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In the article, due to the conducted research, there have been established the dependences
of the quality parameters of the steel part surfaces while nitrocarburizing thereof by the ESA
method on the energy parameters of the equipment (discharge energy, Wp) and the technological
parameters of the process (labor intensity, 1). The experimental studies have shown that with an
increase in the discharge energy there increases the thickness of the strengthened layer, and its
microhardness, as well as the surface roughness and its continuity. With an increase in the labor
intensity, the thickness of the strengthened layer, its microhardness, and the surface continuity
also increase, and the surface roughness almost does not change.

Keywords: electrospark alloying, special technological saturating media, nitrocarburizing,
surface layer, quality parameters.

Broius napameTrpiB e1eKTPOiCKPOBOro JieryBaHHS HA SIKiCTh IIOBEPXHI cTasi mix gac
"irpouemenrauii. H. B. Tapenvrux, /1. b. I'nywrosa, O. II. l'anonosa, €. B. KononnisHuerko,
B.O.Crpunniros

B crarTi B pesysbraTi mpoBeIeHUX IOCIIIKEHb BCTAHOBJIEHO, IO 3aJIEKHOCTI IIapaMeTpiB
SIKOCT1 IIOBEPXOHb CTAJILHUX JeTaJieil mpu HiTporementarii meromoMm EIJI Bim enepreruynmx
napamerpiB obsiagHauHA (eHepril po3psiy, Wp) 1 TEeXHOJIOTIYHUX IlapaMeTpiB IIpoIecy
(Tpymomicrkocti, 1). ExcriepuMeHTaIbHUMY JOCIIIKEHHAMN BCTAHOBJIEHO, IO 31 301IbIIEHHAM
eHeprii po3pany 30LILIIYIOTHCS: TOBIIMHA 3MIIIHEHOIO IIapy, H0ro MIKPOTBEPIiCTh, MIOPCTKICTD 1
CYILIbHICTE moBepxHi. IIpu 36LIbIIIeH] TPYAOMICTKOCTI 3pOCTae TOBIIMHA 3MIITHEHOI'0 IIIapy, Horo
MIKpPOTBEPIICTh 1 CYLILJIBHICTE IIOBEPXHI, a IIOPCTKICTD MaiiKe He 3MIHIOEThC.
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1. Introduction

Today, due to the increase in the standard
parameters of dynamic equipment of the ma-
chines operating in agricultural, automotive,
petrochemical, aerospace and other industries,
and often under the negative influence of the
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environment (temperature, radiation, chemi-
cals, abrasives, etc.), there is much tension
around the issue of increasing the reliability
and durability of the parts, especially critical
ones that guarantee trouble-free operation of
the equipment.
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Considering that destruction of machine
parts usually begins with the surfaces, it is
very important to improve the existing meth-
ods and develop new ones in order to increase
the surface quality parameters. A great major-
ity of scientists, both in Ukraine and in other
countries, have been engaged in solving the
problems concerning the formation of the part
surface layers having the special properties
that can withstand the processes of destruction
of the parts, which begin with the appearance
of the damages in the surface layers that are
incompatible with further operation thereof.
Conducting research in the direction of creat-
ing modern composite materials is relevant and
timely. The crucial task is the creation of new
composite materials and the implementation
thereof to form, the surfaces which are made of
those and characterized by the increased wear
resistance parameters and the availability of
a hard and viscous base having a sufficiently
high values of the fatigue strength [1-4].

2. Objective and problem statement

Modern scientific and technical preparation
for performing a production process, in its arse-
nal, has a large number of technologies for im-
proving the quality of the part surfaces, both by
strengthening their surface layers (chemical-
thermal treatment (CTT) [5-7], high-frequen-
cy current hardening [8-10], laser treatment
[11-13] and others), and by applying special
protective coatings (condensed ion bombard-
ment [14-16], various methods of spraying [17-
19], galvanizing [20-22], electric spark alloying
[23-25], etc.).

The most common technologies for improv-
ing the surface layer quality of the parts include
surfacing the coatings made of composite mate-
rials [26, 27], performing vapor depositions [28
- 30], laser surfacing [31], processing with the
use of laser melt injection [32], applying chemi-
cal depositions [33].

Among the above technologies, a large per-
centage is occupied by the CTT methods, the
most common of which are carburization, nitro-
carburization, nitridizing, etc. [5-7]. Although
the CTT method is widely used, it also has
significant disadvantages. Those are a long pe-
riod of processing time, distortion of the shape
of the part because of slotting and warping,
needing in complex, bulky and energy-inten-
sive equipment, etc.

The modern ESA technologies, with the ad-
vent of special technological saturating media
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(STSM) in their arsenal, have an ability to cre-
ate the unique structures with characteristic
physical, mechanical and tribological proper-
ties at the nanoscale in the surface layers of the
parts [34, 35].

While moving the anode (tool electrode (TE)
to the cathode (areas being alloyed), high shock
wave pressures and temperatures arise on their
local surfaces [36, 37]. In this case, the anode is
instantly being heated. A drop or a solid part
is being separated from the instantly heated
anode surface and moving to the cathode. The
temperature of the short-term (50—400 micro-
seconds) local microvolumes of the surfaces can
reach (5-7) 103 9K. As soon as the elements of
the anode, cathode and the environment begin
interacting, the diffusion processes start in-
creasing, the new phases are being formed and
the structure of the surface is changing.

The greatest advantages of the ESA process
are: the environmental safety, the possibility
of local processing, strong adhesion of the ap-
plied coating to the base, the absence of defor-
mations, etc. [38, 39], the creation of transition
layers to improve adhesion when applying coat-
ings by other methods, for example, spraying
[40]. In addition, the ESA method is proposed
to be used in repair technologies for parts oper-
ating both under normal conditions [41] and for
the restoration of parts of equipment operating
under radiation exposure conditions [42].

The disadvantage of the ESA method is con-
sidered an increase in surface roughness [43],
but it is eliminated by subsequent treatment
of the coating by performing the surface plastic
bombardment, for example, with the use of the
AFUF method (abrasive-free ultrasonic finish-
ing) [44, 45].

With the appearance of new technologies
for improving the quality parameters of the
machine part surfaces by the ESA method us-
ing the special technological saturating media
(STSM), it became possible to create the surface
structures with unique physical and mechani-
cal, and tribological properties, alternative to
those formed by the CTT methods: aluminizing
[46], carburizing [47], etc.

As a result of the literary and patent analy-
sis of the works devoted to nitridizing, nitro-
carburizing and carburizing, which had been
performed by the ESA method, both by com-
pact TE and with the use of STSM, it has been
established that the authors studied the influ-
ence of the discharge energy (Wp) on the qual-
ity parameters of the formed surface layers. In

Functional materials, 32, 2, 2025
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this case, the processing productivity value (Q)
and the value that is reciprocal of productivity,
i.e. the labor intensity of the process (1), were
taken according to the technological recom-
mendations for the ESA units.

Thus, the aim of the work is to increase the
durability of steel parts for dynamic equipment
by improving the nitrocarburizing technology
due to studying the influence of the processing
time, i.e. the labor intensity of the RSA pro-
cess, (1) on the quality parameters of the formed
surfaces.

3. Material and methods

According to the previous paper [48], the
authors conducted studies of the aluminum
influence on the quality parameters of surface
layers of carbon and low-alloy steels such as 20,
40, 45, 50, 40X steels, etc. with the purpose of
their further use as a basis for further nitridiz-
ing and nitrocarburizing by the ESA method.
Considering that in the course of processing
with the use of the ESA method by the alumi-
num TE at Wp = 3.40 J, the specified treatment
mode was used in further studies.

Aluminum was applied by the TE made
of aluminum wire @ 3.0 mm of the AT mark,
according to ISO 209-2:2002. The STSM was
produced in the form of a pasty mixture pre-
pared by mixing urea (45%), yellow blood salt
(45%), and Vaseline (10%).

To assess the impact of the labor intensity
on the quality of the formed coating, the au-
thors increased it approximately two, three and
four times, (Table 1).

The process of nitrocarburizing by the ESA
method was carried out in the following se-
quence:

On the surface of samples made of steel 20
and creel 40, measuring 15x15x8mm, an alu-
minum coating was applied using the ESA unit
of the “Elitron-52A” model at Wp = 3.40 J.

On the aluminum-alloyed surface, the STSM
was applied. Without waiting for the STSM to
dry, the alloying process was carried out by the
TE in the form of a graphite rod of the EG-4
mark measuring 3X3x25 mm at Wp = 0.13;
0.52, and 3.40 J and at labor intensity, accord-
ing to Table 1.

To conduct the metallographic studies of the
prepared samples, an optical microscope of the
“MIM-7" type was used to assess the quality
of the layer, its continuity, the thickness and
structure values of the sublayer zones, name-
ly, the diffusion zone, and the heat-affected
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one. The microhardness measurements were
performed on the microhardness tester of the
PMT-3 type by providing the indentation of a
diamond pyramid under a load of 0.05 N, ac-

Table 1. Dependence of labor intensity of ESA
process on discharge energy.

Discharge energy (Wp),d | 0.13 | 0.52 3.4

Variant1l | ~3.3 | ~1.7 | ~1.0
Labor
intensity (t), | Variant2 | ~5.0 | ~3.3 | ~2.0
min/cm?
Variant3 |~10.0| ~5.0 | ~3.3

cording to GOST 9450-76. The roughness of the
coating was assessed using the profilograph-
profilometer of 201 model of the «Kalibr» plant
production.

4. Results and discussion

Fig. 1 shows the microstructures of the coat-
ings of the steel 20 samples after aluminiz-
ing (the ESA process by the aluminum TE) at
Wp = 3.40 J and nitrocarburizing by the ESA
method at labor intensity, according to the 1st,
2nd and 3rd variants, respectively, Table 1, at
Wp =0.13; 0.52 and 3.40 J. The quality param-
eters of their surface layers are represented in
Table 2.

The analysis of Fig. 1 and Table 2 has shown
that the coating structure, regardless of the
treatment variant (Table 1), consists of three
zones. Those are the “white” layer, the diffu-
sion zone and the base material. In all the vari-
ants, with increasing Wp, the thickness of the
“white” layer, the diffusion (transition) zone,
their microhardness, roughness and continuity
increase. The same parameters, except for the
surface roughness, which does not change, also
increase with increasing treatment time, i.e.
the labor intensity of the ESA process.

Fig. 2 shows the microstructures of the coat-
ings of steel 40 samples after aluminizing (the
ESA process by aluminum TE) at Wp = 3.40
J and nitrocarburizing by the ESA process at
the labor intensity, according to variant 1, vari-
ant 2, and variant 3, respectively, Table 1, at
Wp = 0.13; 0.52 and 3.40 J. Table 2 here rep-
resents the quality parameters of their surface
layers.

4. Results and discussion

The analysis of Fig. 2 and Table 2 has shown
that the structure of the coating of steel 40,
as well as of steel 20, regardless of the treat-
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Variant 1

2 E8100 m
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Fig. 1. Microstructure evolution of nitrocarburized coatings on steel 20 samples obtained by the electro-
spark alloying (ESA) method at various discharge energies (Wp): a,d, g— (Wp =0.13 J); b, e; h— (Wp =
0.52 dJ); and ¢, f; 1 — (Wp = 3.40 J). Treatment durations (t) for each mode (Variants) are listed in Table 1.

ment variant (Table 1), consists of three zones
- the “white” layer, the diffusion zone, and the
base material. In addition, in all the variants,
with an increase in Wp, the thickness of the
“white” layer, the diffusion (transition) zone,
their microhardness, roughness and continu-
ity increase. The same parameters, except for
the surface roughness, which does not change,
also increase with an increase in the treatment
time, i.e. the labor intensity of the ESA. The
difference is that when nitrocarburizing steel
40, the thickness of the strengthened layer and
its microhardness increase slightly.
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Figs 3-5 show the dependences of the thick-
ness of the strengthened layer (a) and the mi-
crohardness of the “white” layer on Wp and t
during nitrocarburizing by the ESA method of
steel 20 for, respectively, variant 1, variant 2,
and variant 3 of the process.

It should be noted that for steel 40, the na-
ture of the dependences of the thickness of the
strengthened layer and the microhardness of
the “white” layer on the discharge energy and
processing time (labor intensity of the ESA)
during nitrocarburizing for all the processing
variants (Table 1) does not differ from the de-
pendences indicated in Figs. 3 to 5, for steel 20.

Functional materials, 32, 2, 2025
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Table 2. Quality parameters of surface layers of steel 20 and steel 40 samples after nitrocarburizing by
the ESA method using the STSM.

5 z _ g g RIS
3 %N °c S P
g g = % 2 Distribution of microhardness (Hp) in the surface layer as it deep- ﬂd” i %
g~ 82| ¢ i ens at a measurement step of 30 pm. @ |= —
5 |EE|g< 2 |E %
5 |2 |EF % |5 £
= 2 & s
— +
” 30 | 60 | 90 | 120 | 150 | 180 | 210 | 240 | ©
Steel 20
Variant 1
0.13 3.3 11%% 7310 5800 4850 4550 2700 1700 1.0 95
0.52 1.7 1159% 10030 | 6800 5210 4750 3750 2300 1700 1.5 100
3.40 1.0 22200 10250 | 8250 5750 5130 4170 3460 2500 1700 6.5 100
Variant 2
0.13 5.0 1178% 7360 5870 | 4920 4850 2920 1750 1.0 100
0.52 3.3 1281% 10090 | 6890 | 5310 4780 3770 2350 1700 1.6 100
340 | 20 | 33 | 10200 | 8280 | 5850 | 5190 | 4220 | 3450 | 2420 | 1850 | 6.4 | 100
Variant 3
0.13 10.0 117805 7360 5090 4810 4530 2710 1700 1.1 100
0.52 5.0 128105 10100 | 6280 5050 4580 3750 2320 1700 1.5 100
3.40 3.3 22%% 10300 | 6370 5090 4910 4170 3440 2240 1700 6.3 100
Steel 40
Variant 1
0.13 3.3 117805 7510 5850 4820 4500 2790 1700 1.0 95
0.52 1.7 128105 10520 | 6830 5120 4570 3740 2310 1700 1.5 100
3.40 1.0 223800 10550 | 8260 5130 4970 4160 3430 2450 1700 6.5 100
Variant 2
013 | 50 | Y0 | 7550 | 5160 | 4890 | 4540 | 2820 | 170 1.0 | 100
0.52 3.3 1282% 10560 | 6340 | 5180 4630 3810 2410 1700 1.6 100
3.40 2.0 22%% 10580 | 6470 | 5240 4980 4310 3490 2480 1700 6.4 100
Variant 3
0.13 10.0 112)% 7560 5140 4820 4540 2750 1700 1.1 100
0.52 5.0 1282% 10560 | 6290 5070 4590 3760 2320 1700 1.5 100
3.40 3.3 223855 10550 | 6380 5080 4920 4270 3470 2220 1700 6.3 100
Functional materials, 32, 2 2025 227
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Variant 1

100 pm R 100 pin : 100 pm

Fig. 2. Microstructure evolution of nitrocarburized coatings on steel 40 samples obtained by the electro-
spark alloying (ESA) method at various discharge energies (Wp): a,d, g— (Wp =0.13J); b, e; h — (Wp =
0.52 J); and ¢, f; 1 — (Wp = 3.40 J). Treatment durations (t) for each mode (Variants) are listed in Table 1.

T, min/em’ Wp,J T, minfen? c Wp, J

Fig. 3. Dependences of the thickness of the strengthened layer (a) and the microhardness (b) of the “white”
layer on Wp and t during nitrocarburizing of steel 20 for variant 1.
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Fig. 4 - Dependences of the thickness of the strengthened layer (a) and the microhardness (b) of the “white”
layer on Wp and t during nitrocarburizing of steel 20 for variant 2.
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Fig. 5 - Dependences of the thickness of the strengthened layer (a) and the microhardness (b) of the “white”
layer on Wp and 1 during nitrocarburizing of steel 20 for variant 3.

A slight difference is noted only in the increase
in the thickness of the “white” layer and the mi-
crohardness (see Table 2).

5. Conclusion

During the work, the following results were
obtained:

1. Due to the metallographic, durometric
and topographic studies of the surface layers
of steel 20 and steel 40 after aluminizing and
nitrocarburizing by the ESA method, a corre-
lation dependence of the quality parameters of
the surfaces of the steel parts during nitrocar-
burizing by the ESA method on the energy pa-
rameters of the equipment (discharge energy)
and the technological parameters of the process
(Iabor intensity) has been established:

with an increase in the discharge en-
ergy, the thickness of the sthengthened layer
and the diffusion (transition) zone, its micro-
hardness, roughness and surface continuity in-
crease;

Functional materials, 32, 2 2025

- with increasing the labor intensity of
the ESA, the thickness of the sthengthened
layer, the diffusion zone, its microhardness and
surface continuity increase, while the rough-
ness almost does not change.

2. As a result of replacing steel 20 with
steel 40, the thickness of the sthengthened
layer and its microhardness slightly increase,
while the roughness and continuity almost do
not change.
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