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QUALITY CONTROL OF HIGH-MANGANESE STEELS
BY THE PARAMAGNETIC STATE OF AUSTENITE

Denys Onyshchenko

Purpose. Determination of the methodology for the comprehensive evaluation of the mechanical properties of high-
manganese steels according to one parameter that is sensitive to the influence of external factors, which will contribute
to the reduction of laboratory research costs during the selection of the best samples (melts) of steel for the production
of quality-critical products of responsible mechanical engineering.

Research methods. Tearing tests were carried out on the ¥PM-50 machine, the relative elongation was determined
according to the standard method. Microhardness was measured using a 7IMT3 device at a load of 50 g by a standard
method. Determination of the specific paramagnetic susceptibility yo of austenite (before mechanical tests) was carried
out on automated magnetometric scales.

Results. Based on the results of experimental studies, a correlation between mechanical properties and specific
paramagnetic susceptibility yo of austenite was established. The parameter y, is a characteristic of the atomic-magnetic
state of austenite and is a supersensitive value to the influence of various external factors. That is why it is proposed to
use the specific paramagnetic susceptibility of austenite as an integral characteristic to determine the influence of various
factors (chemical composition, smelting conditions, deformation, temperature, etc.) on the properties of steel.

Scientific novelty. The idea of a relationship between the mechanical properties of austenitic steels and the
previously formed atomic-magnetic state of the austenite matrix was proposed and experimentally confirmed.

Practical value. The determined correlation between the mechanical properties of high-manganese steels and the
specific paramagnetic susceptibility o of austenite and the proposed trend correspondence matrix make it possible to
perform express forecasting and quality control of steels without conducting labor-intensive mechanical tests.

Key words: austenite, elongation, durability, deformation martensite, paramagnetic susceptibility.

Introduction

The combination of physical, chemical and techno-
logical properties affect the quality of steels and products
made from them. Depending on the available properties,
the fields of application and the corresponding grade or
classification are determined. The future properties of steel
are largely determined by the final chemical composition,
phase-structural composition, and processing methods
(heat treatment, mechanical, etc.).

Two approaches are used to evaluate the quality of
steel. In the first case, a specific mechanical (hardness, im-
pact strength, wear resistance, tensile strength, etc.) or ser-
vice (for example, corrosion rate) parameter is experimen-

tally determined, which is then brought into line with a spe-
cific DSTU or technical task (customer requirements).
Measurement and analysis of each of these parameters re-
quires significant time, qualified personnel, specific equip-
ment, etc. For example, the manufacture of samples to de-
termine mechanical properties is a rather laborious process,
and corrosion tests can last several weeks.

These experimental studies are reflected in the stand-
ards of enterprises with input (output) control of materials
(products), that is, they are mandatory at the initial and fi-
nal stages of production. Intermediate tests are generally
not conducted due to their time-consuming and expensive
nature.

The second approach is to define and use one physical
parameter, which would be an integral characteristic of the
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influence of various factors (chemical composition, smelt-
ing conditions, the influence of deformation and tempera-
ture, etc.). A necessary condition for its use is a certain re-
lationship (correlation) of this parameter with the mechan-
ical and service properties that determine the quality of
steel.

Qualitative and timely control of the physical and me-
chanical properties of substances contributes to increasing
the competitiveness of machine-building enterprises.

Research and publication analysis

High-manganese steels are widely used for the man-
ufacture of a significant range of parts for mining and pro-
cessing equipment and railway transport [1-4]. The contin-
uous development of these industries leads to a complica-
tion of the operating conditions of parts and an increase in
the requirements for the physical and mechanical proper-
ties of steels.

During the operation of products, phase-structural
transformations occur, for example, martensitic y—>ao’
transformation during plastic deformation [5, 6].

The martensitic transformation in austenitic high-
manganese steels is significantly influenced by the chemi-
cal composition, microstructure, deformation temperature,
and mechanical stress [7].

In [8], an algorithm for performing material quality
evaluation is presented, according to which the test method
is selected and the necessary qualimetric methods for qual-
ity evaluation are selected.

A highly accurate indicator of structural changes and
mechanical properties is the paramagnetic susceptibility yo
of austenite, which, as a highly sensitive characteristic, is
able to reflect the peculiarities of the influence of tempera-
ture, pressure and chemical composition (i.e., the content
of Mn, C, Si and other elements) on the general state and
properties of the austenite phase [9].

Since the main phase of austenitic high-manganese
steels is austenite, it is quite natural to consider one of the

characteristics of austenite. A common means of studying
austenitic materials is to consider the lattice, grain shape,
defects, and alloying elements. However, each of these pa-
rameters is not integrated, that is, it does not reflect all the
components of the formed austenite matrix. The atomic-
magnetic state of austenite is characterized by the specific
paramagnetic susceptibility yo, which is determined by the
total magnetic moment of a unit mass of austenite under
the condition of a unit value of the magnetic field.

While, the parameter yo is a complex characteristic of
austenite, the state of which was formed due to the availa-
ble chemical elements, mechanical and temperature ef-
fects, that is, o is sensitive to external factors [10].

Research objective

The purpose of the study is the development of a
methodology for comprehensive evaluation of the mechan-
ical properties of high-manganese steels by determining
the specific paramagnetic susceptibility xo of austenite.
The parameter o is a characteristic of the atomic-magnetic
state of the austenite matrix.

Materials and research methods

High-manganese steels with different manganese
contents were obtained in induction crucible electric fur-
naces in the form of ingots 100x100x200 mm, and then
subjected to water quenching from 1050 °C for austeniza-
tion (3 h holding time).

The content of other elements was kept within the
limits of the chemical composition for steel 110G13L ac-
cording to the DSTU 8781:2018 standard.

The chemical composition of the studied steel melting
samples is given in Table 1. The studied samples are num-
bered, which facilitated the construction of characteristics
in the figures presented later in the text. The values of the
measured parameter are rounded to the third decimal place.

Table 1 — Chemical composition of the studied austenitic steels

Steel melting Element, % of mass
Steel grade
sample Ne c Mn Si S P cr Al
1 110T8J1 1.14 8.60 0.66 0.040 0.088 0.100 0.019
2 110r'10J1 1.30 10.70 0.87 0.014 0.084 0.100 0.021
3 110I'13J1 1.16 13.80 0.76 0.016 0.092 0.100 0.018
4 1101871 1.34 8.43 0.80 0.140 0.092 0.060 0.019
5 110I'10JI 1.24 9.75 0.48 0,017 0,092 0,100 0,019
6 110r'10J1 1.39 10.42 0.56 0.014 0.110 0.001 0.025
7 110T°10J1 1.19 10.47 0.45 0.015 0.100 0.010 0.022
8 1101'10JI 1.23 10.57 0.51 0,016 0,100 0.01 0,018
9 110r'13J1 1.35 12.91 0.76 0.009 0.090 0.180 0.018
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Samples for mechanical testing and magnetometric
studies were cut from the middle part of the ingots, which
represented a homogeneous initial microstructure. Each
steel grade, according to the requirements and standards,
must have the corresponding indicators. But in responsible
engineering, it is desirable to determine the real quality
(property) of various steel melts belonging to the same
grade. That is, for responsible structures, steel with the best
mechanical properties should be used. It is most acceptable
if the quality level of steel is determined by a single param-
eter, that is, without time-consuming tests.

Tensile tests were performed on a YPM-50 machine.
Microhardness was measured by a IIMT3 device at a load
of 50 g according to the standard method. The specific par-
amagnetic susceptibility yo of austenite was determined on
special high-precision equipment [10].

It should be noted that the choice of o as a criterion
(indicator of mechanical properties) allows us to take into
account not only the influence of the manganese content
(which is the main austenitizer in the studied materials)
when predicting mechanical properties, but also the influ-
ence of the content of some other elements that are part of
the steel (primarily carbon).

Results and discussion

During the research, many characteristics were ob-
tained and analyzed, some of which are presented in this
article. Fig. 1 shows the relationship between the atomic-
magnetic state of austenite (in the initial state, i.e. before
mechanical tests) and the mechanical properties of high-
manganese steels. The numbers near the points coincide
with the numbers of the steel samples in Table 1). With a
decrease in yo, the plasticity index (relative elongation &
and impact toughness KCU) increase.

This feature in the behavior of the specified mechan-
ical characteristics could be explained as follows. Accord-
ing to literature data, manganese effectively reduces the en-
ergy of stacking faults (in the specified interval of Mn con-
tent) [11]. As a result, elementary dislocations are actively
split into partial ones connected by stacking faults with a
crystallographic structure different from austenite.

This facilitates the process of plastic deformation due
to an increase in the possibility of easy sliding, since in the
case of splitting of individual elementary dislocations there
is a possibility of the transition of stretched dislocations in
the intersecting slip plane of the same type. Impact tough-
ness increases with an increase in the manganese content,
and therefore the stability of austenite. Low carbon, high
manganese steel exhibits better impact toughness than high
carbon, low manganese steel [12].

The dependence of microhardness on the magnetic
state of austenite, i.e. on yo, is presented in Fig. 2. As can
be seen, the increase in microhardness in this case corre-
lates with the increase in the parameter yo.
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Figure 1. Characteristics of high-manganese steels:
a — dependence of relative elongation §;
b — impact toughness KCU on the specific paramagnetic
susceptibility xo of austenite (before mechanical tests)
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Figure 2. Relationship between microhardness and specific par-
amagnetic susceptibility o of austenite of high-manganese
steels (numbers near the points coincide with the numbers of

steels in Table 1)
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Let us explain the above relationship as follows.
Since the microhardness measurement uses loads that lead
to an extremely small local deformation (when pressing the
indenter), due to the very low energy of stacking faults, ac-
tive splitting of full dislocations should occur, which facil-
itates their easy sliding and thereby significantly increases
the depth of penetration of the indenter, even at low loads.
At the same time, regardless of the existing lengths of the
free path of dislocations at such small local deformations,
stretched dislocations do not have time to create separate
clusters that can significantly affect the increase in micro-
hardness.

Analysis of the above graphs showed that there is a
good correlation between the mechanical properties and
the paramagnetic susceptibility of austenite, which makes
it possible to use this as an effective factor in predicting the
mechanical properties of an austenitic material depending
on the manganese content in it (provided that the carbon
content and other austenizing elements are constant).

The choice of the paramagnetic susceptibility of aus-
tenite as a criterion for evaluation the properties of steel
(with varying manganese content in the steel) was also due
to the fact that direct experimental determination of the me-
chanical properties of austenitic materials is often very
time-consuming, instead, the specified criterion can be eas-
ily established using special highly sensitive equipment.

The indicated trends in property changes are reflected
in the Matrix of correspondence of the direction of changes
(trends) between the paramagnetic parameter yo and the
mechanical properties of high-manganese steels (Table 2).

Table 2 — Correspondence matrix

The tendency deter- Forecasted trends

mined experimentally
X0 5 KCU microhardness
T y { T

Here, the signs T and ¥ indicate an increase and de-
crease in the value, respectively.

Analysis of the results obtained (Table 2) shows that
for the selection of a higher quality steel (which has better
mechanical properties) it is possible to use the specific par-
amagnetic susceptibility yo of austenite as an integral cri-
terion. It is worth noting that the parameter o can also be
used as a criterion for the level of austenite stability.

It should also be noted that the most common is the
determination of the level of stability of the amount of re-
tained austenite. Thus, in [13] maps for predicting the
amount of austenite from the parameters of intercritical an-
nealing and the initial microstructure are proposed. Process
maps provide information for designing intercritical treat-
ments of medium manganese steels, helping to optimize
steel properties for automotive applications. It is generally
accepted [14, 15] that the slow transformation of austenite
to martensite has a beneficial effect on plasticity, so the
proportion and stability of austenite should be carefully
controlled.

Further research in this field involves physical-math-
ematical modeling to predict and determine the optimal pa-
rameters of steels.

Conclusions

1. The correlation dependence of the relative elonga-
tion & and the impact toughness KCU on the specific para-
magnetic susceptibility yo of austenite (before mechanical
testing) of high-manganese steels was experimentally in-
vestigated and determined.

2. A trend correspondence matrix was proposed, ac-
cording to which it is possible to select a higher-quality
sample of steel melt, which has better mechanical proper-
ties for the production of quality-critical products of re-
sponsible mechanical engineering.
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Mema podomu. BusnauenHs MemoOuKy Onsi KOMILEKCHOL OYIHKU MEXAHIYHUX GLACTUBOCMEN BUCOKOMAHSAHOBUX
cmaneti 3a 0OHUM NAPAMEMPOM, AKUU € UYMAUBUM 00 6NIUBY 306HIUHIX (PAKMOPIE, WO CRPUSIMUME 3MEHUEHHIO 8UMpPan
Ha 1abopamopHi Q0CiONCeHHs Ni0 Hac 6i0O0PY HAUKPAWUX 3pasKie (n1asox) cmaineil 0Jis BUCOMOGLEHHS KPUMUYHUX 00

sKOCmi 8UP006IE BIONOBIOANILHO20 MAUUHOOYOYEAHHSI.

Memoou docrioxyncennn. Bunpobysanns na pospus nposoounu na mawuni YPM-50, éionoche 6udoedicents ausHa-
Yau 3a CManoapmuol memoouxoio. Mixpomsepoicmo eumipiosanu 3 sukopucmanuam npuaady IIMT3 npu nasanma-
orcenni 50 2 3a cmanoapmuow Memooukorw. Busnauenns numomoi napamaznemnoi cnputinasmausocmi Yo aycmenimy (00
MeXAHIYHUX 8UNPoOY8ams) 30IUCHIO8AU HA ABMOMATNUZ0BAHUX MACHEMOMEMPUYHUX MeEPe3aXx.

Ompumani pesyromamu. Buxoosuu 3 pesynomamis excnepumeHmanbHux 00Caiodicenb, CMAHOBNEHO HASGHICMb
KOpenayli Midc MEXAHIYHUMU GIACMUBOCHIAMU | NUMOMOI0 NAPAMAZHEMHO0 CRpuliHAmaugicmio yo aycmenimy. Ilapa-
MEmp Yo € XapakmepucmuKkorw amomMHO-MAZHEMHO20 CINARY AYCMEHIMY | € HA0YYMAUBOI BETUYUHOIO 00 6NIUBY DIZHO-
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MaHimHuux 306HiwHix hakmopie. Came momy 3anponoOHOBAHO GUKOPUCTNOBY8AMU NUMOMY NAPAMASHEMHY CRPULIHAMIU-
8icmb Yo AyCmeHimy 5K iHMeZpaibHy Xapakmepucmuxy OJisi 6USHAYEHHs 6NJIUGY DIZHOMAHIMHUX (hakmopie (XiMiuHull
CK1a0, YMOBU BUNIAGLEHHS, 0eqhopMayis, memnepamypa mowo) Ha 61acmugoCcmi cmaJi.

Haykosa nogusna. 3anpononogamo ti eKCnepumMenmanbHo niomeepodtceHo i0eio npo 36’ 30K MidiC MeXaHiYHUMU
B1ACTNUBOCMAMU AYCMEHIMHUX CMaiell i NOnepeoHbo CHOPMOBAHUM AMOMHO-MAZHEMHUM CIMAHOM AYCMEHIMHOT Mam-

puyi.

Ilpakmuuna yinnicmo. Busnayenuil KoOperayitiHuil 36 130K MidiC MEXAHIYHUMU BLACMUBOCHAMU GUCOKOMAH2AHO-
8Ux cmaJiell i NUMoOMOI0 NAPAMASHEMHOI0 CHPUUHATAUBICIIO Yo AYCMENImY ma 3anponoHo8aHa Mampuys 6i0no8ioHoCmi
MeHOeHYIll 00YMOBII0IOMb MOICTUBICTNG eKCHPEC-NPOSHO3YE8AHHS A KOHMPOJb AKOCMI cmaneu Oe3 npogedeHHs. mpyoo-

MICMKUX MexXaniyHux aunpodyeams.

Knrwouoei cnosa: aycmenim, nodosoicentst, 3HOCOCMIUKICMb, Mapmencum deopmayii, napamasnemua cnputinam-
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