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ARTICLE INFO ABSTRACT

Article Type: The bending actuators find extensive applications in the fields of

Original Research medicine and industry, often likened to artificial muscles. Due to the
inherent properties of conductive polymers, substantial research has

Received: 11.09.2023 been conducted to enhance their utilization and improve

Revised: ' 02' 17' 2024 performance. In the current study, a three-layer configuration was

Accepte;i: 03:04:2024 proposed for creating an actuator. This configuration consisted of a

plyethersulfone substrate, a gold layer to enhance conductivity, and
polypyrrole with nanowire as the electroactive polymer. The aim was

Keyword: to induce bending motion. First, polypyrrole nanowires with a size of
Actuator 120 nm were synthesized under mild conditions with iron chloride as
Actuation an oxidant. The gold layer was deposited using a vacuum deposition
Conductive Polymer method, with a thickness of 70 nm. Additionally, a polyethersulfone
Polyether Sulfone layer was chemically synthesized, with an estimated thickness of 120
Polypyrrole micrometers. Subsequently, the samples were subjected to testing to
Electroactive Polymer examine the angle of deviation and the durability of the structure. The

results obtained indicated an approximate deviation angle of 35
degrees. Furthermore, the degree of durability suggested an
improvement in layer adhesion within the structure compared to
similar samples.
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EXTENDED ABSTRACT

Introduction

The structure of conductive polymers and the conduction mechanism in these polymers have
made ion exchange between the polymer and the surrounding environment possible. The
exchange of ions between the conductive polymer and the environment causes a change in the
volume of the polymer and the appearance of the actuation phenomenon. The characteristic of
actuation in conductive polymers makes them fall into the group of electroactive polymers.
Lightweight, durable and cheap structure and their high tensile properties have attracted a great
deal of attention to these actuators. Among the disadvantages of these polymers as actuators are
their low actuation force and dryness. Actuators play a crucial role in various fields ranging from
robotics and automation to biomedical devices and aerospace applications. The continuous
pursuit of improved actuator performance drives researchers to explore innovative materials
and design strategies. In this context, this extended abstract aims to present an investigation on
increasing the performance of bending actuators through the implementation of a three-layer
structure. The proposed configuration utilizes a polyether sulfone substrate, gold contacts, and
undoped polypyrrole as the electroactive polymer. This article introduces a novel approach to
increase the performance of bending actuators through the implementation of a three-layer
structure. The proposed configuration consists of a polyether sulfone substrate, gold contacts for
improved conductivity, and undoped polypyrrole as the electroactive polymer. This research
aimed to investigate the effects of this three-layer structure on actuator performance.

Methodology

The synthesis process involved obtaining polypyrrole without dopant, with a thickness of
approximately 50 micrometres, through a multi-step electrochemical synthesis. The gold layer,
with a thickness of 70 nm, was deposited using a layer-by-layer method. Additionally, a polyether
sulfone layer, approximately 120 micrometres thick, was chemically synthesized. Thus, in the first
electrochemical synthesis of polypyrrole, 20 ml of acetonitrile was combined with 5 ml of
dichloromethane 0.5 M AOT as surfactant and 0.3 M pyrrole monomer at room temperature. To
prevent aggregation of surfactant particles, the prepared solution was placed under inert argon
gas for 15 minutes until the time of synthesis. The electrochemical method used in this research
was potentiodynamic polymerization. The three-electrode system includes a cell for keeping the
synthesis solution and three electrodes called working electrode, auxiliary electrode and
reference electrode. The polypyrrole prepared in this research is without anionic or cationic
dopant. In similar works, the construction stages are carried out in such a way that first the first
layer is prepared with a specific thickness. Then, using vacuum deposition, a layer of gold is
created on the first layer, and finally, using the electropolymerization method, polypyrrole with
the desired thickness is deposited into the system. The main difference between the present
research and other similar works is in the stages of construction and the use of polyethersulfone
as a passive layer. Thus, in this innovative method, polypyrrole was first synthesized by
electrochemical method and with an approximate thickness of 50 micrometres, on a stainless
steel metal electrode, then using vacuum deposition, a layer of Gold with a thickness of 70
micrometres was created on synthesized polypyrrole. In the next step, an inactive layer of
polyethersulfone was chemically synthesized on gold, and finally, by leaving the whole system for
more than 24 hours inside distilled water, the desired three-layer structure was obtained.
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Results and discussion

To test the system, a triangular voltage wave in the range of -0.65 and 0.8 V was applied to
the working electrode with a sweep speed of 40 millivolts per second. Due to the absence of
dopant in the synthesized polypyrrole, the absence of any ion release during the oxidation and
reduction of the polymer and the resulting contraction was predictable. By studying the
sources that used lithium perchlorate for doping and actuator testing, it can be found that the
dominant actuation mechanism is anion exchange type, so by applying a positive potential to
the actuator, oxidation polymer was found and the conditions for the entry of negative
perchlorate ions (C104-) and as a result of polypyrrole expansion were provided. According to
the structure of the bending actuator, the increase in the created length will follow the bending
of the actuator. By reducing the voltage and returning the polymer to the reduced state (here
neutral), the anions that had penetrated the polymer are released again to neutralize the
polymer, which causes the polymer to contract and return to the actuator state. The results of
the potential versus current diagram showed that the current amplitude in each cycle is greater
than the previous cycle, which indicates the growth of the polymer with repeated cycles. In
addition, the points related to the oxidation and reduction of monomer and polymer can be
identified well. The samples were then evaluated to assess the angle of deviation and the
durability of the structure. The results revealed an average deviation angle of approximately
35 degrees. Moreover, the durability analysis indicated an improvement in the adhesion
between the layers when compared to similar samples.
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Figure 1. Cell current behavior during potentiodynamic polymerization.

Conclusion

This research demonstrates the potential of the proposed three-layer structure in enhancing
the performance of bending actuators. The findings highlight the importance of the selected
materials and their impact on actuator functionality. These insights contribute to the
development of more efficient and reliable actuator systems in various applications.
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