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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 (NH2)2CO 20 % sodium carbonate Na2CO3. The processing 
time was 2 seconds, Tmax = 850–900 ºC; U= 320V; I=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 α-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 8900C for 2–2.5hours with cooling in 
warm water (30–600C) followed by tempering at 5800C for 2.5–3 hours. 

Some steel samples were cut out of the wheel tire as parallelepiped in size 15×15×10 mm3. 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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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: 

 VS P
L

V

L

S
P 

32
, (2) 

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 ( phase). The crystal lat-
tices of residual austenite and the -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 (-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 -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 (FeC) was calculated using the formula [12]: 

 
2

3

3 rt

V CFe
CFe 
 ,  (3) 

Where CFeV
3

 — is the average volume of one particle of cement, 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 2c shows LL–lamellar low-temperature 
martensit, HL–lamellar high-temperature martensit. On the boundaries of martensitic crystals — interlayer of 
residual austenite (). 

 

 

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 (NH₂) ₂CO and 20 % sodium carbonate Na₂CO₃ 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 μm, 2 zone — a zone of thermal influence, 3 zone — a matrix. 
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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) -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 ºС 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 μm, 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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Электролитті-плазмалық беттік шынықтырудың  
2 маркалы дөңгелек болаттың құрылымына əсері 

Мақала электролитті-плазмалық беттік шынықтырудың 2 маркалы дөңгелек болат үлгілерінің жұмыс 
бетінің құрылымы мен микроқаттылығына əсерін зерттеуге арналған. Жұмыс электролитті-плазмалық 
беттік шыңдау 10 % карбамид (NH2)2CO + 20 % натрий карбонатының Na2CO3 сулы ерітіндісінен 
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жасалған электролитте жүзеге асырылған. Өңдеу уақыты 2 сек, Tmax = 850–900 ºС; U= 320V; I=40A 
болды. Жарық беретін электрондық микроскопияның нəтижелеріне сəйкес электролитті-плазмалық 
беттік шыңдау 2 маркалы болаттың морфологиялық құраушыларының өзгеруіне алып келгенін 
көрсетеді. Бастапқы жағдайында болаттың морфологиялық құраушылары фрагменттелген феррит, 
фрагменттелмеген феррит жəне перлиттен құралып, ал матрица α-фазадан тұрады. Электролитті-
плазмалық беттік шынықтырудан кейін үлгінің бетінде пакетті (рейкалы, тақтайша тəріздес), жоғары 
температуралы қатпарлы жəне төмен температуралы қатпарлы мартенсит түзіледі. Электролиттің 
сулы ерітіндісінде шынықтырылғаннан кейін дөңгелек болат үлгілерінің көлденең қимасы бойынша 
микроқаттылықты анықтауға зерттеулер жүргізілген. Электролитті-плазмалық беттік шынықтырудан 
кейін осы беттік қабаттың микроқаттылығының мəні болаттың матрицасымен салыстырғанда ~ 3 есе 
өскенін, ал шынықтырылған қабаттың қалыңдығы 1000–1500 мкм құрайтынын көрсеткен. 

Кілт сөздер: электролитті-плазмалық беттік шынықтыру, дөңгелек болат, трансмиссиялық 
электрондық микроскопия, жұқа құрылым, микроқаттылық, морфология, мартенсит. 

Б.К. Рахадилов, Е.Е. Табиева, Г.К. Уазырханова, Л.Г. Журерова, Н.А. Попова 

Влияние электролитно-плазменной поверхностной  
закалки на структуру колесной стали марки 2 

Статья посвящена исследованию влияния электролитно-плазменной поверхностной закалки на струк-
туру и микротвердость рабочей поверхности образцов колесной стали марки 2. Электролитно-
плазменную поверхностную закалку осуществляли в электролите из водного раствора 10-процентного 
карбамида (NH2)2CO + 20-процентного карбоната натрия Na2CO3. Время обработки составляло 2 сек, 
Tmax = 850–900 ºС; U= 320V; I=40A. Согласно результатам просвечивающей электронной микроскопии 
электролитно-плазменная поверхностная закалка привела к изменению морфологических составляю-
щих стали марки 2. В исходном состоянии матрица стали представляет собой α-фазу, морфологиче-
скими составляющими которой являются фрагментированный феррит, нефрагментированный феррит 
и перлит. После электролитно-плазменной поверхностной закалки на поверхности образца формиру-
ется пакетный, высокотемпературный пластинчатый и низкотемпературный пластинчатый мартенсит. 
Проведены исследования на определение микротвердости по поперечному сечению образцов колес-
ной стали после закалки в водном растворе электролита. Установлено, что после электролитно-
плазменной поверхностной закалки значение микротвердости данного закаленного поверхностного 
слоя повысилось в ~ 3 раза по сравнению с матрицей стали, а толщина закаленного слоя составила 
1000–1500 мкм. 

Ключевые слова: электролитно-плазменная поверхностная закалка, колесная сталь, просвечивающая 
электронная микроскопия, тонкая структура, микротвердость, морфология, мартенсит. 
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