
 

Possible mechanisms оf electrochemical 
processing activation ARMCO-iron  

Konstantin Rakhimyanov1, Nadezhda Gaar1,*, and Aleksandr Loktionov1 

1Novosibirsk State Technical University, Faculty of Mechanical Engineering and Technologies, 
630073 Prospekt K. Marks 20, Novosibirsk, Russia 

Abstract. The peculiarities of the electrochemical dissolving of ARMCO-
iron in the   15% water solution of the sodium chloride during 
electrochemical dissolving the material and under the impact of laser 
radiation with a wavelength of 1.06 micrometer are considered. The 
investigations were conducted at a special installation by the 
potentiodynamic method. It is established that the material passivation at a 
potential range of 1.26 – 2.6 V is observed during electrochemical 
dissolving the material in the stationary conditions. The increase in the 
value of the current density by 45 times occurs in introducing the laser 
radiation in the process of anode dissolving and the passivation areas are 
not observed. The dissolution process takes place actively in the whole 
range of potentials from 0 to 5 V. It is shown that the main mechanisms of 
laser activation of electrochemical dissolving the materials is the 
depassivation of the anode surface and the acceleration of electrochemical 
reactions. It is determined that the maximum current density is achieved 
during laser-electrochemical processing of ARMCO-iron at a pulse 
repetition frequency of laser radiation equal to 3 kHz. 

1 Introduction  
The electrochemical processing based on anodic dissolving the material gained a wide 
application in the industry due to a high process productivity; the possibility of obtaining 
complex forms by using simple schemes of the tool and detail movement; the absence of 
any significant strength and temperature influence on the detail surface layer, which 
provides a high quality of processing. The independence of processing the material on their 
physical and mechanical properties determines the prospects of the electrochemical 
machining for the materials difficult to process. However, the formation of the films of 
different nature on the processed surface, which are hard to dissolve from the products of 
chemical reactions during the electrochemical processing, reduces the efficiency of 
electrochemical dissolution.  

Nowadays there exist several methods of increasing the efficiency of the 
electrochemical processing: hydraulic and heat methods, the method of the reverse polarity, 
etc. However, the most perspective method of activation, from the standpoint of the 
possibility of realizing the complex of mechanisms is introducing the laser radiation in the 
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inter-electrode gap between the cathode-tool and the anode-detail during the processing. A 
combined method was referred to as the laser-electrochemical size processing. From the 
theoretical point of view, the activation method allows implementing the main mechanisms 
of the activation process of the anode dissolving depending on the chosen combinations of 
the operating parameters of the laser radiation such as the wavelength, the frequency of 
pulse repetition frequency and the power density. It can increase the speed of the 
electrochemical processing practically for any metal [1, 2]. However, there exists the most 
effective mechanism of the activation process for every combination of the wavelength, the 
processed material and the chemical composition of the electrolyte. It can be found only 
from the experiments. 

2 Experimental data  
The laser electrochemical size processing proved its efficiency in processing different 
materials hard to process, namely, stainless steel, titanium alloys, tungsten-cobalt alloys [3 
– 6]. A complicated chemical composition of the metals and alloys mentioned will mainly 
determine the peculiarities of the electrochemical dissolving during their processing. 
Because of this, it is desirable to determine the prevailing activation mechanisms of the 
laser electrochemical size processing on one-component or so-called “model” materials. 
ARMCO-iron was chosen as an investigated material in which the amount of iron in the 
chemical composition is 98%. The water solution of the sodium chloride with a 15% 
concentration of salt was used as an electrolyte. This electrolyte composition is widely used 
in the electrochemical processing of iron-containing materials and meets the requirements 
for electrolytes used for the laser electrochemical processing [7]. The electrochemical cell 
and the installation for conducting experiments are described in detail in Papers [8] and [9], 
respectively. The installation allows conducting both electrochemical investigations of the 
material anode behavior in the stationary conditions (without radiation) and in the laser 
electrochemical processing. The investigations were conducted by using the wavelength of 
the laser radiation equal to 1.06 micrometer with the pulse repetition frequency from 2 kHz 
to 4 kHz. The preliminary choice of the wavelength value and the pulse repetition 
frequency is based on the results of the preliminary experiments of the laser 
electrochemical size processing of iron-containing materials. 

The average value of the power density of the laser radiation taking into consideration 
the extinction coefficient was equal to 3.3·103 W/m2, which provided the absence of the 
electrolyte boiling in the zone of introducing the lased radiation according to the results of 
the mathematical calculations [10]. It was confirmed during the visual observation of the 
process.  

The investigation of the material anode behavior was done by the polarization curves 
obtained in using the potentiodynamic method. The order of potential change and recording 
of the current value were accomplished by IPC-Pro M potentiostat-galvanostat in the 
potential sweep in the range from 0 to 5 V at a speed of 50 mV/s  

3 Results of the research and discussion 
The polarization curve for ARMCO iron in the 15% water solution of the sodium chloride 
obtained by the potentiodynamic method during the electrochemical processing (without 
the radiation) is presented in Figure 1. 
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Fig. 1. Polarization curve obtained by the potentiodynamic method for ARMCO iron in 15% water 
solution of the sodium chloride during the electrochemical processing 

Three specific areas can be identified on the polarization curve of the iron anode 
dissolving. The first area of the polarization curve is in the potential range from -0.2 V to 
1.25 V and is characterized by the increase in the current density with increasing the 
potential, which confirms the active dissolving of the processed material. The second area 
of the polarization curve possesses another character of dissolving and is in the potential 
range from 1.25 V to 2.6 V. The fall in the current density with increasing the potential is 
observed in this area, which confirm the iron passivation. The next potential range (from 
2.6 V to 5 V) corresponds to the area with the growth in the current density in increasing 
the potential, which proves the active transpassive iron dissolution. 

The polarization curve for ARMCO-iron in the 15% water solution of the sodium 
chloride obtained by the potentiodynamic method during the laser electrochemical size 
processing is presented in Figure 2. 

The analysis of the polarization curve obtained during the laser electrochemical size 
processing shows that the use of laser radiation with a wavelength of 1.06 micrometer 
activates the process of electrochemical dissolving in the entire range of potential. In this 
case, the achieved values of the current density during the laser radiation is 45 times more 
than without it (100 mA/mm2 and 4,500 mA/mm2 for the 5 V potential). The oscillations of 
the current density observed during the laser electrochemical size processing are related to 
the intensive formation and removal of the gas bubbles from the sample surface. The 
electrolyte color during the laser electrochemical size processing changed more intensively 
than during the traditional electrochemical processing. Usually the change in the electrolyte 
color, connected with appearing the reaction products in the liquid, occurred during 5-8 
experiments while the intensive change in color took place during one experiment in using 
the laser electrochemical size processing. It indicates the intensification of material 
electrochemical dissolving of the material in introducing the laser radiation in the 
processing zone. 
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Fig. 2. Polarization curves obtained by the potentiodynamic method for ARMCO-iron in the 15% 
water solution of the sodium chloride: 1 – during the electrochemical processing; 2 – during the laser 
electrochemical size processing c f = 3 kHz 

Decreasing the pulse repetition frequency below 3 kHz (2 kHz, 2.5 kHz) or increasing 
above 3 kHz (3.5 kHz, 4 kHz) led to the insignificant reduction in the achieved current 
density values. The decrease in the power density of the laser radiation from 3.3 · 103 W/m2 
also resulted in reducing the achieved current density values, but the character of the 
polarization curve remained the same.  

Thus, the presence of the optimal value of the pulse repetition frequency allows 
suggesting that the light-hydraulic effect and the heat activation of the process are not 
considered as the main mechanisms of the activation process of material dissolving. If the 
main mechanism of activation were the light-hydraulic effect, the decrease in the pulse 
repetition frequency would be accompanied by increasing the current density. If the 
mechanism of the process heat activation prevails, the growth in the current density must be 
observed with increasing the pulse repetition frequency, which is not observed during the 
experiment. So, it is more probable that the main mechanisms of the laser activation of 
electrochemical dissolving of iron are the influence of radiation on the passivating films 
and the photoactivation of electrochemical dissolving. 

4 Conclusions 
The analysis of the polarization curves of ARMCO-iron anode dissolving during the 
electrochemical processing and the laser electrochemical size processing in 15% water 
solution of sodium chloride allows coming to the following conclusions: 

1. The use of the laser radiation with a wavelength of 1.06 micrometer during the laser 
electrochemical size processing of ARMCO-iron in the water solution of the sodium 
chloride is effective. It allows increasing the current density by 45 times more than during 
the electrochemical processing. 

4

MATEC Web of Conferences 224, 01009 (2018) https://doi.org/10.1051/matecconf/201822401009
ICMTMTE 2018



2. The pulse repetition frequency equal to 3 kHz is optimal for the laser electrochemical 
size processing of ARMCO-iron from the viewpoint of the achieved values of the current 
density. 

3. The most probable activation mechanisms of ARMCO-iron by the laser 
electrochemical size processing are the influence of radiation on the passivating films as 
well as the photoactivation of electrochemical dissolving. 
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