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Application of electrophoretic deposition method for
the preparation of IPMC electrode
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Abstract: Chemical plating method is one of the most common manufacturing techniques of IPMC (Ionic polymer-
metal composites) electrode. But the preparation period of conventional chemical silver plating method is about
32 h, which is very time consuming. Thus, the electrophoretic deposition method was proposed in this paper.
MCNT ( multiwalled carbon nanotube) was introduced in the electrophoretic deposition method. In considering the
poor combination of MCNT and Nafion membrane, an electroless silver plating reaction was first carried out before
the electrophoretic deposition method. Finally, MCNT-Ag-IPMC was successfully prepared. In addition, the
influences of electrophoresis voltage and deposition time, two important parameters in electrophoretic deposition
method, on the actuating performance of IPMC were also studied. As a result, the preparation period of
electrophoretic deposition method was half of that of the conventional chemical silver plating method. In addition,
the actuating performance of prepared IPMC was fully superior to that of conventional chemical silver plating
method. It could be concluded that the electrophoretic deposition method is a promising method for the preparation
of IPMC electrode.
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Fig.1 Fabrication process of the MCNT-Ag-IPMC
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Fig.2  Schematic diagram of the “growth” of MCNT on the
electrode surface of Ag-IPMC
14 HKTTE
14,1 IPMC % th 3 i
it I N TN B E2s sh P iEZ — i i
TR IPMC PEREMUAF. IPMC %t 7 38 2 496



. 102 - MR IR

Tk koo il

952 %

B3 . IR 2 G0 B i A B R RS B L TR
(EM1713A, %5/ 5 FHHEFABRA R i b 77l i
R mN HAEC R ) (HF -5, B 5t 5
e HEAER A BRA D) . X IPMC A T LA AR 51
FEAN1 V.2 V.3V HRIKSh i@ R AR
FIHH 5 70 EE.

3 IPMC #H ik 7 %
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Fig.4  Output displacement test system for IPMC

1.4.3  JESGA T 2

FH FEIQUANTA 200 14 ¥ b 73558 Xof 6 b sk
ATHOMIE AR ZE | LU XA i B) GO0 T 30 2 . 491 4
FLAE TAEFE B 9 mm, N HL R K 20 kV.

2 HR 5k

2.1 MCNT-Ag-IPMC i 5
2.1.1  HL KR R H S

— R FALFE PR A Ag—TPMC 7E T LI E]
40 s, LUK HL R4 510 60 V.80 V. 100 V T il % 11
MCNT-Ag—IPMC 1% H 4% % 18 Fi AR I T2 35t 43 501 L
Rl SHIA 6.

T . . (f) SR

5 AEHEKEETH & MCNT-Ag-IPMC #3 : (20000x) (a)60 V,(c) 80 V,(e) 100 V;(50000x) (b)60 V,(d) 80 V,

(f) 100 V

Fig.5 Morphology ( 20000 x ) of MCNT-Ag-IPMC prepared with electrophoresis voltage of (a) 60 V, (c¢) 80 V and (e) 100 V;
Morphology (50000 ) of MCNT—Ag—IPMC prepared with electrophoresis voltage of ( (b) 60 V, (d) 80 V and (f) 100 V



FEBF, A BUKDURRIEAE IPMC AR i 5 i i FH IS - 103 -

6

AEBXEETH & MCNT-Ag-IPMC EiREHEE:(a) 60 V, (b) 80 V fi(c) 100 V

Fig.6  Cross-sectional view of electrode surfaces of the MCNT-Ag-IPMC prepared with electrophoresis voltage of (a) 60 V, (b) 80 V

and (c¢) 100 V
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Fig.7  Output force values as a function of actuation time of the MCNT-Ag-IPMC samples prepared with electrophoresis voltage of
(a) 60 V (b) 80 V and (c¢) 100 V when the samples were connected to the DC actuation voltage of 1 V, 2 V and 3 V
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Fig.8 Morphology (20000x ) of the MCNT-Ag-IPMC prepared with deposition time of (a) 20 s, (c¢) 40 s and (e) 60 s; Morphology
(50000%) of the MCNT-Ag-TPMC prepared with deposition time of (b) 20s, (d) 40 s and (f) 60 s
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Fig.9 Cross-sectional view of electrode surfaces of the MCNT-Ag-IPMC prepared with deposition time of (a) 20 s, (b) 40 s and

(c¢) 60 s
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Fig.10  Output force values as a function of actuation time of the MCNT-Ag-IPMC samples prepared with electrophoresis voltage of
80 V and deposition time of (a) 20 s, (b)40 s and (¢)60 s when the samples were connected to the DC actuation voltage
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Fig.11  Output displacement values as a function of actuation time of the MCNT-Ag-IPMC samples prepared with different
electrophoresis voltage when the samples were connected to the sinusoidal AC actuation voltage (0.25 Hz) of (a) 1 V, (b)
2Vand (¢)3V
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2 Output displacement values as a function of actuation time of the MCNT-Ag-IPMC samples prepared with different deposition time
when the samples were connected to the sinusoidal AC actuation voltage (0.25 Hz) of (a) 1V, (b)2 Vand (¢)3V
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