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Research progress of polymer-based conductive composites
in the field of transportation
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(1. School of Transportation Scienceand Engineering, Harbin Institute of Technology, Harbin 150090, China;
2. School of Qilu Transportation, Shandong University, Jinan 250002, China)

Abstract; Polymer-based conductive composites have garnered increasing attention in the field of transportation,
owing to their outstanding electrical conductivity, synergistic deformation characteristics with matrix structures, and
in-situ monitoring capabilities. To facilitate their broader application, elucidate prevailing research challenges as
well as prospective development trajectories, this research provided a comprehensive review of recent advances in
polymer-based conductive composites within the transportation domain. Firstly, viewing from the material
composition and preparation process, the influences of various matrix materials (such as polypropylene and epoxy
resin) and conductive fillers (such as carbon nanotubes, graphene and metal particles et. ) on the comprehensive
performances of composite materials were analyzed, and the regulatory effects of different preparation techniques,
such as solution mixing and melt blending method, on the comprehensive performance of composite materials were
discussed. Secondly, the performances characterization of polymer-based conductive composites were reviewed,
delineating how functional properties, such as temperature sensitivity and mechanical responsiveness, vary under
complex environmental factors like temperature and force fields. Thirdly, the conductive mechanisms underlying
polymer-based composites were then explored, with a focus on how the dispersion and interaction of distinct
conductive fillers contribute to enhanced conductivity. Finally, the practical applications of these composites as
sensors were presented, emphasizing their deployment in transportation infrastructure and intelligent traffic
management, along with an assessment of their operational efficacy. Based on the current research findings and
technical challenges, it is evident that polymer-based conductive composites hold substantial promise for widespread
application in transportation. Nevertheless, the challenges concerning sensors durability and functionality warrant
further innovation and improvement.

Keywords: transportation sector; conductive composite material ; polymer matrix; preparation process; sensitive

performance; sensing

WA 2025-09-18;F A HEH: 2025-10-09; MEE X BH: 2025-11-06

& B & il : hiips://link. cnki. net/urlid/23. 1235. T. 20251106. 1026. 006

BEEWHE: BRARBIFIS (52378447 ) s B E T SR TR (2024 YFE0214600 ) ; 0% 7148 A SR BF# R4 155 A1 BA ( TD2022E001 )
TEEZEAN . FHRE(1979 —) B 282 S0, 3 B1(1990 —) , 5B 232 WS008 %1992 —) 3B B #E7, A4Sl
BEEE. TME , wanshwsry@ 163. com



F12

B, AF . SR G YR A MRHESCE SR A B 5T

- 121 -

e IR AR A S0 HE RIS Tt 245 4 A R s 000 5 T AN T
8 T (IR DR T e = VNN B W= il )
Fe AR A5 72 SR A% R AR 7 2 BR TR
I I IR I 22 PR 1) BUA 1L %A 5 3 40 s D0 45
Hey Tl 22 S A, MR LA S R AR I | 5 S50 o
ff AN 1R, R S 2 D 2 g S AR A A A 5 5 2)
PRGN T T2 A% A R E L M
fitp i A, R LR RS 5 3 ) 52 A it T K AR 43
PREE R G AR B AR AR I AR 22, T A
RFHZE Y Pk, PR s ERE s B 5 T
il 3 i PP e EL AR RO 2L A% S S T 2% 408
B

URCES/ O SR 7/B- 2 VR vy SRR Y ]
BTz IR, R R A M RE A 22 U R
LR A TS 0, A48 3238 T AR AL 3
R RHEH AR YRR P R Gl ZFh T
FOBE, BTESS 52 AR T s BE SE ALY
HRTIREA RS RS SRR T
ZTRE O WA B2 (R T KBRS ) | BEAE XS S
SR (AR 52 T 55 ) AR AR SO I
T AR, B 45 F f FE AR 0 B S s S 0 A
T, A S5 B T I, SRR 23 W
W, WFFERMT, G Y HE T bR i BEL R [

ZHBHE fﬁ: |4 "

ﬁﬂﬁﬁﬁm‘

_;‘45 soé §E§
\ ’ s
s )ﬁ%? ] %

10 ~10° Q-cm PN RE AT B R B S0 B 55 1Y
AL A T BOT R AR, BT,
N SMEBEE R G YR R E ST TR
MSLERAETE BT T — RSN A BIE R, R
FRICAE S AT 1 ]

BT, BIEFIR G YRR E SRS
U EAT RIB T T, AR SCR SR B E A ST,
HITR G Y2 T A SRR 1 B HE R A
B SRMEINE S T2, REEE Y T,
PLEL, AR S 264 BT APERE , RE MR AR AL
JEAS B SE BRI, I B AR T, LA Sl
IR AT

1 ReWER &M EILE

REWIE S SRR RS PR
TR, 32 5 R S A S A DDA G
P, A2 2A 38 X SRR 3 R ML BLEAT T 2R A
FE B 1) B T AT T« 5 P T B 14 AT R
THIEREALM 5 L ad B AT A T2 B R S8 B DR B
FIA R REIE FETT T L33 A% B AT 5 U 4 vh 7
RIS B R e B AN W) B A AR T
SRR S RPLEE JFREA AN (B4 FAETE R
B, 1 0T A TR S5 TR LR RE

r——m——

90

-4l
N o° 4
A < 2\
DA » EE 4
P
P, o o
60
% B 4
< 7S

FrFf T11¢
AAAA

&)

I'YYYVY

AT X
% »
A

X | SR K

AT
B

e Y

FHUIERB R/ %

R BUR

E1 E6MASENERE

Fig. 1 Schematic diagram for conductive mechanisms of composite material
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Fig.2  Matrix material and conductive material network structure diagram
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Fig.3  Solution mixing process diagram
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Fig. 14 Application of polymer based conductive materials in the field of transportation
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