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Abstract: As application fields continue to expand, the performance requirements for rubber materials
have gradually evolved from traditional mechanical and durability properties to comprehensive demands
that equally emphasize structure and function of the rubber materials. Utilizing in situ polymerization
technology to introduce functional fillers into the rubber matrix, thereby achieving both high mechanical
performance and multifunctional integration, such as electrical conductivity, thermal conductivity, and
intelligent responsiveness, has become a key technological pathway for upgrading rubber materials. This
review systematically summarizes three core strategies of in situ polymerization in the field of rubber
functionalization: in sifu construction of polymer nanoreinforcement phases, in sifu copolymerization of
fillers and rubber and surface and interface modification via in situ polymerization. First, the origin of in
situ polymerization and its advantages over traditional physical blending in terms of filler dispersion and
interfacial bonding are outlined. The mechanisms, technical characteristics, and representative examples of
cach strategy are then elaborated. The current challenges in these technologies include reaction control and
minimization of side reaction interference. Future development directions may involve the development
of green polymerization processes, achieving precise structural regulation, expanding into high-end fields
such as biomedicine, and realizing multifunctional integration, thereby promoting the continuous evolution
of rubber materials toward high performance, multifunctionality, and intelligence.

Keywords: Functionalized rubber; /n situ polymerization; Nanocomposites; Polymer blending

T BRI 4 T8 555 2026-02-25 WHR , 2026-05-06 58, 2026-06-26 W45 H il
AT H P E LSRRI A (GEE S 2025M780970), E [ RBHF LA (FE 45 52373010)
CHAEEE RN HEFR, E-mail: huajing72@qust.edu.cn

doi: 10.14028/j.cnki.1003-3726.2026.26.084

1269



1270 R

DI 8 2026 4

SIA: 24k, ik, XEX, X, EE. JARE

1269-1278.

IR A St B . @ 4 F 38 4R, 2026, 39(R),

Citation: Peng, S. L.; Tang, J.; Liu, Y. D.; Liu, K.; Hua, J. Research advances in functionalized rubber constructed
via in situ polymerization. Polym. Bull. (in Chinese), 2026, 39(8), 1269-1278.

RN RHE A% G2 5578 % U I8 2 OB A1y
o FEAL SR, BRIBR RIS F b A 52 B
dab ) it AR IR SE T T o AR XA, AR A
RHE et o U A g U7 45 vy i 400t P
BUH ER B A0 i 2 AL LR & 1R BE I 255K,
W T AR 3 L/ A RIS I . BB R AR 2
e % © BRI R R A% O 55, S8
i K Th RE LR DU %8 S AN BB 23 BT R B 2
PRSI, AL S PEENUILIR, B,
(ELAERG 9K IFOR} BRI BE VAR IR 55 51 AR R A4 1
LR, W RRDRER T REANAR 1 (Y 22 P05 BURRL
gy g VO, Bop il & 5 51k B ep U, 2
BUSI ) S5V BE T Ak AL D RENE 32 2 R il
#1207 ORI DI REVERE IR0 R A% . I IT R RE S 5K
BLENR RUEE (K135 50 53 B AG SR 20 00 S i 1
FIIBIER 72 REAR I T REAC S KB

JEAL B A D9 L XE R i T A SR A o S8
Bo JRALR ARG DA 0 5INTT L SR
SLARM IR AR T By 22K, H—, JRAL
REH &R EMIEEM, &R BRIRE &
Bl H =, AT DUE IR DR AL ORI SN BT 1%
MR R A I FE AT, KA S B B@rpID T
MGk, SEL TR E RSB E S I,
NI A6 2 Y 65 6 BE RS AL 0 R S ST ORI R &

TheEAR R

RE/TCHEER e

Rk Bk

Mk ARG RELAE R IR G TS5 ThRe
HA AR TR SN R 28 25 el AR AT, X AR
BAE R AL GK B LA DGR ETER P,
TN AL G AR ORIV BT, TT LAAE SN
KRB b5 F T 25 6 3, A8 5T AR T 15 )
FE MR, H M T RE VM L5,
R 28 SCELM R BE I P [R] 39 9 5 D E SR A o

B 1 FTR , ASCR SRR IR AL I8 A BORTERR IR
TR AT SR W FURE R o ST e SR A R
B IEAE R, AR I AR T = A0SR - (1) JRAE
TFUR G ARG 58 (2) BB SRR I SR ALk
Rh: Q) ARG R T B, @i bl b5
W& RIF AL B 0 FRE AR, AR SCHTEE AN [ 4 2
figp R S 3R A AR AR T e A H3E R v ) EE AN
Fr AR SR Al AFHEAL DL R Tt K e o

1 REIREHEIR

JFAL 2 R FR AN SE RO HE AT Bl v, i
K AR BRI AR 5N TF AT T S, JRAE A 7
REMRLRE. HlEaR 7l 2 20 12030
250 FARMIBE T PA6 BB T 5 A HUBE Fo Mk AR
T EENR R, 1956 R R A R AR 1 1,
LR R AR A BE 1. 20 T 22 60 SEAXAHT,
JEAL B & TFARAE G AR 70T AR U e I H 5

BRARRE &!
TR %m*ﬁﬁﬁ,’ EREAY
RAREHRF AR
g EEREME
B ARG = KA SR S B H

Figure 1 Three core strategies and applications of in sifu polymerization
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In situ copolymerization of ethylene/propylene/1-octene monomers in isotactic polypropylene solution (Reprinted

with permission from Ref. [23]; Copyright (2017) American Chemical Society)
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In situ polymerization process for PANI/EPDM preparation (Reprinted with permission from Ref. [28]; Copyright
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Figure 4 Schematic diagram of different regions of a polymer in an unswollen state (Reprinted with permission from Ref. [31];

Copyright (2018) The Authors)
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