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The article presents the results of studying of composite materials on boron basis on 
carbon steels from developed powder environment with application of various activators 
of treatment process and coverings properties analysis - hardness, microhardness, ten-
dency to spelling, wear resistances in conditions of hydroabrasive wear and sliding friction. 

As operational life of tool and equipment is determined first of all by 
physicochemical and mechanical surface properties the purpose of the given 
work was development of technology of surface hardening high-loaded equip-
ment and tool use boride coverings with the set characteristics on carbon steels 
surface, management of their structure and phase compound. 

The analysis of the domestic and foreign literature [1 - 3] has shown ap-
plication perspective of thermodiffusion hardening of the tool and industrial 
equipment used in the mining industry, building materials manufacture: 

The industrial equipment and the tool which is using in these productions 
work in the conditions of intensive abrasive wear and high pressures. Level of 
protective properties of a covering is defined by its phase structure. Efficiency 
of use of coverings with boron will be defined by correctness of a choice like 
covering (single-phase or two-phase). 

The operational properties of coverings, the structure and chemical com-
position of the phases have been investigated using Microscopy, X-ray spectral 
analysis. 

Thermodiffusion coverings on boron basis have been received from 
powder mixes prepared without electric power consumption by method of out-
of-furnace metallothermy of metals, nonmetals and aluminum oxides [4-5]. 
From the research of effect of initial components composition of powder mix 
and thermite additive compound necessary for initiation of their reactivation, to 
thermal-kinetic parameters of metallothermic reaction behavior have been de-
termined conditions of receipt on carbon steels boride coverings of various 
phase and chemical composition: single-phase (Fe2B), two-phase (FeB + Fe2B) 
and single-phase chromium alloyed (FeCr)B, differing by chemical compound 
and physicomechanical properties [6]. 

The microstructures of the boride layers obtained on the steel 45 are 
represented on fig. 1 
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          а          b         c 
Fig. 1. Microstructures of thermodiffusion boride layers produced on carbon steel 45 

а- a single-phase boride layer (Fe2B);  b –a two-phase boride layer 
c – a single-phase boride layer (FeCr)B 

 
Numerical researches of not isothermal borating modes and mathemati-

cal modeling have confirmed, that at sufficiently high chemical potential of 
boron-containing mix variants both single-phase and two-phase borating are 
possible and at various heating rates of mix at its identical compound it is possi-
ble to receive both single-phase and two-phase layers as well. 

From the research of formations kinetics of thermo diffusion coverings 
with boron on carbon steels from developed powder environments with applica-
tion of various activators of treatment process and coverings properties analysis 
- hardness, microhardness, tendency to spelling, wear resistances in conditions 
of hydroabrasive wear and sliding friction it has been determined: 

-   use of developed powder environments has allowed to receive on car-
bon steels diffused single-phase boride layers thickness up to 160 microns, two-
phase - up to 400 microns and single-phase chromium alloyed coverings - up to 
500 microns; 

-   The highest surface hardness - up to 2200 kg /mm2 – single-phase 
chromium alloyed coverings bear; 

-   Minimal tendency to spelling and ultimate ductility have single-phase 
boride coverings and single-phase chromium alloyed coverings; 

-   At work in conditions of sliding friction at low speeds the greatest re-
sistance have shown single-phase boride layers, at high speeds – two-phase and 
single-phase chromium alloyed layers and in conditions of hydroabrasive wear - 
single-phase chromium alloyed layers. 

Production tests of some types of the tool and details of the equipment 
with thermal diffusion coverings on the basis boron (Fig. 2) showed increase in 
term of operation by 2-2,5 times. 
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Fig. 2. Some types of industrial equipment and the cutting tool  
with coverings on the basis boron 

Results of conducted theoretical researches, laboratory and production 
researches showed that thermal diffusion boride coverings on carbon steels 
possess a high complex of physicomechanical characteristics. They can be used 
with success for hardening highly - the loaded fast-wearing-out details of con-
struction cars and mechanisms, tool and industrial equipment at the industrial 
enterprises for production of various construction materials. 
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