










1572

Fig. 9. Influence of time on the hardness of the tools in the place with the highest wear [1]
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Fig. 10. Hardness in the surface layer as a function of the amount of forging die upsetting
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Fig. 11. Hardness as a function of the amount of forgings for the second operation (flat area in the middle of No.1 to Fig. 4)

“white layer” in these areas. A layer of this type occurs most 
frequently on the rays of the forging tools.

To determine the effect of heating time and temperature 
on the hardness of the surface layer was conducted laboratory 
tests. Tests were carried out without a protective atmosphere in 
order to reflect the actual working conditions of forging tools. 

The analysis was performed for the samples nitrided and non-
nitrided layer. The results of these studies are summarized below.

We observed a stronger effect of temperature on the stabil-
ity of the nitrided layer. Higher temperature annealing (650°C) 
causes a decrease in hardness of about 330HV. Tempering at 
550°C for a period of 2 hours causes a decrease in hardness of the 
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nitrided layer to a value of approx. 700HV. We can also observe 
no decrease in hardness to tempering at 550°C below the initial 
hardness of the core material (500-520HV).

The hardness of the respondents dies for hot forging and the 
hardness of the nitrided layer is a function of time and tempera-
ture (Fig. 11). Studies were carried out according to which, after 
approx. 4.000 pieces forgings followed by a gradual decrease in 
hardness in the surface layer. In the laboratory, this time amounts 
to 1-2 hours of heating at temperatures of 550-650°C.

The decrease in the hardness of the nitrided layer is notice-
able after the heating is at a temperature of 550°C after a time 
of 2h. Material with a layer of nitrided and tempered at 550°C 
hardness of the core is approx. 500HV. Material with a layer of 
nitrided and tempered at 650°C hardness of the core drops to 
approx. 300HV.

During tempering the initial decrease in hardness caused 
by the advent of Fe3C, is offset by the increase in hardness 
caused by fine carbide precipitates V4C3 (the effect of dispersion 
hardening). Only above 600°C temperature hardness decreases 
significantly because of the coagulation of precipitated carbides. 
The presence of chromium lowers the solubility of carbon in 
austenite, which in turn increases the amount of carbides in the 
steel [3-5]. Below are pictures of the microstructure of the surface 
layer of the material 1.2344 heat-preheated at 550°C, 600°C and 
650°C by the time 2h.

No clear austenite precipitates. A large number of carbide 
precipitates. Due to the mechanism changes are likely carbides 
MC, M2C and M7C3. M7C3-type carbides arises from changes in 
saturated cementite concentrated added alloy. MC, M2C formed 
through dissolution of the cementite and the rise regardless of 
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Fig. 12. Effects of temperature and heating time on hardness distribution in the surface layer for 1.2344 steel
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Fig. 13. Effect of annealing temperature and the distribution of hardness of the steel 1.2344








