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The effect of the nitrocarburizing process in pastes with heating in a chamber furnace on the structure 
and strength characteristics of 09Cr15Ni8Al corrosion-resistant steel was investigated. The technology of 
thermochemical treatment was developed, which included nitrocarburizing in pastes with heating in a 
chamber furnace at different holding times. The thickness of the diffusion layer and its microhardness 
were determined after nitrocarburizing. To determine the efficiency and select the modes of thermo-
chemical treatment, tests were carried out for the investigated steel's strength characteristics. The main 
feature of the structure of the diffusion layers of valve steels, obtained by nitrocarburizing in the nitrogen-
carbon paste, is the presence of an inhomogeneous layer with clearly distinguished zones.
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Introduction

Compressor machines are used in various sectors 
of the national economy [1] but found the most sig-
nificant application in the chemical industry [2, 3], 
where they are one of the main links in technological 
lines for the production of mineral fertilizers, com-
pressed gases of high purity and polyethylene. Failure 
in compressor machines' operation leads to a decrease 
in production and large material losses [4].

Chemical industries that use multiphase gas-solid 
systems are highly dependent on the quality of the
movement of compressed gases. This is especially im-
portant when, due to the gas flow, various gas-dis-
persed systems are created, for example, fluidized beds 
of various configurations [5, 6]. The efficiency of the 
granulation processes [7] and drying [8, 9] using a flu-
idized bed largely depends on the correct choice of the 
type of compressor and its mode of operation. As the 
results of computer modeling of hydrodynamic flow 
conditions, for example, in vortex granulators, show, 
the operating modes of this equipment are highly de-
pendent on changes in the characteristics of the gas 
flow (fluidizing agent) [10, 11]; the same can be said in 
application to the calculation of the residence time of 

dispersed particles in a granulator [12]. The optimal 
choice of the design of the compressor and the mode 
is important not only in the computer simulation of 
the hydrodynamics of the gas flow but also in the cre-
ation of proprietary software products for the calcula-
tion of granulation equipment [13, 14].

Specially designed (or modernized) reciprocating 
compressors, in which compression is carried out 
without oil lubrication, are widely used. Such com-
pressors are insensitive to solvents, which allows en-
suring the required quality of the final product, as well 
as safety when compressing many aggressive and ex-
plosive gases [15]. 

Despite the variety of brands and designs of recip-
rocating compressors, they all have almost the same 
basic units (cylinders, pistons, crankshafts, etc.) (Fig. 
1) [1]. One of the main components of compressors 
is suction and discharge valves. Many characteristics 
of the compressors depend on the quality of the 
valves, and most importantly, the cost of compressed 
air production [16].

Direct-flow valves are widely introduced in com-
pressor construction. These valves provide the lowest 
losses during the operation of the compressors be-
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cause they have a large flow area and thin elastic ele-
ments (plates), which require little effort to remove.

Fig. 1 Scheme of a reciprocating piston compressor [1]

As the experience of compressor operation shows, 
direct flow valves, in comparison with valves of other 
designs (poppet, plate, etc.), increase air supply, reduce 
power consumption, reduce noise during compressor 
operation and create conditions for longer compres-
sor operation.

The main disadvantage limiting the widespread use 
of direct flow valves is their insufficiently high reliabil-
ity because each of these valves has many elastic ele-
ments (plates) that do not have equal strength. The 
difference in individual plates' service life in one valve 
can reach 300 %, and if even one plate breaks, the 
valve becomes inoperative.

Direct-flow valve plates operate under repeated 
force loading and are susceptible to fatigue failure. The 
study of fatigue processes occurring in the material of 
the plates and the increase of their fatigue strength is 
a very urgent task, the solution of which will signifi-
cantly increase the reliability of the operation of air 
compressors.

Statement of the goal and objectives of the 
study

One of the important parts of the compressor is 
the elastic elements of the direct-flow strip valve. The 
operating conditions of the plates of direct-flow valves 
are characterized by the cyclical nature of the applica-
tion of alternating, dynamic, and contact loads at ele-
vated temperatures (up to 200 ºС) and the aggressive-
ness of the compressing gas. The presence of stress 
concentrators on the mating parts and the ingress of 
foreign bodies under the elastic elements requires the 
material under these conditions to withstand the ac-
tion of peak loads without destruction, that is, to have 
a high level of resistance to brittle fracture during fa-
tigue.

For the manufacture of elastic elements of com-
pressor machines, thin-sheet spring steels are used. At 
present, in engineering calculations of plates of direct-
flow valves, the determining factor of reliability is the 
values of strength and relative elongation, which can-
not fully characterize the properties of steel
09Cr15Ni8Al.

The test results showed that the effect of tempera-
ture, cyclic alternating sign and shock loads on high 
strength maraging steels, including those of the transi-
tional class, can lead to a change in the physical and 
mechanical properties. Moreover, depending on the 
deformation history and the subsequent cycle of treat-
ments, the structure of the material has a different 
level of resistance to fracture processes.

Improving the reliability of the elastic elements of 
compressor machines requires the development and 
application of new hardening methods that would 
show good performance and the degree of reliability 
in the most severe operating conditions.

The purpose of this work is to increase the service 
life of the elastic elements of compressor machines by 
creating a structural state of thin sheet material with a 
certain set of physical and mechanical properties that 
provide high resistance to fracture under operating 
conditions.

Prospects for the use of nitrocarburizing to 
increase the strength of steel

To increase fatigue endurance and wear resistance, 
the hardness of the steel surface should be increased, 
which can be achieved by surface hardening, chemical 
thermal treatment, or plastic deformation to create re-
sidual compressive stresses on the surface of parts.

One of the chemical and thermal treatment meth-
ods of metals and alloys is a high-speed process of ni-
trocarburizing to obtain reinforced layers with high 
microhardness [17] and wear resistance [18].

Nitrocarburizing has significant advantages over 
carburizing [19]: 

· lower temperature (840–860 °С instead of 
930–950 °С), which reduces deformation and 
warping of the part during quenching;

· slowing down the growth of austenitic grain 

due to the lower process temperature, which 

allows to carry out quenching directly from 

the temperature of nitrocarburizing; 

· higher wear resistance, fatigue strength, and 

corrosion resistance. 

In addition to high-temperature nitrocarburizing in 
recent years, low-temperature nitrocarburizing at 540–
610 °С for 1 to 8 hours has been increasingly used [20, 
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21]. Suppliers of nitrogen and carbon are urea (car-
bamide), melamine, ethanolamine and other sub-
stances in different ratios [22, 23].

Unlike cyaniding, nitrocarburizing does not require 
the use of harmful salts [24] and is much cheaper. 
Therefore, this method of surface hardening of prod-
ucts is the most common. The process is carried out 
in a mixture of gases containing carbon and ammonia 
(80–90 % CH4 and 20–10 % NH3) at a temperature of 
840–860 °C. As the temperature increases, the satura-
tion with carbon increases and with nitrogen de-
creases. At the specified temperature, the surface layer 
contains ~ 1.0 % C and 0.5 % N [25]. Despite the
lower process temperature compared to carburizing, 
the saturation rate remains almost the same – 0.15 
mm/h. The hardness of the surface after nitrocarbu-
rizing is slightly higher than after carburizing. This al-
lows reducing the required thickness of the saturated 
layer to 0.6–1.0 mm [26]. After such treatment, the ni-
trocarburized layer has the structure of fine-crystalline 
martensite and dispersed carbonitrides [27, 28].

Nitrocarburizing is characterized by a diverse com-
bination of control factors [18]. In this regard, it is dif-
ficult to provide experimentally the optimal choice of 
technological mode. Especially for the strengthening 
of details from steels to which operational character-
istics high, and sometimes mutually exclusive require-
ments are shown. [19]. 

The decision of ecological costs of diffusion hard-
ening and increase of operational properties of a sur-
face layer relates to the development and use of spe-
cially developed powder mixes (coatings, pastes). They 
are called saturating mediums (carburizer) [29]. 

The following three main requirements are im-
posed on the saturating medium: 

· medium (carburizer) must provide the neces-

sary strengthening of parts and components 

of different structural steels in each tempera-

ture range in the air without the use of addi-

tional equipment [30]; 

· the carburizer must work, both in the condi-

tions of small-scale and mass production, to 

be convenient for strengthening details of 

various forms and the sizes with the use of 

the simplest thermal equipment; 

· the saturating medium should not consist of 

scarce and expensive materials – components; 

· the carburizer must be easy to use, non-toxic 

and meet all the rules of safety at work, as well 

as be non-energy consuming.

For elastic elements of direct-flow strip valves of 
compressors, it is necessary to carry out hardening not 
completely on all surface and separate sites. For this 
purpose, the development of technology for strength-
ening nitrocarburizing in pastes, which is carried out 
in this work, is promising.

Methods of obtaining samples and equip-
ment for research

Valve plates (Fig. 2) are usually made of expensive 
stainless steel 09Cr15Ni8Al (Table 1) and subjected to 
heat treatment, providing the tape with maximum 
elasticity (quenching + tempering at a temperature of 
350–400 ºC). To ensure reliable operation of valves, 
the problem of increasing the fatigue strength of valve 
plates comes to the fore.

Fig. 2 Scheme of construction element of a direct-flow strip 
valves

The chemical composition of an investigated steel
is presented in Table 1.

Tab. 1 The chemical composition of corrosion-resistant steel of austenitic-martensitic class, % by weight [31]
C Si Mn Cr Ni Al S P Fe

up to 0.09 up to 0.8 up to 0.8 14.0–16.0 7.0–9.4 0.7–1.3 up to 0.025 up to 0.035 ~ 74.0

It is possible to optimize the fatigue characteristics 
of steel by selecting heat treatment modes. In this case, 
although the structure of the steel noticeably affects 
the absolute values of the fatigue parameters, it does 
not change the mechanism of fatigue failure. This 
mechanism appears to be the same for different struc-
tural components.

The container with the samples was heated in a 
mine laboratory electric furnace SShOL-12-M3-Ts4.

The container was placed in furnace preheated to the 
required temperature. After the temperatures were 
equalized, the saturation time was started. Cooling of 
samples after nitrocarburizing was carried out in the 
water, for which a special device, a separator, was 
used. The container with a lid, after being removed 
from the furnace, was placed in a slot on the separa-
tor's rotary device and secured with a screw. Then the 
lid was removed from the container and the container 
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was tipped inside the separator. The contents of the 
container were poured onto an inclined grate, through 
which the filler and used coating spilled down into a 
special box. The samples slid along the grate and fell 
into a tank of cold water. Thus, the minimum time 
(less than one minute) was spent on unpacking the 
container, and the samples did not have time to cool 
before entering the water.

After nitrocarburizing and cooling in water, micro-
sections were made on the samples, on which the mi-
crostructure of the diffusion layers was studied, and 
the microhardness was measured. 

Methods of research – metallographic and elec-
tron-metallographic studies of the structure of the sur-
face layer of steel, measuring the microhardness of the 
nitrocarburized layer. 

In the study, a metallographic microscope MIM-7, 
a microhardness tester PMT-3, and an eyepiece mi-
crometer were used, which made it possible to make 
measurements with an accuracy of 0.3 μm. Metallo-
graphic sections on nitrocarburized steel 
09Cr15Ni8Al to reveal the microstructure were etched 
with a solution of aqua regia (50 % HNO3 and 50 % 

HCl).

Conducting a process of nitrocarburizing
when using different compositions of 
pastes 

In order to increase the operational properties of 
the investigated steel, the following technological pro-
cess was applied – nitrocarburizing using a paste-like 
carbon-nitrogen carburizer having carbon and nitro-
gen-containing components. The paste is applied di-
rectly to the reinforcing surfaces, which maximizes the 
reaction of the generation of active nitrogen and car-
bon atoms to the surface of the steel. Where they are 
here are adsorbed and diffused in the depth of the 
product. The consumption of the components of the 
carburizer with such a mechanism is minimal, and sat-
urated ability is high. The carburizer in the form of a 
paste can be applied to any surface. The process can 
be carried out in containers, which is convenient for 
both serial and single production. The results of the 
nitrocarburizing of steel 09Cr15Ni8Al in pastes of var-
ious compositions are presented in Table 2.

Tab. 2. The saturating ability of pasty carburizers

№ car-
burizer

Name of 
components

Component con-
tent, 

% masses

The depth of the diffusion layer on steel 09Cr15Ni8Al, 
mm*

Temperature of nitrocarburiz-
ing

550 ºС

Temperature of nitrocar-
burizing
650 ºС

1
(NH2)CO

K4[Fe(CN)6]
Soot

10
50
40

�. �  !/� �. �"#!/�. � $!

2
(NH2)CO

K4[Fe(CN)6]
Soot

30
30
40

�. �%�!/�. ��"& �. �"�$/�. �'#!

3
(NH2)CO

K4[Fe(CN)6]
Soot

50
10
40

�. �%(!/�. �#!& �. �"&!/�. �''&

* Note. In the numerator – the total depth of the layer; in the denominator – the depth of the carbonitride layer

According to the results of the experiment carried 
out, the carburizers of all studied compositions en-
sured the production of diffusion layers on the sur-
face, noticeably differ in the structure from the base 
metal. In this case, the composition of the carburizer 
sufficiently affects the depth and structure of these 
layers only at a low temperature of nitrocarburizing
(550 ºС) (Fig. 3). At a higher temperature (650 ºС), the 
diffusion layers turned out to be almost identical when 
using all the carburizers studied.

Thus, for the nitrocarburizing of the plates of the 
strip direct-flow valve of the piston compressor, it can 
be recommend a paste-shaped carburizer of the fol-
lowing composition (% masses): carbamide – 20…25; 
potassium ferricyanide – 25…20; soot – 55; dextful 

glue as a liquid component for obtaining a paste-like 
consistency.

Analyzing the experimental data obtained, it can be 
concluded that the influence of both nitrocarburizing
factors is significant to the depth of the carbonitride 
zone, that is, the temperature and duration of the pro-
cess.

The temperature intensively increases the overall 
depth of the nitrocarburized layer. The pattern is ob-
served in the process of growth of thickness of car-
bonitride crust on the surface of nitrocarburized steels 
with an increase in saturation temperature. Only in 
this case, the growing intensity of the crust (carboni-
trides zones) is significantly less than the intensity of 
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the growth of the depth of the diffusion layer with in-
creasing the temperature of nitrocarburizing (Fig. 4).

Fig. 3 Microstructure of steel 09Cr15Ni8Al after nitrocar-
burizing in the nitrogen-carbon paste at 550 ° C, x200

Fig. 4 The dependence of the depth of the carbonitride zone in 
the diffusion layers of the nitrocarburized steel 09Cr15Ni8Al 
on the temperature of nitrocarburizing with the different dura-

tion of the process: ● – 1 hour; ○ – 3 hours; ■ – 5 hours

Features of the structure of nitrocarbu-
rized layers of steel 09Cr15Ni8Al

At the beginning of low temperature nitrocarburiz-
ing (at temperatures below A1), mainly nitrogen dif-
fuses into the iron. This is because the rate of diffusion 
of nitrogen in ferrite is several orders of magnitude 
higher than the rate of diffusion of carbon. As the fer-
rite is saturated with nitrogen, which occurs very 
quickly, the austenitization of the diffusion layer be-
gins and diffusion of carbon becomes possible over 
the austenite regions. The austenitic regions expand
intensively due to the contraction of the ferritic ones.

As the diffusion layer is saturated with carbon and 
nitrogen, with an excess of these elements above the 
solubility limits, carbonitride phases are formed on the 
surface.

According to the kinetics of the process, nitrocar-
burizing can be rather conditionally divided into two 
stages. The first stage is the complete austenitization 
of the surface zone of the part (until the disappearance 
of ferrite areas) and the formation of a carbonitride 
crust on the surface. The second stage is an increase 
in the layer thickness due to the diffusion of nitrogen 
and carbon through carbonitrides and austenite.

Since the rate of nitrogen diffusion in austenite is 
slightly lower than in ferrite, the depth of the diffusion 
layer, after its austenitization and the formation of a 
carbonitride crust, increases very slowly. Therefore, an 
increase in the duration of low temperature nitrocar-
burizing above a certain optimal value does not make 
sense (in contrast to the nitriding process). At low 
temperatures, the saturation rate is limited by the du-
ration of the first stage of nitrocarburizing, and this, in 
turn, by the activity of the saturating medium (see Ta-
ble 2).

With an increase in the duration of nitrocarburiz-
ing in an environment rich in active carbon, its pre-
dominant diffusion into the steel through the austenite 
layer occurs. In this case, nitrogen desorption occurs, 
that is, the transfer of a part of nitrogen atoms from 
the metal surface to the gaseous medium. It is proved 
that desorption is not a consequence of changes in the 
composition of the saturating medium but is the result 
of the kinetic interaction of nitrogen and carbon at-
oms in steel.

The main feature of the structure of the diffusion 
layers of valve steels, obtained by nitrocarburizing in 
the nitrogen-carbon paste, is the presence of several 
clearly distinguished zones in these layers. The layer
turns out to be heterogeneous. Moreover, the number
and type of these zones depend mainly on the temper-
ature of nitrocarburizing. 

When nitrocarburizing steel 09Cr15Ni8Al at a 
temperature of 550 ºС for 3 hours, a diffusion layer 
0.025 mm thick was formed on its surface. It consists 
of 2 zones: on the surface there is a thin non-etched 
strip (~ 10 μm) and under it is a deeper dark zone with 
a small amount of light inclusions. The microhardness 
of the light strip on the surface of the diffusion layer 
reaches Hµ50 = 1350–1400, and the microhardness of 
the dark zone is Hµ50 = 850–650. Deeper than the 
nitrocarburized layer, the microhardness of steel drops 
sharply and amounts to Hµ50 = 320.

A nitrocarburized layer obtained at an elevated 
temperature (650 ºС) differs significantly from a layer 
obtained at a low temperature (550 ºС). The total 
depth of the nitrocarburized layer is ~ 0.042 mm, 
which is approximate twice the thickness of the layer 
obtained at low temperatures. This diffusion layer 
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consists of three zones: a thin light border on the sur-
face, under it there is a thicker also light stripe and, 
finally, under the light zones, an even thicker dark 
layer, which gradually turns into a core structure.

The microhardness of the zones of the diffusion 
layer of steel differs markedly from each other. The 
thinnest surface zone is distinguished by the maxi-
mum hardness Hµ50 = 1350–1400, the microhard-
ness of the underlying light strip is slightly lower than 
Hµ50 = 1200. The microhardness of the dark zone of 
the diffusion layer is, as in the first case, Hµ50 = 820–
600.

The hardness of the structures of nitrocarburized 
steel under the diffusion layer is Hµ50 = 300–280, 
which is slightly lower than the hardness of the core 
obtained at low temperatures.

As for determining the microhardness of nitrocar-
burized structures, it should be noted that the results 
of measuring the microhardness have a very large scat-
ter (± 1000 MPa and even more), which apparently 
indicates the inhomogeneity of the structure of diffu-
sion layers of nitrocarburized steel 09Cr15Ni8Al.

Considering the above information about the pe-
culiarities of joint diffusion of nitrogen and carbon 
during nitrocarburizing of steel, the structural compo-
nents obtained in the diffusion layers can be identified 
as follows.

At a low temperature of nitrocarburizing steel 
09Cr15Ni8Al, a thin crust of ε-carbonitride is formed 
on its surface; with an increase in the temperature of 
nitrocarburizing, a carbonitride isomorphic with ce-
mentite is formed on the surface. A rather deep zone 
of ε-carbonitride is formed under a thin layer of this 
carbonitride. Under the crust of carbonitrides in all 
diffusion layers of nitrocarburized steel 09Cr15Ni8Al
there is a sufficiently deep zone of solid nitrogenous-
carbonaceous solution. The sufficiently high hardness 
of this zone indicates that it is based on martensite, 
which is formed during quenching of the nitrocarbu-
rized layer in water.

It should be noted here that a carbonitride crust on 
the surface of the diffusion layer can be obtained only 
by nitrocarburizing steels in mediums with a relatively 
high ability to saturate the metal surface with nitrogen.
With an increase in the temperature of nitrocarburiz-
ing, the activity of carbon increases. On the surface of 

the diffusion layer, cementite is formed, in which 
some carbon atoms in the crystal lattice are replaced 
by nitrogen. Carbonitride that is an isomorphic with 
cementite, is formed only on the surface of the layer. 
Under it is a much larger zone of homogeneous ε-car-
bonitride.

At the lower boundary of the ε-carbonitride crust 
in equilibrium with this carbonitride is in all cases aus-
tenite with a content of 0.95–1.1 % Ni and ~ 0.6 % C. 
Supercooled austenite of this composition is very sta-
ble, therefore, near the boundary with the carbonitride 
layer, neither pearlite nor bainite is formed, but aus-
tenite is transformed into martensite. However, the 
temperature of the onset of martensitic transfor-
mations at a high nitrogen content decreases signifi-
cantly. Therefore, the structure formed during cooling 
contains a large amount of residual austenite (30 ... 50
% with rapid cooling in water and up to 70 ... 90 % 
with cooling in the air).

In the structure of the nitrocarburized layer in the 
martensite-austenite zone, there are numerous dis-
persed particles, which are individual carbonitride in-
clusions.

The specific structure of diffusion layers of nitro-
carburized steel 09Cr15Ni8Al for the manufacture of 
valve plates should also predetermine the specific fa-
tigue properties of these plates.

The effect of nitrocarburizing on the fa-
tigue properties of valve plates of steel
09Cr15Ni8Al

To determine the effect of nitrocarburizing on the 
fatigue limit of valve steels, two batches of 5 samples 
each, obtained from 09Cr15Ni8Al steel strips, were in-
vestigated. They were subjected to nitrocarburizing in 
the nitrogen-carbon paste in different modes (1 sam-
ple per mode). Nitrocarburized samples were tested 
for fatigue strength. The test results are presented in 
Table 3.

The dependences of the endurance limit of 
09Cr15Ni8Al steel on the nitrocarburizing modes, ob-
tained in the study of a wide range of temperatures and 
duration of nitrocarburizing, are shown in Figure 5.

Tab. 3 Dependence of fatigue strength on nitrocarburizing modes
Nitrocarburizing mode Steel 09Cr15Ni8Al

Temperature, ºС Duration, hour Diffusion layer depth, mm Fatigue limit σ-1, MPa
Without processing – 498

550 1 0.014 697
550 3 0.022 877
600 1 0.027 869
600 3 0.043 771
650 1 0.042 468
650 3 0.068 364
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An increase in the duration of nitrocarburizing 
leads to a decrease in the fatigue limit and is due to the 
coagulation of the precipitated phase, a decrease in the 
density of dislocations, and, possibly, a partial transi-
tion of martensite to austenite. As a result, the degree 
of blocking of dislocations and resistance to the pro-
cess of plastic deformation decreases, especially for 
steel after nitrocarburizing at a temperature of 550 °C.

Fig. 5 Dependences of the endurance limit of nitrocarburized 
steel 09Cr15Ni8Al on the duration of nitrocarburizing at di-
fferent temperatures: ● – 550ºС; ○ – 600ºС; ■ – 650ºС, □ 

– without hardening treatment

For example, if we compare the results of studying 
steel after cold plastic deformation (CPD) and CPD + 

aging at 470 °C, then fracture occurs after 7×105 cy-
cles at 700 MPa [31], and after thermochemical treat-
ment at 550 °C, destruction occurs after 1.5×106 cy-
cles. That is, the durability of the material under equal 
loading conditions is twice as high. This indicates that 
material with such a state is less sensitive to overload 
due to the increased ability of the material to relax 
peak stresses. The results of the analysis of changes in 
the internal friction of this steel from the heat treat-
ment temperature show that at 550 °C its damping ca-
pacity increases sharply.

The results of all the tests carried out and the tem-
perature dependence of the relative elongation (δ at 
150 °C) with a change in the heat treatment tempera-
tures allow us to make a conclusion about the advisa-
bility of using nitrocarburizing steel 09Cr15Ni8Al in 
the temperature range 550–650 °C. This operation 
makes it possible to increase the plasticity of the ma-
terial under operating conditions of the elastic ele-
ments of compressor machines without reducing its 
fatigue properties.

Discussion of results

Nitrocarburizing of 09Cr15Ni8Al steel at temper-
atures of 550 and 600 °C increases the fatigue limit 
against the initial value by 1.4–1.8 times. While nitro-
carburizing at a higher temperature leads to an unac-
ceptable decrease in the fatigue limit of this steel (be-
low the initial value). 

Tab. 4 Modes for carrying out nitrocarburizing of steel plates
Nitrocarburizing mode Steel 09Cr15Ni8Al

Temperature, ºС Time, hour Diffusion layer depth, mm
Fatigue limit σ-1, 

MPa
Without processing – 498

550 1 0.014 697
550 3 0.022 877
600 1 0.027 869

Table 4 shows the modes for carrying out nitrocar-
burizing of steel plates and the results of the tests per-
formed.

The optimal modes for carrying out nitrocarburiz-
ing of plates made of steel 09Cr15Ni8Al steel were de-
termined: temperature 600 ºС, duration 3 hours. It was 
concluded that a thin layer of such a coating can re-
lease active elements at relatively low heating. This 
leads to the fact that the reactions of the formation of 
active nitrogen and carbon atoms proceed in the im-
mediate vicinity of the saturable surface. The latter 
greatly facilitates their adsorption and diffusion into 
the depth of the product, increasing the saturation 
rate. The temperature intensively increases the total 
depth of the nitrocarburized layer on alloy steel 
09Cr15Ni8Al (Fig. 6). 

Fig. 6 Dependence of the depth of the diffusion layer on steel 
09Cr15Ni8Al on the temperature of nitrocarburizing at the 
different duration of the process: ● – 1 hour; ○ – 3 hours; ■ 

– 5 hours
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It can be concluded that the depth of the carboni-
tride zone of alloy steel 09Cr15Ni8Al is significantly 
influenced by both nitrocarburizing factors, that is, the 
temperature and duration of the process. An increase 
in temperature leads to an almost directly proportional 
increase in the thickness of the carbon-nitride zone.

The total depth of the nitrocarburized layer, as well 
as the thickness of the carbonitride crust on the steel 
surface at the beginning of the saturation process, 
grows very intensively. However, as the saturation 
time increases, the growth rate of diffusion layers no-
ticeably decreases.

The main feature of the structure of diffusion lay-
ers after nitrocarburizing in the paste is the presence 
of several distinct zones (the layer is heterogeneous). 
The number and type of these zones are determined 
by the temperature of nitrocarburizing.

Conclusion 

So, nitrocarburizing affects the fatigue limit of 
valve steels ambiguously:

1.Nitrocarburizing of 09Cr15Ni8Al steel at tem-
peratures of 550 and 600 °C increases the fatigue limit 
against the initial value by 1.4–1.8 times, while nitro-
carburizing at a higher temperature leads to an de-
crease in the fatigue limit of this steel. 

2.A thin layer of nitrocarburized coating is capable 
of releasing active elements at relatively low heating, 
which leads to the fact that the reactions of the for-
mation of active nitrogen and carbon atoms proceed 
in the immediate vicinity of the saturable surface. And 
this greatly facilitates their adsorption and diffusion 
into the depth of the product, increasing the saturation 
rate.

3.To the depth of the carbonitride zone of alloyed 
steel 09Cr15Ni8Al, the influence of both nitrocarbu-
rizing factors, that is, the temperature and duration of 
the process are significant.

4.The total depth of the nitrocarburized layer and 
the thickness of the carbonitride zone on the surface 
of 09Cr15Ni8Al steel at the beginning of the satura-
tion process grow very rapidly, but as the saturation 
time increases, the growth rate of diffusion layers no-
ticeably decreases. 

5.The main feature of the structure of the diffusion 
layers of valve steels, obtained by nitrocarburizing in 
the nitrogen-carbon paste, is the presence of an inho-
mogeneous layer with clearly distinguished zones.
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