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Development of highly conductive and highly stretchable conductive polymer and
its application to soft actuators

OKUZAKI, Hidenori
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In this study, poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonic acid)
(PEDOT/PSS) aqueous dispersions were newly synthesized at different polymerization temperatures.
Moreover, the PEDOT/PSS/PG films were fabricated by adding polyglycerol (PG) to the PEDOT/PSS
aqueous dispersion. It was found that the PEDOT/PSS/PG spin coated on polyurethane film was
stretchable up to 170% and the electrical conductivity reached up to 411 S/cm. By spraying
PEDOT/PSS/PG electrodes on both sides of ionic liquid/polyurethane gel, we succeeded in fabricating
a microactuator that operates at a frequency of 100 Hz.

PEDOT/PSS



12 0.02

MPa
3,4- 4- PEDOT/PSS
4% 4 17 MPa
2.5 50 8
PSS 7%
0.1Hz 5s PEDOT/PSS
6%
PEDOT/PSS 25%
100 100 S/cm PEDOT/PSS/
PEDOT/PSS/
14 um
0.1% 1Hz 0.5s
PEDOT/PSS PG
PEDOT/PSS
400 S/cm
100% 100 Hz 5ms
@
EDOT
PEDOT/PSS
@
PG
PEDOT/PSS/PG X XRD
(©)
IL/PU
IL/PU/PEDQOT/PSS/PG
@
PEDOT/PSS PSS
PEDOT PEDOT
a PEDOT/PSS
PEDOT/PSS  XPS
163eV 167 eV PEDOT PSS
XPS a
PEDOT/PSS Dso
DLS a =2.3 8.3
Dsp = 17—~29 nm -86—~-89 mV
PSS  PEDOT:PSS o =1.4

PEDOT/PSS XRD 20 =26° d=3.44 -



PEDOT (020) 1000 300
. o
- sl 2600 /0/
PEDOT PSS £ e
@ 600 |- 8200
PEDOT g OO
a Xe 2 a0l e 103
PEDOT/PSS ~ PEDOT 8
0.1V 200 |
AFM c-AFM
PEDOT o ‘ ‘ ‘ ‘
PSS 0 2 4 6 8 10
a = [PSS)/[PEDOT]
Doy 10 1 . PEDo;c/pPss
Nep a =23
PEDOT PSS
a a =2.3 700 S/cm
PEDOT a =1.4
PEDOT/PSS
Nep PEDOT PSS
@
n=1 10 PG PG  PEDOT/PSS
PG PEDOT/PSS
160 1 PEDOT/PSS/PG n=1
n=4 PG4 n=10 PG10 PG
40% PG 60%
PEDOT PG4 XRD
20 = 26° PEDOT Tt (020) PG
60% PG 60%
PEDOT PG
60% 20 um 1Q/
O PG10 342 S/cm
n 4 400 S/cm
TG-DTA 100 PG
PEDOT/PSS
100 200
PG4 220 PEDOT/PSS/PG
PG PG
PEDOT/PSS
PG
PG4
26% PG6
PG10
PG
PG10
1x108
178%
1x10° |
PG4 S wE
glxlo"
g
1x103 |
1x102 . . .
PEDOT/PSS/PG 50 100 150

Strain (%)
PEDOT/PSS/PG4/PU




50%

PEDOT/PSS/
6%
PEDOT/PSS/
50 pm
PEDOT/PSS/PG4 50%
26%
100 um
PG4
50%
180%
©)
IL/PU
PU
PU
IL
216
Ag = —L2 57
+
. . ( )
-3- Ae : Strain difference
0 : Displacement (um)
[EMI][TFSI]

T : Thickness (um)
PU

L : Free length (um)
[EMI][TFSI]/PU
PU ae
[EMIT[TFSI]  N,N-
DMAC

10 wt%

50 12

Voltage (V)
b Ao kN o
T
Strain difference (%)
o g
é

PU/IL

PU

Current (mA)
o
Strain difference (%)
o

§

[EMI][TFSI] PU e I I 10 002 004 oo 008 om0 o012

100 Hz

AR RARAR A A Lt

o
w
T

IL
600%

I
2
T

Strain difference (%)
\ o
Strain difference (%)
o

AN
AN

01 Time (s) 02

o
N
w
o

1 N 0.3
Time (s)

500 pm 200 pm 25 pm
PU



Co

Rgel
70 Wtk 1.3x 10°S/cm
IL  70% IL/PU
PEDOT/PSS/PG4
400 450 S/cm
1 pm
10.6 pm
40 100% 1000 mm/s
25 1000 pm
L
T o) Acg 500 pum 200 um
25 um 2V 7 mA
10Hz 50Hz 100 Hz
PEDOT:PSS

Vol.18 No.2 2018 pp.37-42
Y.-J. An, K. lwashita, H. Okuzaki, Electromechanical Properties and Structure of Stretchable and
Highly Conductive Polymer Hydrogels, Multifunctional Materias, , Vol.2, No.1, 2018,
pp.01400

Vol.75 No.6 2018 pp.607-612
DOI: https://doi.org/10.1295/koron.2018-0022
T. Wakabayashi, M. Katsunuma, K. Kudo, H. Okuzaki, pH-Tunable High Performance
PEDOT:PSS Aluminum Solid Electrolytic Capacitors, ACS Applied Energy Materials,
Vol.1, No.5, 2018, pp.2157-2163
DOI: https://doi.org/10.1021/acsaem.8b00210
T. Horii, H. Hikawa, M. Katsunuma, H. Okuzaki, Synthesis of Highly Conductive PEDOT:PSS and
Correlation with Hierarchical Structure, Polymer, , V0l.140, 2018, pp.33-38
DOI: https://doi.org/10.1016/j.polymer.2018.02.034
T. Mochizuki, Y. Takigami, T. Kondo, H. Okuzaki, Fabrication of Flexible Transparent Electrodes
Using PEDOT:PSS and Application to Resistive Touch Screen Panels, J. Appl. Polym. Sci.,

, Vol.135, No.10, 2018, pp.45972
DOI: https://doi.org/10.1002/app.45972
Vol.66 No.7 2017

pp.346-348

Vol.74 No.6 2017 pp.572-576
DOI: https://doi.org/10.1295/koron.2017-0050

Vol.74 No.4 2017 pp.298-303
DOI: https://doi.org/10.1295/koron.2017-0002
Vol.545
No.8 2016 pp.36-38

H. Okuzaki, Flexible sensors with highly conductive polymer electrodes, Japan-China Joint
Workshop on Recent Advances on Active Soft Materials 2018, 2018
Webinar2018
2018
228
2018
H. Okuzaki, Flexible Acceleration Sensors with Highly Conductive Polymer Electrodes,
EuroEAP2018, 2018
98 2018
JFPS 11



FPS 2017

2017
29
2017
H. Okuzaki, Conducting Polymers for Electro-Active Polymer Soft Actuators, 2017 AMSM, 2017
PEDOT 181
2 2017

H. Okuzaki, Highly Conductive Polymers: A Key Material for Organic Electronics, IPC2016, 2016
H. Okuzaki, Stretchable Conducting Polymer Electrodes for Soft Actuators, CIMTEC2016, 2016

363
2016
2019 pp.40-48
2018
pp.639-646
4 2018
pp.142-143
S&T 2016 pp.111-118
S&T 2016 pp.3-9

K. Kaneto, E. W. H. Jager, G. Alici, H. Okuzaki, Electromechanically Active Polymers - A Concise
Reference, F. Carpi Ed., Springer International Publishing, Switzerland, Chap.16, 2016, pp.385-411

2016-80955

2016-164222

http://www.ccn.yamanashi.ac.jp/~okuzaki/okuzaki.html

o
@



