
EP 0173 382 B1 Description This invention relates to low density,
fiber-reinforced plastic composites. It is known to prepare
fiber-reinforced resins using various fibers such as glass, carbon,
polyamide and 5  like fiber as reinforcement. The fibers employed in such
reinforced resins have ranged in length from very short, as where a ground
fiber is used, to very long, as where continuous fiber rovings are used as
reinforcement. The prior art fiber-reinforced resins have generally been
nonporous, high density materials; that is, they have not contained
substantial amounts of pores or voids within the reinforced resins. 10
It would be useful for some applications to provide a plastic composite
which has a low density yet has the advantage of containing
fiber-reinforcing material. For example, it is often desirable to provide a
light weight resin sheet having high flexural strength and flexural
stiffness. A porous fiber-reinforced plastic composite would be highly
desirable for such an application. It is known that certain fiber-glass
reinforced resins will expand or "loft" when heated above the 15  softening
temperature of the resin in the absence of compressive forces. For example,
a resin reinforced with continuous spiral fiber-glass rovings will loft
under such conditions, forming an expanding material in which the resin no
longer forms a continuous matrix surrounding the fiber-glass. The lofted
material consists of loose spirals of fiber-glass rovings having a
discontinuous resin coating. Also the lofting of such material occurs in
three dimensions, causing the original resin to lose its shape upon
lofting. As a result, the lofted 20  material is not useful for making
structural articles. It would, therefore, be desirable to provide a low
density fiber-reinforced plastic composite. This invention is such an
expanded fiber-reinforced composite comprising a continuous porous matrix
of a synthetic resinous material and, distributed throughout said matrix,
from 10 to 55 percent by weight of the composite of randomly oriented
reinforcing fibers wherein said fibers have an aspect ratio of at least 40,
25 and wherein said expanded composite has a void volumn of from 20 to 90
percent of the total volumn of the composite. In another aspect, this
invention is a process for preparing a low density fiber-reinforced
composite from a densified composite, said densified composite comprising a
continuous matrix of a synthetic resinous material and distributed
throughout said matrix from 10 to 55 percent by weight based on the total
30  weight of the composite of reinforcing fibers, wherein said fibers are
randomly oriented in two dimensions substantially in the plane defined by
said composite and have an aspect ratio of at least 40, characterized by
the step of heating the densified fiber-reinforced composite to a
temperature sufficient to expand the composite in a direction perpendicular
to the plane defined by said composite, and cooling the composite to form
the low density fiber-reinforced composite. 35     The composite of this
invention exhibits an excellent strength-to-weight ratio as well as a very
high flexural stiffness as compared to conventional cellular plastics. In
addition, the composite of this invention has a continuous resin matrix
which renders it useful in the preparation of shaped articles and, in
particular, load bearing articles. In addition to its physical properties,
the composite of this invention exhibits significant sound and heat 40
insulating properties. As a further advantage, the composite of this
invention may be prepared having selected areas of low density (lofted) and
high density (unlofted) material. This "selectively lofted" material is
especially useful in applications where a generally low density material is
desired but stronger, stiffer or tougher high density regions are needed
such as for attaching the part to other component regions of wear and the
like. 45     The composite of this invention comprises a continuous high
void volume matrix comprising a heat fusible resin. Distributed throughout
said matrix are reinforcing fibers which comprise from 10 to 55, preferably
from 15 to 40, more preferably from 20 to 40 percent by weight of the
composite. By "high void volume" it is meant that the composite has a void
volume, i.e. the volume of the composite which is air space, comprises from
20 to 90, preferably from 30 to 70, more preferably from 50 50  to 70
percent of the volume of the composite. Such void volumes correspond
approximately to an 



expansion of from 20 to 500 percent, preferably from 100 to 300 percent, in
thickness during the preparation of the composite from a densified sheet as
described hereinafter. Although the density of any composite will depend on
the particular resin and fiber employed therein, for a typical composite
containing a polyolefin matrix and glass fibers, a density of from 0.24 to
1.04 g/ml, 55  preferably from 0.24 to 0.48 g/ml is generally exhibited.
The heat fusible resin used herein can be any resin which is solid at
ambient temperatures and into which the reinforcing fibers can be
incorporated. Due to the preferred method in which the composite is
prepared, it is generally preferable that the resin 2    EP 0173 382 B1 be
water insoluble and capable of being prepared as particulate or a
suspension of particles such as a polymer emulsion. Suitable such resins
include, for example, polyolefins such as polyethylene, ultra high
molecular weight polyethylene, high density polyethylene, linear low
density polyethylene, polypropylene and the like; 5  chlorinated
polyethylene; polycarbonates; ethylene/acrylic acid copolymers; polyamides
such as nylon 6, nylon 6,6 and the like; phenylene oxide resins; phenylene
sulfide resins; polyoxymethylenes; polyesters; the so-called ABS
(acrylonitrile, butadiene, styrene) resins; polyvinyl chloride; vinylidene
chloride/vinyl chloride resins; polyether ether ketones; polysulfures;
polyetherimides; and vinyl aromatic resins such as polysty- rene,
poly(vinylnaphthalene), poly(vinyltoluene) and the like. The foregoing
listing is not intended to be 10  exhaustive, and the skilled artisan will
readily recognize the utility of other thermoplastic resins in this
invention. Although any of these resins are suitable herein, the particular
choice of resin may depend somewhat on the particular requirements of the
application for which the composite is to be used. For example, properties
such as impact resistance, tensile strength, heat distortion temperature,
barrier characteristics 15  and the like are all effected by the choice of
polymer. For most applications, however, polyolefins, vinyl aromatic resins
and vinylidene chloride/vinyl chloride copolymers are preferred due to the
relatively low cost and good physical properties. As discussed more fully
hereinafter, the composite of this invention is advantageously prepared
from a densified fiber-reinforced sheet. Since the individual fibers
significantly overlap in such sheet, the den- 20 sification process tends
to cause the fibers to bend slightly where they overlap. It is believed,
although it is not intended to limit the invention to any theory, that in
the lofting process described hereinafter, the bent fibers straighten,
aiding in the lofting as expansion of the sheet. For this reason, it is
necessary that the flexural modulus of the fiber under the conditions of
the lofting of the sheet, be greater than the modulus of the continuous
resin matrix. In general, relatively stiff fibers of low elongation are
useful herein. 25     Suitable such fibers include glass fibers,
particularly E-glass and the like, metallized glass fibers, especially
aluminized glass fibers, ceramic fibers graphite fibers, nickel-coated
graphite fibers and polyamide fibers, polyester fibers and the like. Of
these, glass is generally preferred for most applications due to its
excellent reinforcing properties and relatively low cost. Of course, with
specialized applications, other fibers may be more suitable. For example,
if especially high strength is required, graphite fibers may 30  be
preferred. Conductive fibers such as metal, metallized graphite of
metallized glass fibers provide the composite with the ability to shield
electromagnetic interference nor conductive electricity. Mixtures of the
foregoing fibers are, of course, suitable herein. The fibers employed
herein have an average length from 3 to 25 mm, preferably from 4 to 12m m.
Said fibers also have an aspect ratio of (length to diameter ratio) of at
least about 40, preferably at least about 35  100. The reinforcing fibers
are essentially uniformily dispersed throughout the resinous matrix and are
randomly oriented in the place defined by the composite, i.e., there is
substantially no alignment of the fibers in any particular direction within
said plane. 



Various optional components are also advantageously employed in the
composite of this invention. In the preferred method for making the
composite, it is generally necessary to employ a polymeric binder. 40
Accordingly, the resulting composite made using this process generally
contains the solids of a polymeric binder in an amount of from 1 to 10
weight percent, preferably from 3 to 5 weight percent. Suitable binders
include polymeric latexes of substantially water-insoluble organic polymers
having bound anionic or cationic charges, such as acrylic or
styrene/butadiene polymers containing bound sulfonium, sulfoxonium,
isothiouronium, pyridinium, quaternary ammonium, sulfate, sulfonate or
carboxylate groups. Latex binders 45  which are suitable for use in said
preferred method are described in greater detail in U.S. Patent No.
4,426,470. In addition, starch, particularly starch which contains linear
polymers such as natural starch or corn starch, as well as enzymatically or
chemically modified starch including cationic starch, is suitable as a
binder in the preferred method and the composite of the invention can
contain said starch in the resin so  matrix. In addition, the preferred
process generally requires the use of an organic flocculant. Accordingly,
the composite of this invention prepared by said process generally further
comprises solids of said flocculant. Suitable flocculants include diverse
organic flocculants such as partially hydrolyzed polyacrylamide, modified
cationic polyacrylamide, and diallyldiethylammonium chloride. Said
flocculant is typically present 55  in relatively small amounts (i.e., less
than about 3, preferably less than 1 percent by weight of the composite of
this invention). With the use of certain binders, in particular carboxylic
acid polymers, distribution of the slurry is widely effected by lowering
the pH below the pH of the acid groups. 3    EP 0 173 382 B1 A blowing
agent is optionally employed in preparing the composite of the invention.
Such blowing agents may be an inert gas such as carbon dioxide, argon,
neon, nitrogen, oxygen and the like, or a lower boiling hydrocarbon such as
various halogenated, particularly fluorinated, hydrocarbons. Alternatively,
a chemical blowing agent may be employed. Suitable chemical blowing agents
include various carbonates, 5  bicarbonates, nitrates, alkali borohydrides,
peroxides, urea, and azo compounds. The use of a blowing agent tends to
favor the formation of closed-cell low density composite. However, it is
understood that the other variables, such as higher density of the
densified sheet and a relatively low fiber content, also favor closed- cell
formation. The composite of this invention may also optionally contain
minor amounts of filler such as silicon 10  dioxide, calcium carbonate,
magnesium oxide, cellulosic fibers such as wood pulp, magnesium hydroxide,
calcium silicate and mica. Pigments or dyes may also be added to impart
opacity and/or color. Various chemical additives such as anti-oxidants, UV
stabilizers, thickeners, foaming agents, anti-foaming agents, bacteriocide
and the like may also be used. The low density composite of this invention
is advantageously prepared from a densified fiber- 15  reinforced polymer
sheet as described in U.S. Patent No. 4,426,470. Said densified sheet is
generally characterized as having a continuous matrix comprising a
thermoplastic resin in which are distributed substantially unbroken
reinforcing fibers as described hereinbefore. Said fibers are randomly
oriented in two dimensions in a plane defined substantially by the
densified sheet. By "densified" it is meant that the sheet has a void
volume of no greater than about 20 percent of the total volume of the
sheet. such densified sheet 20  is advantageously prepared using a
paper-making process followed by densification under pressure as described,
for example, in Example 6 of U.S. Patent No. 4,426,470, or a similar
process. If desired, two or more of such sheets may be laminated together
and used to prepare the low density composite of this invention. If a
laminated starting material is used it is possible to selectively loft only
one or more of the loftable layers to provide a product having both low
density and high density layers 



25     In the process of this invention, the densified sheet is heated
above the softening temperature thereof, whereby the sheet is expanded in a
direction perpendicular to the plane of the sheet, i.e., the thickness of
the sheet is increased. Said heating is performed in the absence of
pressure which prevents the expansion of the sheet. Heating can be done
using an ordinary forced air oven, or preferably radiation such as in an
infrared 30  oven or a microwave radiation oven if the resin or other
component of the sheet is sensitive to microwaves. Advantageously, the
densified sheet is heated so that the temperature of the resins to be
lofted is slightly (for example, from 3 to [err] (5 to [err])) above the
softening temperature of the polymer matrix. Excessive heating causes
degradation of the polymer, or renders the viscosity of the densified sheet
so low that it loses its physical shape or integrity. Since, during
conductive heating, the exterior portion of the 35  sheet is normally at a
higher temperature than the interior portion, it is generally necessary to
avoid overheating the exterior portion of the densified sheet. It is
preferred that the surface temperature not be more than about [err] greater
than the core temperature, and in any event, less than a temperature at
which the polymer degrades. Typically, depending on the particular
composition of the densified sheet and the thickness thereof, said 40
lofting, occurs from 10 to 600, more generally from 30 to 180 seconds of
heating. The time required is generally inversely related to the
temperature employed. The amount of expansion of the sheet can be
controlled, if desired, by the use of a mold or by expanding the sheet
between two surfaces which define the desired thickness. In the absence of
any such mold or surfaces, the sheet generally expands from 20 to 500
percent, more generally from 100 to 300 45  percent of its original
thickness. To obtain thinner composites, a mold having a smaller depth or
two surfaces defining a smaller thickness is employed. Alternatively, the
heating can be controlled so that only the surfaces of the densified sheet
loft, or only one side is lofted. A compositional variance in the densified
sheet can also be used to control lofting. Glass content and glass length,
for example, affect the amount of lofting which occurs. 50     Following
the expansion or lofting of the sheet material to the desired thickness,
the lofted composite is cooled advantageously under slight contact pressure
below the softening point of the resin to form a uniform surfaced low
density fiber-reinforced resin composite. Modifications of the foregoing
general procedure can be made to produce more specialized products. The
thickness of the low density composite is controllable by the thickness of
the resin sheet employed 55  as a starting material. In addition, the
thickness of the low density composite is controllable by the manner in
which heat is applied to soften the resin sheet. The resin sheet may be
heated evenly on both major * - up to 15 percent  by weight of the total
weight of the continuous   matrix 4    EP 0173 382 B1 surfaces causing both
said major surfaces to loft. By controlling the heating so that the center
of the sheet is not heated above the softening point, an expanded composite
is obtained which is lofted on each major surface but retains a center
region of material which remains densified. Such a composite is useful, for
example, in applications where increased tensile properties are desired. 5
Similarly, by heating only one major surface of the resin sheet, it is
possible to loft only one side thereof while maintaining the opposite side
of the sheet in densified form. In a further modification of the foregoing
process, it is possible to provide a low density composite which is
selectively lofted, i.e., only desired portions of the resin sheet are
expanded. Applicants have found that in the heating and cooling steps of
the lofting process, the application of a relatively low contact 10
pressure i.e. from 0.7-14 Pa[err] the resin sheet substantially reduces or
prevents the lofting of the resin sheet. Accordingly, by continuously
applying said pressure to desired portions of the resin sheet during said
heating and cooling steps there is obtained a low density composite
containing areas of 



densified or partially densified material. The same effect is achieved by
heating only selected areas of the densified sheets. Such areas of
densified material are useful, for example, at areas of wear or at points
in 15  the low density composite where it is to be fastened to another
article, especially by the use of nails, rivets, bolts, screws or the like.
The densified area is significantly tougher than the expanded area, thereby
affording a stronger, more permanent fastening point. Because the densified
areas are provided by maintaining pressure during the heating and cooling
steps or by maintaining such areas unheated altogether, the shape of the
densified area is readily controlled by applying said pressure to only
those 20  portions of the sheet which are to remain densified. Generally,
the low density composite of this invention has a slightly rough surface
due to the presence of the reinforcing fibers at the surfaces of the
composite. However, a relatively smooth resin layer which is from 1.27 to
25.4 micrometer thick can be formed in the expansion process. Such layers
are provided by performing the heating and cooling steps between two
surfaces spaced such that the expanded composite 25  completely fills the
area between said surfaces. The surfaces are such that the resin spreads,
evenly against the survaces, forming a smooth continuous layer on each
surface of the resulting low density composite. In preparing a low density
composite with smooth surface layers, the surfaces between which the resin
sheet is expanded are advantageously glass, metal, a polymer material
having a significantly higher 30  softening point than the resin sheet, or
other surface against which the molten resin will spread and level. Of
particular use are halogenate hydrocarbon polymer sheets, especially
fluorinated hydrocarbon sheets such as [err] sheets. Polyester sheets
having a high melting temperature are also useful. As another variation in
the foregoing lofting process, the resin sheet can be molded and lofted in
a single operation by first molding the sheet into a desired form in a mold
and then, while maintaining the 35  molded resin sheet above it softening
temperature, opening the mold to permit the molded resin sheet to expand.
The resulting molded low density composite is then cooled below its
softening point. In this process, it is preferable to coat the walls of the
mold with a conventional mold release agent. It is possible to further
control the lofting of the densified sheet by using a lightly crosslinked
polymer such as a crosslinked high density polyethylene in the polymer
matrix. Such crosslinking is advantageously 40  introduced by treating the
polymer, before or after fromation of the sheet, with crosslinking
radiation such as electron beam radiation cobalt-60 radiation or by
incorporating a latent crosslinking agent into the sheet. Crosslinking
tends to decrease the lofting of the densified sheet. Typically, from 1 to
10 megarads of radiation introduce sufficient-crosslinking to significantly
reduce the lofting of the composite, with a greater amount of radiation
further reducing the lofting. 45     The low density composite of this
invention exhibits many beneficial properties which render it suitable in
diverse applications. These low density composites have excellent
strength-to-weight ratios as compared to conventional foamed polymers. The
flexural properties of these polymers are especially good. Because of these
excellent physical properties, the composite of this invention is useful
even in certain load bearing applications where prior art polymer foams are
often unsuitable due to their relatively poor strength. 50     In addition,
the low density composite of this invention has been found to exhibit
substantial heat insulative properties. Generally, the low density
composite of this invention, exhibits an R value of from 5.0 to 8.0 x [err]
sec/kCal. Thus, the low density composite of this invention can be employed
as a single component providing both structural and heat insulative
functions. The low density composite of this invention also is excellent in
attenuating sound and, therefore, may 55 be used as sound insulation in
houses, factories, automobiles, offices and other noisy environments.
Another unique feature of the composite of this invention is that except
for smooth surface embodi- ments, when adhered to a substrate by means of
an adhesive layer, the bond between the composite and the adhesive layer is
surprisingly tenacious. The strength of the bond is much stronger than the
5    



EP 0173 382 B1 corresponding bond between a like adhesive and either a
non-reinforced polymer matrix or the reinforcing fibers alone. It is
believed that this tenacious bonding is due to the presence of the
reinforcing fibers at the surface of the expanded low density composite.
The presence of these fibers creates an extremely large surface area to
which the adhesive can bond. Because of this tenacious bonding, therefore,
the composite - 5 of this invention is extremely useful in preparing
laminated with many other types of materials. Thus, for example, a
composite of this invention may be used as a substrate to which a
decorative or other functional material is laminated. Alternatively, a
sandwich structure wherein two outer layers of the expanded composite of
this invention have a non-fiber inner layer sandwiched therebetween, is
readily prepared. A sandwich structure can also be prepared in which the
expanded composite is directly adhered without an 10  intermediate adhesive
layer to a substrate layer of a synthetic resinous material, metal or the
like. Sandwich structures can also be prepared of a plurality of
fiber-reinforced layers sandwiched between non-fiber layers and in which
the inner layers of the fiber-reinforced layers can be selectively expanded
or lofted by the application of heat. Due to the many beneficial properties
of the composite, it is useful in a wide variety of applications. 15  This
composite can be used, for example, as an underlayment for carpet or
backing for carpet. The composite may be formed into various shaped
articles in which rigidity and relatively low density are desirable, such
as automobile interior trim parts. The composite is also useful in sheet
form as sound insulation, such as in partitions between office walls, or in
the walls of houses or to shield against noise from heavy machinery, as in
a factory. The composite of this invention is also useful as a load bearing
20 and/or thermal insulation panel. Other uses of these composites will be
apparent to those skilled in the relevant arts. The following examples are
provided to illustrate the invention but are not. intended to limit the
scope thereof. All parts and percentages are by weight unless otherwise
indicated. Example I 25 A high density polyethylene mat filled with a basis
weight of 0.325 [err] filled with 40 percent by weight of glass fibers
having an average length of 9 mm is prepared according to the general
procedure described in Example 1 of United States Patent No. 4,426,470.
This mat is cut into 12 squares of 305 x 305 mm, which are stacked and
thermowelded together on a continous double belt laminator of the type 30
described in U.S. Patent No. 3,148,269 at a pressure of about 2067 kPa and
a temperature of 205 C. The resulting densified sheet has a thickness of 3
mm and a calculated density of 1.22 g/ml. The void volumn of the sheet was
calculated at 4.2 percent. The densified sheet is placed in an infrared
oven and heated at 185 C. After about 30 seconds, the edges of the sheet
begins to expand to about 1.5 times the original thickness. The lofting
spreads toward 35  the center of the sheet, until, after about 1-3 minutes,
the entire sheet is lofted to about 1.5 times the original thickness. The
sheet is then cooled to form a low density composite having a calculated
void volumn of 63 percent; a density of 0.44 g/ml, and a tensile strength
of 34,450 kPa. Example 11 40 A sheet of densified high density
polyethylene/glass mat having a thickness of .508 mm as described in
Example I is prepared. This sheet is heated in the infrared oven at 175 C
for about 90 seconds. Complete lofting of the sheet is observed. The sheet
is then cooled. The lofted composite sheet has a density of less than 0.36
gm/ml and a tensile strength of about 238 x 103 kPa. The lofted composite
is easily formable with 45 the application of heat and pressure. Example
III Sample Nos. 111-1 through 111-6 are prepared using the general
procedure described in Example I. 50 Sample Nos. 111-1 through 111-4 have a
high density polyethylene matrix and contain approximately 40 percent glass
fibers with an average length of about 9.5 mm. Sample Nos. 111-5 and III-6
have a polypropylene-matrix and contain approximately 40 percent glass
fibers with an average length of about 12,7 mm. The R value of the samples
is measured according to ASTM C-518, wherein the temperature on 



the hot side of the sample is [err], and that of the cold side is [err].
The results are reported in Table I 55  following. 6    EP 0173 382 B1
[err] 5 45 Example IV so To seven liters of water is added with stirring
0.25 g xanthan gum. Then, 23.1 g of chopped glass fibers having a length of
6 mm and a diameter of 13 micrometers are added to the water and stirred
for 5 minutes to disperse the glass. To this mixture is added 2 g
polyethylene fibers ([err], made by Hercules Inc.). Then, 40 g HDPE and 4.2
g of [err] AZ-199 blowing agent (an azo-type blowing agent) is added. To
the mixture is added 4.9 g of latex solids. The resulting mixture is
flocculated by the slow addition of 25 g 55 of a 0.5 percent cationic
flocculant solution, [err] 1260, manufactured by Betz Laboratories. The
flocculated slurry is put into a Williams0 sheet mold containing seven
liters of water and dewatered onto a 177 [err] screen. The wet mat is then
pressed lightly and dried at 110 C to remove remaining water. The mat is
compression molded at [err] to form a densified composite having a density
of about 1.06 7    EP0 173382 B1 g/ml. Samples of this sheet are foamed by
(a) putting the sheet in a [err] salt bath for 2-4 minutes or (b) heating
in a matched metal die set to 100 C. The die set is left open to about
twice the thickness of 5     the densified sheet. Using either process, the
expanded composite has a density of about 0.58 g/ml. Expansion occurs
solely in the thickness direction of the sheet. Example V 10 Using the
general process described in U.S. Patent No. 4,426,470, a polymer mat is
prepared having a high density polyethylene matrix (containing 3.5 percent
latex binder solids) and about 33 percent glass fibers having a length of
4.5 mm and a diameter of 13 microns dispersed therein. The mat is cut into
15 cm x 15 cm square sections. 15     A sufficient of the square mat
sections are stacked to provide approximately 100 g of the composite
material in a positive pressure metal die set. The mats are then molded for
3 1/2 minutes at 180 C and 15 [err] and then 1 1/2 additional minutes at
180 C and 49 kg/cm2. The molded mats are cooled under pressure for 3
minutes until they were cooled below the softening point of the resin and
removed from the mold. The resulting molded sheet is 3 mm thick and has a
density of 1.21 g/ml. This procedure is repeated 20 to prepare three
samples. One of these is designated Sample No. V-A and subjected to
physical properties testing as described hereinafter. The second sample is
lofted by heating in a mold at 180 C for 10 minutes. A shim is placed in
the mold to limit the expansion of the sheet to 6 mm (100 percent
expansion). The resulting expanded sheet has a density of 0.64 g/ml and a
density at 0.64 g/ml. It is designated Sample No. V-B. 25     The third
sample is likewise lofted to a total thickness of 9 mm (200 percent
expansion) a density of 0.39 g/ml. This sample is designated Sample No.
V-C. 



The tensile strength, maximum flexural strength and void volumn of each of
Sample Nos. V-A through V-C are determined, with the results reported in
Table II following. 30                                           TABLE  II
Sample  No. V-A*                 V-B                 V-C 35
Thickness,  mm                    3.12                  6.35
9.52 Density, g/ml                     1.21                 0.64
0.39 Tensile [err], 40       [err]                             1,190
630                270 Maximum Flexural [err]
1,950                684                 294 Void Vol. (percent)   0
46.9                67.6 *Not an example of this invention N.D. Not
Determined 50 [err] D-638 [err] D-790 55 Claims 8    EP 0173 382 B1 1. An
expanded fiber-reinforced composite comprising a continuous porous matrix
of a synthetic resinous material and, distributed throughout said matrix,
from 10 to 55 percent by weight of the composite of randomly oriented
reinforcing fibers wherein said fibers have an aspect ratio of at least 40,
and wherein said expanded composite has a void volume of from 20 to 90
percent of the total volumn of the 5      composite. 2. The composite of
Claim 1, wherein said fibers are selected from glass fibers, metallized
glass fibers, ceramic fibers, graphite fibers, nickel coated graphite
fibers, and polyamide fibers, said fibers having an average length of from
3 to 25 mm. 10 3. The composite of Claim 1 or 2, wherein said fibers are
glass fibers having a diameter of from 13 to 25 micrometer and a length of
from 4 to 12mm. 4. The composite of Claim 2 or 3, wherein said glass fibers
are distributed throughout the matrix in an 15     amount of from 15 to 40
percent by weight of the composite. 5. The composite of any one of the
preceding claims, wherein said continuous matrix of a synthetic resinous
material  is  selected  from   polyolefins,  chlorinated  polyethylene,
polycarbonates, ethylene/acrylic copolymers, polyamides, phenylene oxide
resins, phenylene sulfide resins, polyox- 20     ymethylenes, polyesters,
ABS, polyvinyl chloride, vinylidene chloride/vinyl chloride resins,
polyether ether ketones, polysulfones, polyetherimides, and vinyl aromatic
resins. 6. The composite of Claim 5 wherein said synthetic resinous
material is a thermoplastic resin selected from polyethylene,
polypropylene, or a polyvinyl aromatic resin, and the reinforcing fibers
are glass 25     fibers, and wherein the density of the composite is from
0.24 to 1.04 g/ml 7. The composite of any one of the preceding claims,
wherein said continuous matrix includes from 1 to, 10 weight percent of a
polymeric binder. 30  &  The composite of Claim 7, wherein said polymeric
binder is a polymeric latex of substantially water insoluble organic
polymers having bound anionic or cationic charges, and wherein said
polymeric binder is present in an amount of from 3 to 5 weight percent. 



9. The composite of any one of the preceding claims, including less than 3
weight percent of the total 35     weight of the continuous matrix of a
flocculating agent. 10. The composite of Claim 9, wherein said flocculating
agent is selected from partially hydrolyzed polyacrylamide, modified
cationic polyacrylamide, and diallyldiethylammonium chloride. 40 11. The
composite of any one of the preceding claims, including a filler in an
amount of up to 15 percent by weight of the total weight of the continuous
matrix. 12. The composite of Claim 11, wherein said filler is selected from
silicon dioxide, calcium carbonate, magnesium oxide, cellulosic fibers,
magnesium hydroxide, calcium silicate, and mica. 45 13. The composite of
Claim 1, wherein said continuous fiber-reinforced matrix contains at least
one shaped section having a void volumn of less than 20 percent. 14. The
composite of Claim 1 or 9, having on each major surface thereof a smooth
resin layer having a 50     thickness of from 1.27 to 25.4 micrometers. 15.
The composite of any one of the preceding claims, having a heat insulative
R value of from 5.0 to 8.0 x [err] sec/kCal. 55 16. The composite of Claim
1, wherein a major portion of voids are open-celled. 17. The composite of
Claim 1, wherein a major portion of voids are closed-celled. 9    EP 0173
382 B1 18. A process for preparing a low density fiber-reinforced composite
from a densified composite, said densified composite comprising a
continuous matrix of a synthetic resinous material and distributed
throughout said matrix from 10 to 50 percent by weight based on the total
weight of the composite of reinforcing fibers, wherein said fibers are
randomly oriented in two dimensions substantially in the plane 5
defined by said composite and have an aspect ratio of at least 40,
characterized by the step of heating the densified fiber-reinforced
composite to a temperature sufficient to expand the composite in a
direction perpendicular to the plane defined by said composite, and cooling
the composite to form the low density fiber-reinforced composite. 10  19.
The process of Claim 18, wherein said densified fiber-reinforced composite
is expanded during the heating step by an amount of from 20 to 500 percent
of the thickness of the densified composite prior to the heating step. 20.
The process of Claim 18 or 19, wherein the low density fiber-reinforced
resin composite has a void 15     volumn from 20 to 90 percent. 21. The
process of Claim 18, wherein a section of said densified fiber-reinforced
resin sheet is subjected to pressure during said heating and cooling steps,
whereby said section is not substantially expanded. 20  22. The process of
Claim 21, wherein said pressure is from 0.7 to 14 Pa. 23. The process of
Claim 18, wherein a section of densified fiber-reinforced sheet is not
heated, whereby said section is not substantially expanded. 25  24. The
process of Claim 18, wherein said heating and cooling steps are conducted
between two spaced. apart surfaces such that the expanded composite
completely fills the area between said surfaces, whereby a smooth layer
having a thickness of from 1.27 to 25.4 micrometers is formed on the major
surfaces of the composite. 30 25. The process of Claim 24, wherein the said
surfaces comprise a material which is wettable by the softened
thermoplastic resin. 26. The process of Claim 18, wherein said heating step
is conducted in a mold under a pressure sufficient to shape the densified
fiber-reinforced resin into a desired shape, the pressure is then released
such 35     that the densified fiber-reinforced resin expands inside the
mold and the expanded composite is then cooled in the mold to form a shaped
low density fiber-reinforced resin composite. 



Revendications 40  1. Composite expanse renforc: de fibres, comprenant une
matrice poreuse continue en un matdriau resineux synth6tique, et, r6partis
dans touts ladite matrice, de 10 a 55 pour cent en poids du composite de
fibres de renforcement orientdes au hasard, dans lequel lesdites fibres ont
un rapport d'aspect d'au moins 40 et dans lequel ledit composite expanse a
un volume vide de 20 a 90 pour cent du volume total du composite. 46 2.
Composite suivant la revendication 1, dans lequel lesdites fibres sont
sdlectionnees parmi les fibres de verre metallis6, les fibres de c6ramique,
les fibres de graphite, les fibres de graphite revitu de nickel et les
fibres de polyamide, lesdites fibres ayant une longueur moyenne de 3 a 25
mm. 50  3  Composite suivant la revendication 1 ou 2, dans lequel lesdites
fibres sont des fibres de verre ayant un diambtre de 13 & 25 micrometres et
une longueur de 4 a 12 mm. 4. Composite suivant la revendication 2 ou 3,
dans 1equel lesdites fibres de verre sont r6parties dans toute ladite
matrice a raison de 15 a 40 pour cent en poids du composite. 55 5.
Composite suivant Nune des revendications precedentes, dans lequel ladite
matrice continue en un materiau r6sineux synth6tique est s6lectionn6e parmi
les polyol6fines, le polyethylbne chlor6, les polycarbonates, les
copolymeres dthylknelacrylique, les r6sines d'oxyde de phdnylene, les
rdsines de 10    EP0 173 382 B1 sulfure de phenylene, les
polyoxym6thylbnes, les polyesters, les ABS, le chlorure de polyvinyle, les
r6sines de chlorure de vinylidene/chlorure de vinyle, les c6tones d'ether
de poly6ther, les polysulfones, les poly6therimides et les r6sines
aromatiques de vinyle. 5  6. Composite suivant la revendication 5, dans
lequel ledit materiau resineux synthetique est une r6sine thermoplastique
selectionn6e parmi le polyethylene, le polypropylene ou une r6sine
aromatique de polyvinyle et les fibres de renforcement sont des fibres de
verre et dans lequel la densit6 du composite est de 0,24 a 1,04 g/ml. 10 7.
Composite suivant I'une quelconque des revendications prec6dentes, dans
1equel ladite matrice continue comprend de 1 a 10 pour cent en poids. d'un
liant polymere. 8. Composite suivant la revendication 7, dans lequel ledit
liant polymere est un latex polymere de polymeres organiques pratiquement
insolubles dans l'eau ayant des charges anioniques ou cationiques tS
lides et dans loquel ledit liant polymere est present a raison de 3 a 5
pour cent en poids. 9. Composite suivant l'une quelconque des
revendications pr6c6dentes, comprenant moins de 3 pour cent en poids du
poids total de la matrice continue d'un agent floculant. 20  10. Composite
suivant la revendication 9, dans lequel ledit agent floculant est
s6lectionne parmi un polyacrylamide partiellement hydrolyse, un
polyacrylamide cationique modifie et le chlorure de diallyl-
diethylammonium. 11. Composite suivant l'une quelconque des revendications
prec6dentes, comprenant une. charge en 25     quantite allant jusqu%& 15
pour cent en poids du poids total de la matrice continue. 12. Composite
suivant la revendication 11, dans lequel ladite charge est selectionnee
parmi la silice, le carbonate de calcium, I'oxyde de magn6sium, les fibres
cellulosiques, I'hydroxyde de magn6sium, le silicate de calcium et le mica.
30 13. Composite suivant la revendication 1, dans lequel ladite matrice
continue renforcee de fibres contient au moins une section faconnee ayant
un volume vide de moins de 20 pour cent. 14. Composite suivant la
revendication 1 ou 9, pr6sentant sur chaque surface principale de celle-ci
une 35     couche de resine lisse ayant une 6paisseur de 1,27 a 25,4
micrometres. 



15. Composite suivant l'une quelconque des revendications prec6dentes,
ayant une valeur R d'isolation thermique de 5,0 a 8,0 x 1 06
C.cm2.sec/kCal. 4o  16. Composite suivant la revendication 1, dans lequel
une grande partie des vides sont des cellules ouvertes. 17. Composite
suivant la revendication 1, dans lequel une grande partie des vides sont
des cellules Fermees. 45 18. Procede pour preparer un composite renforce de
fibres, de basse densite,a partir d'un composite densifi6, ledit composite
densifie comprenant une matrice continue en un mateiau resineux syntheti-
que, et reparti dans toute ladite matrice, de 10 a 50 pour cent en poids,
sur la base du poids total du composite, de fibres de renforcement, dans
lequel lesdites fibres sont orientees au hasard en deux 50     dimensions
sensiblement dans le plan defini par ledit composite et ont un rapport
d'aspect d'au moins 40, caracteris6 par l'etape de chauffage du composite
renforc6 de fibres densifi6 a une temperature suffisante pour dilater le
composite dans une direction perpendiculaire au plan definj par ledit
composite et de refroidissement du composite pour former le composite
renforce de fibres de basse. densite. 55 19 Procede suivant la
revendication 18, dans lequel tedit composite renforce de fibres de basse
densite est expanse pendant l'etape de chauffage d'un volume de 20 a 500
pour cent de l'6paisseur du composite densifie avant l'6tape de chauffage.
11    EP 0 173 382 B1 20. Proced6 suivant la revendication 18 ou 19, dans
lequel ledit composite renforcd de fibres de basse densite a un volume vide
de 20 a 90 pour cent. 21. Procede suivant la revendication 18, dans lequel
une section de ladite feuille de resine densifi~e s     renforc6e de fibres
est soumise a une pression pendant lesdites 6tapes de chauffage et de
refroidisse- ment, ladite section n'etant pas sensiblement expans6e. 22.
Proc~d6 suivant la revendication 21, dans lequel ladite pression est de 0,7
A 14 Pa. 10 23. Proced6 suivant la revendication 18, dans lequel une
section de ladite feuille densifi6e renforc6e de fibres n'est pas chauff6e,
ladite section n'6tant pas sensiblement expans6e. 24. Proc6de suivant la
revendication 18, dans lequel lesdites etapes de chauffage et de
refroidissement sont realisees entre deux surfaces espacees l'une de
l'autre, de manibre que le composit6 expans6 75    remplit completement la
zone entre lesdites sur-faces, une couche lisse ayant une 6paisseur de 1,27
a 25,4 micrombtres etant form6e sur les faces principales du composite. 25.
Proced6 suivant la revendication 24, dans lequel lesdites surfaces
comprennent un materiau qui est mouillable par la r6sine thermoplastique
ramollie. 20 26. Proced6 suivant la revendication 18, dans lequel l'4tape
de chauffage est realis6e dans un moule sous une pression suffisante pour
fagonner la resine densifiee renforcee de fibres suivant une forme desir6e,
aprbs quoi la pression est rellch~e, de maniere que la r6sine densifi6e
renforcee de fibres se dilate a l'int6rieur du moule et le composite
expanse est, ensuite, refroidi dans le moule pour former un 25
composite fasonn6 de r6sine renforc6e de fibres, de basse densit6.
PatentansprUche 1. Expandiertes faserverstarktes Verbundmaterial, umfassend
eine kontinuierliche por6se Matrix aus 30     einem synthetischen harzigen
Material und verteilt Oberall in dieser Matrix, 10 bis 55 Gew.-%, bezogen
auf das Gewicht des Verbundmaterials, von unregelmABig orientierten
Verst~rkungsfasern, worin die Fasern ein AussehensverhAltnis von mindestns
40 haben und worin das expandierte Verbundmaterial 



ein Lunkervolumen von 20 bis 90 % des Gesamtvolumens des Verbundmaterials
autweist. 35  2. Verbundmaterial nach Anspruch 1, worin die Fasern
ausgewAhlt sind aus Glasfasem, metallisierten Glasfasem, Keramikfasern,
Graphitfasern, nickelbeschichteten Graphiffasem und Polyamidfasem, wobei
die Fasem eine durchschnittliche Lange von 3 bis 25 mm aufweisen. 3.
Verbundmaterial nach Anspruch 1 oder 2, worin die Fasern Glasfasern mit
einem Durchmesser von 13 40     bis 25 pm und einer LAnge von 4 bis 12 mm
sind. 4. Verbundmaterial nach Anspruch 2 oder 3, worin die Glasfasern
innerhalb der Matrix in einer Menge von 15 bis 40 %, bezogen auf das
Gewicht des Verbundmaterials, verteilt sind. 45 5. Verbundmaterial nach
einem der vorhergehenden Ansprfiche, worin die kontinuierliche Matrix aus
einem synthetischen harzigen Material ausgewahit ist aus Polyolefinen,
chloriertem Polyethylen, Poly- carbonaten, Ethylen/Acryl-Copolymeren,
Polyamiden, Phenylenoxidharzen, Phenylensulfidharzen, Poly- oxymethylenen,
Polyestern, ABS, Polyvinylchlorid, Vinylidenchlorid/inylchloridharzen,
Polyetherether- ketonen, Polysulfonen, Polyetherimiden und
vinylaromatischen Harzen. 50 6. Verbundmaterial nach Anspruch 5, worin das
synthetische harzige Material ein thermoplastisches Harz ist, ausgewAhlt
aus Polyethylen, Polypropylen oder einem polyvinylaromatischen Harz, und
die Verstar- kungsfasern Glasfasern sind, und worin die Dichte des
Verbundmaterials zwischen 0,24 und 1,04 g/ml liegt. 55 7. Verbundmaterial
nach einem der vorhergehenden AnsprUche, worin die kontinuierliche Matrix 1
bis 10 Gew.-% eines polymeren Bindemittels einschlieit. 12    EP 0173 382
B1 8  Verbundmuaterial nach Anspruch 7, worin das polymere Bindemittel ein
polymeres Latex von im wesentlichen wasserunl6slichen organischen Polymeren
mit daran gebundenen anionischen oder kationischen Ladungen ist, und worin
das Polymerbindemittel in einer Menge von 3 bis 5 Gew.-% vorhanden ist. 6 a
Verbundmaterial nach einem der vorhergehenden Anspruche, einschlie~lich
weniger als 3 Gew.-% des Gesamtgewichts der kontinuierlichen Matrix eines
Flockungsmittels. 10. Verbundmaterial nach Anspruch 9, worin das
Flockungsmittel ausgewAhft ist aus partiell hydrolysiertem tO
Polyacrylamid, modifiziertem katonischem Polyacrylamid und
Diallyidiethylammoniumchlorid. 11. Verbundmaterial nach einem der
vorhergehenden AnsprOche, einschlielilich eines FUllmittels in einer Menge
von bis zu 15 Gew.-%, bezogen auf das Gesamtgewicht der kontinuierlichen
Matrix. is  12. Verbundmaterial nach Anspruch 11, worin das FUllmittel
ausgewdhlt ist aus Siliciumdioxid, Calciumcar- bonat, Magnesiumoxid,
Cellulosefasern, Magnesiumhydroxid, Calciumsilikat und Glimmer. &13
Verbundmaterial nach Anspruch 1, worin die kontinuierliche faserverstarkte
Matrix mindestens einen geformten Bereich mit einem Lunkervolumen von
weniger als 20 % enthilt. 20 14. Verbundmaterial nach Anspruch 1 oder 9,
mit einer glatten Harzschicht mit einer Dicke von 1,27 bis 25,4 pm auf
jeder Hauptoberflache davon. 15. Verbundmaterial nach einem der
vorhergehenden AnsprUche, mit einem Hitze-isolierenden R-Wert von 26
5,0 bis 8,0 x 10W Ccm2seclkCal. 16 Verbundmaterial nach Anspruch 1, worin
ein Hauptteil der Lunker offenzellig ist. 17. Verbundmaterial nach Anspruch
1, worin ein Hauptteil der Lunker geschlossenzellig ist. 30 18& Verfahren
zur Herstellung eines faserverstarkten Verbundmaterials niedriger Dichte
aus einem verdich- 



teten Verbundmaterial, wobei das verdichtete Verbundmaterial eine
kontinuierliche Matrix aus einem synthetischen harzigen Material und
Uberall in dieser Matrix verteilt 10 bis 50 Gew.-% auf Basis des
Gesamtgewichts des Verbundmaterials von Verstarkungsfasern umfaBt, worin
die Fasern unregelmiifig 35     orientiert sind in zwei Dimensionen im
wesentlichen in der Ebene, die durch das Verbundmaterial definiert ist und
ein Aussehensverhaltnis von mindestens 40 haben, gekennzeichnet durch den
Schritt des Erhitzens des verdichteten faserverstarkten Verbundmaterials
auf eine Temperatur, die ausreicht, das Verbundmaterial in einer Richtung
zu expandieren, die senkrecht zu der Ebene liegt, die durch das
Verbundmaterial definiert wird und Abkihlen des Verbundmaterials unter
Bildung des faserverstarkten 40     Verbundmaterials niedriger Dichte. 19.
Verfahren nach Anspruch 18, worin das verdichtete faserverstdrkte
Verbundmaterial wahrend des Erhitzungsschrittes um 20 bis 500 % der Dicke
des verdichteten Verbundmaterials vor dem Erhitzungs- schritt expandiert
wird. 45 20. Verfahren nach Anspruch 18 oder 19, worin das faserverstArkte
Harz-Verbundmaterial niedriger Dichte ein Lunkervolumen von 20 bis 90 %
aufweist. 21. Verfahren nach Anspruch 18, worin ein Bereich der
verdichteten faserverstarkten Harzfolie Druck so     unterworfen wird
wahrend der Heiz- und AbkOhIschritte, wodurch dieser Bereich nicht
wesentlich expandiert wird. 22. Verfahren nach Anspruch 21, worin der Druck
zwischen 0,7 und 14 Pa liegt. ss  23 Verfahren nach Anspruch 18, worin ein
Bereich der verdichteten faserverstarkten Folie nicht erhitzt wird, wodurch
dieser Bereich nicht wesentlich expandiert wird. 24 Verfahren nach Anspruch
18, worin die Erhitzungs- und AbkuhIschritte ausgefOhrt werden zwischen 13
EP 017338261 zwei voneinander raumlich getrennten Oberflachen, so daBi das
expandierte Verbundmaterial den Bereich zwischen den Oberflachen
vollstandig fOllt, wodurch eine glatte Schicht mit einer Dicke von 1,27 bis
25,4 urm auf den Hauptoberfltchen des Verbundmaterials gebildet wird. 5
25. Verfahren nach Anspruch 24, worin die Oberflachen ein Material
umfassen, das benetzbar ist durch das erweichte thermoplastische Harz. 26.
Verfahren nach Anspruch 18, worin der Erhitzungschritt ausgeflhrt wird in
einer Form unter einem Druck, der ausreicht, das verdichtete faserverstrkte
Harz in eine gewlnschte Form zu bringen, der to     Druck dann nachgelassen
wird, so daB das verdichtete faserverstarkte Harz in der Form expandiert
und das expandierte Verbundmaterial dann in der Form abgekihlt wird, um ein
geformtes faserverstlrktes Harz-Verbundmaterial niedriger Dichte zu bilden.
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