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Abstract:

Dielectric elastomers (DEs) are widely used in flexible actuators, artificial muscles and sensors due to their

excellent electrodeformability, but they still face problems such as mechanical strength, stability and du-

rability. In order to improve the driving performance and service life, composite modification technologies

(such as conductive filler composite, nanocomposite, fiber reinforced composite and crosslinking modi—

fication) are widely used, which effectively improve the electroinduced strain, mechanical properties and

durability of DEs. In this paper, the research progress of compound modification strategy in improving DEs

driving performance is reviewed, the mechanism of different modification methods is analyzed, and the

future development direction and challenges are prospected.

Keywords: dielectric elastomer; composite material; driving performance

ElH

SrrRFEA (DEs) FRHACFRIRECLTMERE, |z A TR shas |

NTIUAMIEIEE U, AR, R

H
RSB, EEIILISNESS Yo SR, D20 . R AN MR SF B 7 H 2 M o TEIE S IAGOREPRL SRR
BRIRATYEE Y, WTRMIRARTT DEs (9 rath . DeA MR AL . A0, BRADKETI A SRS IR R A i, SR rR B R

RETT 5 HTSREFAEAITCHIARR T IS A B T s BRI I . SX 28y i A 4R T DEs HItkRE,

PSR B4 T R+Ai o

IRICEFR T IR T I G W DT AR T e s RS M BB e b fe . B,

NHAE R RERIE RS

T LR R BEA R R T 22,

e
FRIGTEMEBEE TN s BeE, HEAOMISEE A MR- S . 2R RN 2R R ST A RS S BOR S AL fee, TR
G MU HOSLEE AR R AR, AT SRR F Bk, ARG T 17

—. MEEMENTIERIERSHE

(—) e EN T ERE

A E AR TAE R BT Maxwell BE 7308 P, 24 Bz (e
JHFRRHE, AR A ES (Maxwell 7, p) , 5L
MR RS, ME1-10R. BEks, BgieniEsE)
A R AR, R AR AR AR, A R A SRR (A
FHE R, T AT FE A 5 7, (A RIS T R

EH BN

ARG, AR ICT A4, MORHEIR IR
MIRBINARE/IN (< 20% ) B, S HOSL RIS il DA DA

TAXIATIR

P g&,E? __ﬁ(U)z (1-1)

S5=y="y v

o, ST BRI AP (3FRREEI ], s
FRMBELE) , e o WEZSAHETEL o AN R
HEL BONHEANRHL . Y NS . U IR L d i

THE®E (1998.03-) %, Wik, #%: WRAHGTREAT, ¥F: ALHRE, HET W MRBEERRHEETR;

AR B, F, Wk, EF: THERMT, B #3445 xhong71@sina.com

068 | MODERN ENGINEERING



4
=

Ftg T |t e ”7“
- b
> L‘
TN e 4 /ﬁ L
:

++++++++++

> E1-1 IR TERIE

(Z) NERIPMERRI D2

H A% WM DE MR R B G R R ERER (PA) ™ REELSE
PRk, RER (PU) " AIEE T IR (HNBR) %, X2k
EAMINEEAE TRERE LN, B SR oK e

1. MG TRERZSA F A

TN T A ek DR LA v - LR ARG P A HLORE,
HUA SRS R SR L SR AR RE ST o X EERPRHI 40 A5 i)
PERPTIRTRERIEH], RETEAMINEIANE T PR B AR AR,
IS EIAE . fei IS 22 E 3M AR 47 VHB RAHR,
HarrAE1-2,

OR; OR;

> E 1-2 VHB #H F=

2. TERR A Hust i A

TR A R AR R AR A I A AR (Te) L R
SRR IR TS Y AR RS RAFI IR MR, 104, G I EA
SRRSO AR R ), FEHIATER TR A TR, R
F MR AT IS B AR . BRI R T A - 4
BRAMMNEEGY, BE LRSI E . % LR
EHREGIE . S ERE g, Ha =R 1-3,

R, R
e -C "]?Ps{/o\]h
&, Y

> E 1-3 EgR RS FH

3. FREATESA Bk

AR A SRR PRI B 75 T B R A I S AN K AR
REST, REMSARIR AL T SOl W Bl . AR S LI P RE A
U RBME LA AR R IR M R, XS IR T R AT
WIZBREE B A, ENTREFE B E T = At
AR, R ASF A I MR T R B AT RE T . T I ER
SRS T A PR BB | SRR AR B S R T T T /
AR

4. HNBR 284 gLk

HNBR M BHEE SR m - SR, GEERm IR T iE T
AR AR, MR EE NS, [FH, HNBR 1
MR SSEG BT g i e i e, s gk stk fe, &
T HNBR 284 s ff HNBR AR, HNBR/ 4L &
PR HNBR/ BES IS GHORA HNBR/ ERE GF0E, Harr

> & 1-4 HNBR #1957

—. ESHMEGERR

WA 2 VP AR BB BHE R R B, DEs BREAL S s
Al e E AN O D i L ) N £ e e S N I S
BN, SRT, G5B — G 5E DE MR LSRR
JIFBREA R A 2SI AR, PR T H A IR L]
M, FgeE R IR T 2 A AR e, SRR G
PRE G, AN EE SRZBRBESE, X AT T
DEs [ HEINAERE Ty . S HEREAIR AE, #e 7 AR REM R
Fz b L2 B R 5

(—) SHERNSS

HEFE DE FEZMEIRSNZR IO IREhMERE, iR AR a7 2 F)
BIFHAR, BRI AERERYIRIIR, ISRtk (A
R FHARR ) DS A BE AL EREE—RER
SREME, BN 25 R H B AR

Seo ZE A P T —FRHERIE A BRI AE A AN
KEERMBRTERLZENE (PDA) , JPEYRGIR R M 47 B 7
(nrGO) 5 PDA IS G, Mg T BA RIF AN
Bkl IZIEUR SRR SR N B REAUk: (PDMS) RA, iRk
PESRERIENG, B BHERR S AV B [F I ) T e A
HIBGIN, GERSHE 1.6 V/um RS2 2% HEEhN S, 428 V/um |
IREN27.31% WK RIAE . il B I BB 2 nT AR Sl 5k 200 5847
B, RITOCSAET AR, A B EOR I AR TR A TR
o7 RS

(Z) MkEaRHE

YRR S I N TN T DE MERE R IR S5 mG, iy A 8
EUERT IR | AR SAORIURR, A GRS
ORI B E R SAOMERREaE rE, IS s b 2K s
PERE.

Feng &5 A\ i 7 —Figrr ik, W BRIFIRER S (ROP)
S AEAR FURE SR e M RE A FBR ARG R ST G AR, 1T A
1 KOH/ ZHUARGRZ ] 45 B 2151 507 MXeneK, 51& COS 5
FGE 2R &, i BMI SLHlsh FH0 22 e, 3R78 MXeneK~
FGE-BMI &G %, #HRHERE MXene T #2250 52 T Bk 45 B, 2
TET R AR B, BRI (=123 @ 10°
Hz ) FEHIH] T A f A5 (tan 8=0.03 @ 10° Hz) . #£11.9 V/um
M3, MOEFSCELT 17.1% RIESI A4S, IR T TE(RREAE (T 40K
SN VT

(=) 4RSS

HUETEE AR T DE ZRG HERBITA RO, . BT R G
BRG] NIERREAT A (WBRETHE . D74 2T 4E . B 4ESs ) , A

2024.6 | 069



ST | ELECTRICAL ENGINEERING

L RE 2R PR ) 2R AN 55 1, IR REHY SR AR K AR
FE A NI R R RE R e I, A4 e FEAE AL 2R
SEHR R Y6

Zhao S5 AR TG (CNT ) P41 ABEIRA S 7E DE
PR AR AR TR BT H RAFAATL A B2, BFFSE S IA
SYI G ARL, b P I U R DR AR AR R — 8, RN
CNT -4k AR 5 DE BN AS Y SRR, %5842 0.05 Hz,
20 kV/mm £ NIRRT 4%, Wil 1 HAE I 22K Eh
REHIARE, NIETRAIE R G R TR AL T HIG R,

(9) ZZBXUME

ZHEHCEAEAE T DE J1 2= BB A7 I N RE ) 7 T R R 2
TR TE R SRR A B, AT DU SR AR
TREAVERENE, IR AR, e IR 1
o B MIACHR A B THE ST R 20, IS R 2e
155 A BT CRAF R mT A i, SR A%

Li 25 7 Jeiid I e A 58 T e Bt 4k TSR A R T4 2
THE, ME IR A AL (35) FMRAHAREE (0.09) A

2L

AEBREAA M RHE 5 80% B AR AT PRI R 1 4 AUl R (R
TFHAT R, SRR i SRt S ASE M, BTSN
B rm - FSR P PAIBRE  0 JR I P] 2  FL T AN SR AR SR SR 4R
HORL SR AL T RS SRR

. Hif

JRUE DE MHEIRSIMERE . s EANRE T T AT T
ER, BRI TIRRI BL, WIFEEL S RIk 7%, 9
KRE GRG0, ST T A AR RE,
J& T AR T g E . AT IUA TR AL S A S 4TU A B
SRT, GOESABETT . 1A U E Ve AL B o 20 ke
HISZ IR 62 RS PEIT S MG S . ARoK, B i REAN KL
FHYTF AN AR HORA B, DE BORPE BAEN AR S 20K
i A PEAR AT N AT T SEEBE— AT, O AR T e (3 I sl
SERS

[11Yang L., Wang H, Zhang D, et al. Large deformation, high energy density dielectric elastomer actuators: Principles, factors, optimization, applications, and prospects[J].

Chemical Engineering Journal, 2024: 151402.

[2]Pelrine R, Kornbluh R, Kofod G. High—Strain Actuator Materials Based on Dielectric Elastomers [J]. Advanced Materials, 2000, 12(16): 1223-5.

[3] Lu G, Zhang Y, Zhang J, et al. Trade - offs between ion - conducting and mechanical properties: The case of polyacrylate electrolytes[J]. Carbon Energy, 2023, 5(2):

e287.

[4] Delavarde A, Savin G, Derkenne P, et al. Sustainable polyurethanes: toward new cutting—edge opportunities[J]. Progress in Polymer Science, 2024: 101805.

[5] Seo J S, Park K T, Oh S M, et al. Nano—Sized rGO—Encapsulated TiO, Nanowire—Filled PDMS cone type dielectric elastomer actuator operating at low applied electric

field[J]. Chemical Engineering Journal, 2024, 494: 152801.

[6] Feng Z, Feng G, Yue X, et al. Poly (thioether) grafted Ti,C,Tx MXenes: new dielectric elastomer nanocomposites with high area strain at low driving voltage[J]. European

Polymer Journal, 2023, 188: 111945,

[71 Li F, Wang L, Gao L, et al. Reducing Dielectric Loss of High - Dielectric - Constant Elastomer via Rigid Short - Chain Crosslinking[J]. Advanced Materials, 2024, 36(47):

2411082.

070 | MODERN ENGINEERING



