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ABSTRACT

This work was devoted to the study of the influence of magnetic field on microhardness of HSS M2
steel during ion nitriding in the glow discharge. The samples were preliminarily subjected to intense
plastic torsion deformation (IPTD). Standard methods of optical metallography and microhardness
measurements were used in the experiments. It was found that IPTD allows creating ultrafine-grained
(UFG) structure in the material, and magnetic field allows intensifying the process of ion nitriding by
increasing the number of ionization acts, which leads to an increase in the thickness of the diffusion
layer and microhardness compared to ion nitriding without preliminary IPTD and without magnetic
field. The results obtained indicate the importance of using a magnetic field during ion nitriding
in the glow discharge. The described effects are of potential interest for improving the mechanical
properties of high-speed steels.
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AHHOTAIIMA

Jlannas pabora ObuTa MOCBSIIEHA UCCIIEIOBAHUIO BIMSHUS MarHUTHOTO TIOJISi HA MHUKPOTBEPAOCTH
ctanu P6MS5 npu nOHHOM a30TUPOBAaHUU B TIEIolIeM pa3psije. [IpeaBaputenbHo 0Opasiibl moaBepra-
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JMCh MTHTEHCUBHOH miactudeckoil nepopmanuu kpyuenus (MI1/1K). B sxkcniepuMenTax ucmonib3oBa-
JMCh CTaHAAPTHBIE METObI METAUIOrpaduu, pacTpOBOM AIEKTPOHHON MUKPOCKOIIMU U U3MEPEHUs
MUKpOTBepAocTH. Kpome Toro, onpeaesnsiack 3aBUCUMOCTh MUKPOTBEPAOCTH OT IITyOUHBI YIIPOUHE-
Hus. YcranosieHo, yto MIT/IK nmo3Bonser co3nate B MaTepuale yabTpaMeaKO3epHUCTYIO CTPYKTYPY,
a MarHMTHOE I10JI€ — UHTEHCU(PUIIMPOBATH MPOIIECC HOHHOT'O a30TUPOBAHMS 32 CUET YBEJIMUESHUSI UHC-
Jla MOHU3AILUH, YTO MPHUBOIUT K YBEJIMYCHUIO TOIMIMHBI TU(PPY3MOHHOTO CIIOSI U MUKPOTBEPIOCTH
110 CPAaBHEHHIO C MOHHBIM a30TupoBaHueM Oe3 mpensapurenbHoro UITJIK u 6e3 MarHuTHOTO MOJSL.
[losmydeHHbIE pe3yabpTaThl CBUAETENBCTBYIOT O BaKHOCTH MCIIOJIB30BAHHUS MArHUTHOIO IOJS IIPH
HMOHHOM a30TUPOBaHMH B TIEHOIIEM pa3psae. OnucanHbie 3QQEKThl MPeaCTaBIAIOT MOTEHIUATIBHBINA

WHTEPEC TSl YIIYUIICHHS] MEXaHUYECKUX CBOMCTB OBICTPOPEXKYIIUX cTane [1-3].

KIITOYEBBIE CJIOBA

MarautHoe TmoJie; MOHHOE a30TUPOBAaHWE; WHTEHCUBHAS IUIacTUYecKas naedopmainus KpydeHUS
(UITAK); yaerpamenko3epuuctas (YM3); Taeromuii pa3ps.

Introduction

One of the key factors determining the
strength and durability of materials is their
surface hardness. To achieve increased hardness
and wear resistance, surface modification
methods, such as ion nitriding, are widely
used. Ion nitriding having high efficiency
allows creating on the surface of the material
a hardened layer with high hardness and wear
resistance [1-3].

However, in recent years, it has been
found that the efficiency of ion nitriding can
be significantly increased by combining this
process with a preliminary intense plastic
torsion deformation (IPTD). IPTD promotes
the formation of a fine-grained structure on
the surface of the material, which leads to an
increase in the surface free energy and, as a
result, enhanced nitrogen adsorption and nitride
formation in the near-surface layer. In addition,
IPTD leads to the formation of additional
dislocations and microdefects, which promotes
the activation of diffusion processes and, as a
result, increases the thickness of the hardened
layer [4-8].

However, the question of the influence of
a magnetic field on the process of ion nitriding
in combination with IPTD remains open. The
magnetic field can have a significant effect
on the processes of interaction of atoms and
ions with the surface of the material, as well
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as on the processes of diffusion and
recrystallization. Thus, the study of the
influence of the magnetic field on the process of
ion nitriding of M2 steel with preliminary IPTD
is an actual and promising direction of research
in the field of surface modification of materials.
[9-12].

In this work, the effect of magnetic field on
the process of ion nitriding of M2 steel with
preliminary intensive plastic torsion deformation
was investigated. Changes in the microstructure
and hardness of near-surface layers of samples
after these processes were studied. The results
of the study will allow us to understand more
deeply the mechanisms of interaction of atoms
and ions with the surface of the material when
using a magnetic field, as well as to optimize
the process of ion nitriding in combination
with preliminary IPTD to obtain materials with
increased surface hardness and wear resistance
[13, 14].

1. Research Methodology

In the context of material selection for the
study of the ion nitriding process, M2 high-
speed tool steel was chosen. In order to study
the effect of intense plastic deformation of the
steel on the characteristics of the hardened layer
after ion nitriding, an ultrafine-grained structure
(UFG) (Fig. 1) was created on the surface of
half of the samples using intense plastic torsion
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deformation. To realize the IPTD process, the cold precipitation and 1.5 turns rotation at a
specimens with a disk shape of 20 mm diameter hydrostatic pressure of 4 GPa, according to the
and 3 mm thickness were subjected to 43% scheme in Fig. 2.

Fig. 1. Optical images of POM5 microstructure:
a — Initial structure; b — UFG structure

Puc. 1. Onrtrueckne m300pakeHUs] MUKPOCTPYKTYpBI POMS:
a — ucxoonas cmpykmypa, b — cmpykmypa YM3

Load
L ~ Upper punch

~ Sample

~=- . Lower punch

" Torsion

Fig. 2. Schematic diagram of the process
of severe plastic deformation by torsion

Puc. 2. Cxema nporiecca
WHTEHCHBHOH IJIACTHYECKON 1e(hOopMaliy KpydeHHEM

Ion nitriding in the glow discharge plasma for 15 min in argon atmosphere at pressure
was carried out in the modernized vacuum P =5 Pa. lon nitriding was carried out in the
unit ELU-5 (Fig. 3), designed for thermal gas mixture of argon, nitrogen and hydrogen
and chemical-thermal treatments. Before the (50% Ar + 35% N2 + 15% H2) at gas pressure
treatment in the vacuum chamber, ion cleaning P =200 Pa.
of the specimen surface was carried out
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Fig. 3. Scheme of the experiment on the ELU-5M unit:
1 — power source; 2 — cathode; 3 — magnetic system, 4 — anode; 5 — vacuum chamber;
6 — toroidal field of bright glow; 7 — magnetic field lines, 8 — substrate;
9 — Initial sample; 10— IPTD sample

Puc. 3. Cxema sxcriepuMenTa Ha ycranoBke DJIY-5M:
1 — ucmounux numanus,; 2 — kamoo, 3 — MacHUMHAsA cucmema, 4 — anoo; 5 — 8aKyymHas Kkamepa,
6 — MoOpoUdAIbHOE NoJe SIPKO20 C8eUeHUsl, 7 — TUHUL MACHUMHO20 oS, 8 — nooaodicKa,
9 — ucxoonwiii obpazey, 10— obpaszey UK

In this study we measured the
microhardness and determined the depth of the
hardened layer on specimens after ion nitriding
in the glow discharge. For this purpose, an
automatic microhardness tester with EMCO-
Test DuraScan 50 image analysis system
was used. This device provides the ability to
accurately measure the microhardness of the
material.

To reveal the microstructure, the
investigated samples were chemically etched
with a solution of 4% nitric acid diluted in
ethanol.

To evaluate the thickness of the hardened
layer, microstructures were imaged using
an Olympus GX51 optical microscope. This
microscope allows obtaining high-quality
images and analyzing them to determine the
thickness of the hardened layer.
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2. Results and Discussion

In order to study the effect of ion nitriding
with magnetic field of high-speed steel M2
with IPTD on surface microhardness and
depth of hardened layer, two sets of samples
were prepared. The first set of samples was
not pre-treated (initial samples) and the second
set was subjected to intense plastic torsion
deformation (IPTD samples).

In the course of the study, the distribution
of microhardness of the hardened layer by
depth was obtained for samples with and
without preliminary plastic deformation, after
ion nitriding in the glow discharge plasma
and after ion nitriding in the glow discharge
plasma with a magnetic field. Duration of
the nitriding process was t = 2 and 8 hours at
temperature T = 450 °C. The obtained research
results are presented in Fig. 4-9.
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Fig. 4. Dependence of HV on the depth of the samples,
treatment time 2 hours without magnetic field

Puc. 4. 3aBUCHMOCTH MUKPOTBEPIOCTH OT TITYOMHBI YIPOYHEHHOTO CIIOSI 00Pas3IioB,
BpeMs 00paboTku 2 9aca 63 MarHUTHOTO TTOJIS
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Fig. 5. Dependence of HV on the depth of the samples,
treatment time 2 hours with magnetic field

Puc. 5. 3aBHCUMOCTD MUKPOTBEPOCTH OT IIYOWHBI YIPOYHEHHOTO CJI0s1 00pas3IoB,
BpeMst 00paboTKH 2 9aca ¢ MArHUTHBIM TTOJIEM
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Fig. 6. Dependence of HV on the depth of the samples, processing time 8 hours without magnetic field

Puc. 6. 3aBUCUMOCTb MUKPOTBEPIOCTH OT DIYOUHBI YIPOUHEHHOTO CJI0SI 00pa3IoB,
BpeMst 00paboTKU 8 4acoB 0€3 MArHUTHOTO TIOJIS
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Fig. 7. Dependence of HV on the depth of the samples, treatment time 8 hours with magnetic field

Puc. 7. 3aBUCHMOCTh MUKPOTBEPIOCTH OT TIIyOUHBI YIPOUHEHHOTO CJI0s1 00pas3IioB,
BpeMst 00pabOTKH 8 4acOB ¢ MArHUTHBIM IIOJIEM

Microhardness dependence graphs on the
measurement depth under different nitriding
conditions were analyzed. The samples were
subjected to 2-hour and 8-hour nitriding
without and in the magnetic field, and then their
microhardness was measured and compared.
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As a result of analysis of microhardness
dependence on depth, it was found that the
surface microhardness of samples at 2 hours
nitriding was 1130 HV (IPTD sample) and
1050 HV (initial sample), while the hardened
layer increased 2 times for IPTD sample and



was ~80 um. At 2 x hour nitriding in a magnetic
field, the surface microhardness of the IPTD
sample was 615 HV, with a hardened layer
thickness of ~77 um. At the same time, the
surface microhardness of the initial sample
amounted to 900 HV, with the thickness of the
hardened layer ~75 pm.

Similarly, at 8 h nitriding, the surface
microhardness was 1260 HV (IPTD sample)
and 1180 HV (initial sample), with a hardened
layer thickness of ~80 um for both samples. At
8 h of nitriding in a magnetic field, the surface
microhardness of the IPTD sample increased
significantly to 1355 HV, and the thickness of
the hardened layer also increased to 90 pm.
It was also found that the surface microhardness
of the initial sample was 930 HV, while the
thickness of the hardened layer increased
to 105 pm.

The increase in microhardness of samples
with IPTD is due to the increase in the density of
dislocations and the formation of microdefects,
as well as grain refinement. As a result of these
processes, the rate of diffusion of the saturating
element into the material increases, which leads
to an increase in microhardness of samples from
high-speed steel M2. In addition, the increase in
plasma concentration due to the magnetic field
contributes to the increase in the rate of diffusion
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of the saturating element deep into the material,
which in turn also contributes to the increase in
microhardness of the sample surface. [15-17].

In further study, the microstructure of M2
steel was analyzed before and after nitriding
at 8 hours (Fig. 8, 9). The results obtained
showed the presence of a hardened layer in the
form of a dark etching zone. The formation of
ultrafine-grained structure due to intense plastic
torsion deformation contributes to the increase
in the thickness of the nitride zone from 40 um
to 50 um (1.25 times) after 8-hour nitriding.
The visible increase in this zone is due to the
formation of an ultrafine-grained structure,
which has an increased dislocation density and
forms microdefects and grain refinement. In
addition, this structure contributes to an increase
in the rate of diffusion of the saturating element
deep into the material. As a result, there is a more
intensive penetration of the saturating element,
which in turn contributes to an increase in the
thickness of the nitride zone [15-17]

The use of a magnetic field in the process
of ion nitriding in the glow discharge leads to
a significant improvement in the quality of the
hardened layer. As shown in Fig. 9, at 8-hour
nitriding the thickness of the nitride zone
increases 1.5 times — from 61 pm (initial sample)
to 95 um (IPTD sample).

a

Fig. 8. Microstructure of M2 steel (a — Initial, b — IPDC) after ion nitriding in the glow discharge
without magnetic field at T=450°C,t=8h

Puc. 8. Mukpoctpykrypa cramu M2 (a — ucxoanas, b — UITJIK) mocsie HOHHOTO a30THPOBAHUS
B TIeto1eM paspse 6e3 marHuTHoro nojs npu T =450°C,t=8 4
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64 pm:

95 um °

Fig. 9. Microstructure of M2 steel (a — Initial, b — IPDC) after ion nitriding in glow discharge
with magnetic field at T = 450°C, t = 8h

Puc. 9. Mukpoctpykrypa cramu M2 (a — ucxonnas, b — UI1JIK) mocie noHHOTO a30THPOBaHUS
B TJICIOIIEM pa3psiie ¢ MarHUTHBIM nosieM npu T = 450°C, t =8 u

Application of magnetic field creates
favorable conditions for sorption processes.
This allows achieving high concentration of the
diffusing element on the cathode surface, which
leads to the formation of a high concentration
gradient. Such concentration gradient provides
more effective hardening of the material and
increases its mechanical properties.

Conclusions

In the course of the study it was found that:

1. The use of magnetic field has a significant
effect on the thickness of the hardened layer
leading to its increase up to 2 times.

2. The use of magnetic field increases
the surface microhardness up to 1.5 times at
ion nitriding of M2 steel after severe plastic
deformation.
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