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ABSTRACT

A mascara brush includes bristles made from shape memory polymer (SMP)
filaments. The SMP filaments are selected to exhibit a first shape during assembly
of the brush, and a second shape after exposure to an external stimulus in the form
of heat or other energy. During assembly, the SMP filaments are clamped between

wire segments twisted to form a core. The first shape can be straight to facilitate
assembly of the fibers in the wire core. The second shape, after assembly in the
core and after being subjected to the external stimulus, can be any bristle shape
suitable for enhancing the function of the brush, e.g., kinked, a wavy or coiled. The
brush head may be made solely of SMP filaments, or may be a biend of SMP
filaments and any other suitable filament (e.g., nylon, natural plant or animal fibers,

efc.).
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SHAPE MEMORY POLYMER MASCARA BRUGH

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to cosmetic brushes. More particularly, it relates to
cosmetic brushes with bristles extending radially from a twisted wire core. In particular, it
relates to mascara brushes made with shape memory polymer bristles.

DESCRIPTION OF THE PRIOR ART

Cosmetic brushes having a twisted wire core are known, such as, for example,
mascara brushes used to apply mascara to a user's eyelashes. A typical mascara brush is
comprised of a core formed from a metallic wire folded in a generally u-shaped configuration
to provide a pair of parallel segments or lengths of wire. Bristles (also referred to as filaments
or fibers), usually comprised of discrete strands of nylon or other synthetic material, are
disposed between a portion of the lengths of the wire segments. The wire segments are then
twisted, or rotated, about each other to form a helical core (also known as a twisted wire core)
which grips the filaments medially of their outer ends, usually substantially at their midpoints,
so as to clamp them. In this way, a bristle portion or bristle head is formed with radially
extending bristles secured in the twisted wire core in a helical or spiral manner. See, for
example, U.S. Pat. No. 4,887,622 to Gueret, and U.S. Pat. No. 4,733,425 10 Hartel et al.

To apply mascara to a user's eyelashes, a brush must be capabile of picking up and
transporting a supply of mascara from a reservoir and depositing it on a user's eyelashes.
Generally, a mascara applicator is inserted into a container having a reservoir of mascara or
some other cosmetic product. The bristles are arranged so as to pick up a supply of mascara
or product and carry it from the container for application to a user's eyslashes. See, for
example, U.S. Pat. No. 4,365,642 to Costa, U.S. Pat. No. 4,733,425 to Hartel et al., and U.S.
Pat. No. 4,887,622 to Gueret.

Mascara applicators are preferred that optimize, for example, a combination of
loading, application and combing characteristics. Loading refers to the capacity of the
applicator to carry product such as mascara. Brushes that maximize loading minimize the
number of times a user must introduce the applicator into the reservoir {o replenish the supply
of mascara product carried on the brush. Application refers to the ability of the brush to
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deposit product, e.g., mascara, onto a selected site, e.qg., eyelashes. Application
characteristics are optimized in an applicator that, for example, deposits sufficient quantities
of mascara to eyelashes in a uniform and attractive manner and in as few strokes as
possible. Combing refers to the ability of a brush to remove clumps by doctoring mascara
already applied to lashes and separating lashes that are stuck together. Combing
characteristics are optimized in an applicator that properly separates the lashes and
distributes or removes excess mascara to provide a finished appearance.

A brush that maximizes loading may have application and combing characteristics that
are less satisfactory. For example, a heavily loaded brush may apply excess cosmetic to the
eyelashes, thus requiring extra application or combing strokes to remove the excess.
Conversely an applicator that applies product or combs lashes with minimal strokes to
achieve a finished appearance may carry an insufficient load of product. Accordingly, an
iIdeal applicator optimizes a combination of loading, application and combing characteristics,
so that a finished appearance may be expeditiously accomplished in as few strokes as
possible and with as few introductions of the applicator into the mascara reservoir as
possible.

It is known that providing a bristle head with bristles or fibers of different lengths can
improve the loading, application and combing characteristics of a mascara brush. The
shorter bristles are believed to improve loading and application characteristics of the brush,
while the longer bristles are believed to improve combing characteristics of the brush. For
example, a bristle portion of a brush can be trimmed, peripherally, diametrically or linearly, or
In any combination of these trim modes. Brushes having bristles trimmed to different lengths
are disclosed for example in U.S. Pat. No. 5,595,198 to Kemmerer and U.S. Pat. No.
5,551,456 to Hartel. The brushes disclosed in these references have portions formed from
long bristles and portions formed from short bristles. U.S. Pat. No. 5,165,760 to Gueret
discloses a method for making a brush comprising shorter stiff bristles and longer soft
bristles. The brush is initially made from stiff bristles and soft bristles of the same length.
During a grinding operation, the stiff bristles are said to be reduced in length to become the
shorter bristles, while the soft bristles are said to deflect sufficiently to avoid the grinder, and
remain long. A problem with this method is that pre-determining the length of the long and
short bristles with respect to each other relies on the difference In stiffness between the stiff
and soft bristles. Accordingly, bristles with a difference in degree of stiffness selected to yield
a desired bristle length differential may not exhibit ideal brush characteristics, e.g., combing,
loading, application, etc. Conversely, bristles that exhibit ideal brush characteristics may not
have a sufficient difference In degree of stiffness to yield an optimal bristle length differential.
Furthermore, with the disclosed method, it is not possible to make a brush with short soft

bristles interspersed with long stiff bristles, and it is not possible to make a brush with long
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bristles interspersed with short bristles wherein all of the bristles have a uniform stiffness.
These latter two bristle arrangements should yield a more desirable applicator since longer,
stiff bristles are believed to provide better combing characteristics, and shorter, soft bristles
are thought to provide better application characteristics.

U.S. 6,279,583 discloses a brush that has a twisted wire core supporting a plurality of
regularly disposed radially extending short and long bristles. The tips of the long bristles
define an outer envelope of the brush. The short and long bristles are interspersed such that
tips of the short bristles form a layer spaced inwardly from the outer envelope. The brush can
be made without regard to bristle stiffness by first forming a brush blank, initially twisting the
wire core only sufficiently to secure the bristles for subsequent steps. The blank is then
trimmed to define the length of the short and long bristles, the short bristles defined by cutting
a series of circumferentially spaced longitudinal grooves in the bristle envelope of the brush
blank. The wire segments are then further twisted to displace and disperse the short bristles
among the long bristles such that the tips of the short bristles define a layer spaced inwardly
from the tips of the long bristles. A disadvantage of making a brush according to this method
Is that it requires an additional twisting step after the brush is trimmed to define bristle
lengths.

Mascara brushes made with various fiber cross-sections (e.q., tubular, U, | or Z
shaped, etc.) are known. Also known are mascara brushes made with curved, kinked or
wavy fibers. The various cross-sections and the curved, kinked or wavy fibers are believed to
provide advantages over bristles made from round cross-section, straight fibers, such as, for
example, improved loading and application characteristics. For example, U.S. Pat. No.
5,161,555 to Cansler discloses a mascara brush utilizing heavily waved bristles instead of
straight bristles. However, fibers with unusual cross-sections, and/or curved, Kinked,
flattened or wavy fibers present special difficulties in production. For example, curved, Kinked
or wavy fibers are subject to tangling, making it difficult to control during the manufacture of
twisted wire core brushes the quantity and orientation of fibers placed between the wire
segments prior to twisting. This can lead to significant increases in waste in the form of
rejected brush heads due to out-of-specification bristle density and/or bristle orientation.

Accordingly, there Is a need for improved mascara brushes and methods of making

such brushes that do not suffer the limitations of the prior art brushes and methods.

BRIEF SUMMARY OF THE INVENTION

It is an object of the invention to provide a mascara brush and a method of making the

brush that overcomes the problems of the prior art.
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It is another object of the invention to provide a mascara brush that has bristles of
various configurations that is made in a method that minimizes waste and process steps.

It is another object of the invention to provide a mascara brush with bristles having
unusual cross-sections, or made from curved, kinked or wavy fibers, without the processing
difficulties normally associated with such fibers.

Accordingly, a mascara brush is provided that includes bristles made from shape
memory polymer (SMP) filaments or fibers. The SMP filaments are selected to exhibit a first
pre-determined configuration (also referred to as the initial configuration) during assembly of
the brush, and a second, or final, pre-determined configuration after exposure to an external
stimulus. A brush head is initially assembled, i.e., lengths of SMP filaments exhibiting the first
pre-determined configuration are placed between wire segments and the wire segments are
then twisted about each other to form the helical or twisted wire core. The core grips the
SMP filament lengths medially of their outer ends, usually substantially at their midpoints, so
as to clamp them. After the brush head is initially assembled, i.e., after the SMP filaments are
gripped in the twisted wire segments, the assembled brush head is subjected to an external
stimulus. The external stimulus causes all, or at least some, of the SMP filaments to be re-
configured into a pre-determined second or final configuration. The external stimulus can
take the form of, for example, light, temperature (cold or heat), magnetic, electrical, radio-
frequency, microwave, plasma, ionic or particle based energy, or chemical treatment. The
brush head may be comprised solely of SMP filaments, or may be a blend of SMP filaments
and any other suitable filament (e.g., nylon, natural plant or animal fibers, etc.).

The term “configuration” when used with respect to the filaments may refer to the
general, external configuration or shape (the “overall configuration”) of the filaments as well
as the cross-sectional configuration or cross-sectional shape of the filaments. The overall
configuration of the SMP filaments, either initial or final, may, for example, be straight, curved,
Kinked, wavy, coiled (helical), notched, ridged, channeled, flattened or flanged. The cross-
sectional configuration of the SMP filaments, either initial or final, may, for example, be solid,
hollow (e.g., tubular or with one or more lumens or passages), round, square, rectangular, S,
U, X or T shaped, flanged, flattened, symmetrical or asymmetrical. The cross-sectional
configuration may, for example, change from an initial configuration that appears solid to a
final configuration that is hollow or channeled. For either the first or initial configuration or the
second or final configuration, any combination of overall and/or cross-sectional configuration
may be selected, providing a large variety of initial and final bristle outcomes or effects.

For ease of handling and to achieve a more uniform bristle quantity and orientation
during assembly, the preferred initial configuration is a filament that is straight, with what
appears to be a solid cross-section. After securing the filaments in the core, and applying a

suitable external stimulus to activate the shape memory properties of the material, the
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filaments take on a final configuration, which may include, for example, a coiled (pigtail)
overall configuration and with a hollow cross-section. This yields a brush with coiled bristles
In a uniform bristle distribution that was previously considerably more difficult to achieve.

For a more random final bristle configuration with respect to bristle distribution and/or
density, an opposite approach may be taken. For example, the initial filament configuration is
selected to be, for example, kinked, wavy, coiled (helical) or notched. Due to tangling and
other physical interactions of the kinked, wavy, coiled or notched filaments, the filaments are
more likely to fall in a less even distribution and in a more random orientation relative to the
wire segments as they are placed between the segments prior to twisting. After securing the
filaments in the twisted wire core and applying a suitable external stimulus to activate the
shape memory properties of the filaments, the filaments take on a final configuration, which
may include, for example, a straight overall configuration. This yields a brush with straight
bristles in a more random distribution and orientation that was previously more difficult to
achieve.

It will be understood that any initial configuration may be selected as long as it suitably

achieves the desired final configuration after applying the appropriate external stimulus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A Is an elevation view of a mascara brush according to the invention with the

SMP filaments illustrated in schematic form in the initial configuration;

FIG. 1B 1s an elevation view of the mascara brush of FIG. 1A with the SMP filaments

illustrated in schematic form in the final configuration;

FIG. 2A 1s an elevation view of a second embodiment of the mascara brush according
to the invention made with SMP and non-SMP filaments, and the SMP filaments are

illustrated in schematic form in the initial configuration;

FIG. 2B Is an elevation view of the embodiment of the mascara brush of FIG. 2A with

the SMP filaments illustrated in schematic form in the final configuration;

FIG. 3A Is an elevation view of a third embodiment of the mascara brush according to
the invention made with SMP and non-SMP filaments, and the SMP filaments are illustrated

iIn schematic form in the initial configuration;
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FIG. 3B 1s an elevation view of the embodiment of the mascara brush of FIG. 3A with

the SMP filaments illustrated in schematic form in the final configuration;

FIG. 4 is an elevation view of a fourth embodiment of the mascara brush according to
the invention made with SMP filaments, wherein some of the SMP filaments are illustrated in
schematic form in the initial configuration and some of the SMP filaments illustrated In

schematic form in the final configuration;

FIGS. 5A — 5E are perspective views of bristle configurations that can be selected for

either the Initial or final configuration;

FIGS. 6A — 6B are perspective views of other bristle configurations that can be

selected for either the initial or final configuration; and

FIGS. 7A — 7B are perspective views of other bristle configurations that can be

selected for either the initial or final configuration.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIGS. 1 - 5, a mascara applicator brush is shown generally at 2. The
brush has a core 4 formed by lengths 6 of metallic wire helically twisted together. A bristle
portion 8 of the brush 2 has a plurality of bristles 10 extending radially from the core 4. Pairs
12 of the bristles 10 are formed by discrete filaments 14 which are gripped medially of their
outer ends 16 by the twisted lengths 6 of wire. At least some of the filaments 14 are shape
memory polymer filaments 18 adapted to have a first or initial configuration 20 (FIGS. 1A, 2A,
3A and 4) during assembly of the bristle portion 8, and a second or final configuration 22
(FIGS. 1B, 2B, 3B and 4) in response to an external stimulus applied subsequent to assembly
of the bristle portion 8. As illustrated in FIGS. 2 and 3, the brush may also have bristles made
from conventional, non-shape memory filaments 24. Throughout the accompanying
drawings, the shape memory polymer filaments 18 are illustrated schematically in an outline
form, and conventional (non-shape memory) filaments 24 are illustrated in a solid black form.

Shape memory polymers are materials that have the capability of changing their
shape between distinctive shapes, I.e., from an original shape (the ‘out-of-the-extruder’
shape) to a first or initial shape that is ‘programmed’ (a temporary shape), and then from that
Initial, programmed shape to a final shape substantially the same as the original shape. In
other words, an item made with SMP ‘remembers’ its original shape and returns to it when

appropriately stimulated. The initial shape is determined by applying a process called
6
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programming. During the programming process, the original shape, for example, a wavy
shape filament, is manipulated into an initial shape, e.g., a straight shape, by, for example,
mechanical stretching or pressing which may be accompanied by heat, cold or other energy
to temporarily ‘fix’ the initial shape. To return the SMP fiber from the initial shape (e.g.,
straight) to its final shape (e.g., wavy), the SMP fiber is subjected to an external stimulus such
as a change in temperature or exposure to energy waves. The SMP filament then changes In
a controlled fashion from the initial shape (the first or programmed shape) back to an original
shape (the second or “final” shape). Thus, when exposed to an appropriate stimulus, SMP’s
can change shape in a predefined way from the initial shape to the final shape. This process
applies to any SMP, including those designed to be biodegradable.

For the change from the initial shape to the final shape, the external stimulus can take
the form of, for example, light, temperature (cold or heat), magnetic, electrical, radio-
frequency, microwave, plasma, ionic or particle based energy, pH value, humidity level (RH)
or chemical treatment. The catalyst (temperature for example) for the change from one
shape to another, e.g., from the original shape to the initial shape, or, more particularly, from
the initial shape to the final shape, is predetermined and pre-programmed into the polymer.
Temperatures that trigger the reaction for example, could be set within the ideal range of 0°C
to 250°C, with an overall range of -40°C to 400°C. Humidity levels between 0% and 100%
could trigger the change. Simple immersion in water or liquid could trigger the change.
Exposure to plasma treatment, corona treatment, or a change in surface dyne levels could
trigger the change. Microwaves between 1GHz and 300GHz could trigger the change. Light
waves between 1nm (Extreme UV range), 400-700nm (visible light) up to 1Tmm (IR-C Infrared)
nanometers could trigger the change. A pre determined pH level between 1 and 14 could
trigger the change. Applied electricity could be by voltage (50 micro volts to 80,000 volts), by
current (5 micro amperes to 30,000 amperes) or by resistance (1 micro-ohm to 2000 ohms).
A broader radiation range could be from radio waves (10°) meters to gamma rays (10-"%)
meters. For the change from the original shape to the initial shape, the external stimulus can
iInclude any of the foregoing stimuli and may also take the form of mechanical working, such
as, for example, pressing, stretching, bending, etc., to program the SMP material. The
external stimulus can be provided in the form of a hot gas or liquid applied to the SMP
filaments. For example, subsequent to formation of the bristle portion, the brush heads may
be subjected to a flow of hot or cold air, or may be dipped in a hot or cold liquid bath.
Alternatively, the stimulus may be in the form of radiant or light energy, or UV, radio, micro or
other energy waves directed at the SMP fibers.

SMP filaments suitable for use in mascara brushes include CRG Veriflex polymer
filaments available from CRG Industries (Cornerstone Research Group), Dayton, Ohio. Any

combination of initial and final filament shape or configuration suitable for the needs of the
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brush manufacturer and uitimately the brush consumer can be selected. Some examples of
filament shapes/configurations are provided in FIGS. 5A - 5E, 6A - 6B and 7A - 7B. FIG. 5A
illustrates a wavy configuration filament. FIG. 5B illustrates a coiled, helix or ‘pig-tail’ shaped
filament. FIG. 5C illustrates a hollow, horn-like configuration filament. FIG. 5D illustrates a
flattened bar-like configuration. And FIG. 5E illustrates a J-shaped filament — a hooked
configuration.

FIG. 68A illustrates a section of filament with a relatively flatiened X-shaped cross-
sectional profile. FIG. 6B illustrates the same filament section with the X-shaped cross-
sectional profile expanded. In the expanded state, the free ends of the X-shaped profile are
hooked. The filament can be programmed such that either the flattened or expanded cross-
sectional profile may be the initial profile, and the other cross-sectional profile will be the final
profile.

FIG. 7A illustrates a section of filament with a relatively flattened double lumen, figure-
8 shaped cross-sectional profile. FIG. 7B illustrates the same filament section with the double
lumen, figure-8 shaped cross-sectional profile expanded. The filament can be programmed
such that either the flattened or expanded cross-sectional profile may be the initial profile, and
the other cross-sectional profile will be the final profile.

The cross-sectional configuration of the SMP filaments, either initial or final, may, for
example, be solid, hollow (e.g., tubular or with one or more lumens or passages), round,
square, rectangular, S, U, X or T shaped, flanged, flattened, symmetrical or asymmetrical
(see, for example, the bristle cross-sections disclosed in U.S. Pat. Nos. 7,125,188, 7,052,199,
6,481,445, 6,450,177, 6,176,631, 6,012,485, 5,762,432, 5,657,778, 5,567,072 and 3,186,018 ).
It will be understood that these overall
and cross-sectional filament shapes and/or configurations are merely illustrative and any
suitable shape or configuration filament can be used to achieve the ends of the brush
manufacturer, and ultimately the brush user. Typically, mascara brushes have bristles that
are solid or hollow, in a thickness of from 1 mil to about 12 or 14 mil.

For example, to make the brush illustrated in FIG. 1B, i.e., a brush with all bristles
made from SMP filaments, and all bristles exhibiting the final SMP filament form, one would
obtain a quantity of SMP filaments in the initial form (FIG. 1), i.e., programmed to be straight.
The initial configuration filaments would then be placed between the wire segments 6 and the
wire segments would be twisted about each other to form the twisted wire core 4. Note that in
the illustrations, the wire segments 6 are actually a single wire folded into a halrpin or u-shape
to form two adjacent wire segments. However, the segments 6 could also be formed from
two separate wire pieces placed adjacent to each other. The core 4 grips the SMP filament
lengths 18 medially of the outer ends 16, usually substantially at their midpoints, so as to
clamp them. After the bristle portion 8 is initially assembled, i.e., after the SMP filaments 18
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are gripped In the twisted wire core 4, the assembled brush head Is subjected to an external
stimulus, such as hot air or a hot liquid bath. The external stimulus causes all (FIG. 1A), or at
least some (FIG. 4), of the SMP filaments to be re-configured to a pre-determined second or
final configuration, i.e., the wavy configuration shown in FIGS. 1A and 4. Because the initial
configuration for the filaments of this example are straight, bristle distribution and density is
relatively easy to manage and control during the assembly of the bristle portion. Accordingly,
the resulting final brush has wavy bristles in a uniform distribution and density, a result that
was previously significantly more difficult to achieve.

If on the other hand, the objective is to achieve a brush with straight bristles but a
more random bristle distribution and density, the process could be reversed, I.e., the Initial
configuration of SMP bristles could be wavy (FIG. 1B). The tangling of the wavy bristles
during assembly into the core would yield a more random bristle distribution and density
along the core. The final configuration of the SMP bristles after application of the external
stimuli would be straight bristles in a random distribution along the core and with a random
density (not illustrated).

The brush head may be comprised solely of SMP filaments (FIGS. 1 and 4), or may
be a blend (FIG. 2) or clustering (FIG. 3) of SMP filaments and conventional filaments.
Conventional filaments for the purposes of this application are any filaments that are not SMP
filaments and that are suitable filaments for use in a cosmetic applicator, particularly a
mascara applicator. Conventional filaments include, for example, nylon, elastomer, natural
plant or animal fibers, biodegradable fibers, etc., that are well known in the art. While the
SMP filaments react to the external stimulus and change shape (compare FIGS. 2A, 3A with
FIGS. 2B, 3B, respectively), the conventional filaments substantially retain their original shape
throughout the process (except to the extent due to pinching of the conventional filaments
where they are gripped in the twisted wire core).

Filaments gripped in the core may be trimmed before or after the SMP final
configuration is achieved. For example, the bristles could be trimmed to a final shape as
illustrated in the FIGS. 1-4 prior to applying the external stimulus. In the case of the mixed
filoer embodiment shown in FIG. 2B, this would yield a brush with longer conventional bristles
and shorter SMP bristles because the conversion from the straight configuration to the wavy
configuration would likely result in a slight reduction in the apparent length of the SMP
bristles. If a brush is desired with all bristles, conventional and SMP, having the same length,
the bristles can be trimmed subsequent to application of the external stimuli.

Although the illustrations show the SMP fibers being reduced in length due to
application of the external stimulus, it will be understood that SMP filaments can be
programmed to achieve an opposite result. In other words, SMP filaments can be

programmed to an initial configuration that is relatively shortened, and subsequent to
9
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application of an appropriate external stimulus, return to an original configuration that is
relatively longer than the initial configuration.

While the discussion above is directed to mascara brush, the invention also includes
other types of cosmetic brushes, such as, for example, cheek or blush brushes, eye shadow
brushes, foundation brushes, eye brow brushes, etc. For example, a cosmetic brush
comprising a base with a bristle portion extending from the base can include bristles at least
some of which are shape memory polymer filaments. The SMP filaments are adapted to
have a first configuration during assembly of the bristle portion to the base of the brush, and a
second pre-determined configuration that manifests in response to an external stimulus
applied subsequent to assembly of the bristle portion. The bristles can be secured to the
base in any conventional manner such as, for example, stapling in a bore (similar to a tooth
brush) or clamping in a metal ferrule (similar to a paintbrush).

It is understood that various modifications and changes in the specific form and
construction of the various parts can be made without departing from the scope of the

following claims.
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The embodiments of the present invention for which an exclusive property or

privilege is claimed are defined as follows:

1. A mascara brush comprising:

a core formed by lengths of metallic wire helically twisted together; and

a bristle portion having a plurality of bristles extending radially from the core,
pairs of the bristles being formed by discrete filaments which are gripped medially of
their outer ends by the twisted lengths of wire, and at least some of the filaments are
shape memory polymer filaments adapted to have a first programmed configuration
during assembly of the bristle portion, and a second pre-determined configuration in

response to an external stimulus applied subsequent to assembly of the bristle

portion.

2. The mascara brush of claim 1 wherein the external stimulus is a change in
temperature.

3. The mascara brush of claim 2 wherein the change in temperature comprises

one of heat or cold applied to the shape memory polymer filaments.

4. The mascara brush of claim 2 wherein the change in temperature is applied to
the shape memory polymer filaments by immersing at least part of the bristle portion

in & hot or cold liquid bath

5. The mascara brush of claim 2 wherein the change in temperature is applied to
the shape memory polymer filaments by subjecting at least part of the bristle portion
to a stream or hot or cold gas.

0. The mascara brush of claim 1 wherein the external stimulus is energy
selected from one of electricity, magnetism, light, radio frequency, micro-wave or

radiation.

7. The mascara brush of claim 1 wherein the first configuration is selected from
one of straight, curved, kinked, wavy, coiled, notched, ridged, channeled and

flanged.

11
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8. The mascara brush of claim 1 wherein the first configuration is straight and
the second configuration is selected from one of curved, kinked, wavy, coiled,

notched, ridged, channeled and flanged.

0. The mascara brush of claim 1 wherein the first configuration is selected from
one of curved, kinked, wavy, coiled, notched, ridged, channeled and flanged and the

second configuration is straight.

10. The mascara brush of claim 1 wherein the first configuration cross-section is
selected from one of solid, hollow, round, square, rectangular, S, U, X or T shaped,

flanged, flattened, symmetrical and asymmetrical.

11.  The mascara brush of claim 1 wherein the second configuration cross-section
Is selected from one of solid, hollow, round, square, rectangular, S, U, X or T

shaped, flanged, flattened, symmetrical and asymmetrical.
12. A cosmetic brush comprising:
a base; and

a bristle portion extending from the base, the bristle portion comprising a
plurality of bristles secured to the base, at least some of the plurality of bristles are
shape memory polymer filaments adapted to have a first programmed configuration
during assembly of the bristle portion, and a second pre-determined configuration in
response to an external stimulus applied subsequent to assembly of the bristle

portion.

12



CA 02736628 2011-03-09

PCT/US2009/057504

WO 2010/036577

-

Xy

e

¢
3.

-~
-
Sy

e

4
)
P

%
v
!
e

mmuYEwYre s rwe.

=

-
% 1 - L= N By memsenmdedede ARy
“‘.----o---------"...w.oqsgq.-vv-\.-\.\-\\v\»\-v'\wsww'-o‘-ww-.a-\,a‘q.-‘t.-.nh‘t!H‘ttstst-‘q‘s-tqan\\qaqnq\qqgag-qqs-u--q----q--'----------.--btcoocco.-»-w-»v-viwv-bv-vvv‘ﬁsﬁkﬁﬁkﬁ- A - Nae,

R

L aal ot al b B TRV

4
£
*
o drooovoannaan
n-_\l.N- --: fanasssd Ll ST R
»
mew \l‘..
(‘i“. ..........
r‘ ....... [LFF F K
»
"
Yadpmrrrrsas A B gt o g
M ...... ".’it‘

~»

Rl L  Fe e P N

M

Iatatal e o2 o o ol o o otV JF I B v P

“i llllllllll ' T PPy

-

3
:
1
4
4
4
1
¢

Catlat et ot ot ol o ol ot o o o R e g
L4

\\.ﬁ.\.‘i ...... ....."‘-.’\.\.)ﬁ
’

Ll P P

-

M‘p‘\‘(|¢v ........... - 't)...‘“

llllllllll R e gl S R A e

(4
v
.“ » *
L ]
e
‘e
A
\0‘\.\\.‘11‘[}\:\‘. eSS e r o v oo an M_
rlt:l{i.il vevwveswwosomwaan - ek ... “
’
&
k|
b
4
-,
\ i L I I W [ B P . F.r S

iiiiii

K/
N
-
-
o

+
* -~
-
- .
¢
& .
> »
0
+
’
A e S S i o o "
. »
g ‘
. . .
.. +
. ~
. ’

. v
-
. +*
. * .
d
>

i)
|\§ W)
d
- R DD [ gl ol g g G Al o .
A 8,
\t! . ’ l. e
- 10 . ’ -
. . K- ~ \hw
0‘ . . - v y
., . K/
< y ¥
. LJ
o ol
L/ "y

-
: -
Al AL AARAAASAP S S e ... w J
’
d

‘}-\-’-‘"E}
’

»
7

. 0...]‘.“.’)‘%-‘-‘ “

* aitmitedtadtadiad tiI\!h\““ﬂ‘*“\‘M
Sartyr
)ls

b PN
. e
A Y e r Y DY v e e e m ey -
Ll ol ol ol b ol 0 IV S P R ey - n)li
-
-
CI
* F .
- ...vnf\
Laalal ol e g B Bt L L T R R R T R P AN - .
: Y ) -
’ ’1.'2
sy vwoweweoeososoooaa -k A ‘E%.‘

\.ﬁ
L L R R R I -y
1
1
veseosasaas "5“\)%(‘%‘
r ‘f('.‘.l‘v
’ .
L)
1
. ‘.“‘.‘*’
e s s ad e s e o g S L R R T TN - v

-
[
’
‘Y v s e e v anaan ’}'-.\\.‘“E\V .’

................. A b A o
> . .
Werresosaaan Lkl ol \\§§‘tllw
.
v

)
i.
K
;

el ol gl Py

-~

3.

B B P

el o L ol S e P - ‘.- a

S

s.,g' L
*

i

e B e, -,

e 2 2 20 S L Y R R L N




CA 02736628 2011-03-09

PCT/US2009/057504

WO 2010/036577

e ¥ < g

%

:

M

Cpmasy.

Nﬁﬁﬁﬁﬁﬁﬁﬁtdﬁﬁ---*‘.‘.'."\&

e wy www.

{;\\-\V\\\\‘\Nh\\“\-\bv\\vw\‘sthhﬁﬁﬁ“““‘*“‘*“““\““‘*.....

P ey e L LA LR A R R S bR b bl ikl T dhdhdh S i

+
ra v
. . ¢
Wit.tlllll}‘\\ - “““itti“‘).
ﬁ A - ’
4 1
Ll B T S S A \M rwwrsaaaaapmpmpmr

el el L L R XY o Latara £ 2 2 TN

FHAAAA LTy Dp L S vwosrsrvanacnpmpmrs

r
\“QQOQv.vVvv!\v‘
LS L D P+
L DR L R U B R L N
LN L U O B
LI L B
lv‘ldilubb

+*

L

. + . '’ .\
‘l“‘tl“-ll]."'\\““‘ n o

..ilt(tlllllfl‘i!\i\\““l‘ \i\?

A

[

RS g i o o

. -
L)
>
'
>
.
.
>
'
4
L L D R
> * P A F Pyt
o L O R I YO
r e+ e P S A R N NN }l
L LS L N R U U N
v & b a O O S N
-
F
-, . .
. LS
r
'
. ’,
o
+ FE ¥
; !!‘\\\5‘)“‘\*“‘1\‘\!‘!I‘J P T .
s & Py
U » !Ill"
LA A S o N A P W B S EE® -
’
e
’
’
’ v
EF v P r % P
P E D E B P r r b e 4 P e PP E b e e e e b o}
v ¥ PP v LR B B B O B N B U D U O D R D O U U L U O B
L L N r L U D L B D O N I U U U L U U U O I I R B O
O N MO N M R R A O N O O R N R MM N T
> v r - L I N L U D R D I I R B
> LI IR L L L L
-
’
'
.
‘2
‘
iatealagl oot et ot ol o ol o o o IV 2 SR, ’
-, v “l(“‘l.ll..'i."“i‘
[ > M
7 . . o ¥ n_&“.t
et atadat ol ol ol ol o oF 5 TV I PP i e . . f .
. ‘1(“‘1‘1(‘“‘.I.‘l"‘\\b‘b“‘
-
s Py g
rwe r e vt b =Yy . . \
LN L R L O O
B O NN A NN S rt P v bw bty ‘(l)))“*\l
LR I B U R N O L N B B MR J -
LN U N I D B P v & * 9P ¢ » o
R MO N S A N N N

LT D L I L U I L
UIF L L L LR

BER ARk PP BB g g g g A oy -

” e,

!
!
’,

¢ F P rvywe r bt e P,

[}
: S ’
A g o o ok e ww wwwnnn]

AL I O D L I U D R D U D L U D R > LI 2 L rr

L B I B N B B R L U D O I D U U L LU B L N I L L U B L U O U U U B O '\
LS N AN IR R I R P L U A L D L I R U R O LN U I D DR L U D O D L O D L O

L R I R D I N D O U R O D B A O L R B B I L I I D U U O A U A I L D O O U U B
LI R P O D O U L U D D D R L L B B N I D U U L U L O R U A L O I

(R R I L IR R D L D D L O L D L U L L DL

¥
)

FERARA R Al s s s SRR SRt w iy

* * v dt r L PSPPSRy - 3
LN A N U D R I I D L O L O L U O v P P oty .

P r v 4 ® %l AArErErPr Y LR L U D D U U U U D R
LR P B L R R U L L T I LR D B I I R O L D O O U R D L N R 4

AL L R L D N O O ) LR DR L R I IR I R U L D O D I R U L L U L e
LRI L D U N L U I U U L B L U N N I O U I N U L L I I I B B L B N J "

- L IR I R I I R R I R R L L T L O R (
* b A

Frr
LR I D R U I D U U L O D D L O 3
L N I D I L DR R U U D D R D N
L L L U I +* LU I B N .
LR L B B D B LR L B B B N N
* r PP FrErer LR L L R TR .
> LR L O R T D L N )

.““““(liii“t..‘l)”"‘\
.
M ) .

\a\“t““......“’tia\}“ .-sl : 3

.li“lll"lill’\i"“t““‘t“

MF T TR R AR T BBt o o A ot

’
>
>
’
LI .
LI R B r ¥ vy r ety Cror
LN U R R O D B D L L R R R B rr o
I A * Ot P r e » .
L R R B R 4 & 9 4+ ¢ r P v * .
L L I N N L A L4 LN 3 LR D N \I\v.v. L4
> TR L UL Py vy P VY re LI L A L I S N 4 YV I s rrare
AL B I R U I U R I U U L L U U U +* +

+

o

-

-

L L N rvy + P b P oror

4+ r P érar P A A b A Y r

’ L L O LR N L I B
L L L L LR * &+ PPy

L B D O L N R

# w v v by L L L L L L

.
"
R

AL R N N N I I B N B LN N N I R K

* F r PP

LR L I D R D L R
LS L I B U I

4 8 4 % 4+ 8P PP e

LI L N L L L L L L N

r
LEE L N I N L . 4

-

P e 4
L B
L B
> re
P rr e L4
+« r e

LN R O O
* 49 r 4+ oy
LR L B I D D U R O
Cvlv.\.’...'.“
v

L N B N I e
re P P r P A O E P NS S‘(’
.

.

e |
2N e

L4
L4
L4

L4

e e L L L L L L

- .
e i
g T
. . A
¥ > . , .
LR U + HEER r P+ P> Pyttt PPy
P+ N P ¥ Ay r P '*v.l""‘v'v’I\.
LR R DR U I I I Y . ~ L L U L L U B .
LU I U L B O R L B U L D U I O I O L B N D B R ‘
L L R A L R D B R B
I AP AR L I L LR L L L L L N

$

i
{
4
(]
]
- r
. © o
» )
- L]
’ ns ¥
] r 8 b
4 » .
¢
- L 3
[ ] vli qvv >
.
[ ] - & o- ’
. 5 .
v ‘.
¢ * « T \r't\N
¢ ‘- *
1 4
. . +
v
L R N O O O o - R - 4 -
] PPt b e bbb et b b SR P s ek b ey b oo v H r b b= b m v rrr by bbby ——ow b \&\\ -~ .
L B B N UL I D L U L I U U U U U L R L L L N U O I U U B B D U B B L L U U B z‘
’ .v.. \‘l....‘.....‘.....'!v‘.v’\.’ .‘0’.07'.‘.“‘!0’..0\.‘ \QI . 0700.‘. .”.H.v.'."'....".‘ .Q..".’.‘..\QOO’Q.QOQQ‘.“’! r
. > > > r L4 > v
FJ ""“v..v‘vv‘v.."v’v‘ﬁ.\‘VV‘C\ LN R R I R R R L R O R B e 3
‘ +* +* + > b > v v".h..‘bbib.\."h.‘v....’v\’..
’
% 5y
“ : \.\, .
i
! .
¥ "
4 4)f((37
4
4
4 + + s
L N L L R I I R L U D R L R R
4 ‘e E e e Pt e r b s b PP PR e e b e
* + P Fr e LR U B B N N I R N I B U D D B O B 2
‘ LR B B N B B * P PP L B B B L B R
OO0 OO O N I
v - v v -
4 222 A At eI et e b P a s v ae o
p f
r
]
]
/
1
]
(]
/
/
L
N
]
!
A
]
R
’
. .
‘ * * P F Aty L I R N L R U L N R
+Er v e e P Py 4+ 4 b b e bt AP e b A e
‘ v @ v PP LR L R N B B B L B S N L L A L
+* + LR N Py PR PP P e AT A Al ety
3 P r vy s P et O RN R O R N
' 4 & F 4+ 0 b b LRI I N R N I U N N N N N N B
4
4
Ll
’ f
’
r

\d
* P P F oy b > L L R R R L U R
LR U U R LS U D R I D U D D L B O
+* w P 2 % 2 e AL I I B O D L R D D D U L U B
, e * P W+ L L L U D U U D L N
+* * 4+ Fé - LI I O R L O
> & > 2 > A P> F D + » Py vy vy v vty by v vy vV Vryy -or

e B B e I e, e

S rewmmnnny
SR

L I
LS L R
LB DL B L I N
L U U B
QVQQQ
1v“

o

’
* v +* b
> - 4




PCT/US2009/057504

CA 02736628 2011-03-09

N
; \\

b

)

4

v

Nan"

{

!

v

i..-u

R
3

*

WO 2010/036577

P4 A

'e LN R I D L D L L D B D L U L U N U I
" 3 A I AR N IE R SN e E MEALE I I I »
* v F r % r LN L L R R A B LS D R I L U I L U O L vy r % v P rasn LR L B B B -
\ L L R 2 LR I N D U N D L “ . PP aAA P PP lb‘1\\lbv.00.0-‘.010\"‘.
o <M N MO L \-‘“l.‘l\ o L R N N A MU D e -~
5 > L R L B I R » ‘\“‘ - LR U I U R U O LU L I U N U R e . .}
* * & 4+ v L L L R T I I
..I v PP e r P & P PP et oy g V -y Al
- [ ] { »
\‘D Il\.. ‘ \.
{ .o F| [} wsd
‘ =
/ % S
f |
4 r's - [;
w . E I M B e N M I R N N R N
v P r P %oty - w v " b= A=y \ - v 4 F > e PPy L U B U O A B A v ]
~ L B L v P P rr b rr %y Yy oy b - L D U U R D U vvvb..iiii’vbh\CQOO l'( 's
P r vt e b e kv b I R M F - - i I R O LIS E MICIIC I I I M NN Y IO - .l;n‘%
~ L R O B O L DR I R R O R O I U D D O U O L‘ L I D R D U U R I N N L L U L U N B * + - .
* P F P r W, LR L U D I R D U A B LU L N U U N U N R L U B U N U D L ‘.
] O L O O O - i -
&> LER R N I N R U ".. .’.
1 T vt ! Yeas »
. ¢ -
! i ¢ A ’
! : i . «
¢ ¢ % ‘a
. v
? o, ‘\)
? (- ’ s s . Fd L
‘ .\..‘ ‘ -Qﬁv‘v.OQVQCVOVVOvCQVQQ\ LR L L N U D D L U N U R B U B
P A v v & & p 4 b e - b o & pd o by d s S e 4 * L . r B - P+ ® v d b rdr~w b ? e LS DL L U S I B R N L B L U B A
? ER A A I R O N M L O e N M e I I O M I O R
4 P ¥ r b rr by ot * P P PPy Ay Y, LR R B I N R U R B U U R L D N D U L U L B O
- w ® P PS4 Py LN I R U D U D N L L L D D L R U ) L L L I R U D N L B U O N B e
S R N A A L S L e O S O S R
‘ L L B L T L R D L B I B B B I I
- LIL L L L O * F P v r* rr bty . .
¢ ? %
[ ] >
L
[ ] ]
v
] 1
] ¢
- - * ¥ ¢ » LI I I O L L R L L R I U O D L T U U
- - * P P PP yrr e e L L L D U U U U U N I L
¥ or b b= L F F R b b PRl b rE P b e e b b orr PR R kbt e L I N O S L A S S M D N O O O 3 e
- L L R I U R B B B ) L R R O D U N U O O O U N - - LR L B L U L N R A O \Q!-vv LR U I B L N UL U N U B B L R N U U U O U I L N %
L L U D U U D U O v!.iv*-...’.*“liv.b‘.b.\‘ PR IR R A AR B R B N ) L L B L B B B U L R L U N U
{ L O O A A O rr 4 e bt b v Py A p [ 3 I O O A A ¥ I N A O A A e .
LI L I I I R R D R U R L R I I O L B U B N LR R R R L L L L R LI I IR LA I N I N N N
(] L I R e I I I R R R I R O I R I I N R ’ )
+ » I, R OO
r oy ¢ o
s ¢ ‘vm o
¢ *
“ + ~ 4 \‘
b ’ s ¢ s
“ ti.l ’ E
: [ ]
] . . > \ ’ * b rr r 4+ PP PP PPyt b by bty b P r P+ P e b e e ® e r bty b e e bt byt o >
~ \ L B B R L I R D U L U U U L L U R L U I L U L I I I B U U O L O B O R .t\
L L L R I R R L ) LR R U I D U I D N I U U U B O . L L R B B L U D L O U L U U N O N N 0!00‘VOOQII‘O\v.QQ\C’lAQQCQIQ
R I N N e L I I e e O A A A R A L R N N L N Ot
LR B D R D I I U N U U U U U R N U I D LN N R L N I I B L N B BN N . LR R I AR B L U R I I U L U O U U O LU B L N O L I I R U T D B L O B O
R R O B I R R R R R R L L U L I O U U L B N ) L D L N LR L U N R U U R R L U T B B L LR U L L U L L U U O U D R N
L A N R L A O N N R N I A A I A O ’ N N O MO O R I O N N o N L )
ﬁ ‘vQVQCVCQ‘v\QQQOOV‘OV‘QQ‘OvQX. vv\‘vv.vv!v-"OQVOQQQVOQQOQQIQ -
v
-
t { . 1
/ “»
! '
“ * -
2 | .
’ . . ‘ L N I U R U U U U R L I O R R O O U R
- LR B L I I L U U U U U U U I U U U R LN I D D D N B N U U N L U L U
E R O R O N A N O L] LI LI JEC I M T IR I LI I I AL ML M R O N O O L S e
- L R U U U N R U O N L L U N U O R I LN U D O R D N U O I I O I B R L B I L U B D U O B B R B L R I I LR B B B L I B D O B U L N U L L L L }*
LN U B T L L D L D N D L O B D U D N N U D R \' ‘ LR U L U L D L R L N L U U e B L L U U L R B L I B BN B I L R I B N U U U U U U L
[ I e e M O A I A O A O o N M et ’Q" E A e A A N N N R O A P AP AP Ar e v+t v b PP ‘Q
L L B L U U B I L R D R B L U B D L U B L U O B N B ) ) & L L L R L LR L LA I v * *
‘ LU O U U D U L B L U U U U R D U R D R D U B R L D U R D O f ‘
’ . . =,
’ lf".
“ L4 » "“ - i
' bﬁh i
: i
-
¢ . . . - . . - i
[ 3 A E A ey e rr e T (R R R E B R NFEEFEFEREEERFEREJE I % 3 }) » ,‘ . . i
N w ”* i
¢ . i
¢
’ FAaSaaEEEEASAEEESEEMEE/MS-SSRSA LR ok Rl B B R R B B 0 P i N N N W “
¢ {
¢ D
~ -
* !
M 4
) . 7z ?.
" Sl al a al o al ol ol e e e ot P P P L R L L L L L Y rrere “
) v
) ‘ o }
] ewdvwrveoreresrrrovssvsovevnven P R ¢ - * 4
. A <
’ o - o'y !
’ . 5
’ -y t
r a ?
. .
¢ ' f
¢ . . . . Taspaw-
. \“1“)““1“‘%““1 e e e e ad L e PR RS i‘li‘ilii‘i .1§
: P 5\ ”
‘. ! Ve Ty . .
’ f AN ’ “v apmr —r "~y
] \2‘&.“..‘-\‘.‘.‘.“.‘iﬁ.ﬁ‘{“{..ﬂ‘{.ﬁ‘-0 - R R R R R R e e T T T _-J ¢
l.‘t-... A vo “
’ . EA > ¥
) y &4 v
! L ’
-
', & L] B
]
" el e an ol o o e e i e e e o i .\ﬂ.i.{i.i.ls.slls.lill‘11“““““l.¢
¢ “ . t oo
¢ % . f o, ?
¢ ﬂli‘.\i.‘ill.lil!il.o.l.a.t...l o (y #* @ o o o o oo s A AR AR EARARARAR M. - - [
f > ¢V~ '\v‘ ’
+* L v .
{ () voo . - . 4
] -vo wvvo + .(‘l ’
d + . + > ’
d "o ™ :
4 “e y 4
f N . * . ’
¢ Fronrresrsrreeesssssnsnmssss \“i“‘\‘{5‘\\“1*31‘11\\1\\1J )
. )
¢ ’ * ’ '
a ! & s | ’ ’
| B o ol B o o g o gt o o it G g b g g l‘ R PN N W W W T A ot ’
Id ’
’ v > -
t » .- + ’
» v ¥ r
ﬂ T« .’ LR 3
[ o b + ’
I 4 Bt .
l\.v n ’
“ . » Y »
" . ’
Ry : ! N - ’
’ ‘(lala\l.\-l_!(l-l-\..‘tll-l-\lol-tq‘a‘t ‘1‘\!“1‘1\‘\(““-‘)\“[““ .* p
] f v \\
» ’
’ ! . r, " v -, p
! L v v — 7 : : Tu,- .
' - W o A A o o . ) LA R AL LA EREREREREEEEEEREEREREENRERJEW - Sy ’
o - -~
- - - w o~
! ot R’ A - \\\ - S . " “
[] . + A 5 e % PR~
¢ um. 70- l‘i ']
v . Pl ’ . lls 1
r . R ’ J
- ’ 1
[ ] . > r
. ’ . " ¢ “ r
H .ﬂl‘i){t.\s\;it‘“‘ ? “1‘1{112.\.}(‘2“\.\:\.\& v \l “. i
-
' [ s v
+*
¢ * = 79 A, 5
' 4 o\v mt. - r
[ ] iz‘z\.\‘o\(!iﬁi‘i.‘.ﬂl{‘i‘i.\iso Rrewewoevevrrsrrsrsasvasnasnasnanaananas - tl‘ ' ’
L * .
‘ r
F ‘” ™. ..v’.... d
] .
‘ + - »
‘ i v .. u
.
] - P
] v m
‘ ) . " . .
‘ PO S Ll 0 ol Sl ol o ol ol gt o PP ot o At g g g gt g o e o M
] (3 ‘
-. (] . ‘
d L o o o o - : s f
4 - o - l‘..\l\t.\o1 « A N R R R N N B EERERENLRERNEERE;E}EFEFE ] ‘.
r *a {
A - F
’ R /i “
'] . ¥
“ w_ * “
¢ of\ . M
PO OSSO AAMSASAAMAAAANAAAAAALdan ..1‘.\-\-‘\-\.’.’.\.»’.‘.‘\(..\J‘-".\(’.‘.’-’%\.\ 'i . .
‘ ’ AN - s
4 ¢ - ety !
f . : \ ! N 2
i R P S S S S S S S S S S S WA YA A A Y Y Y e P Y Y Y e e P e S ‘
! .
H “
’
' f
, t
’ ¢
.
M .
N Foruggudmdtpppppwrpnppprprdrovreorry C R R N N I W N W I W I I I O Y Y Y G A A R . ﬂ.
. 3 :
/ ' ? 1
.-Illllllllll.Illll.ll.ll..l

ek ok R R B B N P N R B N e N W

’
>
-
>
L]

+*
s
’. \\-
e
g >
LR
“ v
- 4
.
‘. v
2 ]
* e v
-
S
-
-
] h |
i
-
RN RN A Sk e ek, w ke e
.
.
. v
) vy
-9 L R
"
+ %
01'v‘
v v
W
+
. -
-
.+

'
1
X

v
-
~
T e e
+*
-

. "\
-8 +d
v'b.
“ -
..
|
+ 9
J
vl
f"l



CA 02736628 2011-03-09

PCT/US2009/057504

WO 2010/036577

T W E R W R T T T et T W T e T A A A ey A e A Ry, T By Sy, A g S e e e A AR AAA AR EE R AsnamEmafans

e

?~~~~~~\~~~~w~n~-~s\g..‘qq;-----;;_----_--.-y.o..o--o-.---.-----Mu-sw‘ws~s~wﬁw~\\ws£.

e }
VRB W E AR L, T, AL R “\.'-*"t-

I
-
Lol ol ol ol ol ol ol ool o 2 o o .A” “V
. .m.\n)..
+ .'..
Fu s ewws s eansma " .‘i

ekt

S oo o ot o g

K-
) ’
2
'
e . Lol ol ol ol gt ol e e
v u
4
>
.

)3“‘3\““‘\‘5“\‘1$J
’
. r

P e s e d e cdadsssedesasl

L/

seveerecccccccccccceanan,

.........‘.".'l"\""\“

L at ol g b db ol d o 2 R 11!!1‘#
r s roosmsomasasssbhdmbphhnnnmme,,

<3 ®

D ol ol ol ¥ T N RN e S N (CQJ.

~ K
.—‘..\.\ ’C.’l-‘ (.t{w

e

\f“‘f\i\li““‘i\ti\\\1‘\\\(w\\

o- e R T

>
Y e n al a a a

L R R R R P P PP A A

mill|(
D B L [ L o o B e ot G o g o Sy

. v

~, e
. o

- e mae

A

-i\\‘\‘3‘(&\**“*1‘*1111\\1\1‘o

L
1
- . ey
Lol al ol o ol 2l P o o 0V e g e e e e ) ‘\'IJ
fl \ﬁﬂ
L] .0- F3
... ra,
\)\..‘\.‘.\.4\\.‘.4\"I.ﬁlilil“““.‘ a4
. “ [ T )

» .‘.‘.l‘.“(l..'ll.ll.ll..’.D.l.!‘.l.‘!. I.‘f\.

~

>
"\.".’.’“.’t‘%‘l‘“““‘lw

et e A A e e e N

“““\“.“‘4\1.\liilii“““tw “

m”.........-..-..-..ss..sr.:s»\ Aﬂwmﬂwl afxﬁ e

Cad - Cal o L l.\.l\.\(w - e
r.-1‘\-.\.{_*'{_1\{1“““““‘.‘.l..l
-
Oy
’
./c..
A A A AR S S S o o B Bl o gl B g o o
AOAA) RS
{ !c
[ ] .
= P i g ol o e 4
\ $
]
LJ
.ﬁ.-‘.\a\‘.\1“11"!'...0..........D.DQ &+
q \“\
' (4
) l'll'l.'.lllll.llilli“\\'\‘.\.\ f »

331‘\i\*““ti““i“\\\\ﬁ\\\!\
#

T e




CA 02736628 2011-03-09

WO 2010/036577 PCT/US2009/057504

T e Sl L

. an ‘. . % . v it ™ .
v ; K 3 e :{§ e " ) ‘-...\
o i L - N
}3‘ S{77. X3 - Ny
7 S o T :
PRI VT S oaainn ‘_-C" J,-"” RN :
?."‘ ',.P' N .
S ™
",‘ ""‘ )
. g \ 3 ra N
- " : e '
.. \ ._‘ -;‘f‘
\\ ' N "” ‘..
- AN e
\' "A 0/‘ J;..
\ \\u '....' 1.'f
1. ‘\ ——® ‘."' ".."
."f
. et
Ll Iy
R fod
3‘ aa '{ o Y Vav
—_ “A.W.M'w
‘ ‘.-""""\.'.‘ RS ot AT -
v" \ O'. . \ c'. \ \“ ‘s .
’I. ._. " "' n.
; NS v S NS N
h N\ \\ 4 ,'"\ \ ; N\ \\ { N\ A
; " \ ; . N\ A { ! \ 4 ‘; .: \ )
S R T S (O T S A S S \
: ; v H } . v { \ t ¢ ¢ ' \
+ ¥ 1 1 b : \ ™ 1 Y (] % ] \
4 { 4 hd > Y o 4 Y P b, n
. \ Y ) ' 2 ' ) 4 v o 5 . b3
' b A Yy b : A v 1 b
4 4 3 t ’ ) 3 ) . ¢ b - 1 Y
\ 1) 3 ; : b 2 ' \ 2 Vo : a t
e \ > : : MRS K f : e 4 ’ i
) . 4 . ! ’ NI p } s } ) '
(] \ ! ’ b 1 ) A p“' t . [y % : 4
L) h [ 1 4 1 < . 13 .. b 12
} ; o v P y ; Vo) :
A X N L) v ' o { % . 3 ’ X '{ ’ {
Y 4 "" ’ L] y N \ hY 'y ¢ ) d s
L A U Y U VAR A S VA
\ :o 2, \. "' J \ N q; \ \.‘ ;
\ . ;‘ \.\ .’t -, \ ./ .f' \ "/ : ’.
1 A i » .- . [ : o . -
\’. \NEY ) "/ "\ }s z v AL /.A' \
. - . - . ~ f‘ - ".‘.' o \\ - - s ~ e \ y
A o - / g = - Ny dpg, iy
o f.-"" \. "_.\"Q-_\ _ ~ l\ .“,"
"\"“‘GQAq."-P \M'&-\.%"“v‘ \'\\‘;ﬁ,-&‘.' = -\‘\.‘h‘b‘\-v‘-‘#"”
-
- o s N
. - »* é\ ,'.
}. } Cemnas .,.u.m-,..ff‘
: =N ~ ‘M.-M."‘“.'+ e Q"
A e e A A Y : s , 8
m.w A : e awy—a—r N .
. P ot J ]
—w-ovw“‘-*.v‘u- :4. A
. . ‘--.'—t#L‘--."MQ‘.-W--. *) A\
‘------t.'---v»st“"‘“"wu :l‘ Sl\
‘3 N "
¢ 3 W
J LI 5
i i )
e LN 1\
/ 3 I}
¢ . 3
< :. 1!
4 § h
. '
v 3 ::3
K '\ 3
:, . '}
! ‘.' ;
\\ t“’
¢

gl = s
‘\
»

)
;-

6 "

:;: T

AAMMLABRLARE R RN RR SRR 4R s s R WYY

A R B B BB Bl e iy, Wy, Wiy g, W g, Wy B o G

‘W\ﬁ‘hh—‘

N
\.

L o N L L U v N ——— e e i o o e L Sp————— [
'--‘v""..‘.....--* --------- “_“m‘“*%“ o :
: “~ "0-““‘-'\-!--I-\--vﬁlrv"l.."“-h---*----l-H'!\‘\‘\‘\i‘ﬂm%%‘~wﬁsﬁh-~5w“m~~‘~ﬁh---p-q;g;-.........gq(
. .
: . J
Q’ ‘2 S
> SR
L]
‘ 1 "1' *
‘ L I
D g ‘o
) 1 [y
s 4 £y
XX YT LI R R I I T I I T I Y YTy NN .‘ l’.‘ *
A e B b bt e e .
. S Ty “““----"Q"Q.“....ﬁ----qA“Mu‘-t‘ﬁ-mﬁ*‘v‘W“““h---v--“‘-........‘..‘ -------- “‘q4 ... "
: 4
{ )
\.mmhhﬁms'\-yn\-\- ‘ o '
\ \rhbw"vv.s--c...-gh-ﬁ-q-q-q-a&&mwm-wv“w-\.-\.--,-—........‘...... ______ q“““‘_m‘_‘M~ww“~{" 'l
) . ]
\ 1
S g
N
R A e BRI e = = S e S S AR A A A LT L T A D L L T LTt SN, J
- . ol il L L I I I N T NI N i Sy Qﬂmmm“‘%‘ ‘.-_'_’.-...-”—’.’_’"”’..’...“.’.'..‘J .'
AN R R e R R e T - - RN PRT TN IITARTRRRR AR DRSS S MRS A AR A A A ek sy g e S, S e S P Sy e Sy gy gy g - -a
-
a-."\
-,
.

-
-t~ s

b} -

\’—v".'..'.."..0“.‘*.....‘* -----------------
S, '
| ~ \
-t ' ] \
awv” -~ -
- ‘.\t "b e avh \ ‘\\
R I o - 3
': » \‘\-P‘ w'.‘ s 1‘ :
e, v R R, R M :
{ 3
’ i
. X b
/ !
‘.'.. !:'
> /
‘4‘" ‘/'
-"J. v'f'
".'v"‘... ".a‘
TR Sae .Q.f"-'
i -
! e
. o
A e
\ h“"’
. \%‘.."



CA 02736628 2011-03-09

WO 2010/036577 | PCT/US2009/057504

. --'

L L L e e et e e R ) ‘A"4‘L‘;“A‘AA-n‘A-n4\A_w.“Wﬁ‘qq\qc,gqq.mqmqggqqqqq%quqq““gﬁmﬁ.gqgwﬁ.ﬁ,‘.\“ﬁ.ﬁ.\ﬁ.\‘;a L A S e, e S, S, e, G, SR S, S R S, R G, A ‘\
| \

L
.
AAALAATA LR AAL AR R R R R R R R A B AL P B, B, By B B Sy gy ey By B By S By gy g g g By g g g g iy g g g g g gy g By g B g g g B g e gy gy i B gy iy A A, R By Ty Ay R A LA L L, R A . .
- *..ﬁdtﬂ'ﬁﬁﬂﬂtﬁhAdﬁ--q-nﬁ-'hq-*--r-\'-b-\.-‘-.-‘q--n-l-t-n-l'-.--il.-l.-l4--|-t-\-0v-tt-l-b-0.-*_‘-b-b.-l'-.-h.t-q_‘-'ﬁ-l-b-h.-QQ,O-b,h_t.'ﬂv,Q0'\-\w,ﬁ'§tw-'ﬁ.d"ﬁﬁﬁﬁﬁt\ﬁ-l-l.#-bv.ﬂ-l-hﬁ-b‘-l-.-0-tﬁhﬁﬁ'hﬁﬁ.ﬁ_ilﬁ.ﬁhﬁﬁhﬁﬁhﬁﬁﬁﬁ.ﬁ.t'\-'i \
< 3
L ] “a \ P
- . . . . +
e e P B e B R B B A e e e By Dy B e By e i Sy Sy g, Sy ey g g oy gy g S gy i g g e e,y g g o i, iy gy g Sy ey g B iy B B PP W ON
\..O“O.'.."’.".O”..............Q....QQ..Q........."...‘...‘.'..........'.....I.'.....I.-...-..I--....-...-‘...."“.‘-“""..““Q-..‘Q.QQ.“.QQ.QQ.QQ.QQ-QQ-‘Q..Q-.k \ .\
L O
"n' s \

’

l\-lb-vw--t-.ﬁoﬁ.v'o u-.-ttv-.asva“Q,Q‘QQQ\QA‘A'AAAAAQAA.QA;Aq\AAA‘QAAqaqqhqqqqquqAqAADAA-\AAAA-_-QAAAhh-AqAAq-lHllA"Aﬁﬁ..-ﬁ*-ﬁ-.-ﬁﬁ.ﬁ-- l'ﬁ-.'th.'.hﬁﬁ.ﬁ'.hl..hld.l.dﬁ.“‘!‘-..l:.‘}

(G, bR

"y e At AN e R T AT, TR L,

W..‘\

M%%‘&&MW\M wmxs%w\wﬁ\\MWW“\%\\\ﬁM&é“\\%%MW&W»&%W%%“%WMN%'
» T

b e By, hy Mt R
C.lv,‘\ AR AR AR AL RRARRLRLAARRRRRRRBRAARL R R LB A e b b B e e, A e, S T A, A, i i A A A A Ay i g, g A, Ty AR A, R, By A AR A A, e A A A, B e S A A A e A R R AR A ARABAAAT LA AAT AL AL FPATRS AL VAN .Y
Voo \
> \

Pl

T
'
N o o g g g e e e o

v
A 4
\ 1%
. . i
]
te NI
’ AL
L r ¥
] ‘" {I
L] 1
+
-‘l P ; ’
. . . | |
\‘ ‘o‘ ‘.‘-..' .. :
¢ EENA
’ r . L) . ’ L0 N N W Y Q-!.A.A d’\}
¢ ]
f » 3 MM»W\-‘#J..'\
* N {1}
’ P )
: 4 }""'"""’W' 3 i
- 1 ;.
3 dy
: 3
._.,’ '\

LR R R R R R L L R L o O O o o o R A O O A S A e L L I I I T T T I OT S S S ' ' ' ' S b sSsSY YT Y Y Y o' s ssssSsSSsSss T T Y """ " " T" YT T T I T T T Y Y Y YT Y T T " A .Y S T " ™ " Iy Ty
e e T i e o T e i e e e e T e e e it B e e e e e e e e e e e e e e I e R o L I R I o e e L R e R e T R AL T T o e e ol

N A

*,

R
4
4
.
1
4
\

L
- .
"‘\A-N\-‘h\'q‘-\'s‘- Bty B By B fy T By e Ay B g g Aty e e Te e R fe A BB R fe e v %Vth“‘\'\'M‘w'\‘\'N’Vh.WMNM‘MW“WWV“VWsH‘\N%VQHW\V\V‘VN\“\\\\\-\\W\WWV\WWWM\W.J

-

+ e v A 6 ey B R AR R AT

BB By B A L, A, L BB By, N Sy, By B By R By Py Py g Byl By By B B e, B, B By, By By B, S, by g B, B gy g e gy B g i gy g By g b, g B Sy g g ey g g g, g 1 Mg e g Sy e g gy B, g By iy By B, g By e g e B, B By By S By Ty By By Sy B, Ay By B, By L, B, By B A, B, B B A, \

-,

\
- . ‘.. \; 5
NN

»
-
® -,
\.h N N N N N e e T e N W N I R A e e e T T T W R e e W Y e e A A A e A b e e e Nt e e e e e e o o e e e e e et e e e N S St S VY " S M N e o e Yy e i By e i o e e e et e e e T e e e e e e e e e e
pap By tpingdy By fe Sutipty fu mn e e A A Aty Ay, St bt g ety by, Sl A A e B e e AR N A AR A A e A e S e St Y e e S b S A e e e e e e T A e AR S S W W e T T S N A A A g A A N S A N S AR A A A A A e A A A ety Sy, .
LS

taarn ..L ." AAAAMA. ‘-'A ‘.ﬂ -, - -.A.ﬂ'ﬁ ~.~A oy ﬁﬁ.ﬁﬁ'ﬁ TAGAa A dEAAAR AN AASAAAIRTE AL ALEAALR ST AL S ALEASE S A VS ASEEAY V4 A AARAASAAE A A AN AAAEAAMAATNMAAMAMATNTAVCACMAAAAEE A AT AT E AR E AT AT AN W - ----- -\
“ \ (\'

%

gt
R N
NN
\ LR\
R
\ AN DY
N\, A

* 3
3 { ) S
t - a. % \"":"‘ R O e e O e O e L L L S O e R A L L LIS v.l.'b:v'v'v v'v'lv_m L R AL L LR R AL AR AR L L LA L LAl Ll L AL LA Ll Ll Ll Ll d ':v - v—'-'v'—‘r-‘—'v‘v'*‘-"v:‘b '-'\P‘—\-‘Q\l-’:'v\’\"'

aw vmmmm
1
AR A A A A A A A AL e A A AR A A R B Ak, R B A A \.“\.“\sﬂwmﬁukqwmwswuﬁwMWWmeyw\
- B e
' o
. ]
l.' 0 .' " \ \
. SN
¥ L A
.‘ 4 4 \ \
s .8, 1R
b ! ‘3 o
\ 1 4 ¢
4 ' 1 3
4 't Y 3
4 h -
by 't 1 :
\ Y 1}
4 X J
» W\ Pl LS
\ \M 'l" ™
- -
\ \\ t ,‘4' . \
"'q"q\t"q\"'.";%‘q"-‘.‘k““.‘H‘.\ﬁmﬁ‘s\\\‘.ﬁ“\%‘-\\\\%\m\r\ﬂ‘.\ﬂ%‘\ﬁﬂﬁ%‘.%‘\%%\%\"'\\\\\\ﬁ\ﬁ'\“\%\“'\‘bﬁ%ﬂ\%\\ﬂ'\ﬁ\ﬂ“%%%ﬁ\mﬂﬂ%\w i, T P, B S e \ .‘. \\‘§
}- B A AASAS S A AR W A R R R R R, A o o R oy A A A Ay AT Ay A A e e A e L e L L e A A L A e A e e b Ay A B e e A Ay Ay A By e By A Ay e e, B B, B A L e e o e, B B R, e A e o A e e A Ty e e By Ay h:{ : \ \
N «d (94
3 od )
\ :* 0
z . \ : "
S A\ 55
1 14 LS.
\ A N
. 14-
N AN, A
N\ N,
-~ " R . . s s . . . . . '\ .
\ \' ‘h'\'h.t'h'h.h'b"h:h“ - wwwe - h.-'b"ﬁ.h'b'w.h".._-'-:h ‘.'b\.-'- ™ - - h.h.h'..-.h_h'-_h_-'n."qu - '-‘-\ ER L A manuynw EEmeReenE e -.'-“:-\ q.-.-'ﬁ.._‘-:h.-.h_‘.h_-'h.ﬁ:h'-:h:h_-.-_"-" Teweswsweswanww -'-.- - ‘:‘ ""-" "-:"‘ swww - ‘\'-'- -:-":-:""'\"'- \.\.\ﬁ\\ - \hhh - '

N L A b a



r vy * P Frw P oo
* P Al LAt

v “*

.

EL L U B U I U U L D R N
AL U R D R L L L 2 R

* LR U L O D U B N
4 % ¢+ & 2 4+ P PP ra

LR L R L D

L I L L L T L R

-
I e A R S
I I N N I S M
S S R O R e e
L O A A R N
P N N R S O N
\ .
" -
. ’
. o
. .'l 5.'
-
+
+ v
o -
s
W
v v
> » v

. +
¥ 0
S I N O o S N +HEIL r b+ F > P rr ettt v bt PP v b
I N S e e N L A B M P Y I I O A N R e
. R R R N M M N - o~ SR A NI MICIEI I M IUIE I IE I IEIEIE S IEDE .
I A N O R M N M e S R N N [
- O N N Y ER N O O R
T AR RN RN N M M O S N O O
v + >
+ . .
LR » '
g~ 7 L 3
; ' - -
. Y - - K.+
.1. .
> .
a h Y
. A # \‘
'
v © o4t
» .
-
W
A K N .
‘
- » .
- e
ol D »
[ ’
- s - ’
) + ! ' \
* Rl « ’l'
v e
+
" -
ry I3 s - A
e S P e - A e b e b m e A e omm b Ao . 4 A A Ao .. - - A -
I T T T R S L N S B R I e ” .l.,.\“v
Y 3 M S I M R A N A I I M
I A N A O e N O I A O L N
N N R N R N e
4 + & b D> . AR N I IR0 8 D0 8 M N S S R M N

” L™
rt v v bt m Y v .
P e s e b e e
reaar e e e
O R RN
I M M N M .
i Yol e ol g it -
4 :
. b » BSOSOt *
- + - O *
IO + . ’ te s r @ e e e e ey -
s e e e Py er e e - T A P AP P AL AL m b .
» + P P P P ALY L 4 F Y

vy Pyt +* L r e .
+ o b+ DL L L R R R R R D R R L N U N N *"
A

»
.
f
+
rot Y
<
N
+
A A S O
v v r et vt b

& F a8
vy + P PPy
L > o &



	Page 1 - abstract
	Page 2 - abstract
	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 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - abstract drawing

