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Advances in high-temperature resistant polyimide resin and

composite materials technology

WEN Peigang*, WANG Qianshu, LIU Gechen, DAI Xiaoxiang

(AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China )

Abstract: The high-temperature service environments of aerospace equipment impose stringent demands on high-temperature
resistant resin-matrix composites. Traditional epoxy and bismaleimide resin systems suffer from limited temperature resistance,
making polyimide a core research direction of advanced high-temperature structural composites. This paper systematically elaborates
the molecular structural characteristics of polyimide resins and their classification into thermosetting and thermoplastic categories.
The technological evolution of NA-capped, PEPA-capped, organic-inorganic hybrid and thermoplastic polyimides is summarized,
and the structural features, processing characteristics and performance deficiencies of various polyimide systems are compared.
Recent research advances in matrix modification, precise molecular design, fiber-reinforced systems and multifunctional sandwich
structures are comprehensively reviewed. The advantages and limitations of modification strategies including heterocyclic structure
introduction, bulky side group grafting, flexible chain segment construction and organic-inorganic hybridization are analyzed.
Meanwhile, the interfacial regulation, high-temperature service performance and engineering applications of carbon fiber and quartz
fiber reinforced polyimide composites are concluded. Current technical bottlenecks, such as the inherent contradiction between
thermal resistance and processing fluidity, high preparation cost, insufficient interfacial stability under extreme high temperature,
and difficulties in molding large-scale components, are clarified. Finally, future development trends are proposed from the aspects of
precise molecular design, low-cost forming process optimization, material-process collaborative matching and integrated structure-

function design. This work provides a systematic reference for the iterative research and engineering application of high-temperature
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resistant polyimide composites in aerospace fields.

Key words: polyimide; composites material; high-temperature resistance; acrospace; thermosetting; thermoplastic
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Fig. 1 Schematic diagram of imide structure

(a) cyclic imide; (b) linear imide
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cappingagent applied P2SI900HT was developed.

In 1953, the first Late 1960s: First thermosetting | [Early 1990s: NASA developed In 2008, organic-inorganic
polyimide patent was polyimide resin P13N and NA PETI-5; PEPA end- hybrid polyimide resin

polyimide
Vespel, 1965.

Thermoplastic In 1972, the PMR synthesis|[ In 2002, PETI-RTM was developed,
method and PMR-15 resin giving birth to the first liquid-

were developed.

formable polyimide resin.

. Polyimide was
International discovered in 1908.
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China

In the late 1960s, the Changchun
Institute of Applied Chemistry
developed the H-series
thermoplastic polyimides.

In the early 1970s, the
Shanghai Institute of
Synthetic Resins developed
the thermoplastic resin Raten.

developed PEPA end-capped
polyimide resins KH-370, KH-420,

In the late 2010s, Domestically
AC721, EC-380A, EC350R, etc.

1 l\\l 1 1

1§

In the early 1990s, NA-
end-capped polyimide
resin systems KH-304 and
LP-15 were developed
in China.
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Fig. 3 Evolution of polyimide resins
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Table 1 Different phenylethynyl-terminated polyimide
. [39-41]
resins

Resin grade Ty C 280 C@2 h/(Pa + s)
PETI-RTM 250° 0.6

PETI-298 298" 1.4

PETI-330 330° 0.09

PETI-375 375° 0.4

RTM-330 330 >1.5

RTM-350 350 >2

RTM-370 370 8.5

a: DSC testing, heating rate of 10 “C/min. b: DMA testing,
heating rate of 5 “C/min. The Ty, is determined by the inflection
point of storage modulus(E")
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Test method Property Performance value
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Table 3  Structure-performance comparison of various polyimide resins
Resin type Structural feature Heat resistance Process characteristic ~ Application advantage Limitation
NA-capped Norbornene end Long-term: 310-  Mature; autoclave- Excellent thermal &  Narrow processing

thermosetting PI

PEPA-capped
thermosetting PI

groups; high-temp
crosslinkable
Phenylethynyl end
groups; no volatiles
on cure

316 C

Ty up to 375 C;
long-term >330 C

compatible

Wide window; RTM &

autoclave compatible

mechanical properties

High-temp resistant;
highly adaptable

window; some toxic
monomers

High cost; some
systems brittle

Organic-inorganic Siloxane/carborane  Long-term: Complex synthesis; Ultra-high-temp; Difficult organic-
hybrid PI units in main chain 425 C; T,upto  stringent conditions superior thermal- inorganic interface
489 C oxidative stability control
Thermoplastic PI  Linear, non- Long-term Re-meltable; Good toughness; Inferior high-temp
crosslinked chains =315 °C; T, 200-  compression molding & reprocessable performance vs.
385 C AFP compatible thermosets
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Table 4 Applications of high temperature resin matrix composites in aerospace structural components

[74-77]

Material system  Service temperature/C Country or organization In-service model

Section or component

GF/PMR-15 316 U.S. Air Force

GF/PMR-15 316 Vought Company
GF/PMR-15 316 U.S.

GF/PMR-15 316 uU.S.

GF/PMR-15 316 Boeing

CF/V-CAP75 371
Laboratory

CF/AFB-700B 371
Laboratory

U.S. Air Force Materials F-22 fighter

U.S. Air Force Materials

Short-range air-to-air
missile

Missile body and wings

Air-to-ground missile Inlet, fairing, nose cone and tail

fins
F-15 fighter Flaps

Fan blades, fairing strips
B747 Anti-ice pneumatic duct system
Fairing ring, compressor casing,
splitter ring

Turbocompressor inlet, multi-
function nozzle
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