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Research Progress of High Temperature Resistant

Phthalonitrile-based Polymers and Composites
JIA Kun, XU Mingzhen, PAN Hai, WANG Zicheng, ZOU Xingqiang,
JIANG Mingli, LIU Xiaobo

(High-Temperature Resistant Polymers and Composites Key Laboratory of Sichuan Province, Institute of Microelectronic &
Solid State Electronic, University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: High temperature resistant nitrile-based polymers, also named as phthalonitrile resins, are high performance
thermosets obtained by the addition polymerization of phthalonitrile monomers. Due to their outstanding high temperature me-
chanical properties, (oxidative) thermal stability, corrosion resistance, fire resistance and good processability, phthaloni-
trile resins have been widely used in various high-tech fields such as aerospace, microelectronics, ship manufacture, etc. In
this review article, the basic chemical structures and thermal polymerization mechanism of bisphthalonitrile resins were firstly
introduced, then the thermal curing reaction of different phthalonitrile monomers in the presence of curing agent was dis-
cussed to clarify the structure and properties of bisphthalonitrile resins. Furthermore, the structural modification, proces-
sability, preparation and properties of fiber reinforced composites, electro-magnetic functionalization for phthalonitrile-based
polymers were introduced. The review ended with a brief outlook of the future directions and prospects of the research area.
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Fig. 1 Chemical structures of typical phthalonitrile monomer and oli-

gomer developed by Keller’ s group
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Fig. 2 Reaction process of aromatic amine and organic acid catalyzed

crosslinking of nitriles
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Fig.3  Chemical structures of four possible aromatic heterocycles

presented in curing phthalonitrile induced by active hydrogen
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Fig. 4 Chemical structures of phthalonitrile monomer containing ether
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Fig. 7 Chemical structures of typical phthalonitrile monomers with self-

catalysis ability
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Table 1

Burning properties of fiber reinforced phthalonitrile polymer composites

Resin matrix Phthalonitriles Polyimide ~ Phenolic formaldehyde Epoxy BMI
Reinforcement GF CF GF CF GF CF GF CF GF CF
Ignition time/s 60 75 55 55 25 25 38 28 38 270

Smoke density ( Max ) 1 - 15 - 20 - 165 - 130 -
CO content /10 ~¢ 40 - 200 - 300 - 283 - 300 -
HCN content/10 ~®  Trace - Trace - 1 - 5 - 7 -
HCI content/10 ~° " - 2 - 1 - ¥ - Trace -
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