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Abstract—The main types of both widely used and promising glass-fiber-reinforced plastics based on tem-
perature-resistant binders that are efficient in a temperature range of 160—400°C are considered. Basic
mechanical and dielectric properties of the developed glass-fiber-reinforced plastics are presented.
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To date, glass-fiber-reinforced plastics occupy a
leading place in terms of volume of applications in var-
ious branches of industry, including aircraft construc-
tion, among polymer composite materials based on
various reinforcing fillers. It is due to valuable set of
strength, dielectric, thermal insulation, and physico-
chemical properties of glass-fiber-reinforced plastics,
relatively low cost, processability, and low power con-
sumption for processing [1—4].

Currently, glass-fiber-reinforced plastics based on
fillers of various textile forms, nonwoven structures,
and discrete fibers made of glasses with various chem-
ical compositions—aluminoborosilicate, magnesia,
silica, quartz, etc.—have been developed. Epoxy, phe-
nolformaldehyde, cyanoether, polyimide, organosili-
con, and other polymer composition were used as
binders [5—6].

Glass-fiber-reinforced plastics based on epoxy
binders have gained wide use at preparation of various
elements of aircraft constructions (sound-absorbing
panels of engines, aircraft control elements, nacelle
elements, radiotransparent antenna radomes, spars of
helicopter rotors, etc.) operating at relatively low oper-
ating temperatures not exceeding 160°C due to a com-
plex of good technological and physicomechanical
properties. The use of glass-fiber-reinforced plastics
created on the basis of cyanoether binders with a high
level of operating characteristics, including under the
action of high temperatures and high humidity, is the
main interest.

To create heat-resistant composite materials oper-
ating up to a temperature of 250°C, bis-maleimide
binders processed using modern technologies are
widely used abroad. In the short term, the develop-
ment of technological bismaleimide binders having

improved moisture resistance (bismaleimides of
II generation) and high strength properties and able to
be processed by nonautoclave technologies (RTM,
VaRTM, RFI, etc.) is planned at the All-Russian Sci-
entific Research Institute of Aviation Materials
(VIAM) [7—10].

Heat-resistant glass-fiber-reinforced plastics based
on organosilicon and polyimide binders long running
at temperatures of 300—350°C and short running at
temperatures up to 800°C, which have found wide use
in aircraft and aerospace equipment, have been devel-
oped.

The widespread use of glass-fiber-reinforced plas-
tics based on organosilicon binders is due to the high
thermal-oxidative stability, good dielectric properties,
and fire safety thereof. Among the disadvantages of
this class of materials are relatively low hardness, espe-
cially interlayer hardness, and high processing tem-
peratures (250°C and higher). Table 1 shows the prop-
erties of glass-fiber-reinforced plastics based on orga-
nosilicon binders.

‘When producing high-temperature products based
on organosilicon binders, the methods of direct com-
pression and pressure impregnation in rigid dies mak-
ing it possible to manage without additional mechani-
cal treatment and providing high stability of geometri-
cal dimensions and material properties are used.

Long duration and power consumption of manu-
facturing process constituting hundreds of hours for
large products, as well as high porosity of the resulting
material, are substantial drawbacks of solution-type
binders (SK-9FA, SK-9KhK, and SK-101). To over-
come these disadvantages, K-9-70 binder, which is a
solution of organosilicon resin in liquid oligomer
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Table 1. Properties of glass-fiber-reinforced plastics based on organosilicon binders
Properties SK-9FA SK-9KhK SK-101 SK-9-70K VPS-52

Tensile strength, MPa 380 270 140 350 350
Compressive strength, MPa 115 100 80 350 150
Flexural strength, MPa 200 200 135 275 320
Young’s modulus under tension, GPa 26 24.7 14.6 27 14
Dielectric permittivity € at 10° Hz 4.66 3.53 3.70 3.13 3.01
Dielectric loss tangent tand at 10° Hz 0.0026 0.0047 0.015 0.0046 0.008
Table 2. Properties of glass-fiber-reinforced plastics based on polyimide binders

Properties STP-97s STP-97K STP-1TsM STM-F
Tensile strength, MPa 500 490 650 475
Compressive strength, MPa 350 400 — 640
Flexural strength, MPa 640 400 900 700
Young’s modulus under tension, GPa 34.2 30 — 33
Dielectric permittivity € at 10° Hz 4.71 4.57 4.1 4.54
Dielectric loss tangent tand at 10° Hz 0.012 0.0081 0.01 0.006

(SK9-70K glass-fiber-reinforced plastic), was devel-
oped. To improve the stability of the glass-fiber-rein-
forced plastic characteristics, a modification of orga-
nosilicon binder with thermostabilizing additive was
performed. The products are produced by pressure
impregnation (VPS-52 glass-fiber-reinforced plastic).
In the course of the work, organosilicon resin and
oligomer were produced on the basis of FGUP
GNIIKhTEOS was organized; previously, organosili-
con resins were not produced in Russia.

During the production of high-temperature glass-
fiber-reinforced plastics polyimide binders are widely
used [11—12]. They are inflammable, have high ther-
mal stability and resistance to corrosion, and provide
a high level of preservation of physicomechanical
properties of the materials based on them at tempera-
tures up to 300°C. STP-97s, STP-1TsM, and STM-F
polyimide glass-fiber-reinforced plastics provide a
high operational lifetime at elevated temperatures
(2000 h at 300°C and 300 h at 350°C). The disadvan-
tages of the materials based on polyimide binders
include a high temperature of their processing (300—
350°C) and increased porosity of glass-fiber-rein-
forced plastics).

To improve technological properties and decrease
the porosity of polyimide glass-fiber-reinforced plas-
tics without a substantial decrease in mechanical
strength and thermal resistance, a glass-fiber-rein-
forced plastic of STP-97K brand with a processing
temperature of 170°C was developed. Table 2 shows
2016
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the properties of glass-fiber-reinforced plastics based
on polyimide binders.

IP-5 heterocyclic carborane-containing powdered
binder is a promising binder for the production of
heat-resistant glass-fiber-reinforced plastics. VPS-36
glass-fiber-reinforced plastic meant for thermally
loaded aeronautical products that incorporate wide
chord working and stator blades and other structural
elements of GTD fans. The glass-fiber-reinforced
plastic has a rather high operational lifetime at ele-
vated temperatures: 500 h at 370°C and 50 h at 400°C.
The properties of VPS-36 glass-fiber-reinforced plas-
tic are as follows.

Properties VPS-36
Tensile strength, MPa 610
Compressive strength, MPa 398
Flexural strength, MPa 603
Young’s modulus during tension, GPa 37

Currently, studies dealing with the development of
glass-fiber-reinforced plastics for working tempera-
tures of 300—350°C on the basis of VSN-31 phthalo-
nitrile binder are planned at VIAM. The class transi-
tion temperature of cured phthalonitriles is in the area
of 450°C; they are noncombustible materials and have
high strength properties, low water absorption, and
practically unlimited viability. Melts of phthalonitriles
have low viscosity, which makes it possible to use
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RTM and RFI nonautoclave processing technologies
during the production of products from PKM.
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