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Effect of electrolyte-plasma surface hardening on structure wheel steel 2

This paper examines the influence of electrolyte-plasma surface hardening on the structure and microhardness
of wheel steel mark 2. In the work electrolyte-plasma surface hardening was carried out in an electrolyte
made from an aqueous solution 10 % carbamide (NH,),CO 20 % sodium carbonate Na,COs. The processing
time was 2 seconds, Tmax = 850-900 °C; U= 320V; [=40A. According to the results of the scanning trans-
mission electron microscopy, the electrolyte-plasma surface hardening caused a change in the morphological
constituents of mark 2 steel. In the initial state, the matrix of steel is a a-phase, the morphological compo-
nents of which are fragmented ferrite, unfragmented ferrite and pearlite. After electrolytic-plasma surface
hardening, a batch, high-temperature plate and low-temperature plate martensit is formed on the surface of
the sample. Investigations have been carried out on microhardness determination on cross-section of wheel
steel samples after quenching in aqueous solution of electrolyte. It is found that after electrolytic-plasma sur-
face hardening, the microhardening values of this hardened surface layer increased ~ 3 times compared to the
steel matrix, and the thickness of the hardened layer is 1000—1500 microns.

Keywords: electrolytic-plasma surface hardening, wheel steel; transmission electron microscopy, fine
structure, microhardness, morphology, martensite.

Introduction

It is known, that the development of new materials with hardened surface and layers in machinery and
metallurgy can promote better performance characteristics of the structure, higher reliability as well as pro-
vide energy and resource saving [1-2]. The effective method of surface hardening of iron-carbon steels is the
treatment of electrolytic plasma, when due to high-speed heating and cooling in the thermal influence zone,
the structure changes as a result of phase transitions that provide the necessary operational characteristics of
the working surface of the parts [3—4]" An important feature of plasma hardening is the possibility of its ef-
fective application for additional hardening of the surface of parts that have passed conventional volumetric
thermal treatment.

The problem of service life. and economical use of railway products is closely related to the strength and
tribological properties of products made of wheel steels [5—6]. To improve the already existing properties of
wheel steels, it is necessary to carefully and comprehensively analyze the influence of surface hardening on
the steel structure, since it is by changing the structural components that it is possible to achieve the
necessary mechanical characteristics of the working surfaces of the parts.

In view of this fact, given research is focused on studying phase composition, fine structure and me-
chanical properties of wheel steel 2 before electrolyte plasma surface hardening and after that one.

Material and methods of research

Wheel steel mark 2 applied in fabricating railway wheel-sets tires has been chosen as study object.
According to GOST 398-96 the condition of heat treatment of mark 2 wheel steel in initial condition: In its
initial state steel mark 2 represents material exposed to hardening from 890°C for 2—2.5hours with cooling in
warm water (30—60°C) followed by tempering at 580°C for 2.5-3 hours.

Some steel samples were cut out of the wheel tire as parallelepiped in size 15x15x10 mm’. The sample
was free from deformation and thermal effect under slow cutting speed and low load. According to GOST
398-96, chemical composition of steel (in %) is C-0.57-0.65; Mn-0.50-0.90; Si-0.22-0.45; V — not ex-
ceeded 0.10; S — not exceeded 0.030 and P- not exceeded 0.035 respectively.

Given experimental research was realized by joint efforts of specialists in National Research Laboratory
for collective use, S. Amanzholov East Kazakhstan State University (EKSU), Center of Advanced Develop-
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ment «VERITAS», D. Serikbayev East Kazakhstan State Technical University (EKSTU) and Research la-
boratories of Tomsk State University of Architecture and Building (RF).

The fine structure was studied qualitatively and quantitatively by transmission electron diffraction mi-
croscopy (TEM) technique on thin foils in EM-125 electron microscope at an accelerating voltage of 125 kV.
Working magnification was equal to 25.000 times in the microscope column. The morphology of the surface
structure was studied on the raster electron microscope JSM-6390LV, equipped with the energy-dispersive
analysis prefix INCA Energy Penta FET X3. The microhardness of steel samples was measured in PMT-3M
machine in accordance with GOST 9450-76, with loads on the indenter of 100g and holding time for
10 seconds.

Electrolyte-plasma surface hardening of the steel was carried out in the cathode mode in electrolyte-
plasma treatment machine [7], scheme (fig.1a) and processing (fig.1b) shown in Figure 1.

1- in-process part; 2 — conic stainless steel electrolytic cell;
3— bottom plate; 4—pump; 5— heat exchanger; 6— bath filled with electrolyte

Figure 1. Process of processing of an electrolyte plasma sample (a) and functional diagram (b) of the machine

High-current rectifier with output power of 360V/60A as DC was used as a power source. The samples
were processed by rapid heating for 2 seconds followed by cooling in a flowing electrolyte. The process was
realized under the following parameters: electrolyte . composition (%, mass): 10 % urea (NH ,),CO + 20 %
sodium carbonate Na,CO;+70 % water, processing lasted for 2 seconds, T.x = 850-900 °C; U= 320V;
I=40A.

Results and its discussion

The results of experimental studies on structural-phase state of steel mark 2 showed that in its initial
state the steel matrix represents a-phase — solid solution of carbon and alloying elements in a-Fe with BCC
matrix.

Lamellar pearlite’and ferrite are morphological components of a- phase. Lamellar perlite, almost ideal,
i.e. it is a conglomerate of alternating parallel plates ferrite and cementite [8]. Ferrite (a-phase) in the pearlit
has a volumetrie=centered cubic (BCC) crystal lattice.

Mutual parallelism of the lamellas [9] means that, firstly, different lamellas of the same phase within
the colony have the same orientation and, secondly, mutual orientation of two phases (their orientation ratio)
provides best coupling of two crystal lattices along the habit surface of the lamellas. It is established [10] that
Bagaryatsky orientation relationship is observed between ferrite and cementite in nearly every pearlite colo-
ny, which is not related to the carbon content in the steel. It should be noted that steel alloying doesn’t have
an effect on crystallographic characteristics within the pearlite [10].

The volume ratio of lamellar pearlite is 35 % along the material (table 1).

It should be noted that the planning method was used to determine the volume fraction, which is re-
duced to the measurement of the total area of sections of this structural component on a certain area of the
foil.

The conclusion of the working formula of this method is based on the principle of Cavalieri-Aker-
Glagolev [11; 50]. It postulates the relationship between the Area (Ps) and Volume (Py) shares:

P, =P, (N
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This is one of the fundamental relationships of stereology postulated by S.A. Saltykov [11; 51]. The
working formula of the planning method has the following form:

S h @

Where S and V are the area and volume occupied by the corresponding structural component in the
sample element representing the L-rib cube.

Ferrite in the initial state of the mark 2 steel is present in the form of non-segmented and fragmented
ferrites. The volume share of non-segmented ferrite is ~10 %. The volume of fragmented ferrite is 55 %. The
surface hardening carried out resulted in the formation of packet-plate martensite. The volume share of pacts
of martensite is 60 %, plate low-temperature martensite is 10 %, plate high-temperature martensite is 30 %.

It is also known that martensite transformation almost always does not take place completely [8=10].
This leads to the presence in the material of a certain amount of residual austenite (y phase). The crystal lat-
tices of residual austenite and the a-phase, regardless of the type and location of residual austenite, are al-
ways interconnected by the Kurdyumov — Sachs orientation relation [11; 67].

The volume fraction of residual austenite (y-phase) in lath martensite is 6.5 %.

Studies have shown that in mark 2 steel after surface hardening inside all crystals of martensitis there
are particles of cement. Crystalline grates of cement and a-phase are connected among themselves by the
orientation ratio of Bagaryatskiy [11;20]. The volume fraction of cementite in lath martensite is 0.27 %, in
low—temperature lamellar martensite is 0.95 % and in high-temperature lamellar martensite is 2 %. (table 1).
The volume fraction of cement (dg.c) was calculated using the formula [12]:

S:

VFe C
5Fe3C = t.;z > 3)
Where V., . — is the average volume of one particle of eement, t — is the thickness of the foil,

r — is the average distance between particles.

Figure 2 shows an electron-microscopic image of the fine structure of mark 2 steel before and after
electrolytic-plasma surface hardening. Mark 2 steel is ferrite-pearlite steel, as evidenced by the microscopic
image of this steel in the delivery states (Fig.2a) where P—pearlite is marked in the image, FF — fragmented
ferrite. The white arrow marks a chain of small fragments on the border of grains «pearlit — ferrite». In the
microscopic image, after plasma surface hardening (Fig.2b), the structure of the wheel steel consists of pack-
et-plate martensite. Figure 2b shows L<packet martensit, Figure 2¢ shows LL-lamellar low-temperature
martensit, HL—lamellar high-temperature martensit. On the boundaries of martensitic crystals — interlayer of
residual austenite (y).

Figure 2. Electron microscopic image of fine structure of steel 2
before (a) and after (b, c) electrolyte-plasma surface hardening

Studies have shown that surface hardening of steel 2 subjected to electrolyte-plasma surface hardening
in an electrolyte plasma, structural changes were detected.

Figure 3 (a-c) shows the microstructure of the steel cross section after treatment in an electrolyte con-
taining an aqueous solution of 10 % carbamide (NH;) ,CO and 20 % sodium carbonate Na,CO3; with a
treatment time of 2 seconds at a temperature of 860 °C.

As can be seen from Figure 3, the electrolyte-plasma surface hardening led to a change in the micro-
structure of the cross section, where the zoning of structures typical of electrolyte-plasma treatment is visi-
ble. The cross-sectional structure consists of 3 zones: 1 zone — a zone of surface hardening with a thickness
of 1000-1500 um, 2 zone — a zone of thermal influence, 3 zone — a matrix.
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a) a hardened layer; b) a transition layer; ¢) non-hardened layer; d) general view

Figure 3. Pictures of the microstructure along the cross section
of steel mark 2 after electrolyte-plasma surface hardening

Table 1
Phase composition of steel mark 2 before and after electrolyte-plasma surface hardening
before EPSH after EPSH
Ferrite Martensite
- | B
Q = _
. Phase = ‘qa) 5 Lamellar Lamellar The PTOPOT™ | o mentite M.BCG .
Composition Parameters | & 5] g | = . tion of y-Fe | . o, |carbides in
53 g | = low- high- . N in LM, % o
~ h & | A in LM, % LM, %
S & temperature | temperature
& =]
=)
Volume fraction (Py), % 35| 55 10 | 60 10 30 6,5 2 2.7
Totally in the material, % 100 100 7.2 0.86 0.8

*Note: Data were obtained according to the calculations by formulas [1-3] from electron microscopic images.

As is known, one of the most important properties of the surface layer, which significantly affects the

strength characteristics, is microhardness, the value of which in the initial state (matrix) of steel mark 2 is ~
140 HV. In this work, we studied the changes in the microhardness of a specimen of steel mark 2 over a
cross section after electrolytic plasma surface hardening. According to the results obtained, the average mi-
crohardness in the surface hardening zone is ~ 420 HV, in the heat-affected zone it is ~ 260 HV and, accord-

ingly, in the steel mark 2 matrix, the microhardness remains unchanged.
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Figure 4. Distribution of microhardness over the cross section
of steel mark 2 after electrolyte-plasma surface hardening
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Conclusion

In conclusion, the analysis of study results of phase composition, fine structure and mechanical proper-
ties of wheel steel mark 2 before and after electrolyte-plasma surface hardening has shown:

— In its initial state, matrix of steel mark 2 represents 1) a-phase the volume ratio of unfragmented fer-
rite is ~10 % and 55 % of fragmented one respectively, 2) pearlite with a volume of ~ 35 %;

— It was revealed that the morphological components of the structure of steel mark 2 after EPSH at
Tmax = 850-900 °C and the exposure time of 2 s are: martensite in the form of packet martensite with a vol-
ume fraction of 60 %, lamellar low-temperature and lamellar high-temperature martensites with volume frac-
tions of ~ 10 % and ~ 30 %, respectively;

— It was determined that electrolyte-plasma surface hardening leads to a change and hardening of the
surface layer of mark 2 steel, the thickness of the hardened layer is ~ 1000—1500 um, and the microhardness
increases by ~ 3 times.

The work was supported as part of scientific-research grant of the Ministry of Education and science of
the Republic of Kazakhstan (BR 05236748).
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DIEeKTPOJUTTI-IIA3MAJIBIK 0eTTiK HIBIHBIKTHIPY/AbIH
2 MapkaJbl J6HreeK 00JaTThIH KYPbLIbIMbIHA dCepi

Makana 3JIeKTpOJIUTTI-IIa3MaNIBIK OSTTIK MIBIHBIKTHIPYABIH 2 MapKalbl JOHTelIeK 00aT YATUIepiHiH KyMbIC
OeTiHiH KypBUIBIMBI MEH MUKPOKATTHUIBIFBIHA 9CEPiH 3epTTeyre apHaiFaH. JKYMBIC 3JIeKTPOIUTTIi-IIa3MaJIbIK
6errik meHAay 10 % xapbammpa (NH,),CO + 20 % natpuii kap6oHaThIHEIH Na,CO; cyinsl epiTiHaiciHeH
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JKacalfaH 3JIEKTPOJIUTTE JKY3ere achIpblUIFaH. OHIEy YakbIThl 2 ceK, Ty = 850-900 °C; U= 320V; [=40A
Gonpl. JKapblk OepeTiH 3J1eKTPOHABIK MHKPOCKOIHMSHBIH HOTIKENIEPIHE COMKEC 3JICKTPONIUTTI-IIa3MaIIbIK
OeTTiK IIbIHAAy 2 MapKaibl OOJATTBIH MOPQOJIOTHSIBIK KypayIIbUIAPBIHBIH ©3repyiHe allblll KEeNreHiH
kepcereni. bacrankpl jxarnaibiHIa 00MATTBIH MOP(GOJIOTHSIIBIK KypaylibUiapsl (parMeHTTeNreH (eppHur,
(bparmenTTenMereH (GeppuT JKOHE MEpPIUTTEH Kypajblll, al MarTpuua o-(aszagaH Typajpl. DNEKTPOJUTTI-
IUIa3MaJbIK OSTTIK MIBIHBIKTBIPYAAH KeHiH YITiHIH OeTiHe makeTTi (peiKaisl, TakTalIna Topi3zec), KOoFaphl
TeMIIepaTypaibl KaTHapibl KOHE TOMEH TEMIepaTypaibl KaTHapibl MapTeHCHT Ty3iieli. DJIeKTPOIUTTIH
CyJbI epITIHAICIHAC MIBIHBIKTBIPBUIFAHHAH KeiliH JAeHrenek 0onar yiriiepiHiH KenJeHeH KHMachl OOibIHIIA
MHKDPOKATTBUIBIKTBI QHBIKTAayFa 3epTTEYJIep XKYPTi3iIreH. DIeKTPOIUTTI-IIa3MANIBIK OCTTIK LIBIHBIKTHIPY/IaH
KeWiH ochbl OETTiK KabaTThIH MUKPOKATThUIBIFBIHBIH MOHI 00JIaTTHIH MaTPULACBIMEH CallBICTBIpFaHza ~ 3 ece
©CKEHiH, aJl IIBIHBIKTHIPbUIFaH Ka0aTThIH KaubIHABIFEL 1000—1500 MKM KypaHTHIHBIH KOPCETKEH.

Kinm CGS’()@[J.‘ 3J'IeKTpO.]'II/ITTi-HJ'Ia3MaJ'H)IK 0eTTiK IIBIHBIKTBIPY, JOHI'CJICK 6OJ'I21T, TPAaHCMUCCHUSLIBLK
DJIEKTPOHABIK MUKPOCKOIIUS, )KYKa KYPBUIbIM, MUKPOKATTBUIBIK, MOp(i)OIIOFI/ISI, MapTEHCUT.

b.K. Paxagunos, E.E. Tabuesa, I'.K. Ya3eipxanosa, JI.I'. XKypeposa, H.A. [Tomosa

Bausinue 3/1eKTPOJMTHO-IIJIA3MEHHOM MOBEPXHOCTHOM
3aKAJIKU Ha CTPYKTYPY KOJIECHOM CTaJId MApPKHU 2

CraThsl MMOCBSIICHA MCCIICIOBAHUIO BIMSIHUS SJIEKTPOIUTHO-TIA3MEHHON IIOBEPXHOCTHOM 3aKaJIKi Ha CTPYK-
Typy ¥ MHKPOTBEPAOCTb pabouell MOBEPXHOCTH OOpa3loB KOJECHOW CTald MapKu 2. DIEKTPOJIUTHO-
TIa3MEHHYI0 TIOBEPXHOCTHYIO 3aKalIKy OCYIIECTBIISUIN B JJIEKTPOJIUTE U3 BOJHOIO pacTBOpa 10-mpomeHTHOro
kapbamuzaa (NH,),CO + 20-nponentHoro kapbonata Hatpus Na,COs;. Bpemst 00paboTku cocTaBisiio 2 cek,
Tax = 850-900 °C; U= 320V; [=40A. CornacHo pe3ysibTaTaM NpOCBeYMBAIOLICH 3ICKTPOHHON MUKPOCKOTIUHI
JJIEKTPOJIUTHO-IDIA3MEHHAsl TIOBEPXHOCTHAS 3aKaJIka MPUBETa K N3MEHEHUIO MOP(OIOTHIECKUX COCTaBIISIO-
IMUX CTaJM Mapk# 2. B MCXOIHOM COCTOSHHMHM MaTpHIla CTAIM IIPEACTaBISICT, COO0H a-(a3y, Mopdomormde-
CKMMH COCTaBJISIIOLIMMH KOTOPOH SIBIISTIOTCS (hparMEeHTHPOBAHHEIH (PeppuT, HeparMeHTHPOBAHHBIH (GeppHut
u nepsut. ITocne 3IeKTpoIUTHO-TIIa3MEHHON ITOBEPXHOCTHOMN 3aKAIIKH Ha TIOBEPXHOCTH 00pa3na ¢hopMupy-
€TCsl NAKETHBIM, BBICOKOTEMIIEPATYPHBIN TUIACTUHYATBHIN U HU3KOTEMIIEpATYPHbIH TIACTUHYATBIA MapPTEHCHT.
ITpoBeneHsl Hccen0BaHKS HA OIMpe/eIeHHe MUKPOTBEPAOCTH MO MOMEPETHOMY CEUEHHIO 00pa3loB KoJec-
HOH CTamu moclie 3aKalkd B BOJIHOM PacTBOPE JNIEKTPONHUTA. YCTAHOBIEHO, YTO IOCHIE 3NIEKTPOIUTHO-
TIa3MEHHON TTOBEPXHOCTHOM 3aKalKu 3HAauUeHHE MHUKPOTBEPIOCTH JAHHOTO 3aKaJICHHOTO MOBEPXHOCTHOTO
CJIOSI TIOBBICHJIOCH B ~ 3 pa3a IO CPaBHEHHUIO C MATPHUIEH CTaid, a TOJNIIMHA 3aKAJEHHOTO CJIOSl COCTaBMIIa
1000-1500 mMxm.

Knrouegvie cnosa: DJICKTPOJUTHO-IUIaSMCHHAs MOBEPXHOCTHAs 3aKajlka, KOJIECHas CTallb, IPOCBEYMBAIONIas
QJICKTPOHHAs MUKPOCKOIIN, TOHKasA CTPYKTYpa, MUKPOTBECPAOCTD, MOp(i)OJIOI‘I/ISI, MapTEHCHUT.
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