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EFFECT OF DEFORMATION REGIME IN MAIN STAGES
OF CONTROLLED ROLLING ON PIPE STEEL MICROSTRUCTURE
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The effect of controlled rolling deformation regimes on features of hot-deformed austenite structure formation
and the final microstructure of low-carbon microalloyed pipe steel is studied. The effect of method for per-
forming the rolling finish stage of grain size and austenite size distribution is established. The effect of defor-
mation level and temperature of the finish rolling stage on final steel microstructure is studied.
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INTRODUCTION

The problem of controlled rolling (CR), used for manu-
facturing thick rolled sheet for gas and oil pipelines of con-
siderable diameter, is maximum grain refinement within the
final steel microstructure, which as is well known [1], is a
universal method for simultanecous improvement steel
strength and ductility. With CR ferrite grain size is directly
connected with the structural state of hot deformed austenite
before the start of y — o transformation, or in the case of us-
ing CR + AC technology, with the structural state of austen-
ite before the start of accelerated cooling (AC).

In the roughing (preliminary) stage of CR, whose tem-
perature range is about 1050 — 980°C, an effective reduction
in grain size with retention of microstructure uniformity is
only possible in the case repeated occurrence of total recrys-
tallization. In the finish (completion) stage of CR, carried out
at about 870 — 760°C, the task is complicated: it is necessary
to obtain not only a fine uniform grain size before the start of
vy — o transformation, but also high specific surface of inter-
faces within austenite [2, 3], which is achieved by repeated
deformation of unrecrystallized austenite. An overall favor-
able effect of deformation action on metal in both CR stages
is formation of a fine austenite grain size with high internal
structure defect density and a high specific effective interface
surface. As a result of this after AC by an optimum regime
there is formation of uniformly dispersed ferrite-pearlite, fer-
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rite-bainite, or a bainitic microstructure (depending on steel
chemical composition and AC regime), providing the re-
quired level of strength and cold resistance for thick pipe
rolled product.

Previously [4] the ratio has been determined by experi-
ment for overall deformation in the roughing and finish
stages of CR, making it possible to obtain the desired effect
of grain refinement and a reduction in difference in grain size
for final steel microstructure after CR. The aim of this work
is to study the effect of deformation regime in CR roughing
and finish stages on difference in austenite and ferrite grain
size in pipe steel.

METHODS OF STUDY

The material used for study was model austenitic Fe — Ni
alloy of a laboratory melt and low-carbon microalloyed steel
05GB of an industrial melt (Table 1).

Melting the model Fe — Ni alloy was carried out in an in-
duction medium-frequency furnace under conditions of the
experimental unit of TsNIIchermet and poured into an ingot
with a size of 80 x 90 x 210 mm. The alloy composition was
selected taking account of published data [6] about processes
occurring within the structure of alloys of the Fe—Ni—C
system during hot deformation. The main feature of model
alloy was addition of nickel, typical for low-carbon structural
steel up to such a content that its y-condition remained stable
at room temperature [7].

Experiments were performed in a laboratory DUO-300
rolling mill [8]. In order to study the effect of deformation re-
gime in the CR roughing rolling stage temperature range on
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TABLE 1. Material Chemical Composition

Element content, %

Material
C Si Mn P Ni Al Ti Nb
Fe — Ni alloy (model) 0.06 0.25 1.76 0.008 31.3 0.03 0.020 0.05
Steel 05GB 0.05 0.31 1.28 0.003 0.014 0.10 0.03 0.020 0.05

austenite grain size billets of model alloy were heated to
1170°C (experiment [ ); the heating and soaking time com-
prised 70 — 80 min. Subsequent billet rolling was carried out
in the temperature range 1100 — 1000°C by a longitudinal
scheme to a final thickness of 10 mm. Deformation regimes
are presented in Table 2 and the results of experiments are
given in Fig. 1. During development of test regimes the fol-
lowing conditions were prescribed: relative reduction in the
first pass not more than 8.7%; relative reduction in a subse-
quent pass not more than 21.5% (taking account of possibili-
ties of modern equipment for thick sheet reversible rolling
mills). Slow stop-quenching was carried for the end of roll-
ing in order to fix the austenite structural state.

In order to study the effect of deformation regimes in the
CR finish rolling stage temperature range on ferrite grain
size, specimens of steel 05GB (Table 1) were used, cut from
a continuously cast slab. After heating to 1170°C specimens
with a size of 80 x 60 x 160 mm were rolled to a thickness of
22 mm. Specimens were cut from the metal obtained of vari-
able section (wedge shaped specimens whose greatest thick-
ness H =21 mm, least H =6 mm) and after repeated heating
to 1000°C (experiment 2) they were rolled in previously
heated rolls by one pass at 920, 850, and 820°C. The final
thickness over the length of section was 7 mm. Strip cooling
was carried out in still air at a rate of about 1 K/sec. Taking
account of the fact that each specimen had a variable cross
section, metal was obtained with a different degree of defor-
mation in the strip length direction. Specimens were selected
from the strip at previously marked control points in order to
study microstructure. The degree of partial reduction ¢ for
each control point, selected over strip length, is presented in
Table 3.

Microstructure of test rolled product was studied by a
scanning microscope (Leica DMI 5000M). Quantitative
evaluation of the microstructure was carried out by means of
Image Expert Pro 3 software in a manual regime according
to GOST 5639. The value of standard deviation was used as
a criterion for difference in grain size.

RESULTS AND DISCUSSION

Deformation in CR Roughing Stage

It is assumed [9, 10] that austenite grain size in the
roughing rolling stage temperature range is affected by the
amount of relative reduction per pass, deformation tempera-
ture, and steel chemical composition, on which the value of

TABLE 2. Degrees of Partial Deformation in Controlled Rolling
Finish Stage

Regime Partial degrees of deformation, %
1 8.7 12.9 14.8 16.0 18.3 7.5
2 8.7 8.6 8.9 8.6 21.3 21.4
3 8.7 10.5 12.3 13.3 15.4 18.2
4 8.7 12.4 13.3 21.3 21.4 -

TABLE 3. Rolling Deformation Regimes for Pipe Steel Wedge-
Shape Specimens (Experiment 2).

Control point H, mm h, mm Ah, mm g, %
1 21 7 14 66.7
2 16 7 9 56.3
3 13 7 6 46.2
4 11 7 4 36.4
5 9.5 7 2.5 26.3
6 8 7 12.5
7 6 6 0 0.0

recrystallization activation energy depends [11]. As experi-
ence shows, manufacture of high-strength pipe steels in thick
sheet reversible rolling mills [12, 13] is most effective for
austenite grain refinement, i.e., performing the CR roughing
stage using high partial deformations. However, it is still un-
clear how deformation redistribution per pass affects the size
and uniformity of recrystallized austenite after the end of the
roughing rolling stage.

A study of austenite structure for model alloy (Fig. 1)
showed that in the CR roughing stage austenite grain size de-
creases due to occurrence of total recrystallization. Two par-
tial deformations with relative reduction each of about 21%
(regime 2) is inadequate for forming a fine (about 20 — 24 um)
uniform austenite grain size after the roughing deformation
stage. In order to obtain a uniform austenitic structure with a
fine grain size after the roughing stage no fewer than four
partial deformations are necessary with relative reduction of
more than 12% (regime 3 ). It is possible to refine grain size
additionally, increasing the amount of partial reduction by re-
ducing the number of passes in the rolling roughing stage
(with retention of the condition: four passes not less than
12%).
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Fig. 1. Dependence of ferrite grain size d, and difference in aus-
tenite grain size Ad in model austenite Fe — Ni alloy on reduction re-
gime (Table 2) in controlled rolling finish stage.

Fig. 2. Microstructure of austenitic Fe — Ni alloy after finish defor-
mation (x 200). Prior roughing deformation: @) by regime 4 with
formation of uniform austenite structure; b ) by regime / with for-
mation of differing austenite grain structure.

During rolling with small (less than 8%) relative reduc-
tions spontaneous growth of individual grains is noted in the
next roughing stage passes (regime /), which points to oc-
currence of a process similar to secondary recrystallization
[14, 15].

Analysis of the experimental data obtained showed that
after the finish (completion) deformation stage (with condi-
tions for performing in the range Tn, — Ar;, where Tn,. is tem-
perature below which recrystallization does not occur; Ar; is
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temperature for the start of y — o transformation) the struc-
ture of model alloy, deformed in the CR roughing stage by
regime 4, is a collection of uniform grains extended in the
rolling direction (Fig. 2a ). Under similar deformation condi-
tions in the CR finish stage a specimen with an original (after
CR roughing stage) strongly differing grain size microstruc-
ture (regime /) will be ineffective, even with an increase in
the degree of it. This is connected with the fact that the
austenitic structure after final deformation at 800°C remains
uniform in grain size and is a collection of fine and indivi-
dual coarse grains extended in the rolling direction (Fig. 20).

After the final pipe steel deformation stage and complete
air cooling (v, = 1 — 3 K/sec) accompanied by y — o trans-
formation by a diffusion mechanism, this difference in
microstructure grain size (Fig. 2b) leads to formation of areas
of relatively coarse grains of polygonal ferrite, surrounded
by pearlite colonies, which has an unfavorable effect on
strength and cold resistance of low-carbon microalloyed
steel.

Considering the features established for a-phase genera-
tion [16 — 18] at the start of y — a transformation it should
be assumed that with treatment by CR + AC technology in
the case of accelerated completion of cooling (v.,, = 15—
25 K/sec) from the Ar; + 10°C temperature to that close to B,
(temperature for the start of bainitic transformation) the
microstructure will be a mixture of fine, newly formed ferrite
grains and coarse supercooled austenite grains. Subsequently
from coarse austenite grains there is formation of coarse ex-
tended areas of bainite, which predetermines a reduction in the
level of pipe steel properties, in particular cold resistance [19].

Deformation in the CR Finish Stage

Previously [20] it has been established that with a reduc-
tion in deformation temperature in the CR finish stage in the
range Tn, — Ars, there is a reduction in ferrite grain size for
low-carbon steel 05GB (Table 1). In this work the effect of
temperature on degree of austenite deformation on ferrite
grain size was studied in the range 7n, — Ar;. For the steel
used the temperature below which recrystallization does not
occur (7n, = 960°C) was determined as an average value,
calculated by an equation proposed by the authors in
[21,22].

The microstructure of wedge-shaped specimens of steel
05GB is represented by a mixture of polygonal ferrite with
pearlite. The amount of ferrite is about 92 — 93%. With an in-
crease in € in the whole test temperature range ferrite grains
are gradually refined (Fig. 3). A reduction in deformation
temperature from 900 to 820°C with € = 12% led to a reduc-
tion in ferrite grain size from 8.2 to 7.4 um, and with
€~ 66.7% from 7.1 to 5.7 pm (standard deviation did not ex-
ceed 0.018 um). It follows from this that under industrial
conditions in order to refine grains it is necessary to perform
the CR finish stage with an increase in reduction close to the
temperature for the start of y — o transformation.
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Fig. 3. Dependence of ferrite grain size d,, on degree of deforma-
tion at 820 and 920°C.

CONCLUSIONS

1. In the controlled rolling (CR) finish stage for pipe
steel for effective recrystallized austenite grain refinement
(to 22 — 24 pum) no fewer than four partial deformations with
degree € > 12% are necessary. An increase in the degree of
partial reduction per pass due to a reduction in the number of
passes with uniform overall degree of deformation leads to
additional grain refinement. With completion of finish roll-
ing by passes with € < 8% there is marked austenite grain
coarsening (to about 5 — 7 um).

2. The difference in grain size of final pipe steel micro-
structure depends considerably on CR roughing stage re-
gime: with formation of an inhomogeneous austenite struc-
ture after the roughing rolling stage attempts to reduce the
difference in grain size for a structure in the finish rolling
stage are ineffective.

3. An increase in the degree of deformation per pass in
the temperature range for absence of austenite recrystalli-
zation leads to ferrite grain refinement in pipe steel. The ef-
fect of degree of deformation on a reduction in grain is
strengthened with a reduction in deformation temperature.
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