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Preparation and morphology characterization of Ag-IPMC

XU Yan"?, ZHAO Gang', ZHU Yu-min', SUN Zhuang-zhi'

(1. College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin 150001, China;
2. Engineering Training Center, Harbin Engineering University, Harbin 150001, China)

Abstract: In order to improve the performance of the Ag-IPMC, two different coarsening methods were used to conduct
coarsening processing for basement membrane. And the concentration of silver ion exchange ammonia solution and
chemical reduction reaction temperature were studied during preparation process of Ag-IPMC. The surface morphology
and microstructure of Ag-IPMC sample with three influence factors were analyzed using scanning electron microscopy.
Drive performances of Ag-IPMC sample before and after preparation were compared and analyzed. The results show that
the coarsening processing effect of basement membrane using self-made electric device is relatively excellent. Basement
membrane surface has a even pit, and this also ensures its surface not to be damaged. Concentration of 0.03 mol/L of
silver ion exchange ammonia solution is better in the preparation of Ag-IPMC, which provides a good condition for Ag
substance deposition into basement membrane in subsequent reduction reaction. Additionally, it is most appropriate when
chemical reduction reaction temperature keeps at 20 . The motional lifetime of sample after preparation is increased by
more than 100% and motional displacement is more stable.
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Fig. 5 Surface SEM images of Ag-IPMC sample: (a) Manual

coarsening; (b) Electric coarsening
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Fig. 10 Comparison diagrams of Ag-IPMC samples measured

with electrical drive experiment: (a) Before improvement; (b)

After improvement

1) Ag-IPMC
Ag Ag
2)  Ag-IPMC

500

IPMC

600

Ag

Ag

Ag’
Ag
0.030 mol/L
IPMC

IPMC 20

Ag-IPMC 1

REFERENCES

(1]

[2]

(3]

(4]

[3]

(6]

(7]

(8]

9]

BANDOPADHYA D, NJUGUNA J. Modelling and analysis of
an ionic polymer-metal composite (IPMC)-rocker-based four-bar
for variable path generation using the Euler-Bernoulli
approach[J]. Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Science,
2009, 223(10): 2045-2411.

SHAHINPOOR M, KIM K J. Novel ionic polymer-metal
composites

equipped with physically loaded particulate

electrodes as biomimetic sensors, actuators and artificial
muscles[J]. Sensor and Actuators, A: Physical, 2002, 96(2/3):
125-132.

s s IPMC

[J]. , 2009, 26(6): 189—-193.

AN Yi, XIONG Ke, GU Na. Improved model of IPMC’s elastic
modulus using functionally gradient method[J]. Acta Materiae
Compositae Sinica, 2009, 26(6): 189—193.
NEMAT-NASSER S, LI J Y. Electromechanical response of
ionic polymer-metal composites[J]. Journal of Applied Physics,
2000, 87(7): 3321-3331.
CHEN Zheng, UM T I, BART-SMITH H. A novel fabricated of
ionic polymer-metal composite membrane actuator capable of
3-dimensional kinematic motions[J]. Sensors and Actuators, A:
Physical, 2011, 168(1): 131-139.
SHAHINPOOR M. Biomimetic robotic venus flytrap (dionaea
muscipula ellis) made with ionic polymer metal composites[J].
Bioinspiration and Biomimetics, 2011, 6(4): 1-11.
SHAHINPOOR M, KIM K J. Ionic polymer-metal composites:
IV. Industrial and medical application[J]. Smart Materials and
Structures, 2005, 14(1): 197-214.
MCDAID A J, AW K C, HAEMMERLE E, SHAHINPOOR M,
XIE S Q. Adaptive tuning of a 2dof controller for robust cell
manipulation using IPMC  Actuators[J]. Journal of
Micromechanics and Microengineering, 2011, 21(12): 1-11.
FU Li-xue, ANDREW J M, KEAN C A. A force compliant
surgical robotic tool with IPMC actuator and integrated
sensing[C]. Fourth International Conference on Smart Materials
QLD.

and Nanotechnology in Engineering//Gold Coast,



25

3 Ag-IPMC

739

[10]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Australia, 2013, 8793: 1-11.

CHANG Yichu, Kim W J. Aquatic ionic-polymer-
metal-composite insectile robot with multi-DOF legs[J]. ASME
Transactions on Mechatronics, 2013, 18(2): 547-555.

SHI GUO Shu-xiang, ASAKA K. A novel

microrobot[C]//2010  IEEE

Li-weli,
multifunctional ~ underwater
International Conference on Robotics and Biomimetics. Tianjin,
2010: 873—-878.

LIAN Yuan-feng, LIU Yue-xian, JIANG tao, SHU Jing, LIAN
CAO Min-hua. Enhanced

Hui-qin, electromechanical

performance of graphite oxide-Nafion nanocomposite actuator[J].

The Journal

9659-9663.

of Physical Chemistry C, 2010, 114(21):
s s s s . Ag IPMC
[31. , 2009, 27(3):

426—429.

CHEN Qi, XIONG Ke, BIAN Kan, JIN Ning, WANG Bang-feng.
Fabrication and properties of Ag based IPMC flexible actuator[J].

Journal of Materials & Engineering, 2009, 27(3): 426—429.
TAMAGAWA H, NOGATA F, WATANABE T, ABE A,
YAGASAKI K, JIN J Y. Influence of metal plating treatment on
the electric response of Nafion[J]. Journal of Materials Science,
2003, 38(5): 1039-1044.

TAMAGAWA H, GOTO S, T SUGIYAMA. Bending influence
of metal plating treatment on the electric response of Nafion

direction of Ag-plated IPMC containing immobile anions and/or

cations[J]. Composites Science and Technology, 2008, 68(15/16):

3412-3417.
[J1. , 2010,
24(5): 520-524.
BIAN Kan, XIONG Ke, CHEN Qi, LIU Gang, WANG
Bang-feng. Manufacture and actuating characteristic of ionic
polymer metal composites with silver electrodes[J]. Journal of
Materials Research, 2010, 24(5): 520—524.
0. ,
2011, 28(3): 115-120.
BIAN Kan, XIONG Ke, LIU Gang, CHEN Qi, WANG
Bang-feng. Preparation and dynamic displacement testing of
ionic polymer metal composites with platinum as electrodes[J].
Acta Materiae Compositae Sinica, 2011, 28(3): 115-120.
s s s s s . IPMC
1. , 2013, 44(11):

[19]

(20]

[21]

(22]

[23]

1646-1650.

XU Yan, ZHAO Gang, YANG Li-ming, ZHENG Jin-xing, MA
Chang-shun, ZHU Yu-min. Research on preparation technique of
IPMC artificial muscle[J]. Journal of Functional Materials, 2013,
44(11): 1646—1650.

5 s s s s

PXI IPMC [J].
,2014, 53(1): 52-55.
XU Bing, ZHAO Yang, ZHENG Gao-feng, ZHUANG

Ming-feng, HUANG Wei-wei, WANG Wei. The blocking force
test of IPMC based on PXI platform[J]. Journal of Xiamen
University: Natural Science, 2014, 53(1): 52-55.

LiNipsMn; sO4 [J].

,2013, 23(6): 1633—-1639.

JU Bo-wei, WANG Xian-you, WEI Qi-liang, WU Chun, YANG
Xiu-chun, SHU Hong-bo, SONG Yun-feng, WEN Wei-cheng.
Synthesis and electrochemical performance of
LiNigsMn; s04[J]. The Chinese

Nonferrous Metals, 2013, 23(6): 1633—1639.

spherical
high-voltage Journal of

[ }
2009, 24(1): 107-110.
XIN Shi-gang, ZHAO Rong-gen, DU Hui, SONG Li-xin..
Prepare and formation mechanism of the zirconia coating on
aluminium alloy by plasma electrolytic oxidation[J]. Journal of
Inorganic Materials, 2009, 24(1): 107-110.
IPMC [11.
,2013,31(3): 331-335.
XU Yun-xia, DING Yan, DENG Kai, HE Qing-song, YU Min,
GUO Dong-jie, DAI Zhen-dong. Fabrication and properties of
carbon nanotube and graphene for ionic polymer actuators[J].
Journal of Materials Science & Engineering, 2013, 31(3):
331-335.
2A12 [J1. R
2013, 23(4): 957-963.
WANG Chuang-wei, YIN Jian-cheng, ZHOU lJing-bo, LIU
Ying-li, GAO Peng, LI Ming-han, ZHONG Yi. 2A12 aluminum
alloy produced by spray forming conform[J]. The Chinese
Journal of Nonferrous Metals, 2013, 23(4): 957-963.

( )



