InHoBail B arpoirkeHepii (7-9 kBiTHsA 2026 p.)

UDC 621.785.3:669.017

ENHANCING THE PHYSICAL AND MECHANICAL PROPERTIES OF MATERIALS
THROUGH ANNEALING IN THE RECOVERY RANGE.

Oleksandr Lymar, Valeriy Homevko
Mykolayiv National Agrarian University, Mykolayiv, Ukraine

The level of mechanical engineering development in the 21st century is characterized by the increased
intensity of machine and mechanism operating modes. The growing complexity of operating conditions for
components and assemblies requires constant improvement of materials and their manufacturing
technologies while ensuring sufficient reliability and durability. The performance characteristics of parts and
devices, as well as their service life, are primarily determined by the physical and mechanical properties of
their working surfaces.

Modern high-tech production demands new materials with unique properties. Their application in
structures is determined by the balance between strength and ductility. Metallic materials possess the most
attractive ratio from the standpoint of practical expediency. In recent years, the increase in strength
properties has been achieved mainly through the purposeful formation of refined micro- and nanocrystalline
structures.

Refinement of the grain (subgrain) structure to a nanocrystalline (NC) state is primarily carried out
using the most common methods of severe plastic deformation (SPD). Research results on the strength and
ductility of metals and alloys after SPD indicate the possibilities for their enhancement and control during
the transition to the NC state. As a result of SPD, a highly misoriented fragmented structure (substructure) is
formed due to high strain levels. Systematic studies show that the process of grain refinement
(fragmentation) during cold plastic deformation begins in metals at true strain levels of e > 0.2-0.3, and at e
= 3-4, the content of such fragments exceeds that of larger regions. Investigations have established that
obtaining the nanocrystalline state of a-iron during SPD by friction requires the simultaneous fulfillment of
several conditions and achieving a high degree of true strain, specifically e > 10.

SPD methods include high-pressure torsion (HPT) and equal-channel angular pressing (ECAP), which
is the most widely used and has several variations, as well as friction deformation and the multi-directional
forging (pressing) method. In multi-directional isothermal forging is presented as one of the primary and
effective methods for nanostructuring massive products (up to 50 kg). This method consists of intercritical
deformation of the billet with a change in the loading axis at each step, involving 40-60% deformation per
single upsetting operation.

Nanostructuring is an effective way to improve the physical and mechanical properties of materials. To
address this task, a method of deformation and thermal treatment of metals and alloys has been developed,
which includes preliminary deformation of the metal or alloy followed by thermal treatment, termed pre-
recrystallization annealing.

Pre-recrystallization thermal treatment of sprayed coatings leads to the refinement of the polygonized
substructure with a corresponding increase in hardness. The maximum efficiency of this thermal treatment is
observed in electric arc coatings, where nanoscale average subgrain sizes have been recorded.

From a practical standpoint, the main drawback of pre-recrystallization thermal treatment is the short
holding time of only a few minutes. Therefore, it is relevant to investigate the possibility of stabilizing the
refined polygonized substructure of the sprayed coating during longer holding times in the thermal treatment
process through subsequent deformation.

Electric arc coatings made of Sv-08G2S wire were selected for the study, as they are characterized by
the smallest coherent scattering region (CSR) values and the highest hardness enhancement effect after pre-
recrystallization thermal treatment (Fig. 1). To hinder the movement of dislocation subboundaries during the
recovery (coalescence) process that occurs during heating (long holding times), additional deformation of the
coating was performed in two ways: by hydraulic pressing at a load of 10 tons (30% strain degree) and by
surface plastic deformation (SPD) with steel balls 0.1-0.3 mm in diameter for 2 minutes. The heating
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temperature of the deformed samples was reduced to 400 °C, considering that the recrystallization
temperature threshold decreases as the degree of deformation increases.
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Figure 1 — Dependence of hardness on holding time during pre-recrystallization heat treatment of
deformed samples (experiment 1):
® - technically pure iron; m - technically pure nickel

Analysis of the presented data shows that the use of subsequent deformation ensures a smaller
reduction in hardness as the holding time during pre-recrystallization thermal treatment increases to 15
minutes. This trend is observed for both types of coating deformation. For instance, the hardness of the
coating without subsequent deformation decreases from 2.7 GPa to 2 GPa (—35%) when the holding time
increases from 2 to 15 minutes, whereas with subsequent deformation, it decreases from 3 GPa to 2.8 GPa (—
7%) for SPD and from 3.1 GPa to 3 GPa (— 3%) for pressing. Generally, sufficiently high hardness values
are observed for holding times up to 40 minutes for SPD, and even longer for pressing. This is explained by
the fact that during repeated deformation, dislocation interaction results in the emergence of 50% to 75% of
dislocation barriers (Hirth and Lomer—Cottrell locks), while the remainder participates in the formation of
dislocation tangles. These dislocation barriers, which arise along the direction perpendicular to the
deformation axis, hinder dislocation motion and, consequently, reduce the mobility of polygonized
subboundaries. Thus, by slowing down the rate of polygonization processes, a stabilizing effect is achieved.
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TEXHOJIOI'TYHI OCOBJIMBOCTI IIPOLHECY ®OPMYBAHHSA MAKPOPEJIBE®Y TIPU
BUKOPUCTAHHI CAMOOBEPTAJIBHOI'O JAE®OPMYIOYO-PI3AJIBHOI'O
IHCTPYMEHTY
TECHNOLOGICAL FEATURES OF THE MACRORELIEF FORMATION PROCESS USING A SELF-
ROTATING DEFORMING-CUTTING TOOL

IOpiii Hananpiliuyk, Apryp I'opoBuii
Binnuyvxuti nayionanvnuti acpapuuu ynisepcumem Ykpaina, m. Binnuys

Mertoa rpyHTY€ETbCS Ha caMo0OepTaHHI pOOOUMX €JIEeMEHTIB MPOTKKU, TPU3HAYSHUX JJIST OTPUMAHHS
KOHTYpHUX KaHaBOK. Ha puc. 1 mokazaHo cekIi0 KOMOIHOBAHOI MPOTSKKH, 3a JIOMIOMOTOI0 SIKO1 Ha
MOBEPXHAX OTBOPIB JieTalieil GopMyIOTh penbedH.

Kpyrnuit yopHoBuii aepopmyrounii enemeHT 1, mpaBo Ta JiBO-3axigHUM nedopmyroue-pizaabHUR
eJIEMEeHT-0JI0K, 110 caMo00epTa€eThes 2-3, B Pi3HI CTOPOHU 3 KYTOBOIO IIBUAKICTIO  MPH PYCi MPOTSIKKH 3
JHIAHOIO MBHUJIKICTIO V Ta TphOX YMOpHUX IIapukomiamunHukis 4. Enement 2-3 mae nedopmyrouy Ta
pLKydy 4acTUHH, MPOdUIb SKUX B HOPMAJIBHOMY Iepepisi BiINOBiIa€ MpodiI0 KOHTYPHUX KaHABOK, a KYT
HaXWIy JI0 OC1 OTBOPY T BIJIMOBiJIa€ KyTOBI MiAHOMY KaHABOK. Y CTAaHOBJICHO, 1110 3HAUYEHHS KyTa 1) MMOBHHHI
3HaXOJUTHUCH B Mexax 8° ... 80°.

43


https://doi.org/10.31521/978-617-7149-86-5-119
https://doi.org/10.31891/2079-1372-2025-118-4-72-78
https://doi.org/10.31891/2079-1372-2025-118-4-72-78
https://doi.org/10.36477/2522-1221-2022-30-02
https://doi.org/10.36477/2522-1221-2022-30-02
https://doi.org/10.48077/scihor12.2024.76

