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At present the quality of steel is often improved by thermomechanical treatment (TMT). It is of interest to
establish the effect of the state of austenite in strain caused by TMT on the properties of steels. This paper is
devoted to the effect of various thermal-strain treatment regimes on the properties and structure of steels
25GSR and 20 with different stabilities of austenite.

The technological process of thermomechanical strength-
ening of rolled steel permits substantial savings in power re-
sources because the strengthening is conducted using the roll-
ing heating after the strain treatment of the steel is finished.
TMT also makes it possible to save alloying elements be-
cause it ensures a high level of properties (both strength and
toughness) of the steel. Use of rolled stock with elevated
strength properties creates conditions for the production of
mechanisms, machines, and metal and ferroconcrete struc-
tures with a diminished consumption of metal [1].

Another factor affecting the efficiency of such treatment
of steel consists in that it can eliminate the negative effect of
the processes of high-speed rolling in modern continuous
mills characterized by an elevated temperature at the end of
the process, which worsens the properties of the metal and es-
pecially the toughness characteristics.

In the process of hot plastic strain of steel the elements
are uniformly distributed over austenite grains and the harm-
ful impurities positioned in near-boundary zones dissolve. As
a result of dynamic and static recrystallization austenite
grains are fractured. The high cooling rate of the rolled stock
after it leaves the mill causes formation of highly dispersed
products of decomposition of austenite and diminishes the
size of austenite grains [2 —4].

The structural state that results after TMT increases the
strength and fatigue resistance of the metal with a simultane-
ous substantial growth of the impact toughness even at nega-
tive temperatures (which is especially important). For exam-
ple, low-alloy steels (09G2-14G2, 09G2S, and other
grades) strengthened to o, = 520 and 600 N/mm? have an im-
pact toughness a, > 35 J/cm? at —70°C.
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It should be noted that the parameters of the thermal-
strain treatment of steel in the process of the TMT can be var-
ied in order to form a favorable structural state and obtain a
high set of properties [S — 6].

For this purpose we studied various temperature and
strain regimes for treating steels 20 and 25GSR characterized
by different stabilities of austenite. The specimens were
rolled in a mill at the Institute of Ferrous Metallurgy of the
National Academy of Sciences of Ukraine with a 30% reduc-
tion. The furnace heating for rolling was conducted by the
following regime: the specimens were heated to 1100°C, then
placed in the furnace heated to various temperatures, and
strained (see Table 1). The rolled specimens were cooled in
water in a special device at a mean flow rate of the water
equal to 45— 50 deg/sec. The accelerated cooling was dis-
continued at 600 —650°C and then the specimens were
cooled in air.2

2 The regime of thermal-strain treatment described by the authors is in fact
strain combined with annealing, because in this case the transformation of
supercooled austenite occurs at 600 — 650°C. The classical kind of TMT
consists in strain with subsequent quenching in which the strained
austenite undergoes a martensite transformation (Ed. note).

TABLE 1

Treatment regime 1, °C t,,°C
! 1100 1050
2 1100 900
3 1100 800

Notation: 1, is the temperature of heating be-
fore the strain, f is the strain temperature.
Notes. 1. The degree of strain was 30% for all
the treatment regimes. 2. After the strain the
preforms were cooled in water to 600 — 650°C
and then in air.
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Plates rolled and strengthened by the regimes
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Fig. 2. Dependence of the strength properties of steel St 3 on the final-rolling
temperature fg..

A part of the samples was studied in the hot-rolled state:
after rolling at 1100°C with 30% reduction and cooling in air.

The temperature of the critical points Ac, and Ac; was de-
termined in advance. For steel 20 Ac, = 736°C (4r, = 630—
640°C), Acy = 868°C (Ary =740 —750°C); for steel 25GSR
Acy =731°C (Ar, = 620 — 640°C), Ac; =836°C (Ar; =730
740°C).

A microstructural analysis has shown that deformation at
900 and 1050°C with subsequent accelerated cooling (re-
gimes / and 2) causes disappearance of the ferrite network
over boundaries of former austenite grains in steel 25GSR.
Treatment by regime 3 (¢, = 800°C) gives grains of various
sizes, and structurally free ferrite is segregated over bounda-
ries of former austenite grains. The structure is fernte-pear-
lite.

As the rolling temperature of steel 20 is diminished from
1050 to 800°C, the sizes of the ferrite-pearlite grains decrease
and begin to differ.

800, oC

austenite. In low-carbon steel 20 the yield strength
increases to a greater degree with reduction in the
strain temperature (Fig. la).

We also studied the strength characteristics of
shaped rolled stock (flange beams and channels)
of carbon steel St 3 in a hot-rolled state after roll-
ing in different mills. We established (Fig. 2) that preforms
rolled in a continuous (high-speed) mill at a final-strain tem-
perature of 1080°C has lower o, and o, than preforms rolled
in a linear (low-speed) mill that provides a final-rolling tem-
perature of 800°C with longer pauses between strains in the
rolling strands.

The data presented show that strengthening of steel sub-
jected to TMT occurs mostly due to grain disintegration [7]
and creation of a stable dislocation structure.
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