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1. INTRODUCTION 

At the moment, studies are moving towards to 

achieving microactuators and micromachines based on 

physico-chemical phenomena (microsystems made

based on phase transformation and microsystems made 

based on some chemical phenomena). From 

microsystems category are polymer-based actuators and 

actuators based on chemical reactions in which 

chemical energy is converted into mechanical or 

electrical energy. Electrochemical actuators have a 

sustained interest in the academic world because 

presents specific advantages [1, 2, 3]. 

In the current stage is known and used, in particular, 

several types of actuators: electromagnetic, 

electrostatic, thermal (based on shape memory alloys), 

piezoelectric and magnetostrictive, considering the 

driving forces and their speed of reaction [4, 6]. In 

connection with these actuators are reported some 

disadvantages: high energy consumption and relatively 

low efficiency. In this context, it is accepted that the 

electrochemical reactions accompanied by the release of 

gas represents a solution to the mentioned 

disadvantages and therefore constitutes a promise for 

the future. 

Electrochemical pumps domain is old and the first 

great achievement in this field is S.T. Sommering 

electrochemical telegraph [5, 7, 8]. During history there 

have been several concerns with regard to the 

electrochemical pumps. Electrochemical pumps with 

liquid have practical applications in various areas, 

particularly in biomedical engineering. 

 

2. THEORETICAL CONSIDERATION ON 
THE ELECTROCHEMICAL SYSTEMS 

Passing an electric current through a conductor takes 

place without mass transport only through the 

movement of electrons. In the case of ionic wires 

(electrolyte solutions), passing electric current is 

accompanied by mass transport (transport of ions). At 

the electronic/ionic wire interface, occur also chemical 

transformations through which electrical energy is 

converted into chemical energy. 

Assembly of processes occurring in passing an 

electric current (continuous) through an ionic wire due 

to the application of external voltages is called 

electrolysis. The electrolysis cell contains an electrolyte 

(solution or melt) in which the electrodes are immersed. 

Water electrolysis is the decomposition of water 

(H2O) into oxygen (O2) and hydrogen gas (H2), by 

passing an electric current through the water.  

The water can dissociate into hydrogen (H2) and 

molecular oxygen (O2) by applying an electric energy in 

the electrolyte solution of an electrochemical cell. In the 

water, at the cathode, negatively charged, there is a 

reduction reaction between hydrogen cations and 
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electrons coming from the cathode with the formation 

of hydrogen.  

On the cathode (reduction equation): 

                            2H+ + 2e- → H2                             (1) 

At the anode, positively charged, oxidation reaction 

occurs with the generation of oxygen, hydrogen cations 

and electrons. 

On the anode (oxidation reaction): 

                      2H2O → O2 + 4H+ + 4e-                    (2) 

Overall reaction is: 

                          2H2O → 2H2 + O2                         (3) 

A power source is connected to the two electrodes, 

or two plates (typically made of some inert metal such 

as platinum or stainless steel) which are placed in the 

water. In a properly designed cell, to the cathode 

(negative electrode), hydrogen electrons is generated 

and to the anode (positive electrode), the oxygen ions 

are generated. 

Electrolysis of pure water requires excess energy to 

overcome various activation barriers. Without the 

excess, energy the electrolysis of pure water occurs 

very slowly or not. This is due in part to water 

autoionization. The number of molecules of the 

hydrogen produced is therefore twice the number of 

molecules of oxygen. Assuming the same temperature 

and pressure for both gases, the produced hydrogen 

have, therefore, the volume equal to twice the volume 

of oxygen produced. 

The flow of liquid removed within a period of time 

depends on the initial state of the balloon (via p, V, T 

and m), more precisely by the existing hydrogen mass 

into the balloon. 

Considering the gas (the hydrogen) as the ideal, 

from thermal equation of state, we have: 

                          TR
M

m
Vp ⋅⋅=⋅ ,                       (4) 

unde: p is the gas pressure (hydrogen pressure in the 

balloon) [Pa]; V – gas volume (volume of hydrogen in 

closed systems balloon-cell) [m3]; m – the gas mass 

(mass of hydrogen from balloon) [kg]; M – molar mass 

of the the gas (hydrogen) [kg/kmol]; R – ideal gas 

constant; T – absolute temperature (hydrogen 

temperature from balloon) [K]. 

 

3. AUTOMATED DRIP SYSTEM 
CONSTRUCTION  

Automated drip system (Fig. 1) discussed in this 

paper is made up from feeding system 22, water storage 

tank 1, four electrochemical pumps and soil moisture 

control system. 

The power supply is made of two solar cells 

connected in series that can provide a maximum voltage 

of 7 V and a current of 50mA for charging the batteries.  

 
 

Fig. 1 Automated drip system made with electrochemical pumps: 

1 – water reservoir; 2 – electrovalve supply pipe; 3 – electrovalve; 

4 – electrovalve – dispenser supply pipe; 5 – dispenser;  

6 – electrochemical pump spply pipe; 7 – water drain pipe;  

8 – electrochmical pump support; 9 – maximum level adjustment 

ring; 10 – REED relay contact for maximum level; 11 – floating;           

12 – magnet for the control of REED relay; 13 – electrodes support; 

14 – minimum level adjustment ring; 15 – REED relay contact for 

minimum level; 16 – Pt electrode (cathede); 17 – Cu electrode 

(anode); 18 –Electrochemical pumps support; 19 – water tank 

support rod; 20 – solar panel support rod; 21 – automated voltage 

control; 22 – solar panel; 23 – automatic voltage control;                          

24 – charge controller. 

 

Electrochemical pump consists of two electrodes, 

one of Cu and the other of Pt, fixed on a insulator 

support 13 at a distance of 2 mm. The two electrodes 

are placed in a transparent cylindrical container. 

Electrochemical pump housing is attached to an 

platforms 8 of insulating material. The connection 

between the storage tank 1 and the four electrochemical 

pumps is made up with a distributor 5. 

The liquid level control from inside the pumps is 

made with a electrovalve controlled by an electronic 

board that receives an impulse control from the 

humidity sensor placed at the root of the plant, when the 

humidity falls below a certain level. 

The amount of water inside the pump is controlled 

by an magnetic floating which command the two REED 
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relays that separates respectively a minimum and 

maximum amount of liquid inside the pump. 

As the water inside the electrochemical pumps is 

consumed, through the electrovalve activated by REED 

relay 15, the water in the tank 1 is directed through the 

pipe 6 in order to restore the maximum level of liquid 

after which, the power is interrupted by the REED  

relay 10. 

Experimental stand designed to highlight the 

automatic drip system operation is illustrated in             

figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 General view of automated drip system: 

1-photovoltaic power source; 2-water storage tank;  

3-electrochemical pump; 4-flow control system. 
 

4. EXPERIMENTAL RESULTS  

To determine pump flow and drip frequency, for 

different values of the DC voltage supplied by the 

battery, was measured the time required to eliminate a 

total of 100 drops of pumped liquid. The experimental 

values taken with the achieved test bench are presented 

in Table 1.  

The characteristic shown in figure 3 provides a 

perspective on the evolution of Q depending on the 

power consumed by the battery pack. It can be observed 

that, with increasing of power consumption from the 

DC storage source, increase the flow provided by 

electrochemical pump. 

If the pump flow should be linear in relation to the 

power, it would mean that, for a given construction type 

electrochemical pump, knowing the feature Q=f(Pc) 

would be possible to establish a certain flow by 

controlling the current. Such a pump may be used, for 

example, in biomedical and agriculture. 

 

Table 1 

 

 
Fig. 2 Electrochemical pump liquid flow variation depending on the 

power consumed from the battery pack 

 
CONCLUSIONS 

 

Stage of research on electrochemical actuators 

shows that there are no insurmountable obstacles and 

impossible solutions to promote them in practice. 

The operation of electrochemical actuators consists 

of three steps: electrolysis, through which results a gas 

under pressure while the power circuit is closed; 

passive stage consisting in maintaining the pressure, 

while the power circuit is open; the last step, the 

reduction of the gas pressure produced by the reversal 

of the chemical reaction when the electrodes are            

short-circuited. 

The electrochemical pumps performance is set by 

the gas generation efficiency under pressure (usually 

O2). One of the most important advantage of 

electrochemical pump is the low power consumption. 

Voltage 

U [V] 

Current 

I [A] 

Power 

consumption 

P [W] 

Time 

t [sec] 

Drip 

frequency 

[drops/sec] 

Liquid flow 

Q[ml/sec] 

Number of drops: 100 

4,760 0,0095 0,045220 34,0 2,941 0,116234 

4,520 0,0092 0,041584 37,0 2,703 0,106810 

4,230 0,0089 0,037647 40,0 2,500 0,098799 

3,910 0,0085 0,033235 43,0 2,326 0,091906 

3,540 0,0082 0,029028 46,0 2,174 0,085912 

3,350 0,0080 0,026800 48,7 2,053 0,081149 

3,200 0,0075 0,024000 51,0 1,961 0,077490 

2,900 0,0060 0,017400 56,7 1,764 0,069700 

2,600 0,0054 0,014040 61,6 1,623 0,064155 

2,300 0,0040 0,009200 73,5 1,361 0,053768 

2,000 0,0042 0,008400 77,7 1,287 0,050862 

1,700 0,0035 0,005950 92,1 1,086 0,042910 

1,400 0,0010 0,001400 358,0 0,279 0,011039 
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The literature indicates that, in most cases, the 

energy consumption for operation is less than 100 µW. 

A fine adjustment of the current, leads to a fine 

adjustment of flow (number of drops of liquid released 

by the pump in a certain amount of time). Such a pump 

could be used in biomedical science. 

The flow of removed liquid in an interval of time 

depends on the initial state of the balloon, more 

precisely, by the hydrogen mass that already exists in 

balloon. 
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