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Electrode Fabrication of MWCNT-PDMS Strain Sensors by Wet-etching
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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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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
A AES fohs 5o s A8sha AN A T
2o AEsh=d A lTH67]. dA = K7 e
=4 9] 75 ol o] H-go] ofg7] whell A A
T A= FAsfof sttt PDMSE= A7) A oA 2
o of2] aAjek= AR s, AuFo]AEL -2 |
A FHle) =0l A WolAw Z S AE 7= 4
$7t ol t[8-10].
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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
wn
El
| 15 |
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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
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W2 A At
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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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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.

;£ AZto] o3t 4% AgFo] MWCNT-PDMS H&&- Al
A& 54 vl A= G 248 fst] A7 ==
of wks, 315 ol 4 A% MELS SAstert 47 A=
T =48 MWCNT-PDMS & & Al A A =L 25 mm x
25mmx 1 mm Z7]9] T o 2 AAstHch A7) A=
(0)=2-Z=2H "Xl o7 =A% 2|3} (R)x} MZ2] HZ(A)
9 FA0E ol 8ste] 4] ()= ALt

oL (1)

HEE AAZRA O 542 27] AR HE& A7t
°f E]"C.‘ 7147 MSHAR)] B|Ql A7) A% H3ka(AR/R))
2 F7tskeict. Fig. 20 AlAE 23 o] gy MWCNT-
PDMS H&-& AlA] MZL 2t £k 100N, 2| ¢17} ¥
9 50 mm, o] = 5mm/s A5 712 428 A7 A
710l A2Fs1a1, 0~30%2) 17 HE 82 0.2%/s2] &= 2 HE
u olrtstgict.

Fig. 2. Test setup for measuring sensor performance
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ghohEl o) ShA|RE 182 o]AFe] &54] A)17FS 3t A9 WS

RIAT L] 254] AjZpe

1 9l PDMS Zo] A A= HA] B3 A3
Ho|1 glon, s AL-oA MWCNTZ} & $2tE 11 Q)
t}. A7} A|7Fo] ZojR] o] ufg} MWCNT FHE 9] PDMS
AAZE © wol dojut o] selo] v who] fatEgle
U, =&H MWCNTQ] Hmof=

Fig. 4= A7} A7t 28

2 #fol7} gigieh
9w ONT 9 371l w2 &l

Fig. 3. SEM images of MWCNT-PDMS strain sensor surfaces with
2wt% CNT according to the etching duration (Left:
%1000, Right: x5000)
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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)
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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 10°7'S/mo. 2 2]z} oJ&] A7] AEE 1008] o)A}
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S FHot A7) AEEE 3.94 x 107 S/mo] YA, A 2H-S
15, 21, 35 591 e uff Bt A7) A== 146 x 107S/m,
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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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Fig. 7. Electric resistance change and its rate of MWCNT-PDMS
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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
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