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Progress of surface modification of polyarylate fibers and their

reinforced resin matrix composites

HUANG Kaisheng'?, YANG Huawei' , LUAN Shifang?, GAO Junpeng™ , WANG Zhaoyang*

(1. State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry, Chinese Academy
of Sciences, Changchun 130022, China; 2. School of Applied Chemistry and Engineering, University of Science and
Technology of China, Hefei 230026, China; 3. China Aviation Manufacturing Technology Research Institute,
Beijing 100024, China)

Abstract: Polyarylate fibers and their composites occupy an important position in aerospace and other military
manufacturing related fields due to their unique performance advantages. At present, the main deficiency of
polyarylate fibers in composites application is that the surface activity is too low to form a good interfacial bond
with the resin matrix, which needs to be improved by surface treatment. This paper takes the research progress of
polyarylate fiber as an entry point, introduces the means and ideas of the preparation process and performance
optimization of polyarylate fiber, and summarizes the surface modification technology of polyarylate fiber, includ-
ing plasma treatment method, silane coupling agent method and surface coating method. This paper focuses on the
latest progress of surface modification research on polyarylate fibers, emphasizes the important role of these
modification technologies in improving the performance of polyarylate fiber reinforced resin matrix composites,
and points out that the subsequent research ideas of surface modification technology of polyarylate fibers should

focus on seeking surface treatment processes that are more suitable for large-scale production and multi-scenario
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Fig.1 Structure of polyarylate
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liquid crystal polyaryl ester (LCP) precursor fibers and other fibers''”; (c) Flexural fatigue resistance of LCP fibers'; (d) Chemical resistance of LCP fibers'"!
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Fig. 4 (a) Melt spinning process for LCP polymers"; (b) Molecular and crystalline orientation in spun polymers;

(c) Complete melt spinning production process'*'!
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n—Alignment direction of the rigid polymer rod in the melt; 6—Dislocation angle; Ty—Temperature of heated nozzle; dy—Diameter of heated nozzle;
Ax—Thickness of shell; h—Height of deposited material; Ty;z—Temperature of the heated bed or substrate; Tyr—Temperature of the environment (Room
temperature); Vg—Velocity of extrusion; Vp—Printing velocity; w—Print width; 1,—Thickness of skin aligned towards air; iz—Thickness of skin aligned
towards the heated bed or substrate; FDM—Fused deposition modeling; SLA—Stereolithography; PR-5CB—Photosensitive resin/4’-pentyl-
4-cyanobiphenyl; GPET/CF—Copolymer of polyethylene terephthalate/carbon fiber

P8 (a) LCP £F4E 3D TENEIEIE™; (b) &b S H T YL/ 25 R HAE AR R TEN S He i i T i 12 g
(c) i) FDM FT EIVRE: L 24 B0 = ITE R i e 1 AU 3 2 PR HE )

Fig.8 (a) Schematic diagram of the 3D printing principle for LCP fibers!

45],

(b) Schematic diagram of liquid crystal dispersed in photosensitive resin, and

their mechanical properties at different printing resolutions and concentrations"; (c) Comparison of notch appearance and mechanical properties

between FDM-printed samples and compression-molded sandwich samples after impact testing
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Fig.9 (a)Actual fabric and structural diagram of Vectran non-crimped

fabric (NCF); (b) Ballistic curves of Vectran/Epoxy

under high-speed impact®!
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Fig. 10 (a) Mechanism of the resorcinol-formaldehyde-latex (RFL) adhesion system®®!; (b) Chemical bonding mechanism of silane coupling agent

KH570 on inert fiber surfaces in acidic and alkaline solutions'®”; (c) Bonding mechanism between silane-coated LCP and copper'

(d) Preparation process of GO-GF/LCP/PPS surface-grafted composite materials
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XN ELGR AT LU SRS -5 0 B O T T R
(1) Tk o 1B 550 v 19 Si— OBt 7638 4 4% 14 F /K fifk T
i S—OH, J& # F-5 £F 4 K WP il S B 5 HE b 45
B o BELEMIBCRIE B Si—OH ik £, W 5 £F
R ML A B 5 (2) i BB IBR 7E LCP 21 4 &
i B TR O BB AR B, BE A A D AR SR 48
AR ZR I BV 4

R 1 RNAEARE LCP F4EH R4 RES
Table1 Thermal properties of LCP fiber materials
in different composite states!*

. 5% degradation 50% degradation
Type of material . o
temperature/ C temperature/C
LCP 438.1 493.8
LCP/PC 468.6 510.2
LCP/PC/SCA 518.0 560.4

Notes: PC—Polycarbonate; SCA—Silane coupling agent.
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Fig. 11 (a) Schematic diagram of the acid-base treatment mechanism of

LCP fibers™™; (b) SEM images of fiber surface

after 30 min of potassium permanganate treatment'®”
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