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Plasma electrolysis is a method for high-speed electrochemical and thermal treatment

of metals and alloys. Anode saturation of low-carbon steels by light elements from

solutions (e.g. PEC, PEN/C, hardening, etc.) is of particular interest. This study

presents an integrated approach to PEN/C, including heat and mass transfer,

influence of electrolyte composition and processing conditions on the structure of the

modified surface layers, and some of their chemical and physico-mechanical

properties.

Anode PEN/C with aqueous solutions on the base of ammonium chloride reduces to

formation of alternating layers on steel surface: oxide layer with 100 nm pores,

nitrocarburized diffuse layer, and initial perlite-ferrite. The resulting structure is

determined by simultaneous multiple processes on the interface of anode and

gas-vapor envelope (GVE): e.g. anode dissolution of the steel, its oxidation by water

vapor and oxygen, and diffusion of saturating substances. Mass transfer of the latter

was ascribed to various processes into GVE (evaporation, adsorption,

(electro)oxidation, thermodestruction, etc.). Possible mechanisms for the diffusion of

nitrogen and carbon are discussed. The dominance of nitrogen diffusion at

650–800°C was showed, but the diffusion of carbon increases at higher temperatures.

It was found that the diffusion was inhibited at increasing of layer thickness.

The electrolyte composition and the treatment conditions are the great factors

influencing the structure and the properties of the diffuse layers. The surface

characteristics of the steel sample can be significantly improved by varying of the

concentration of saturating and conductive electrolytic components within 5–20 wt%.

The PEN/C betters the strength characteristics of steel (tensile strength,

microhardness). Anode dissolution lowers surface roughness from 1.2 μm to 0.15 μm,

in addition the oxide layer enhances corrosion resistance and running-in ability.
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