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An Experimental Study for Electro-active Polymer Electrode and
Actuator

Jun-Man Lee*, Sang-Ryeoul Ryu**, Dong-Joo Lee**, Zheng-Jie Lin**

ABSTRACT: A thinner is used to improve the multi-walled carbon nano-tube (CNT) and carbon black (CB)
dispersion in a polymer matrix and to make a soft electrode. The electrical and mechanical properties of the soft
electrodes are investigated as functions of CNT, CB and thinner content. The optimal mixing condition for the
electrode is thinner 80, CNT 3.5, CB 18 (phr) on the basis of matrix (KE-12). The specific resistance of that is 73 (Q -
cm), and tensile strength, tensile modulus, and elongation of that is 0.45 MPa, 0.21 MPa, and 184%, respectively. Also,
a simple structure of the actuator with an optimized electrode and elastomer is fabricated and its characteristic is
evaluated. At the operating voltage 25KkV, the displacement of an elastomer KE-12 is 2.24 mm, and that of an
elastomer KE-12 with thinner 50 (phr) is 4.05 mm. It shows a higher displacement compared to that of 3M 4910
which has similar modulus. The actuator made with elastomer and electrode of the same material (KE-12) may have
advantages for fatigue life and application.
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Table 1. Compounding formulation for electrode

Content (phr*)

Matrix (KE-12) 100

RTV Thinner . (0, 40, 60, 80, 100, 120, 140)
Carbon nano-tube (CM-100) B (0,0.5, 1.5, 2.5, 3.5)

Carbon black (Conductex SC Ultra) | v (0, 10, 15, 20, 25, 30, 35, 40)
Hardener (CAT-RM) 1
Sum. 101+ +P+y

*part per hundred grams of rubber

Table 2. Mechanical and electrical properties of elastomers

KE-12 4910 (3M)
Specific Gravity 1.28 1.03
Hardness (Duro. A) 38 <20
Tensile strength (MPa) 1.84 1.17
Elongation (%) 140 1430
Modulus (MPa) 0.57 0.11
Surface resistance (€/square) 1x10%4 7.4x10%
Volume resistance (Q-cm) 3.3x10" 5.5x10"
Dielectric constant (1 kHz) 3.82 4.26
Dielectric constant (1 MHz) 3.75 3.27

24& floto] Ao =9f v FEAd RTVE S| HAE A
shoirh. g A s Lhe 2719) SREE TN ONT
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3 Holl FHE S8 AZAE 919 110°C oA 2417 A
2 3 A9tk ONTO) 44 B41Al9h 8 28t 4l
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2 of LAIZH 24F o] H7HskITHI0L 7]%]9k ONT, CB 5
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A# 5742 Table 29} .
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o 452 o] g3te] 2T TR WA SR



An Experimental Study for Electro-active Polymer Electrode and Actuator 291

Z19F Aol weH(HIOKIALY] SM-8220)8 Huk A28 A
Z1(SME-8311)& ARE3}3Th 24 A] KS M ISO 2951, KS M
67732 213F 01, AFSol| A A|FH (B30 % 11)0] 500V
£ 7Fskal 102 $of 45kt

71AIA 5744 B71HE 18 LLOYDALS] LRY Pluss: ©]-8-5}
of O1A|HS FATE o} E A (60X 5% 1 mm)S AL
sha.om], Ao A 9144z 50 mm/mino| ¢t} Al <]

AR 4] o4& AgBIE o0 Qol7l ATk oSS 4

&9 st

2.3 57| x."xl- al A|%-I

Fig. 17} o] BHAA|(@50 mm) ZHE o]
(©30 mm)2 HF2 11 40°C QEoll A 4A]7F EoF A%5}
5718 AR AIAAE ¢ ofeln palHTe
AL AFYT G BN S D] 98 By
2 oj=d B Agst

A 4= mmel TE|o =4l kve] HeE <17t
oF 3lE 2 UltrValtrlo] A QF wA8AF] (40 kV, 300 pA)E
AFE-SLGiTh ESE Fig. 29} o] Q17bHYte] ©E 15719
M9 ZAsh W9 £ € o] #(Opto NCDT,
MICRO-EPSILON)®} ILD-1302 Tool2 ARE5lo] Gt%7] A

2
o b4l

Electrode(t=0.05~).1)
239

62
60

Fig. 1. A schematic of an actuator
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Fig. 2. A schematic of a displacement measurement for the
actuator

I FAWY 2291 S 24T B5F Zwo] s}
£ Ax5te] BEec

w

dadn 3 E9f
3.1 MIx=ol HNs

x1:LZHEOH L EE E4E 15719 A AdE 7t

S A & e B AR 5719 B Ml o
EP Zro] WEE= gol4o] PQasir}. Fig 32 M4 CB
- (phr)o] 204 wf, 3|4 A9} CNT g 57t w2
ASA 7o) v A gh-e YeERYTE CNT 2.5 wf, 3] 4] 4]
3lo ek 80 o]ale] EatA R AT oF 145(Q-cm) HE
L, TH=Fol 80 ool A= A Frtskct. 344 g
o 14000 A B A -2 80U 7 -9-ofl B3| 8.5 7H2] F 7}
atolet. 712 o 549 Hrt2 AHL FrlskAn de
3 A FHFE T L] el v AT FIEHA
ok E3 344 ghiaFol 800] wlsl 603} 4002 7hAgt
o= vAF ghol 2 zto|7} gl AL Mmool FUtE QI
A/ AREEC] FAbl EA17F 9l A o2 gkt CNT
TR Skl whek F U 3| A FRFel A dAE
°] %7 (Contact point) FAo] F7}st2E v AP 7t
2:8hglTH12]. CNT §h-q-2Fo] 3 9l 3.5 uff, 347 $Ha-=F
80 H| ol A= o HE & Q) WA Qrle] E3to] 2
7Fs3h et

Fig. 4= CNT ghfro] 3.5, 3144 ghf-aFo] 80 wj, CB
S 7kl T A=A =] BA R ghs e CB
o] Sh3-5F %7}01] w2} B2 o] v AL 37| 7hAE)
Ekol b “HL HWUP %A«l #H2prt 27
e ole A= Lk

CB ?:5:. aok 7}011 a2 v J;lxu ae A g
99l g2 g 1 o 2ol )5 CBe QJkek Ak 714
(gap)o] FoFA A W ol ofaf WAsH: R0.R oA
1800

~ 1600 [/ —&— CNT25+CB20

g t| -——— CNT3.0+CB20

a 1400 ff —-A— CNT3.5+CB20 .

) [

8 1000 [

© r

+ 800 F

‘» E

O 600 F

14 b

© 400 F o

'g 200 F

& Oof

20 40 60 80 100 120 140 160
Thinner (phr)

Fig. 3. Effects of thinner and CNT content on the specific resis-
tance of electrode materials
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Fig. 8. Schematics of the actuator deformation
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Fig. 9. Effects of voltage and specific resistance on the displace-
ment of the actuator
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Fig. 10. Effect of voltage on the deformed displacement of the
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Fig. 11. Electro active images of KE-12 and 4910 elastomers
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