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METHODS AND APPARATUS FOR MAKING FOAM COMPOSITES
REINFORCED WITH FIBERS ANLC FIBER PRE-FORMS HAVING PARTICLES
THEREIN

Related Applications

[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 61/449,021 filed March 3, 2011, and entited METHODS FOR
MAKING FOAM COMPOSITES REINFORCED WITH FIBERS AND FIBER PRE-
FORMS HAVING PARTICLES THEREIN, the entire contents of which are

hereby incorporated by reference herein for all purposes.

Technical Field

[0002] The embodiments disclosed herein relate to composite materials, and in
particular to methods and apparatus for making foam composite members that
are reinforced with a plurality of fibers, foam composite members formed
according to such methods, and methods of making fiber pre-forms.

Introduction

[0003] Rigid polymer foams are widely used as core materials for various
engineering applications, including for example high-performance aerospace
applications, marine applications (e.g. boats), turbine blades and other
components for windmills (e.g. for wind power), structural panels (e.g. in
recreational vehicles), and so on. Depending on the particular application,
desired attributes may include low density, good insulating properties (e.g.
thermal insulation, sound insulation, or both), good energy absorption, and low

cost.

[0004] A wide variety of polymeric foams are commercially available, and
include both thermoset and thermoplastic types. Many high-performance
structural foams are formed by expanding liquid polymers to form rigid, low-

density foams. Some foams made this way include polymethacrylimide (PMI) and
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partly cross-linked polyvinyl chloride (PVC), with trade names Rohacell® and

Divinycell®, for example.

[0005] In some cases, foam performance can be enhanced by fiber
reinforcement. For example, a low viscosity mixture of liquid resin and foaming
agents may be injected into a mold containing a fiber mat with short, randomly
oriented fibers. The mixture then expands to penetrate the mat, forming the foam
composite. However, using liquid resins in this manner has some limitations. For
example, the expanding foam tends to displace the fibers in the fiber mat rather
than impregnate the fibers, which may have a negative effect on the distribution

of the fibers which can impact the performance of the resulting foam composites.

Brief Description of the Drawings

[0006] The drawings included herewith are for illustrating various examples of
articles, methods, and apparatuses of the present specification and are not

intended to limit the scope of what is taught in any way. In the drawings:

[0007] Figure 1 is a perspective view of a foam composite panel reinforced with

fibers made according to one embodiment;

[0008] Figure 2 is perspective view of a fiber pre-form for use in forming a foam

composite;

[0009] Figure 3 is a perspective view of a fiber pre-form with particles thereon

and a penetrating apparatus for dispersing the particles within the fiber pre-form;

[0010] Figure 4 is a side schematic view of the penetrating apparatus inserted
into the fiber pre-form and positioned to vibrate within the fabric pre-form; and

[0011] Figure 5 is a flowchart showing a method of vibrating a penetrating

apparatus within a fiber pre-form that is in contact with particles.
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Detailed Description

[0012] As discussed in the introduction, some known foam composites are
formed using a low viscosity mixture of liquid resin and foaming agents that are
injected into a mold containing a fiber mat. However, the use of a liquid process

has limitations and may not be suitable for some applications.

[0013] An alternative approach to using liquid resins for forming foam
composites is discussed in U.S. Patent No. 6,864,297 (Nutt et al.). Nutt describes
forming composite foam using expandable microspheres that are reinforced with
fibers. In particular, Nutt describes placing a (dry) blended mixture of expanded
and unexpanded microspheres (e.g. thermoplastic polyacrylonitrile (PAN)
microspheres) onto a randomized fiber pre-form in a mold. The entire mold was
then vibrated (e.g. for 20 mins) to cause the microspheres to infiltrate the fibers.
Once infiltrated, the mold was then closed and heated (e.g. to 150 degrees
Celsius for 20 mins) to expand the microspheres and fuse them together into a

composite foam.

[0014] The use of microspheres by Nutt is a “dry” technology, and may have
improved performance as opposed to using liquid resins, in addition to shorter
processing times. However, the approach proposed by Nutt has some
disadvantages.

[0015] Firstly, it may be generally desirable in some applications to increase the
fiber length in the fiber pre-form, since this will tend to provide increased
performance of the resulting foam composite (e.g. improved crack resistance,
tensile strength, etc.). For example, long fibers deeply anchor foam composites
and bridge crack wakes, resisting crack growth and delaying catastrophic failures
of the foam composites. As such, increasing fiber length is normally considered

to increase the performance of foam composites.

[0016] However, increasing the fiber length tends to make the fiber pre-form

less permeable to microspheres. Accordingly, using the methods described by
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Nutt with longer fibers or with high loft pre-forms (for example with fibers greater
than one inch in length, or with performs of more than one inch in height) tends to
result in localized regions of poor fiber-foam and inter-microsphere adhesion.
This effect diminishes the performance increases associated with increasing fiber
length. As a result, the techniques described by Nutt are not well suited for foam

composites with longer fibers.

[0017] Secondly, vibrating an entire mold containing the microspheres and a
fiber pre-form (as described by Nutt) can cause “fluidization” of the microspheres
within the fiber pre-form, which can lead to local variations in particle dispersion.
This is particularly problematic where the microspheres include particles of
different sizes, shapes and/or densities, since it can lead to undesired separation
or “de-mixing” of the different types of microspheres. In particular, “heavier”

particles tend to settle to the bottom while “lighter” particles remain on top.

[0018] For example, vibrating an entire mold with microspheres of different
sizes and densities (e.g. a blend of expanded microspheres and unexpanded
microspheres) using the techniques of Nutt tends to lead to the stratification or
“layering” of the different sizes of microspheres within the fiber pre-form, with the
larger (and less dense) expanded microspheres remaining on top, while smaller
(and denser) unexpanded microspheres tend to sink to the bottom. This non-
homogeneous microsphere distribution can negatively impact performance of the
final foam composite, and may result in fiber-rich pockets or voids in the foam
composite that are generally undesirable.

[0019] Accordingly, the embodiments as described herein attempt to address
one or more of the issues present with Nutt's techniques. In particular, some
embodiments described herein may generally provide for improved control of
particle dispersion within a fiber pre-form, and in particular may provide for a
more homogeneous microsphere distribution within fiber pre-forms, particularly
when using longer fibers and microspheres of various sizes, shapes, and/or
densities.
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[0020] According to one embodiment, a method of forming foam composites
includes a first step of providing a plurality of particles (e.g. microspheres) in
contact with a fiber pre-form having a plurality of fibers. For example, a plurality
of microspheres may be placed onto a surface of a fiber pre-form. The fiber pre-
form may include a number of generally aligned fibers (e.g. fiber bundles secured
to a backing), may have a plurality of randomly arranged fibers (e.g. a random
pre-form), or various combinations thereof. In some embodiments, the fiber pre-

form could be a high pile fabric or a tufted fabric.

[0021] At least one penetrating element is then inserted into the fiber pre-form.
For example, one or more needles, pins or wires may be inserted into the fiber

pre-form.

[0022] The penetrating elements (e.g. needles) are then repeatedly moved (e.g.
vibrated or oscillated) within the fiber pre-form so as to effect movement of the
fibers within the pre-form. This fiber movement allows the particles (e.g.
microspheres) to “fall” into the fabric pre-form and tends to encourage dispersion

of the particles into the pre-form.

[0023] In particular, the movement of the penetrating elements is believed to
provide for a localized movement of the fibers within the fiber pre-form that aliows
the nearby particles to fall down into the fibers, generally with a fairly good
amount of control. This localized effect is believed to avoid or at least inhibit the
fluidization effect present with the techniques described by Nutt.

[0024] For example, since the penetrating elements can act at particular depths
to move the fibers within the fiber pre-form, the fiber movement can occur along
at least a portion of the fibers and at specific regions of the fibers, in some
instances at a distance from the interface surface between the fabric pre-form
and the loose particles on the surface thereof. This may encourage the particles

to become quickly dispersed generally throughout the fiber pre-form at specific
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depths relative to the height of the fibers (or at least a substantial portion thereof)

before any significant stratification or de-mixing effects can occur.

[0025] The inventors believe that this generally mitigates the negative effect of
long fibers on microsphere distribution, and thus may help overcome at least
some of the performance limitations present with the techniques taught by Nutt.
In particular, the techniques as used herein may be suitable for use with “high
loft” pre-forms wherein the pre-form is quite thick (e.g. between one inch and four
inches), or wherein the fibers themselves are quite long (e.g. greater than one

inch).

[0026] Once microsphere particles are dispersed within the fiber pre-form to a
desired amount, the fiber pre-form and microspheres can be heated (e.g. to
between 200 degrees Fahrenheit and 300 degrees Fahrenheit (or even to 500
degrees Fahrenheit) depending on the properties of the microspheres and fibers)
with pressure (e.g. between 50 and 250 psi depending on the properties of the
microspheres and fibers, the desired shape of the foam composite and the
particular thickness of the foam composite). The heat causes the microspheres
to expand and fuse together so as to encapsulate the fibers, forming the foam
composite. The pressure (from a closed mold for example) controls the resulting
shape of the foam composite allowing for different shapes to be formed (e.g. a
flat panel, a curved panel, etc.).

[0027] In some embodiments, after being formed further processing steps may
be performed on the foam composite. For example, some density variations may
be present in the foam composite due to temperature gradients present during
the forming of the foam composite (e.g. microspheres adjacent the surfaces of
the foam composite may have experienced greater relative temperatures than
microspheres at or near the center of the foam composite, and thus may have
expanded by a greater amount). Accordingly, in some embodiments at least a

portion of the exterior surfaces of the foam composite may be removed (e.g. by



WO 2012/116435 PCT/CA2012/000181

10

15

20

25

-7-

cutting or slicing) to provide a finished foam composite product with a more

homogeneous density.

[0028] In some embodiments, the foam composite may be cut to desired
shapes and sizes. For example, the foam composite could be formed as a
relatively thick block that is then cut to form thinner panels (or into different

shapes) for desired applications.

[0029] Generally, in some embodiments the penetrating elements may be
repeatedly moved (e.g. vibrated or oscillated) within the fiber pre-form so as to
provide a generally homogenous dispersion of particles (e.g. microspheres or
other particles), within the fiber pre-form, even when the particles are of different
types with different mechanical properties (e.g. size, weight, density, etc.). For
example, one or more penetrating elements may be inserted into the fiber pre-
form to a particular depth (e.g. 75% of the height of the fiber pre-form from the
pre-form/particle interface) and then oscillated at a frequency and for a duration
selected so as to encourage a generally homogeneous distribution of

microspheres within the fiber pre-form adjacent each penetrating element.

[0030] This may be particularly beneficial where the particles include first
microspheres having a first density (e.g. expanded microspheres with a density
of 60 kg/m”"3) and second microspheres having a second density (e.g.
unexpanded microspheres with a density of 1200 kg/m”3), since the stratification
or layering effects present with the Nutt techniques tend to be inhibited.

[0031] In some embodiments, localization effects may be further facilitated by
using a mesh or grid to help control the movement and/or positioning of the
microspheres. For example, a honeycomb or other shaped mesh may be placed
onto the fiber pre-form to define a plurality of cells. Particles (e.g. microspheres)
may then be provided within the cells of the mesh in contact with the fiber pre-

form. A needle or other penetrating element may be inserted into each cell to a
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particular depth and then vibrated so as to encourage the particles within that

particular cell to disperse within the fiber pre-form (generally around the needle).

[0032] Since the techniques as described herein generally provide for localized
vibration, particles tend to be entrained along at least a portion of the length of
the fibers (generally regardless of the fiber length) before “stratification” or “de-

mixing” effects become significant.

[0033] In some embodiments more precise control of the dispersion of
microspheres in each cell may be achieved by controlling operating parameters
such as the frequency of oscillation and duration of a penetrating element within
each cell. For example, each cell could be provided with a penetrating element
that vibrates for a particular duration at a particular frequency selected so as to
encourage dispersion of the specific microspheres within that cell, without

generally allowing for fluidization.

[0034] In some other embodiments, no mesh or grid need be used. For
example, a powder scattering machine may be used to provide particles onto the
surface of the fiber pre-form. The penetrating elements may then be repeatedly

moved within the fiber pre-form to disperse the particles therein.

[0035] In some embodiments, depending on the operation of the penetrating
elements, dispersion of different types of microspheres to different depths within
the fiber pre-form may be effected. For example, a first layer of particles may be
placed onto the fiber pre-form (e.g. using a powder scattering machine) and then
dispersed therein to a first depth by vibrating the penetrating elements. Then, a
second layer of particles (which could be of a different type) could then be placed
onto the fiber pre-form and dispersed therein (e.g. to a second depth) by
vibrating the penetrating elements therein (in some cases with the penetrating
elements at a different depth). Accordingly, in some embodiments the techniques

as described herein may be used to provide non-homogeneous particle
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distribution within a fiber pre-form by controlling the type and dispersion location
of the particles as well as the depths of the penetrating elements.

[0036] In some embodiments, the penetrating elements are oscillated or
vibrated at one or more frequencies selected to provide the desired dispersion
effects. In some embodiments, the frequency may be between about 1 Hz and
1000 Hz. In some embodiments, the frequency may be between about 200 Hz
and 800 Hz. In some embodiments, the penetrating elements could be
repeatedly moved with a frequency of around 600 Hz. In other embodiments,
higher or lower frequencies may be used depending on the properties of the
fibers and microspheres, and other factors.

[0037] In some embodiments, the direction(s) of movement of the penetrating
elements as they repeatedly move within the fiber pre-form may be selected to
achieve a desired dispersion of microspheres therein. For example, in
embodiments where the fibers are generally aligned in a first longitudinal
direction, and the penetrating elements include needles or rigid wires, the
needles may be aligned with the first direction and oscillated longitudinally (e.g.
in a direction aligned with the first direction), transversely (e.g. in one or more
directions generally perpendicular to the first direction), in an orbital path or a
path with at least some curved component (e.g. in a circular pattern, an elliptical
pattern, a figure eight pattern, and so on), or generally any other direction or
combination of directions as suitable depending on the properties of the fibers
and particles.

[0038] In some embodiments, the fiber pre-form may be formed by securing a
plurality of fiber bundles (with fibers aligned in the first direction) to a backing
(e.g. using an adhesive) as will be described below. In other embodiments, the
fiber pre-form may be a high pile fabric, a tufted fabric, a randomized fiber mat, or

have various other shapes or configurations.
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[0039] Turning now specifically to Figure 1, illustrated therein is a foam
composite panel 10 reinforced with fibers 12 made according to one
embodiment. As shown, the foam composite 10 includes a plurality of fibers 12
that are generally aligned in a first direction (e.g. along the z-direction illustrated
by the coordinate system shown in Figure 1). The foam composite 12 also has a
plurality of microspheres 20 dispersed therein using the techniques as described
herein. In some cases, some of the tips 12a of the fibers 12 may be partially

exposed.

[0040] The foam composite 10 in this embodiment is a flat rectangular panel
with a width W and a length L. The magnitude of the width W and length L could
vary according to the desired applications and the limitations of the particular
manufacturing equipment. For example, in some embodiments the width W could
be around 4 feet while the length L is around 8 feet. In other embodiments, the
foam composite 10 could be square (e.g. the width W and the length L could be
equal).

[0041] In some embodiments, the foam composite 10 could have other shapes
(e.g. could be non-flat with one or more curves along the width W or length L, the
foam composite could be circular with a particular diameter, could be elliptical,
and so on).

[0042] As shown, the foam composite 10 also a height H, which in this
embodiment is determined by the pre-form height H, as will be explained further
below. In some embodiments the height H may be greater than one inch. In
some embodiments the height H may be between about one inch and four
inches. In other embodiments the height H may be greater than four inches.

[0043] Generally, as described above the foam composite 10 may be formed
from a fiber pre-form that is brought into contact with a plurality of microspheres.

One example of a fiber pre-form 13 is shown in Figure 2.
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[0044] In this embodiment, the fiber pre-form 13 may be formed by securing a
plurality of fiber bundles 18 to a backing member 16. As shown, each fiber
bundle 18 having a height H, may include a plurality of fibers 12 aligned in the
first direction. This fiber alignment may be beneficial depending on the particular
application that the foam composite will be used. The fiber bundles 18 may be
secured to the top surface 16a of the backing member 16. For instance, the
backing member 16 may be a silicone mat with a pressure sensitive adhesive
(PSA) thereon, and which may be activated when the fiber bundles 18 are placed
onto the top surface 16a. In other embodiments, the fiber pre-form may have
various other shapes and sizes. For example, the fiber pre-form may be a high
pile fabric or a tufted fabric. The fiber pre-form may be circular, may include non-
aligned fibers (e.g. fibers with random fiber orientations), or may have other fiber

orientations (e.g. woven fibers, unidirectional fibers), and so on.

[0045] In some embodiments, the length of the fibers 12 may be such that the
fibers 12 could be considered “long fibers”, in that they would tend to interfere
with microsphere dispersion when using the techniques described by Nutt. In
particular, pre-forms consisting of fibers 12 longer than one inch tend to impede
the effectiveness of the techniques as described by Nutt.

[0046] In some embodiments, the fibers may have a length of at least 10 mm.
In some embodiments, the fibers 12 have-a length of at least 30 mm. In some
embodiments, the fibers 12 have a length of at least 50 mm.

[0047] In some embodiments, the fibers used to generate a pre-form may be in
the 1 inch to 3 inch range, and may be used to create high loft pre-forms with
lofts of 4 inches or more. In general, the pre-form may include discontinuous

filaments or fibers that collectively provide the pre-form with the height H.

[0048] Turning now to Figure 3, as shown therein a plurality of loose, dry
microspheres 21 have been placed onto the top surface of the fiber pre-form 13,

for example by using a powder scattering machine. As also shown, an optional
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mesh 22 has been placed onto the fiber pre-form 13 to define a plurality of cells
25 that secure the loose microspheres 21 therein. In other embodiments, the
microspheres 21 (or other particles) may be placed onto the fiber pre-form 13

without a mesh.

[0049] Also shown in Figure 3 is a penetrating apparatus 27. In this
embodiment, the penetrating apparatus 27 includes one or more penetrating
elements 26 (e.g. needles, wires or other elongate members) secured via a body

member 28.

[0050] As shown, in this embodiment the penetrating apparatus 27 is smaller
than the fabric pre-form 13, and thus may be moved between regions of the
fabric pre-form 13 to effect microsphere 21 dispersion. For example, in this
figure, the penetrating apparatus 27 has already been used in a first region A to
disperse microspheres 21 through the fiber pre-form 13, and the penetrating
apparatus 27 is positioned above a second region B and ready to be inserted into

the fiber pre-form 13.

[0051] In other embodiments, the penetrating apparatus 27 may be large
enough to cover the entire pre-form 13. This may be beneficial as using the
penetrating apparatus 27 in separate regions (e.g. the first region A and second
region B) may cause irregularities at the boundaries between regions (e.g. over
or under dispersion of particles).

[0052] In some embodiments, the penetrating elements (e.g. one or more
needles) 26 may be inserted at or near the centre of each cell 25 of the mesh 22
when effecting dispersion of the loose microspheres 21. In some embodiments, a
honeycomb shaped mesh 22 may be particularly beneficial since it tends to
provides cells 25 that are close in shape to a circle, and thus tending to provide
for relatively uniform distribution of loose microspheres 21 around the penetrating
elements 26 while still allowing the cell 25 pattern to be repeated or “tiled” to
cover the surface of the fiber pre-form 13.
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[0053] Turning now to Figure 4, as shown the penetrating element 27 has been
moved towards the fiber pre-form 13, and the penetrating elements 26 are
inserted into the fiber pre-form 13 to a depth D. Generally the depth D is at least
slightly less than the height H of the pre-form 13. In this embodiment, the fiber
pre-form 13 includes a plurality of fibers 12 that extend along the first direction
(e.g. aligned with the z-axis) and which are arranged to give the pre-form 13 its
height H. Loose microspheres 21 (or other particles) are provided on top of the

fiber pre-form 13.

[0054] The penetrating apparatus 27 is then repeatedly moved (e.g. by vibrating
the body member 28) in one or more directions, such as the x-direction, the z-
direction, the y-direction (not shown), or various combinations thereof and
according to various patterns. This repeated movement or vibration disturbs the
fibers 12 within the fiber pre-form 13 so that the microspheres 21 will tend to fall
down into the fiber pre-form 13 and become dispersed within the fibers 12

(indicated generally as dispersed microspheres 20).

[0055] Generally, operating parameters such as the frequency of vibration,
duration of vibration, and depth of penetration D of the penetrating elements 26
may be selected so as to achieve the desired dispersion of microspheres 20
within the fiber pre-form 13.

[0056] In particular, the depth D of the penetrating elements 26 may be
selected so that at least a substantial portion of the length of the fibers 12 is
disturbed as the penetrating elements 26 are vibrated. This tends to allow the
loose microspheres 21 to fall quickly into the fibers 12 before “de-mixing” or
“fluidization” effects can become significant, which could otherwise lead to a non-
homogeneous distribution of the microspheres 20 within the fiber pre-form 13.
Accordingly, this technique tends to mitigate the negative effects of long fibers on
microsphere dispersion.
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[0057] In some embodiments, a scraper 24 or other element may be used to
remove excess loose microspheres 21 from the surface of the mesh 22 prior to
vibration. In this manner, the cells 25 of the mesh 22 may also serve as a
measurement tool for ensuring that the desired quantities of loose microspheres

21 are provided for dispersion within the fiber pre-form 13.

[0058] In some embodiments, the depth D is at least 5% of the height H of the
pre-form 13 from the top surface of the pre-form 13. In some embodiments, the
depth D is at least 50% of the height H of the pre-form 13. In some embodiments,
the distance D is at least 75% of the height H of the pre-form 13. In some
embodiments, the distance D is at ieast 90% of the height H of the pre-form 13.

[0059] In some embodiments, microspheres 20 (or other particles) may be
added to the fiber pre-form 13 in more than one pass of the penetrating
apparatus 27. For example, a first batch of loose microspheres 21 may be placed
in contact with the fiber pre-form 13 and then dispersed therein using the
penetrating apparatus 27 (e.g. with the penetrating elements 26 positioned at a
first depth in the fiber pre-form 13, for example 90% of the height of the fibers
12). Then, a second batch of loose microspheres 21 may be placed onto the fiber
pre-form 13, and dispersed therein using the penetrating apparatus 27 (e.g. with
the penetrating elements 26 positioned at a second depth in the fiber pre-form
13, for example 50% of the height of the fibers 12).

[0060] Accordingly, the dispersion of microspheres 20 or other particles within
the fiber pre-form 13 may generally be controlled with good accuracy and
precision to achieve desired dispersion of microspheres 20, generally without
significant fluidization or stratification effects occurring.

[0061] In some embodiments, after the microspheres 20 have been dispersed
within the fiber pre-form 13, the top of the fiber pre-form 13 may then be covered
(e.g. with a film, reusable sheet, metal cover, etc.) for example to inhibit dust

from contaminating the fiber pre-form 13, to inhibit egress of the microspheres 20
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(or both), for example when transporting the fiber pre-form 13. In some
examples, the mesh 22 may be removed before the fiber pre-form 13 is covered.

[0062] In some embodiments, the grid or mesh 22 could be used for
microsphere application onto the pre-form, but the mesh 22 should be removed
prior to inserting the penetrating elements 26. In particular, inserting the
penetrating elements 26 into the cells of the mesh 22 may not be a likely
manufacturing scenario because alignment of the penetrating elements with the
mesh 22 can be extremely difficult. For instance, it can be quite difficult to ensure

that the penetrating elements are perpendicular with the body member 28.
[0063]

[0064] Once the microspheres 20 are dispersed, the fiber pre-form 13 with
microspheres 20 can then be heated with pressure, causing the microspheres 20
to expand and fuse together so as to form the foam composite 10. For example,
in some embodiments the fiber pre-form 13 with microspheres 20 can then be
heated to between 200 degrees Fahrenheit and 300 degrees Fahrenheit, or in
some embodiments to 500 degrees Fahrenheit (depending on the type of
particular microspheres 20) to achieve the desired degree of microsphere
expansion while under pressure (e.g. between 50 psi and 250 psi, around 125
psi, etc.) to control the expansion of the microspheres 20 and assist the foam

composite 10 in adopting a desired shape and thickness.

[0065] In some embodiments, some of the fibers 12 in the fiber pre-form 13
may be treated, for example to improve adhesion of the microspheres 20 thereto,
to facilitate dispersion of the microspheres 20 therein, and so on.

[0066] Turning now to Figure 5, illustrated therein is a method 100 of dispersing
particles in a fiber pre-form according to one embodiment, and which may be
used for forming foam composites or for other applications.

[0067] At step 102, a plurality of particles is provided in contact with a fiber pre-
form that has a plurality of fibers. The particles could be placed or distributed
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onto a top surface of the fiber pre-form using a powder scattering machine, for
example. In some embodiments, the particles could be microspheres, and may
include two or more types of microspheres, such as expanded and unexpanded
microspheres or microspheres with different densities or properties. In other
embodiments, the particles could include other particles, such as homopolymers,

block polymers, engineered thermoplastics, thermosets, and so on.

[0068] At step 104, at least one penetrating element is inserted into the fiber
pre-form. For example, one or more needles, wires or other elongate elements

may be inserted into the fiber pre-form to a particular depth.

[0069] At step 106, the at least one penetrating element is repeatedly moved
(e.g. vibrated or oscillated) within the fiber pre-form. This vibration causes
movement of the fibers within the fiber pre-form and encourages the plurality of
particles (e.g. microspheres or other particles) to disperse within the fiber pre-
form. This vibration may be maintained and/or repeated until a desired

distribution of particles is achieved.

[0070] In some embodiments (e.g., where the particles are microspheres), at
step 108, the fiber pre-form with microspheres dispersed therein may then be
heated to a temperature selected to cause the microspheres to expand and fuse
together to form the foam composite. In some embodiments, this heating may be
done in a mold and under pressure so that the finished foam composite has a
desired shape.

[0071] In some embodiments, the particles may include one or more
microspheres selected from the group consisting of glass, silica-alumina ceramic,
epoxy resins, unsaturated polyester resins, silicone resins, phenolics, polyvinyl
alcohols, polyvinyl chlorides, polypropylenes, polystyrenes, polyacrylonitrile,
polymides, and any combination thereof.

[0072] For examples, some microspheres may include thermoplastic
polyacrylonitrile (PAN). Each microsphere may include a thermoplastic shell that
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encapsulates a blowing agent, such as isopentane or butane, or another
hydrocarbon blowing agent. Before expansion, microspheres may have a first
diameter (e.g. 10 micrometers). After heating to a suitable temperature, the
microspheres will expand and may reach a second diameter (e.g. 40

micrometers).
[0073] Other suitable particles may not be microspheres.

[0074] In some embodiments, particles may include homopolymers such as, but
not limited to, polystyrene (a-methyl, brominated), polybutadiene, poly (meth)
acrylates, poly (meth) acrylic acids, poly (meth) acrylamides, poly (meth)
acrylonitrile, polyethylene (propylene or butylene), polyesters, polyolefins,
polyvinylidene fluoride or chloride, polyvinyl acetate, polyvinyl ether, or blends or

copolymers of these or other homopolymers thereof.

[0075] Other particles could include block polymers, alternating or random
copolymers, terpolymers, etc., such as styrene-butadiene (SBR), styrene-
acrylonitrile, butadiene-acrylonitrile, styrene-maleic anhydride (SMA), ethylene-
(meth) acrylic acid, ethylene glycol (PEG), ethylene terephthalate (PET),
acrylonitrile-butadiene-styrene (ABS), and other copolymers or blends of

polymers and/or copolymers thereof.

[0076] Other particles could include engineered thermoplastic polymers such as
nylon, polyamide, polycarbonate, polyimide, polyetherimide, polyketone,
polyetherketone, polypropylene, polysulfone, and other thermoplastics or blends
of thermoplastic polymers thereof.

[0077] Yet other particles could include thermosetting polymers including
epoxy, phenolic and polyurethane resin systems, polymers containing one or
more reactive functionalities, thermal or photo-initiators, catalysts or other
synergists, hollow microballoons, comprised of glass, ceramic, and phenolic
resins.
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[0078] As used herein, the terms "fiber" generally refer to an elongated body for
which the length dimension is significantly greater than the transverse or width
dimension. In some embodiments, at least one of the fibers may include
polyester fibers, aramid fibers, glass fibers, basalt fibers, carbon fibers, or some

combination thereof.

[0079] In some embodiments, at least some of the fibers may be high-
performance fibers such as aramid fibers, extended chain polyethylene fibers,
and/or poly(p-phenylene-2,6-benzobisoxazole) (PBO) fibers. Other examples
could include aramid and copolymer aramid fibers, for example as produced
commercially by DuPont (Kevlar®), Teijin (Twaron®), Kolon (Heracron®), and
Hyosung Aramid, modified aramids (e.g. Rusar®, Autex®), ultra high molecular
weight polyethylene (UHMWPE) produced commercially by Honeywell, DSM,
and Mitsui under the trade names Spectra®, Dyneema®, and Tekmilon®,
respectively (as well as Pegasus® vyarn), poly(p-phenylene-2,6-benzobisoxa-
zole) (PBO) (produced by Toyobo under the commercial name Zylon®), and/or
polyester-polyarylate yarns (e.g. Liquid crystal polymers produced by Kuraray
under the trade name Vectran®). In some embodiments, industrial fibers such as
Nylon, polyester, polyolefin based yarns (including polyethylene and
polypropylene), could also be used.

[0080] In some embodiments, the fibers may be made from aliphatic (non-
aromatic) low-density polyolefins, such as high-molecular weight polyethylene
(HMWPE), polypropylene, and synthetic fibers such as PET or Nylon/Amides.

[0081] In some embodiments, at least some of the fibers 12 may be aligned in
the fiber pre-form 13. In some embodiments, at least some of the fibers may be
configured in a random or pseudo-random fashion in the fiber pre-form.

[0082] In some embodiments, it may be advantageous for the particles (e.g.
microspheres) to be dispersed homogeneously through the pre-form. In other

embodiments, the techniques as described herein may be useful for providing
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particular non-homogeneous distribution of particles. For example, a first batch of
particles dispersed within a fiber pre-form (using the vibrating penetrating
elements) may be first microspheres with first properties (e.g. microspheres
made from a fire resistant type of thermoplastic) selected to generally form a first
layer within the fiber pre-form. A second batch of second microspheres with other
properties (e.g. good structural strength but low fire resistance) may then be
dispersed on top of the first batch within the fiber pre-form. In this manner, foam
composites having various non-homogeneous microsphere or particle

arrangements may be provided.

[0083] The foam composites 10 described herein can be designed for use in
various applications, such as in rigid panels for use in the aerospace industry,
marine applications, windmill blades, recreation vehicle panels, and for other

uses.

[0084] In some embodiments, the foam composites may additionally include
additives to control and/or alter the physical or chemical properties of the foam
composites, such as nano-particles to increase toughness of the foam
composites and/or fillers to reduce density and/or increase stiffness of the
composites. In some embodiments, the foam composites may also contain
substances selected so as to alter the surface properties of the composite, such
as, for example, dyes for coloring or the like. In some embodiments, such
particles may be added along with or in addition to the microspheres by using the
penetrating element to vibrate the fibers within the fiber pre-form.

[0085] In some embodiments, the methods as described herein may be used to
disperse other particles that are not microspheres within a fiber pre-form. For
example, in another aspect there may be provided a method of forming a fiber
pre-form having particles dispersed therein, comprising providing a plurality of
the particles in contact with the fiber pre-form, inserting at least one penetrating
element into the fiber pre-form, and vibrating the at least one penetrating element
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within the fiber pre-form so as to encourage the plurality of particles to disperse

within the fiber pre-form.

[0086] Generally, the foam composites as described herein may be formed into
various shapes and/or sizes. For example, in some embodiments square or
rectangular generally flat panels may be formed (e.g. a 4 foot by 8 foot
rectangular panel). In other embodiments, foam composites may be formed

having various curves or other shapes.

[0087] In particular, once a fiber pre-form has been impregnated with the
desired microspheres, the fiber pre-form can be placed in mold having a desired
shape (e.g. a curved mold) and then heated (e.g. between 200 degrees
Fahrenheit and 300 degrees Fahrenheit) under pressure (e.g. at 125 psi) to
obtain a desired shape and density (e.g. a density between about 60 kg/m”3 to
250 kg/mA*3).

[0088] In some embodiments, one or more penetrating elements may be made
of a corrosive resistant material, such as stainless steel, in order to inhibit
corrosion related to contact with microspheres or environmental factors (or both).
In particular, corrosion may negatively impact pin penetration into the pre-form.
More particularly, penetrating elements (e.g. pins) exhibiting corrosion may tend
to compress the pre-form rather than displace fibers and penetrate into the pre-
form as desired.

[0089] While the above description provides examples of one or more foam
composites and methods of forming the same, it will be appreciated that other
foam composites and methods may be within the scope of the present
description as interpreted by one of skill in the art.
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Claims:
1. A method of forming a foam composite, comprising:

providing a plurality of microspheres in contact with a fiber pre-form having a

plurality of fibers;
inserting at least one penetrating element into the fiber pre-form;

repeatedly moving the at least one penetrating element within the fiber pre-
form so as to encourage the plurality of microspheres to disperse within the fiber

pre-form; and

heating the fiber pre-form with the microspheres dispersed therein causing

the microspheres to expand and fuse together to form the foam composite.

2. The method of claim 1, wherein repeatedly moving the at least one
penetrating element includes vibrating the at least one penetrating element so
as to provide a generally homogenous dispersion of microspheres within the

fiber pre-form.

3. The method of any preceding claim, wherein the plurality of microspheres
placed in contact the fiber pre-form includes a plurality of first microspheres
having a first density and a plurality of second microspheres having a second

density.

4. The method of claim 3, wherein the first density is around 60 kg/m”3 and the
second density is around 1200 kg/m”3.

5. The method of claim 3 or 4, wherein the first microspheres are expanded

microspheres and the second microspheres are unexpanded microspheres.
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6. The method of any preceding claim, wherein the at least one penetrating
element is vibrated at a frequency selected so as to encourage a generally

homogeneous distribution of microspheres within the fiber pre-form.

7. The method of claim 6, wherein the frequency is between about 1 Hz and
1000 Hz.

8. The method of any preceding claim, further comprising providing a mesh on
the fiber pre-form that defines a plurality of cells, and wherein the plurality of
microspheres are provided in contact with the fiber pre-form within the cells of
the mesh.

9. The method of any preceding claim, wherein the at least one penetrating

element includes at least one needle.

10.The method of any preceding claim further comprising, after the microspheres
have been dispersed within the fiber pre-form, encapsulating the top of the

fiber pre-form and microspheres with a film.

11.The method of any preceding claim, wherein the fiber pre-form has a height
and wherein the at least one penetrating element is inserted into the fiber pre-
form by a depth of at least 5% of the height during movement of the at least

one penetrating member.
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12.The method of any preceding claim, wherein the fiber pre-form has a height
and wherein the at least one penetrating element is inserted into the fiber pre-
form by a depth of at least 50% of the height during movement of the at least

one penetrating member.

13.The method of any preceding claim, wherein the fiber pre-form has a height
and wherein the at least one penetrating element is inserted into the fiber pre-
form by a depth of at least 75% of the fiber height during movement of the at

least one penetrating member.

14.The method of any preceding claim, wherein the fiber pre-form has a height
and wherein the at least one penetrating element is inserted into the fiber pre-
form by a depth of at least 90% of the fiber height during movement of the at
least one penetrating member.

15.The method of any preceding claim, wherein the fiber pre-form and
microspheres are heated to between 200 degrees Fahrenheit and 500

degrees Fahrenheit.

16.The method of any preceding claim, wherein the fiber pre-form and
microspheres are heated while under pressure.

17.The method of claim 16 wherein the pressure is between 50 psi and 250 psi.

18.The method of any preceding claim, wherein the foam composite has a
density of between about 60 kg/m*3 and 250 kg/m”3.
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19.A foam composite formed according to any one or more of the methods as

claimed in any preceding claim.

20.The foam composite of claim 19, wherein the plurality of fibers have a length

greater than one inch.

21.A method of dispersing a plurality of particles in a fiber pre-form, comprising:
providing a plurality of the particles in contact with the fiber pre-form;
inserting at least one penetrating element into the fiber pre-form; and

repeatedly moving the at least one penetrating element within the fiber pre-
form so as to encourage the plurality of particles to disperse within the fiber pre-

form.

22.The method of claim 21, wherein repeatedly moving the at least one
penetrating element includes vibrating the at least one penetrating element so
as to provide a generally homogenous dispersion of particles within the fiber

pre-form.

23.The method of claim 21 or 22, wherein the plurality of particles includes first

particles having a first density and second particles having a second density.



PCT/CA2012/000181

WO 2012/116435

1/5

H

r4



WO 2012/116435 PCT/CA2012/000181

2/5

FIG. 2




WO 2012/116435 PCT/CA2012/000181

3/5

16

FIG. 3

18

28

26
y



PCT/CA2012/000181

¥ "Old

0c

91
I\ P I \
g X

4/5

e .

.....................

WO 2012/116435




WO 2012/116435 PCT/CA2012/000181

5/5

100\

Providing Particles in 102
Contact with Fabric Pre- 1
Form
Inserting Penetrating 104
Element into Fabric Pre- A
Form
106

Vibrating Penetrating |~ ./
Element Within Pre-Form
to Disperse Particles
Therein

I Heat Pre-Form under |
I

i Pressure to form Foam
I Composite :
I



INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2012/000181

A CLASSIFICATION OF SUBJECT MATTER
IPC: C08J 9/35 (2006.01) , BOIF 3/00 (2006.01) . C08J 9/232 (2006.01)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification syvstem followed by classification svmbols)
C08J 9/35 (2006.01), BOIF 3/00(2006.01), C08.J 9/232 (2006.01)

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

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

Database: EPODOC, Scopus, Internet and Canadian Patent Database
Kevwords: foam, composite, tiber, penetrate, needle, microsphere and other related search terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X WO2004009681 A2 (NUTT, S.R., et al.) 29 January 2004 (29-01-2004) 1-23
(see paragraphs 0054-0057, 0061, 0067 and 0095 and claims 1, 12, 14 and 15)

A US4865784 A (HILL, F. U.) 12 September 1989 (12-09-1989) 1-23
(see Example 1 and claim 1)

A US3634184 A (WANG, W. L) 11 January 1972 (11-01-1972) 1-23
(see column 11, Example 5, claims 1, 6, and 12)

[ ] Further documents are listed in the continuation of Box C. [X] See patent family annex.
* Special categories of cited documents “T” later document published after the mternational filing date or priority
) o ) date and not m contlict with the ap&)hcyatlon but cited to understand
“AT document defining the general state of the art which 1s not considered the principle or theory underlying the imvention
to be of particular relevance ) ) ) )
) o ) . ) ) "X document of particular relevance; the claimed mvention cannot be
“E” earlier application or patent but published on or after the mternational considered novel or cannot be considered to involve an mventive
filing date step when the document is taken alone
“L” document which may throw doubts on priority clami(s) or which 1s “Y"  document of particular relevance: the claimed invention cannot be
cited to establish the publication date of another citation or other considered to mvolve an inventive step when the document 1is
special reason (as specified) combined with one or more other such documents, such combination
) ) o being obvious to a person skilled in the art
“O” document referring to an oral disclosure, use, exhibition or other means R o
) ) ) ) ) “&”  document member of the same patent tamily
“pr document published prior to the international filing date but later than
the priority date claime
Date of the actual completion of the international search Date of mailing of the international search report
29 May 2012 (29-05-2012) 29 May 2012 (29-05-2012)
Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, C114 - st Floor, Box PCT Olivia Koentjoro (819) 994-1546
50 Victoria Street
Gatmeau, Quebec K1A 0C9
Facsimile No.: 001-819-953-2476

Form PCT/ISA/210 (second sheet ) (July 2009) Page 2 of 3




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/CA2012/000181

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

WO2004009681A2 29 January 2004 (29-01-2004) AU2003256674A1 09 February 2004 (09-02-2004)
AU2003256674A8 09 February 2004 (09-02-2004)
EP1551910A2 13 July 2005 (13-07-2005)
EP1551910A4 09 May 2007 (09-05-2007)
US2004059010A1 25 March 2004 (25-03-2004)
UsS6864297B2 08 March 2005 (08-03-2005)

WO2004009681A3 08 July 2004 (08-07-2004)

US4865784A 12 September 1989 (12-09-1989) EP0384256A1 29 August 1990 (29-08-1990)
US4923538A 08 May 1990 (08-05-1990)
US4923907A 08 May 1990 (08-05-1990)
US4978690A 18 December 1990 (18-12-1990)

US3634184A 11 January 1972 (11-01-1972) AT307753B 12 June 1973 (12-06-1973)
AT316153B 25 June 1974 (25-06-1974)
DE1928600A1 08 January 1970 (08-01-1970)
ES368066A1 01 May 1971 (01-05-1971)
ES388565A1 16 December 1974 (16-12-1974)
FR2013330A1 03 April 1970 (03-04-1970)
GB1277436A 14 June 1972 (14-06-1972)
GB1277438A 14 June 1972 (14-06-1972)
IE33457L 06 December 1969 (06-12-1969)
IE33457B1 10 July 1974 (10-07-1974)
JP50002002B 23 January 1975 (23-01-1975)
NLE908650A 09 December 1969 (09-12-1969)
US3832214A 27 August 1974 (27-08-1974)

Form PCT/ISA/210 (patent tamily annex ) (July 2009) Page 3 of 3




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

