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STUDY OF THE MICROSTRUCTURE OF NITRIDATED STEEL 18X2N4MA AFTER
LASER PROCESSING WITH MODELING OF WEAR PROCESSES

AOC/HIKEHHSI MIKPOCTPYKTYPH A30TOBAHOI CTAJII 18X2H4MA TICJIS
JIABEPHOI OBPOBKHU 3 MOJEJIIOBAHHAM ITPOLECIB 3HOCY

Modern technologies for strengthening the surface layer of machine-building parts use the lat-
est processing methods based on advanced research into the transformation of the microstructure of
surface layers under the influence of external actions. The main factors that significantly affect the
structure formation and physical and mechanical, strength, wear-resistant characteristics are the chem-
ical composition of the material, temperature, speed, heating and cooling time. The gas environment
during heat treatment is also of great importance. The combination of these factors and requirements
requires appropriate technological solutions when choosing strengthening technologies together with
economic calculation and the feasibility of choosing a technological method of influencing the surface
of the part. In contrast to the use of expensive high-alloy materials with high indicators of strength, heat
resistance, wear resistance, there are alternative options for using relatively inexpensive, most common
and affordable analogues with appropriate processing.

The advantages of such a combination in combined processing are the possibility of using sig-
nificant operational elements of several technological processes of hardening. Thus, preliminary nitrid-
ing of the surface layer allows to saturate the surface of 18X2N4MA steel with nitrogen, and laser
processing to form the corresponding microstructure. Usually, after laser processing, a microstructure
of acicular martensite with inclusions of Fe,N, FesN nitrides is formed on the nitrided surface with
accumulation. The appearance of FesN type nitrides is the result of hardening by the secondary action
of the laser beam. Nitriding of a part made of 18X2N4MA steel increases the hardness of the surface
layer in comparison with the matrix center by 2 times, and laser processing up to Hyuso=10000MPa.

Keywords: friction surface, strengthening technologies, restoration technologies, mechanical
characteristics, surface layer.

Cyuacni mexnonoeii 3miynents noeepxHeso2o wapy oemaneti MaumuHooy0igHo20 8UpoOHUYMEA
BUKOPUCTIOBYIOMb HAUHOBIMHIWI Memoou 0OPOOKU, WO 3ACHOBAHI HA NepedosuUx 00CIIONCeHHAX mpa-
Heghopmayii MIKpOCMpPYKMYpu NOGEPXHESUX Wapie nio enaueom 306HIWMIX Oiti. OCHOBHI YUHHUKU, WO
CYmMmEBO 6NIUBAIOMb HA CMPYKIMYPOYMEOPEHHS M (Pi3UKO-MeXaniumi, MiyHi, 3HOCOCMIUKI Xapakme-
PUCTUKY, Ye XIMIUHUL CKAa0 Mamepiany, memMnepamypd, meuoKicmy, 4ac Hazpigy ma 0Xoa004CeHHsl.
Taxooic 8U3HAUHE 3HAUEHHS MAIOMb 2a308€ cepedosulye NPy MmepmMiuHil 00pooyi.

Toeonanns yux paxmopie ma eumoe nompedye 6I0NOBIOHUX MEXHONOLIUHUX PileHb NPpU 8UOOPI
MEXHONO02TU 3MIYHEHHS. PA30M 3 eKOHOMIYHUM DPO3PAXYHKOM [ OOYIIbHICMIO 6UOOPY MEXHON0SIUHO20
Ccnocoby 6nU8y Ha NO8epXHI0 Oemaii. Y IOMIHHOCI 3 BUKOPUCTNAHHAM 0OPOSUX BUCOKOIE208AHUX M-
mepianié 3 GUCOKUMU NOKAZHUKAMU MIYHOCMI, MEPMOCMIUKOCHI, 3HOCOCMIUKOCMI € ATbMEePHAMUBHI
8apiaHmMu 3aCMOCy8ants GIOHOCHO HeOOPO2UX, HALOITbUW NOWUPEHUX A OOCMYNHUX AHAT02I8 3 6I0N0-
8i0H010 06p0OK010. OOHUM i3 NOWUPEHUX MEXHONOSTUHUX CNOCO0I6 3SMIYHEHHS € YOPMYBAHHS | MOOU-
QiKysanHs MIKPOCMPYKMypU NOBEPXHEBO20 WUAPY .

Lle moorce bymu ax ximiko-mepmiyna, ionHa-niazmosa oopooka, eapm CBY, nazepnuii eapm,
Jlazepue 1e2y8ants NOBEPXHe8020 uwlapy ma iHul. abo KOMOIHOBAHA 0OPOOKA, U0 NOEOHYE OKpeMi efleMe-
Hmu mexuonoziunux onepayit. Tax nonepeone azsomysanns demani iz cmani 12X2H4MA 3abes3neuye
HACUYeHHsI a30MOM NOBEPXHESUNl Wap, a HACMyNHA 1a3epHa oopoobKa opmye Gi0N0GIOHy MIiKpoCmpy-
KMypy 3 3a0aHUMU Qi3uKo-mMexaHivnumu ma MiyHUMU Xapaxmepucmuxkamu.

3euuatino nicis 1azeproi 06poOKU HA A30MOBAHIT NOBEPXHI I3 CKYNUEHHAM YMBOPIOEMbCS MiK-
POCIMPYKMYpa 2014aCMO20 MapmeHcumy 3 ekpanienuamu Himpuoie FeoN, FesN.

Tlossa nimpuodie muny FesN € pe3ynomamom eapmy emopunnoi 0ii 1azepHoeo npomens. A3o-
myesanus Oemani i3 cmani 18X2H4MA 36invutye meepoicmb n08EPXHEE020 uiapy 6 NOPIGHAHHI MAmpu-
YHUM Yyenmpom y 2 pasu, a razepra obpooxa 0o Hyso=10000MI1a.

Knrouoei cnosa: mexnonozii 6i0H061EHHS, DI3UKO-MEXAHIYUHI XAPAKMEPUCTRUKU, NOBEPXHEBULL
wap, mexHono2ii IMiYHeHHsl, NOBEPXHSL MePMAL.
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Problem’s Formulation

Modern technologies for strengthening the surface layer of machine-building parts use the latest
processing methods based on advanced research into the transformation of the microstructure of surface
layers under the influence of external influences. The main factors that significantly affect the structure
formation and physical and mechanical, strength, wear-resistant characteristics are the chemical composi-
tion of the material, temperature, speed, heating and cooling time. The gas environment during heat treat-
ment is also of great importance. In contrast to the use of expensive high-alloy materials with high strength,
heat resistance, wear resistance, there are alternative options for using relatively inexpensive, most com-
mon and affordable analogues with appropriate processing. One of the common technological methods of
strengthening is the formation and modification of the microstructure of the surface layer.

Analysis of recent research and publications

This can be either chemical-thermal, ion-plasma treatment, microwave hardening, laser harden-
ing, laser alloying of the surface layer, etc. or combined treatment, combining individual elements of
technological operations. Thus, preliminary nitriding of a part made of 12X2N4MA steel ensures satu-
ration of the surface layer with nitrogen, and subsequent laser treatment forms an appropriate micro-
structure with specified physical, mechanical and strength characteristics.

Usually, after laser treatment, a microstructure of acicular martensite with inclusions of Fe;N,
FesN nitrides is formed on the nitrided surface with accumulation. The appearance of FesN type nitrides
is the result of hardening by the secondary action of the laser beam. Nitriding of a part made of
18XN4MA steel increases the hardness of the surface layer in comparison with the matrix center by 2
times, and laser treatment up to Huso=10000MPa.

Tabl. 1—6 provide the main characteristics of 8X2N4MA steel and similar foreign steels that
are close in chemical composition and physical and mechanical properties.

Table 1. Chemical composition in % of 18 X2N4MA steel material (GOST 4543 — 71)

C Si Mn Ni S p Cr Mo Ti Cu
0.14-0.2 |0.17-0.37/0.25-055| 4-44 0.025 | 0.025 /1.35-165/0.3-0.4 | 0.06 0.3

Table 2. The temperature of the critical points of 18X2N4MA steel

Aci=700. Aca(Acm) =810. Ara(Arcm) =400. Arr=350. Mn =336
Table 3. Technological properties of 18 X2N4MA steel
Weldabhilitv hard-to-weld
Difficult to weld Flake suscentibilitv sensitive

Sensitive Not prone to temper brittleness not inclined.
Table 4. Mechanical properties at T=20°C of 18 X2N4MA steel
Assortment Size Oa Cr [s O KCU Heat treatment.

- mm MPa MPa | % | % kJ/m? -

Wire @29 1130 835 12 | 50 980 Hardening and tem-

Hardness 18X2H4MA after annealing, GOST 4543-71

Table 5. Physical properties of 18 X2N4MA steel

HB 10! =269 MIla

T E 10-5 1068 M M C R10°

Dearee MPa 1/ Dearee | W/(medegrees) ka/m?® J/(kgedecree Omem
20 2 7950
100 1.65 11.7 36 7930
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Continue of the table 5

200 1.41 12.2 36 7900
300 12.7 35 7860
400 1.39 131 35 7830
500 135 34 7800
600 13.9 33 7760
700 32

800 30

Table 6. Foreign analogues of steel 18X2N4MA

Germany Japan England Spain Bulgaria Poland Czech Austria
Repub-
lic
DIN,WNr JIS BS UNE BDS PN CSN ONORM
1.6657 SNCMS815 | 832M13 |14NiCrMo131 18Ch2N4MA | 18H2N4WA | 16720
14NiCrMo134 835M15 BOHLERM130
GX19NiCrMo4
X19NiCrMo4

Formulation of the study purpose

The main goal of the research is to study and select optimal technological methods for strength-
ening the surface layer using combined technologies that allow the formation of wear-resistant structures
with increased strength characteristics of the surface layers.

Presenting main material

Using a Scanning electron microscope (REM 106 fig. 1), the microstructures of the surface layer
of nitrided steel 18X2N4MA with subsequent pulsed laser treatment were investigated [1—3]. In the
photographs of Fig. 2, 3, three zones are clearly distinguished, which record the dynamics of structure

Fig. 1. Scanning electron microscope (REM 1061)
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formation in different layers of the surface. The surface layer itself (zone 3) is characterized by a dense
structure, which is a consequence of nitriding with subsequent hardening and laser exposure. Accumu-
lations of FezN nitrides after hardening due to laser treatment are partially transformed into FesN nitrides
on a martensitic structure [3—6].

C Q2 ., &

okv x250 200pm

WD=18.1mm 20.00K x1.00k 30
Fig. 3. A multilayer complex microstructure of 18X2H4MA steel (x250)
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Zone 2 is a transition zone with a concentration of austenite, Fe3N nitrides, and individual ce-
mentite inclusions on a troostite-sorbite matrix. The maximum depth of nitrogen penetration corre-
sponds to 60—80 um. Zone 1 is a matrix material with a pearlite component.

The presence of the corresponding phases, which were obtained on the DRON-3 diffractometer,
Fig. 4, is confirmed by X-ray diffraction patterns., Fig. 5, Fig. 6.

Fig. 4. DRON-3 X-ray diffractometer
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Fig. 5. Tabular data X-ray diffractogram of the sample 5L-A 18X2H4MA Co-Ka radiation

Depending on the concentration of the corresponding phases in the depth, the hardness of the flood
layer also changes. If on the surface of the nitrided layer with subsequent laser processing values up to
Hp=8000 MPa were recorded, then in the core of the matrix material Hu=3500 MPa.

X-ray phase analysis was performed on a DRON-3 X-ray diffractometer in monochromatized
Co-K a = 1.7902A. A radiation. Identification of compounds (phases) was performed by comparing
interplanar distances (d,A) and relative intensities (lon-1/10) of the experimental curve with data from
the PCPDFWIN electronic file. The shooting was carried out at angles of 10—90 degrees. Phase analysis
step 0.1 degrees. Duration 5 s. Structural analysis step 0.01 degrees. Duration 5 s. Anode voltage —30
kV. Voltage current —20 mA.
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Fig. 6. X-ray diffractogram of the sample 5L-A 18X2H4MA Co-K a radiation

Dynamic equilibrium for a continuous flow of lubricating fluid [7—9], which is present in the
friction nodes of working mechanisms and is a distribution medium between two contacting surfaces, we
have the Navier-Stokes equation for the conservation of mass over time dt in the elements dx, dy, dz:

dp/dt + d(pu)/dx +d(pv)/dy +d(pw)/dz=0, @
where p — is the density of the lubricating fluid; u, v, w — are the velocity components in the direc-

tion of the coordinate axes x, y, z; t — is the time.
Under the assumptions made (dp/dx=0, h/I=h/b=10-3), the Navier-Stokes equation takes the form:

dp/dx=d(ndu/dz)dz ; 2
dp/dy=dndu/dz)dz,
where 7 is the dynamic viscosity.
After integration, we obtain the velocity gradients in the form
du/dz=z/n-dp/dx+A/n

av/dz=z/n-dp/dy+C/y, 3)
where A and C are constants.
After integration at the average viscosity value over the film thickness, corresponding to 1, it
has the form

u=2z%/2y-dp/dx+Az/n+B

v=72%/2n-dp/dy+Cz/n+D (4)
u =—z(h-z/2n)-dp/dx+un(h-z)/h+uaz/h
v =—z(h-z/25)-dp/dy+v(h-2)Ih+vyp-z/h. (5)
Conclusions

The microstructure of a nitrided part made of high-alloy steel 18X2N4MA was investigated,
followed by laser processing using combined technology on a pulsed laser type GOOS1001 with a stor-
age energy of 15—16 kJ, a distance to the target of 294 mm, a laser spot diameter of 10 mm and an
interval between shots of 5 minutes without surface melting. Calculations of the formation of a lubricat-
ing film on friction surfaces and its effect on wear are presented.
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