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Abstract: This work is devoted to the development and research of a new technology for processing bar scrap from 40X steel to obtain high-
quality finished metal products in the form of a screw reinforcement profile. The developed technology included two stages. At the first stage,
the round-section bar scrap is formed on a radial-shear rolling mill to obtain conventional bars of the desired diameter and create initial
conditions for the formation of an ultrafine grained gradient structure in the resulting screw profile. The second stage is the direct
production of a screw profile with a gradient ultrafine-grained structure on a combined installation. Metallographic studies have shown that
after the implementation of the second stage of obtaining a screw reinforcement profile, a gradient structure is observed in 40X steel, with
equiaxed grains, the size of which lies within 1.2-1.4 um in the peripheral region and to a greater extent with elongated, directional-oriented

grains in the central region of the resulting reinforcement.
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1. Introduction

T At the moment, almost 2 billion tons of steel are produced in
the world, which is used for the manufacture of various metal prod-
ucts used in various industries. At the same time, it must be recog-
nized that metallurgy is most often a "dirty" industry, since in this
case there is quite a lot of environmental pollution. Therefore, me-
tallurgical companies have been facing the task of "greening" metal-
lurgy for more than a decade. And currently there are achievements
in this direction. At the same time, the metal products turn into
waste, which have served their service life (scrap), which also needs
to be disposed of. One of the simplest and most frequently used
methods of recycling ferrous scrap and alloys, as well as non-
ferrous ones, is its remelting and further reuse.

If we talk about ferrous scrap metal, then in some countries of
the world another method of its processing has long been put into
practice, namely, recycling of some metal products that have served
their service life by various methods of hot pressure treatment to
obtain a finished commercial product. In our opinion, this method
of processing ferrous scrap and alloys can be attributed to “green”
technologies, as it allows to make a small contribution to improving
the environmental situation in the world.

At the moment, in many countries of the world, a number of dif-
ferent technological processes have been developed for the
processing of some metal products that have served their service life
using hot pressure treatment into a ready-made commercial product.
The founder of this direction of processing metal products that have
served their service life by hot pressure treatment is the American
scientist E.E. Slick, who at the beginning of the last century devel-
oped a technology for processing railway rails by hot rolling in
calibers in order to obtain flange profiles [1]. But then the technolo-
gy he proposed was not widely used in practice. It was only at the
end of the 20th century that the world scientific community and
manufacturers of metal products became interested in this direction.
Here are just some works [2-5] devoted to the development and
study of technologies for processing railway rails by hot rolling to
produce various finished metal products. For example, one of these
technologies, namely the technology of rolling railway rails into
construction fittings, has found application at a metal rolling plant
in Tula (Russia).

In addition to rolling railway rails into various finished metal
products, technologies for recycling non-dimensional pipe segments
are also being developed to produce marketable products in the
form of a thin ribbon. Thus, in [6-8], two options for processing
pipe segments into a cold-state tape were considered: the first op-
tion is flattening — rolling — separation, and the second option is
flattening — separation - rolling. According to both proposed op-
tions, a high-quality thin steel strip with a length of 1.5 m was ob-
tained.

The authors of the work [9] proposed a technology for using
man-made waste from metallurgical production of non-ferrous
trimming of copper pipes made by pressing to obtain a composite
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tape of the copper-steel-copper system. This technology includes
the following stages of deformation: the draft of a pipe segment
between the strikers, inside which a steel plate is placed; subsequent
longitudinal rolling of the resulting billet.

Another promising way of recycling some metal products that
have served their service life is their rolling on radial-shear rolling
mills [10]. But most often this method is applicable only for recy-
cling cylindrical metal products, for example, pumping rods [11]
and used railway axles [12], as well as bar scrap of ferrous metals
and alloys [13], including in the form of fittings [14]. In all cases,
this method is based on the principle of hot radial shear rolling of a
used so-called bar to a smaller diameter and subsequent use of the
resulting bar of a smaller cross-section for its intended purpose. It
should be noted that radial-shear rolling makes it possible to obtain
long-length products from various materials with a gradient ultra-
fine-grained structure [15] and in addition, this method is the most
technologically advanced and easy to implement compared to many
other methods of metal forming, which realize severe plastic defor-
mation.

As already noted above, radial-shear rolling makes it possible to
process bar scrap of ferrous metals to obtain a marketable product
in the form of bars for various purposes. In the future, these rods
can be used, among other things, to produce various high-quality
metal products, for example, hardware products or a coupling screw
for formwork, but this will require the use of additional technologi-
cal solutions.

Developing the direction of recycling of bar scrap using radial-
shear rolling, a new technological process for processing bar scrap
metal was proposed, combining radial-shear rolling and pressing
through a screw matrix (Fig. 1). This technology will make it possi-
ble to obtain a high-quality commercial product from round-cross-
section bar scrap in the form of a screw reinforcement profile with a
gradient ultrafine-grained structure and with a given level of me-
chanical properties.

4
Fig. 1. Combined method for obtaining a screw reinforcement profile from
bar scrap of ferrous metals: 1 — bar scrap; 2— rolling rolls; 3 — screw ma-
trix; 4 — screw profile
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Earlier in [16-17], using computer modeling in the DEFORM
software, it have been already proved the possibility of implement-
ing this combined process and determined the most rational geome-
tric and technological parameters for its implementation. The pur-
pose of this work is to confirm in practice the possibility of obtain-
ing a screw profile with a gradient ultrafine-grained structure during
the implementation of a new combined method shown in Fig. 1.

2. Materials and Methods

A laboratory combined installation for the production of a
reinforcing profile was assembled on the basis of the radial shear
rolling mill RSR 10-30 (Fig. 2a), on which a screw matrix was
installed (Fig. 2b) with a maximum diameter of the working screw
channel of 20 mm. Bar scrap, namely studs (GOST 9066-75, type-
Al), was used as the initial blanks for the physical experiment with
size of M36 x 150 mm made of 40X steel, which have served their
service life. Before deformation, these studs were subjected to
homogenizing annealing.

The proposed technology for recycling bar scrap in the form of
studs includes two stages. At the first stage, the pins with a diameter
of 36 mm, previously subjected to homogenizing annealing, were
heated to a temperature of 1150 = 10 °C and kept at this
temperature. Further, these studs were deformed on the RSR 10-30
radial-shear rolling mill according to the reversible scheme [13] to a
diameter of 24 mm, that is, 4 passes were carried out according to
the scheme @36—J33—>30->27—>24 mm.

Before the implementation of the second stage, the rods with a
diameter of 24 mm obtained at the first stage were heated to a tem-
perature of 1000 + 10 °C. The second stage of the stud recycling
technology was implemented on a combined installation assembled
at the RSR 10-30 radial-shear rolling mill (Fig. 2c). The deforma-
tion process of preheated rods on the assembled combined installa-
tion was as follows: first, the rod was rolled in the working cage of
the RSR 10-30 mill with an absolute compression in diameter of 5
mm, at the outlet of which it entered the screw matrix and due to the
pushing force created by the rolls, and pushed through the screw
channel. As a result, a screw profile was obtained on the deformed
bars (Fig. 2d).

b)
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Fig. 2. Radial-shear rolling mill RSR 10-30 and the installation assembled
on it to produce a reinforcing screw profile: a - mill RSR 10-30; b — screw
matrix; ¢ - working cage of the mill and the installed screw matrix; d - re-
sulting screw profile

3. Results and discussion

Metallographic studies of the resulting screw reinforcement pro-
file, as well as those obtained on the SVP 14-40 radial-shear rolling
mill, were carried out using a Quanta 200i 3D scanning electron
microscope. The microstructure was studied in the center and on the
periphery of the section of the obtained rods with a diameter of 24
mm and a screw profile. The results of metallographic studies are
shown in Fig. 3.

An analysis of the microstructure evolution showed that the ini-
tial structure of the studs subjected to homogenizing annealing has a
typical coarse-grained ferrite-pearlite structure with an average
grain size lying in the range of 45-60 pm. The microstructure of the
peripheral region of a 24 mm diameter bar obtained by radial-shear
rolling has a predominantly equiaxed ultrafine-grained character
with an average grain size in the range of 1.6-1.8 um (Fig. 3a).
Structural striation is observed in the central zone of these bars, i.e.
grains elongated in the direction of rolling are observed with dimen-
sions lying in the range of 6-10.5x1.1-17 pum (Fig. 3b). That is, a
gradient structure was obtained in a 40X steel bar after radial shear
rolling, as expected.

Analysis of the microstructure of 40X steel after the implemen-
tation of the second stage of deformation, i.e. after obtaining a
screw profile, showed that by installing a screw matrix on a radial-
shear rolling mill, we not only obtain a screw reinforcement profile,
but also additionally modify the previously obtained gradient struc-
ture of 40X steel. At the same time, in the central and peripheral
regions of the resulting screw reinforcement profile, the grain size
has further decreased. In the peripheral region, the grain size de-
creased to an average size of 1.2-1.4 um (Fig. 3c). In the central
region of the resulting screw profile, grains elongated in the direc-
tion of rolling are also observed to a greater extent, due to the pre-
liminary deformation of the initial studs according to the standard
reversible radial-shear rolling scheme, but due to additional twisting
of the rod and back pressure arising from the side of the screw ma-
trix, a partial change in the structure previously obtained at the first
stage occurred. In particular, in the central zone, a partial restructur-
ing of the existing striped texture began to occur: most of the grains
in this area also remained elongated, but their disorientation in di-
rections appeared, and equiaxed grains were also observed in this
area (Fig. 3d).
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Fig. 3. Microstructure of 40X steel: a, b — periphery (a) and center (b) of the
bar after radial-shear rolling to a diameter of 24 mm; c, d - periphery (c)
and center (d) of the resulting screw reinforcement profile
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Conclusion

The conducted research has proved in practice that the proposed
combined technological process for obtaining a screw profile is
feasible. This process can be used for recycling bar scrap of ferrous
metals to obtain a finished commercial product in the form of a
screw profile and, accordingly, it can be attributed to "green" tech-
nologies.

This research was funded by the Science Committee of the Minis-
try of Science and Higher Education of the Republic of Ka-
zakhstan (Grant no. AP19678682 and AP14869135).
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