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Abstract: The study of phase transformation processes in wear-resistant alloys from Fe-Cr, Fe-Ni-Cr, Fe-Cr-Mn base systems has not only a 

fundamental, but also a practical significance, especially with regard to alloys with a chemical composition with difference from the 

conventional one - this is an interesting scientific and applied direction. The importance of this type of researches is motivated by fact, that 

in the available literature there is insufficient data on the structure and properties of non-standard iron-based materials, with variation 

amount of alloying elements (as well as additional alloying or modification) not only in the cast state, but also after thermal or plastic 

treatment. That`s why, the aim of the present study is to obtain data on alloys with the most mass application that  have increased carbon 

and reduced chromium content relative to stainless deformable steels.  
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1. Introduction 

The choice of materials is motivated by their most extensive 

application for body parts and components in responsible 

constructions or apparatures [1, 2, 5, 6] operating under special 

conditions - their working environment is loaded with abrasive 

wear, aggressive corrosive environments, cavitation, impact loads, 

ets.  

Chemical compositions of the examined alloys are shown in 

Table 1. From each alloy, 11 samples were obtained and further 

processed. 

 

Table 1. Chemical compositions of the alloys 

 

 

2. Experiment 

Experimental tasks are carried out in the following order: 

2.1. Heat treatment under different modes 
 The heat treatment of the samples was carried out in two 

stages in a laboratory furnace. 

 Homogenization for austenization at 1150°C, retention 

time of 2 hours and quench hardening of the samples in 

water are provided, to be fixed the high temperature state 

and probably the most  higher rate of carbon uptake from 

the decomposed carbide phases, [2-4, 7, 8]. 

The spesimens are treated to heating regimes shown in Table 2. 
 

 

 

 

 

Table 2. Regimes of heat treatment 

 

 

2.2. Rockwell hardness testing 
Each stage of the heat treatment to the samples is accompanied 

by a measurement of changes in their macrohardness according to a 

standard Rockwell method (HP-250 combined hardness meter, 

penetration depth 1Rc=0.002mm), [3, 5]. The obtained results are 

averaged from all testing spesimens. They are shown at Fig.1. 

 

 
Fig.1. Data for macrohardness of the alloys 

 

 

2.3. X-ray structural analysis 
The phase composition of the alloys is determined from the 

interplanar distance data, which gives different lines on X-rays.  

The results are compared with literature data on the basic 

carbide phase lines and the solid solutions in the matrix of the alloys 

[1, 4, 7]. 

The anode of the X-ray tube is the lightest element of the 
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system under study - Cr-radiation with wavelength 29092,2 Å 

is used. To achieve accuracy, unfiltered radiation is applied, i.e. the 

characteristic X-ray spectrum of chromium consists four lines  

(
2,1,2,1  ). Strong alpha lines have a very near wavelength and 

 
Fig. 3. Datas for the microhardness of the alloys 

 

 

  

Fig. 2a. X-ray diffraction of the alloys after homogenization   Fig.2b. X-ray diffraction of the alloys after HT 

count as a single line. The intensity of the 
2  line is very weak and 

absent from the X-rays. The data for 
1  and 

1
 are taken from 

tables [4]. Some of the X-rays diffraction patterns are shown in Fig. 

2a and 2b (Alloy 3, homogenized and after 550oC/10 h). Results of 

analysis of the examined alloys are shown in Table 3. 

 

2.3. Metallographic examination 
The preparation of specimens is standard - mechanical grinding 

and polishing. Surfaces are etching with nital (1.5% solution of 

HNO3 in ethyl alcohol) and ammonium persulfate (10% solution of 

(NH4)2S2O8) in water [3]. The mycro-photographs are taken at a 

300x magnification with a camera, attached to the Epigraph-2 

metallographic microscope. Some of important transformations, 

seems on the spesimen`s structures are shown in Fig.4, (see the next 

page). 

 

2.4. Microhardness testing 
Microhardness testing carried out using a Neophot-2 

metallographic microscope equipped with a additional equipment. 

For calculation it was found that 20 divisions of the micro-scale 

corresponded to a load equal to 46.95 grams. The calculations are 

made according to the formula: 

(1) 

 

][,

806,9
2

8544,1
MPa

d

P
H 

 

where P is load size of kg; d is the arithmetic mean of the length of  

the two diagonals, resulting from the penetration of hardness 

indentor, [6]. Measurements are performed at different locations in 

the main solid solution. The results, as measurment values are 

presented in Table 3. Graphically, the changes of microhardness as a 

result of heat treatment for all examined alloys are shown at Fig. 3  

Table 3. Datas for the matrix structure of the alloys, separated 

phases in time of the heat treating and results for microhardness 
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Fig. 4. Microstructures of the alloys after heat treatment (HT), 300x 

 

 

3. Results and Discussion 

After austenization all compositions of the alloys have an 

austenitic matrix structure, with the exception of the 0.43%C 

composition, that containing ferrite. According to the carbon 

content of the alloys, an increase in the volume of the second phase 

and the coalescence of the carbides start at lower temperatures. At a 

temperature range between 550 to above 700°C, the decomposition 

of the solid solution proceeds with separation, formed from pearlite-

like colonies. 

As separations at 750°C are maximum for all investigated 

alloys, with a longer retention time at this temperature, for example 

10 hours, starts the process of re-dissolving the second phase in the 

austenitic matrix [9]. This trend is most pronounced in alloys with 

1.98 and 2.35% carbon. With defined carbon content of 1.48 and 

1.98%, a needle-like phase formation in the temperature range of 

550-750oC is observed.  

By increasing the retention time, Rockwell hardness (HRc) 

increases. The highest values are fixed at 10 hours for a temperature 

of 550°C. With temperatures up to 750°C, a hardness reduction was 

observed for all tested compositions with 0.92 to 2.35% carbon. 

Studies show that hardness increases due to different mechanisms:  

 After austeniation and rapid cooling, the hardness 

increase is due to the dissolved carbon and the 

residual carbide phases in the matrix.  

 The increased hardness as a result of the additional 

heat treatment is probably due to the presence of 

residual carbide phases of type Me3C and Me23C6, as 

well as to the formation of new phases with specific 

quantity and morphology.  

 

4. Conclusion 
 

The received results will be useful in future researches and 

projects, related to the stages of structure formation, separations of 

strengthening phases in state of time of the thermal processes, 

mechanical and exploitation properties, and application of this type 

of metal materials. 
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