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Prototype of 3D shape IPMC using pellet type 3D printer and its driving experiment
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Ionic Polymer Metal Composite (IPMC) has the features of high responsiveness, and can be driven
in water by low voltage. Generally, IPMC actuators are fabricated using Nafion sheets, which are an
ion-exchange resin, and are driven by bending a flat structure. However, in order to realize more complex
motion and shape, it is necessary to fabricate 3D shape IPMC. In this paper, I confirmed that 3D shapes
can be formed from pellet Nafion using a pellet 3D printer. Then, I fabricated the IPMC and conducted
an driving experiment by applying a voltage to it, and confirmed that it could be driven. In the future,
I will adjust the parameters to achieve thinner films and various 3D shapes.
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A, BEICE ko Ry b 2IIENE, Zorx%E
ForRy bTH3, Y7 bRy PMEEVWISPEIEEINT
W3, ZOHTH, Tonic Polymer Metal Composite(IPMC) 7
JFaT—REMINIEDT T 7 F 2 —RI2, IBEEVE
W, KEE, K CEHRERRER C ORI H 5. 2, /DES
W EoTHRIpEN [1]. IPMC 727 F 2z —X1X, @0 TERE
ETH A4 RERREONMIEZRETA vy F LIEEE L TE
D, A4 UREEEE LT nafion 7274 4>, &EEME
LTHSPEPHVWLNTWS., KRS T, nafion K UE%
W3, IPMC 727 F 2 T—XNEIZGA A O REFEENTED,
MO EMD HBEEEEMT 2 28T, B4 4 VK yFE5 &
HhcaMmflcEE L, amilasgRs 2. 2R, IPMC 7
JF 2T —RIEEEHMT 2 Z e TIEMHEINEIET 2. £z,
L7z 2ICEBENZELC 272D, oV LTHHHTE S
[2].
IPMC 7 7 F 2 T — ZIZFH D nafion ZFHWTEEX N 3 7=
b, “XTOMETH T I L2V, X EMRE X, IR
REBRXE L0, B H, ER A Y rFr B noz3
Ttk E RO IPMC 7 7 F 2 = — X —DQEUENTONATE T
W3 [3][4][5][6]. BEAEE LTIE, Fx A ME KELHW:
ZFi%, Simultaneous 3D Forming and Patterning process(SFP
TutR) EHWEFEE, 3D 7V Y REAWEFEENFLET
5. Fx A MERIE, MMEZIROBNZ nafion IR E F ¥ R b
L, i, MBUEREZ T Z L TVARIRICT 2 FETHS. L
2L, ARD &S BEERERRWI 2Tz, EXOH{ELHE
LL, BAZDLORKEVEWIFLHETH o2, HKEE
FW7=FHEE, nafion 78R 2 =RITIRIC U 7GR I AIA £
B, G AT 2 Z Ik o THEE N PF-IPMC ¥ MUEHh
3. ZhiuZ, MEOHIMIC X > TEMMPNILZoTLES LW
STENHETH o/, SFP Futk A ZHWEFiELIE, EE
iR EIC nafion ZIZDAATIREETHEMR R v FTHEEZELZ L
T, WIKEERE BMDARE —=V 7 2FARICITI 2 WS D TH
5. UL, BENIDIEL, BERPHELRLTVE W HEIDH -
Jz. 2ZT, ARETERLY Y FR3D 7V ¥ X EHAWEEXTE
RIPMC OEfEE 2 DEWESEERZ1TS.

2 RLyYFrHX3ID TV URICEBEREENERHWE
IPMC O8HE

4MEl, Carrico S AW BEE 7 #5FIC LT, #LH
Uik, AT 2%m, "EFEEZMToX51cL, 3D 7Y
VRFT A, 7 RKEAERHD GEM 550D % iz,

1. XL v F®D nafion % 3D 7V Y XIZAN, J ZXuh6HN
DRI LS.

2. RL v b SES I nafion DIFEIXZ D F FTlX IPMC &
LTEDTZeNTEY, [IBEHRD SOF #H% 2Lk Y
B L S 2 R ERH 5. ZOEE LTz L
T, UTOILREZITS.

(a) 15 wt%DKEELA VD L, 35 wth DI X F )L ALK
F R, 50 wt% DMK ZIRE LR E 75 BITL,
HIYE L 7= nafion E% 4 KRS,

(b) =D&, 75 EIZMEAL 7-HKIC 1 REfER 3.

3. 7OV Fax—RETB-D1T, RSB LZLIT OE
WRR » % F0ERETNERIC R EAT S5 3],

(a) #RE L 2 ¥ 2 IPMC %, & 8KV W
([AuClz(phen)]Claq) 1Zi#& L T4 #84& % PRI
5.

(b) 60 FEIC L7-HifiEF b VU w LKA (Na2SOs aq) 12
3-(a) THYEL 7z nafion BRZIR L, &% RENHTHX
5.

(c) 70 FEICIRD IR THEHT 5.

4. 3-(a) 25 3-(c) ZREEIPBQICKLZ T THEDIEKEL, *
DB IPMC O BICBEMNEREOL-DICHEY] 3.

DEOTETELAZ DR 2 1RT. K 2(a) ZEAED
I, X 2(b) dHhZEAFEE 2o TE D, ZRFD IPMC DX X
X, Bx, RAESIER 11 ORT. REEIUE, K 2(a), (b) 3
1I25~10 QFEET, Xy FBTHIEINTVWS Z DR TE
7-. X IPMC ¥ L CHEIX B2 Z e BREREX TH - /-,
Carrico 533D 7V v 2 ZFHWTEEL -E AR IPMC 1
1mmBEOEXTH -2 ehd, KEBRTIIN 57% L
THIENTE[7. £72, nafion DL BIET B, 3



( j thin-film IPMC | hollow square pillar IPMC
o;:e ‘ ‘ ‘ size [mm] 9 X 24 15 X 45 X 16

thickness 0.43 1.2

pellet nafion [mm]

[AuClz(phen)]Cl aq NazSOz aq surface  Tosis- 5 =
solution* t [ Q}

Extrude the nafion Activate the nafion Electroless plating process. ance

. Nozzle  tem- 280 310
with a 0.4 mm nozzle. ~ membrane. perature [oq

solution*=15 wt% KOH+35 wt% DMSO+50 wt% deionized water

Fig.1 Fabrication process of IPMC using pellet type 3D

printer.

Fig.2 IPMC made from nafion pellets by 3D printer. (a)
Thin-film TPMC created parallel to the stage. (b)
IPMC stacked in the height direction.

FOWTW2 e Xy FICko THEPERELTLEY, IPMC &
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TR THEFXEZL 22, M3DESCEMNELED I LHATE,
1.0 mm @#ﬁmmfimfﬁéﬁé EMWTER

4 s
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Table 1 Parameters of the two types of fabricated IPMCs.
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Fig.3 Time response of a 3D printed IPMC to 2.5 V at
100 mHz sine wave inputs.
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