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Abstract 

The friction and wear behaviors of a Fe-19Cr-15Mn-0.66N high nitrogen austenitic stainless steel (HNSS) were 
investigated. Tribological investigations were carried out under different applied loads of 5 N, 10 N, 15 N, and 20 N. 
Scanning electron microscope (SEM) and laser scanning confocal microscope (LSCM) were used to understand the wear 
mechanisms under different loads and the reasons for the improved wear resistance. The lower friction coefficient and 
improved wear resistance were observed with the increase in applied loads. Under a higher load, the friction enhanced the 
work hardening ability of HNSS, which in turn improved its surface hardness and thus the increased wear resistance of 
HNSS. 

Keywords: High nitrogen austenite stainless steel; Wear; Work hardening; Friction coefficient 

Corresponding author: yxqiao@just.edu.cn *;  jchen496@uwo.ca #; zbzheng712003@163.com *#;

Journal  of  Mining and Metal lurgy,  
Sect ion B: Metal lurgy 

https://doi.org/10.2298/JMMB201026025Q

Introduction1.

High nitrogen nickel-free stainless steels (HNSSs) 
have gained immense attention for various industrial 
applications owing to their high strength, good 
plasticity, excellent cavitation erosion resistance, and 
superior corrosion resistance [1-5]. For instance, 
HNSS can be used as bearing steel because it can 
overcome harsh service condition of high 
temperature, heavy load and high velocity due to 
improved wear resistance [6]. Better biocompatibility 
and wear resistance make the HNSS have the great 
potential as a biomedical material [7]. These desirable 
properties are mainly attributed to the addition of 
nitrogen (N) element. N has a strong ability to 
improve the strength of austenitic steels via solution 
strengthening, grain boundary hardening and strain 
hardening [8-11], and it can also enhance their pitting 
corrosion and wear resistance [12-15]. Some 
researchers have found that N, working with other 
alloying elements (i.e., Cr, Mo, V) together, can also 
improve the mechanical properties of steels [16, 17]. 

As a stabilizing element, N plays a vital role in 
stabilizing austenite phase. It has been reported that 
the ability of N element to stabilize austenite phase in 
the stainless steel is higher than that of Ni, and the 
stainless steels with solid solution N usually have high 
strength and good plasticity [18-21]. Therefore, all of 
these outstanding performances make the HNSS a 
promising engineering material. 

Since friction is one of the main issues leading to 
material failure in service [22, 23], it is important to 
investigate the friction and wear behaviors of the 
HNSSs. Lin et al. researched the fretting wear 
performance of high-nitrogen stainless bearing steel 
(40Cr15Mo2VN) under lubrication conditions and 
found that the volume loss grew sharply because the 
wear mechanisms changed from abrasive wear to 
adhesion wear and finally to abrasive wear 
corresponding to the contact stress from 1.788 to 
2.579 GPa [6]. Zhao et al. investigated the effect of 
cold deformation on friction property of nickel-free 
high nitrogen stainless steels in distilled water and 
Hank’s solution, and results indicated that HNSS 
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possessed excellent work-hardening capacity, and the 
dry wear rate decreased initially but subsequently 
increased due to increasing cold deformation [24, 25]. 
Vats et al. studied the tribo-corrosion behaviors of 
nickel-free high nitrogen austenitic stainless steel in 
simulated body fluids, and found that Ecorr and icorr 
values increased with the increase in load from 5 N to 
10 N in Ringer’s and artificial saliva solutions [26]. 
Mills et al. investigated the tribological behavior of a 
high-nitrogen Cr-Mn austenitic stainless steel and 
found that high nitrogen Cr-Mn steel performs better 
than AISI 304 in dry abrasion condition, high nitrogen 
Cr-Mn steel performed better than Hadfield 
manganese steel and AISI 304 stainless steel when 
tested in a corrosive environment [27]. In conclusion, 
the research on friction and wear behavior of HNSS is 
mainly focused on the deformation produced during 
production, lubrication and friction environment (e.g. 
human body, ocean). However, the effect of load on 
its tribological behavior at room temperature has 
hardly been investigated, while friction and wear will 
eventually occur in the practical use and will be 
significant [28-30].  

In this work, the effect of applied load on the 
friction and wear properties of the HNSS was 
investigated and the wear mechanisms at different 
applied loads were revealed. The friction behaviors of 
a new-developed Fe-19Cr-15Mn-0.66N stainless steel 
were investigated using scanning electron 
microscopy, electron backscatter diffraction, and X-
ray diffraction under different loads of 5 N, 10 N, 15 
N and 20 N and the damage mechanisms were also 
discussed. This work provides a fundamental insight 
on the development of stainless steels with a higher 
wear resistance. 

 
Experimental details 2.

 
The HNSS used in present study is Fe-19Cr-

15Mn-0.66N stainless steel which has been recently 
developed by Northeastern University, and its 
chemical composition (wt. %) is listed in Table 1. The 
raw materials were smelted in a JNL-172KL high 
vacuum furnace and casted into ingots, and then 
processed by forging, hot rolling, and cold rolling. 
After that, the processed material was cut into 
coupons with the dimension of 30 mm × 30 mm × 5 
mm. Each sample was gradually ground using SiC 
paper up to 2000 grit, then polished using a diamond 
paste with diameter of 2.5 μm, cleaned in ethanol, and 
finally dried using cool air. 

To characterize the elastic properties of the HNSS, 

nanoindentation curves were acquired using a CSM 
NHT2 nanoindenter (Anton Paar) with a Berkovich 
tip at a maximum load of 20 mN and a 
loading/unloading rate of 40 mN·min-1. The elastic 
behavior of material can be analyzed by its depth 
recovery ratio (ηh) obtained from the load-
displacement curve [31], and the material with a 
better elastic property usually has a higher ηh value. 
The ηh value can be calculated as follows: 

                                                   
  (1) 

 
where hmax is the maximum penetration depth 

(nm), and hr is the residual depth after unloading (nm) 
[32]. The nanoindentation experiments were repeated 
at least five times. The average value of five 
experiments was used as the test result, and the 
plus/minus ranges were calculated by calculating the 
standard deviation of five experimental data. 

The friction test was conducted using an UMT-2 
friction tester without lubrication, the schematic 
diagram of which is shown in Fig. 1. During the test, 
the pretreated samples were used as the working disk 
and the ceramic ball (Si3N4) as the friction couple. 
Under the action of the vertical load, the load was 
applied to the working disk, while the transverse load 
enabled the friction couple to reciprocate in a straight 
line through the motor. In the process of friction, the 
corresponding friction coefficient was calculated by 
transmitting data to the computer through the sensor 
on the loading rod. The tests were performed under 
dry conditions at the load of 5 N, 10 N, 15 N and 20 
N and at a sliding speed of 0.025 m/s for 30 min 
corresponding to a sliding distance of 45 m. 

The microstructure of the HNSS sample was 
characterized by scanning electron microscopy (SEM, 
JEOL, JSM-6480) and electron backscatter diffraction 
(EBSD, Oxford Instruments, NordlysNano Detector). 
The SEM was used the secondary electron (SE) 
imaging modes at an accelerating voltage of 20 kV 
and probe current of 50 pA. The step size of EBSD 
was 0.3 μm and the obtained EBSD data were 
processed and analyzed using the software HKL 
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C Si Mn P S Cr N Fe
0.044 0.24 15.80 0.017 0.005 18.40 0.66 Bal.

Table 1. Chemical composition of the HNSS used in present 
work (wt. %)

Figure 1. Schematic diagram of the friction tester used for 
friction test
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Channel 5. X-ray diffraction (XRD, Rigaku 
Corporation, Tokyo, Japan) with Cu Kα radiation was 
used at 10 kV and 35 mA to determine the phase 
present in the HNSS. The scan step size was 0.02 ° 
and the duration of each step was 2 s. After the friction 
test, the morphologies of wear scars and cross-section 
were observed using a laser scanning confocal 
microscope (LEXT, OLS400 LSCM) and SEM. 
Subsequently, the wear rates (Ws, mm3×N−1×m−1) can 
be calculated using Eq. 2: 

                                                      
  (2) 

 
where C is the length of the wear scar (mm), A is 

the average area of wear loss (mm2), F is the loading 
(N), and L is the distance of the wear (m) [33]. To 
investigate the effect of load on the hardness of the 
HNSS sample, the Vickers micro-hardness 
measurement was performed using an HXS-1000TAC 
tester with a load of 200 g and a load time of 20 s. 

 
Results 3.

Material characterization 3.1.
 
Fig. 2 shows the EBSD images of the HNSS before 

friction test. It can be seen that the HNSS was mainly 
composed of austenite grain and some annealing twins 
were distributing inside of some austenite grains. The 
grain size ranged from 11 μm to 55 μm, making the 
average grain size to be 37 μm. Generally, it is easy for 
austenitic stainless steel to form strain-induced 
martensite after cold deformation [34]. To determine 
the phase present in the HNSS, XRD was performed 
and the result is shown in Fig. 3, showing the presence 
of a single-phase austenite in the HNSS and the 

absence of strain-induced martensite. The presence of 
the annealing twins observed in Fig. 2 is mainly 
attributed to the addition of high N content, since N 
can significantly reduce the stacking fault energy 
(SFE) of the HNSS [35] which made the annealing 
twins to form easily during the annealing process. 
Although some grains recrystallized after rolling, 
some of them were still present as subgrains with small 
sizes, which should be produced by grain refinement 
during the rolling process. The twins and the grain 
refinement can increase the hardness and strength of 
the HNSS based relevant investigation [36]. 

 
Nanoindentation test 3.2.

 
The load–displacement curve of the HNSS acquired 

in the nanoindentation test is showed in Fig. 4. The 
maximum penetration depth (hmax) at a load of 20 mN 
and the residual depth after unloading (hr) were 377.1 
nm and 291.4 nm, respectively. According to Eq. 1, the 
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Figure 2. EBSD images of the HNSS matrix: a Inverse pole figure (IPF)-RD (rolling direction) map; b IPF-TD 
(transverse direction) map; c IPF-ND (normal direction) map; d phase map and e band contrast map

Figure 3. XRD pattern of the HNSS specimen



depth recovery ratio, ηh, of the HNSS is calculated to be 
0.23. Besides this, the nanoindentation hardness can be 
determined according to the Oliver-Pharr method [37] 
and the calculated parameters are presented in Table 2. 

 
Wear performance 3.3.

 
Fig. 5 shows the plots of friction coefficient of the 

HNSS as a function of time under different loads. 
When the load was 5 N, the friction coefficient 
increased gradually upon the test periods of 600 s, and 
then fluctuated with the increasing time. The increase 
in the friction coefficient represented the transition 
from material intact to material fracture [38], whilst 
the variations of the friction coefficient were probably 
caused by the contact instability when the indenter 
plowed against the samples [39]. This phenomenon is 
in good agreement with the results of the published 
work [40, 41]. The maximum value of the friction 
coefficient could reach to 0.7. When the load increased 
to 10 N, the changes in the friction coefficient 
followed the same trend, but the variation amplitude 
became smaller compared with that under the load of 
5 N. Under this circumstance, the maximum value of 
the friction coefficient was about 0.6. When the 
applied load was ≥15 N, the changes of the friction 
coefficients were similar. The friction coefficient 
increased rapidly at the initial stage (< 100 s), and then 
slightly fluctuated as the time increased, which yielded 
the maximum friction coefficient values of 0.56 and 
0.54 under the load of 15 N and 20 N, respectively. 

It is obvious that the friction coefficient decreased 
with the increase of applied load, suggesting that the 
variation of the friction coefficient may have been 
related to the wear mechanism caused by the change 
in the applied load [42]. Also, it can be noted that the 

friction coefficient of the HNSS remained relatively 
stable under a higher load (i.e., 15 N and 20 N). The 
wear mechanisms of the HNSS would be interpreted 
based on the morphology observation in the wear 
scars, and would be explained in detail below. 

The average friction coefficients of the tested 
samples under different applied loads are shown in 
Fig. 6. It is clear that the average friction coefficient 
steadily decreased with the increasing applied load, 
suggesting that the wear resistance of the HNSS 
sample increased as the applied load increased. 

According to Eq. 2, the changes in the wear rate of 
the HNSS samples with the increase of applied load 
are shown in Fig. 7. It is clear that the wear rate 
decreased from 1.7 × 107 mm3×N−1×m−1 to 3.4 × 106 
mm3×N−1×m−1 as the load increased from 5 N to 20 N. 

 
Wear morphologies of HNSS 3.4.

 
The results of friction coefficient and wear rate 

obtained are shown in Figs. 5-7, it showed that the 
wear resistance of the HNSS gradually enhanced with 
the increase of applied load. After the friction test, the 
wear surfaces and the cross-section of the HNSS 
samples under different loads were observed using 
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Figure 4. Load-displacement plot of the HNSS

hmax (nm) hr (nm) ηh Hd (MPa)

369.61 ± 6.44 327.27 ± 7.79 0.12 ± 0.01 6504.32 ± 
254.91

Table 2. Indentation parameters derived from the load-
displacement curve in Fig. 3

Figure 6. Average friction coefficient of the HNSS sample 
under different applied loads

Figure 5. Plots of friction coefficient of HNSS against time 
under different applied loads



LSCM. Fig. 8 clearly shows that the width of the wear 
scars increased progressively from 554 μm to 899 μm 
under a higher load, and the edges of the wear scars 
appear to be more uneven as the load increases. The 
friction between the friction couple and the HNSS 
caused the maximum radial stress on both sides of the 
wear track [43], leading to the initiation of cracks in 
the wear surface. Under higher loads (i.e., 15 N and 
20 N), the higher frictional forces made these cracks 
grow at each side of the wear tracks in Fig. 8 c and d, 
leading to cohesive spallation [44]. Cross-sectional 
2D topography of HNSS samples under different 
loads are shown in Fig. 9. As the load increases from 
5 N to 20 N, the depth increases from 7 μm to 14 μm. 
It also shows obvious increase of the width of the 
wear scar, and the accumulation of the edge of the 
wear scar due to extrusion becomes more obvious as 
the load increases, which is consistent with the results 
of Fig. 8. When the applied loads are 15 N and 20 N, 

the widths and depths of the wear scars are similar and 
the profiles are only slightly different, and the sides of 
the profiles of 15 N and 20 N show much smoother 
compared with the profiles of wear scars of 5 N and 
10 N, this exactly corresponds to the results of friction 
coefficient. 

Fig. 10 presents the SEM morphologies of the 
HNSS under different applied loads. It can be seen 
that there were many defects observed such as 
grooves, wear debris, tearing, and delamination (as 
the arrows marked in Fig. 10). Based on the formation 
of these defects above, there were two wear 
mechanisms involved: abrasive wear and adhesive 
wear mechanism. When the loads were applied to the 
sample, the friction couple extruded the sample 
surface, leading to the plastic deformation of internal 
grains and eventually the nucleation and growth of 
cracks by cumulative plastic shear. Plentiful defects 
(i.e., grooves and wear debris) would form in the 
process of grain plastic deformation. The formation 
and propagation of the crack would lead to the 
detachment of materials. This micro-fracture process 
of materials is the typical process of abrasive wear 
[45]. During friction test, the local bonding between 
the HNSS sample and the friction couple occurred 
resulting in the formation of momentary micro-
welding and tearing and eventually the material loss. 
This type of wear is known as adhesive wear. Thus, 
the wear resistance of a material is dependent on the 
resistance to deformation and fracture [24]. 

When the applied load was 5 N, there were many 
large scratches with grooves, tearing and delamination 
in the sliding direction, as shown in Fig. 10 a. The 
formation of the grooves in the sliding direction was 
due to the hard asperities of the counter-face [46], 
while tearing and delamination could be produced by 
the adhesion of the wear particles during their removal 
from the sample surface or/and their back transferring 
from the surface of friction couple [46]. A number of 
wear debris with various sizes were also observed, 
which were detached by plastic deformation [47]. As 
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Figure 7. Wear rate of the HNSS sample under different 
applied loads

Figure 8. LSCM images of the wear scars under different 
applied loads: a 5 N, b 10 N, c 15 N, d 20 N

Figure 9. Two-dimensional (2D) profiles s of cross section 
of the wear scars



the load increased to 10 N, the number of wear debris 
distributed in the grooves slightly decreased, as shown 
in Fig. 10 b. Under a higher applied load (i.e., 15 N or 
20 N), this tendency of the decrease in wear debris 
number became more obvious, as shown in Figs. 10 c 
and d. The smooth appearance of the worn surface 
correlated well with the low friction coefficient, which 
was consistent with the previous work [42]. 

 
Micro-hardness measurements 3.5.

 
Fig. 11 shows the cross-sectional micro-hardness 

profiles of the HNSS under different applied loads. It can 
be seen that the micro-hardness decreased from the sub-
surface layer underneath the worn surface (>450 HV200) 
to the un-deformed base metal (~ 400 HV200), suggesting 
that all samples experienced work hardening. According 
to the empirical electron theory of solids and molecules 
[48], the interstitial C, N and alloy element atoms can 
form many strong N(C)–Me covalent bond nets in the 
HNSS, which markedly hinder the dislocation 
movement and lattice reconfiguration process, thus 
improving the strength and work-hardening ability of the 
HNSS. High Mn and N content of the HNSS can reduce 
the SFE and facilitate the formation of the annealing 
twins. During the friction test, plastic deformation was 
accompanied by the increase of dislocation density, and 
the formation of twins during plastic deformation 
resulted in an increase in the resistance of dislocation 
slip, thus increasing the hardness [22, 49, 50]. The 
increase in the microhardness of the sub-surface layer 
underneath the worn surface indicates that the work-
hardening rate increased with the increase of applied 
load. It is consistent with the previous work that the 
hardness of the HNSS increased after cold deformation 
as a consequence of the work-hardening effect [24, 32]. 
The work hardening behavior of the samples was more 
pronounced under a higher applied load, which could be 

one of the reasons for higher wear resistance of HNSS as 
the load increased [51, 52].  

 
Discussion 4.

 
According to Hsu et al. [53], plastic deformation 

and its accumulation on the contacting asperities 
control the wear process when the temperature is 
ambient, and the tribological properties of the 
materials are closely related to their hardness. 

At initial stages of the application of low load (i.e., 5 
N and 10 N), the HNSS sample firstly had to experience 
elastic deformation (Fig. 4). The friction couple extruded 
the surface of HNSS, and the surface could be easily 
damaged, producing debris due to the low hardness [48], 
as demonstrated in Fig. 10 a and Fig. 12 a. Since it was 
difficult to embed these debris into the HNSS matrix in 
the process of reciprocating friction, these debris in turn 
would work together with the friction couple (Fig. 1) to 
wear the HNSS sample, leading to the formation of 
many grooves, as shown in Fig. 10 b. This is typical of 
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Figure 10. SEM of the worn surface under different applied loads: a 5 N, b 10 N, c 15 N, d 20 N

Figure 11. Cross-sectional hardness profiles of the HNSS 
under different applied loads



abrasive wear, Fig. 12 b. As the tribology process 
progressed, more and more debris/grooves were 
produced, making this ploughing process more severe 
but more unstable. Thus, the friction coefficient was high 
and fluctuated with the increasing time (Fig. 5). 
However, the further development of the ploughing 
process would lead to the increase of the friction strain of 
wear scars. As friction strain reached a critical value, the 
contacting asperities on worn surfaces started to yield to 
plastic deformation and finally fracture, leading to the 
formation of the stripping zone [54]. The stripping zones 
were transferred between the surface of wear scars and 
friction couples leading to adhesive wear. As a result, the 
wear mechanisms of the HNSS were abrasive wear and 
adhesive wear (Figs. 10 a and b) when the applied load 
is low (5 N or 10 N). 

Under a higher applied load (i.e., 15 N and 20 N), it 
would be much easier for the HNSS sample to exceed 
the elastic deformation and experience plastic 
deformation. At initial stage of wear, the friction couple 
was pressed into the sample surface under the normal 
load, the contact area was abnormally small and the 
macroscopic contact stress was very large. When the 
friction couple moved relatively, it ploughed the wear 
surface with large friction resistance, resulting in high 
friction coefficient. With the progress of wear, the 
contact area between friction couple and the wear 
surface gradually increased, and the macroscopic contact 
stress decreased, thus the friction coefficient stabilized 
after the initial sharp increase [55] (Fig. 5). The changes 
in the fiction coefficient (Figs. 5 and 6) indicate that the 
wear mechanism of the HNSS sample changed with the 
applied load. Under these circumstances, both the 
grooves and debris particles decreased (Figs. 10 c and d), 
but the area of plastic deformation increased due to 
higher hardness (Fig. 8). As the plastic deformation 
continued to develop, the micro-bulge on the surface of 
the HNSS sample was produced when the sample was in 
contact with the friction couple, and the friction force 
would push the shedding particles adhered to the surface 
of the sample, showing signs of delamination. Under 

these circumstances, the wear mechanism of the HNSS 
sample was characteristic of adhesive wear mechanism 
[52]. 

During the fiction and wear processes, work 
hardening can increase the hardness, strength, and 
deformation resistance of a material [56]. According 
to the changes in the friction behaviors of the HNSS 
samples and in the wear surface morphologies (Figs. 
5-10), it is clearly stated that the hardness of the 
HNSS caused by work hardening during the friction 
test played a predominant role in the wear process 
[57]. After tribology test, both the micro-hardness of 
the HNSS sample underneath the wear scars and its 
work hardening rate increased with the increase in the 
applied load (Fig. 11), which was similar to the results 
obtained by Dib et al [58]. They found that the friction 
coefficient of AISI 304 stainless steel decreased with 
the load rise, which was attributed to the increased 
hardness, but the difference is that during the load 
increase, the hardness was increased mainly due to 
martensitic transformation, while the decrease of 
HHNSS’s friction coefficient was mainly due to the 
increase of hardness caused by work hardening. The 
increased micro-hardness raised the threshold for 
micro-cutting and decreased the fraction of material 
remove during the cutting regime [59]. Both the wear 
damage and the rate of the HNSS sample decreased 
with the increasing applied load, as displayed in Fig. 
7 and Fig. 8. Fig. 7 shows a decreased wear rate of the 
HNSS as the load was increased from 5 N to 20 N, 
which could be attributed to the better work hardening 
performance of the HNSS during sliding under the 
higher normal loads enhancing the hardness and the 
strength of the substrate [54, 60]. The reason for the 
high work-hardening capacity of the HNSS was due 
to the effect of N and Mn (more than 15% in weight, 
Table 1) on the microstructures resulting in the 
reduction of the SFE [61, 62], which can not only 
promote the formation of twins [9, 63] (Fig. 2), but 
also make the dislocation configuration to change 
from wavy to planer dislocation. Also, the change of 
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Figure 12. Schematic diagram of the wear mechanism a, b abrasive wear; and c, d adhesive wear



dislocation configuration reduced the chance of 
dislocations to cross-slip [64], thus improving the 
validity of planer dislocation. The fixed Lomer-
Cottrell dislocations were formed at the intersection 
of planer dislocations, and further plastic flow was 
hindered as the higher loads were applied, which 
became the obstacle of subsequent dislocations, thus 
significantly increasing the work hardening tendency 
and wear resistance of the HNSS [10,48].  

 
Conclusions 5.

 
In this work, the friction and wear behaviors of Fe-

19Cr-15Mn-0.66N high nitrogen austenitic stainless 
steel at different loads were investigated with Si3N4 
ball as friction couple. The influences of load on wear 
morphologies were analyzed. The main conclusions 
of this work can be summarized as follows: 

With the applied load increased from 5 N to 20 N, 
the friction coefficient of the Fe-19Cr-15Mn-0.66N 
austenitic stainless steel decreased from 0.51 to 0.43, 
indicating the increase in wear resistance. 

The wear resistance of the HNSS was higher 
under a higher applied load due to the increased 
micro-hardness of the deformed HNSS caused by the 
formed work hardening layer and the increased work 
hardening rate.  

When the applied load increased from 10 N to 15 
N, the wear mechanism of the HNSS changed from 
mixed abrasive wear and adhesive wear to adhesive 
wear due to the increased hardness caused by work 
hardening, which was verified by the decrease of 
grooves and debris on the wear surfaces. 
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SADRŽAJEM AZOTA Fe-19Cr-15Mn-0.66N PRI TRENJU I HABANJU  
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Apstrakt 
 
Istraživano je ponašanje  austenitnog nerđajućeg čelika (HNSS) sa visokim sadržajem azota Fe-19Cr-15Mn-0.66N pri 
trenju i habanju. Tribološka ispitivanja su izvršena pod različitim opterećenjima od 5 N, 10 N, 15 N i 20 N. Da bi se 
razumeo mehanizam habanja pod različitim opterećenjima kao i razlozi za veću otpornost na habanje korišćeni su 
elektronski skenirajući mikroskop (SEM) i konfokalni lasersko-skenirajući mikroskop (LSMC). Uočeni su niži koeficijent 
trenja i veća otpornost na habanje sa povećanjem opterećenja. Pod većim opterećenjem, trenje je povećalo sposobnost 
očvršćavanja HNSS što je poboljšalo njegovu površinsku tvrdoću, i na taj način otpornost na habanje HNSS je porasla. 
 
Ključne reči: Austenitni nerđajući čelik sa visokim sadržajem azota; Habanje; Očvršćavanje; Koeficijent trenja
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