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1 General Introduction  

 

 Ionic electroactive polymer (EAP) gels are 

known as ionic polymer metal composites (IPMCs) 

[1-3] and carbon-electrode-based-EAP (ionic 

polymer carbon composites (IPCCs)) [4,5], which 

are composed of an ionic polymer gel sandwiched 

with metal electrodes and carbon-based electrodes, 

respectively. Ionic EAP gels can be used for soft 

actuators and sensors. Known as bending actuators, 

they are capable of a soft and very large bending 

motion in response to low drive voltages in water or 

wet conditions as well as dry conditions. Also, they 

have remarkable mechanical sensing properties. In 

addition to actuation and sensing properties of ionic 

EAP gels, they are light, soft materials and formable 

in any shape. We have developed IPMCs [1-3] and 

nano-carbon-based IPCC actuators (bucky-gel 

actuators) materials [4,5]. Moreover, in 

collaborating with various groups, we have 

developed biomedical applications and bio-mimetic 

robotics based on the IPMCs [3] and IPCCs [4]. In 

this presentation, we will show the results of recent 

development of our research about the materials and 

applications of the IPMCs and IPCCs. 

2 Materials of IPMCs and IPCCs 

2.1 Materials IPMCs  

 As IPMC materials, we developed Nafion®  

plated with gold electrodes. Figure 1 shows 

schematic view of the configuration of the Nafion® 

with gold electrodes and the photograph of its 

bending motion. The plating method of gold was the 

chemical plating which was originally developed by 

our group. Nafion® is fluorinated based polymer 

electrolyte gel and is easily fabricated in any shape 

by 3D casting process using dispersing solution of 

Nafion® or hot-molding method using plastic 

Nafion® pellet.  

 

 

 

 

 

Figure 1 IPMC actuator: (a) Schematic view of a 

Nafion® film with gold electrodes (b) Photograph of 

the bending motion of the IPMC actuator driven by 

1.5 V voltage 

2.2 Materials of IPCCs 

 The configuration of IPCCs is illustrated in 

Figure 2(a). The IPCC (or bucky-gel) actuators have 

a triple-layered configuration with an ionic-gel 

electrolyte layer sandwiched by polymer-supported 

nano-carbon electrode layers. Figure 2(b) shows a 

photograph of the bending motion of the IPCC 

actuator. It is operable in air at voltages lower than 3 

V. Ion transfer to the electrode layer by applying 

voltages induces the expansion/contraction of the 

bucky-gel electrode layers, which results in the 

bending motion of the bucky-gel actuator. The 

actuator can be readily fabricated by hot-pressing 

cast films from, or by layer-by-layer casting of, the 

electrode and electrolyte components in gelatinous 

poly[(vinylidene difluoride)-co-

hexafluoropropylene] (PVdF(HFP))-containing 

solvent. In a typical example, the bucky-gel 

electrode layers include 20 wt% of carbon nanotubes 

(CNTs), 48 wt% of 1-ethyl-3-methylimidazolium 

tetrafluoroborate (EMIBF4) and 32 wt% of 

PVdF(HFP), and the electrolyte layer contains 50 

wt% of EMIBF4 and 50 wt% of PVdF(HFP). The 

(a) (b) 



performances of the bucky-gel actuators can 

improve by adding various conductive nano-

particles including various nano-carbons other than 

CNTs in the bucky-gel electrodes as additives. 

 

 

 

 

 

3 Devices based on IPMCs and IPCCs 

3.1 Biomedical devices 

 The ionic EAP gel actuators are soft, 

flexible and low-voltage drive. Hence, they are very 

safety for human. In addition, they are easy to 

deform in any shape and to miniaturize. Thanks to 

these advantages, many researchers have tried to 

apply them to many biomedical applications. In this 

presentation, applications of the ionic EAP gel 

actuators to biomedical applications such as micro-

catheter, micro-pump and human-affinity tactile 

devices such as Braille displays are shown from our 

recent research results [3,4]. 

 

 

 

 

Figure 3 Schematic view of Micro-catheter using 

IPMC actuator [3]. 

3.2 Bio-mimetic robots  

 Among the ionic EAP actuators, the IPMC 

actuators exhibit quick and large response in water 

at very low voltage. We have developed various bio-

mimetic robots based on IPMC actuators. From the 

aspect of the fabrication of the robots, our IPMC-

based robots are categorized as the following 3 

kinds: 

1. Using flat IPMC actuator films, a robot is 

fabricated, e.g., a fish-like robot [6]. 

2. By patterning gold electrode of a flat IPMC 

actuator film, a robot is fabricated, e.g., a snake-

like robot [3] 

3. By using a multi-layer casting or 3D printing 

process of Nafion® dispersion, a base body of 

IPMC-soft robot is fabricated. Gold electrode is 

plated and IPMC-soft robot is fabricated, e.g, a 

butterfly robot [7] 

 

 

 

 

 

Figure 3 Bio-mimetic robot based on IPMC 

actuators: (a) Fish-like robot [6], (b) snake-like 

robot [3], butterfly robot [7]. 

4 Conclusions  

 In this presentation, we will show the results 

of recent development of our research about the 

materials and applications of the IPMCs and IPCCs.   
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Figure 2 IPCC (Bucky-gel) actuator:                  

(a)  Schematic view of a configuration of an IPCC 

actuator. (b) Bending motion of an IPCC actuator 

driven by ±2 V voltage. 
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