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Abstract – Investigated structure and properties of 

the diffusion layers obtained at a low temperature 

nitration of steel 20X13 surface, modified with ul-

trasound processing. It is determined that when 

steel is nitrated in arc-discharged plasma of low 

pressure at 200 ºC it becomes saturated with nitro-

gen and its surface layer strengthens. Preliminary 

modification of surface allows reducing nitration 

time considerably due to the intensification of the 

process. 

1. Introduction 

Relatively low diffusion mobility of nitrogen atoms in 

subcritical temperature area always restricted the tem-

perature regime of ion nitration to 500–550 °С. Thus, 
nitration for the surface hardening of structurally non-

equilibrium materials was not considered [1]. 

It was shown earlier that there is the possibility in 

principle to conduct the nitrogen diffusion saturation 
of structural steels at significantly lower temperatures 

by the use of plasma of the arc discharge of low pres-

sure, intensifying the process due to the radiation-

enhanced diffusion [2]. 

The present work is devoted to the investigation of 
the low temperature nitration process of high-chro- 

mium steel 20Х13 with the structural nonequilibrium 

surface layer, obtained by the ultrasonic modification. 

  Annealed steel 20Х13 was chosen as an investiga-

tion material, since its equilibrium structure is signifi-

cantly modified under the surface ultrasonic treatment. 
Chromium, entering into the steel composition is the 

nitrogen-forming element and increases the solubility 

of nitrogen in ferrite, which gives an opportunity to ob-

tain the nitrated layer at low temperatures of nitration. 
 

2. Material and methods of experiment 

Samples from steel 20Х13 were prepared for the ful-

fillment of the present work. Samples were grinned at 

the end surface, then the half of them were processed 

ultrasonic finishing treatment [3].  
Ultrasonic treatment was carried out by the ultra-

sonic finishing treatment device with power 200 W; 

indentation load 75 N; indenter vibration frequency  

24 kHz, and indenter amplitude 10 μm.  

Then all samples were exposed by nitration in low-

temperature to plasma of the subnormal discharge, in 

plasma of the arc discharge of low pressure and high-

intensive implantation with nitrogen ions [1, 2]. In all 

used methods nitration varied time and temperature 
nitration. Nitration temperature made up 200 and 

500 °С and nitration took from 40 min to 8 h. 
For analysis, we used мetallographic researches,  

X-ray SA and the researches of microhardness. 

3. Experiment and results 

The structure of the steel surface layer in the initial 

state and after the ultrasonic treatment was investi-

gated with the help of X-ray SA. 

Results of X-ray SA confirmed that steel contains 
α-phase matrix and carbide particles Cr23 C6. 

Under ultrasonic finishing treatment of steel 

20Х13 changes of phase composition in the surface 

layer do not take place. However the α-phase lattice 

parameter increases from а = 0.2871 to 0.2874 nm and 

the intensity of Cr23C6 carbide reflection decreases, 
which confirms the partial dissolution of Cr23C6 car-

bide and transition of carbide and chromium atoms to 

the α-phase matrix and to the defects of the matrix 
structure [4]. Along with the abovementioned changes 

in the matrix structure, the decrease in the size of co-

herent scattering regions is observed after the ultra-

sonic treatment of the surface layer, which signifies 
the substructure refinement. The analysis of internal 

elastic stresses showed that compression stresses exist 

on the steel surface. Ultrasonic treatment stipulates the 

increase of internal stresses in the surface layer. Such 

structural transformations take place under the ultra-

sonic treatment of other structural carbon and alloyed 
steels, which is described in the papers of other re-

searchers [5, 6]. 

The modification of the structure results in the 

hardening of the surface layer. After the ultrasonic 

treatment the microhardness of steel increases from 
2520 to 3570 MPa.  

As it is known the state of the work-hardened layer 

is thermodynamically unstable at all temperature re-

gimes. Free energy of the surface layer increases due 

to the distortion energy, created by dislocations and 
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point defects, introduced during the deformation. Thus 

at nitration the transition of the deformed metal to a 
more stable state with less free energy takes place 

along with the diffusion processes of nitride propaga-

tion in the steel surface layers. This process is not 

strictly bounded by the certain temperature. The proc-

ess of polygonization is possible in the investigated 

temperature interval from 200 to 500 °С. 
To estimate the contribution of structural trans-

formation data to the process of low temperature nitra-
tion we conducted the annealing of all samples that 

underwent ultrasonic treatment at temperatures: 

200 °С during 2 and 8 h and at 500 °С during 40 min 
and 2 h. 

The change in structure of the deformed material 

under heating and its approximation to the structure of 

the undeformed metal is accompanied by the recovery 
of properties to the initial values before plastic defor-

mation. However obtaining of the initial material 

structure and properties is optional. 

Figure 1 demonstrates plots of microhardness val-

ues on the surface of samples with different tempera-

ture and time of annealing. 
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Fig. 1. Dependence of microhardness on the 20Х13 steel 

surface from annealing time: 1 – at 200 °С; 2 – at 500 °С. 

The dashed line shows the microhardness of steel 20Х13 

  with the equilibrium structure 

After the annealing of face-hardened samples at 

500 °С during 2 h the decrease of microhardness from 
3570 to 2520 MPa takes place. After sample annealing 

at 200 °С during 8 h the microhardness decreases to 
2760 MPa. 

Comparing microhardness values on the surface of 

samples after annealing at 500 °С and 200 °С it is evi-

dent that under annealing at 500 °С the microhardness 

values become equal to the values of surface micro-
hardness in the equilibrium. Under a long-term heat-

ing at 200 °С, microhardness on the surface stabilizes 
not reaching equilibrium values. The process of poly-

gonization is assumed to take place in 20Х13 steel in 

both annealing regimes. However, the heating tem-

perature (200 or 500 °С) can change the ways of dislo-
cation redistribution and thus the character of the po-

lygonal structure. At lower temperatures (200 °С), 
dislocations predominantly slip and the stable bounda-

ries of a small curvature are formed. With temperature 

increase (500 °С), the diffusion climb plays a greater 
role and polygons with boundaries of greater curvature 
and mobility appear. Besides, the processes of recrys-

tallization might appear at 500 °С, which results in the 
decrease of the microhardness value [7]. 

On the basis of the conducted experiment, it is 

shown that the modified layer formed under the ultra-

sonic treatment is structurally unstable. The heating in 

conditions, corresponding to the nitration process at 

500 °С during 2 h removes the hardening that ap-
peared under the ultrasonic treatment. Heating to 

200 °С leads to the removal of the strain hardening 

with further stabilization of the modified structure and 
properties. 

Nitration was carried out at the annealing tempera-

ture and time: at 200 °С in the time interval from 2 to 

8 h and at 500 °С during 40 min and 2 h. The X-ray 
SA showed that after the nitration in the whole tem-

perature and time interval the nitration layer is formed 

on the surface. It has the following content: the main 

phase is α-phase and CrN is formed with a volume 
factor from 10 to 23% depending on nitration tem-

perature and time. Reflections of the carbide phase are 
not observed on difractograms.  

Decarbonization of the nitrated layer formed at the 

ion bombardment is connected with the increased 

sputtering of carbon that is in the surface layers of 

steel and partial dissolution of carbon in the nitration 
phase. When the nitration layer is formed on the modi-

fied surface, the part of the nitration phase is increased 

in the surface layer.  

The analysis of micrcohardness values showed that 

at nitration the hardened layer is formed on the surface 

of samples in all presented regimes. At nitration tem-

perature 200 °С the degree of hardening is not high. 

Nitration at 500 °С results in the significant increase 

of the microhardness value on the surface. In both 

nitration temperature regimes the microhardness val-

ues, obtained on the modified surface are high. Micro-

hardness grows with the nitration time increase 

(Fig. 2). 

The works of the previous researchers show that 

the superimposition of the diffusion saturation of the 
nitrogen surface on the polygonization of the de-

formed structure intensifies the growth kinetics of the 

nitride layer and increases the phase content [8]. This 

mechanism is observed in the present investigation.  

  However according to the research the process of 

polygonization finishes much earlier than nitration at 
long time intervals. Despite this fact the growth of 

microhardness on the surface of samples, modified by 

the ultrasonic treatment is preserved and even increases. 

  Under nitration at 200 °С, it is explained by the 
stabilized modified structure in the surface layer. Un-

der nitration at 500 °С, the stabilizing of the modified 
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structure does not take place. This conclusion has 

been made from the analysis of microhardness values 
on the surface of sample, hardened by the ultrasonic 

treatment and annealed at 500 °С during 2 h (Fig. 1). 
 

0 

4000 

8000 

12000 

16000 

M
ic

ro
h

a
d

n
e
ss

, 
H

V
 

1 2 3 4

initial modification layer
 

Fig. 2. Microhardness value on the surface of 20Х13 steel 

samples, annealed in the arc discharge of low pressure: 1 – 

200 °С, 2 h; 2 – 200 °С, 8 h; 3 – 500 °С, 40 min; 4 – 500 °С, 

  2 h 

It is shown that hardening on the surface is totally 

removed. However, it is possible that the polygonized 

structure is preserved and thus the process of nitration 
is intensified. To confirm this conclusion the addi-

tional investigations are being carried out. 

4. Conclusion 

It is shown that at the nitration of steel 20Х13 in low-

temperature in plasma of the arc discharge of low 

pressure the steel is saturated with nitrogen and its 
surface is hardened. Preliminary ultrasonic modifica-

tion of the surface allows intensifying the nitration 

process along the whole investigated temperature in-

terval. The process of diffusion saturation of the steel  
 

modified surface by nitrogen takes place simultane-

ously with the polygonization of the deformed struc-
ture and probably together with the stabilization of the 

polygonized structure. 
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