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Electrode Fabrication of MWCNT-PDMS Strain Sensors by Wet-etching

La-Hee Jung*, Hui-Yun Hwang*'

ABSTRACT: This paper investigated the electrical properties of multiwall carbon nanotube reinforced
polydimethylsiloxane (CNT-PDMS) strain sensors with copper electrodes on the wet-etched surface. MWCNT-PDMS
strain sensors were fabricated according to the wt% of MWCNT. Surfaces on the electrode area were wet-etched with
various etching duration and silver epoxy adhesives were spread on the wet-etched surface. Finally, we attached the
copper electrodes to the MWCNT-PMDS strain sensors. We checked the electric conductivities by the two-probe
method and sensing characteristics under the cyclic loading. We observed the electric conductivity of MWCNT-PDMS
strain sensors increased sharply and the scattering of the measured data decreased when the surface of the electrode
area was wet-etched. Initial resistances of MWCNT-PDMS strain sensors were inversely proportion to wt% of
MWCNT and the etching duration. However, the resistance changing rates under 30% strain increased as wt% of
MWCNT and the etching duration increased. Decreasing rate of the electric resistance change after 100 repetitions
was smaller when wt% of MWCNT was larger and the etching duration was short. This was due to the low initial
resistance of the MWCNT-PMDS strain sensors by the wet-etching.
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Aol 718 EAE z;—a}w MWCNT®] egof uteh MWCNT-PDMS W& A4S A4 5, A 4
2 EWS 54 A2 F Lo BN AR WAAS o] §oke] T8 BB FABYL 2 T2 YHO R W
A Aol A7) HEAS ZAT A 7] 43S MWONT gkt A1zt Alzke] shl sk 2|nt 30% Hag
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e FaAel Zo] fAgt Ao CNTE &3l A

EhA U 57 H (Carbon nanotube, CNT)= 7|5 ®o] = SHHARE 7] M=AS 74 AU F-57] 5o %“lfﬂ
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PDMS)E Esto] Alkeh ME& AIAE 5 4 9lrk. ONT-
PDMS M&& AAE B Wae 33 Wel, S50 as
54 0% ge AT} SaElolgieh4,5]. CNT-PDMS
e AN A2 S ADS 9 Fwlo] AL 22
slok shotl, iR ATAEE HUE A AT W
515 23517] 9lotol & o] AE, § ui 52 RAto]
AFO = Bg3ha 9tk ANHA O 2 CNT-PDMS ¥ &

jis

Al 2] 2w A== dof glov, B2 =2 CNT-
PDMS W& Al A o] CNT Yl E a9t 23 P4 o
Al ek ded A7 A= TR Aas Ak
% 71 9]0 CNT-PDMS ®g& AIA S Aloh= gy o
A=k wAje] & AdS F0laL ONT HEH =94 4
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2. M=z H o=

2.1 MWCNT-PDMS H&E MM XN|Zt

MWCNT-PDMS #18-& A4 A|2+S 98] chan] ehit
L= FH(CNT Regular, Carbon Nano-material Technology
Co., Ltd., Korea)Z} PDMS(Sylgard 184, Cow Corning,
USA)E ARE-SH3IEE. Table 13} 2= AR A7 0] ARRE Lt
Ehuict.

Table 1. Specification of MWCNTs

Property Unit Value
Diameter nm 5~20
Length mm ~10
Density g/cm’® 0.04~0.08
Aspect Ratio >500
Specific surface area m%/g 130~160
Table 2. Specification of Sylgard 184
Property Unit Value
Viscosity (Part A) cP 5175
Viscosity (Mixed) co 3500
Specific Gravity (Cured) - 1.04
Cure Time at 25 °C hrs 48
At 100°C min 35
L
B
| 15
60

I 1
Fig. 1. Photograph of the fabricated MWCNT-PDMS strain sensor

MWCNT®} PDMS A4S ATFH|(1, 2, 3 wt%)ol| whe} &
33t &, 35 WU(EXAKT50, EXAKT Technologies, Inc.,
Germany) & o] &-3+o] BAFSFTHEARL: 20 um 71 A
A& EH] 1:1.8:3.302 43] A3 -, 10 pm {HZof|A] 3]
21| 50:90:1650.8 53] 218519}, o] &, PDMS A3}
Ag 27110l 287 FRl 02 B ¥, AL
7] (ARM-310, Thinky Co., Japan)E ©]-83}o] 2000 rpmof| A}
2527 F7F &3 S 23kt MWCNT-PDMS 239t
=2 1027 AFExE A T 330 F=Uste] A=
A 48A17F 73} T 600l A 2417 27t A BHE 7lagsto]
A2e dmstdnt HE & A= A7 e e S48 %
o AE AN 54 548 @ AlE F 7R AlRksE
oo Fig. 10]] A|Z-e @¥1%d MWCNT-PDMS HE & Al
W2 A At

> ¥R o

o, 4

2.2 &4 Azt 9 B3 22t wy
A= B2t 2910] mA|) PDMSTHS HEiH o2 A|7}s)

ONT I E9)29} A= Aol o] 42 Aa3he Zo| 17t %
2] A7y 7| HE A3t A2kl NMP(Sigma-Aldrich,
USA)®} TBAF(Sigma-Aldrich, USA)E 3:12 &3lslo] A
SHATH11]. MWCNT-PDMS a8 A4 AZo] 23 53}
Fojoll Azl "Hojmyl & A ARES [F-AIGE ol NMP
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folTh Z R4 AT 0o 147 A%
0,1,2 g5k
A7bgl Ewlo] & g o]y AEA o EA A
(ELCOAT A-200, CANS, Japan)E w=3%3}31 % vl Bz}t
T 1502004 208 Alele] H7IH A5 24 g W3
< Aaisict.

23 54 "ot 4y

ZFAFA 2} & v] 7 (Scanning Electron Microscope, SEM)-&
o-g-to] 54 AlZto] e MWCNT-PDMS #3& AlA &
Hol H3lE sk Tt SEME SNE-4500M(SEC Co. Ltd.,
Korea)2 2-83t%om, 217} A2 5kvolrt.

9 A)zbef] oJ5k % Ago] MWCNT-PDMS W& Al
A& 54 vl A= G 248 fst] A7 ==
o} wh 5% ol A A3 WP e ZAsler. 47 A
T =48 MWCNT-PDMS & & Al A A =L 25 mm x
25mmx 1 mm 379 &3 o Z A Z s A7 Are
(0)=2-Z=2H "Xl o7 =A% 2|3} (R)x} MZ2] HZ(A)
A FAME o3t 4 (D= AxtstAnt.

oL (1)

F& A=A 54 27] AR HFE 7t
of w2 H7|A7 HIHAR)S] H|Ql A7 A% Sk (AR/R,)
2 B7FsFirt. Fig. 200 AAJE R} o] gy MWCNT-
PDMS H3 & AlA AEZL 2o &5F 100N, & 17} ¥
Q] 50 mm, || &&= 5mm/s 5= 7]—7< A28 Y7 Al
710l A=FBEIL, 0~30%2] 1R} Hﬂ?ﬂ S 0.2%/s0] STl
u olrtstgict.

Fig. 2. Test setup for measuring sensor performance
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Fig. 33} 4= MWCNT-PDMS H3&
G S WSS T SEM ALolch S22 10000, %
22 500080 Wi 7] Zoliz 7k el E7|sheirt.

Fig. 304 oF 4= 9l50], 412151%] gk AFElo] MWCNT-
PDMS M%& 414 FHE PDMS/F 275 95 o
u], 50008 SHoiEk 9o = MWONTE 7 o] gH2ke|x] of
oft}. whebA] MWCNT-PDMS B3-S AlA] WjEo] CNT Y]
E9jmoh R AT 71 HES SR S Holet
THEHETh ST L ol4e] 4] A2k @ A9 Eue
3 9l PDMS Zol AAH WA v mH FUG EHL
Ho| 1 glon, stf AbAlo]A] MWCNT/} 2 k%] 1 9)
t}. A7} Alzko] ZojZe] utek MWCNT % ¥0] PDMS
A717} © Bol olut Ewle] wjglo] o wo] B Ge
U, &5 MWCNTS] Amoji 2 Ko7} gigiet.

Fig. 4% 417} A1} 2391 v ONT @ 7] w2 2wl

£ A 54 Az

Fig. 3. SEM images of MWCNT-PDMS strain sensor surfaces with
2wt% CNT according to the etching duration (Left:
%1000, Right: x5000)



390 La-Hee Jung, Hui-Yun Hwang

Fig. 4. SEM images of MWCNT-PDMS strain sensor surfaces with
2 min of the etching duration according to the CNT con-
tents (Left: 1000, Right: x5000)

B UehiTh 1 wige] 29 250] A7olE B &
PDMS7} 2572|317 ot 9= AL Ee1at 4= gk,
U 2wioo} 3 witels Tl 4)7}o] F5a] K

A €5 9l PDMS/} P kol o]
A7) ARE AT A E Sels 4= 9l

3.2 &4] Alztof| g HMI| ME=x WS

Fig. 5= 2-Z 2 H HFA 0 7 =A% MWCNT-PDMS H 3
& MK 9 7] ArrE vepdict. MWCNT 3hFo] 1 wt%
QA A= F9l E£H A2 oA kS of Hat A7)
AELEE 1.75x 10°S/mo] QA 9k, A17He 15, 25, 358 &=
ol e uf Wt A7 AEEL 1.73 x 102S/m, 1.26 x 107 S/m,
1.98 x 107'S/mO. & 2] Z}o]| o3} 7] A== 1004] o)A
Z7Fokitk. MWCNT 9hsfo] 2wt%ll 735, A= 79| &
H A2 BHA] QReke W Bt H7] AEEE 6.11x107S/m
Ol AR, AlZFE 148, 28, 37 B¢t S o) Bt A7) A
EE X981 x10"S/m, 1.09 x 10°S/m, 1.39 x 10°S/m 2. &2
AlZko] ofsf| 7] Mt 208 o4 F7FsFIt. MWCNT
sheFol 3 wt%Ql A A= F9 A AZS ok 4o
< W FF A7] AEEE 3.94 x 107 S/mo] ATk, 4] 22
15, 28, 38 01 18- uf) Pt 47| MEE= 146 x 10°S/m,
1.75 x 10°S/m, 2.00 x 10°S/m O & A]7}o]| oJ3)] 7] Ar®
<= 5Hf ol ISRl A ZbekR] oFE e A= F
2k MWCNT-PDMS ®H3& AlA 9] CNT 3hefo] wh& A

1.E401
E 16400 E B
) g :
£z d 8
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Fig. 5. Electric conductivity of MWCNT-PDMS strain sensors
with respect to wt% of MWCNT and etching duration
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Fig. 6. Electric resistance change and its rate of MWCNT-PDMS
strain sensors with 1 wt% of MWCNT and 1 min etching
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Ao Ao 2= o] QA|uk A7k Baf HE A w o] FFAF
o] ¢ B f‘%% 1*‘71 E o= o fETh A7k A=
= A Eole adte AL Y
o) 3ff Al A Xﬂ?‘%} Eﬂ;@rﬂl% FFE A =t Tk,

ek,
& 27l w}g— xw AT ONT 4 4

H| |5}t CNT abefo] wh2 A3} ka2 &
WONT AA)2] Sof me} Z7halAvt 7hash A=

thE AuSo] i3 9oLt ONT ggo] 2 goo]

10
—=-1lwth —=-2wtdh -S-3wth
= 8
= \
=
w b
i
=
£ s
A
£ 2 ——
e -
0
0 1 2 3 4
Etching Duration (min)
0.30

0.25 g__——;_—j:‘i
0.20 B__/?//a
[- 4

< 0.15

0.10

0.05
—=1wt¥h —=-2wt% -=-3wth

0.00

] 1 2 3 4
Etching Duration (min)

Fig. 7. Electric resistance change and its rate of MWCNT-PDMS
strain sensors according to wt% of MWCNT and etching
duration
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Fig. 8. Decreasing rate of electric resistance change of MWCNT-
PDMS strain sensors under repeated loadings according
to wt% of MWCNT and etching duration



392

La-Hee Jung, Hui-Yun Hwang
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