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Wet-laid, non-woven, fibre-reinforced composites
containing stabilizing pulp.

Background of the Invention

The present invention relates to fiber-reinforced polymeric composites
prepared by an aqueous slurry process and more particularly to improved
composites and an improved process for making such composites.

Composite materials represent a fast growing segment of the plastics
industry because of their capability of providing the high strength and
stiffness exhibited by metals, but at a greatly reduced part weight.
Composite materials additionally can display resistance to chemicals and
provide a cost savings in many applications. Parts fashioned from fiber-
reinforced polymeric sheet composites can exhibit high mechanical
properties due to the fiber reinforcement with the polymer matrix providing
the appropriate shape, resistance to chemicals, and like properties. Most
currently-available compositeé are formed from thermosetting polymers
including polyesters, epoxies, vinyl esters, polyimides, and the like.
Thermosetting polymers, *while providing adequate performance in many
applications, do suffer from a number of disadvantages. Accordingly, 'recent
development in this field has included techniques for permitting
thermoplastic sheet composites to be manufactured and especially to be
stamped to make ultimate parts of desired shape, strength, and like
properties.

Heretofore, polymeric sheet composites have been made by a variety
of processes including injection molding, dry-laid mat formation, extrusion,
and a variety of additional techniques well known to those skilled in this art
field. One process for composite sheet formation which has received little
attention is the wet forming or wet-laid process wherein composites are
made in a process very similax; to a conventional Fourdrinier paper making
process. An example of such wet forming process is set forth in U.S. Pat.
No. 4,426,470 wherein a dilute agueous slurry of solid heat fusible organic
polymers, reinforcing fibers, and latex binder are flocculated with a
polymerie flocculant, collected in the form of a mat, dewatered, and dried.
Thereafter, the dried mats can be heat-consolidated. The use of a specific
polymeric flocculant apparently is aimed at overcoming the flocculation



WO 87/04476

10

20

30

35

PCT/US87/00095

2~
problems encountered in dispersing solid polymerie particles and reinforcing
fibers in water. Despite these attempts at overcoming the problems
inherently associated with forming fiber-reinforced polymeric composites by
a wet-forming process, need in the art for a simplified process yet exists,

Broad Statement of the Invention

The present invention provides a simple, yet effective means for
greétly improving the making of fiber-reinforced polymeric composites by a
wet-forming process and provides a superior unfused composite mat. The
process of the present invention is an improvement in process for forming a
fiber-reinforeced, heat-fusible polymeric composite wherein a dilute aqueous
slurry of reinforeing fiber and heat-fusible polymeric particles are deposited
on a foraminous support, the resulting mat dewatered, and heat-fused, The
improvement for forming an unfused mat of improved integrity and in
improving the processing of the dilute aqueous slurry comprises
incorporating into said aqueous slurry a stabilizing amount of pulp fibers.
The pulp fibers are micro-fibrillar so that their length generally will be less
than about 10 mm and more often will range from between about 1 and
6 mm. The pulp fibers additionally are flexible and have broomed ends. The
resultfng mat is characterized by a uniform and homogeneous content of
solid polymeric particles dispersed throughout the reinforeing fibers. Such
mat possesses improved unfused sheet strength and improved integrity.

Advantages of the present invention include a dilute aqueous slurry
which is non-clumping (i.e. in which the reinforcing fibers are more resistant
to entanglement), is homogeneous, and in which the solids are readily
dispersed. Another advantage is that the formation of the unfused sheet or
mat proceeds readily due to the homogeneity of the dilute aqueous slurry
from which the solids are being deposited. A further advantage is that the
resulting unfused mat possesses improved sheet strength and is superior in
integrity to a mat formed from the same ingredients sans stabilizing pulp.
These and other advantages will be readily apparent to those skilled in the
art based upon the disclosure contained herein.

Brief Desecription of the Drawings

Fig. 1 is a representation of an unfused mat in which the dilute

aqueous slurry did contain a stabilizing amount of pulp fibers.

b
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Fig. 2 is a representation of a wet-laid mat wherein the dilute aqueous
slurry did not contain any pulp fibers.

The drawings will be described in greater detail in connection with the

remaining description of the invention.

Detailed Description of the Invention

The wet-forming or wet-laid process of the present invention is similar
to a paper making process in a variety of respects. Initially, the inventive
process operates by formation of a dilute aqueous slurry which includes
reinforeing fiber, solid polymeric particles, and stabilizing pulp, although a
variety of conventional additives may additionally be included in the slurry.
Broadly, the dilute aqueous slurry contains from between about 0.01 to
about 5% non-volatile solids by weight, though generally the slurry is
restricted to about 1% non-volatile solids by weight or less,
Advantageously, the slurry should contain from between about 0.01 and
about 1% non-volatile solids by weight. It will be appreciated that the solids
content of the slurry, as well as a variety of additional factors in the
process, will vary depending upon whether a batch (hand sheet) or continuous
process is utilized in forming the unfused sheet or mat of the present
invention. In order for processability of the dilute aqueous slurry, it is
important that the reinforcing fibers do not clump (become entangled) and
that the slurry is homogeneous in content. At a solids content of about 0.2
wt-% or greater, the reinforcing fibers become entangled. Quite
unexpectedly, the addition of pulp fibers to the slurry resulted in non-
clumping of the fibers as well as improved homogeneity of the slurry.
Additionally, the slurry was easy to work with and maintained a smooth,
uniform texture. Presently, no precise explanation for the effect displa.yed
by the stabilizing pulp fibers has been satisfactorily set forth,

As to the mat or sheet which is formed from the dilute aqueous slurry,
the inventive mat possesses integrity and sheet strength far beyond that
realized by a conventional counterpart sheet, i.e. a sheet identical in
composition but for the inclusion of the stabilizing pulp. The sheet also is
characterized by a uniform texture and even dispersion of density. In this
regard, reference is made to the drawings. The unconsolidated or unfused
sheet represented in Fig. 2 resulted from the wet-forming of glass fiber
(about 1/2 ineh in length and 13.5 microns in diameter) and polybutylene

terephthlate resin (50% by weight of each). The unfused mat is very loose in
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texture and is reminiscent of "angel hair". As such, it possesses little
integrity and much of the solid polymeric particles are lost from the bulk of
the mat. Such mat should be contrasted with that represented at Fig. 1
which was formed from glass fiber (1/2 inch in length and 9 microns in
diameter), PBT resin, and aramid(Kevlar)pulp (54.5 wt-% glass fiber, 40 wt-
% resin, and 5.5 wt-% pulp). Thé inventive mat is characterized by a
uniform texture, is substantially thinner in thickness, and ‘is more
reminiscent of "felt". Additionally, little loss of solid polymeric particles
results from handling of this inventive mat. Truly, a unique achievement
has resulted by the addition of a small, yet effective proportion of
stabilizing pulp solids to the dilute aqueous slurry.

As to the materials which comprise the aqueous slurry from which the
inventive mat is wet-formed, utilization of a furnish (as used in the paper
making genre) with the consistency of pulp is utilized. The pulp solids or
pulp fibers are composed of organic materials and are characterized.as
being micro-fibrillar, flexible, and possessing broomed ends. That is, the
pulp is not rod-like as is the characteristic of conventional reinforcing
fibers., Even more remarkable is that but a minor proportion of the pulp
need be added to the dilute aqueous slurry in order to achieve the unique
benefits exhibited by the present invention, That is, in making static hand
sheets of the composite, generally only between about 0.5-1% by weight of
the stabilizing or dispersfng pulp is required, though higher proportions (e.g.
up to 5-10 wt-%) certainly do not adversely effect the processing of the
slurry nor the ultimate properties of the mat. Even though continuous
processing on a Fourdrinier or the like machine has yet to be undertaken, it
is believed that conventional furnish proportions as low as about 0.1-0.2% by
weight of the pulp should function. In terms of volume percent of
stabilizing pulp, between about 3 and 7 volume percent of pulp has been
tested and found to be satisfactory. Mats containing up to 60 wt-% pulp
have been made where the pulp was used as a matrix material, though oniy
small quantities of pulp are required as a processing aid. It will be
appreciated that the proportion of stabilizing pulp necessarily must be
adjusted to take into account the type of reinforeing fiber, the size and
aspect ratio of the reinforcing fiber, the kind of pulp utilized, and additional
factors which should be apparent to those skilled in this field of art. The
stabilizing pulp solids should possess a size coextensive with the size of
cellulosic pulp which is used in making paper. Thus, the stabilizing pulp can

£
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range on up to about 10 mm in length, though generally the pulp will range
from between about 1 and 6 mm in length.

The composition of the pulp is not a limitation on the present
invention as a wide variety of organic pulps have been successfully utilized
in accordance with the precepts of the present invention. The pulp material
may be heat-fusible and of the same or different composition from the solid
polymeric particles. Pulps successfully evaluated include, for example,
polyolefins, (e.g. polyethylene and polypropylene), cellulose, and aramid
fibers. So long as the pulp solids possess the characteristics of being micro-
fibrillar, flexible, and broom ended, the pulp material should function
effectively and efficiently in the process of the present invention.

The reinforcing fibers generally will range from about 1/4 inch to
about 1 inch in length. That such longer fibers can be handled by the
present invention and not clump is a unique achievement. The composition
of the fibrous reinforcement is not a limitation in that conventional glass,
carbon (graphite), various polymers (e.g. polyesters), metal fibers, and the
like find utility in the present invention. Such fibers must be non-woven for
use in the process of the present invention for forming a wet-laid, non-
woven mat composite. Of necessity is that the reinforcing fibers be
compatible or dispersible in water. Those fibers which do not readily
disperse in water may be surface treated with various wetting agents or
surfactants for improving their dispersibility in water. The proportion of
reinforcing fiber in the dilute aqueous slurry generally will range from
between about 10 and 60% by volume,

The heat-fusible, solid polymeric particles also must be water
dispersible for forming a homogeneous dilute aqueous slurry. Thus, the
oolymeric particles optionally may be treated for improving their water
dispersibility (e.g. pre-disposing polyether ether ketone particles in
isopropanol). Another important consideration in choice of polymer involves
the density of the solid polymeric particles. Ti\e density of the polymeric
perticles must be such that the particles will not float nor sink at too great
a rate in order for a homogeneous slurry to be formed. Thus, size attrition
of oversized particles for improving thé buoyancy of "heavy" particles may
be utilized on occasion. Additionally, specially-formed particles may be
required in order for adjusting the density of the solid polymeric particles
(e.g. the formation of neutral density tale-filled polypropylene particles), A
final restriction on the solid polymeric particles involves their size. That is,
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the size of the solid polymeric particles must not be so small that they are
not retained on the foraminous layer or sereen on which the solids from the
slurry are deposited. Thus, some minimum size must be adhered to, though
this size necessarily will depend upon the particular screen utilized. A
practical maximum particle size of about 1 mm was encountered since
larger sized particles were recalcitrant to flow under consolidation
conditions; though no theoretical maximum particle size as a processing aid
should obtain for the polymeric particles, provided that the polymeric
particles can be stably dispersed in the dilute aqueous slurry. -

The kind or type of fusible polymeric particles also is not a restriction,
viz, it is only important that the particles be fusible into a continuous film
by the action of heat. Thus, the solid polymerie particles may be
thermosetting or may be thermoplastic-depending upon the intended use of
the composite or other factors. For thermoplastic materials, a variety of
homopolymérs and copolymers may be used including for example, vinyl
resins, olefins, phenoxy resins, polyimides, polyethers, polyether imides,
aromatic polyesters, polyamides, polysulfones, polycarbonates, polyacetals,
polyethylene oxide resins, polystyrenes, acrylics, neoprenes, polyphenylene
oxide resins, cellulose esters, and the like. For thermosetting polyiners,
include, for example, polyesters, epoxies, vinyl esters, polyimides,
polyurethanes, acrylies, and the like. Virtually any kind of thermoplastic or
thermosetting solid polymeric particles as has been used in forming
reinforced composites heretofore may be utilized to advantage in the
present invention, The proportion of powdered resin content generally will
range from about 10 to about 90 volume percent.

The composites of the invention also may optionally contain a variety
of other ingredients. Minor amounts, for example, of fillers such as silicon
dioxide, caleium carbonate, magnesium oxide, wollastonite, mica, or the like
may be incorporated into the composition of the present invention, provided
that the water dispersibility and density of such filler ingredients are
properly adjusted and maintained. Additionally, various pigments or dyes
may be added to impart opacity and/or color.  Additional optional
ingredients include anti-oxidants, UV stabilizers, bacteriacides, and the like.

As noted above, while the continuous processing on a Fourdrinier
machine has not yet been utilized, it is believed that such process can be
readily adapted to the present invention, as those skilled in the art will
appreciate. With respect to the batch or hand sheet wet-forming process as

%3
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has been practiced, the following procedure has been determined to be
preferred, though certainly can be modified as is necessary, desirable, or
convenient in conventional fashion. Preferably, the pulp is dispersed
in water followed by the addition of reinforcing fibers thereto. Finally, an
aqueous slurry of the solid polymer particles are incorporated and the slurry
diluted to the desired concentration, e.g, less than 1% solids by weight
typically.

Next, the slurry is mixed thoroughly with a low shear stirrer or the
like and the slurry dumped into the sheet forming unit, The water then is
evacuated through the foraminous layer or secreen in conventional paper-
making fashion. The mat formed on the screen possesses improved integrity
and unfused sheet strength, so that its handling is made much easier. Next,
the mat is removed from the unit and excess water squeezed therefrom, e.g.
by passing the mat against an absorbent felt between press rolls. Finally,
the remainder of the water is removed by drying, e.g. in an oven, heated air,
or like conventional manner. Finally, the composite is consolidated by heat
and pressure. With respect to the consolidation step, it was determined that
improved performance could be realized by first applying heat to the
composite prior to applying pressure. Such procedure is believed to have
application to wet-laid composites as well as dry-laid composites.
Consolidation temperatures and pressures are conventional depending upon
the materials utilized as is well known to those skilled in the art.
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CLAIMS

l. In a process for forming a fiber-reinforced, heat-fusible
polymeric composite wherein a dilute aqueous slurry of reinforecing fibers
and solid heat-fusible polymeric particles are deposited on a foraminous
support, the resulting mat dewatered, and heat-fused, the improvement in
forming an unfused mat of improved integrity, which comprises: ‘

incorporating into said aqueous slurry a stabilizing amount of
pulp fibers characterized as being less than about 10 mm in length, being
flexible, and having broomed ends. :

2. The process of claim 1 wherein said pulp fibers are characterized
as being from between about 1 and 6 mm in length.

3. The process of claim 1 wherein said pulp is heat-fusible.

4, The process of claim 1 wherein said pulp is selected from a

polyolefin, a cellulose, and an aramid.

5.  The process of claim 1 wherein said stabilizing amount of said
pulp fibers ranges from between about 3% and 7% by volume of
the solids in said slurry.

.6, The process of claim 1 wherein said polymeric particles are
thermosetting or thermoplastic.

7. The process of claim 1 wherein said polymeric particles are
selected from the group consisting of vinyls, olefins, phenoxys, polyimides,
polyethers, polyether imides, aromatic polyesters, polyamides, polysulfones,
polycarbonates, polyacetals, pdlyethylene oxides, polystyrenes, aecrylics,
neoprenes, polyphenylene oxides, cellulose esters, epoxies, polyurethanes,
and mixtures thereof.

8. The process of claim 1 wherein the proportion of said poiymeric
particles ranges from between about 10% and 90% by volume of the solids in
said slurry.

w
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9. The process of claim 1 wherein said reinforeing fiber is

composed of glass, carbon, or & polymer,

10. The process of claim 1 wherein said reinforcing fibers range in
length from about 1/4 inch to about 1 inch.

11. The process of claim 1 wherein the proportion of said reinforcing
fibers ranges from between about 10% and 60% by volume of the solids
content of said slurry.

12. The process of claim 1 wherein the solids content of said slurry
ranges from between about 0.01% and 5% solids by weight.

13. The process of claim 12 wherein said slurry concentration ranges
from between about 0.01% and 1% solids by weight. '

14. An unfused, fiber-reinforced, heat-fusible polymeric composite
which comprises: '

(a) between about 3 and 50 volume percent of pulp fibers
characterized as being less than about 10 mm in length, being flexible, and
having broomed ends;

(4) between about 10 and 60 volume percent reinforeing fibers
ranging in length from between about 1/4 and ! inch; and

(e) between about 10 and 90 volume percent of solid, heat-
fusible polymeric particles.

15. The unfused mat of claim 14 wherein said fiber is composed of
glass, carbon, or a polymer,

16. The unfused mat of claim 14 wherein said polymeric particles
are thermosetting or thermoplastic.

17. The unfused mat of claim 14 wherein said polymeric particles
are selected from the group consisting of vinyls, olefins, phenoxys,
pol)‘rimides, polyethers, polyether imides, aromatic polyesters, polyamides,
polysulfones, polycarbonates, polyacetals, polyethylene oxides, polystyrenes,
acrylics, neoprenes, polyphenylene oxides, cellulose esters, epoxies,
polyurethanes, and mixtures thereof.
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18. The unfused mat of claim 14 wherein said fiber is composed of a

polyolefin, a cellulose, or an aramid.

19. The unfused mat of claim 14 which has been subjected to heat

5 consolidation.

20. The unfused mat of claim 14 wherein said pulp fibers range from

between about 3 and 7 volume percent.

f a
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