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Abstract: This work is devoted to the study of a new technology for processing bar scrap - a precision shaft made of Cf53 structural steel 

(DIN 17212) that has proven its service life and produces high-quality finished metal products in the form of a screw reinforcement profile. 

The precision shaft used for recycling of its proven service life included two stages: preliminary deformation of the shaft on a radial shear 

rolling mill to obtain rods of the required diameter and create initial conditions for the formation of a gradient ultrafine-grained structure in 

the resulting screw profile; direct production of a screw profile with a gradient ultrafine-grained structure on a combined installation.  The 

conducted research has shown that the new combined technological process of rolling bar scrap is feasible in practice and makes it possible 

to obtain a high-quality finished product from this scrap in the form of a screw reinforcement profile with a gradient ultrafine-grained 

structure. 
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Introduction 

One of the most important and at the same time the most 

difficult problems in the field of environmental protection is the 

problem of waste disposal and their subsequent consumption. This 

problem applies to all types of industries, from the food industry to 

the space industry. Therefore, not only in economically developed 

countries, but also in poor countries, for many years governments 

have been paying varying attention to the development of various 

methods, both simple waste disposal and more complex waste 

recycling methods, namely recycling, including scrap metal. For 

example, in Japan, back in 2004, the "3R Initiative" in the field of 

waste management was proposed, based on three basic 

"coordinates": Reduce – reduction; Reuse - reuse of waste; Recycle 

- use as secondary resources [1]. 

As we all know, the final stage of the life cycle of most metal 

products is most often their disposal in the form of scrap metal, 

followed by its remelting in various metallurgical furnaces and 

subsequent secondary use for smelting new metal products. And 

most importantly, it is difficult not to agree that this method of 

recycling metal products that have served their useful life, and scrap 

metal in general, is the simplest. But for more than a decade, 

another method has been known, but unfortunately not as popular as 

remelting, for processing a certain group of metal products that 

have served their service life – this is a method of hot-pressing them 

to obtain a finished product. One of the first such technologies is the 

technology of processing railway rails by hot rolling in calibers in 

order to obtain flange profiles, which was developed at the 

beginning of the last century by the American scientist E.E. Slick 

[2]. Subsequently, a number of technologies were proposed aimed 

at processing railway rails by hot rolling in order to produce metal 

products of various profiles and purposes [3-18].  

The developed technologies for rolling railway rails by hot 

rolling are different, but preferred are those methods that allow 

rolling to achieve the largest cross-sectional area of the resulting 

long billet. There are three main such methods: rolling of a single 

rail; rolling with the division of the rail into 2 parts; rolling with the 

division of the rail into 3 parts. 

Rolling of a solid rail, namely, rolling with pre-surfacing of the 

rail and then with subsequent rolling of the resulting workpiece on a 

mill with universal calibers. But the complexity, as well as 

significant energy and labor costs of this rolling method, i.e. rolling 

rails without separating the rails, makes this method of rolling 

economically irrational. This is probably why I was able to find in 

the technical literature only one mention of a factory in Syracuse 

(USA), which uses the method of rolling rails without first 

separating them [4]. Most of the world's well-known factories for 

rolling rails into finished long products use rolling methods with 

rails divided into two or three parts. There are such plants in the 

USA, France, Russia, and Ukraine [4, 6]. 

The second direction of recycling of used rails is to obtain 

grinding balls from them. Grinding balls during rail recycling are 

obtained according to various schemes discussed in [17, 19-22]. 

Another promising area of recycling steel products by rolling 

them is the rolling of steel pipes to produce finished metal products, 

most often in the form of sheets or strips. In this direction (pipe 

rolling), many different schemes have already been developed for 

the implementation of hot pipe rolling technology to obtain a 

marketable product, both in the form of a flat profile [23-29] and 

angular steel [29]. Both pipes as a whole and non-dimensional pipe 

segments can be used as initial blanks. They roll both steel pipes 

and non-dimensional sections of steel pipes [23-29] from ordinary 

grades of steel, as well as the method of rolling pipes made of 

titanium alloys and corrosion-resistant steels [30]. 

The author of [31] proposed a technology for recycling used 

hot-rolled pipes using cold rolling. The pipe recycling technology 

proposed in [31] is based on cold pilger rolling (CPR type mills – 

"Cold pipes rolling") and roller rolling of pipes (CRPR type mills – 

"Cold roller pipe rolling"). At the same time, the proposed pipe 

rolling technology practically does not differ from the standard cold 

rolling technology. Minor changes to the technological process are 

introduced only in the technological operations of preparing the 

initial billet for the first rolling at the CPR mill. 

In addition to rolling pipes into finished metal products in the 

form of sheets or strips, technologies for recycling non-dimensional 

pipe segments are also being developed to produce marketable 

products in the form of a thin ribbon. Thus, in [32-34], two options 

for processing pipe segments into a tape in a cold state were 

considered: the first option is flattening – rolling – separation, and 

the second option is flattening – separation – rolling. According to 

both proposed options, a high-quality thin steel strip with a length 

of 1.5 m was obtained. 

The authors of [35] proposed a technology for using man-made 

waste from metallurgical production of non-ferrous copper pipe 

trimmings made by pressing to produce a composite 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; the subsequent 

longitudinal rolling of the resulting billet.   

The non-dimensional ends of pipes, preferably made of stainless 

steel, can be processed not only into strips, but also for the 

manufacture of certain elements of pipeline systems, for example, 

products of the "glass" type [36]. This method is most often used to 

recycle non-dimensional ends of stainless steel pipes. 

Another promising method of recycling some metal products 

that have served their service life is their rolling in radial-shear 

rolling mills (RSR). However, most often this method is applicable 

only for recycling cylindrical metal products, for example, pumping 

rods [37] and used railway axles [38], as well as bar scrap of ferrous 

metals and alloys [39], including in the form of fittings [40]. For 

example, the technological scheme for producing round rolled 

products from used axles of rolling stock consists of the following 

operations: inspection and sorting of the axes; cutting the axis into 

2-4 initial blanks; chamfering in areas of diameter difference; 4 

heating of the initial blanks; RSP; cooling of the resulting rolled 

products in a refrigerator; cutting into measured lengths and 

removing vortex hole [38]. 
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As already noted above, radial shear rolling makes it possible to 

process ferrous metal bar scrap 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 clamping screw for 

formwork, but this will require the use of additional technological 

solutions. 

Developing the direction of recycling of bar scrap using radial 

shear rolling, we proposed a new technological process for 

processing bar scrap, combining radial shear rolling and pressing 

through a screw matrix (Fig.1). This technology will make it 

possible to obtain a high-quality commercial product in the form of 

a screw reinforcement profile with a gradient ultra-fine-grained 

structure and with a given level of mechanical properties from bar 

scrap metal of circular cross-section. 

 

 
Fig. 1. Combined method for obtaining a reinforcement profile  

 

Earlier in [41-42], using computer modeling in the DEFORM 

software package, the possibility of implementing this combined 

process was already proved and the most rational geometric and 

technological parameters for its implementation were determined. 

The purpose of this work is to confirm in practice the possibility of 

obtaining a screw profile with a gradient ultrafine-grained structure 

during the implementation of a new combined method shown in 

Figure 1. 

Experimental 

The laboratory combined installation for the production of a 

reinforcing profile was assembled on the basis of the radial shear 

rolling mill RSP 10-30, on which a screw die with a maximum 

diameter of the working screw channel of 20 mm was installed. 

Bar scrap was used as the initial blanks for the physical 

experiment, namely, a precision shaft (linear displacement system 

of a CNC machine) with a diameter of 30 mm and a length of 500 

mm made of Cf53 structural steel (DIN 17212), which has worked 

its service life. Before deformation, this shaft was cut into 250 mm 

long measuring blanks and subjected to homogenizing annealing. 

The proposed technology for recycling bar scrap in the form of 

a precision shaft, further workpieces, includes two stages. At the 

first stage, pre-homogenized annealed blanks with a diameter of 30 

mm were heated to a temperature of 1100 ± 10°C and kept at this 

temperature. Next, these blanks were deformed on a radial shear 

rolling mill RSR 10-30 to a diameter of 24 mm in 2 passes 

according to the scheme of 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 

temperature of 1000 ± 10°C. The second stage of precision shaft 

recycling technology was implemented on a combined installation 

assembled at the RSR 10-30 radial shear rolling mill. The process of 

deforming preheated rods on the assembled combined installation 

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 4.5 

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 

rods.  

Metallographic studies of both the screw reinforcement profile 

and the bars obtained at the radial shear rolling mill were carried out 

using a metallographic complex including a MI-1 light microscope, 

a Nikon Colorpix-4300 digital camera with a photo adapter. 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.  

Results and discussion 

The results of metallographic studies are shown in Fig. 2. 

 

а)   

 

b)   

 

An analysis of the microstructure evolution showed that the 

initial structure of the precision shaft subjected to homogenizing 

annealing has a typical coarse-grained structure with an average 

grain size in the range of 50-60 μm. The microstructure of the 

peripheral region of a 24 mm diameter rod obtained by radial shear 

rolling has a predominantly equiaxed sub-ultrafine grain with an 

average grain size in the range of 1.7-1.9 μm (Fig. 2a). In the central 

zone of these rods, structural striping is observed, i.e. Grains 

elongated in the direction of rolling are observed with sizes ranging 

from 6.5-11.0 x 1.1-1.6 μm (Fig. 2b). That is, a gradient structure 

was obtained in a bar made of Cf53 structural steel after radial shear 

rolling, as expected.  
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c)   

 

d)  
Fig. 2. Microstructure of Cf53 structural steel (DIN 17212): a, b – 

periphery (a) and center (b) of the rod after radial-shear rolling to a 

diameter of 24 mm; c, d – periphery (c) and center (d) of the resulting screw 

reinforcement profile 

 

Analysis of the microstructure of Cf53 structural steel after the 

implementation of the second stage of deformation, i.e. after 

obtaining a screw profile, showed that by installing a screw die on 

the radial shear rolling mill, we not only obtain a screw 

reinforcement profile, but also additionally modify the previously 

obtained gradient structure of Cf53 structural 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 decreased to an average size of 1.3-

1.6 μm (Fig. 2c).  In the central region of the resulting screw profile, 

grains elongated in the rolling direction are also observed to a 

greater extent, due to the preliminary deformation of the initial pins 

according to the standard reversible radial shear rolling scheme, but 

due to additional twisting of the rod and the back pressure arising 

from the side of the screw matrix, a partial change in the structure 

previously obtained at the first stage occurred. In particular, a 

partial restructuring of the existing striped texture began to occur in 

the central zone: most of the grains in this area also remained 

elongated, but they became misoriented in directions, and equiaxed 

grains were also observed in this area (Fig. 2d). 

 

Conclusion 

The conducted research has proved in practice the results 

previously obtained during computer modeling, namely 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 product in the form of a screw 

profile and, accordingly, it can be attributed to "green" 

technologies. 
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