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Abstract: Carbon fiber reinforced thermoplastic composites (CFRTP) are found to have excellent
properties such as high strength and toughness, excellent self-lubricating and wear-resistant, and high
molding efficiency, which have been widely used as friction materials in aerospace, marine engineering,
transportation, medical apparatus and other fields. This paper reviews the research progress of antifriction
and anti-wear modification aging on friction properties of five commonly used CFRTP, i.e., polyether
ether ketone, polyimide, polyphenylene sulfide, ultra-high molecular weight polyethylene and polyamide
matrixes, and comparative analysis of their respective advantages, disadvantages and application fields.
Finally, the existing problems and prospects of CFRTP for friction applications are presented, which may
provide useful guidance for developing high-performance structural-functional integrated CFRTP with
excellent mechanical and friction properties.
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Table 1 Basic properties of different resins

. Tensile strength Flexural strength Wear rate
Resin T, (°C) T (°C) COF 6 3l Ref.
(MPa) (MPa) (X107 mm’>* N "*m™")
PEEK 99 137 148 339 0.48 4.7 [3]
PI 95 150 264 388 0.31 6.3 [4~6]
PPS 62 116 92.6 285 0.85 72.3 [7.8]
UHMWPE 19.81 26.1 -81 130.6 0.398 8.7 [9~11]
PA 45~74 51~82 64.5 222 0.67 10.5 [8,12,13]
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Figure 1 Schematic illustration of fabricating (a) BNO and (b) CF/PEEK composites (Reprinted with permission from Ref.[22];

Copyright 2022 Elsevier Ltd.)
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Figure 2 SEM images of worn surfaces of PEEK and its

composites under two loads (Reprinted with permission from
Ref.[27]; Copyright 2018 Wiley Periodicals Inc.)
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Figure 3 Optical microscopy of transfer film of PEEK and
its composites on the counterbody under two loads (Reprinted
with permission from Ref.[27]; Copyright 2018 Wiley

Periodicals Inc.)
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Figure 4 (a) TEM images of the tribofilm generated on the counterface after sliding against 5 vol% Ni/10 vol% CF/PI
lubricated with PAO base oil; (b) EDS maps of C, O, Ni and Fe-elements of the region indicated by a dashed box in Fig. a; (c—¢)
HR-TEM graphs of regions I-1II indicated in Fig. a (Sliding speed: 0.2 m/s, load: 100 N, lubricant: PAO base oil) (Reprinted with

permission from Ref.[35]; Copyright 2022 Elsevier Ltd.)
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Figure 5 Schematic illustration of friction and wear process
of (a) PI, (b) CF/PI, (c) CF-MoS,/PI composites (Reprinted
with permission from Ref.[40]; Copyright 2018 Elsevier Ltd.)

AIHLER . A5 A B, 389 o URLAT O3 J T 2 i
FLE Il PR RS R A ORI T R SRR
RIBERVEBE s 3 AR P ORI R BE SR RE r 11 S
RFIE SRR B 1 RS th R A3 2T 5 MR EE B4
REMIARRIEFETT L

3 CF/PPSEEMRIRVEEERE
PPS LA B AT (6T JE 1k T A0 22 J5 ek ke A A

AR ARSE fe S 4 1, B2 4 PPS W i T 2 i
PR RN =il 5 S8 A S Tk (1 sl B PR 1) T LA Sy R
AR 2 R Y, SR CF 3 53 )5 ) PPS 3%
A MRLEA TR B35 B R, AL
Tk AN R A B RS N B R AR P RE,
22 0 3 AR 2 R S A

% XU £ 4 58 203110 R 17 TEL 855 ) 265 45 ) T ik
B 1) 23 - (4032 Bl SR 5 T+ 52 6 b0 Rk 1 R 5 1
Shi &% 3 5o 5 VR T2 81 4% 1 £ R CF Al
PTFE £ 4k 21 (1 PPS B A A KL i 7T 45 IR B,
TEBCK TR AT 4 (MCF)/PTEE/PPS B &4 K, i
MCEF & 5 (13890, JBE 45 22 5508 B 8 s A2 sk )
bl B 451 e 38 K, i PR TE M 3 i #8 o MCF Rl 7K
FHR 43 2k A, A58 FEBE 4 R 00 Bk /)N, {H MCF Jit
5% TV AR R 55 B 6L 5 %) MCF-PTFE Y8 & 0 2% 45 14
TE LR, T3 B3R BT, B AL BN
[ i 5 45 . SCF/PTFE/PPS & & MRl L 7T % B A
BRI IR BE R B R e, TE T AT, A
20 wt% [ SCF I, JBE# 3 H05 2 5K 4 0.103, Bl
% SCF & 238 /n, b4 2158 T FF, XN
SCF-PTFE 14 [1) WX 4% 25 ¥4 45 Bh T 4161 SCF W%,
P BE 1 . SCF/PTFE/PPS & & b4 KH I BE 45 B
AL A B B SEEAT — MBS RS 4. CF-PTFE



1 3] e AR BRET ARG ORI E R S AR EE B RN TT I fRE 7

LFAE ALY ) BN 4 S50 A S i 7 A
B EEEIERE , EEEENLER QA 6 T o

Counterpart
MRICEPAE __+ Transfer film
-rwr?am_.:s wEieE= . Transfer
1 i; 7{ ~ -+ Wear debris
aslcarale el ™ - Friction layer
~+ Transition layer
Macro state Micro state

6 PPS S HA AP AE NI R &M (2019 American
Chemical Society iR ZFH])

Figure 6 Schematic of the tribological mechanism of PPS
and its composites (Reprinted with permission from Ref.[41];
2019 American Chemical Society)
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Figure 7 Schematic of wear mechanism for composites as the aging time is 32 h (Reprinted with permission from Ref.[46];

Copyright 2022 Elsevier Ltd.)
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permission from Ref.[51]; Copyright 2021 Elsevier B.V.)
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