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The invention disclosed in this document resulted from

research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration.
The invention is owned by NASA and is, therefore, available for
licensing in accordance with the NASA Patent Licensing

Regulation (14 Code of Federal Regulations 1245,2).

To encourage commercial utilizatioh of NASA-owned inventions,
it is NASA policy to grant licenses to commercial concerns.
Although NASA encourages nonexclusive licensing to promote
competition and achieve the widest possible utilization, NASA
will consider the granting of a limited exclusive license,
pursuant to the NASA Patent Licensing Regulations, when such a
license will provide the necessary incentive to the licensee to

achieve early practical application of the invention.

Address inguiries and all applications for license for this
invention to NASA Patent Counsel, Lewis Research Center, Mail
Code 301-6 , 21000 Brookpark Rd., Cleveland, OH 44135,
Approved NASA forms for application for nonexclusive or

exclusive license are available from the above address.

{NASA-Case-LEWN-14734-1) LIGEI KEIGHT 7 -2362
EOIY§ER QAIRII CCEFOSITE. KATEEI1AI Patent Ho9-23e23
:;pllcatxon - (NASA. lewis Fesearch Center)
6 p CSCL 11D Unclas
63724 041131

LeRC



I "Old

(4H) 35V
008 00. 009 00S 00V

SSO1
1HOIIM
1N304H3d




0061

¢ 'Old

Bd ‘HLDNIHLS TvdNX31d

00¢t 006 009 00€ 0

_ _ | _

Syl

....... Sbendd

¥8

14"

v8lL1L

214"

6Lyl |

0S|

ozl 06 09 0g 0
edD ‘SNTNAOW TvdNX314

1S31 D 1£€-0 L€ 1V 1Y 00t

1 1S3L O LLE-D L€ LV 4y 00¥

1S31 O LZE-DNIDVY ON

221 1831 O LZE-ONIDV ON

1S31 "1'"-0 1€ 1V 4y 00p

21831 "1'H-D L€ 1V Y 00¥

1S31 "L'H-ONIOV ON

1 1831 "L'H-DNIDY ON

INJN1VIHL 40 IdAL



€ '9ld

O bep ‘IHNLVYHIJWIL NOILISNVHL SSV1D

066 00S 0S¥ OOy 0S€ 00 0GZ 00C 0St 00k O0S 0

3INON

0 Bep segv-1y v2

------------------------------- PP AP PRSPPI AP APt

8474 0 bap L2e-1y v2

0 bep gve-1uy e

gvd SV

O 6op ‘IHNLVYHIAdWIL INIWLYIHL NIDOHLIN



v "Old

(WD-WHO) ALIAILSIS3Y
o€ 12 ve 12 8l Gl 2l 6 9 € 0

9c'v %c €/s44 009

%G ¢/siy See

/6'8¢ ONIODV ON

SSO71 LHOIIM LN3OH3d/siY JNIL ONIDV



AWARDS ABSTRACT

A graphite fiber reinforced polymer matrix is layed up, cured,
and thermally aged at about 750°F in the presence of an inert gas.
The heat treatment improves the structural integrity and alters the
electrical conductivity of the materials. In the preferred
embodiment PMR-15 polyimides and Celion-6000 graphite fibers are

used.
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NASA Case No. LEW-14,734-1

Light Weight Polymer
Matrix Composite Material

Origin of the Invention

The invention described herein was made by employees of the
United States Government and may be manufactured and used by or for
the Government for governmental purposes without the payment of any
royalties thereon or therefor.

Technical Field

This invention is concerned with improving the structural

integrity of fiber reinforced composites that are made with
thermally treated polymers as their matrices and are exposed to air
at high termperatures. The invention is further concerned with the
production of components that can be used at temperatures well
above those that can be tolerated by current state-of-the-art
polymer matrix materials.

The projected material needs for aircraft propulsion systems
for the near future are processable low density polymer matrix
composites which are thermo-oxidatively and structurally stable at
a temperature of 700°C and possibly 800°C. Conventional polymer
matrix composite materials cannot meet these requirements.

A state-of-the-art high temperature polymer matrix for use in
advanced composites is a polyimide described in U.S. patent No.
3,745,149 and known commercially as PMR-15. When this polyimide is
used with high modulus graphite fibers, the resulting composites
can be used for long periods of time at 550°F and for shorter
periods of time at 600°F. At this higher temperature the
interlaminar shear strength is about 507 of the value at room
temperature. At higher temperatures the value decreases even more.

As with other polymer matrix composites the use-temperature
limit, as determined by structural integrity, for PMR-15 is limited
by the TG4of the resin. The TG designates the temperature at which
the matrix changes from an elastic material (below TG) to a rubbery

material (above TG). As a rubbery material with an extremely low
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modulus, the matrix can no longer transfer loads from fiber to
fiber, and the composite stiffness or structural integrity 1is lost.
The TG of PMR-15 is one of the hightest of the state-of-the-art
engineering polymers and is normally about 635°F. Inasmuch as the
transition at the TG is not sharp, but occurs over a finite
temperature range, even short excursions near 635°F can result in
the loss of structural integrity for PMR-15 matrix composites.

Most composite materials are literally composed of fibers that
are cemented together with an organic polymer matrix. Therefore,
the electrical resistivity across the composite, perpendicular to
the plane in which the fibers lie, is very much dependent on the
resistivity of the matrix material. As an example, Celion
6000/PMR-15 composites have a resistivity of 25.4 ohn-cm across the
fibers and 0.0346 ohm-cm parallel to the plane of the fibers. The
highly conductive Celion 6000 graphite fibers dominate in producing
a low resistivity in the direction parallel to the fiber axes.

Most organic fibers have high resistivities and therefore the
resistivity through the thickness of a composite plate is also
high.

Often the structure materials that are used in aircraft
components must have low electrical resistivities to dissipate
lightning strike voltages, to provide a path for grounding

electrical and electronic circuits, and possibly for providing a

medium for resistance heating anti-icing and deicing techniques.
The low electrical resistivity suggests that such new materials may
also possess high thermal conductivity characteristics. This would
enable state—of-the-art anti-icing and deicing techniques to be
used with these composite materials that are required for the
alrcraft of the future.

It is, therefore, an object of the present invention to
provide a method for using thermal processing of polymer matrix
materials to bring about changes in their properties.

Another object of the invention is to utilize thermal

processing technology to significantly improve the structural
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integrity of fiber reinforced composites that are made with
thermally treated polymers as theilr matrices are expose to very
high temperatures.

A further object of the invention is to change the chemical
structure of polymer matrix materials to increase the TG above the
desired use temperature.

A still further object of the invention is to remove those
volatiles that are always produced during the pyrolsis of organic
matrices at a rate slow enough that blistering will not occur
within the composite.

Still another object of the invention is to decrease the
electrical resistivity and possibly raise the thermal conductivity
of the polymeric material by converting this material to a more

electrical conducting, possibly semi-carbonaceous material.

Background Art

U.S. patent No. 4,016,140 describes a heat treatment in a
temperature range between 300°F and 700°F prior to molding. This
treatment provides a molecular weight increase necessary for good
copolymer properties and more complete imidization of the polymers.
In addition, this treatment prevents the formation of water vapor
which would cause void formation later in the molding step.

U.S. patent No. 4,167,620 to Chen describes the heat treating
of polyimide resins to improve their physical properties. The
process 1s used to remove volatiles generated and contained within
the polyamide-amides and polyamic acids that will cause voids,
delaminations and warping of a structure made from this material
when heated to near the heat deflection temperature. A circulating
gas is used to help flush the volatiles from the solid. The
treatment is likewise a post cure which promotes oxygen enhanced
crosslinkings within the polymer to increase the heat deflection
temperature about 30°F.

Yoshimura et al patent Nos. 4,401,590 and 4,497,728 are both
concerned with processes which alter the conductivity of
polyimides.

This is accomplished by heating the material to a temperature
between 400°C and 1,000°C.
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Pater patent No. 4,560,742 describes the standard post cure
for a polyimide PMR-15 matrix composite. The heating does not take
place in an inert atmosphere and the composite material 1s heated
to a temperature as high as 600°F.

Edelman patent No. 4,395,514 is directed to graphite
reinforced polyimide resin materials having improved structrual
properties. After lay-up, the composite material 1s heated to
temperatures as high as 635°F for comparatively short periods of
time and not in an inert atmosphere. The main objective is to
reduce curing temperature from 600°F to a temperature of about

350°F to 450°F.

Disclosure of the Invention

The present invention relates to graphite fiber reinforced
polyimide resin materials for structural use above 550°F. The
materials are heat treated at about 750°F in the presence of an
inert gas. This heat treatment improves the structural integrity
and alters the electrical conductivity of the materials.

The processing is done on a fabricated structure after the
lay-up and curing has been completed. This material can be used
for short times at temperature well above the current limit of
550°F at which existing high temperature polyimide matrix material
can operate for extended periods.

Unlike present day polymer matrix composites, the materials
produced by the thermal processing of the present invention will
not experience large reductions in mechanical properties, such as
stiffness and strength, as temperature increases past 600°F and
even past 700°F. The materials can be used at temperatures well
beyond current limits while retaining low temperature structural
integrity.

In addition to the superior high temperature performance
exhibited by the materials produced by the present process, the
processing procedure also alters the electrical resistivity of the

percursor composite matrix material. The thermal processing
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decreases the electrical resistance significantly which increases
the value of the material, particularly in the aerospace industry.
Such a processing produces certain metal-like properties in polymer
based materials.

Brief Description of the Drawings

The objects, advantages and novel features of the invention
will be more fully understood from the following detailed
deécription when read in connection with the accompanying drawings
wherein

FIG. 1 is a graph showing nitrogen and air aging of Celion
6000/PMR-15 composites;

FIG. 2 is a bar chart illustrating the improvement in high
temperature flexural properties achieved with thermal treatment of
Celion 6000/PMR-15 composites;

FIG. 3 is a bar chart illustrating the increase in glass
transition temperature obtained with nitrogen treatment; and

FIG. 4 is a bar chart illustrating the composite resistivity
changes during isothermal aging in nitrogen at 700°F.

Best Mode for Carrying Out the Invention

Changes in chemical structure are obtained by the controlled
thermal degradation of a polymer which produces improvements in
high temperature mechanical properties and electrical properties
over those of the starting material. Heat transfer properties also
may be improved.

This controlled thermal degradation can be easily incorporated
without the necessity for the development of new processing
technology. Controlled thermal degradation is really a chemical
structure change and can be compared to the metallurgical
transformations caused by annealing and other types of heat
treatments.

The process itself entails the thermal aging of a fully-cured
graphite fiber reinforced polymer matrix composite in an inert gas,
such as nitrogen or argon, or in a vacuum. The aging must take

place at a temperature above the projected use temperature of the
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proposed structure. The length of the thermal treatment must be
enough to insure that further treatment will not result in further
weight loss as illustrated in FIG. 1 which shows nitrogen and air
aging. A particular weight loss value is characteristic for a
particular material at a péfticular temperature.

Referring again to FIG. 1, the aging of a Celion 6000/PMR-15
composite in 371°C in air is shown by the line 10, while the aging
of this composite in nitrogen at this temperature is shown by the
line 12. Agings of this composite in nitrogen at 343°C and 427°C
are shown by the lines 14 and 16 respectively.

The beneficial technical effects of the process is illustrated
by the results of testing Celion 6000/PMR~15 unidirectional
composites. Interlaminar shear strengths of treated and untreated
composites are listed in Table I. Flexural strengths and moduli of
treated and untreated Celion 6000/PMR-15 unidirectional composites

are shown in FIG. 2.

TABLE I
Interlaminar Shear
Strength (Ksi)
Post cured and no aging. 17.2
Post cured and aged in N2 at 700°F 16.9
for 335 hrs. room temp test.
Post cured and aged in N2 at 700°F 8.8

for 335 hrs. and at 800°F for 230 hrs.

room temp test.

Post cured and no aging. Tested at 700°F. 4.0

Post cured and aged 335 hrs. at 700°F 11.1
700°F test.

Post cured and aged 335 hrs. at 700°F 7.7

and 800°F for 230 hrs. 700°F test.

Flexural properites of the composites are listed in Table II.



TABLE 11

Flex Strength Flex Mod.

(Ksi) (Msi)

Post cured and unaged. Tested 205.8 21.5
at room temp.

Post cured and aged 335 hrs. 171.8 21.5
at 700°F. Tested at room temp.

Post cured and unaged. 70.2 12.2
Tested at 700°F.

Post cured and aged 335 hrs. at 169.0 21.0

at 700°F. Tested at 700°F.

Room temperature resistivities of the composites are listed in

Table III.

TABLE III
Resistivity
(ohm~Cm)
Post cured and no aging. 25.4
Post cured and aged 335 hrs. in N2 at 700°F. 3.1
Post cured and aged 600 hrs. in N2 at 700°F. 1.36

Selected properties of PMR-15 neat resin are listed in
Table IV.
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TABLE IV

Density post cured and no aging. 1.32 gm/cc
Density after 293 hrs. at 700°F in nitrogen. 1.29 gm/cc
Calculated voids after 293 hrs. at 700°F 1.27 in

nitrogen.
Dimensional change after 293 hrs. at -2.27

700°F in nitrogen.
Flex. mod. unpostcured and no aging. 553 Ksi
Flex. mod. no post cure after 293 hrs. 354 Ksi

at 700°F in nitrogen. Tested at 700°F.

Flex. str. no post cure after 293 hrs 2.7 Ksi
at 700°F in nitrogen. Tested at 700°F.
Flex. mod. post cured after 293 hrs. 608 Ksi

at 700°F in nitrogen.

Flex. str. post cured after 293 hrs. 10.3 Ksi
at 700°F in nitrogen.

Flex. strain to fail post cured after 1.69%7
293 hrs. at 700°F in nitrogen.

Weight loss at 650°F. 3.7%
Weight loss at 700°F. 7.0%
TG No aging post cured. 644°F
T, aged at 700°F 335 hrs. in nitrogen. 896°F

From the examples it is seen that the process provides
material which has structural integrity at temperatures well above
the TG of the parent material. These changes in TG are shown in
FIG. 3. Also, no new processing developments are required to
fabricate structures from the material produced by this invention.

The process of the invention provides a method for altering
and controlling the electrical resistance of a compostie within
finite limits that are determined by the parent composite material.

These changes are shown in FIG. 4. When coupled with a suitable
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protective coating, the material produced in accordance with the
present invention can be used at temperatures of 700°F and above
for long periods of time.

While the preferred embodiment of the invention has been
disclosed and described, it will be appreciated that various
modifications may be made to the invention without departing from

the spirit thereof or the scope of the subjoined claims.



ABSTRACT OF THE DISCLOSURE

A graphite fiber reinforced polymer matrix is layed up, cured,
and thermally aged at about 750°F in the presence of an inert gas.
The heat treatment improves the structural integrity and alters the
electrical conductivity of the materials. In the preferred
embodiment PMR~15 polyimides and Celion-6000 graphite fibers are

used.



