding. All such details are well
known in the art and will not be discussed further herein.

After bonding of the cloth, or as a component step thereof, the web is patterned
according to the teachings of the present invention to form raised and lowered regions.
Figure 3 illustrates two subsystems for performing this patterning, namely, a conveyor
subsystem 40 and a cylinder subsystem 42, only one of which is typically actuated at
any time. Each subsystem includes water jet nozzle arrangements 'and corresponding
suction boxes, details of which are not shown here, as will be clear to one ordinarily
skilled in the art. Various implementations of each of these subsystems will be
described separately below with reference to Figures 4-6. After patterning, the web
typically passes to a dewatering system 44 for removing a proportion of excess water
from the web, followed by a drying system 46 which preferably performs both drying
and heat treatment functions according to the teachings of the present invention.
Finally, the web typically passes to a winding station 48 for winding and slitting to
form rolls of a required size.

Reterring now to particular preferred implementations of the patterning system,
Figures 4A and 4B show a first implementation of a cylinder 50 for use in cylinder
subsystem 42 where cylinder 50 is perforated with holes sufficient to allow entry of
fiber portions, thereby forming a pattern of isolated projecting features 16 surrounded
by lowered regions 18 as shown in Figure 4C. Size of the perforations, and thus of the
resulting raised projections, is typically in the range of 1-3 mm diameter, and the pitch
(1.e. center-to-center nearest neighbor spacing) is typically at least 1 mm greater than
the diameter, and typically not more than about 6 mm. As a result, for a hexagonally
close packed layout (i.e. where all nearest neighbor spacings are equal) the open area
of the perforations, and the corresponding resulting projections, generally account for
from a few percent up to about 60 percent of the total surface area, with a particularly
preferred range of about 20 to about 50 percent. In general, relatively large open area is

advantageous for increased rates of production, but the diameter of each individual
8
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perforation must be limited to avoid damage to the quality of the resulting cloth. The
“depth” or “height™ of the resulting projections is determined by a combination of the
perforations size and the parameters of the water entanglement processing, as 1s known
in the art.

Turning now to Figures 5A and 5B, these show an alternative implementation
of a cylinder 52 for use in cylinder subsystem 42 where cylinder 50 1s formed with an
open netting surface, thereby forming a pattern of isolated square or rectangular
projecting features 16 surrounded by lowered regions 18 as shown in Figure 5C. The
netting surface can be implemented either by a netting layer overlaying a perforated
cylinder, or by a cylinder formed directly from netting-type material. “Netting” in this
context refers to any repetitive pattern with substantially polygonal, typically
triangular or rectangular, openings. The structure may be formed from a woven
arrangement of strands or strips, such as metal strands, or as a smooth surface with
appropriately shaped perforations, for example of polymer materials. Typically, a
stainless steel mesh is used. The size and spacing of the openings typically varies in a
manner similar to that of the cylinder 50 discussed above. According to one
particularly preferred example of a square netting pattern, the strands and the spaces
have equal widths, such that the total open area of the net (and corresponding raised
areas of the product) correspond to about 25% of the total surface area.

Figures.6A and 6B show a preferred implementation of a conveyor belt 54 for
use in the conveyor belt subsystem 40 of Figure 3. In this case, the conveyor belt 1s
textured in order to impart a corresponding pattern to the surface of the non-woven
web by physical processes equivalent to those described above with reference to
cylinder subsystem 42. In the example shown here, the belt has a woven-fabric texture
which imparts an undulating woven texture to the surface of the non-woven web as
shown in Figure 6C. The resulting texture 1s less aggressive in its abrasivity than the
isolated projections of the previous implementations, rendering the product suitable for
a range of lower-abrasivity applications such as personal hygiene and skin-care
products. It will be noted, however, that conveyor belts with other types may be used
to form patterns with a range of different textures, resulting in final products with

differing degrees of abrasivity.
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In each case of the conveyor belt or cylinder subsystem, one or more
arrangement of water jets is directed towards the surface of the conveyor belt or
cylinder so as to force the fibers into close engagement with the corresponding features
of the underlying surface.

Turning now brietly back to Figures 2A-2C, it should be noted that particularly
preferred implementations of the present invention employ a multi-layer web 10 made
up trom two or more layers where at least a second layer 60, and typically all layers
other than layer 12, contains primarily fibers which do not form nodules or otherwise
undergo physical structural changes under the heat treatment conditions used. Most
preferably, layer 60 is made up substantially exclusively of fibers which do not
significantly change their physical structure under the heat treatment conditions used.
In this case, layer 12 1s disposed facing the roller or conveyor belt of subsystems 40
and 42, while the additional layer or layers face the water jet nozzle arrangements 34.
Layer 60 may be made up of any fiber or mix of fibers which is known for production
of non-woven cloth, including various natural, synthetic and artificial fibers.
Furthermore, it should be noted that layer 60 may include thermoplastic fibers with a
transition temperature higher than that of the heat treatment conditions used for
generating nodules 1n layer 12. Most preferably, 1ayér 60 is formed primarily from
fibers which 1mpart softness and/or absorbent properties to the adjacent surface 62 of
the web. For optimal fine quality and high opacity, fine gauge fibers of d-tex no more
than 4.5 (denier of 4), and most preferably no more than 2.2 (denier 2), are used.

It should be noted that there 1s a profound synergy between the multi-layer
implementation of the present invention and patterning techniques such as those
described herein which generate migration of fibers within the web to form the
required pattern. In other words, water from the water jets used in the patterning
techniques described above drains through the web and the underlying cylinder or
conveyor belt, carrying with 1t fibers which become lodged in the openings to form
projections. This results in a net migration of fibers from the adjacent web to the
“raised regions”. This stands in contrast to stamping techniques used in certain other
production techniques which merely squash part of the structure generating varying

fiber density without migration of fibers.
10
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Thus, according to a preferred multi-layer implementation of the present
invention, the patterning process is performed so as to cause migration of at least a
proportion, and preferably a majority, of the thermoplastic fibers within the layer 12
from lowered regions 18 to raised regions 16. This preferably results in a majority of
the total material from layer 12 is located within raised regions 16 in the final product.
This migration produces a structure such as in Figure 2B where the nodule-forming
fibers are concentrated in the raised regions for maximum contribution to the abrasive
properties of the cloth while the main underlying structural component of the cloth is
provided by the fibers of layer 60 which remain soft, flexible and absorbent after the
heat-treatment. The result is a dual-function product in which one side provides
abrasive properties while the opposite side has a soft absorbent high-quality non-
woven cloth finish, and wherein the entire product maintains a highly flexible feel.

Parenthetically, it should be noted that both the primary water-entanglement
process and the patterning processes described herein cause a small degree of mixing
of fibers between the layers. In practice, this mixing has been found to correspond to
no more than a few percent of the overall composition of each layer, and therefore
does not significantly impact the bulk properties of the various layers. .

Returning now to Figure 3, as mentioned earlier, drying system 46 preferably
performs both drying and heat treatment functions according to the teachings of the
present invention. The operating temperature of the dryer is chosen to be near or above
the transition temperature of the active polymer component of layer 12 and to maintain
that temperature for slightly longer than is required to achieve drying of the web. The
maximum temperature reached by the cloth after drying and the time period for which
1s it maintained at that temperature both affect the proportion of thermoplastic fibers
which undergo changes in physical morphology and/or the extent of the changes which
take place. By adjusting these parameters, as well as the depth of the embossing and
the proportion of thermoplastic fibers in the layer, it is possible to achieve fine
adjustment of both the level of abrasivity and the textural “feel” of the final product.

By way of a non-limiting example, the drying and heat treatment steps may be
performed by an “air-through™ dryer in which hot air is driven through the cloth as it

passes over a cylinder or conveyor system. In this case, the dryer configuration is
11
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preferably arranged so that the embossed surface of layer 12 faces away from the
cylinder or conveyor belt during this process in order to avoid mechanical contact with
the embossed pattern during the heat treatment processing.

It should be noted that the present invention may be used to provide products
for a wide range of different applications, ranging from very mildly abrasive products
for personal hygiene or cosmetic applications up to cleaning pads for scouring
household surfaces. In applications where a soft, absorbent texture is required, the
proportion of thermoplastic fibers used in layer 12 is preferably below about 50%. For
other applications where greater abrasion is required, proportions in excess of 50%
may be preferred. In both cases, additional absorbency and a “soft” rear surface may
be provided by additional layer(s) 60 if desired. In the case of a cleaning pad, this may
provide a reversible scouring-and-wiping product.

Finally, it should also be noted that the functionality of the resulting product
may optionally be enhanced by impregnation with various additives, finishing agents
or cleaning agents, according to the intended use. Thus, a make-up removal pad may
be impregnated with a make-up solvent and/or skin-conditioning agent, while a
scouring pad may be impregnated with detergent or the like.

It will be appreciated that the above descriptions are intended only to serve as
examples, and that many other embodiments are possible within the scope of the

present invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. A method for producing abrasive non-woven cloth comprising:

(a) forming a non-woven web of fibers including at least a first layer adjacent to a first
surface of the web containing at least about 5% by weight of thermoplastic fibers;

(b) processing the web by use of water jets so as,

(1) to cause water entanglement of the fibers to form a cloth, and

(il) to generate a pattern of raised regions and lowered regions in said first surface;

and
(¢) heating said cloth sufficiently;
(i) to dry the water entangled cloth, and

(ii) to cause at least part of said thermoplastic fibers to undergo changes in physical
morphology, thereby imparting abrasive properties to at least said raised regions of

said first surface.

2. The method of claim 1, wherein said forming a non-woven web of fibers further includes
forming a second layer of fibers adjacent to a second surface of the web, said second layer
having a composition different from a composition of said first layer, and wherein said
processing of the web by use of water jets is implemented so as to cause water entanglement to
form a cloth including layers corresponding to said first and second layers of fibers.

3. The method of claim 2, wherein said second layer contains primarily fibers which do not

undergo  changes In physical morphology under said heat treatment.

4. The method of claim 3, wherein said processing Is implemented so as to cause migration of

at least a proportion of fibers within said first layer from said lowered regions to said raised

regions.

13
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5. The method of claim 3, wherein said processing is implemented so as to cause migration of a

majority of fibers making up said first layer in said lowered regions to said raised regions.

6. The method of claim 1, wherein said water jets are directed towards a portion of said web

passing over a cylinder with a perforated surface.

7. The method of claim 1, wherein said water jets are directed towards a portion of said web

passing over a cylinder with a netting surface.

8. The method of claim 1, wherein said water jets are directed towards a portion of said web

passing along a patterned conveyor belt.

9. The method of claim 1, wherein said processing is implemented such that said raised regions

include a plurality of isolated projecting features surrounded by said lowered regions.

10. The method of claim 1, wherein said processing is implemented such that said raised

regions include a plurality of elongated ridges.

11. The method of claim 1, wherein said thermoplastic fibers have a weight of no more than

about 45 grams per 10,000 meters.

12. The method of claim 1, wherein said thermoplastic fibers have a weight of no more than

about 22 grams per 10,000 meters.

13. The method of claim 1, wherein said first layer contains at least about 10% by weight of said

thermoplastic fibers.

14. The method of claim 1, wherein said first layer contains less than about 50% by weight of

said thermoplastic fibers.

15. The method of claim 1, wherein said first layer contains more than about 50% by weight of

said thermoplastic fibers.

14
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16. An abrasive non-woven cloth comprising at least a first layer of fibers adjacent to a first
surface of the cloth, said first layer containing at least about 5% by weight of thermoplastic
fibers heat treated so as to include a plurality of nodules, said first layer being patterned such
that said first surface exhibits a repetitive pattern of raised regions and lowered regions, wherein

said cloth is formed from a water entanglement process.

17. The cloth of claim 16, further comprising at least a second layer of fibers adjacent to a

second surface of the cloth, wherein said plurality of nodules are substantially only in said first

layer.

18. The cloth of claim 16, wherein said raised regions include a plurality of isolated projecting

features surrounded by said lowered regions.

19. The cloth of claim 16, wherein said raised regions include a plurality of elongated ridges.

20. The cloth of claim 16, wherein said cloth is formed primarily from fibers having a weight of

no more than about 4.5 grams per 10,000 meters.

21. The cloth of claim 16, wherein said cloth is formed primarily from fibers having a weight of

no more than about 2.2 grams per 10,000 meters.

22. The cloth of claim 16, wherein said first layer contains at least about 10% by weight of said

thermoplastic fibers.

23. The cloth of claim 16, wherein said first layer contains less than about 50% by weight of said

thermoplastic fibers.

24. The cloth of claim 16, wherein said first layer contains more than about 50% by weight of

sald thermoplastic fibers.

15



14 —=

CA 02544232 2010-03-11

n

F1g.

20 16

y9 o4o4q%§ﬂ
B Dt odadr o
SN0V RBAN
Joswoowppo
0209000 0000,
toowAWOQow

8
..), .”;'.',(.a. . '.‘. ,‘:‘,.’r-‘ »%
DL LRSIt Y T L XN S X LT R R

.

12

r.".' I X .’.:.. _
,Q"".".}"”‘." *. .08
r.’.’.@ .’.{." 9.9 .'5.‘0'.!. ¢ ."’. 1 3K M b .’

LR EE LY B S %
‘“‘ﬁ.ﬂﬂﬂdﬁﬁﬁ‘&lbﬂ.'@dd"‘ﬁﬂ‘/ﬁ
»wwooooow” 70 0007000 VIN0 0
£ %nbowmmwwﬁboocoooao»nﬁooano.oo;

10

AN
TN o
.

. tr
e .‘\-?_“' .
SN
.

i o " :",',.‘-.;
LA Aty Rl
Srsy '.-;;,.';.r,
l’f r/l "/,'.. SO

20

w:o 0@ P Y. ‘n' ,,’9,,", ;

"” .Q.
.J‘. .. ."’ .a‘./."

&5
é
o)
D)

-’

’.J’Q" . . .'."’ ."..._a.{.'”'. A YA R EEE D
\ X

i

yhn

f%oa)mowtpuf
9




CA 02544232 2010-03-11

e '.'_. IR AT
foh e
oy g gl e

Fig. 2A

St
LT

- Wt e s

' oy
'\‘%\"._h‘

“"e

6

8B D000 WB
90058 098 808
pa anieie 0 000
Dh e ot

Py

LR R oot Ko
008999998
e L B

. T
s ‘5:" N *,» !
.,... ¥ 1o Al /.

VNN NDO 0NN

e R R By 99,9870 .99
L0 8RN R 08098900808

AT O -_».‘;--' ' Lt e e, e '.4/. 4l
BN 80008600 0:08188:09 8418

e Tt gl X b K5 18

R RSO Ry p St ety e’ Sa T 0 - cogm y sy ¥ b ¥ y
voisie a0 n e B 0D RBRA S L ot 9R9.9.894
Ay L Ly o M Sl Ay R P T S ML R L Al I 7 4 PP IS o P RPN B0 @SB
ARG NN 0088000085007 08 ee e G ittt it et Aot
K A AP A A A N e g G . LY PR YRR

A Bl 5 v s .43' ’ 4 . ; "
* L (I ®
< » * *
. '
] " s b . '. L] ' g

-
v
»
-
-
a



CA 02544232 2010-03-11




o0

CA 02544232 2010-03-11

Detail 1
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Detail 2

Detail 2 @
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Detail 3

Fig. OA
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Fig. 6B

14



10

P A
S

. s
i Ine

' v ARYA

Yo/ TSR

AT e SN )
AN /f‘:"% F

S p’,,/,:'_:}.:?]'{l’ﬂ.:/lgt A 7t Wr

/) Oy
700 Fiathie
/,:,‘i{‘/{ “:‘}:';-",. : ..r
V.5

10

90

D g A P N O YT
" d;wf AR

YRR YRR R B oA
%@f#ﬁﬁé’;@.’mip’.pﬁ%

®, ¢’

ARV EPIONS,




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	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 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

