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Research Progress on the High-temperature Friction Properties
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Abstract: Polyimide (PI) engineering plastics are renowned for their excellent resistance to extreme
temperatures, outstanding wear resistance, and self-lubricating properties, making them widely applicable
in high-tech fields, such as aerospace, microelectronics, and mechanical manufacturing. In response to the
growing and urgent demand for engineering plastics that maintain superior comprehensive performance
in high-temperature environments, as well as the challenges posed by the trade-off between the high
thermal resistance and processability of polyimide, and the scientific issue of simultancously achieving
high-temperature resistance, wear resistance, and self-lubrication, researchers have explored various
modification strategies to enhance the tribological performance of polyimide under high-temperature
conditions. This paper reviews the preparation techniques for high-temperature-resistant and wear-
resistant polyimide materials and systematically analyzes the influence of molecular structure design and
filler selection on the high-temperature tribological properties of polyimides. Additionally, the challenges
currently faced by high-temperature wear-resistant polyimide materials are discussed, and insights into
future research directions are provided to promote the further development and application of polyimides
in high-temperature wear-resistant fields.
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Figure 1 Molding and friction diagram of high-temperature
resistant polyimide friction material: (a) hot molding; (b) direct

forming; (c) isostatic pressing; (d) bake coating molding

1.1 HEERE

TS R 2R o) A8 SO T P T A0 A R A ] 1
Rk R, 1% T2 B R B A
e AT 5t P55 PN R o 1 R 2 IR 5, A2 T o) % T
SR i TRk I 7 vk . 1 ) 25 1k 7R
21 SR I IV J w7 A M A RN A A L o, AR A 2R
A N R NNy AL S = i e S =N iRN N
TR AN 2% A%, DA% H B8 IS0 AR 1 )
W 1(a) Fim . #AEE R R  J5 IRAR A4 mT DR 35



VAN

870 7]

h=x
=]

%

DI 8 2025 4

PR SR — 2N T, RL & s B % i N 37 5
()TN s 241
1.2 EBEEMREBEMNFFHERE

LA AR AN S R A T LA U R AN A
i SRRV ek DA T s 2R Fr 3. 3 [l Dupont 24
A 7E 20 tH 20 A B X 2 B s i i) BB 2R, BT
il £ 1 2 P Vespel R 517 o 1K 4677 iy DL L
I RE T2 B T W1 23 i R ALk i i L 5%
e, o AR RS & AL FE SP-1. SP-21. SCP-
5000, SCP-5050 4%,

L4 UM 73 DA G458 4R i B OAS IR R T 32
TR, B A A E A N R 120, Bk,
XM 7V R BRI 77, IF BT B F AR
S5 RS I EE R, PR T AR ) A DR R BRIk
R R T I R . BARERAE D IR Bk
70 Z U A e WL 9t & w7 4ok R & BGR ),
S5 e TN 78 i 0 U SO AR AT
Rt Ah B, B 245 3 BUR AL 1) FEBE T R AR A,
B 1(b) o 8 B AL J7 5 B A A ey
FSCAATG R 35, AEL 1 % 1 58 Mt S Jr e 3 i AN L
# & EYE, BRI TT I EAAAEE
Fto S R R WA R il 1K kA RE
8% 1) % HA % 1) [ 12 1 SR S e PR ) o %792
ST AR S HR ) — PR ok B A 7 28, —
AL V- TSR R 2 N AT A SRR R RN
i A TR SR8 TBE NIV % T S A 47 A TBON 7T 38 T | 55 2L
Hh, I I8 I VAR ) AL S AN R AL AR I R ), 45
BB AR BB I SR B R k). BE S, TR #
SEFR R AR AT IR R AL R, JE I AR [
BN AL I g R, AR H R E RS %
I ) 1 P SR B0 Jlse DR A 4 B 1) s 210,
1.3 HURAE

HEVR BB IE H SR ) A AR 2 R
Jle i 2 DA LR R 25 S PR RE, B AR — R ER AR
i e R A o ML R Y T R B R LR AP
B W, B R R I W S AT T & i v
Ab PR PR AL AN A b, S 22 BRI VR R 9 48 D8 437K
S BN B, 4 ERAT S N B T A
W, FF 4 I RE i i PR P AT I B b 3 . FR AR
a7 2 2 E R 5, BRI 3RS HE E R ) B 19t
Wi J2 s B 1(d) Bras s i T VE TR S5 4T, i
FH T 1) £ B AR5 e 5 B AN M A 0K 1) 58 I 0 %
2 122230

2 RELRRICFEHX S REEN
REAYFZ M

SRR V. fi (1) s PR Jle R I B A Je e 4 2R
FINEE s A [F) 45 F6) 1R B AR o) 5 S Jie 2~ 1)
TR M A I 2 52 e, 33F T S5 ) 58 I IV e 140 =
REEEEERETX, BAk, 2 TRt P E R
i e BE R SR RE R SR R K ), N T IR NER
fif Rl N SR AL v RE, L AL Sk
A 2 [B] [P ORI, 48 7~ BE 2 P 453 1) N FE LB, 3T
BRI FE UG EE T 9 AT AS [R]85 40 SR I fr 1 B
BTN
21 BEBURRBEESS FEXSREEMRE
A

FRIH I 5 Tk D e A b [ e 58 1 S fe 1) A T A
JEE A Gy - REATAE N0 2 2 e 30 SRR I e P vy il R
BB BB, M2 T I ) b B P B
P iz (Y'S-20) 15 22 T 5 19 0 i (KH-304) 7 AN [F] i
FE N B EE R AT e, R TP IE MR SR D e 1) JEE 4
FRHH R FE T v S G RS ) T A T SR & )
JBE 5 2 K00 ) I O B e A A A IR 2 S T
FE VAT I8 SR Mk I fie 7 L B T v i e
AR AR AN, T A2 T SR I P Y A BE 5 S T b RT R
KA, SEHA SR R AE A . Wang
2 DSV F 0 4 08 Mk TR 10 1% (Y'S-20) T 4-2 2,
2RI (4-PEPA) J5f v (1) 4 [5] 14 20 1 0. e 10 B ¢ 3 0
Bt 5P AR TR ), R 3 T RA a3

B SR IR P i = L BE I RE TR RS — T
THI 2 J88 3ok 5 M) 508 T IO e () LA 1 g A i S ik —
O ER R R BEEEYERE s S — T Ay Y
R o SR SR 1 P i v il S R &G B, BRIt
— NG BRI TR UM SR I e v R R M
PIC8E. BEAk, 7EmR AT N, P88 X 5
MV fi R R PE B I 52 M ] B 2 KT T B0 SR I
Jiiz BE R M B A SR Sy 1222028300
2.2 BETAEFHEI MR SREEMEEERN
A

RS SR V. frie 3 % 45 ) 1 2 P N0 SR Tk
Ji B e R i I 55 2 (1 A 8RB, X — 7 AR
AT DL R G ) mR B R R . RS
28 BUSE 1 5] N ASKHRR 1) i B A 3,4'- (3 —
ZRTK (3,4'-ODA) 21| # [ 14 T I 0 Jig 1) = B 4 # v
B FE T 50 Tt 0. e 5 407 6 B Ui P AR A () A . ST



6 1] EISURHEETE

P 0 TR SRR il PR 4 P RE T 7 ik 871

g5 LR, SR U M 1 R R AR B L ) T e
SEBRAR, T B 1 N B ST & B T
R ket XS L 1 BTN T 1% ERE 5 R
T IV e 75 PR it A2 o 4 A SR T AU 2 e () B 2 8
o AT IRTHERA WD il BRI R, $5 AL
PRPERE S — A RUg R, YinZ IR 2> T3
F1EEREAUHT FE T W POSS 45 44 3o 5% ik W0 2z v v
JEE R 2 R B2 . AL A R AR TR, W R R
POSS 2514 He % i 2 2 =y S-S W i FAME e L BILAR
PERE DL i T B IERE . R A2 TE 600 K I,
T 9.0 wt% POSS (1) PI2 A7 J 30 H 17 AR A1 ) JBE
PR H0(0.001), MR AL T SRSk . e (1) v J B 44
PERE. SR, 24 SR W Jle Ao g Sk 5 21 4 L A LR
TEALIE A i ) 2% 2 G RN, R BT
DRI ) SR i B s A R, A S
] Y 70 1 280 BRI AN AR S S B L T R
B N %, Panin 2 B2 5%f ELAIF 58 T 32 BERE AR 0 Hh
PRI R % =i EE R AR e A A ok 2 Fof
AN [ 25 K6 1 SR I 0 i 5 2 VIR 45 4« 6 11 (PTFE)
FTEHL (MoS,) [ A i g 751388 Tt A5 e s 28 1) % Fl S
HARE. WS AR R, B N SR B R
¥ w5 A v o ) B TR R ) R B . A
180 °C I}, TEA W53 15l b A7 15 Z2 1 5 o0 1) 5% i
T NV fi 526 P R P 5 40 236 L AN 75 2 1k 45 4 SR I I
W& 2GR EHIL300 £ o
2.3 BB ERRMEEREX SR EEM R
AR AR A vy %) R e 43 188 5 B AT e [ 3

m@r@

BPDA

BPDA

AL AR I B e Ik AN R A B R BN R
P S i v mT DA SRR 4y AR, AT AT AR
I BRI A PP Li 2 Ut Ak T % (FPI)
%#ﬁ% O T I i (PT) 76 A [ 3L FE T 1 B8 42

AT 7R EERE AT . AT R I, JE AL PTI BE 45
%ﬁ&now&ﬁﬁ%iﬂwﬁﬂowﬁﬁ%%
R B E R B T A R A PTR BE AR SR E U A
205 °CHFUG B Ft, 75225 °C ik 2] — /N FHXT AR 1)
WEAE . o G AR B S NSE S TR R R A
AHG B L B BRI, X N R B B S iR & Ve
(o BE R4 Rt T T REE. 7E 2021 4, Hu%g PO
I 1 ) 6 5% T MV fi (PT) . 84K 3R 15 MV Jiz (FPT) 1 &5
mm%Ekﬁm)mgzﬁrﬁ%nTLﬂﬁﬁ
S5 K6 (1) SRR W i AE-100~100 °C 3 5 ¥ [ Py 11 g
%%ﬁ SIS R 5 013 R R,
3ﬁﬁﬁ%ﬁﬁﬁmﬁw%ﬁmaﬁlmﬂm>

o HRHLAVEFFIS JH T 15l NI T TR
m@,wﬁ%ﬁﬁﬁF%Z@m@ KRR (Vi
5, B P RE 13K, HEE 5T R AR PR AL 2 RN
IX 6 PR 21 L[R]3 8 7 FPLAN SPLLE BE 45 5 451 1 g
R E

3 ERINREIT RN SRERE
RERYRZME X 2

3.1 THEERKM
YRR L SRR AL RE L BRI LEER
R UL R A v R v, B AR S 5 SR A B i

%m@@%

F,C_CF,

6FDA

{ @@H@@%
m Tl — P00

BPDA

B2 PI.FPL.SPI ff)45r 454 0
Figure 2 Molecular structure diagrams of PI, FPI and SpIl36!
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Figure 3 Tribological properties of 2D material reinforced polyimide engineering plastics: (a) the change degree of friction

coefficient; (b) the variation degree of wear rate
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Figure 4 Tribological properties of fiber filler reinforced polyimide engineering plastics: (a) the change degree of friction

coefficient; (b) the change degree of wear rate
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Figure 5 Schematic diagram of the effective temperature range of solid lubricating fillers reinforced polyimide engineering plastics
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