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Abstract. In this paper presents an assessment of the efficiency of the 

synthesis of nanoscale spherical powder materials by the combined action 

of ultrashort laser pulses and electric arc discharge. Experimentally 

determined optimal from the point of view of technological effectiveness 

and efficiency, the conditions conducive to the spread of eclectic arc 

discharge by laser-induced plasma channel. The scheme of experimental 

work, the results achieved. 

For laser ablation treatment, the use of the combined approach is due to the significantly 

lower cost of the electric arc discharge energy compared to the laser one, such approaches 

are presented in [1-2]. It is known that when processing metals by laser radiation, effective 

ablation occurs under the condition of heat accumulation. When processing with ultrashort 

laser pulses, thermal energy is accumulated as a result of relaxation processes both in the 

structure of the processed material and as a result of the action of a laser-induced plasma 

torch. Such actions can increase the energy supplied to the treatment area and at the same 

time preserve the locality of the action limited by the region of propagation of laser-induced 

plasma. The lifetime of laser-induced plasma and relaxation of thermal processes 

significantly exceed the duration of the laser pulse. Providing a tangible positive effect on 

the dynamics of laser ablation pumping laser-induced channel arc discharge energy will 

significantly increase the energy supplied to the processing area and increase its lifetime 

Using this method of treatment, the laser energy is used to form a conducting plasma channel 

used to transport the electric arc discharge to the surface of the sample [3]. The use of a laser 

beam as a means of forming a conductive region in space allows not only to exclude the 

formation of impurities in the resulting powder material, but also to carry out a dynamic 

change in the position of the processing area on the surface of the sample. Using this feature, 

it is possible to scan with a laser beam as a fraction of the extended electrode, which will 

avoid bulk melting of the sample and maintain a high locality of energy application. 

Figure 1 shows the scheme of experimental setup. The paper presents the surface 

treatment of titanium (11) by the combined action of ultrashort laser pulses and electric arc 

discharge (6) [4]. The optimal focal length of the optical system (2) was determined to form 

a region of laser-induced plasma in the caustic region of the required length. 
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Fig. 1. Scheme of the combined treatment process. 

Laser beam scanning was performed along an extended electrode (5). Thus, the distance from 

the laser-induced plasma channel to the electrode remained unchanged, the high ablation 

dynamics of the material remained, the bulk melting of the sample was not observed. The 

laser-induced plasma torch was initiated by a laser radiation source "TETA-10" (1) with a 

pulse duration of 280 FS, pulse energy of 150 µj, with a wavelength of 1030 nm. The focus 

area was selected in such a way that the ablation products did not act as a framework for the 

propagation of an electric arc discharge like the propagation of an electric arc on dust 

particles described in [5]. The concentration of free electrons in the laser-induced plasma 

channel is an important parameter. Increasing the concentration of free electrons in the 

volume of the laser-induced plasma channel was carried out by increasing the pressure in the 

working chamber (3). The concentration of free electrons was estimated by analyzing the 

spectra of the laser-induced plasma channel using the approaches described in [6]. High-

purity argon from the cylinder (10) was used as a gas in the working chamber, the working 

pressure was maintained in the range of 8-10 bar. The volume of the chamber was pumped 

out before filling with a vacuum pump (7). High pressure monitoring was carried out by the 

sensor (8.1), regulated by the valve (9.1). The discharge pressure was controlled by a sensor 

(8.2) and regulated by a valve (9.2). The high-voltage pulse was formed by the generator 

(12), the voltage varied in the range from 20 to 30 kV, the energy in the pulse of the electric 

arc was 0.05-0.1 j. the transition of the arc was carried out from the positive electrode (5) to 

the negative electrode-sample (11). The process was recorded by CCD camera (4).     
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