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Analysis of Producing and Using Gomplex Alloy
steels In Kazakhstan Based on Monitoring
the World and Domestic Steel Market

Introduction

The metallurgical industry for the Republic
of Kazakhstan is one of the main industries that
contribute to increasing the competitiveness
of the national economy, as well as achieving
sustainable development. According to vari-
ous estimates, the share of ferrous metallurgy
alone in Kazakhstan GDP is up to 8%, assent
only to the oil and gas industry and non-fer-
rous metallurgy.

One of the problems of the ferrous metal-
lurgy of the Republic of Kazakhstan is a fairly
narrow range of steels currently smelted. Most
of the steels are carbon or low-alloy. This is
caused, first of all, by the presence of a cer-
tain type of fixed assets. Almost 90% of steel-
making furnaces in Kazakhstan are converters,
which are designed to smelt only carbon steels.
The share of electric furnaces (arc/ induction)
remains about 10%, and these furnaces have,
as a rule, a small volume and belong to medi-
um-sized businesses. The volume of steel they
smelt does not make a significant contribution
to the volume of steels produced in the coun-
try.

Such domestic giants as the Qarmet JSC,

the TEMC JSC have chromium, chromium-nick-
el steels and a number of others in their range,
but the range is limited and the quality of the
smelted steels does not yet allow competing in
the world market.

The purpose of this study is to develop a
technology of producing complex alloy steels
with improved performance properties by af-
fecting modifiers-inoculants and external fac-
tors. A distinctive feature is the «binding» to
the existing range of smelted steels and fixed
assets in the territory of the Republic of Ka-
zakhstan, which will allow implementing the
developed technology by potential consumers
without significant investments and expansion
of production areas.

To achieve this goal, monitoring of the world
and domestic alloy steel market was carried
out. Based on the monitoring and information
analysis, grades of complex alloy steels that
can be smelted at metallurgical enterprises
of Kazakhstan were determined as the object
of research. Steel 40KhN3MF is considered as
one of the this type steel grades.

The studies were carried out in the accred-

ited laboratory of Abylkas Saginov Karaganda
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Technical University NJSC, at the production
sites of the Parkhomenko KMZ LLP and the
Marganets SPC to test smelting in furnaces of
different types.

Basic provisions

The main consumer of foundry products in
Kazakhstan is mechanical engineering. Until
1990, there were approximately 1 800 large
and medium-sized mechanical engineering
enterprises in the Republic of Kazakhstan [1].
Kazakhstan had a fairly powerful foundry base
with established production of cast iron, steel
and non-ferrous castings using various tech-
nologies, including high-precision ones.

However, it is known that by the end of
the 20th century, large machine-building en-
terprises in Alma-Ata, Karaganda, Pavlodar
and the other cities were closed or were on
the verge of stopping. This led to the fact that
in 1999, in the total volume of industrial pro-
duction of the Republic of Kazakhstan, the
mechanical engineering and metalworking in-
dustries accounted for only 1,5%. The share
of medium-sized enterprises slightly exceeds
1%. Small enterprises cannot maintain found-
ry production. Unfortunately, accurate statis-
tics on the number and condition of foundries
are currently not presented in open sources
[1].

It is important to note that the leading sec-
tors of the economy of Kazakhstan such as
the mining and metallurgical complex, oil and
gas industry, construction, chemical industry,
medicine, space industry, etc. are in dire need
of products made of high-alloy quality steels.

The analysis of Kazakhstan enterprises
producing rolled steel showed a rather nar-
row range of steel they produce. These en-
terprises include the Qarmet JSC (Temirtau),

the National Mining Company Tau-Ken Samruk
JSC (Astana), the TEMC JSC Temirtau Electro-
metallurgical Plant, the KazTemir Trade LLP
(Astana), the S. Kirov Machine-Building Plant
JSC (Almaty), the Recom Company, the ARBC
Aktobe Rail and Beam Plant LLP, the Temirtau
Foundry LLP, the Parokhomenko KMZ LLP.

At the same time, only five plants smelt
alloy steel. These are the Qarmet JSC, the
Temirtau Foundry LLP, the ARBC Aktobe Rail
and Beam Plant, the former Almaty heavy
engineering plant, S. Kirov Machine-Building
Plant and the Parkhomenko KMZ LLP.

The Almaty S. Kirov Machine-Building Plant
uses casting in sand-clay and metal molds;
centrifugal and chill casting [1]. The Temir-
tau Foundry LLP specializes in the production
of 110G13L steel products; high-alloy, man-
ganese and chromium steels up to 1,6 tons
are smelted in the DSP furnace. The range of
smelted steel at the Parkhomenko KMZ LLP
includes carbon, alloyed types 40Kh, 40KhN,
110G13, and complex alloy types 30KhGS. The
Aktobe Rail and Beam Plant LLP is an enter-
prise producing rolled products.

The output of the Qarmet JSC, the largest
manufacturer in the RK market, is presented
below (Table 1).

The monopolist in the steel market in Ka-
zakhstan, the Qarmet JSC, produces along
with such steel grades as ST08, ST3, ST20,
reinforcing steel grade 35GS (5 mm and 10
mm), an extremely insignificant volume of
low-alloy steel grades 09G2S, 17G1SU, 08YuR,
30KhN2M.

If to consider the volumes of production
of metallurgical industry products in Kazakh-
stan by regions, it can be noted that the larg-
est volume belongs to the Karaganda region,
the Pavlodar and the East Kazakhstan regions,

Table 1 — Range of products manufactured by the Qarmet JSC

Products Material Dimensions Amount, kg
* *
Hot rolled flat products | Alloy steel 09G2S without coating SsC 10'0&“2500 6000 30690 (4 pallets)

Hot rolled flat products

Alloy steel 09G2S without coating

8,00%1500*6000 MM | 31120 (4 pallets)

Hot rolled thick sheet
products

Alloy steel 09G2S

10,0*1500*6000 MM | 30690 (4 pallets)

Hot rolled products

Alloy steel 09G2S without coating

8,00*1500*6000 MM | 38590 (5 pallets)

Hot rolled products

Alloy steel 09G2S without coating

5,00*1500*6000 MM | 22410 (3 pallets)

Hot rolled products
0,63%

Alloy steel 09G2S in coils, the
silicon content from 0,60% to

5%1250 MM 8 coils

Hot rolled thick products

Alloy steel 09G2S

5,00*1500*6000 MM | 22410 (3 pallets)




which together make up about 80% of the to-
tal volume of production of the country's met-
allurgical industry [2].

Research methods

To determine the current state and devel-
opment prospects of the steel products mar-
ket, comparative, information and graphical
analysis methods, laboratory work, statistical
analysis were used.

The analysis of the dynamics of the global
steel market includes taking into account the
effect of such factors as economic conditions,
industry trends and technological advances
that affect the supply and demand of the man-
ufacturing industries.

Current trends in the special alloy steel
market that manufacturers will face include
the following:

- active implementing of advanced technol-
ogies to improve the qualities of special steel,
making it more efficient, lightweight and sus-
tainable for a wide range of applications;

- a growing trend towards the use of light-
weight materials, as environmental sustain-
ability and fuel efficiency are becoming in-
creasingly important factors;

- increasing demand for special steel
grades due to the growing need for materials
with high strength, heat resistance and corro-
sion resistance;

- industries with special needs, such as

Pazpnen «lNeparorvika BbiCLLEN WWKOJbl. DKOHOMMKa» W

electronics, healthcare, space, defense, are
expected to require customized formulations
of high-quality steel.

Monitoring the global steel market shows
that more than six million people are employed
in ferrous metallurgy enterprises worldwide.
For every 2 jobs in the steel sector, there are
another 13 jobs in related industries that are
the main consumers of steel (mechanical en-
gineering, automotive industry, construction,
etc.). Steel smelting is a low-waste produc-
tion, since more than 96% of raw materials
are converted into primary and secondary
products [3]. To assess the prospects for the
development of the industry, the analysis of
the state and development of the global met-
allurgy market was carried out.

Table 2 presents the data on the volume
of steel production by 5 countries that were
top leaders among 71 countries in 2023. China
ranks first, with the figure remaining the same
as in 2022, at 1 019,1 million tons. In India
that ranks next in the ranking of leaders, pro-
duction reached 140,2 million tons, and in Ja-
pan 87 million tons. In 2023, the United States
increased steel production from 80,5 million to
80,7 million tons in annual terms (Figure 1)
[4].

It is obvious that, according to experts, the
same current industry leaders will remain the
world leaders in steel production in 2024 [4].

Current trends in the development of the

Leading countries-steel producers Steel production in min. t
China 1019,1
India 140,2
Japan 87

USA 80,7
Russia 75,8
Steel production, min. t

1500
1000 - M Steel Volume,
500 - million tons
0 n T - T — T — T -_|
China India Japan USA Russia
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global steel market allow concluding that pro-
duction of high-strength alloy steels is particu-
larly developing among promising steel grades.
For example, the share of these types of steel
in the automotive industry is increasing. If
in 2000 the share of high-strength steels in
the automotive industry was only 13%, then
in 2010 it was already 31%, and in 2020 this
share exceeded 35%.

In the production of the latest car models,
the share of high-strength steels is already
significantly higher. Thus, at the Volkswagen
plant, the share of high-strength steels in the
production of the sixth Golf model is 66%, and
in the production of the new seventh model it
has already reached 80%, of which 28% are
ultra-high-strength steels [5].

A 20% reduction in the cost of the new
product was made possible by reducing the
amount of expensive chromium and nickel
used in the production of conventional stain-
less steel by 40% [6].

Complex alloying has become widespread
abroad.

Alloy steels play the key role in industry.
Large manufacturers not only dictate the mar-
ket development trends but also set quality
standards. A look at the TOP-20 global and
Russian enterprises in this area allows us to
better understand the dynamics and main
trends of this important segment of the global

economy [7-8]. Table 3 presents data on some
enterprises from this register.

The dynamics of demand for steel industry
products significantly depends on the macro-
economic situation. An economic downturn or
recovery is always accompanied by decreas-
ing or increasing the volume of new industri-
al, commercial, housing, railway construction,
a reduction or increase in the production and
sales of engineering products and other indus-
tries. By 2050, the world population is expect-
ed to increase by 2,7 billion people. The growth
of the world population will be accompanied
by its urbanization. In this regard, the need
for buildings and infrastructure will increase,
which, in turn, will lead to an increase in the
need for high-quality durable steel [9, 10].

According to the International Organiza-
tion of Automobile Manufacturers, 95,6 mil-
lion cars were produced in 2018. On average,
about 900 kg of steel is consumed per vehi-
cle. At the same time, improved high-strength
steel grades are used for the production of
cars. They allow car manufacturers reducing
the weight of a car by 25-40% compared to
conventional steel (170-270 kg) and providing
savings of 3 to 4,5 tons of greenhouse gases
over the life cycle of a car [3, 11].

The structure of the range of products ex-
ported by Kazakhstan companies still has a
raw materials focus. However, it continues to

Table 3 — TOP-20 enterprises that produce special steels [8]

Ne Enterprise Output per year Enterprise profile in steel production

1 ArcelorMittal, India 90 mil. t special steels, including automotive, marine and

energy steels
) Nippon Steel & Sumitomo Metal 49 mil. t stainless and high-strength steels for aircraft,
Corporation, Japan ’ automotive and construction
3 | Hebeilron and Steel Group, China 47,8 mil. t high-strength st(?els for construction and
industry
Novolipetsk metallurgical plant . steel for the automotive and construction
4 17 mil. t . .
0OJSC, RF industrie
5 Severstal 0JSC, RF 11,8 mil. t steel for COhStrl:lCtIO'n, 'automotlve and
shipbuilding
6 Sresiea G, G 43 mil. t high-quality steels fer the auto'motlve and con-
struction industries
7 | Wuhan Iron and Steel Group, China 30 mil. t steels for heavy engineering
Posco, Korea 37,5 mil. t construction, pipes, energy
9 Jiangsu Shagang, China 34,2 mil. t steel for the automotive and energy industries
steels for construction, automotive and

1 T [, Indi 2 il. . e . ’ .

0 B8 SR (el 8,5 mil.t shipbuilding industries of household appliances
11 JFE Holdings, Japan 30 mil. t automotive steels and steels for pipe production




be in demand on the external market, since it
meets the need for semi-finished products and
primary types of rolled products [9, 12].

Figure 2 shows a comparative diagram of
the world market (average indicator for lead-
ing countries according to Table 3) and the Ka-
zakhstan market, showing the share of com-
plex alloy steels in the total volume of steel
produced.

In this case, complex alloy steels mean
steels alloyed with more than one element and
having different effects on the formation of a-
and y-regions.

In this Figure it is seen that, if the world
market of leading steel producers is dominat-
ed by the production of alloyed and high-al-
loyed steels, then the market of Kazakhstan
is mainly dominated by the share of carbon
steels. This fact is explained by the fact that
the main steel producer in Kazakhstan is the
Qarmet JSC, which has only converter furnac-
es designed for smelting carbon and low-al-
loyed steels. The share of the other producers
in the total amount of steel produced is small.

Scientific results
Based on the data of monitoring the world
and domestic alloy steel market, the current
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state of metallurgical enterprises of Kazakh-
stan, their technical equipment and technolog-
ical capabilities for the production of complex
alloy steels, as a modern direction in the field
of improving the quality of cast blanks from
complex alloy steels, it seems advisable to
control the structure during the primary crys-
tallization period using different processing
methods, such as vibration, ultrasound, etc.
[13-14].

With directional crystallization, controlling
the cooling rate, modifiers are introduced in
combination with the use of additional effects
on the structure. This ensures high perfor-
mance properties of complex alloy steel. The
development of this area is caused by the fact
that the other possibilities for improving prop-
erties (alloying, heat treatment, ingot modifi-
cation, etc.) have almost exhausted their ca-
pabilities.

Thus, the use of modification-type pro-
cessing is a good alternative for improving the
properties of complex alloy steel compared to
changing the composition of the steel. Steel
grade 40KhN3MF was chosen as the subject
of the study among various grades of complex
alloy steels.

total amount of produced steel

® carbon = low-alloyed = complex alloyed

high alloyed

total amount of produced steel
2,4

m carbon = low-alloyed = complex alloyed

high alloyed
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Conclusions

1. Monitoring of the steel market shows
that the world market of leading steel produc-
ers is dominated by the production of high-al-
loyed steels.

2. The metallurgical industry of the Repub-
lic of Kazakhstan is in dire need of developing
production of alloy steels with improved per-
formance properties for sustainable economic
development. Currently, the metallurgical in-
dustry of the Republic of Kazakhstan does not
have the basic means for developing produc-
tion of alloy steels (electric arc/induction fur-
naces). In this regard, the most appropriate
at this stage seems to be improving the prop-
erties of the already produced range of alloy
steels, including various types of processing.

3. Based on the analysis, the object of re-
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