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EVOLUTION OF STRUCTURAL-PHASE STATE AND PROPERTIES
OF HYPEREUTECTOID STEEL RAILS AT LONG-TERM OPERATION
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Abstract. The methods of modern physical materials science were used to analyze the evolution of microhardness, tribological properties, dislocation
substructure and phase composition of the rails with increased wear resistance and contact endurance of DT 400 IR category after missed tonnage
of 187 million gross tons on the experimental ring of Russian Railways. It is shown that extremely long-term operation of the rails is accompanied
by a decrease (3.1 times) in wear parameter of the rolling surface and an increase (1.4 times) in microhardness, scalar dislocation density (1.5 times)
and Fe,C carbide content (1.24 times). Operation of the rails led to a decrease in the crystal lattice parameter, which correlates with an increase in the
content of iron carbide. We made the assumptions about physical causes of the change in parameters.
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AHHOmMayusa. MeTtogaMu COBPEMEHHOTO (DM3HMYECKOrO MAaTepHaOBE/ICHHs BBIOIHEH AHAJIN3 JBOJIOLHMH MHKPOTBEPIOCTH, TPUOOIOTHYECKHX
CBOMCTB, AMCIOKALMOHHOM CyOCTPYKTYpbI M (Pa30BOIr0 COCTAaBa PEILCOB MOBBIILIEHHOH H3HOCOCTOMKOCTH M KOHTAKTHON BBIHOCIMBOCTH KaTETOPHU
AT 400 UK nocne npomyiieHHOro ToHHaxa 187 MitH T OpyTTO Ha dKcriepuMeHTanibHOM Konble PXK/I. DkcTpemanbHO AuTenbHast SKCILUTyaTalus
PEIbCOB CONPOBOXK/IAETCS YMEHBIIEHHEM MapaMeTpa M3HOCA MOBEPXHOCTH KaraHus (B 3,1 pa3a), yBenuueHHeM MHUKpoTBepaoctu (B 1,4 pasa),
CKaJISIPHON TIOTHOCTH Jiuciokauuii (B 1,5 pasa) u conepxanus kapouna Fe,C (B 1,24 paza). Dxcrutyarauus penbcoB NPUBENA K YMEHbLICHHUIO
napameTpa KpUCTAUINYECKON PEeLIeTKH, YTO KOPPEIUPYET C POCTOM COAEpKaHMs KapOunia skene3a. Bricka3aHbI MPEATIONOKEHUS O (U3HIECKHX
NPUYUHAX U3MEHEHHUS TapaMeTpPOB.

Kniouesvle c/108a: penbebl CENNAIbHOTO Ha3HAYCHUS, CTPYKTYPa, MUKPOTBEPAOCTD, (ha30BbIil COCTaB, TPHOOIOrHIECKHE CBOHCTBA

BaazodapHocmu: Asropsl paboThl BeipakatoT Onaromaprocts E.B. TToneBomy 3a npemocrasiernsie 00pasisl penbco u H0.D. MBaHoBy 3a momoris
B [IPOBECHUH SKCIIEPUMEHTOB M 00CYKICHUH PE3YJIBTATOB.

Jas yumuposaHnus: Iopouprses M.A., I'pomos B.E., Kprokos P.E. DBomntorust cTpykTypHO-()a30BOr0 COCTOSIHUS U CBOMCTB PEIILCOB U3 3a9BTEKTOM/I-
HOW CTaJy NPH AIUTENIBHON KCIUTyaTanuu. M3zeecmus 6y306. Yepnas memannypeus. 2023;66(3):327-329.
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- INTRODUCTION

The continuous rise in the demand for rail reliability under
high axle loads and high speeds necessitates ensuring their
operational stability and analyzing potential causes of rail
withdrawals [1]. Understanding the patterns in the formation
of structural-phase states and the properties of specialized
rail types is essential for enhancing production techniques
and predicting their performance during operation.

In Russia, the production of differentially hardened
special purpose rails with enhanced wear resistance and
contact endurance has been ongoing for over three years.
These rails, categorized as DT 400 IK, are designed for
use on straight track sections with speeds up to 200 km/h
and on curved sections without traffic density limitations.
The significance of information on the structural-phase
state, strength, and tribological properties of these new
rail types arises from the profound challenges in physical
materials science, as well as the practical importance of the
issue [2 —4]. As per the development program of Russian
Railways, there are plans to increase the service life of rails
up to 2.0 billion tons of passed tonnage. According to Rus-
sian Railways, up to 75 % of rail withdrawals in 2020 were
attributed to reaching the limit state for wear and contact
fatigue defects.

The objective of this study is to analyze the change in
phase composition, dislocation substructure, and properties
of special-purpose rails following long-term operation.

[ EXPERIMENTAL

Samples of hypereutectoid steel E9OKhAF, which com-
ply with the properties and elemental composition regulated
by State Standard GOST 51685-2013 and Specifications
TU 24.10.75111-298-05757676.2017 RZhD, were utilized
as the material for this study. The analysis was conducted
on the rails after undergoing differential hardening and sub-
sequent operation on the experimental track of the Russian
Railways, with a total tonnage was 187 million gross tons).

The microhardness of the steel was determined using
a PMT-3 instrument, employing the Vickers method with
an indenter load of 0.5 N. The tribological properties were
evaluated by measuring the wear parameter and friction
coefficient. Dry friction conditions were maintained during
the tests, employing the Pin-on-Disc and Oscillating layout,
with a TRIBOtester tribometer (TRIBOtechnic, France).
The test parameters included a VK8 hard alloy 6 mm ball,
a wear track radius of 2 mm, a 50 m path traveled by the
counterbody, a sample rotation speed of 25 mm/s, a2 N load
on the indenter, and ambient temperature. The wear groove
profile and its parameters were examined using a contact
nanoprofilometer (refer to the figure provided)). The wear
parameter k was calculated using the following equation:
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where R represents the track radius, mm; A denotes the
surface area of the transversal cross-section of the wear
tread, mm?; F signifies the applied load, N; L represents
the path passed by the ball counterbody, m [5].

The dislocation substructure was analyzed using trans-
mission electron microscopy (JEOLJEM 2100 F) [6; 7].
The investigation of the phase composition and struc-
tural parameters was carried out using an XRD-600 dif-
fractometer with CuK radiation. The RDK 4+ databases
and the POWDERCELL 2/4 full-profile analysis program
were utilized for the analysis.

[ RESULTS AND DISCUSSION

After the operation of DT 400 IK rail, the microhard-
ness of the tread surface increased by 1.4 times, from 5.5
to 7.7 GPa, while the scalar dislocation density increased
by 1.5 times, from 5.0-10'* to 7.5-10'° cm2. These changes
in parameters are attributed to the development of a complex
stress-strain state of the rail tread surface during long-term
operation [1]. These factors likely contribute to the more
than threefold increase in the wear resistance of the tread sur-
face. Initially, the wear parameter was 7.7-107° mn3/(N-m),
which reduced to 2.5-10° mn’/(N-m) after operation. The
friction coefficient exhibited a slight decrease from 0.43
to 0.35. However, these results do not provide sufficient
grounds for extrapolation wear behavior during subsequent
operation. To obtain a comprehensive understanding, addi-
tional values of this parameter at different carried tonnage
levels, as presented in [1], are required.

X-ray phase analysis of DT 400 IK rails revealed
that the primary phases present in the steel are a-Fe and
iron carbide Fe,C. In the initial state, the phase content
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Dependence of friction coefficient (/) and friction force (2) on time
of tribological testing of DT 400 IR rails after missed tonnage
of 187 million tons («) and profile of friction track (b)
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is 95.83 wt. % and 4.17 wt. %, respectively. The crystal
lattice constants: for o-Fe a = 2.8736 A, for F ¢,C carbide
a=4.7313 A, b=4.3299 A, c =2.8330 A.

After the rails have undergone cargo operation, the con-
tent of a-Fe and Fe,C phases changes to 94.84 wt. % and
5.16 wt. %, respectively. Additionally, the crystal lattice
constants become: for a-Fe a = 2.8713 A; for iron carbide
a=43057A, b=43057 A, ¢=2.8342 A. These find-
ings indicate that the rails operation resulted in a 1.24-fold
increase in the content of Fe,C carbide, by a factor of, accom-
panied by changes in its crystal lattice constants, suggesting
a potential presence of structural defects. Furthermore, the
crystal lattice constant of a-Fe decreased, which corresponds
to the increased content of iron carbide and indicates the
release of carbon from the a-Fe crystal lattice during opera-
tion, leading to the formation of a carbide phase.

- CONCLUSIONS

Overall, the operation of DT 400 IK rails contributes
to an enhancement in wear resistance, microhardness,
scalar dislocation density, and Fe,C carbide content.
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