
  

� 

Abstract²Many examples of microfluidic systems have been 

studied in various fields. Normally, micropumps in microfluidic 

systems are powered by electricity or heat generated from 

electric energy and the actuation is controlled by on±off 

switching of external inputs. Herein we report a novel 

autonomous flow control inside microfluidic channels powered 

by self-oscillating gels without external control devices. 

Self-oscillating gels exhibit a volume oscillation driven by the 

oscillatory Belousov±Zhabotinsky (BZ) reaction. Our approach 

greatly simplifies the microfluidic system construction because 

there is no need for the electric wiring and source. In this paper, 

we first demonstrate a directional fluid pumping within 

microfluidic channels and a directional flow rate was 0.02 

µL/min utilizing self-oscillating gels. This self-actuated pump 

could serve as a new framework for microfluidic devices. 

 

I. INTRODUCTION 

Many kinds of stimuli-responsive polymer gels have been 

widely studied and attempted to create soft actuators or micro 

pumps  [1-10]. These materials that swell or shrink in 

response to external changes such as temperature, pH, electric 

field, and light are promising in various fields. Recently, 

many research groups have attempted to incorporate these 

intelligent materials into micro devices or soft actuators [1-3]. 
For example, the flow control in microchannels by using the 

microelectromechanical systems (MEMS) technology and 

poly(N-isopropylacrylamide) (PNIPAAm), a thermosensitive 

polymer, has been demonstrated [1]. In general, micropumps 

in microfluidic devices are made of piezoelectric elements 

[11], shape-memory alloys [12], etc. In most cases, these 

systems require complex fabricated circuits or external 

control devices. If gel actuators were to display independent 

motions such as self-oscillation, novel self-beating micro 

pumps could operate without external control devices. 

Recently, several groups have created autonomous actuators 

by using cells, biopolymers and cultured cardiomyocytes 
[13-16]. But the problem is that these materials based on the 

bio system work for only few days in such devices. On the 

other hands, our approach is to create a completely artificial 

devices and overcome these problems using autonomous gel 

actuator without relying on cells, biopolymers and so on. 

 Until now, we have studied the self-oscillating polymer gels 
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driven by chemical energy of the oscillatory 

Belousov-Zhabotinsky (BZ) reaction [17, 18]. In an unstirred 

condition, chemical waves and pattern formations as the 

reaction-diffusion system are generated. The overall process 

of this reaction is the oxidation of an organic substrate by an 

oxidizing agent in the presence of the catalyst under acidic 

conditions. In the reaction process, there are periodic 
concentration oscillations of some reactants such as the metal 

catalyst moiety: Ru(bpy)3
2+ < Ru(bpy)3

3+. The Field-Koros- 

Noyes (FKN) mechanism explains the overall process of the 

BZ reaction [20]. According to the FKN mechanism, the 

overall reaction is divided into the following three main 

processes: consumption of Brí ions (process A), autocatalytic 

formation of HBrO2 (process B), and formation of Brí ions 

(process C). 
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The factor f denotes the number of bromide ions produced as 

two oxidized metal ions (Mox) are reduced (Mred). In our gel 

system, Mox and Mred represents Ru(bpy)3
3+ and Ru(bpy)3

2+, 

respectively. In processes B and C, the Ru(bpy)3 moiety in the 
gel works as the catalyst: the reduced Ru(bpy)3 moiety is 

oxidized (process B), and the oxidized one is reduced 

(process C). Therefore, as the initial concentration of the MA 

increased, the mole fraction of the reduced Ru(bpy)3 moiety 

in the gel increased in accordance with the FKN mechanism. 

The Oregonator model is used to describe the FKN 

mechanism. Here, we explain the Tyson and Fife version of 

the Oregonator that approximates the FKN mechanism by the 

following sequence of reactions: 
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where A=[BrO3
í], B=[all oxidizable organic species], 

H=[H+], P=[HOBr], X=[HBrO2], Y =[Brí], and Z=[Mox]. The 

Oregonator model treats the concentrations of A, B, and P, as 

well as the concentration of the hydrogen ion H, as constants. 

The reaction rate equations for the species X, Y, and Z are as 

follows: 
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respectively as shown in Fig.7(a). Here we used the following 

values: H4 = 100 µm, a = b = 100 µm and x = 359.3 µm. From 

eqn. (6, 7), ¿V was estimated as 0.169 nm3. The flow rate was 

calculated from the following equation on the assumption that 

the resistance of the reflux was negligible: 

(9 L B¿8ä              :z; 

where f is the oscillation frequency. And frequency f was 

measured as 0.7 Hz at 17 °C and ¿V = 0.169 nm3, respectively. 

Therefore, FW = 0.02 µL/min. Here, the estimated parameters 

are summarized for the device driven by the self-oscillating 

gel: ¿V = 0.169 nm3; FW= 0.02 µL/min. It is assumed that the 

flow rate can be controlled by changing the concentration of 

the BZ solution and temperature [8, 19]. 

V. CONCLUSION 

In this paper, we demonstrated a novel self-beating gel 

pump prototype. The pumping action is powered by only 

chemical energy of the BZ reaction without any external 

inputs, unlike conventional actuators. From the point of view 

of the practical use, the check valve is considered essential to 

control the flow direction in the microchannel. In the future, 

the self-beating gel pumps demonstrated here would be 

expected to the various fields, as novel biomimetic devices 
that exhibits autonomous motion as if it is alive.  
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