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Abstract

Three-dimensional micro-actuators, consisting of a
polypyrrole (PPy)/Au bi-layer, were fabricated by Al anodizing,
laser irradiation, and electrochemical techniques. Aluminum
specimens covered with porous type oxide films were irradiated
with a pulsed Nd-YAG laser to locally remove the oxide films,
and then an Au layer and a PPy layer were deposited at the area
where the film had been removed. Finally, the specimens were
immersed in a NaOH solution after connecting with/without a Pt
plate to separate PPy/Au actuators from the Al substrate and
anodic oxide film.

The PPy layer didn’t lose its electro-conductivity when the
specimen was immersed in NaOH solution after connecting with
a Pt plate, while the conductivity was lost after immersion of the
specimen alone. The immersion with Pt connecting suppressed
the reduction of PPy, and enabled the fabrication of PPy/Au
actuators.

Three-dimensional PPy/Au bi-layer micro-actuators were
successfully fabricated using column Al specimens, and much
flexible than PPy/Au/resin three-layer actuators reported in a

previous paper.
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BaIsiE, (2) AL (3) XEeRmLET /) — FEIELB
OB Y = FRIENDB R D, Y — RIS IE., Al RO R
B = KRETEICEZILZND, ~#IXT PPy ETREZIZEEZD
b, mwiffiﬁxﬁ%iﬁé@ﬁ\m%ﬁ@%%7/
— FECTAEKLZETFN.AufdH L O PPy B4 @& L T PPy
J& Z i @%ﬁét@f%éoWyE%LLﬁé 5 D — i
. PPy OB O ISICHBEIND EEZ LN D,

PPy'DBS + (Na*), + e — [PPy:DBS'] (Na"), (7)
(7) () XA TRAHEHTHY, 7/ — Ry
mit:i > T % PPy O b B L O"(Na*), Ol K — 7 x4 L 2 v
EZEZLbND, ThiT. bFEMRBERIZBW T, AlFEH LY
B RBICEEINDEDOD TH L, T 06, 7t 5 NaOH
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REIZCXL2Z2 PPyDMEAL D> VITHMICL DD TIERL, AL
FHOrOHBEINDIEFICLY PPy R HAETAHAEZ -
TEHEEBEEN KDL EEZEZDBND,

ERAEFEMOEAICIZ(X 1T 0b), Al DEMIT L £ LUz

BFORMBOSITPLIRICEE L Pt LITB T 2 KET R FEAE
KISICHEBE IS, 3L HLNR X2, AW, /A
Wip.=0.02THY ., 20W,=A ya,p, CTHDHD T, EXAFTR
fElZBWT Al E TR AET D H, T AEIET, LFEMBO I VD
A%IZT W, TDOH, AuJgZ# > T PPy iICfitfh s v %

T MO TR <, PPy OBBEMENMEZIATWVWDE H D & E
b b,

M3lmrmLiLosiC, bkFHBEMITE T 5B ENMNP-1.5
V Thr2ollxt L TERILFHEMRMICBYTIE, -1.2 ~-1.3
VT, BN bFWEMICE D PPy o EMELOFIN T
boHEbE2DbND, £TZ T, PPy EEDbLDh&BEMEL 3M
NaOHBEWR P CTE=-19VEThH Y —FogmBLEZDOL, CV %
/E'J;El/t}:_% HEMEOWPFIHEINEN, K5 IZART
T onmanIFEEMEOEHITR LN -,

4.2 PPy/Au-2 J& &K 20 4 BE S D FE[H

BRI FHREMIIB T S Al OBMEEN, [LFBEMICEB T
5 Al OBEMHEEICHXT2M/HERKETVDOIC, PPy/Au-2 &1 &
BRI NLIHEMIZT AMEOFIDBEVDIEIRETH A S M,
bFEMB X OEIFEMICEBIT 5 PPy/Au-2 J8 # &K D
DEEDIR I EBLE T D L. PPy/Au-2 B REE R IT . Al F MR
EEWCEMLUEDSRIICOBEINS, T b5 PPy/Au T i &
O TFTEHICHLET D Al FH O W MEEN, SBEEREZRET
HZb0rEFEZIZONDL, ELFERICBWTIEZ, RBICHFMET D
T - FBIAbERENERBICEMRLZO L, Al FH#a&RE &
Awmwﬁmmgﬁﬁmin\fAlmﬁﬁzﬁgﬁﬁé Al % g 1T
FOVRETDIH, VT AOREN BWROFEHEEZMREST D L LT
KWAMWy%%%Kﬁﬁ\?@tﬁwﬂ%%%@ﬁ%Awﬁy
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5. i

Al 7 J — Rk, V—F%F —WH, Au Ho &, Br—
DEMESBB IR Al FZME R OEKE 72 & X %2 v, PPy B
YN Av o2 LRD3R YA 70T 7 Fax—F—0
ER AR BT R, ROM@WE G,

(1) PPy T & £t % NaOH KBFEWR T ICRET 2 & ({LFHE
fR 1) Al EHN AL PPy Au-2 BREEIRZ DT X 5,
OISV AILDOBEMRIZHE > TELZEFICTLDY PPy BN iE T S
., BEEMER KDL D,

(2) PPy & Bt & Pt i & & B2t L T NaOH KE W F 12 &
BT oE (BRACFEMIE), Al OBRMIZEIVELEZE O
T LA ED Pt BIZBTDD2KFEITAREAEACHESEND 2O,
PPy O EEMENRFFIN D,

(3) 3kl —F—IMLTBIOEBEXRILEZEMEZT VD Z
CWRY, NMEMBREREA TS 2REMEE~Y A IR T T 2
-4 —%fFERTE 5D,
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Fig. 1 Schematic model of the steps in the fabrication of
micro-actuator; a) anodizing, b) laser irradiation, c¢) Au
electroplating, d) PPy deposition, and e) dissolution of the
aluminum substrate and oxide film.

Fig. 2 Changes in the potential of electropolished
aluminum, E, with time, t;, during immersion in 3 M NaOH
solution. Curve-a) was obtained for the specimen alone and
curve-b) for the immersion of specimen connected with a Pt
plate.

Fig. 3 Changes in the mass-loss of the electropolished
aluminum specimen, AW, with time, t;, during immersion in 3 M
NaOH solution. Curve-a) was obtained for the specimen alone
and curve-b) for the specimen connected with a Pt plate.
Curves-c) and -d) correspond to the amounts of aluminum loss by
electrochemical and chemical dissolution during immersion of
the specimen connected with a Pt plate.

Fig. 4 Cyclic voltammogram of the PPy/Au-deposited
specimen in 0.1 M NaDBS solution.

Fig. 5 Cyclic voltammogram of the PPy/Au bi-layer
structure in 0.1 M NaDBS solution. The structure was separated
from PPy/Au-deposited specimen by immersion in 3M NaOH.

Fig. 6 Effect of immersion time, t;,, in 3M NaOH on the
cyclic voltammogram of Au plate covered with PPy layer in 0.1 M
NaDBS solution.

Fig. 7 Cyclic voltammogram of the PPy/Au bi-layer
structure in 0.1 M NaDBS solution. The structure was separated
from PPy/Au-deposited specimen by immersion in 3M NaOH
after connecting with a Pt plate.

Fig. 8 Video images illustrating the motion of the 3D
micro-manipulator with the PPy/Au bi-layer structure in 0.1M

NaDBS solution at a) 0.3 V and b) changing to -0.8 V.
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Fig. 9 Video images illustrating the motion of the 3D
cylindrical network microstructure in 0.1 M NaDBS solution at
a) 0.3 V and b) changing to -0.8 V.

Fig. 10 Schematic models of PPy reduction and aluminum
dissolution during immersion of PPy/Au-deposited aluminum
specimen in NaOH solution. Model-a) illustrates the mechanism
for the immersion of specimen alone and model-b) for the

immersion of specimen connected with a Pt plate.
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Fig. 1 Schematic model of the steps in the fabrication of micro-actuator; a)
anodizing, b) laser irradiation, c) Au electroplating, d) PPy deposition, and e)

dissolution of the aluminum substrate and oxide film.
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Fig. 2 Changes in the potential of electropolished aluminum, E, with time, t,,
during immersion in 3 M NaOH solution. Curve-a) was obtained for the specimen
alone and curve-b) for the immersion of specimen connected with a Pt plate.
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Fig. 3 Changes in the mass-loss of the electropolished aluminum specimen, AW,
with time, t,, during immersion in 3 M NaOH solution. Curve-a) was obtained for

the specimen alone and curve-b) for the specimen connected with a Pt plate.
Curves-c) and -d) correspond to the amounts of aluminum loss by electrochemical
and chemical dissolution during immersion of the specimen connected with a Pt

plate.
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Fig. 4 Cyclic voltammogram of the PPy/Au-deposited specimen in 0.1 M NaDBS
solution.
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Fig. 5 Cyclic voltammogram of the PPy/Au bi-layer structure in 0.1 M NaDBS
solution. The structure was separated from PPy/Au-deposited specimen by
immersion in 3M NaOH.
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Fig. 6 Effect of immersion time, ti, in 3M NaOH on the cyclic voltammogram of
Au plate covered with PPy layer in 0.1M NaDBS solution.
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Fig. 7 Cyclic voltammogram of the PPy/Au bi-layer structure in 0.1 M NaDBS
solution. The structure was separated from PPy/Au-deposited specimen by
immersion in 3M NaOH after connecting with a Pt plate.
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Fig. 8 Video images illustrating the motion of the 3D micro-manipulator with the
PPy/Au bi-layer structure in 0.1M NaDBS solution at a) 0.3 V and b) changing to -

0.8 V.

HihEth, EEEE. LEBA. RAEH. S15%HA



Fig. 9 Video images illustrating the motion of the 3D cylindrical network
microstructure in 0.1 M NaDBS solution at a) 0.3 V and b) changing to -0.8 V.

HihEth, EEEE. LEBA. RAEH. S15%HA



a) Chemical dissolution

Al(OH),

Reduction

PPy i\l Aluminum

Fig. 10 Schematic models of PPy reduction and aluminum dissolution during
immersion of PPy/Au-deposited aluminum specimen in NaOH solution. Model-a)
illustrates the mechanism for the immersion of specimen alone and model-b) for the

immersion of specimen connected with a Pt plate.
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