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Highly Stretchable Strain Sensor with a High and Broad Sensitivity Composed of

Carbon Nanotube and Ecoflex Composite
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Abstract: Wearable strain sensors with high and broad sensitivity, high stretchability and excellent
mechanical endurance will be widely useful in smart wearable electronics. In this work, we developed a
stretchable strain sensor fabricated with a simple stencil printing technique. The stretchable strain sensor
was fabricated using a multi-walled carbon nanotubes (MWCNTSs)-Ecoflex composite paste on an Ecoflex
substrate. In particular, using IPA solvent, CNT particles were uniformly dispersed in the Ecoflex binder. The
effect of the amount of Ecoflex resin on the stretchability and sensitivity of the sensor were also investigated.
It was found that as the amount of Ecoflex resin increased, the stretchability of the sensor increased. The
fabricated stretchable strain sensor showed a maximum stretchability of 1,000% with a wide sensitivity range
from 3 to 12,287. The hysteresis tests indicated that the hysteresis of the fabricated stretchable strain sensor
was very small, the electrical resistances of the sensors quickly returned to original value after tests. The
strain sensor showed excellent mechanical durability during cyclic repeated tensile tests of 400,000 cycles. The
results of the cross-cut adhesion tests indicated that the adhesion strength between the sensor composite layer
and Ecoflex substrate was excellent. We also demonstrated the potential application of the stretchable sensor
in wearable electronics by bending tests on a human finger and wrist.
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(MWCNTs) (purity > 95%, 27d: 5-20nm, Zo] <10 pm,

APPLIED CARBON NANO Co.)$} EcoflexZS g3}
AZ=E A}, Ecoflex 00-50(Smooth-On, Inc., USA) A4
7F vRRIY AAlZ AREEAT 215 ZEH QD AA A=t
S 913 Fo]AEE AFslr] $ste] MWCNTS, IPA 2
A2 2 (silicone oilyS o1} FAk(sonication) 5742
ol-gat] ettt 229 £ ¥AS 53 MWCNTs
9} IPA, AEE 24, Ecoflex #AES 7|4 ¢Jd€o=r
AN, At dolE 59 AME A58 2E#H Al
Aol AEAS FPFetaAt siTh22). 2" 12 A &
EFIQl AA A= 918 MWCNTs-Ecoflex 533 0]
2E ] A7t #8S VeI Sl

MWCNTs9 IPA (purity >99.5%, DAEJUNG
CHEMICALS & METALS Co., Ltd., South Korea)&
1:1009] FAM(Wt%)2 &3t ultra sonicator(VC 505,
SONICS & MATERIALS Inc., USA)S ©]&3al 20kHz,
100 W2 308 &<t 259 24t 3785 Jsiieh. v
S % [PA-MWCNTsote] A5 flsl AHL g 9
2 AT LY(viscosity 100cSt, Sigma-Aldrich Co.,
Ltd., USAYS 2g FUst, 1087 223 B4k 342
Y3t o] w, Az UL A4AA MWCNTs 3%
Hol| Rz gl FEx o] et gtk IPA-
MWCNTs-A2& 2d EFAE
MWCNTs®] %2 FHA| F2pd &
JE HO|2E 7]E 20 wi%S] AeE oY
Fo]2Ee] f54 FHE 3] HE 100 cSte] A
L2dS ARSI Ao 2 HlRIT Q] Ecoflex |
Ecoflex A)2 IPA-MWCNTs-silicone oil 334l
4g 45g, 5 FYst] 27 BARS s
& A7l Ecoflex AA| FU@F MWNCTs®] F4
Fo| FAME MES 72 CNT10, CNT9, CNT8Z 7}
P etk oleldk ¥8E St HEH R ARtd
o] ~E7} F4IHE MWCNTs-IPA-silicone oil-Ecoflex
8] AR ooyl #A; 25 FAsESE STt

o] F, Ho|2ES QBN 55°CE Ax3I] [PAS A7
shch AxE FHo]2~E9] Ecoflex curing agent(Ecoflex
B)S MWCNTs-silicone oil-Ecoflex resin &30l 2z}
Ecoflex #71e] Fas} FUsA 4¢ 45g 58 FY
3l % paste mixer(PDM-300, DAE WHA Tech Co.,
Ltd., South Korea)& AFE-3l 1,100 rppme] &2 &3
3lo] MWCNTs-Ecoflex &3] Ho|2EE #|2kslit). Al
=4 2EYQ] AML] 713 Ecoflex 00-502 ARS8k
A2t Ecoflex #Z1 curing agents 1:1 FAV&
2 2% 5, 93 &7 Fo AFatd. AAH

™o
Lo

N
N

o

N

i)

R1)



| MWCNT + Ecoflex composite paste |

IPA Evaporation
in oven
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Fig. 1. Schematic drawing of fabrication process of MWCNTs-Ecoflex composite paste and stretchable strain sensor.
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Fig. 2. (a) Picture image of fabricated stretchable strain senor. (b)
The stretchable strain sensor deformed by rolling in the hand.
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Strain sensor

Fig. 3. Stretchable strain sensor stretched to a strain of 300% using
home-made tensile tester.
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Fig. 4. Relative changes in electrical resistances of each sample
when the samples were stretched to 1,000% strain including gauge
factor.
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Fig. 5. Image of CNTS8 sample stretched up to a strain of 1,000%.
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Fig. 6. (a) SEM surface image of CNT8 sample before stretching
(b) after stretching to a strain of 300%.
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Fig. 7. (a) Relative changes in electrical resistances of the CN'T8 sample versus strain when the samples were stretched to 1,000% strain. (b)
Resistance changes of the sensor at strains ranging from 0% to 250%. (c) Resistance changes of the sensor at strains ranging from 600% to
800%. (d) Resistance changes of the sensor at strains ranging from 900% to 955%.
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Fig. 8. Hysteresis curves of each strain sensor. (a) CNT10 sample. (b) CNT9 sample. (c) CNT8 sample.
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Fig. 9. Results of repeated cyclic tensile test of 400,000 cycles for each sample. (a) CNT10 sample. (b) CNT9 sample. (c) CNT8 sample.

Table 1. Results of electrical resistances for each sample before and
after environmental reliability tests.
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(a) (b)

Fig. 11. Optical images of the stretchable strain sensor after cross-
cut test. (a) Image of tape after peel-off. (b) Image of stretchable
strain sensor after peel-off of tape.
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Fig. 12. (a) Response of bending motion detection for fingers. (b) Response of bending motion detection for wrist.
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