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Abstract 

The article considers the possibility of using high-temperature heat treatment modes 

for 4XMFC and 4X5MF1C steels. It seems possible in the manufacture of hot pressing 

matrices, where the main criterion is the preservation of the steel structure at an 

elevated operating temperature of 500-600 ⁰C. 
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Introduction  

Quenching of steels from different temperatures during heating usually involves the 

growth of austenitic grains and when the steel is cooled, a structure with large-needle 

martensite is obtained. The presence of alloying elements somewhat reduces the 

increase in the intensity of austenitic grain. It is known [1] that the main barrier to the 

growth of austenitic grains is the intractable blunt-headed phases. These are mainly 

carbides and nitrides. In our case, for 4XMFS and 4X5MF1C steels, the main obstacle 

to the growth of austenitic grains is carbides of alloying elements Cr, Mo, V. 

In previous studies [2], it was found that when quenching tool steels of type 9XC, XVG 

from extreme temperatures of 1100-1200⁰C, a structure with an increased dislocation 

density is formed.  

It was found [3] that at these temperatures the initial stage of dissolution of refractory 

impurity phases occurs. All this in general leads to the appearance of chemical 

heterogeneity of austenite and the growth of austenitic grains. With abrupt cooling 

during quenching, an increased level of defects in the crystal structure of the ⍺-phase 

is formed. 

In the tempering process in these steels, the reverse process occurs, the release of 

carbides and impurity phases in the form of fine particles [4]. This process, in turn, 

affects the percentage of residual austenite formed. Therefore, it was of interest to 
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investigate the effect of quenching and tempering temperatures on the amount of 

austenitic grain, the percentage of residual austenite in steels 4XMFC, 4X5MF1C.  

For the research, steel samples were prepared that underwent heat treatment 

consisting in quenching in oil from various temperatures from the standard for each 

grade of steel to a temperature of 1200 °C and tempering from 500 °-600 °C. The 

tempering temperature is selected based on the data on the operating temperatures 

of these steels. The value of austenitic grain was determined according to GOST 5639-

82. The amount of residual austenite was determined by the ratio of the intensity of 

the X-ray lines of (211) ⍺-phase and (200) γ-phase after heat treatment. The results of 

the research are presented in Figure 1,2,3. The results of the research are presented in 

Fig. 1,2,3. 

Analyzing the data obtained on the structure formation of 4XMFC and 4X5MF1C 

steels when using high-temperature heat treatment modes, it can be noted that: 

 
Fig.1. The value of austenitic grain of steels depending on the tempering 

temperature: 1 - steel 4XMFC, 2 - steel 4X5MF1C steel 

 

 
Fig.2. The content of residual austenite after quenching from various temperatures: 

1- without tempering, 2 - 550⁰С tempering, 3- 600⁰С tempering 
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Fig.3. The content of residual austenite after quenching from various temperatures 

of steel 4X5MF1C 

1- without tempering, 2 - 550⁰С tempering, 3- 600⁰С tempering 

 

b) With an increase in the quenching temperature of 1100 °C, the residual content first 

increases, and then at a temperature of 1150 °C falls almost to the initial state 

(quenching from standard temperatures) and increases again when quenching from 

1200 °C. 

c) The lowest value of residual austenite is obtained when applying a 600 °C 

tempering. 

Thus, the use of high-temperature heat treatment modes for 4XMFC and 4X5MF1C 

steels is possible in the manufacture of hot pressing matrices, where the main 

criterion is the preservation of the steel structure at an elevated operating temperature 

of 500 - 600 ⁰C, where the lowest content of residual austenite is guaranteed.    
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