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Abstract. JSC Ural Steel is a large full-cycle metallurgical enterprise, which celebrated its 70™ anniversary in 2025, and in 2024 the Ural Steel Shaped
Castings Shop (SCS) celebrated its 65 anniversary. Since its foundation, SCS mastered the technology of producing castings from gray cast iron
weighing up to 6 tons in accordance with GOST 1412 — 85. In 2018, SCS organized a large-scale casting site (LSCS SCS) for production of steel
large-scale metallurgical castings, and in 2022, as part of the expansion of the large-scale site range, it was decided to develop the technology
for the production of castings weighing more than 110 tons from high-strength ductile iron (DCI). The team began to solve this task sequentially
dividing it into the stages that gradually revealed the additional potential of the enterprise. In 2022 the production of castings from DCI weighing
up to 6 tons was mastered at the small casting site in SCS. In 2023 — 2024 the technology for the production of castings weighing up to 6 tons
from DCI was tested as a part of commercial orders, a unique technology for the production of gray cast iron for large castings (more than 30 tons)
in electric arc flexible modular furnaces of the EAF-shop from hot metal from the blast-furnace shop was developed and tested. In 2024 — 2025
further development of the technology for the production of hot metal for castings was carried out, as well as the development of technology for
modifying the melt with magnesium-containing materials in the conditions of the LSCS SCS for the production of large-scale castings from DCI
weighing more than 40 tons. Testing of the technology for production of castings weighing up to 100 tons was carried out within the framework
of commercial orders. Analysis of the experimental castings material showed that the developed production technology ensured the production of
DCI grade HC40 according to the State standard GOST 7293. This large work resulted in expansion of the product line of JSC Ural Steel.
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Annomayus. AO «Ypanbckasi Cranb» — KpYITHOE METaJUTypruuecKoe MpeArprsiTHE TI0JHOro IHKIia, kotopoe B 2025 1. ormerniio cBoe 70-iertue,
a B 2024 r. paconHo-nuteitnsbi nex (PJIL) AO «Ypanbsckas Ctanby» OTMETHI CBOM 65-1eTHUi roomeil. B ycnoBusx yuactka Menkoro nuthbst OJIL]
C MOMEHTA CBOEI'0 OCHOBAHUsI OCBOMJI TEXHOJIOTHIO ITPOU3BOICTBA OTIIMBOK U3 ceporo uyryHa maccoii 1o 6 T o FOCT 1412 — 85. B 2018 r. B DJIL]
OpraHu30BaH y4acTok kpynHoradaputHoro auths (YKIJI @JILI) mo npon3BoacTBy CTaIbHON MOCY/IbI AT METALTypruueckoil orpaciu, a B 2022 1.
B paMKax pacIIUpPEHHs] COPTAMEHTA KPYHMHOrabapUTHOTO ydacTKa MPUHSTO PElIeHHE 00 OCBOCHHM TEXHOJIOTHH HMPOU3BOJCTBA OTIMBOK MAacCOM
6omnee 110 T 13 BBICOKOIIPOYHOTO YyryHa ¢ mapoBuaHbM rpadurom (BULLT). K pemenuto nocrapieHHON 3a/1a41 KOJUISKTUB TIPUCTYITHI TTOCIIE0-
BaTEJILHO, PA3/IC/IMB €€ Ha 3Tallbl, KOTOPbIE TOCTEIIEHHO PACKPBIBAIM JIOMOJTHUTEIBHBIN HOTEHIMAN peanpuiTys: B 2022 roy 0CBOSHO MPOHU3BOJI-
c1BO oTiiBOK 13 BUILII™ Maccoii 10 6 T Ha y4acTKe MEJIKOTO JINThsI (pacOHHO-TUTEHHOTO 1iexa; B 2023 — 2024 rr. mpoBeeHa 0TpaboTKa TEXHOIOTHU
IIPOM3BOJICTBA OTIIMBOK Maccoii 70 6 T n3 BUILI B pamkax KOMMEpUECKUX 3aKa30B, pa3paboTaHa U ONpoOOBaHa YHUKAJIbHAS TEXHOJIOTHUS IIPOU3-
BOJICTBA CEPOTO YyTyHa JJIsl KpyIHOrabapuTHBIX OTIMBOK (Oosee 30 T) B 2JIEKTPOAYTOBBIX THOKMX MOIYIIBHBIX ME4aX 3JEKTPOCTANCIIIABHIBHOTO
nexa (DCIILL) u3 xuaKoro 4yyryHa qoMeHHoro nexa; B 2024 — 2025 rT. mpoBezieHb! JalibHeIas oTpaboTKa TEXHOJIOTUH TIPOU3BOJICTBA JKHJIKOTO
YyTyHa JJIs OTJIMBOK, pa3paboTKa 1 OCBOSHHE TEXHOJIOTMH MOIU(UIIMPOBAHUS paciiaBa MarHMHCOAEPKAIMMHU MaTepruanaMu B yenoBusx Y KITJT
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@OJIL] n1st ocBOeHMST MPOM3BOJCTBA KpymHOradaputHeix omiuBok u3 BUILI maccoii 6onee 40 . OTpaboTka TEXHOJIOTUH TPOU3BOICTBA JIUThS
Maccoit 10 100 T mpoBOIMIACH B paMKaX KOMMEPYECKHX 3aKka3oB. MccnenoBanus Marepuaia ONBITHBIX OTIMBOK MOKAa3ajH, YTO pa3paboTaHHas
TEXHOJIOTHUsI TIpon3BozicTBa obecneura noiryuernre BUILT mapku BU40 o 'OCT 7293. Pe3ynbsrarom 0oibiol paboOThI SIBISIETCS pacIIUpEHNE

nuHelkn npoxaykiun AO «Ypanbckas Ctanby.

Kntouesnle cn06a: cepblii 4yryH, BEICOKOIIPOYHBIH YyTyH ¢ mapoBHAHBIM rpadurom (BUILI), kpynHOorabaputHOe JIHThE, OTIMBKH, pa3padoTKa
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- INTRODUCTION

Small metallurgical enterprises, commonly referred
to as casting-and-rolling complexes, are becoming
increasingly widespread in modern metallurgy world-
wide. Such plants typically include one melting furnace,
most often an electric arc furnace of various designs,
a secondary metallurgy section with a ladle furnace,
a casting section equipped with a continuous casting
machine (CCM), and a plate or long-product rolling
complex [1]. Their main advantage is the relatively low
capital cost of production setup, which allows them
to be located close to major consumers and raw mate-
rial sources, primarily scrap.

At the same time, these facilities also have limitations.
Their narrowly specialized production routes make them
dependent on scrap suppliers, while their limited product
range increases their exposure to regional market fluctua-
tions.

For full-cycle integrated steel plants, the growing num-
ber of such enterprises creates new competitive challenges.
The key market advantage of large metallurgical plants is
the flexibility of their production systems, which allows

them to respond quickly not only to demand for steel pro-
ducts but also to changes in raw material availability.

One example of a modern full-cycle integrated steel
plant is JSC Ural Steel, formerly the Orsk-Khalilovo
Metallurgical Combine (Fig. 1). The plant’s official foun-
dation date is March 5, 1955, when Blast Furnace No. 1
produced its first hot metal, although construction had
begun before World War II. During the economic transi-
tion at the turn of the millennium, the plant, like many
large industrial enterprises in Russia, went through a dif-
ficult period: several production facilities were closed,
and some subsidiaries responsible for social infrastruc-
ture were lost. However, the workforce overcame these
challenges and kept the enterprise operating. A new stage
in the plant’s development began after its merger with
Zagorsk Pipe Plant (JSC ZTZ) into a single group of com-
panies. Today, JSC Ural Steel Group is one of the key
players in the Russian metallurgical market. In 2025,
the plant celebrated its 70™ anniversary.

The plant’s output in 2024 was as follows:

— more than 2.7 million tons of cast iron, including 1.4
million tons of merchant pig iron and 1.2 million tons for
internal consumption;

Fig. 1. JSC Ural Steel

Puc. 1. AO «VYpanbckas Ctanby»
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—more than 1.5 million tons of steel, including more
than 440 thousand tons of merchant continuous-cast billet
and more than 1.1 million tons of slabs for further plate
production;

— more than 900 thousand tons of heavy plate in thick-
nesses of 8 — 50 mm;

—more than 10 thousand tons of cast steel and iron
products.

Compared with 2023, pig iron production at JSC Ural
Steel decreased slightly; however, in steelmaking and
other steel product segments, the workforce continues
to reach new performance levels.

Today, JSC Ural Steel is one of the industry leaders in
the production of bridge steel. In synergy with JSC ZTZ,
it supplies strip steel and large-diameter pipes for the oil
and gas sector and is also among the leading producers
of large-scale metallurgical castings, including slag pots.

A full-cycle integrated steel plant is a complex produc-
tion system capable of manufacturing not only finished
products, namely rolled steel, but also many types of by-
products. For example, it serves as a raw material base
for cement production and fertilizer producers, supplies
valuable gases to various industries, including medicine,
and provides other products for a wide range of industrial
applications.

The development of new grades of rolled steel in
cooperation with major research institutes, design orga-
nizations, and direct consumers is one of the company’s
priority areas. In recent years, new grades of bridge
steel [2; 3], cryogenic steel [4], strip steel, and high-
strength rolled products [5] have been developed [5].

However, the development of a large metallurgical
enterprise is not limited to the modernization of existing
shops and the construction of new ones, or to the pro-
duction of new types of plate products. It also includes
the development of additional products, such as merchant
metallurgical coke of the 60+ mm fraction and large-
scale cast iron products.

Foundry production is one of the oldest branches
of human metallurgical craft [6]. Today, the foundry
industry is a separate area of modern metallurgy, with its
own objectives, challenges, and achievements. The prob-
lems and tasks of foundry production are closely related
to metallurgy as a whole, but at times they lie in funda-
mentally different areas. The goals, values, and priorities
of conventional metallurgy often differ markedly from
those of the foundry industry. In conventional metallurgy,
the key priorities are process standardization, automa-
tion, and reduction of production time and material costs,
in line with the principle “Faster, more, cheaper”.
In foundry production, however, because each casting
has individual characteristics, this principle is applicable
only to large-scale serial production of similar castings,
and even then with reservations. Each casting requires
individual molding, and production conditions may dif-
fer even within a single heat. For all other types of cas-

ting, the decisive factors are not equipment productivity,
automation, or reduced downtime, but the competence
of engineers, designers, process engineers, foundry spe-
cialists, and the qualifications of production personnel,
including molders, melters, and teemers.

Foundry production at JSC Ural Steel was established
in 1965 and was initially focused exclusively on manu-
facturing spare parts for the plant’s own needs. Over time,
however, as the planned economy gave way to a market
economy, the plant was able to bring its cast products
to the external market.

Unfortunately, in the 2000s, the plant’s foundry pro-
duction received little attention and was partially opti-
mized. As a result, the equipment and the technology for
cupola melting of cast iron were lost, and its capabilities
for medium-sized casting production were limited.

Today, the small and medium casting site is equipped
with a six-ton electric arc furnace (EAF) for iron and steel
melting and a 2-ton induction furnace for bronze produc-
tion. The plant also has its own pattern-making facilities.

During the 2013 — 2015 modernization, flask mol-
ding using the A-set no-bake process was introduced [7].
In 2017 -2018, the plant mastered the production
of castings from manganese steels for mining and pro-
cessing plants, including excavator bucket teeth, armor
plates, and linings for ore mills. It also obtained certifi-
cation from PJSC Gazprom and mastered the production
of a range of cast iron pipeline weights.

In 2018, a unique large-scale casting site was orga-
nized within the shaped castings shop (LSCS SCS).
Initially, it was established to meet the plant’s internal
demand for metallurgical castings, primarily slag pots —
steel castings weighing 25 — 30 tons. However, the site
was created with future market expansion in mind, and
in 2019 — 2020 slag pots began to be supplied to enter-
prises in Russia, the CIS, and Europe.

By 2022, the new site had reached its design capac-
ity of 10 thousand tons per year and had become one
of the country’s leading producers of large-scale metal-
lurgical castings. In 2023, a shot-blasting chamber with
a 5 m rotary table was commissioned.

The unique feature of the large-scale casting site is
its production route: metal for the castings is supplied by
the plant’s electric steelmaking shop (EAF shop), which is
currently one of the plant’s most dynamically developing
shops. Following the latest modernization of its melting
units, namely two 120-ton flexible modular furnaces, in
2018 — 2019, the shop gained the capability to produce
steel in an electric arc furnace not only from scrap but also
with 100 % hot metal charged as the primary raw material.
In addition to significantly reducing metal cost, this route
also lowers the content of undesirable impurities.

Against the background of the global shift toward
electric steelmaking at mini-mills, the gradual accumula-
tion of elements such as copper, zinc, and tin in interna-
tionally traded scrap has become a growing problem, as
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these elements are often undesirable in steelmaking [8].
Producing steel from 100 % hot metal, not only in con-
verters but also in electric furnaces at full-cycle integrated
steel plants, helps reduce the severity of this problem.

The EAF shop includes:

—two ladle furnace units, with 100 % of the metal
subjected to homogenizing argon lancing;

— a tank degasser, in which up to 95 % of all metal is
treated.

Steel is cast on a slab CCM with a slab cross section
of 220/270%1200 mm for plate production. It is also cast
as merchant billet up to 11 m long, with a cross section
of 300x300 mm or diameters of 450, 540, and 600 mm,
on a billet/bloom CCM. In addition, the EAF shop pro-
duces metal to order for foundry operations. Accordingly,
the liquid steel supplied from the EAF shop to the LSCS
SCS for large-scale castings is of higher quality than
that typically used in conventional foundries, owing
to the shop’s advanced equipment and modern production
technologies.

The global situation has required domestic enter-
prises to adapt to new market conditions. This, in turn,
has promoted the development of in-house competencies
and technologies within the country. Thus, in 2022, JSC
Ural Steel identified a new area for the development of its
foundry production: cooperation with Russian companies
in the production of large-scale castings weighing more
than 110 tons from high-strength ductile iron (DCI) [9].

Based on an audit of major foundry enterprises, JSC
Ural Steel was selected as the priority site for laun-
ching this new production area. The decision was based
on the plant’s optimal and, in some respects, unique
production parameters, its simple organizational struc-
ture, and the commitment of its personnel. The initial
audit and subsequent negotiations showed the plant’s
team the potential of the SCS large-scale casting site and
of casting production technology as a whole.

In mastering the new products, the steelmaking and
foundry specialists at JSC Ural Steel faced the following
challenges:

—no experience in producing castings weighing more
than 40 tons;

—no experience in producing DCI;

— no experience or established technology for produc-
ing hot metal for large-scale castings using the steelmak-
ing units of the EAF shop;

—no experience in producing large-scale heavy-sec-
tion castings with wall thicknesses greater than 130 mm;

—no experience in laboratory studies and testing for
DCI qualification.

[l MATERIALS AND METHODS

To address this task, the plant’s team proceeded sys-
tematically, dividing the work into stages that gradually
revealed the enterprise’s additional production potential.
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In 2022, work began with mastering the production
of high-strength ductile iron (DCI) castings at the small
casting site. A process route for melt treatment was
developed, the ladle lining design was selected, and
suitable modifying agents were chosen. The first pilot
trials produced VCh40 grade cast iron castings accor-
ding to GOST 7293 for the plant’s own needs [10].
One of the first trial castings later became an exhibit in
the plant museum (Fig. 2).

In 2023 — 2024, the plant began accepting customer
orders and further refining the production technology
through the production of castings for commercial cus-
tomers. To date, the small and medium casting site has suc-
cessfully produced and shipped castings made of VCh40
and VCh50 grades of cast iron weighing more than 4 tons.

At the same time, the technology for producing large-
scale cast iron castings was being developed. Solving
the problem of producing hot metal for castings, while
taking into account the specific features of metal pro-
duction for the large-scale casting site, became a major
challenge for the team. This work began in 2022 with
the production of an 87.5-ton “anvil-block” casting made
of 08GDNFL steel (Fig. 3).

The next step was the development and testing
of a unique technology for producing hot metal for cas-
tings in the flexible modular arc furnaces of the EAF
shop using hot metal supplied by the blast furnace shop.
The development of this production route resulted in seve-
ral patent applications and has already enabled the launch
of a new product line for the plant — large-tonnage gray
cast iron castings — as well as another foundry produc-
tion record: castings weighing 92 and 114 tons (Fig. 4).
In 2023 — 2024, more than 500 tons of large-scale cast
iron castings were shipped [11].

Fig. 2. Casting from high-strength ductile iron in the plant museum

Puc. 2. OtnuBka n3 BULLT™ B Mmy3ee komOunHara
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Fig. 3. Casting “anvil-block”, weight 87.5 tons

Puc. 3. OrnuBka «mabor», macca 87,5 T

The next stage was to master the production of large-
scale DCI castings in 2024. This task created new cha-
llenges for the team. In particular, because the modifying
effect is short-lived, it was necessary to reduce the time
between melt treatment with magnesium-containing
materials and the start of pouring, as well as to shorten
mold filling time.

To address this challenge, unique technical solutions
developed jointly with Russian companies from Tula and
Magnitogorsk were implemented. This work resulted in
the successful production of cast DCI tooling compo-
nents: four castings weighing more than 40 tons each.
These components were intended for the subsequent
manufacture of a permanent mold, marking the next
stage: mastering permanent-mold casting of DCI castings
weighing more than 120 tons. Castings with a poured
weight of more than 50 tons were produced in pairs
under conditions as close as possible to those planned
for the next production stage. Studies of the mechanical
properties and microstructure of the DCI castings con-
firmed the formation of spheroidal graphite and showed
that the castings met the requirements for VCh40 grade
cast iron according to GOST 7293.

[ ConcLusiOoNs

At present, JSC Ural Steel is developing dynamically,
with foundry production expansion among its key priori-
ties. The Novotroitsk metallurgists keep pace with current
industry needs, are ready to address complex customer
requirements, and are focused on long-term, mutually
beneficial cooperation.

Analysis of the DCI castings showed that the deve-
loped production technology ensured the production

Fig. 4. Casting “mold”, 92 tons () and molding of casting “pallet”,
114 tons (b)

Puc. 4. OriuBKa «M37I0KHHALA» Maccoit 92 T (a) 1 (OpMOBKa OTIMBKH
«moton» maccoit 114 1 (b)

of VCh40 grade DCI. Machining of the castings in Petro-
zavodsk and subsequent ultrasonic testing confirmed
the absence of casting defects.

This large-scale effort has resulted not only in an
expanded product range at JSC Ural Steel, but also in
stronger technological sovereignty for the country through
the development of new competencies by the plant’s spe-
cialists.

Foundry production development is continuing. Mea-
sures to expand the usable production area of the large-
scale casting site have already been planned and are being
implemented. This will allow the plant to start serial pro-
duction of large-scale cast iron castings without redu-
cing the output of steel castings. As part of the develop-
ment of the small casting site, options for mastering new
products and further production modernization are also
under consideration.
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