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(57) Abstract

A method and apparatus is disclosed for significantly increasing the density of particulates on a substrate. The method in-
cludes disposing a particulate material, such as fibers or abrasive material, onto a surface of the substrate, whereby the particles
adhere to the substrate. The substrate is then exposed to conditions sufficient to cause the surface area, on which the particulate
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METHOD AND_ SYSTEM FOR SIGNIFICANTLY INCREASING THE
DENSITY OF PARTICULATES ON A SUBSTRATE

Background of the Invention
Many products include a substrate which are coated

with a particulate substance, such as fibers or granules
adhering to a surface of the substrate. For example,
common forms of such fibers are often referred to as
flock, whereas particles, in general, may be abrasive
particles, such as are used in sandpaper. Because flock
usually has the largest length-to-width ratio of commonly
applied particulate materials and is usually made of
flexible materials, with a typical length between about
3/4 to 2 mm and a denier of between about one and eighteen
denier, it is usually the most difficult particulate
substance to deposit at high density levels.

With regard to flocked products, for example, the
highest‘density of fibers on commercially available
products, generally do not exceed about four ounces of
flock per square yard. It is rarely possible to exceed
about fifteen or so percent of the theoretical flock
density possible for a given flock length and denier, 1i.e.
where maximum theoretical flock density on the surface
exists when the substrate is essentially packed with
straight fibers, each fiber touching adjacent fibers along
its whole length.

There are several problems associated with limited
particulate density. For example, multiple applications
of a weight or a frictional shuffling action, as on a
flocked carpet, or on any of the commonly available carpet
structures, often bends the fibers at the base where the

fibers enter the adhesive layer or base structure, tending
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to break the fibers without actually abrading or wearing
them away throughout their lengths.

In contrast, the same weight or shuffling action on a
high-density surface bends the fibers, but not at their
bases, since the close proximity of adjacent fibers
"support" each other, causing the weight or abrasive force
to wear the top ends of the fibers, allowing the whole
length of the fibers to wear, thus presenting a great deal
of material to resist the abrading action. The ratio of
the abrasion resistance of two flocked surfaces, one 1n
which the fibers are systematically abraded along their
whole length verses the cutting of fibers at the base and
carried away, is many times the ratio of the flock
density. Hence, even the highest density flocked
substrates commonly available generally do not offer
adequate abrasion resistant surfaces for use in many
applications.

In another embodiment, the utility of filters having
flocked components is also limited by the density and
arrangement of fibers of the flock. For example, a
relatively low density of fibers can significantly
diminish the efficiency of filtration. Also, flock 1is
generally uniformly distributed on substrates, thereby
limiting, for example, the design of filters or the
esthetic design of automobile cabin interiors which employ
flocked components.

Therefore, there is a need for a method of
significantly increasing or varying the density of a
particulate substance adhering to a substrate and for

articles which are formed by such a method.
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The present invention relates to a method for
significantly increasing the density of a particulate
substance adhering to a substrate. The invention also

5 relates to articles which are formed by such a method.

The method includes disposing a particulate substance
onto a substrate, which, during exposure of the substrate
to sufficient conditions, significantly diminishes 1in
surface area. The substrate 1s then exposed to conditions

10 sufficient to significantly diminish the surface area of
the substrate, thereby significantly i1ncreasing the
density of the particulate substance on the substrate.

The system includes means for disposing the
particulate substance onto a substrate which, during

15 exposure of the substrate to sufficient conditions,
significantly diminishes in surface area, the particulate
substance adhering to the substrate. Suitable means
expose the substrate to conditions sufficient to
significantly diminish the surface area of the substrate,

20 thereby significantly increasing the density of the
particulate substance on the substrate.

This invention has many advantages. For example, the
density of a particulate material, such as flock, can be
significantly increased over the density of the material

25 as 1t 1s disposed onto the substrate. Also, the method
can include distention of a substantially resilient
substrate, whereby the surface area of the substrate can
be significantly diminished by allowling the substrate to
assume a relaxed position. Further, the substrate can be

30 distended asymmetrically, whereby a continuous gradient of

particulate density can be formed on the substrate when
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the substrate is allowed to relax, thereby causing the
substrate surface to significantly diminish. In addition,
articles, such as filters, can be formed which include
flocked substrates having continuous gradients of flock
density across surfaces of substrate components of the
filter.

It is not always necessary that the total surface of
a product have a higher flock density than can be attained
by an otherwise high-quality flocking operation.
Specifically, one may desire that certain portions of a
flocked substrate have higher density than other portions,
either for increased abrasion resistance, esthetics,
tactile qualities or clean ability, to name a few possible
reasons. Expansion of the principles and teachings
described in the above example of covering a tennis ball
may be used to make possible normal, as well as high-
density flocking, on the same item, that 1s, providing a
variable density of flock deposition on a single
substrate.

Variation of flock density could be desirable, for
example, 1n a door panel liner, 1nasmuch as it would
concentrate the highest density flocked portions where
there is maximum wear and abrasion, namely, at the
handpull and the kickplate regions of a car door.
Subsequently, the flocked membrane can be assembled to a
suitable substrate, as, for example, a molded plastic door
panel.

Another application of this 1nvention, beneficially
utilizing both the characteristics of high density and
variable density flocking, 1s the production of a high

performance alr or other, general purpose, fluid filter.
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Such a filter would be designed to remove the larger
particles at the input side, i.e. have relatively large
openings to trap the larger particles and allow smaller
particles to penetrate this 1initial surface area but be
trapped further inside a more dense filter area, having
progressively smaller openings. Such a design provides a
low resistance to the flow of air or other fluids while
removing the majority of particles, from large to small,
and retaining a low=-clog, long-life filter design by not
requiring the input side of the filter to consist of small
cell structures to capture all the particles, whether
large or small. Depending on the distribution of the size
of the contaminants in the fluid, the filter density may
be designed to maximize the lifetime of the filter by
adjusting the filter density profile to match the expected
contaminant profile, so that the whole filter, more or
less, reaches its contaminated saturation level at

approximately the same time.

Brief Description of the Figures
Figure 1 is a schematic illustration of one

embodiment of the invention, including a rotating mandrel
and plunger partially immersed in a liquid latex bath.

Figure 2 1s a schematic 1illustration of the
embodiment illustrated in Figure 1, wherein the mandrel is
immersed in a coagulant for liquid latex.

Figure 3 1s a schematic 1llustration of the
embodiment illustrated in Figure 1, wherein the mandrel
and rubber substrate are immersed 1n a liquid flock

adhesive.
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Figure 4 is a schematic illustration of the
embodiment illustrated in Figure 3, further including a
clamp applied around the rubber substrate, which 1s in a
distended position, and an electrostatic flocking means.

5 Figure 5 is a schematic 1illustration of the
embodiment i1llustrated in Figure 4, after release of the
air pressure, whereby the flocked rubber substrate has
returned to a relaxed position, together with a cutoff
tool.

10 Figure 6 is a schematic 1llustration of another
embodiment of the invention, wherelin an adhesive-coated,
expandable substrate 1s partially supported by a vacuum
table and partially supported by a series of clamps which
can move along a movable track.

15 Figure 7 is a schematic representation of the
embodiment illustrated in Figure 6 wherelin a portion of
the substrate is distended.

Figure 8 1s a schematic representation of another
embodiment of the invention, wherein a top portion of an

20 adhesive-coated expandable substrate is secured by a non-
expandable clamp and a lower portion 1s secured by movable
clamps, and wherein the substrate 1s 1n a relaxed
position.

Figure 9 is a schematic representation of the same

25 substrate as 1s illustrated 1n Figure 8, wherein the
substrate has been distended asymmetrically.

Figure 10 is a schematic representation of the
substrate illustrated in Figure 9, and which has been
allowed to return to 1its relaxed state, after having been

30 previously flocked.
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Figure 11 is a section view of the flocked substrate

illustrated in Figure 10, taken along line XI-XI.

Figure 12 is a section view of a filter of the
present invention, 1ncluding eight of the flocked
substrates illustrated in Figure 11 1n a stacked

arrangement.
Figure 13 is a perspective view of another embodiment

of a filter of the invention.

Detailed Description of the Invention

The above features and other details of the method
and apparatus of the i1nvention will now be more
particularly described with reference to the accompanying
drawings and pointed out 1in the claims. The same number
present 1n different figures represents the same item. It
will be understood that the particular embodiments of the
invention are shown by way of illustration and not as
limitations of the invention. The principle features of
this invention can be employed in various embodiments
without departing from the scope of the invention.

In one embodiment of the present invention, system

10, shown in Figure 1, 1includes mandrel 12, which
incorporates inflation/suction plunger 14 and defines

conduit 16. Mandrel 12 1s partially immersed in liquid
latex bath 18, which 1s contained in trough 20. An
example of a suitable latex 1is Vultex 1-V-10 latex,
commercially available from General Latex and Chemical
Corp. Mandrel 12 1is slowly rotated so that liquid latex
layer 22 1s deposited onto mandrel 12.

Mandrel 12, with liquid latex layer 22 disposed

thereon, 1s transported to trough 24, shown in Figure 2,
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containing coagulant 26. An example of a suitable
coagulant is a calcium nitrate solution. Rotating mandrel
12 causes all of the liquid latex to contact coagulant 26
and become thin rubber substrate 28, which remains
attached to mandrel 16 when removed from the coagulant.
The thickness of the substrate can be controlled by any of
several techniques, such as by varying the viscosity and
solids content of the liquid latex, or by varying the
number of times the mandrel is dipped into the latex and
coagulated.
. As can be seen in Figure 3, substrate 28, which
surrounds a greater than hemispheric section of mandrel
12, is immersed in liquid adhesive 30 in trough 32.
Inmmersion of substrate 28 is only as deep into liquid
adhesive 30 as necessary to insure that slightly more than
a hemispheric portion of substrate 28 is coated. Mandrel
12 is rotated to ensure a substantially even, thin
distribution of adhesive coating 34, with the thickness of
adhesive deposited onto substrate 28 being controlled by
such variables as viscosity and solids content of liquid
adhesive 30. The desired thickness of adhesive coating 34
is suitable for a selected application, such as the
desired thickness of a flock of the fibers. In oOne
embodiment, the thickness of the adhesive coating is about
50 to 75 microns.

Mandrel 12 is then removed from the adhesive and
clamp 36 is placed around the portion of substrate 28
which has not been wetted with adhesive, as can be seen in
Figure 4. A suitable material, such as a gas, is directed
through conduit 16 by plunger 14 and between mandrel 12
and substrate 28, thereby distending substrate 28. An
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example of a suitable gas 1s air. It 1s to be understood,
however, that other materials can be disposed between
mandrel 12 and substrate 28, such as a ligquid. An example
of a suitable liquid is water. Gas 38, disposed between
mandrel 12 and substrate 28, causes substrate 28 to be
distended, thereby causing substrate 28 to significantly
increase 1in surface area.

Distended substrate 28, having adhesive coating 34
disposed thereon, 1s rotated adjacent to flock dispenser
40, which includes a suilitable high voltage power supply,
for example, to charge the flock so as to propel flock 42
towards adhesive layer 34.

Typically, after a few seconds of disposing flock 42
onto adhesive coating 34, such as when no more flock can
adhere to adhesive coating 34, mandrel 12 and all the
attached components are removed from the vicinity of flock
dispenser 40 and gas 38 1s released from between mandrel
12 and substrate 28 via condulit 16. In one embodiment, a
slight vacuum 1is created i1n conduit 16 by pulling plunger
14 to 1ts furthest retracted position, thereby causing
substrate 28 to contract to its original size. Substrate
28 significantly diminishes in surfaces area, as shown in
Figure 5, thereby significantly increasing the density of
flock on substrate 28.

' Mandrel 12 is then disposed in drying chamber 46 for
curing the aclhesive by a suiltable method. After such
cure, knife blade 48 1s brought 1n contact with mandrel
12, cutting through the flock layer 50, adhesive coating
34 (now cured), and substrate 28 at about the "hemisphere"

line. Substrate 28 1s then removed from mandrel 12 by

reapplying pressure via plunger 14 and conduit 16 to the

' s e AL Ryt ] VAL SO i A ARLE O FELASS LA $ 1438 AL ORI b I P i d abar e vt T ] (b e s e aer L ldark s R ARG - 40 B e ey A M He e 2 e AR Y BTN S L N W STA W A e IRl A E 0 NN R S IR aart s Py YA - L el A TSt e e e s 4 e e a b meee ' e e 1o



10

15

20

25

30

CA 02130673 2003-02-20

_10-

hemisphere, popping'off substrate 28. Substrate 28 can
then be assembled with other components, such as an
identically-forméd substrate, to produce an article, such
as a tennis ball.

In the above example, substrate 28 can be inflated to
a diameter, for example, twice that of its original size,
which is, for practical purposes, the same as the diameter
of the lower portion of mandrel 12, prior to flocking.
The wall thickness of substrate 28 is typically only about
50-75 microns thick. Consequently, since the quantity of
flock attached to the expanded substrate remains the same
as when the substrate is contracted, but the surface area

of the contracted substrate is only one-quarter that of
the expanded substrate, it follows that the density of

flock on the contracted substrate is four times that of
the original flocking density. By controlling the
expanded surface area of any substrate versus its
unexpanded, or normal, surface area, any level of density
increase over the best that can be accomplished through
normal flocking technology can be achieved, up to the

point that the contracted surface cannot accept any
additional flock fibers. In as much as the highest flock

densities rarely exceed fifteen percent of the theoretical
flock density possible for a given flock length and
denier, it is possible to increase the area of the
expanded substrate by about six times, if the absolute

maximum flock density is sought.
In another embodiment of the invention, shown in

Figure 6, a portion of a flexible and expandable polygon-
shaped substrate 52, which is formed of a resilient

material, is placed on vacuum table 54. A portion of

R
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substrate 52 is secured by drawling a vacuum between
substrate 52 and surface 55 of vacuum table 54 through
tube 56. In this example, portion 58 of substrate 52 is
to be flocked at a higher density level than the immediate
surrounding surface, together with that portion of
substrate 52 which 1s not held by vacuum table 54. 1In
this embodiment, portion 58 1is not held down by suction
but is supported by an oval-shaped piston, not shown,
which can be raised through vacuum table 54. A lower edge
of substrate 52 1s secured by clamps 60 (five such clamps
are depicted). Clamps 60 are designed to move along track
62. Track 62 and clamps 60 are also movable 1n a plane
parallel to vacuum table 54, 1n a direction shown by arrow
64. Prior to moving track 62 in the direction indicated
by arrow 64, an appropriate flock adhesive is disposed
onto substrate 52. Alternatively, the adhesive can be
disposed onto surface 66 after distending substrate 52 by
moving track 62 and/or clamps 60.

As can be seen 1in Figure 7, track 62 is shown
displaced from vacuum table 54 in the direction shown by
arrow 64. Also, clamps 60 are shown in their extended
position, having moved from being adjacent to each other
to being equally spaced along the length of the track 62,
while at all times maintaining a firm grip on the edge of
substrate 52. Hence, substrate 52 is distended and
surface 66 of the lower section of substrate 52, that is
not held by vacuum table 54, 1s significantly increased.

Likewise, raising the oval piston beneath portion 58
expands the surface area of that portion of substrate 52,
even as the surrounding area of substrate 52 is held by

vacuum table 54. Thus, when the surface area of substrate
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52 is flocked and track 62, clamps 60, and the oval piston
beneath portion 58, are released and allowed to return to
a relaxed state, as shown in Figure 6, and the adhesive on
substrate 52 is cured, the flock density over the surface
of substrate 52 will vary. The gradient of flock density
will vary with the amount a particular surface area was
expanded prior to flocking. The highest densities will
occur at raised portion 58 and at the lower portion of
substrate 52 adjacent to the clamps. Flock densitvaill
decrease, in this example, more or less continuously and
linearly until it reaches normal densify at the portions
of substrate 52 that are secured at vacuum table 54.

In still another embodiment of the invention, shown
in Figure 8, resilient substrate 67 1s coated with an
appropriate flock adhesive and secured by clamp 68 at a
first end and by clamps 70 (five shown) at a second end.
Clamps 70 can be moved along track 72. Substrate 67 1s 1n
a relaxed position.

Substrate 67 is then distended 1n two directions, as
shown in Figure 9: being pulled down in the direction of
arrow 74 and in its width by clamps 70, which have moved
along track 72. The portion of substrate 67 held by clamp
68 is not distended, thereby causing a continually
increasing gradient of distention from the first end to
the second end. Substrate 67 1s then flocked and
subsequently released, thereby allowiling substrate 67 to
relax and return to its normal shape, as shown 1n Figure
10. The flock on substrate 67 consequently has a gradient
of density, as shown in Figure 10, which 1ncreases from
the first end to the second end. The 1increase 1n flock

density is indicated by an increased gradient of shading.
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Areas 83 and 85, which were covered by clamps during

flocking, remain unflocked. The density gradient of flock
is also shown in Figure 11. The adhesive on substrate 67
is then cured by a sultable method.

In still another embodiment of the invention, shown
in Figure 12, filter 76 includes a serilies of flocked
substrates 78. In this case, elght substrates 78 are
depicted, which consist of eight of the structures shown
in Figure 11. Substrates 78 are stacked to form fiiter 76
with unflocked substrate 80 placed adjacent to flock 82,
which 1s otherwise exposed. .

In assembling filter 76, all surfaces of substrates
78 which will touch the ends of flock 82 are coated with
adhesive so that flock 82 1s anchored at both ends
throughout the filter structure. To add strength to this
physical structure, all membranes can be first adhered to
other, structurally stiff substrates, prior to being
stacked. High velocity air or other fluids entering the
filter in the direction of arrows 84 and exiting 1in the
direction of arrows 86, will not deform or bend the flock,
making cells formed by the multitude of fibers of flock 82
and flocked substrates 78, and substrate 80, rigid and
capable of trapping contaminants of the fluid stream.

Larger particles are trapped at entrance end 88 of
filter 76 and smaller particles are trapped within filter
76, depending on their size and the size of the filter
cells generated by the progressively higher-entity flock
concentrations. In the event a finer filter medium 1is
desired, it is possible to place two flocked membranes
face-to-face, with the flock from each membrane meshing

with the flock from the other membrane, resulting 1in

a1 I HEA A - e AL A 3] e A Pt Al D W e . when o et b fe R L BIR E FYFLEVEY 3 TS LSO PR % FPRNY, 7 ey | e LR . . . . ERCCI I Al B . L o AR R UK SRR BETRETE, PICTPRE PPN SRR IS B .'.m-.-'0'..Jnnu«m\ou.-;w-u-xunn'q- FETIR Ia APIA R ot w e -t Nt et tmaeye . . ces  ge . suprese s.e e



WO 93/18225 PCT/US93/01754

10

15

20

25

30

2130673 -

—-14-

effectively doubling the flock fiber concentration, and a

greatly increased fine particle trapping capability.

In another embodiment of filter 90 of the present
invention, shown in Figure 13, a cylindrical form of
filter 90 is generated by utilizing a single flocked
substrate 92, having a continuous gradient of flock
density. Adhesive is disposed on an unflocked side of
substrate 92 and then rolled, so that unanchored flock
ends adhere to the newly applied adhesive. By rolling the
membrane around a vertical axis, the relatively low
density of fibers are at first end 94 of filter 90. A
relatively high density of filbers 1s located at second end
96 of filter 90. Fluid flows through filter 90 in a
direction indicated by arrows 98. A cross-sectional view
of the filter 90, taken along line 100, would appear
similar to the schematic representation shown 1in Figure
12.

Another application of this invention 1s manufacture
of abrasive sanding pads or belts, which can be produced
by utilizing aramid or similar high-strength, inherently
abrasive fibers, or abrasive-coated polyamide flock
fibers. Such pads are capable of sanding concave or
similarly deep-grooved surfaces. Abrasive-coated fibers
are extraordinarily difficult to flock at high density
levels because of the high frictional forces between
adjacent fibers, preventing high packing densities under
normal flocking conditions. Because of the high pressure
points developed in either hand or machine sanding of
complex shapes, normal density flocked pads are not very
useful or practical, because of the matting of the fibers

that takes place when even relatively light pressure is
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applied to a normal-density flocked surface. Furthermore,
flock lengths for these applications are preferable longer
than 2 mm, perhaps closer to about 6 mm: a length which is
difficult to flock, even with high-denier flock. By
utilizing a process similar to that described above, and
either retaining or eliminating the variable dehsity
mechanism, i.e., differential elongation of the membrane
prior to flocking, a sanding pad, which can be attached to
a sanding block or adhered to a belt, results. The
appearance of this sanding pad is similar to Figure 11,
but with longer fibers of flock 82, (mentioned above),
than would be used for most other applications. In use,
the lower density sanding pads (but still above the
densities of traditionally flocked substrates) would be
used in deep crevice areas, such as in tightly-grooved
furniture legs, with the higher density pads more
beneficently used in more gradually turned or sculptured

surfaces.
This invention also makes possible desirable and

useful new applications in the footwear trade. There have
been significant efforts to modify the traditional leather
or rubber sole and heel, primarily for reasons of comfort.
Carpets have long been used as walking surfaces, for
reasons quite independent of their aesthetic or thermal
effects. They provide or enhance a quiet, soft and
pleasingly comfortable walking environment, regardless of
the footwear one wears. Utilizing a traditional carpet
surface as the sole of a shoe might initially provide the
comfort of walking on a carpeted surface even while
walking on a hard surface, but, in general, will have an
unacceptable short lifetime. The use of a high-density-
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flocked membrane, having two to three times higher density
than is normally available, applied as the sole of a shoe
or sneaker, will provide the cushiness and flexibility of
a carpet. Furthermore, a three time increase in density
implies (remembering that a normal flock densities, only
one-sixth or less of the maximum theoretical flock
possible is applied) an overall density of the sole
structure approximately equal to one-half the density of a
solid sole made of the same material as the flock. 1In
other words, 2 mm long nylon flock at three times normal
density levels should have the abrasion resistance of a

1 mm mil solid nylon sole, a practical wear surface which
will still have the give or cushiness of a carpet.

Where exceptional wear characteristics are desired,
aramid or similar fibers can be used, including the
encapsulation of the fibers at selected areas, such as the
toe and heel areas, using rubber or rubber-like materilals,
further enhancing the wear ability of the sole. A soft,
long-wearing and light-weight sole (and heel) can be made
by encapsulating the complete aramid or nylon flocked sole
and heel, with a relatively light-weight, perhaps foamed
urethane rubber, which will further support the fibers
from bending and breaking, but will, in fact, support then
so as to wear along their lengths. The thickness of the
sole (and its weight), for a given wear resistance, can be
modified by choice of the type of fibers used, which can,
for example, even be a mixture of aramid and nylon fibers,
and by the density of the fibers on the substrate, all of
which can be well controlled, including the easy repair or

replacement of the sole to provide different tactile,

friction or wear characteristics.
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Where high perspiration levels are prevalent, as in
sneakers, an i1nner scle, constructed much like the soles
described above, but preferably using a high density of
finer (lower denier) fibers, will provide a soft feeling
for the foot, not be materially of permanently crushed by
the applied weight of the person, and provide an inherent
mechanism for the circulation of air and removal of
perspiration.

High-density-flocked membranes may be used in place
of the decorative and functional leather strips typically
stitched to the uppers of a pair of sneakers. High-
density flocked sections may be conveniently adhesively
bonded, eliminating the very costly stitching operations
for adhering leather, provide a depth of brilliance of
color unattalnable 1in . leather dyeing, similar to velour
(when desired), and provide the abrasion resistance
required for various portions of the sneakers, from toe to
heel on the uppers, which 1s not possible with normal-
density flocked substrates.

It 1is tc be understood that, alternatively, other
methods can be employed to distend the substrate, such as
by use of meolds. Also, 1t 1s to be understood that,
rather than distending a resililent substrate and then
allowing 1t to relax after disposing the flock onto a
surface of the substrate, a substrate can be employed
which can significantly decrease in size upon exposure to
sufficient conditions. For example, a polymer substrate,
such as a heat-shrinkable tube, can be employed which,
upon exposure to sufficient heat, shrinks, whereby the
surface area of the substrate diminishes significantly. A
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particular material disposed on the surface and which

adheres to the surface will thereby significantly increase

in density.
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The embodiments of the 1irnvention 1n which an exclusive
property or privilege 1s claimed are defined as follows:

1. A method for increasing the density of a
particulate substance adhering to a substrate, wherein
the substrate 1s sufficiently resillent to distension to

cause the substrate to thereafter relax and thereby cause

a surface of the substrate to diminisn, comprising the
steps of:
a) disposing the substrate on a support;

D) directing a material between the substrate and

the support to thereby distend the substrate to a convex

shape;

C) disposing an adhesive onto the substrate
surface;

d) disposing the particulate substance onto the

substrate surface to allow the particulate substance to
adhere to the substrate surface; and

e ) discharging the material from pbetween the
substrate and the support, whereby the substrate relaxes,
thereby diminishing the substrate surface area and
consequently increasing the density of the particulate

substance on the substrate surface.

2 The method of claim 1, wherein the material 1s

a liquid.

3. The method of claim 1, wherein the material 1s
a gas.
4, The method of claim 3, further 1ncluding the

step of formirg the substrate, wherein the substrate 1s
formed by:
a) at least partially immersing the support 1n a

fluid substrate precursor, whereby the support 1s at
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least partially cocated with the fluid substrate
precursor; and

D) exposing the support and the fluid substrate
precursor coated onto the support to conditions
sufficient to cause the fluid substrate precursor to form

the substrate.

5. The method of claim 4, wherein the fluid

substrate precursor includes a latex.

o . The method of claim 5, wherein the conditions
sufficient to cause the fluild substrate precursor to form
the substrate includes exposure of said fluid substrate
precursor to a coagulant which causes the latex to

substantially coagulate on the support.

7. The method of claim 6, whereiln the adhesive 1is
disposed on the substrate by at least partially i1mmersing
the substrate in a fluid adhesive, whereby at least a

portion of the fluid adhesive adheres to the substrate

surface.

8. The methoc of claim 7, further including the

step of spinning the substrate and support while the

substrate 1s at least partially immersed in the fiuid
adhesive, the axis or rotation of the substrate and the
support being at an acute angle to the surface of the

fluid adhesive bath, thereby forming a coat of the

adhesive over at least a portion cf the substrate.

9. The method of cilaim 8, wherein the particulate

substance 1s a flock of fibers.

10. The method of claim 9, wherein the flock 1s

deposited on the adhesive by electrcstatic deposition.
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11. The method ot claim 10, wherein the substrate

has a shape which 1s substantially henispherical.

12. A method for 1ncreasing the density of a
particulate substance adhering to a flat substrate,
wherein the substrate 1s sufficiently resilient to
distension to cause the substrate to thereafter relax and
thereby cause the surface area of the substrate to

diminish, comprising the steps of:

a) supporting a first edge of the substrate with a
first support;
D) supporting a second edge of the substrate with

a second support, wherein said second support 1s movable

relative to the first support, and wherein said second

'0-

support 1s extendable along the secona adge of the

substrate;

C) disposing an adhesive onto the substrate;

d ) moving the second support relative to the first
support, thereby disterding at least a portion of the

substrate;

) extending the second support to elongate the
second edge of the substrate;
f) disposing the particulate substance onto the

adhesive disposed on the substrate whereby the

particulate substance adhzsres to the substrate; and

d) releasing the substrate after disposing the
particulate substance c¢nto the adhesive, whereby the
substrate relaxes, thereby diminishing the surface areas

P e

of the substrate and ccnseguently increasing the density

o
h—

of the particulate substance on the substrate.

13. The method of claim 12, wherein moving the
second support relative to the first support and

expanding the second support forms a gradient of

. '-)I-||':ln:-gi»n::|ﬂ|m1*gﬁ,|la§ﬁm?pfﬂz‘.g}l(.ﬂqi“:ﬂ'pqr.h--\'|'-'l'='-. ey ' Al
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distension of the substrate, whereby the particulate
substance on the adhesive, following relaxation of the
substrate, has a continucus gradlent of density which
corresponds to the gradient of distension of the
substrate during deposition of the particulate substance

onto the adhesive.

14. A system for increasing the density of a

particulate substance adhering to a resilient substrate,

comprising:

a) a support, defining a condulit extending
therethrough;

b) means for disposing the resilient substrate

onto the support, whereby one end of the conduilt 1is
covered by the resilient substrate in a relaxed position;

C) means for directing a fluid material through
the conduit in between the resilient substrate ana the
support to cause the resilient substrate to move from the
relaxed position to a distended position;

d) means for adhering for particulate substance
onto the resilient substrate when sald resilient
substrate is in the distended position; and

e ) means for releasing the fluid material from
between the support and the resilient substrate, thereby
allowing the density of the particulate substance bound
to the resilient substrate to signiflcantly 1ncrease
during movement of the resilient substrate from the

distended position to the relaxed position.

—
—

15. A system for increasing the dJdensity of a

particulate substance adhering to & resilient flat

substrate, comprising:

a) a first supporting means for supporting a first

edge of the substrate;
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o) a second suppcrting means for supporting a

F

second edge of the substrate, wherein the second

supporting means 1s movable from a flrst position to a
second position relative to the first suppcecrting means to
thereby distend the substrate, and whereln the second
supporting means 1s extendable along the second edge of

o

the substrate, to thereby elongate the second edge of the

substrate; and

C) means for adhering the particulate substance
onto the substrate while the substrate 1s 1n the
elongated, distended position, whereby release of the
substrate increases the density oif the particulate

substance adhering to the substrate.

16. The system of claim 15, wherein the first

supporting means is extendable along the first edge of
the substrate, to thereby elongate the first edge of said

substrate.
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