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The main results obtained by metal scientists of the Chelyabinsk Polytechnic Institute (the South-Ural State
University) under the guidance of M. M. Shteinberg in the field of the kinetics of martensitic transformations
in iron alloys and its variation under the action of alloying, precipitation hardening and phase hardening are

considered.
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M. M. Shteinberg has always declared his belonging to
the Ural school of metal scientists famous for its pioneer
studies of the laws of martensitic transformation. He devoted
exceptional attention to the kinetics of martensitic transfor-
mations in iron alloys, its variation under the effects of alloy-
ing, precipitation hardening and phase hardening and to the
mechanical properties of metastable austenitic alloys under
various kinds of deformation. The main results of these stu-
dies are as follows.

A complex method has been developed for determining
the type of the kinetics of martensitic transformation under
cooling in the alloys with poorly manifested kinetic features.
The method consists in joint investigation of the macro- and
microkinetics of formation of martensite and of the action of
a high-intensity pulsed magnetic field (about 330 kOe) on
austenite. This method has made it possible to detect some
special features of the kinetics of formation of martensite not
observed earlier, which has lead to some novel conclusions
and generalizations [1].

The transition from a “rapid isothermal” to an explosive
transformation upon alloying occurs in a narrow concentra-
tion range within which the macrokinetics remains un-
changed while the microkinetics exhibits a lot of jumps cor-
responding to formation of small groups of crystals of lenti-
cular martensite. The reverse transition also develops gradu-
ally with disappearance of first macroscopic and then micro-
scopic jumps [2].
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The effect of elements on the martensitic point depends
on the composition of the matrix not only where its value is
concerned but sometimes even its direction [3 — 6].

Only athermal martensite can form in a pulsed magnetic
field (PMF) whatever the composition of the alloy and the
kinetics of the transformation under cooling. In the alloys
with isothermal type of the transformation martensite forms
in a PMF only under the condition that the development of
an athermal transformation is principally possible below
M 5™ “and the temperature of the action of the field T, is

puls
such that 7, — M; ath is lower than the shift 67 in the PMF.
It has been shown that tests with PMF make it possible to
predict the development of athermal transformation below

M =™ due to rapid cooling of alloys in which martensite is

commonly formed by the isothermal mechanism [1, 7, 8].
The transition from one kinetic type to the other is most
frequently observed upon a change in the chemical composi-
tion of the alloy. Growth in the strength of the austenite
above some limiting value is followed by a change in the
morphology of the martensite, which is required for lowering
of the elastic energy, and by a corresponding change in the
transformation kinetics from an isothermal one to an
athermal one. This transition can occur not only upon alloy-
ing, but also due to other methods of hardening. i.e., upon
phase hardening or precipitation hardening. In the latter case
the transition to an explosive athermal transformation is ob-
served after low-temperature aging (450 — 500°C) of some
alloys susceptible to precipitation of intermetallics and de-
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velops despite the fact that the accompanying change in the
chemical composition of the austenite should hinder the pro-
cess. High-temperature aging (above 600°C) of “athermal”
alloys transfers them into the category of “isothermal” ones.
The initial isothermal kinetics of the martensitic transforma-
tion does not change as a result of high-temperature aging
[7,9, 10].

Phase hardening not aggravated by accompanying phe-
nomena should lower M, of both isothermal and athermal
transformations. In “explosive” alloys M, may lower, may
remain unchanged, or may grow depending on the special
features of the chemical composition, on the structure of the
austenite, and on the degree of the development of the pro-
cesses accompanying the phase hardening. The explosive
formation of martensite is suppressed by phase hardening,
and the martensite curve is smoothed. However, this does not
remove the athermal mode of the transformation, i.e., large
“explosions” are broken into a lot of small jumps detectable
in a study of the microkinetics of the transformation
[3,11-13].

The appearance of an athermal transformation due to
phase hardening in some alloys with isothermal kinetics of
formation of martensite is a result of a shift of the 77—t
C-curve and hence of a delay of the competing isothermal
transformation [3, 11].

Thermal stabilization of austenite due to pinning of dis-
locations by interstitial impurities at a temperature exceeding
M (at 400 — 500°C) is possible not only in the alloys with
isothermal transformation kinetics, as it has been assumed
earlier, but also in the alloys with an athermal transforma-
tion. However, this requires a higher carbon content (about
0.05%) than in the alloys with isothermal transformation
(0.001%). The formation of clusters, zones, or dispersed par-
ticles due to aging at 475°C intensifies considerably the ther-
mal stabilization of the austenite, and the precipitation of car-
bides does not play a substantial role.

Generalization of the experimental data resulted in the
development of novel methods of hardening treatment of
metastable austenitic alloys eliminating the appearance of
martensite in them in the final condition [14 — 16].

It is expedient to classify the products of the transforma-
tion of austenite due to deformation as stress martensite,
which resembles the cooling-induced martensite genetically
and morphologically, and as fine dispersed strain martensite.
As a rule, tensile testing makes it possible to observe only
stress martensite; individual formation of these types of
martensite is possible in torsion tests [7, 17].

In the case of formation of stress martensite in early
stages of tensile testing the conventional yield strength o,
may be attained long before the completion of the initial rec-
tilinear segment of the stress-strain curve, when about 2.5%
martensite forms on the average. The stress determined from
the inflection of the stress-strain curve, which has earlier
been treated as the conventional yield strength, has nothing
to do with it and is much higher than the actual value of ) ,.
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To determine o, , we should measure the residual elongation
of the test pieces. A similar phenomenon has been observed
in torsion tests [7, 17, 18].

Abnormal behavior of the temperature dependence of
0, (its lowering near M, ) can be observed not only in the al-
loys with athermal martensitic transformation, as it has been
assumed earlier, but also in the alloys with isothermal trans-
formation kinetics upon cooling, especially if the latter have
been strengthened by external or phase hardening, or alloy-
ing [18, 19].

The temperature dependence of the ductility of meta-
stable austenitic alloys has a maximum whatever the kinetics
of the martensitic transformation in cooling and the method
of the deformation (uniaxial or biaxial tension, torsion). In
tensile tests the ductility maximum is caused by formation of
stress martensite and appears at a temperature 20 — 120°C
above M, . The growth in the ductility under torsion is caused
by the appearance of a high content of strain martensite and
occurs at a temperature 120 —250°C higher than the
martensitic point [12, 18, 19].

The following results have practical importance for ad-
vancement of metastable austenitic alloys:

— the data on the influence of the principal alloying ele-
ments on the martensitic point of a great number of iron-
nickel-, iron-nickel-carbon-, iron-chromium-nickel- and
iron-nickel-manganese-base alloys make it possible to choose
the chemical composition for alloys with specified values of
M appropriate from the standpoint of production [3 — 6];

— the results of the study of the interrelation of the for-
mation of martensite, precipitation hardening and phase
hardening in alloys with carbide and intermetallic aging are
demanded for choosing the composition and treatment pro-
cesses of the alloys [7, 9 — 11, 20];

— the determined special features of formation of tensile
and torsional mechanical properties of metastable austenitic
alloys should be allowed for in the development of materials
either hardened by deformation accompanied by formation
of martensite or subjected to cold deformation with the aim
to provide the required shape [7, 8, 19, 21, 22].

The scientific results presented characterize M. M. Shtein-
berg as a prominent metal scientist.
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