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Abstract: Lightweight rubber materials, through structural lightweight design and compounding with low-
density fillers, can reduce density while maintaining the elasticity, durability, and multifunctional properties
of rubber, and have become an important research direction in the automotive, acrospace, and construction
industries. This paper systematically reviews the relevant research results in recent years, focusing on
the construction strategies, structural regulation mechanisms, and engineering application progress of
lightweight rubber materials. First, it introduces typical construction paths, such as chemical foaming,
physical foaming (especially supercritical CO,/N, foaming), low-density filler compounding, aerogel/
nano-skeleton hybridization, and 3D printing, and comparatively analyzes the structural characteristics
and density regulation capabilities of different strategies. Second, it elaborates on the influence mechanism
of lightweighting on the mechanical, thermal, and acoustic properties from the aspects of cell structure
evolution, interfacial stress transfer, and density-performance coupling relationship. Furthermore, this
review presents the application status of lightweight rubber materials in automotive sealing and vibration
reduction, battery heat insulation, aerospace protection, and building heat and sound insulation, and analyzes
the key issues in large-scale preparation, such as mechanical property attenuation, structural stability, and
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process consistency. Finally, it looks forward to the future development directions from the aspects of

multi-scale structural design, structure-function integration, and green and sustainable preparation. This

review aims to provide a theoretical basis and technical reference for the structural design and engineering

applications of high-performance lightweight rubber materials.

Keywords: Lightweight rubber; Construction strategy; Density regulation; Performance-density coupling;

Engineering application
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Figure 1 SEM images of natural rubber foam with different concentrations of chemical foaming agents: (a) Control foam;
(b) 15%; (c) 30%; (d) 45% (Reprinted with permission from Ref. [19]; Open Access, Copyright (2021) The Authors)
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Figure 2 Schematic diagram of the interaction between 3-aminopropyltriethoxysilane and graphene oxide (Reprinted with

permission from Ref. [25]; Copyright (2020) American Chemical Society)
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EDIERE AR R, RIH7 &5 i
PRGN, TlER 76 B A By TR 0 B B — VR RE TR &5 ¢
Ro DIEERRD AR, e B RARCR
i JEm R, HuZe PO Ll SRONFEAR, R4
W T 58 % 5 HGM EL 9] 3 & & bR BE
SO, 2 AR, AR HGM AR R4 £ 0% 3
B8 % 100%, B A MR BB B, FEJET
HGM 7 5 S5 Mg I8 s [R5 38 R B0 2 19,
R P RE A, R HGM 3E 78k R 11 Sk R B
Z585d 7 46 SR (0.195 W/(m-K)). #H )%, B HGM
PRI L SR T AR O, P B s dER) — Ak FRTHIVE A
LR E | Wr R 2R 55 e Re i . (EH G
P AT O A 5 ) 2 O S HE R AR
HGM {2 &, ASebrn TiFA 34t 77 % . Guo P
58 T it 5 (NBR)/HGM YRR AE N 706 42,
ARGV T HGM J H R T e e 52 66 e B
P i PE BE I B2 . 3 ok BT oot B 3R HGM 5
NBR (1 L 1H 45 & 77, v 248 il ek I v 5 3 T
ROy e, B AR AR BRSO R R BRI
30%~40%. WFFLFKH, RUFHIFL &R sLilis
AL ST BV RE R D R I DG . 1 AE R SUIR T
T RS AT (KHS50. KH570) A2 3H 78 & %6 HGM
B4 55 NBR & & F1 R g 10 s Y, &5 g,

Electroless plating

Cu?*—Cu

HGM/PDA HGM-Cu

4 SEAFRMAHNE L EPY OFRGREL, 2023 1E# BBV T)

Figure 4 Preparation process of composite materials (Reprinted with permission from Ref. [35]; Open Access, Copyright (2023)

The Authors)
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KHS550 S 205848 T KHS70, 5 wt% KHS50 g
HGM {ii NBR i i 3 [ 75 7.98 MPa, FEE$ 2 ¥ [%
% 1.10, BEH#I AL % 0.72x10° mm*/(N-m), 5[
GEO R B . HGM AT | 1E 5~35 phria i,
A M B IRELE M 0.81 MPa il 2 1.13 MPa,
B LR Ak 61 A, B 437 2 [ JH 78 5 1) 39 N F 42 %
1, BRIALIRE R EAE —3 °C A AT . 6B ST 1 o
AT IR B 75 5 2Ly R, SR Ak 5 T
JEVEREFDER T

2D HRIBVERER (HTM) 1 A — 28 B R 42
AHLIERL, B ARG W oh 7ot 5 R KR 7
WK, 2RI TR PR SRR, T ks ]
IS G, A AR I TR sh AT W L4S
PR S AT SRS, ORI B AL R AR T TR
5730 Bk (HGM) A LG, HTM 5T b 5822 47,
Tirf BY )RR B 6 0 58, 38 FCAZ I VR VE 2R B H
SHEIIN T2, 78 SRR L AR REAR e
KA 2 PR BT Z N

Curd % PV ZGeH 78 7 HTM 7E & & 1 1k 50K}
TR LATRRAE 5 7 25 M RE, B AT AR N R R
SERI TR E FIALEE . 45 R, HTM B
UM ERTE TSN, Rii% 25 20 AR TR A ROR T L
702 SR WAOR B HUCK, P8 0 3 P 2 s 4 3
RWEEREMTLOREWIER . EE5HEE
JE R AR E 4 AE T, HTM A] 7E i 3 IR 2 S bk
R [FIE, V3 OREE— € 1) 1 2% S S e E R IR
Ae 1. ZWFICIE B T A O BB M RERE AN B
AP A I A L, B ad i 7 2 s AR T
55 P8 B i R 4, SEELAE B S g2 ed . Cai 251
e AN [) 2 £ b 1) #0223 O Bk (TEHM) i 2%
PDMS R ¥ K. a5 A, 7558 = W R RE 4
% (PDMS) 2 57 Hoin X\ TEHM, 1] BL15 3] 324 G

TEHM Foaming

110 °C

PDMS

PEE AL E RE RS (VR IR B R, X R AR AT N
o8 Y00 A L A AR B PO 90 e A A 1 B R R AL R R
%141, TEHM/PDMS(1/2) 9 18 ¥8 B ) it B W U
0.8 MI/m?, %5 /& i TAE (BE A8 g 8 s R %) N
74%. Smith 2“7 T R B SR i N HTMs
(52 & VLR 7E o AR JR 4 35T R I PERE, RS
il 7 AR BB R AR AT T R RS )
AT N . G5, HTMs 52 % FE A 28.7 kg/m’,
370 37 I T 5 UG 5 A (1083 kg/m?), Bifi L 78 K )
(0%~40%) $2FF, 1A% FEARWT BRI, Hsei{E s
BRI P = Pmac (1= 0) + prpp (N py NEH
TR R IR L, poa AR TR R R B AR 1 2
FE, o 27825 0 FAIB M SRR TE 5 A YK T A4 R 43
K pop N DIRIBVERER B B 2 ) A TE
2RI R, MRS REL =, AN
40% INF, LU RS AR SR T 2.5 4%, 15 21 50% AR
IR SR BA SR BE 77, A W R H e &

552 B A o, HTMTH I & 5 HGM AR BL)
GUIHEAE . AN AR RS . R AR, SRR
AV ZE 46 155, %271 5 H IHER i
R T I 280 5 1) L, 3 ROME R D 5 e K
s TR MR 25 52 [ 5, e mmn i) b MR RE R 1 . AL,
PR X HTM T & 7 5% 1 3% T 20k 5 S A 4k
BT, TR T 38 B 4 1 1 ot 7 6, 4 5F T M
TR -

Maf ™" 15t Z s BRI IR A R, AR T R
MU HTM 5 gt HTM X 52 444 8k a] i g . BEL
JEPERE S 75 BR E (FR . F 7T 3% ] Expancel &
HSIHTM, 1833 3h 4 71253 i1 (DMA) FAEA B FE
A F (tand) 55 3 M 4 5, 45 B R, ZiHTM 3 78
(1) W B VEAA, tand WEAE 32 Ry, BB K, [m] stk
RE i 55, 1 A B IS, AR JRAE T TR b A 5

Stress softening

“ollapsed TEHMs

e

) OG0 @ 0 e
) ) ) y‘ g ) Y ‘) (%)
Hard TEHM/PDMS wsm‘t TEHM/PDMS

Energy absorption

5 sk M RE AT B BE RO R (FIPDMS/TEHMI i 28 k1) 4% 7 7% J&11%%) (2021 American Chemical Society BT 7T)
Figure 5 Schematic of PDMS/TEHM foam plastic with improved softening performance and high kinetic energy absorption

efficiency(Reprinted with permission from Ref. [40]; Copyright (2021) American Chemical Society)
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TAFTEZS B, B AR 5Z B . i X HTM 2% T
TR U, SINS RA OB E N E
REl, feA BT SR M, PG tand WA, 12
FEA R} B )P, [F 3 R R R, o AR
IR ST . %0 F0IESE, S ootk 2 R
P HTM 5 8 R S A RE 251 22 11 R BT B, oK
PE G Bk BE 2R R B R R T, R R B
J R R AR 2

Marl 25 ™ DU AR BERR B (LSR) Ay 2 4, 348
{2 K 5L 1 Expancel 031 DU 40 4 HTM, #f 57
T fOER 2R T AL EE S R TR REAS I 45 M 5 M RE I B
M. SR et HTM 378 (1) LSR A AR, flek 56k
MR LR G 45 A Fa i, Wi SEM EHE Bow B 12
() ST SE R, P am FE KR T B, 2% R PRAKIR FE 52
R, HiSLa AT, SR REGARIPGH N HTM %
T EAT TRAR 3], 75 fER b 7 51 N Ak e 56 [, Al
H SRR I AR T b A B4 B BERE SR THI
BRAE R 1) 43 B S0 1, AR IR IR, XRE
SERAL ST S5 G 70, d ek 5 AR B . S
il £ [ LSRR VA4 Bl R FL &5 35 51 80, %
o R MR R T, 7 2 P B8 3 Ul B 9N, v iR T 4B
HTM $H 7004 2 FLH 55 « 702480k K IR . AT
FUIE I, 38 1) S0 7R P R e e T R R T
e 55 FLTH 45 B RO, o B SO & B BUR R B
T, PSR SZ R, SR AR

X HGM 5 HTM [ 251 S g ) i, — 35 %
o Bb % 257 SR FUTHI A 258 1 22 L R BN 38, HEk
P RAEE 2T . HGM DURE b (8 657 bk « &1
AR, MESE A VLR 5 AR 45 S
775 HTM R AR IR S0 b, 3 ] 3 ik 2 1 2 5 A
PR3 [ 25 B T b B 2 7 A ol s R AR I, &
FCAS [ AG e AR (R A M 75 R, HLJE 75 48O e kit
PRI IR E 4. BT, HTM ST AT 4
rPE PR — BB TR N 2R TR 4 R KO T 1,
522k T RS I A 1 22 T B el M T 2,
J& AR RAZ AT B LRI T )
1.3 SERK/MKRER-BECERER

BRI DA AR 3 B S IR 3 R, (H
Pk A 5 S e e DA B VR s s Y il
(1) SR A AL AR B SR+ BV IR BT 11RE
TR A RE, AT 3R A5 e BARAC S B2 R4 b Pk
Al DA AT FR 4 / 1Bl () 52 G G5 0 o R RERUBEIR BE
TERAMEEYUR T R SRR AR S, AT LI

RABALA T BAEIE A R4 T PR ¥EF e 1 RE A4
BHA R, & F b BRI R STt
T A A A N 0L, MR R A R I SR AE T
T 4G AR AL A5 1 5 BV 5 RIZ I T
2SR R

Alves %5 WTE 3 0 BE A BERG L AR RS IR AR G
VR 20546 T 1 (PVB) SR FH #84E i 8 11 7 1 i 4%
HEMEL RGNS T & A5 LGRS B
WFE TR G M TSRS . B SR B,
RSB B 5N 235 B T MR B FE R G 2R,
AR AR BN N 25035 1 ARE B S0 AR e 4 ] 55
PEBE; PVBTEAR & A ke B 36 4 Fl 5 M AR e 1E
ZE A M EHE R R A T 2 (4 55 mW/(m-K))
(1Rl B A R A 1 ) R e PR AR e 1, BoR
HR A AT R 88 R SRR TR RE I R 7). Lamy-
Mendes %5 "VF 7t 7 — AL RE 5 AR AR I
2 (A1 Y1 o S A MR 2 B S B F ik
Ao AT VORI 2R A B 1) P AR AR IS RN
REVA AR 22, VN TN 22 ot 41 S 386 5, 2885 T it 1)
BHUKTER . 2 AR EIKE 1003 kg/m®, E
Pt £F 4 3 o A 3 F R H0X (16.4+1.0) mW/(m-K)
GBI ), 400 °C LLF #vfa etk KT, il &%
AR R4 H 58 2R, BESEEUR S RICR
SNON BRSO TS B L = M AR IR R A R
PR,

Le % "5} DL 56 16 4% 2 8y (WTRP) A 2K
(CA)VE R IR R ] 25 B A SR 1 5% 5 A Ab B 45
GRS R IT T 7T . MK EE A A T 183%, R PVA.
CMC AZEEET . GANAZHH, MIh & R E R
Sk, 24 CA 5 WTRP G &L A 1:1, CMC Jii &
G H00.6% B, Ak e 5% AR 22 0.055 g/em’, fL
BLRIBF] T 95.6%. %A KL RAL TP GE, T
%4§0.027 W/(m-K), # KA & 1.206 MPa, [£1: 5
#0414, HZ MTMS X H v f5 BA B KT, 58
TR I B IRAL S AR B = R Re R B I
AR B ¥ AT AR (LA (R B . Abd Halim 25 2
WAL T iR (RTV-SiR)/ — ALK (SA) B
B MR B AL L S5 B e . DARESE ION SR A
Bl 2w R T 4 1 % E A 0.07 glem’ (5
K SA, T LL9 wt% L 51 Vi A\ RTV-SiR H 44, il
BEEME. SRER, FE MR E R ARG
i B A 70%, IR 52 0.74 g/em®, [F] I S 34 R 50T %
47% (0.18 W/(m-K)), $z ff1 55 5 $2 7+ % 3.48 MPa,
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T % figk £ 523 1400, 1 H 34 B 7K 52 800 s K JF
Ft, B R FR 2 AR 100 °C. %M 70K H SA
A, SEHL T MRS FE S R FHA . Bk P R
()[R0 5 T, g S0 DR R A B 1 A e %
Boonrawd % PO T T T RV T - FLBTR Ak %
AR IR ) R ARG IR B A MR R AR A
Mg HANERE. CLUIE Qb A2 B I, 5 20~100 phr
TR R AR 5 RABIR IR G, it TR
Hl & T AR, GRER, BEM R ER 2
NR (909.0 kg/m’) W & FAAR , [ bk i 25 B i3 m
7 5 5 %5 247.0 kg/m’, [EIRE L 60%; #5 & &N
40 phrif, NRTERCRFLE, SRR IR AL,
AR G M B IR EUIKE 0.055 W/(m-K), 54l
NR 5 NPT 68.19%, 1 H.3% 5540 5 45 5 FF Fa
ELE—61 °C ity , 4idids RIF RPN

SRKRE , SEERE - AR IR Bk R W
YUK B+ PRSI 2 7 25 MR A, SEEL T 82
AL B 5 122 2R A 3 T, R AR R &
MERE R R hREE S MR EER JE 717
1.4 #EHHIE—3DITED

T4k, B A5 1944 1)1 (additive manufacturing,
AM) FAR IR & &, 3D AT ERIZ 4 i N itk Ak 5
PEIA B, o5 TAG R 1) & A 15 v 5 1) 2% 32
T HHE AR, SHESKEEIAEE T E
AT AL RE BN FLES M, SEBLAR AL AT, 3D
FTEN AR O AR AR A BB A AR T RS T 5 2 T 4
110 22 W — A A 2 FLEE ), M 7 PR A 25 5
(1) [F) B S B 77 22 PR RE AR T K DL S D Re e PR 1
LRI

TEMBMAE R 710, H AT 3D T BRI
MR} 2 A R TR (W RTV/LSR A4 R ) #4098
PESAYESR (TPE. TPU) LA SR 7 cle it R ARG IR B &
R AR 2R P oy, BRI A HR AE M e
PR R BRI S O R FE A 2 e se i &
BRI R SEI 3D FT BN R R RS A kL 2 — . 4l
an, JiZE PR TR B SR K S (DIW)3D AT
ERRAR 45 & 17 26 S5 I BE T SR ) 4% B OO AL 0 A
FERSR (LSR) 1 75 %, il It 1% 11 B 34k Bouligand
5 42 2 FLE5 K, kM RHFLBR 2 8 e 15 16%~20%,
T BRAR T 2 5 5 [RIRHE S S B N 80 °C 4T
EIRJE . 3MPa £t & /7 90 mm/s 37 B3 4%, ik
A2 LSR [ 4745 ik 31 9.30 MPa. W 24K %
800%, 10 X Hi ffAiE A 1] 5. %5 94%, H A1 0°~90° JiE

5 £ 45 P PE 100 YRR 26 16 PR 3R i, (RIS i T
95%, FeH R A HIRJFTUARRE: DL 1 2 E RS e T, v
B4 e AR AT I A O e A B FH AR AR T
AT AR

WEF B, 3@ B 5 a2 (direct ink writing,
DIW) B AR, wK 3 78 ok i B P AR IR LR 2
DURVER J5 44, i) 46t LA R0 0] FLE 45 440 11 2 )5
PP, 85 B AT B AK 30%~60%, Ff HLAR#F B 4T
() FE 405 B 3 1tk . A S T DIW 55 R 7E MR 5 1k
R 28 PR BRI P 5 9F 90 B 553 A8 8 17 AT T B
1 fk BB K M9 . Elahee 25 ™% 3 F E DIW 3D 4T
B 5t A MUAEE SRR RHEC 5 T T W9, @i
VAR R IR S [ AN )%, ST =4k
BAMEARZE R IO RE E T . 1% 9T NS ST DIW
FA) SR 0 M B AL 65 ) . SE BRI 25 P A R 2 FL A
BHRAL T SCHE 1 AR R Al

TE SRV APRL AT HT BV 1] 85, DIW £ AR 4
B 5T N ARG I &, F T8 5 2 AL 45 0 1 3 B
5. Garcia 28 PIHF 7 7 T KM (SBR) S &
2 AR DIW 3D 3T ENAT Ny, 3 3 1 2% 4T BN %
AN Z ][] B, 7R AR S A8 w5 ] N 1 L
2% o ZIFLEE B LT B i AR SR R,
TE5AE M 0 T 8 P £ ) I S T S5 MR Ak,
B R S S5 38 M%7 R K
HE—25ith, Chen PR FIF R 1 BAT SIS FLER R
(¥ 3D 4T ENEEAR IR K, L AL Gt £
Dife 2 4] APE (KBl 6). ¥R SR Ik
fi: S5t (PDMS) R 3% 4 48 5 8 BT A il 4% 1 ]
FTENFIZh Bt g 88 . E T AT RN VA 77 2 B P AR Y
DRILBRER, PRE T BA R R A R )
it 5 408 1 A9 R A (FE 90% 13248 F111000 70K
FE48 HAR I R 45 R J LT R RIS AT I8 AR AR T )
AR 5 1)z A B 77 (B K A D 210%) [ PDMS
K. ZILEMIER S T R LR EH, 12
7 KR RE . A E. S A g A
fe 785 ] d Iy SR L O BT E LA B 4 AT
. ZhouZs PV 7T T 3 T DIW 9 3D 4T B &E fig
2 FLGE A, I A A A 5 s M A V) %
T EA TR T AR B 77 AR IR R B 1) 2 FLIERG R
MRE. SRR, %A P LG 3 B 54
B R AL SR 25 PSR, ML BEBE L R 1A i
1K 2, 1F 72 R 5 M AN 45 g T 43 Dy T 6 B H 1A
B
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Cellular lattice infill
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(Millimeter range)

Micro-scaled Porosity
(micometer range)

6 (a, b)HF i 22 W IIURUEZ AL EZ ISEMIENR s () 3DAT ENW 1A 1) /2 G AL IR A s (d~F) 3DT B 't 27 B R PDMS I R 45

F4B% (2019 American Chemical Society A1)

Figure 6 (a, b) SEM images of microscale porosity in extruded filaments; (c) Hierarchical porosity in 3D printed objects;
(d—f) Optical images of 3D printed PDMS foam structures (Reprinted with permission from Ref. [56]; Copyright (2019) American

Chemical Society)
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P IR A A A R R AT SRR A 2 T 1Y
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PP, SEEL T ] Yt g R + mT 2R 1R AR
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BRI T2, 3D AT N R AT R A Y,
FI S & A /s E w1 Thag IR 7 &
e I O RT3 557 BBk, T BN S5 R 7E A U
57~ MR E R IRABL AT N R EEAE, 55
RGP SR I ) AT, 3DAT
BN AR A B g S T — PSR T 4
FU R TR T R, LR 25 I 98 A LAE 5 4 ]
BT S DI REE R TE ) b BEARIUEY BUE K
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R BE T AL R SRN T BAR 2 R AL
SRR 7 T 2 DL R ORS O fEL, A7 E E E B AT
T SOMTREF I8¢
1.5 BEBFAGERSIET AN

NEMR LEA R AL BRI 55, HiBE %
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FERETD D1 tbRg . TR R B sl SE
FOHAT RGMEIC A, BARInE 1 Fs.

LRERA, Z TR R M B 8 BR,
TR B SO BRHA T 2
FLEGH, 36 /A5 B 3D 4T BN SEBURG HE £ 4 e it s 4
g8 “IRE E - th e -2 ThaE” X — 0 oK,
H BB T Z AR, LA R & it
WG IR AR AR, SEAE J1 2 VERE S R IR 7
BELR 2 i LA L e R WRAC A6 5 T AR BLR H, EAEIR
Tl AR ke o s T RESE 2
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2 BESRENRSUSAI N A

21 RETI
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REMIATHE T, 2 2 PR ER A ot & .

Valentini 25" L EPDM Jy344, #1147 EPDM/
Al AR ARE, AR VR 2R VE B DG
FB B 5 % e SO AR R A TG B B B, R 4 RE
FRUF ML e S5 IGefA i ae 1, MR 4R
RS R M U R T i vk o

5 55 B 5 9 IR 4035, Wen 25 PO FiY B I 2
CO, Py B K 18+ AR il % 1 1 L EPDM L3k, LA

R AFRBSRE %70 L

FINEERR R I o AR 50 5, FE IR 2L
0.35 glom’ FRIZEAE TR » I3 PO -Far o 5 P35 R s 4 7 P55
43 3 5 461% F1283%, A RUAR R TR % FE R i
WGE 775 M REAS R Y I, SR HH AR VR R %
S G IR ARAT A S 770 Guo 25 PP EF 5t 58 5
MRS & 3R, DLHGM 2 R AR, 285 wi% fiE
HE A8 K 77 KHS50 2 J5 5 NBR & &, il 7% 3t
K% S i BE Ve i 2 &M kL. HGM I 23 0
SERIR T A RHICES BEAL S, Bt 5 5 NBR 44 5t
[ &5 & Faff, B HGM 75 & (5~35 phr) 60, 2 &
PO VR S B T BE AR AR A N, HARFFER
JRREME . EMOEHE SR T R SR R B A S i
FE A X DA SHE I ) 1) 80, SR VRCZE S A MR DR R
o AT S Ao A o A i A A B 11 35 A SR
(37 scER Al T B 5 5, PR T B AR 1 R

b6 BT RE VRV R PR IE R R, Lt RGN AR
SRR PR 5 B AR T R R 0, K
Y0 A% e A A L4 f T, TP AR R A 170
BATAT DAE S 58 R FH B — i A0 3 Bl 9 FEHICER K
Zrhdr AR, R IEME IR AL T 7, o
RESR G IR R B KL, AT LYk ER pvh o By 7 1R 7R
A Tk i I X 3 53 34 45 . Sanborn 25 U
— i 4G P Kolsky i AT 25 B Sk DF-fi ek i YL R (10 4t
SR AR RE . MW ATTREBSTE 1~8 kHz AR
Bl A 1) 35 H 99% v i g B FE 010 A LR VLR
T 12.8 my/s (PPl B R, /N TR AR IR ZS 1 A VL
H T BEEFE B AL 100%; SRT, 4 TR
R, ZM R Re EFERCRE N 2 B3 T2
599%™,

— LB AR R PR AT 2R, TE FLB R A

Table 1 Comparison of preparation methods for different types of light rubber
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5 BT 4 AT SRt R L R # . Xie S5 P Y
BT RN GNOK T W 25 1 R SRR R I kL, 7R
WY AR E 0.50 glem’ M6 1E T, M FHRMEE
0.048 W/(m-K), K] 1x 0.02 W/(m-K), [ KK
#— S HME, v H T bR IS R W A
&4k, kA, Abd Halim 2% P20 — S8 4 1k <k
2SI NFERG AR 2R, 48152 A 4 1235 B PR 240 70%,
SERECT I 47%, FHAE K IG o 2 N R I
e 5 A B A8 5 FELR T R, 27 HE LA 3 7 Ha A
W7 47 AT 1) S FH 8 7 (1 7). Yu 2 30 41 4% 1 A R
BELAR SRR A% B 0 A E (RAIEAR 5 1 (0.254 g/em’) (1)
I, SEEL T UL-94 V-0 25 FHERIERE, & F T 87 At
PSR R A T R RS B K A
2.2 AMEMX S SR &9

25 AT R AT Ak 1 B SR L LI T
e s PR 355 R R R A B T B v SR Y,
el 52 5 A% e 4 RHLE AJE 7 3 D e B R Hh B A R
R, FEATRMNE EHRGEE . & 5 E
A

Yang 25 P IF R (b S B S R / RS I A
AR, 75 HGMs AR AR 53 $ik 50% I, 34 )25 B A
£ 0.56 g/em’, [ FHAFLEO0.11 W/(m-K),
JE 45 5 5 R PR, U R mR S R TN R
G i fe e YEER, 1E T R R e T
T2 o P o AR A

Wang % ®1 L EPDM Jy 3 44 1 % 7 F T [ 44

300 5 [
280 7 |
260 1 [
240 1
220 1
200 4
180
160
140 1
120
100
80 §
60 .
40 E .n"
20
0

Backside Temperature °C

KRB P A (0 8 AR IR R IR RL, IR I8
I B NBR G b T 4 S IR 22 R 1 58 (151 8).
J UKL B AR AR S 40 1.01 glem’ IR 2
0.59~0.65 g/em’, # G R FKL135%, W ERT T
R HGECR . DI NBRGK S R AR 4 5, K
TR RE S RE ARG ok M REAS B BA B i,
8 R BT BUR AR AR R, R IZ R TS A
TRFLE 1 A2 AT o A 817 4 2 SR B[R] A SR T v AR
JFAk. Hu2s U ) 4% 3E 504 7 3 4 /HGM H &l
AR, ZAR R A B m R R AR A
LI RE, S R [ B U B AR A R . HGM (%
J0.15~0.46 g/em’) S AR E &, BREHILEE
U AR AL & T2, MR BAR A H o L
PREA IEY) 5 mPUE SR, B %R T @ HGM 1k
TR BRI R . ok N A% TR B
A AT IR B S (RAS) 54, BEA RFERTE
T UL T (RCS), 78 X/Kou 3 B 52 B0 R v i 52
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Figure 7 The variation law of the back temperature with time within 180 s before the flame penetration test for room

temperature vulcanized silicone rubber samples (Reprinted with permission from Ref. [22]; Copyright (2021) American Chemical

Society)
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Figure 8 Formation mechanism of cell structure under different pre-vulcanization temperatures: (a) 110 °C, (b) 120 °C,

(c) 130 °C; (d) Formation process of cell structure (Reprinted with permission from Ref. [9]; Copyright (2023) American

Chemical Society)
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