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Abstract 

This study investigates the structure, mechanical properties, and corrosion resistance of low-nickel nitrogen-alloyed 
austenitic stainless steels (Cr17Mn9Ni3N, 05Cr18Mn10Ni3N) as cost-effective alternatives to conventional AISI 304L and 
AISI 321 grades. The alloys were produced by vacuum induction melting with nitrogen introduced via nitrided ferrochrome. 
Microstructural analysis confirmed fully austenitic structures with finer grain sizes (ASTM No. 4.5–6.0) compared to 
conventional steels (ASTM No. 3.5–4.0). Mechanical testing revealed superior yield strength (~414 MPa) and tensile 
strength (~730–748 MPa) in nitrogen-alloyed steels, attributed to solid-solution strengthening by nitrogen. However, the 
impact toughness at cryogenic temperatures (-196°C) was reduced, and brittle facets were found on the fracture surface. 
Potentiodynamic polarization tests showed that AISI 304L steel exhibited a higher pitting potential. The pitting potentials 
of Cr17Mn9Ni3N and 05Cr18Mn10Ni3N steels were lower than that of AISI 304L but higher than that of AISI 321 steel. 
Economic analysis highlighted significant cost savings potential through nickel substitution with nitrogen. The results 
validate nitrogen-alloyed steels as viable alternatives for applications requiring high strength and corrosion resistance, 
though cryogenic applications require careful nickel content optimization. 
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Introduction1.

Stainless steels are widely used across various 
industries for their excellent corrosion resistance and 
mechanical properties. Among these, AISI 304 and its 
modifications (including AISI 321) dominate the 
market, accounting for approximately 60% of global 
stainless steel production. These austenitic grades, 
balanced with chromium and nickel, offer reliable 
performance in many environments [1-2]. However, 
the high and volatile cost of nickel has prompted the 
search for cost-effective alternatives with comparable 
properties. 

A common approach to addressing this issue is the 
use of AISI 201 steel. Inthis steel, the austenite-
forming nickel is replaced by manganese, nitrogen, 
and carbon, while the content of ferrite-forming 
chromium is reduced from 18-20% to 16-18%, which 
is also done to preserve the austenitic structure. 
Accordingly, the decrease in chromium concentration 
and the increase in manganese and carbon 
concentrations, despite the higher nitrogen content, 
generally lead to reduced corrosion resistance. 
However, an principal advantage of this steel is its 20-

30% lower production cost compared to AISI 304 
steel and improved mechanical properties due to the 
increased nitrogen concentration [3-5]. 

In general, the addition of nitrogen in 200-series 
stainless steels not only compensates for the reduced 
nickel content but also significantly enhances their 
mechanical strength and structural performance [6-10]. 
Nitrogen acts as a potent solid-solution strengthener, 
allowing these steels to achieve higher yield and tensile 
strength compared to conventional AISI 304. This 
makes them particularly suitable for high-stress 
applications, where increased load-bearing capacity 
enables the use of thinner cross-sections in components 
such as tubes, structural elements, and pressure vessels 
[11-14]. The reduction in material thickness, combined 
with nitrogen’s positive effect on fatigue resistance and 
wear durability, improves the long-term reliability of 
constructions while simultaneously reducing overall 
weight. Since nitrogen-alloyed steels are also more 
cost-effective due to lower nickel content, their 
adoption leads to substantial cost savings – both in 
material expenses and through weight-optimized 
designs. Thus, the combination of superior mechanical 
properties, reduced weight, and lower production costs 
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makes nitrogen-strengthened stainless steels an 
economically advantageous alternative to conventional 
austenitic grades [15-17]. 

Since the corrosion resistance of AISI 201 steel is 
insufficient compared to AISI 304-type steels, this 
work explores low-carbon alternatives to this steel. 
This article examines the structure, mechanical 
properties, and corrosion resistance of cost-effective 
nitrogen-alloyed austenitic steels in the Fe-Cr-Mn-Ni-
N system with different carbon content ranging from 
0.01 to 0.05 wt. %. During development, special 
attention was paid to balancing raw material costs 
against performance to maintain commercial viability 
while preserving a fully austenitic structure. The 
article compares these properties with those of 
conventional carbon-free stainless austenitic steels, 
such as AISI 304L and AISI 321. This study aims to 
validate the substitution of conventional steels with 
economically viable alternatives without 
compromising main performance characteristics. 

While AISI 201-type steels offer cost reduction 
through partial nickel substitution, they often suffer 
from reduced corrosion resistance and austenite 
stability due to higher carbon and manganese 
contents. In contrast, the low-carbon, nitrogen-alloyed 
Cr17Mn9Ni3N and 05Cr18Mn10Ni3N grades 
investigated in this work achieve a more favorable 
balance between mechanical performance and 
corrosion resistance by optimizing the C–Cr–Mn–Ni–
N system. These materials are specifically targeted at 
ambient-temperature structural applications – such as 
industrial tubing, high-pressure tubes and load-
bearing components – where high strength and cost-
effectiveness are required. 

 
Materials and methods 2.

Materials 2.1.
 
The nitrogen-alloyed steels were smelted in a 25 kg 

vacuum induction furnace (VIM) using pure raw 
materials. After melting in vacuum, the nitriding 
process was carried out by adding nitrided ferrochrome 
into the molten steel under an argon atmosphere. 
Conventional steel ingots - AISI 321 and AISI 304L 
were provided to us from our suppliers. The chemical 
composition of the resulting ingots is shown in Table 1. 

Hot forging of all ingots was performed using a 5-
ton press. The ingots were forged from a diameter of 
100 mm down to 40 mm in 3–4 passes in temperature 
range from 1200 to 850°C. The resulting workpieces 
then underwent heat treatment in a furnace at 1100 °C 
for 1 hour, followed by water cooling. 

The chemical composition of the steel was 
analyzed according to the following standards: GB/T 
11170-2008, GB/T 11261-2006, GB/T 20123-2006, 
GB/T 20124-2006, GB/T 223.82-2018, GB/T 23942-
2009. The equipment used for the analysis: Carbon 
Sulfur Analyzer HX-104-22, an inductively coupled 
plasma emission spectrometer HX-103-38, a 
hydrogen analyzer HX-204-61, an oxygen and 
nitrogen analyzer HX-204-62, and a direct reading 
spectrometer HX-103-40. 

 
Structural research 2.2.

 
Calculations of the phase composition of steels 

were performed using the ThermoCalc software, 
database version TCFE11. 

Metallographic examination was conducted 
according to the standards GB/T 6394-2017 
“Determination of estimating the average grain size of 
metal”, GB/T 10561-2005 “Steel-Determination of 
content of nonmetallic inclusions – Micrographic 
method using standards diagrams”, GB/T 13298-2015 
“Inspection methods of microstructure for metals”, 
GB/T 13305-2008 “Micrographic method for 
determining area content of the α-phases in stainless 
steels”. Grain size measurements were performed 
using the linear intercept method in accordance with 
GB/T 6394-2017. In line with the standard practice 
for austenitic steels, twin boundaries were excluded 
from the intercept count. The equipment used for the 
analysis  was an optical microscope JX-102-30. 
Sampling in all cases was in the transverse direction. 
The etching process for the surface of the metal grinds 
was done with hydrochloric acid with hydrogen 
peroxide.  

Thermofisher scanning electron microscope 
(SEM) Quattro S with an EDAX Elect Super EDX 
detector was used for the SEM and EDX analysis. The 
EDX analysis was carried out using the standard 
GB/T 18907-2013 “Microbeam analysis. Analytical 
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N Grade C Mn Si Ni Cr N Cu Ti Al O Fe

1 Cr17Mn9Ni3N 0.01 8.93 0.43 3.54 16.88 0.29 0 0.004 0.0055 0.0039

bal
2 05Cr18Mn10Ni3N 0.05 10.33 0.38 3.28 17.6 0.31 0 0.006 0.0062 0.0055

3 AISI 321 0.03 1.22 0.45 9.12 17.47 0.01 0.1 0.251 0.0324 0.0017

4 AISI 304L 0.02 0.63 0.36 8.28 18.16 0.09 0.3 0.002 0.0029 0.0025

Table 1. Chemical composition of researched steels (wt. %)



electron microscopy. Selected-area electron 
diffraction analysis using a transmission electron 
microscope”. Cross-section bulk samples were 
polished and etched to show the microstructures. 

 
Mechanical properties 2.3.

 
Room temperature tensile test was conducted in 

accordance with the standard GB/T 228.1-2021 
“Metallic materials - Tensile testing- Part 1: Method 
of test at room temperature”, equipment type: tensile 
testing machine LX-102-49, sampling orientation - 
longitudinal, sample type - round bar, gage length - 25 
mm. Toughness was determined according to ASTM 
A370-2023 “Standard Test Methods and Definitions 
for Mechanical Testing of Steel Products” at room 
temperature, -50 and -196°C. Sampling direction - 
longitudinal, sample type – standard sample (width – 
10 mm), Charpy Impact Test Specimens. 

 
Corrosion tests  2.4.

 
The corrosion performance of the steel samples 

was characterized through a suite of standardized test 
methods. For each steel grade, three specimens were 
tested to ensure reproducibility of the corrosion 
results. Pitting corrosion resistance was evaluated per 
ASTM G48-11, Method A, wherein ground 
specimens (25×50×4 mm, 80-grit finish) were 
immersed in 10% FeCl₃·6H₂O solution at 25°C for 10 
hours. The extent of corrosion was quantified by mass 
loss measurement. 

Intergranular corrosion was determined in 
accordance with ASTM A262-15, Practice B. Samples 
(20×25×4.5 mm) were prepared with an 80-grit 
surface finish and exposed to a 50% H₂SO₄ - FeSO₄ 
solution at 25°C for 10 hours, with degradation 
assessed via mass loss. 

General corrosion resistance was tested following 
the JB/T 7901-1999 standard. Ground plates 
(25×50×4.75 mm, 80-grit) were subjected to a boiling 
5% H₂SO₄ solution for 10 hours, and the corrosion 
rate was evaluated by mass loss. 

Electrochemical characterization was carried out 
to determine the pitting potential (E_pit), as specified 
in GB/T 17899. These measurements were performed 
in a 3.5% NaCl solution at 25°C at a scan rate of 0.5 
mV/s, using a saturated calomel electrode (SCE) as 
the reference. 

 
Results 3.

 
The results of the study on austenitic nitrogen-

alloyed steels were divided into three main sections: 
structural analysis, mechanical properties, and 

corrosion resistance. For comparison, the 
commercially prevalent stainless steels AISI 321 and 
AISI 304L were also investigated. 

 
Structural research 3.1.

 
The study of the structure of steels began with the 

analysis of equilibrium phase diagrams using the 
Thermocalc software. The results of these 
calculations are shown in Figure 1. 

According to the diagrams all investigated steels 
solidify with the formation of a significant ferrite 
fraction. In the nitrogen-alloyed steels, the ferrite 
fraction during solidification reaches: ~41% for steel 
Cr17Mn9Ni3N, ~50% for steel 05Cr18Mn10Ni3N. 
For AISI 321 steel, this fraction amounts to 
approximately 63%, while for AISI 304L steel it 
reaches 67%. This ratio indirectly indicates better 
stability of the austenite in nitrogen-alloyed steels. 

However, the probability of sigma-phase 
formation in nitrogen-alloyed steels is higher than in 
conventional stainless steels. According to 
thermodynamic calculations, the sigma-phase 
formation temperature for nitrogen-alloyed steels 
ranges between 750-770°C, while for AISI 321 and 
AISI 304L steels it is approximately 730°C. At 500 
°C, the sigma-phase fraction reaches up to 30 vol.% in 
nitrogen-alloyed steels, compared to only 10-13 vol.% 
in conventional steels. 

Furthermore, due to the presence of nitrogen in 
nitrogen-alloyed steels, the equilibrium phase 
diagrams for these steels show a substantial fraction 
of nitride phases in various forms. Depending on the 
nitrogen concentration, nitride precipitation begins at 
temperatures about 940°C and reaches a volume 
fraction of up to 5% at 500°C. Although the presence 
of 0.08 wt.% nitrogen in AISI 304L steel leads to the 
formation of a nitride phase on the phase diagram but 
in relatively small amounts 

The equilibrium phase diagrams show that 
nitrogen-alloyed steels (Figure 1a,1b) under 
equilibrium conditions would crystallize with gas 
phase due to the formation of a substantial ferrite 
fraction during solidification. In practice, the steels 
did not exhibit porosity; however, the maximum 
permissible nitrogen concentration in solid metal 
relative to liquid metal was indeed reduced. In the 
liquid state, nitrogen concentrations up to 0.48% were 
achieved for these steels without visible boiling in the 
furnace. Nevertheless, during solidification with 
ferrite formation, nitrogen solubility in the metal 
drops sharply, leading to pore formation. Our 
experimental studies established that pore-free 
solidification of such steels occurs only at nitrogen 
concentrations below 0.35-0.3%, depending on the 
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content of austenite-stabilizing elements (nickel, 
manganese, and carbon), which reduce the ferrite 
fraction during liquid metal crystallization. 

Before the microstructure analysis, an 
examination of non-metallic inclusions was 
performed for all steels in the as-forged and final 
solid-solution heat-treated condition. The analysis 
results are presented in Table 2. 

The analysis shows minimal levels of globular 

oxide-type point inclusions in AISI 304L steel (1 point 
according to the GB/T 10561-2005 standard) and 
slightly higher values in the other steels (1.5, and 2 
points per GB/T 10561-2005). EDS analysis 
confirmed that the non-metallic inclusions in all steels 
consisted predominantly of aluminum oxides with the 
exception of AISI 321 steel, where a significant 
amount of titanium nitrides and carbides was also 
detected. The formation of these inclusions was 
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Figure 1. The equilibrium phase diagrams calculated by ThermoCalc for steels from Table 1: a – steel Cr17Mn9Ni3N, b 
– steel 05Cr18Mn10Ni3N, c - AISI 321, d - AISI 304L

N Grade Magnification
A B C D

Thin Heavy Thin Heavy Thin Heavy Thin Heavy

1 Cr17Mn9Ni3N 

X100

0 0 0 0 0 0 2 0

2 05Cr18Mn10Ni3N 0 0 0 0 0 0 1.5 0

3 AISI321 0 0 0 0 0 0 2 0

4 AISI304L 0 0 0 0 0 0 1 0

Table 2. Result of research for non-metallic inclusions by standard GB/T 10561-2005 A for steels from Table 1.



attributed to the deoxidation of liquid steel with 
aluminum and titan stabilization (for steel AISI 321). 
Overall, the observed inclusion content is typical for 
steels produced via vacuum induction melting (VIM). 

Figure 2 presents typical SEM images of the 
investigated steels’ microstructure. The structure of all 
steels consisted of austenite, but despite identical 
forging regimes, the grain size (see Table 3) differed. 
For the nitrogen-alloyed steels (Figure 2 a,b), it 
ranged from 4.5 to 6.0 according to the GB/T 13305-
2024 standard, while for the conventional AISI 321 
and AISI 304L steels (Figure 2 d,e,f), it was 3.5 and 
4.0, respectively. This microstructure is typical for 
austenitic steels after hot forging and subsequent 
solution annealing. The ferrite content was 
determined by the optical method according to 
Standard GB/T 13305-2024, and the data are 
presented in Table 3. In all cases, no ferrite was 
detected by optical microscopy. 

Steel AISI 321 is stabilized with titanium. 
Examination revealed numerous dispersed Ti(C, N)-
type particles ranging in size from 1 to 10 μm (see 
Figure 2d), which is a normal characteristic of this 
steel [1, 2]. 

Except for differences in grain size and the 
presence of Ti(C,N)-type particles in AISI 321 steel, 
the microstructures of the steels differ only slightly. 
According to Thermo-Calc simulations, the nitrogen-
alloyed steels in this work are better balanced in terms 
of the ratio of austenite- and ferrite-forming elements. 
The probability of high-temperature δ-ferrite 
formation in nitrogen-alloyed steels is lower than in 
conventional steels. 

Mechanical properties 3.2.
 
The results of tensile tests, Brinell hardness 

measurements, and Charpy impact toughness tests at 
room and low temperatures for the investigated steels 
are presented in Table 4. Engineering tensile stress–
strain curves are shown in Figure 3. 

As evident from the Figure 3, nitrogen-alloyed 
steels exhibit significantly higher yield strength 
values (nearly twice as high as conventional steels) 
due to their elevated nitrogen content. Interestingly, in 
this case, the yield strength of AISI 304L steel is more 
than 50 MPa higher than that of AISI 321 steel, 
apparently also because of its increased nitrogen 
content and smaller grain size.  

AISI 304L steel demonstrates the highest ductility 
among the studied materials at 75%, while AISI 321 
shows lower ductility at 67%. For the nitrogen-
alloyed steels, elongation ranges between 58-68% and 
generally correlates with the grain size (see Table 3). 
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Figure 2. SEM images of microstructure of researched steels: a – steel Cr17Mn9Ni3N X100, b – steel 05Cr18Mn10Ni3N 
X100, c - AISI 321 X100, d – AISI 321 X2500, e - AISI 304L X100 μm

N Grade
Grain size by 

standard ASTM 
E112-24

Ferrite content 
by standard 

GB/T 13305-
2024, %

1 Cr17Mn9Ni3N 6

0
2 05Cr18Mn10Ni3N 4.5

3 AISI321 3.5

4 AISI304L 4

Table 3. Grain size and ferrite content of researched steels



Figure 3 also indicates that nitrogen-alloyed steels 
achieve better strength–ductility combination. 

The hardness of nitrogen-alloyed steels is 
significantly greater than that of conventional steels. 
As evident from Tables 1 and 4 in our study, hardness 
increases with higher concentrations of interstitial 
elements - carbon and nitrogen. After heat treatment 
at 1100 °C for 1 hour followed by water quenching, in 
accordance with the diagrams in Figure 1, both 
nitrogen and carbon distort the austenite crystal 
lattice, increasing its parameter and thereby 
enhancing the overall strength and hardness of 
austenite [18, 19]. The 05Cr18Mn10Ni3N steel with 
the highest %C+%N content demonstrates the 
maximum hardness and AISI 321 steel with the lowest 
%C+%N content – minimum. Additionally, the grain 
size of the investigated steels contributes to their 
hardness characteristics. 

After tensile testing, the gauge sections of the AISI 
304L and AISI 321 steel specimens became magnetic 
due to the formation of deformation-induced 
martensite, which is a well-known and thoroughly 
studied phenomenon for these steels [20]. In contrast, 
the gauge sections of the nitrogen-alloyed steels 
remained non-magnetic in all cases. The high 
austenite stability during deformation in these steels is 
attributed to their elevated nitrogen and manganese 
contents [21, 22]. This stability is determined by the 

Md30 temperature, the calculated values of which for 
the studied steels are presented in Table 5 according to 
formulas from [23].  

The Md30 temperature corresponds to the 
temperature at which 50% α′-martensite forms after 
30% tensile deformation. The values in Table 5 
indicate that the Md30 temperatures for nitrogen-
alloyed steels are lower than -73°C and for AISI 321 
and AISI 304L steels are 57°C and 28°C, respectively. 
Consequently, deforming these steels at room 
temperature results in the formation of strain-induced 
martensite. 

Figure 4 presents the impact toughness – 
temperature relationship for the investigated steels. 
The results reveal significant difference, particularly 
at -196°C. Nickel alloying is known to improve 
impact toughness, including at cryogenic 
temperatures, while nitrogen lowers the ductile-to-
brittle transition temperature (DBTT) [18, 24, 25]. 
Grain size also substantially affects impact toughness 
[26]. 

Conventional steels contain higher nickel 
concentrations and lower nitrogen levels, with higher 
grain size numbers compared to nitrogen-alloyed 
steels. Consequently, those steels demonstrate much 
better impact toughness characteristics with a gradual, 
nearly imperceptible ductile-brittle transition. The 
performance difference between AISI 321 and AISI 
304L steels results from the elevated titanium 
(~0.25%) content in AISI 321 and the presence of 
hard titanium carbides/nitrides in its microstructure. 

Figure 4 also shows  that due to the reduced nickel 
content and elevated nitrogen concentration, the 
ductile-to-brittle transition in nitrogen-alloyed steels 
initiates above -196°C. Consequently, at this 
temperature, the specimens undergo brittle fracture, 
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N Grade
Yield 

strength, 
MPa

Tensile 
strength, 

MPa
Elong., %

KCV, J Hardness, 
HBW 

2.5/187.5Room temp. -50°C -196°C
1 Cr17Mn9Ni3N 412 748 58 249 234 28 186
2 05Cr18Mn10Ni3N 415 732 68 278 258 38 202
3 AISI321 206 553 67 330 332 183 119
4 AISI304L 258 592 75 360 336 193 142

Table 4. Mechanical properties of researched steels

Figure 3. Engineering tensile stress–strain curves of 
researched steels

Sample number Grade Md30

1 Cr17Mn9Ni3N -73
2 05Cr18Mn10Ni3N -114
3 AISI321 57
4 AISI304L 28

Table 5. Md30 temperature calculated for researched steels



resulting in minimal impact toughness values. The 
difference between Cr17Mn9Ni3N and 
05Cr18Mn10Ni3N steels is primarily determined by 
grain size. Similar effects for austenite stainless steels 
alloyed with nitrogen were reported in [19]. 

 
Fracture analyzes 3.3.

 
All investigated steels exhibited ductile, dimpled 

fracture after impact testing at room temperature and 
at -50°C. However, significant differences were 
observed at -196°C (see Figure 5). In the conventional 
AISI 304L and AISI 321 steels, the fracture 
morphology also remained ductile. The difference 
between these steels lies only in the substantial 
number of Ti(C,N)-type particles at the crack 
propagation paths, which evidently reduce the total 
energy required for crack propagation (see Figure 5 

d,e). Brittle facets were observed on the fracture 
surfaces of the nitrogen-alloyed steel samples (arrows 
in Figure 5 a,b). The size of such facets correlates with 
the grain size. These facets are formed by a slipping-
off mechanism along active slip planes, not by 
cleavage associated with twinning [27]. 

 
Corrosion resistance 3.4.

 
The electrochemical measurements depicted in 

Figure 6 and summarized in Table 6 reveal notable 
differences among the steels. 

AISI 304L steel exhibited a higher pitting 
potential than Cr17Mn9Ni3N and 05Cr18Mn10Ni3N 
steels, while AISI 321 steel demonstrated the lowest 
potential (this behavior for AISI 321 has been 
described in [28]). The difference in the corrosion 
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Figure 4. Impact toughness of researched steels in room 
and low temperatures

Figure 5. Analysis of the fracture surfaces of Charpy impact test specimens tested at -196°C: a – steel Cr17Mn9Ni3N 
X250, b – steel 05Cr18Mn10Ni3N X250, c - AISI 321 X250, d – AISI 321 X2500, e - AISI 304L X250. Figures a 

and b, the arrows indicate brittle facets, figure d shows Ti(C,N) particles

Figure 6. Polarization curves obtained in 3.5 wt.% NaCl 
solution for investigated steels



behavior of Cr17Mn9Ni3N and 05Cr18Mn10Ni3N 
steels is evidently due to the influence of the increased 
carbon concentration and larger grain size in 
05Cr18Mn10Ni3N steel. Overall, AISI 304L steel in 
comparison with the nitrogen-alloyed steels in this 
test demonstrates good corrosion resistance 
performance.  

 
Discussion 4.

 
All investigated steels exhibited a fully austenitic 

microstructure after hot forging and solution 
annealing treatment. However, from the perspective 
of minimizing the risk of high-temperature δ-ferrite 
formation, the balance between austenite-stabilizing 
and ferrite-stabilizing elements is more optimally 
tuned in high-nitrogen steels. Thermo-Calc 
simulations confirmed that conventional steels exhibit 
a higher propensity for δ-ferrite formation, 
particularly during the initial solidification stage of 
ingot casting. 

Regarding mechanical properties experimental 
results demonstrate that nitrogen-alloyed steels 
exhibit both advantages and disadvantages 
compared to conventional AISI 321 and AISI 304L 
steels. Nitrogen-alloyed steels possess superior 
strength and generally better strength-to-ductility 
ratios, but their impact toughness at cryogenic 
temperatures reveals significant limitations. The 
superior strength parameters of nitrogen-alloyed 
steels directly correlate with increased hardness. 
This hardness enhancement significantly improves 
wear resistance, as demonstrated in numerous 
studies [6, 18, 29, 30]. The use of these nitrogen-
alloyed steels at ambient temperatures could 
provide economic advantages - their enhanced 
strength properties enable cross-section reduction in 
components and structures, ultimately can leading 
to material savings.  

Potentiodynamic polarization tests showed that 
AISI 304L steel, exhibited a higher pitting potential 
than the other steels. The pitting potentials of the 
nitrogen-alloyed steels Cr17Mn9Ni3N and 
05Cr18Mn10Ni3N were lower than that of AISI 304L 
but higher than that of AISI 321 steel. Among the 
nitrogen-alloyed steels, 05Cr18Mn10Ni3N steel, with 
its elevated carbon content, demonstrated the lowest 

pitting potential values. 
Several methods exist to enhance the corrosion 

resistance of austenitic stainless steels through 
different combinations of alloying elements, with 
chromium, molybdenum, and nitrogen being the 
primary ones. The study [6] provides examples of 
these combinations under “The Cost of Corrosion 
Resistance.” To date, considering current prices of 
alloying materials for improving steel corrosion 
resistance, nitrided chromium still remains the most 
cost-effective option. Table 7 presents the calculated 
production costs of the steels for vacuum induction 
melting (VIM) in conditions using pure raw 
materials (prices data as of mid-2025). In actual 
industrial practice, prices for these steels are 
typically 2-2.5 times lower than these calculations, 
as the production of stainless steels rarely uses pure 
raw materials. However, the proportional 
relationships between the cost components remain 
largely consistent. 

The production cost of 05Cr18Mn10Ni3N steel 
was the lowest due to its minimal nickel content and 
the partial ability to use medium-carbon ferroalloys. 
The cost of AISI 321 steel was slightly higher than 
that of AISI 304L, also due to its elevated nickel 
content and the addition of titanium. Overall, for the 
investigated steels, the calculations confirm that the 
use of nitrogen as a substitute for nickel remains 
highly economically advantageous. 

 
Conclusions 5.

 
In the present work, the structure, mechanical 

properties, and corrosion resistance of low-nickel 
nitrogen-alloyed austenitic stainless steels 
(Cr17Mn9Ni3N and 05Cr18Mn10Ni3N) were 
investigated to assess their viability as cost-effective 
alternatives to conventional AISI 304L and AISI 321 
grades. Based on the experimental results, the 
following conclusions were reached: 

1. According to thermodynamic calculations, 
nitrogen-alloyed low-nickel steels exhibit a more 
stable austenitic structure compared to conventional 
steels, with a lower probability of high-temperature 
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Grade Epit, V

Cr17Mn9Ni3N 0.11

05Cr18Mn10Ni3N 0.07

AISI 321 0.05

AISI304L 0.14

Table 6. The results of electrochemical experiments

N Grade Cost, USD

1 Cr17Mn9Ni3N 2855

2 05Cr18Mn10Ni3N 2769

3 AISI321 3912

4 AISI304L 3836

Table 7. Estimated production cost of the investigated steels 
based on pure raw material prices (prices data as 
of mid-2025)



ferrite formation. However, the likelihood of sigma-
phase formation in nitrogen-alloyed steels is higher. 

2. The investigated steels achieve a good 
combination of strength and ductility at room 
temperature, retaining impact toughness comparable 
to that of conventional austenitic steels. This 
enhancement is attributed to solid-solution 
strengthening provided by interstitial nitrogen. A key 
limitation is their markedly reduced impact 
toughness at cryogenic temperatures (-196°C), a 
consequence of the elevated ductile-to-brittle 
transition temperature induced by high nitrogen 
content and insufficient nickel levels to maintain 
austenite toughness. 

3. AISI 304L steel, exhibited a higher pitting 
potential than other steels. The pitting potentials of the 
nitrogen-alloyed steels Cr17Mn9Ni3N and 
05Cr18Mn10Ni3N were lower than that of AISI 304L 
but higher than that of AISI 321 steel. 

4. A comprehensive cost-benefit analysis confirms 
that substituting nickel with nitrogen offers 
substantial economic advantages. Nitrogen-alloyed 
steels represent a cost-effective alternative for 
applications at ambient temperatures, particularly for 
components requiring high strength and corrosion 
resistance. 
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STRUKTURA, MEHANIČKA SVOJSTVA I OTPORNOST NA KOROZIJU 
AUSTENITNOG NERĐAJUĆEG ČELIKA SA NISKIM SADRŽAJEM NIKLA 

LEGIRANOG AZOTOM 
 

Sarkis Muradian *, Yan Sun, Qian Zhong, Mingzhou Liu, Chen Su, Wenqiang Sun 
 

Istraživačko-razvojni centar kompanije Zhejiang JIULI Hi-tech metals Co., Ltd., Hudžou, Kina
Apstrakt 
 
Ova studija ispituje strukturu, mehanička svojstva i otpornost na koroziju niskoniklovanih austenitnih nerđajućih čelika 
legiranih azotom (Cr17Mn9Ni3N, 05Cr18Mn10Ni3N) kao ekonomičnih alternativa konvencionalnim vrstama AISI 304L i 
AISI 321. Legure su proizvedene vakuumskim indukcionim topljenjem, pri čemu je azot uveden putem nitriranog ferohroma. 
Mikrostrukturna analiza potvrdila je potpunu austenitnu strukturu sa sitnijim veličinama zrna (ASTM br. 4,5–6,0) u 
poređenju sa konvencionalnim čelicima (ASTM br. 3,5–4,0). Mehanička ispitivanja pokazala su više vrednosti granice 
razvlačenja (~414 MPa) i zatezne čvrstoće (~730–748 MPa) kod azotom legiranih čelika, što se pripisuje ojačavanju 
čvrstog rastvora usled prisustva azota. Međutim, udarna žilavost na kriogenim temperaturama (−196 °C) bila je smanjena, 
a na površinama preloma uočene su krte fasete. Potenciodinamička polarizaciona ispitivanja pokazala su da čelik AISI 
304L poseduje viši potencijal tačkaste korozije. Potencijali tačkaste korozije čelika Cr17Mn9Ni3N i 05Cr18Mn10Ni3N bili 
su niži od onih kod čelika AISI 304L, ali viši od onih kod čelika AISI 321. Ekonomska analiza ukazala je na značajan 
potencijal smanjenja troškova supstitucijom nikla azotom. Dobijeni rezultati potvrđuju da azotom legirani čelici 
predstavljaju održivu alternativu za primene koje zahtevaju visoku čvrstoću i otpornost na koroziju, mada primene u 
kriogenim uslovima zahtevaju pažljivu optimizaciju sadržaja nikla. 
 
Ključne reči: Niskoniklovani nerđajući čelik legiran azotom; Stabilnost austenita; Mehanička svojstva; Korozija; Žilavost 
pri niskim temperaturama; Ekonomičnost
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