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57 ABSTRACT 
Particulate additives for increasing the modulus of ther 
moplastic matrix materials used in making fiber rein 
forced composites is disclosed. Finely divided filler 
materials, such as silica, titania and silicon carbide, hav 
ing particle sizes about 1 to 5 microns, is added to ther 
moplastic resin powder to increase the modulus proper 
ties, especially in compression, of the resulting matrix 
without materially changing any of the otherwise ad 
vantageous properties of the thermoplastic material. 

2 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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PARTICULATE ADDITIVES TO INCREASE THE 
MODULUS OF THERMOPLASTIC MATERIALS 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
for all governmental purposes without the payment of 
any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to matrix 
materials used in making fiber reinforced composite 
materials, and more specifically to particulate additives 
to thermoplastic matrix materials to increase the modu 
lus of the matrix materials and provide greater stabiliza 
tion of the fibers. 
Advanced composites are high modulus (stiffness), 

high strength composite materials used in applications 
requiring high strength to weight ratios. They are typi 
cally made by embedding very high stiffness continuous 
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fibers, such as glass, carbon or silicon carbide, into a 
polymer matrix, such as an epoxy or polyester resin. 
The term "continuous fibers' is understood to have its 
commonly understood meanings in the art of composite 
materials, particularly that of very long fibers, generally 
mutually aligned for enhanced strength along a particu 
lar axis, and not chopped or very short fibers generally 
randomly aligned. The fibers provide stiffness and 
strength to the composite material, but are brittle and 
highly sensitive to cracks and flaws. The matrix mate 
rial absorbs energy and hinders the spread of small 
cracks. The presence of the matrix material allows a 
closer approach to using the theoretical maximum 
strength of the fibers in practical applications. 
Thermosetting resins, such as epoxies and polyesters, 

take a permanent set when molded, and cannot thereaf 
ter be remolded. Thermoplastic resins, however, such 
as nylons, polycarbonates, acetals, polyethylenes, some 
polyesters, polysulfone and polyetheretherketone, be 
come soft and pliable when heated and may be re 
molded without changing their physical properties. 
This property makes thermoplastic resins, when not 
used as a composite material matrix, very adaptable to 
low cost manufacturing methods such as injection 
molding and extrusion. 
For use in advanced composites, polymer resins are 

generally impregnated into continuous reinforcing fi 
bers to form preimpregnated fiber material (generally 
films or sheets), called prepregs, which are laid up in 
laminated plies and then cured under heat and pressure 
to make final structural shapes. Unlike composite struc 
tures fabricated by laminating prepregs made with ther 
mosetting resins, the overall shape of composite struc 
tures fabricated from laminated prepregs made with 
thermoplastic resins can, under heat and pressure, be 
later reshaped and reformed. Moreover, processing of 
the prepregs themselves is easier with thermoplastic 
resins than with thermosetting resins. 

Unfortunately, despite their advantages of lower cost 
and greater flexibility and ease of use in making com 
posite structures, composites, especially advanced com 
posites, made with thermoplastic resins are not as strong 
in compression as those made with thermosetting resins. 
While thermoplastic resins do promise better resistance 
against delaminating, their lower strength in compres 
sion makes composites made with thermoplastic matrix 
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2 
materials generally more susceptible to fiber mi 
crobuckling, kinking and shear band formation. 
Thus it is seen that there is a need for methods for 

increasing the compression strength of thermoplastic 
matrix materials without significantly affecting their 
desirable mechanical properties and processing and 
fabrication advantages. 

It is, therefore, a principal object of the present inven 
tion to provide a method for increasing the compression 
strength of thermoplastic matrix materials used in con 
tinuous fiber reinforced composite materials. 

It is a feature of the present invention that the desir 
able mechanical properties of the thermoplastic matrix 
materials are not changed and the desirable processing 
and fabrication conditions remain the same. 
These and other objects, features and advantages of 

the present invention will become apparent as the de 
scription of certain representative embodiments pro 
ceeds. 

SUMMARY OF THE INVENTION 

The present invention provides a method for improv 
ing the compression strength of thermoplastic matrix 
materials used in continuous fiber reinforced composite 
materials. The unique discovery of the present inven 
tion is that blending mineral or metallic powder (filler) 
with powdered thermoplastic resin material will pro 
duce a thermoplastic powder and filler blend that can be 
impregnated into continuous reinforcing fibers to pro 
duce athermoplastic resin prepreg having the improved 
workability of thermoplastic resin advanced compos 
ites, compared to more conventional thermosetting 
resin prepregs, and also having much improved modu 
lus properties (Young's and shear), especially in com 
pression. 

Accordingly, the present invention is directed to a 
blended powder of thermoplastic resin and filler, com 
prising a powdered thermoplastic resin, having particle 
sizes of about 1 to 5 microns and a filler, comprising a 
powder, selected from the group consisting of a metallic 
powder, a mineral powder, and a blend of metallic and 
mineral powders, having particle sizes of about 0.2 to 5 
microns, in a percentage of about 1% to 20%, by 
weight, of filler to total blended powder. 
The invention is also directed to a method for making 

a blended powder of thermoplastic resin and filler hav 
ing, when made into a thermoplastic matrix material as 
part of a continuous fiber reinforced fiber composite 
material, increased modulus properties over the un 
blended thermoplastic resin, comprising the step of 
blending into a powdered thermoplastic resin, having 
particle sizes of about 1 to 5 microns, a filler comprising 
a powder, selected from the group consisting of a metal 
lic powder, a mineral powder, and a blend of metallic 
and mineral powders, having particle sizes of about 0.2 
to 5 microns, in a percentage of about 1% to 20%, by 
weight, of filler to total blended powder. 
The invention is further directed to a method for 

making an improved continuous fiber reinforced com 
posite material having a thermoplastic resin matrix, 
comprising the step of making the matrix using a 
blended powder of thermoplastic resin and filler com 
prising a powdered thermoplastic resin, having particle 
sizes of about 1 to 5 microns, and a filler, comprising a 
powder, selected from the group consisting of a metallic 
powder, a mineral powder, and a blend of metallic and 
mineral powders, having particle sizes of about 0.2 to 5 
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microns, in a percentage of about 1% to 20%, by 
weight, of filler to total blended powder. 

DETALED DESCRIPTION 

The thermoplastic resins of the present invention are 
combined in powdered form with metallic or mineral 
filler powder to produce a filled thermoplastic resin 
powder that, when made into a matrix material for 
advanced composites, has improved modulus proper 
ties, especially in compression, over matrix materials 
made from unfilled thermoplastic resin powder. 

Thermoplastic resin materials in powdered form are 
readily available in a variety of particle sizes. Adding 
finely divided powdered metallic and mineral fillers, 
preferably having particle sizes of about 0.2 to 5 mi 
crons, to thermoplastic resin powder, having particle 
sizes about 1 to 5 microns, in quantities from about 1 to 
20 percent by weight increases the modulus, especially 
in compression, of the resulting processed thermoplastic 
material. The modulus increase does not materially 
change any of the otherwise advantageous processing 
properties of the thermoplastic material. And, when 
used to make thermoplastic matrix material for compos 
ite materials, typically through the intermediate step of 
making prepregs, the resulting modulus increase sur 
vives in the matrix material, thereby providing thermo 
plastic resin composites having increased resistance 
against microbuckling and similar weaknesses. 
The filler materials may include silica (SiO2), titania 

(TiO2), silicon carbide (SiC) and a variety of other ma 
terials as will occur to those with skill in the art of the 
invention. 
The disclosed invention successfully demonstrates 

the use of an additional reinforcing material in a matrix 
for continuous fiber reinforced composite materials, the 
additional reinforcing material serving a function re 
lated to, but different from that served by the continu 
ous reinforcing material. Although the disclosed use is 
specialized, its teachings will find application in other 
areas where synergistic effects from the interaction of 
two components, as in advanced composites, can be 
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4. 
extended by the addition of further synergistically act 
ing components. 

It is understood that modifications to the invention as 
described may be made, as might occur to one with skill 
in the field of the invention, within the intended scope 
of the claims. Therefore, all embodiments contemplated 
have not been shown in complete detail. Other embodi 
ments may be developed without departing from the 
spirit of the invention or from the scope of the claims. 

I claim: 
1. A continuous fiber reinforced composite material, 

comprising: 
(a) continuous reinforcing fibers; and, 
(b) impregnated into the continuous fibers, a blended 
powder of thermoplastic polymer resin and filler, 
comprising: 
(i) a powdered thermoplastic resin, having particle 

sizes of about 1 to 5 microns; and, 
(ii) a filler, comprising a powder, selected from the 
group consisting of a metallic powder, a mineral 
powder, and a blend of metallic and mineral 
powders, having particle sizes of about 0.2 to 5 
microns, in a percentage of about 1% to 20%, by 
weight, of filler to total blended powder. 

2. A method for making an improved continuous 
fiber reinforced composite material having a thermo 
plastic polymer resin matrix, comprising the steps of: 

(a) providing continuous reinforcing fibers; and, 
(b) impregnating into the continuous fibers, a matrix 
made using a blended powder of thermoplastic 
resin and filler comprising: 
(i) a powdered thermoplastic polymer resin, having 

particle sizes of about 1 to 5 microns; and, 
(ii) a filler, comprising a powder, selected from the 
group consisting of a metallic powder, a mineral 
powder, and a blend of metallic and mineral 
powders, having particle sizes of about 0.2 to 5 
microns, in a percentage of about 1% to 20%, by 
weight, of filler to total blended powder. 
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