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cally treated samples were characterized by lower linear wear 
regardless of the load applied to the friction node: 50; 100; 300 
or 400 MPa. The results of wear resistance measurements are 
shown in Figure 6. 

The increase in wear resistance of nitrided steels is caused 
by the combination of both nitriding and DCT treatments. While 
nitriding is responsible for improved wear resistance, finer 
microstructure obtained through DCT could improve fatigue 
properties of the tool steels. This is confirmed by the research of 
other researchers [11,12]. The authors in their article [11] showed 
that combination of higher austenizing temperature, DCT and/
or nitriding results in increased surface hardness and hardness 
in nitrided layer. Authors of work [12] concluded that better 
diffusion of nitrogen along the steel surface layer is promoted 
by high residual stresses formed by DCT. 

In the case of treatments according to mode II, the use 
of deep cryogenic treatment after nitriding did not cause any 
significant differences in the hardness and thickness of nitrided 

layers. The surface hardness of the obtained nitrided layers was 
as follows: 1086 HV1 ±2.5 (without DCT) and 1138 HV1 ±2.5 
(with DCT). Similar microstructures of nitrided layers were 
obtained, i.e. the thickness of surface iron nitrides was about 16 
mm while internal nitriding zone was 120 mm thick (Fig. 7). The 

a) b)

Fig. 3. Microstructures of surface layers obtained after treatments according to mode I: without DCT (a), with DCT (b)

Fig. 4. XRD patterns of X153CrMoV12 after 3 modes of heat and 
thermo-chemical treatment with DCT (I, II, III)

Fig. 5. Hardness distributions at the cross sections of surface layers 
obtained after treatments according to mode I: without DCT (Q+T+N), 
with DCT (Q+DCT+T+N)

Fig. 6. Linear wear of layers obtained after treatments according to 
mode I: without DCT (Q+T+N), with DCT (Q+T+DCT+N)
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XRD analysis showed that the nitrided layer produced in mode 
II on the surface consisted of nitrides Fe3N and F4N (Fig. 4). 
The wear resistance tests showed no significant differences in 
the linear wear for samples with or without DCT (Fig. 8).

Fig. 8. Linear wear of layers obtained after treatments according to mode 
II: without DCT (Q+T+N), with DCT (Q+T+N+DCT)

An important difference was noted in the case of corrosion 
resistance. In the neutral pH environment, the formed nitrided 
layers ensure corrosion resistance of the steel. In comparison 
with steel subjected to conventional heat treatment, a more 
positive corrosion potential (about 0.3 VNEK) and the ability to 
permanently passivate were recorded. The DCT process addi-
tionally reduces the intensity of processes in the area of active 
dissolution. Acidification of the environment to pH = 3, as in the 
case of measurements carried out in chloride solution, caused oc-
currence of two maxima in the active range. The first maximum 
point was at the potential of –0.65 VSE, while the second at the 
potential of –0.28 VSE. When comparing the courses of the curves 
for steels subjected to nitriding or DCT and nitriding, it should 
be noted that although they are comparable, in the case of DCT 
the curve runs at lower current density values. Acidification of 
the sulphate environment significantly increases the intensity 
of corrosion processes in all samples. The rest potential course 
and polarization curves registered in 0.5M NaCl at pH = 3 are 
shown in Figure 9. Increase in corrosion resistance is manifested 
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Fig. 7. Microstructures of surface layers obtained after treatments according to mode II: without DCT (a), with DCT (b)

a) b)

Fig. 9. The rest potential course E = f (t) (a) and polarization curves i = f (E) for X153CrMoV12 steel registered in 0.5M NaCl at pH = 3 (b)






