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Abstract—The impact toughness and phase-structural transformations in 08Kh18G8N2T steel are studied
after a thermal action, which simulates the heating of the near-weld zone during electroslag welding, and sub-
sequent thermal cycling treatment under various conditions. An increase in the impact toughness from 0.25
to 1.2 MJ/m2 is detected after thermal cycling in the temperature range 700–900°C at a rate of 1°C/s, which
is associated with the redistribution of alloying elements between phases, structure fragmentation, and the
morphology of excess phases.
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INTRODUCTION

It seems rational to use duplex austenitic–ferritic
steels to produce large structural elements of chemical
apparatus operating in redox media at temperatures
from –40 to 300°C [1–4]. In comparison with single-
phase austenitic steels widely used under similar con-
ditions, such steels provide structures with a higher
strength and corrosion cracking resistance with signif-
icant nickel saving. Nevertheless, it should be taken
into account that, in the course of welding, especially
electroslag welding used for of thick metal parts [4–6],
intense ferritic grain growth, change in the phase ratio,
and the decomposition of unstable structures occur in
duplex steels, which significantly decreases the impact
toughness [3, 7–12].

One of the effective methods of increasing the
impact toughness of a metal is thermal cycling treat-
ment (TCT). The TCT of carbon and low-alloy steels
is accompanied by significant structural transforma-
tions related to changes in the structure of the heat-
affected zone and grain refinement, which manifests
itself in decreasing the ductile–brittle transition tem-
perature, increasing the ultimate tensile strength and
the yield strength at a slight decrease in plasticity, and
increasing the fatigue strength because of stress redis-
tribution [4, 5, 9, 13–16]. Although the volume of
studies of the effect of TCT on the properties of
welded joints of ferritic–austenitic steels is very small,
their results and accumulated experience allow us to
consider TCT promising for increasing the impact

toughness of the welded joints of ferritic–austenitic
steels [4, 5, 8, 9].

The purpose of this work is to study the kinetics of
phase and structural transformations under welding
heating and the effect of subsequent TCT on the struc-
ture and properties for 08Kh18G8N2T steel are inves-
tigated

EXPERIMENTAL
We investigated austenitic–ferritic 08Kh18G8N2T

steel in the as-received state (after rolling and anneal-
ing), and its chemical composition corresponded to
GOST 5632–72, namely, (wt %) 0.08 C, 18.46 Cr,
8.75 Mn, 2.66 Ni, 0.65 Si, 0.24 Ti, 0.012 S, and
0.010 P.

The imitation action of a thermal welding cycle
(TWC) on the metal in the near-weld zone (NWZ) of
the welded joint made by electroslag welding was car-
ried out in a high-speed electric contact heating instal-
lation at a maximum temperature of 1300°C in the
heating zone. Subsequent TCT was performed in the
temperature ranges 700–900, 600–800 and 400–
700°C with air cooling. The heating rate was w = 70–
80°C/s for heating by a passing current and 1–2°C/s
for heating in a resistance furnace. The number of
cycles N was varied from 3 to 10.

Impact toughness KCV–20 was studied by perform-
ing three-point bending tests of rectangular 10 × 10 ×
55 mm samples with a V-shaped notch (type XI
according to GOST 9454–78), Vickers hardness HV
385
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Fig. 1. Microstructure of 08Kh18G8N2T steel after
(a) TWC and (b) subsequent TCT in the temperature
range (b) 600–800 and (c) 700–900°C at w = 1°C/s and
N = 10 cycles.
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was determined using a TPP-2 device according to
GOST 2999–75, and microhardness H0.5 was deter-
mined on a PMT-3 device according to GOST 9450–76.

A structure was analyzed by optical microscopy
(Leica DMi 8) and electron microscopy (UEMB-
100K), and the chemical composition of phases was
determined by electron-probe microanalysis (Super-
Probe-733). A structure was revealed by electrolytic
RU
etching in oxalic acid, and color tinting with Groes-
beck’s reagent was used to separate phases.

RESULTS AND DISCUSSION

According to experimental, we revealed structural
changes characteristic of austenitic–ferritic steels
occurring in the NWZ of the welded joint. For exam-
ple, the structure of 08Kh18G8N2T steel after TWC
consists of large ferrite grains and acicular secondary-
austenite (γ' phase) precipitates located inside these
grains and along their boundaries (Fig. 1a). Thermal
cycling in the temperature range 600–800 and 700–
900°C leads to an increase in the amount of γ' phase in
the structure (Figs. 1b, 1c), and it precipitates not only
along the grain boundaries, but also in the body of the
ferritic grain. The extent of ferrite fields free from the
γ' phase is significantly decreased. When the upper
TCT cycle temperature increases, the metal structure
becomes more dispersed (see Fig. 1c).

Electron-microscopic studies of the surface of pol-
ished sections showed that the initial metal contains
excess-phase inclusions, which are located in the vol-
ume of δ ferrite grains, along interphase boundaries,
and inside γ'-phase needles (Fig. 2a). After TCT in the
temperature range 700–900 and 600–800°C, we
detected the intermetallic σ phase, carbides, carboni-
trides, and an increased amount of the ferritic δ phase,
which is in good agreement with [2, 3, 5, 6, 10–13].
Although the morphology of the resulting inclusions is
diverse, the following two main types can be distin-
guished: irregular and dendritic with well-pronounced
primary and secondary dendrite arms (Fig. 2b). When
the thermal action time increases, precipitated parti-
cles grow and fringes form around them (Fig. 2c).

Thermal cycling at a heating rate of 1°C /s provides
a stable increase in impact toughness KCV–20 in the
temperature range 700–900 and 600–800°C and
weakly affects it during processing in the temperature
range 400–700°C regardless of the heating rate
(Fig. 3, Table 1). The most significant increase in the
impact toughness (up to 1.2 MJ/m2) occurs as a result
of TCT in the temperature range 700–900°C, w =
1°C/s, and N = 10 cycles. A further increase in the
number of cycles weakly affects the mechanical prop-
erties.

After N = 3–5 TCT cycles in the temperature range
600–800°C and w = 1°C/s, the impact toughness
increases slightly; when the number of cycles increases
further, it increases rapidly. For example, after N = 10
TCT cycles, the impact toughness increases from
0.250 to 0.640 MJ/m2 (see Fig. 3, Table 1). Upon
heating at a rate w = 80°C/s, thermal cycling in the
temperature range 700–900°C leads to a sharp
increase in the impact toughness: 5 cycles in this range
give the same effect as 7 cycles in the range 600–
800°C at w = 1°C/s.
SSIAN METALLURGY (METALLY)  Vol. 2022  No. 4
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Fig. 2. Microstructure of 08Kh18G8N2T steel (a) in the
initial state and after TCT in the temperature range 700–
900°C at w = (b) 80 and (c) 1°C/s.
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Fig. 3. Impact toughness of 08Kh18G8N2T steel vs. the
TCT conditions: (1) 400–700°C, w = 1°C/s; (2) 400–
700°C, w = 80°C/s; (3) 600–800°C, w = 1°C/s; (4) 600–
800°C, w = 80°C/s; (5) 700–900°C, w = 1°C/s; and
(6) 700–900°C, w = 80°C/s.
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After TCT according to the given conditions, the
hardness and microhardness of steel are almost the
same as in the as-received state but are significantly
lower than after welding heating (see Table 1). It
should be noted that TCT in the temperature range
700–900°C decreases hardness less than TCT at 600–
RUSSIAN METALLURGY (METALLY)  Vol. 2022  No.
800 and 400–700°C; as was noted above, the impact
toughness in this case is maximal (1.2 MJ/m2). As a
result of TCT, the amount of δ ferrite in steel decreases
substantially, especially after treatment in the tem-
perature range 700–900°C (see Table 1).

The revealed features of the TCT action on the
steel structure are as follows: the total amount of the
γ' phase increases (this phase precipitates both along
ferrite grain boundaries and inside ferrite grains), the
area of ferrite fields free of γ'-phase precipitates
decreases significantly, the total amount of δ ferrite
decreases, and the steel structure is fragmented.

The fracture surface of steel samples after TWC
forms according to the mechanisms of both ductile
and brittle fracture (Fig. 4). Fracture areas along inter-
phase boundaries and ductile cleavage elements are
present. Fine excess-phase precipitates of unfavorable
film morphology, which initiate brittle fracture along
grain boundaries, are detected.

The increase in the impact toughness and the
decrease in the hardness as a result of TCT were found
to be associated with the dissolution of excess film
phases and their coagulation. The formation of cleav-
age facet surfaces is accompanied by the formation of
deformation twins, i.e., according to a low-energy
mechanism. The total energy intensity of brittle frac-
ture is high largely due to fragmentation, i.e., the for-
mation of numerous plastic ridges and valleys on the
surface of brittle facets (Fig. 5).
 4
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Table 1. Properties and structural characteristics of 08Kh18G8N2T steel after the treatment simulating electroslag welding

In all cases, TCT is performed at w = 1°C/s and N = 10 cycles.

State of metal
Microhardness of austenite 

H0.5, MPa HV, MPa KCV–20, MJ/m2 δ ferrite content, %

Initial state 2440 2770 0.980 30

TWC 2890 3710 0.250 35

TWC + TCT:

700–900°C 2340 2710 1.200 15

600–800°C 2440 2740 0.640 22

400–700°C 2480 3120 0.280 28
Electron-probe microanalysis data revealed that
TCT causes the redistribution of the main alloying
elements between phases: nickel and manganese pass
from δ ferrite to the γ' phase, and chromium, on the
contrary, passes from the γ' phase to δ ferrite. For
example, after TCT in the temperature range 700–
900°C at w = 1°C/s and N = 10 cycles, the nickel con-
tent in ferrite decreases by 1.5 times, the manganese
content decreases by 1.2, and the chromium content
RU

Fig. 4. Fracture surface of 08Kh18G8N2T steel after TWC: (a) p
(c, d) ductile cleavage elements.
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increases by 1.1 times. The nickel content in austenite
increases by 1.2 times, the manganese content
increases slightly and remains approximately at the
same level, and the chromium content decreases by
1.1 times (Table 2).

The results obtained were taken into account in the
production of the tanks of the chemical and petro-
chemical equipment in OAO Volgogradneftemash.
SSIAN METALLURGY (METALLY)  Vol. 2022  No. 4
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Fig. 5. Fracture surface of 08Kh18G8N2T steel after TCT (700–900°C, w = 1°C/s, N = 10 cycles): (a) matrix fragmentation,
(b) ductile fracture dimples in the form of plastic ridges, and (c) fragmentation at secondary-austenite needles.
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CONCLUSIONS

(1) TCT increases the impact toughness of austen-
itic–ferritic 08Kh18G8N2T steel after the embrittle-
ment caused by welding heating.

(2) For 08Kh18G8N2T steel, TCT is optimal in the
temperature range 700–900°C at a heating rate of
1°C/s and 10 cycles; as a result, impact toughness
KCV–20 increases from 0.25 to 1.2 MJ/m2.

(3) The increase in impact toughness is due to
changes in the composition, quantity, and morphol-
RUSSIAN METALLURGY (METALLY)  Vol. 2022  No.

Table 2. Distribution of alloying elements between phases in

Treatment
Nickel

ferrite, % austenite, %

TWC 2.30 2.65

TWC + TCT at 700–900°C, 
w = 1°C/s, N = 10

1.56 3.25
ogy of excess phases, the redistribution of elements
between ferrite and austenite, and the fragmentation
of structural components. The total amount of the
γ' phase was found to increase, and the total amount of
δ ferrite was found to decrease from 35 to 15%.

(4) TCT was shown to cause the redistribution of
the main alloying elements between phases: nickel and
manganese pass from δ ferrite to the γ' phase, and
chromium, on the contrary, passes from the γ' phase to
δ ferrite.
 4

 08Kh18G8N2T steel

Manganese Chromium

ferrite, % austenite, % ferrite, % austenite, %

9.50 9.79 23.8 21.41

8.26 10.06 25.32 19.98
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