Defect and Diffusion Forum Submitted.: 2021-05-29
ISSN: 1662-9507, Vol. 410, pp 330-335 Accepted: 2021-06-07
doi:10.4028/www.scientific.net/DDF.410.330 Online: 2021-08-17
© 2021 Trans Tech Publications Ltd, All Rights Reserved

Research of the Process of Production of Steel Square Continuous
Billets for Rolling Balls of Large Diameter

Petr O. Bykov'?, Maral Zh. Tussupbekova?® and Dinara R. Absolyamova3°
Toraighyrov University, Pavlodar, Kazakhstan

abykov_petr@mail.ru, "make.t.08@mail.ru, “absolyamova.d@mail.ru
Keywords: steel; continuously cast billet; long products; macrostructure; axial looseness.

Abstract. The paper investigates the technology of production of steel billets continuously cast
billets for rolling balls of large diameter. In Kazakhstan, in connection with the development of new
copper deposits such as Aktogay and Bozshakol, the need for large diameter steel grinding balls for
primary ore processing has increased. The main problem in the operation of large diameter grinding
balls is the tendency of the grinding media to break during operation. The authors of the work
investigated the process of production of steel billets continuously cast billets with a cross section
of 150 x 150 mm for rolling balls of large diameter (d 125 mm) in the PB LLP "KSP Steel", which
showed that the breaking of grinding balls is initiated mainly by the presence of internal
discontinuities (gas axial looseness) in continuously cast billets. Studies have shown that the
technological scheme for the production of grinding balls with a diameter of 125 mm from
continuously cast billets with a section of 150 x 150 mm, including steel smelting in an arc furnace
with steel finishing on a ladle-furnace unit, deoxidation with aluminum and degassing in a ladle
vacuum apparatus, casting steel in a closed jet on a continuous casting and further production of
rolled stock on a rough rolling mill ensures the absence of internal discontinuities (gas bubbles,
axial looseness) in the workpieces and ensures the production of high quality balls.

Introduction

In Kazakhstan, in connection with the development of new copper deposits such as the Aktogay
deposit and the Bozshakol deposit, the need for large-diameter grinding balls for primary ore
processing has increased [1 - 3]. Grinding balls of normal and high hardness are usually used in ball
mills for grinding relatively soft materials (ore, coal and some building materials) [4, 5]. During
operation, steel grinding balls experience periodic shock loads that can lead to their destruction. In
this regard, they must have the following properties: high hardness and strength, increased
resistance to abrasion and corrosion, retention of the shape of the metal ball with its uniform wear,
resistance to cracking and coloration, dense ball structure without metallurgical defects. The main
problem in the operation of large-diameter grinding balls is the tendency of grinding bodies to
fracture [6 - 8]. The reasons for the development of cracks in large-diameter grinding balls are
defects of metallurgical origin of non-continuously cast billets with a small cross-section (shrinkage
and gas porosity), which are not completely eliminated during rolling due to the low degree of
reduction and structure elaboration [9 - 20]. Thus, solving the issue of reducing the degree of
development of shrinkage and gas porosity in continuously cast steel billets of small cross-section
will improve the quality of rolled grinding balls of large diameter.

Field Study and Results

The authors of the work investigated the technology of production of steel billets continuously
cast billets with a section of 150 x 150 mm for rolling balls with a diameter of 125 mm.
Requirements for the chemical composition of steel are given in Table 1.

Steel smelting was carried out in electric arc steel-making furnaces (EAF) with a volume of
60 tons in a single-slag process, with further processing on a ladle furnace unit with aluminum or
silicocalcium with further degassing in a ladle vacuum apparatus at a residual pressure of
1.33 mbar. Refining in a ladle vacuum apparatus pursued the goal of maximum removal of
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dissolved gases of steel. Steel casting was made on a radial continuous casting machine (CCM) with
a radius of 10 meters under the level or with an open stream in a mold.

Table 1. Requirements for the chemical composition of steel, %

C Si Mn P S Cr Ni Cu
min 0.57 0.25 0.75 - - 0.20 - -
max 0.63 0.32 0.90 0.025 0.025 0.30 0.2 0.2

Scrap metal of categories 1A, 2A was used as charge materials, waste of the processing sections
according to GOST 2787. For carburizing the metal, a carbon-containing material with a fraction of
0.5-5 mm with a carbon content of at least 93% was used. Freshly burnt lime with a content of
active oxides CaO + MgO of at least 80%, fluorspar according to GOST 29220-91 was used as
slag-forming ones.

For deoxidation, alloying and modification of steel, ferrosilicon manganese according to GOST
4756-91 (FeMnSi), ferrosilicon according to GOST 1415-93 (FeSi 65), silicocalcium according to
GOST 4762-71 (SK30), ferromanganese according to GOST 4755-91, aluminum AB-87, AV-97
GOST 295-98 Aluminum wire rod GOST 13843-78.

After casting the steel, templates of continuously cast billets were taken from each strand of the
continuous casting machine in the middle of each heat to determine the defects of the
macrostructure according to the requirements of STO 002-2014.

The macrostructure of the workpiece must meet the following requirements:

- central porosity (CP) - no more than 3 points;

- axial chemical heterogeneity (ACH) - no more than 3 points;

- liquation stripes and cracks (LSC) - no more than 2 points;

- edge point pollution (EPP) - no more than 2 points;

- subcrustal gas bubble (GWP) - not allowed.

The work carried out a statistical analysis of the reasons for the formation of the "gas bubble"
defect.

The sample was made for 50 heats, including heats with a "gas bubble" defect and heats without
this defect. The following technological factors were considered:

- thermal and energy indicators (general, specific);

- chemical composition of swimming trunks (C, S, P, Cu);

- parameters of casting on a continuous casting machine;

- temperature conditions of steel casting;

- technological modes of production of rolled stock (compression of continuous casting
machine).

Table 2 presents an analysis of the macrostructure of the continuous casting machine cast on the
continuous casting machine-2 (closed jet) in 2017.

Table 2. Macrostructure of a continuously cast billet with a section of 150 %< 150 mm (2017)

Macrostructure analysis, score
Smelting | Ne CP, no ACH. no LSC EPP, no Note
No. .NQ more | ‘,ch an | cross section, | axial, no more (not
R billets thap 3 3 [points] | 1O more than | more 'than thap 2 | allowed)
[points] 2 [points] 2 [points] | [points]
1 17 0 1 1 0 0.5
6161033 | 2 16 3 1 0.5 1 0.5
3 22 0 1.5 0.5 0.5 0.5
6161034 1 16 1 1.5 1 1 0.5
2 17 3 2.5 1 1 0.5
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Macrostructure analysis, score
Smelting | No CPno |\ H 1o LSC EPP,no | Note
No. 'NE more | ,’[h an | cross section, | axial, no more (not
g | billets | than3 | o [points] | 1O more than | more than than 2 allowed)
[points] 2 [points] 2 [points] | [points]
3 15 2 1 1 1 1
1 16 0 2.5 1 1 1.5
6161035 | 2 17 0 2.5 1 1 1.5
3 15 0 1.5 1 0 1
1 16 1 2 1 0 0.5
6161036 | 2 17 0 1,5 0.5 0 0.5
3 15 0 1 0.5 0.5 0.5
1 11 0 1.5 0.5 0 0.5
6161037 2 12 0 1 0.5 0 0.5
3 13 0 1.5 0 0 1 G[Xrlr)l]s
1 15 0 1 0.5 0 1
6161038 | 2 16 0 1.5 0.5 0.5 0.5
3 14 0 2 0.5 0 1.5

As can be seen from table 2, template No. 1 includes a gas bubble with a depth of 5 mm.
Table 3 presents an analysis of the macrostructure of a square continuous casting machine during
the transition of casting CCM-1 (open stream) in 2018.

Table 3. Macrostructure of a continuously cast billet with a section of 150 < 150 mm (2018)

Macrostructure analysis, [score]
Smelting CP,no | ACH, no p— LSCaXial - EPP, no Note (not
No. Ne ‘Ng more more . ’ more allowed)
R | billets | than 3 than 3 section, no | more than 2
[points] | [points] more 'than thap 2 [points]
2 [points] | [points]

5171653 1 16 2 1 2 0.5 2

2 17 0 1.5 1.5 1 2

1 14 2 2 1 0.5 2.5

1 12 3 2 0 0 2
6172782 2 15 3 2 0.5 0.5 3 GWP 7 [mm]

2| 13 0 2 0.5 0 3 GWP Il 9

[mm]

5171758 1 12 0 1.5 0.5 0.5 1.5

2 13 2 1.5 1 0.5 2

2 13 2 2 0 0.5 0.5 GWP 8 [mm]

2 13 3 1.5 0.5 0 1 GWP 11 [mm]
5171776 2 17 3 1.5 0 0.5 1 GWP 8 [mm]

3 14 3 1.5 1 0.5 3

3 16 0 10.5 0.5 0.5 GWP 6 [mm]
5171774/1 | 2 13 0 2.5 0 0 1
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Macrostructure analysis, [score]
Smelting CP,no | ACH, no p— LSCaXial - EPP, no Note (not
No. No ‘N 0 more more . ’ more allowed)
R | billets | than 3 than 3 section, no | - more than 2
[points] | [points] more 'than thap 2 [points]
2 [points] | [points]
3 14 0 1.5 0.5 1 0.5 GWP 7 [mm]
3 14 2 1 0.5 0 2 GWP 5 [mm]
3 12 3 2 1 1 2 GWP 3 [mm]
1 12 2 1.5 0.5 0.5 2
5171778 3 13 3 2 1 0.5 3
3 15 3 1 0 0 2 GWP 7 [mm]
5171775 3 13 0 1.5 0.5 0.5 0.5
1 14 0 1.5 0 0.5 0.5

As can be seen from Table 3, 68.71% of the studied templates from this series of heats include a
gas bubble with a depth of 3 to 11 mm.

Macrostructure of billets from a series of heats cast on continuous casting machine-2 (closed
stream) in 2019 is presented in Table 4.

Table 4. Macrostructure of a continuously cast billet with a section of 150 %< 150 mm (2019)

Macrostructure analysis, score
Smelting Ne No of CP,no | ACH, no - LSC - EPP, no Note (not
No. billets more more cross section, | axial, no more allowed)
R than 3 than 3 | no more than | more than | than2
points points 2 points 2 points points

1 12 0 2 1 0 1
6180040 | 2 11 0 1.5 1 1.5 1.5

3 10 0 2.5 0.5 0.5 0.5

1 11 2 1 0.5 0.5 2
6180041 | 2 13 1 1.5 1 0.5 1.5

3 12 0 1.5 0.5 0 2

1 10 0 1 0.5 0 1
6180042 | 2 12 0 1.5 0.5 0 1

3 11 2 1.5 0.5 0.5 1

1 11 2 1.5 0.5 0 1.5
6180043 2 10 3 2 1 0.5 1

1 12 2 1.5 0.5 1 1.5
6180044 2 11 0 2 1 1,5 1.5

1 10 0 1 1 0.5 2
6180045 | 2 12 3 1.5 0.5 1 1.5

3 11 3 2 1 0.5 2

1 12 1 2 1.5 0.5 1.5
6180046 | 2 11 2 1 1 0.5 1

3 10 0 1.5 0.5 0 1.5

There is no gas bubble in the macrostructure of those casts in 2019.
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The Discussion of the Results

Analyzing the above indicators for smelting, casting and studying the macrostructure of
continuous cast billets for the production of large diameter rolled balls (125 mm), the following
conclusions can be drawn:

1) When smelting steel for closed-jet casting on a continuous casting machine No. 2 with steel
deoxidation with aluminum additives and degassing in a ladle vacuum, for a more complete
removal of oxygen from the melt, the macrostructure of the blanks in terms of central porosity, axial
chemical heterogeneity, segregation stripes and cracks, edge point pollution and the absence of
subcrustal gas bubbles (table 4).

In this case, the casting speed must be maintained according to the lower limit established in the
production flow chart for a given steel grade.

2) When smelting steel for open-stream casting on a continuous casting machine No. 1 with steel
deoxidation with silicocalcium instead of aluminum and degassing in a ladle vacuum apparatus for
a more complete oxygen removal, in general, it ensures that the macrostructure of the blanks
corresponds to the central porosity, axial chemical heterogeneity, segregation stripes and cracks ,
edge point pollution in the presence of subcrustal gas bubbles in 68.71% of the studied blanks (table
3).

3) Based on the studies carried out, it can be concluded that the optimal steel production scheme
for the production of large-diameter rolled balls (125 mm) from continuously cast billets with a
cross-section of 150 x 150 mm is: out-of-furnace treatment at the ladle-furnace unit with aluminum
deoxidation and subsequent degassing in a ladle vacuum apparatus further casting with a closed
stream.

Conclusions

1) According to the results of industrial tests and statistical analysis, the influence of the
macrostructure of steel continuously cast billets with a cross section of 150 x 150 mm on the
tendency of rolled balls of large diameter (125 mm) to fracture during operation was revealed due to
the presence of internal discontinuities (gas bubbles, axial looseness) in the billets.

2) A technological scheme for the production of continuously cast billets with a cross section of
150 x 150 mm for the production of rolled balls of large diameter (125 mm) has been developed
and experimentally confirmed, including steel smelting in an arc furnace and finishing of steel on a
ladle-furnace unit with aluminum deoxidation, degassing in a ladle vacuum apparatus and closed
stream casting on a continuous billet casting machine, which ensures compliance with the
macrostructure of the billets in terms of central porosity, axial chemical heterogeneity, liquation
stripes and cracks, edge point contamination and the absence of subcrustal gas bubbles.
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