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Abstract. A historical overview of the development of iron foundry production in the world is presented. The modern level of the material structure in iron
casting has an outstripping growth of ductile cast iron grades. The paper describes the features of iron foundry production in Belarus. Technologies
and equipment are significantly inferior to foreign ones in terms of productivity and specific resource costs per unit of product. The specific character
of Belarus lies in the still widespread use of cupolas, molds from sand-clay mixtures, predominant use of gray cast iron, and small volumes of ductile
cast iron production. The total capacity of all foundries is 557.5 thousand tons of casting per year, but the peculiarity is that only about 250 thousand
tons per year are actually produced. Development and implementation of the “Program for the Development of Foundry Industries of the Republic of
Belarus for years 2017-2030” made it possible to ensure more efficient operation of the foundry industry in the country. In the near future Belorussian
foundry industry will reproduce the global trend for critical casting products: transfer to ductile cast iron instead of gray one and further transition to
ausferritic (bainitic) cast iron instead of rolled steel.
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AnHomayus. Tlpe/cTaBieH HCTOPHUYECKUI 0030p Pa3BUTHSI YYT'yHOJIUTEHHOTO MPOU3BOJACTBA B MUpE. PacCMOTpEH COBpPEMEHHBIH YPOBEHb MaTe-
PHANBHOM CTPYKTYPBI JIUThSI YyTYHOB, B KOTOPOM HAOJIIOIAETCS ONEPEKAIONIHN POCT MAPOK BBICOKOIIPOUHBIX YyTryHOB. OnHcaHbl 0COOCHHOCTH
4YyryHOJIUTEIHOro mpousBojcTBa bemapycu. Iloka3zaHo, 4TO TEXHOJIOTMH U O00OPYHAOBAHUE 3HAYUTEIBHO YCTYMAIOT 3apyOEKHBIM IO IPOM3BO-
JIUTENIBHOCTH M Y/IENIbHBIM 3aTparaM pecypcoB Ha equuuily u3nenus. Crenuduka bermapycu 3akimodaercs BO Bee €Ille IIMPOKOM MPUMEHEHUU
BarpaHok, GopM U3 MecYaHO-TIIMHUCTBIX CMECEH, Pe00IIaIatoNeM HCIIOIB30BAHHH CEPOro YyTyHa, HeOONIBIIHX 00bEMaX BBIIIABKH BHICOKOIIPOU-
Horo 4yyryHa. CyMMapHBIE MOIIHOCTH BCEX JUTEHHBIX MPONU3BOICTB COCTABIAIOT 557,5 THIC. T JINThS B TO/, HO OCOOEHHOCTBIO ABIIAETCS TO, YTO
(haKTHYECKU OTIIMBACTCS TOJBKO OKosIo 250 Thic. T B roj1. PaspaboTka u BBeneHue B jeiicTBue «IIporpaMmbl pa3BUTHS JIMTCHHBIX POU3BOJICTB
PecnyOnuku Benapycs na 2017 — 2030 rr.» no3Bonuiu odecriednTs 6onee 3G (HeKTHBHYIO ASSATEIBHOCTD JTUTeHHOH oTpaciu pecyOnuku. [Toka-
3aHo, 4To B benapycu B Oimkaiiiiee BpeMsi IPOM30MIET MOBTOPEHHE MHUPOBOI TEHACHIIMH TEPeX0/ia OTBETCTBEHHBIX H3JCIHH HA OTIMBKU M3
BBICOKOIIPOYHOT'0 YyryHa B3aMEH CEporo M AalbHEHIIHi epexos Ha ayceppuTHbIH (OCHHUTHBIN) Y9yTyH B3aMEH CTAIBLHOTO IpoKaTa.
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- INTRODUCTION

Cast irons, or high-carbon iron alloys, have been
acknowledged and extensively utilized since the initial
millennium BC.

It is widely held among scholars that the Russian
phrase “cast iron” is derived from the Chinese words
“zhu” (meaning “to cast (metal)”) and “gong” (meaning
“work”). The advent of iron smelting technology in China
is purported to trace back to the 5" to 3™ centuries BC.
This process involved the use of ball iron and char-
coal, with smelting occurring at temperatures exceeding
1200 °C over several days. Subsequently, Chinese metal-
lurgists developed a specialized furnace for melting cast
iron from either highly phosphoric iron ore or ball iron,
known as the “Chinese” cupola. This furnace essentially
functioned as a 1 m tall chimney, equipped with a forced-
air system to enhance air flow.

China excelled in producing intricate castings from
cast iron. A noteworthy example is the lion statue (Fig. 1)

Fig. 1. 44-ton solid cast iron casting of a lion made in 954 in China

Puc. 1. LlenbHonmuTast 4yryHHas OTJIMBKA JIbBA BeCOM 44 T,
n3rotopaeHHas B 954 r. B Kurae

Fig. 2. The first cast iron bridge built in 1779 in England
across Severn river

Puc. 2. IlepBblit 4yryHHBIH MOCT, TOCTPOEHHBIH B 1779 1. B AHIIIMM
yepes pexy CeBepH

believed to have been cast in 954 and placed in the Jiang-
zhou district of Chongzuo Township, Guangxi Zhuang
Autonomous Region. The dimensions of this casting,
which is over a millennium old, continue to astonish
metallurgists today. Replicating the statue presents a for-
midable challenge for many contemporary foundries (the
sculpture measures 5.4 m in length, 3 m in width, 5.4 m in
height, weighs 44 tons, and has wall thicknesses ranging
from 4 to 20 cm). The figure was created using a life-sized
clay model. Experts suggest that it was a single-piece
casting, likely achieved by melting metal in multiple
cupolas simultaneously, which then flowed through chan-
nels into one mold.

The earliest instances of cast-iron objects in Europe
date back to the 14" century. The late 15" century saw
the emergence of the first bloomery furnaces in Italy,
the Netherlands, and Belgium. Fig. 2 illustrates the first
cast-iron bridge, constructed in 1779 in England, span-
ning the River Severn.

The production of cast iron in Russia commenced in
the 16 century, with Russian artistic iron casting gaining
widespread acclaim (Fig. 3).

Fig. 3. Examples of artistic castings

Puc. 3. IIpumepsl XyI0KECTBEHHOTO JIUThS
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Fig. 4. Examples of typical engineering parts made from cast iron:
piston rings («); camshafts (b); crankshaft (¢); brake discs (d); cylinder block housing (e);
cases of modern wind power plant (f)

Puc. 4. Ilpumeps! TUIOBBIX MAIMHOCTPOUTENBHBIX JI€Talel U3 UyryHa:
MOPIIHEBBIC KOJBIIA (@); pacrpeieuTeabHble Balbl (); KoJeHuUaThlii Baj (¢); TOPMO3HBIC IUCKH (d);
KopIryc O10Ka LIMIIMHAPOB (€); KopIlyca COBPEMEHHON BETPSIHOM dIeKTpocTaHuH (f)

Into the 21 century, cast iron maintains its status
as a primary and highly favored structural material [1].
Fig. 4 displays several examples of common mechani-
cal engineering components made from cast iron, ranging
from small piston rings to large casings for modern wind
turbines.

Bl CURRENT GLOBAL CASTING INDUSTRY:
A CONCISE SUMMARY

The World Foundry Organization [2] monitors casting
activities globally, and Modern Casting magazine pub-
lishes comprehensive overviews. It’s essential to recog-
nize that statistical reports are subject to delays, meaning
the most recent data might be one or sometimes two years
old.

In 2018, the world experienced its peak in castings pro-
duction, surpassing an impressive 112.7 million tons [3].
Recent years have seen a slight decrease in production,
with figures showing a 4 — 6 % drop (109.1 million tons
in 2019 compared to 105.5 million tons in 2020). Current
data indicate that the global output for all casting grades
consistently exceeds 100 million tons [4].

The distribution of casting output across various
metallic materials in the top ten advanced countries for
the year 2020 [3] reveals China as the leading nation,
contributing more than half of the world’s casting ton-
nage, followed by India and the USA, with Russia, Ger-
many, Japan, Mexico, Brazil, and Italy (Fig. 5).

10

This chart suggests a trend where environmentally
harmful foundry operations are gradually relocating from
advanced and wealthy nations to less developed ones.
Japan’s journey from being the third-largest producer
of castings in the world during the 1970s to relocating
its production to India, China, and Taiwan in more recent
years exemplifies this trend.

[l STATE OF GLOBAL IRON CASTING:
A CONTEMPORARY ANALYSIS

Within the material composition of all castings, cast
iron notably surpasses all other casting materials, con-

Mexico Brazil
Japan 2.86 2.07
Germany 3.45 Italy i
3.48 1.55 China
51.95
Russia

4.20

USA
9.75

India
11.31

Fig. 5. Distribution of casting output of all materials
in ten most advanced countries of the world for 2020 [3]

Puc. 5. Pacnipezienenune BblIycKa JUThsl BCEX MaTepHUaIOB
0 JIecsaTH Haubouiee epeIoBbIM CTpaHaM MUpa
322020 . 3]
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Fig. 6. Structure of world production of castings
by the type of material for 2020 [5]

Puc. 6. CTpyKTypa MHPOBOT'O IIPOM3BOACTBA OTIIMBOK 10 BUIAM
marepuanos 3a 2020 r. (mo gaHHbIM )KypHaia Modern Casting [5])

stituting over 70 % of the total production. Following
cast iron, aluminum castings hold the second spot in out-
put volume, and steel castings are in the third position
on a global scale (Fig. 6).

- INCREASING PREVALENCE OF HIGH-QUALITY
AND DUCTILE IRON OVER GRAY CAST IRON

The shift in production from gray cast iron (GI)
to ductile cast iron (DI) became prominent around the
late 1970s and early 1980s. This transition was signifi-
cantly influenced by the discovery made by Keith Dwight
Millis. On May 7, 1948, Millis presented his ground-
breaking work at a convention of American foundrymen.
He demonstrated that the introduction of small quantities
of magnesium into molten iron during casting resulted
in the formation of spherical graphite inclusions within the
iron. This change in the microstructure leads to a marked
improvement in the strength properties of the material,
potentially doubling its toughness. K. Millis’ patent [5]
marked the beginning of the ductile cast iron age.

Fig. 7 reveals significant shifts in the composition
of materials used for castings internationally across five
decades, from 1996 to 2016.

The data illustrated in these diagrams indicates
a slight decrease in steel castings production, contrasted
with a significant rise in the production of DI castings.
Currently, ductile iron castings comprise more than 25 %
of all global castings (Fig. 7, b), with the increase largely
owing to the enhanced durability of certain cast iron
grades.

Furthermore, the trend line in Fig. 8 affirms that,
despite various global economic challenges, the produc-
tion of DI has shown a remarkably stable increase over
the recent years [6].

This graph serves as a crucial visual aid for metallur-
gists, enabling the prediction of an increased demand for
ductile iron in the forthcoming years.
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39 Magnezium
()
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Ductile
cast iron
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Gray cast iron
78 %
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49 %

Ductile cast iron
26 %

"

b

Fig. 7. Comparison of material structure
of the world casting production with an interval of 50 years [6]:
in 1996 (a) and in 2016 (b)

Puc. 7. CpaBHEeHUE MaTepHaIbHONW CTPYKTYPHBI
MHPOBOTO IIPOU3BOZCTBA OTIMBOK C HHTepBasioM B 50 niet [6]:
B 1996 1. (a) uB 2016 . (b)
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Fig. 8. Dynamics of world production of ductile
iron in natural (million tons) (/) and percentage (2) terms
(share of all other cast materials) in recent years [5]

Puc. 8. JlunamMuka MUpOBOTO IIPOM3BOJICTBA BHICOKOIIPOUHOTO UyTyHa
B HaTypaibHOM (MJIH T) (/) ¥ IpOLIEHTHOM (2) BBIPQKCHUU
(o7Ist OT BCeX APYTUX JIMTHIX MAaTE€PUAJIOB) 3a MOCIEAHUE TOIbI [7]

Fig. 9 illustrates the production ratio between GI and
DI in ten of the leading countries in this industry glo-
bally.
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Fig. 9. Ratio of production of gray cast and ductile iron for ten most advanced countries in the world for 2019 [7].
Russia provided summary data without separating gray and ductile irons

Puc. 9. CooTHOIIEHHE TIPOU3BOICTBA CEPOTO M BHICOKOIIPOYHOTO YyTYHA IO JECSTH HanOOoJIee TIepeI0BBIM CTPaHaM MHpa
(mannbie Modern Casting 3a 2019 r. [7]). Poccust npeocraBuiia cymMmMapHsIe laHHbIe, He pazaeisist CH u BU

In numerous nations, the output of DI constitutes
at least half of the production of GI. Notably, in several
developed countries, the production of DI surpasses that
of GI by a substantial margin. For example, in 2019 Aust-
ria’s production of DI reached 104,700 tons, dwarfing
its GI output of 42,300 tons, while Spain manufactured
663,000 tons of DI compared to 362,600 tons of GI.

This trend indicates a renaissance for cast irons, as
their use pivots to high-loaded components within cru-
cial technical sectors such as the automotive industry,
railroad, pipeline transport, machine tool production, and
shipbuilding. Cast irons are no longer confined to tra-
ditional applications like cylinder blocks, piston rings,
crankshafts, and camshafts. Recent advancements have
broadened their applications, including parts once deemed
unsuitable for ductile iron. Internationally, companies
such as Ford and Chrysler utilize DI in heavy trucks’ final
drive pinions, Zanardi uses it in railway coach suspen-
sion parts, and it’s a choice material for soil cultivation
implements, among others. Interestingly, due to its supe-
rior workability and robust strength characteristics, cast
material is starting to replace alloyed steel rolled products
that undergo multiple metallurgical processes, a shift par-
ticularly noticeable in the leading sectors of mechanical
engineering.

- ANALYSIS OF THE CAST IRON INDUSTRY IN BELARUS

During the era of the Soviet Union, Belarus was
often referred to as the country’s “assembly shop” due
to its highly developed manufacturing sector, par-
ticularly in blank production and the foundry industry.
In the 1980s, Belarus’s annual output exceeded 1 mil-
lion tons of various types of castings, with iron cast-
ings making up approximately 700,000 tons of this total.
In 1985, the per capita production of castings in Belarus
was 100 kg, ranking the country third in the world at that
time based on this metric.
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At present, the output of castings in Belarus has dimi-
nished to a quarter of what it was during its peak produc-
tion years. In 2018, the country’s total casting production
was just 250,000 tons.

Several characteristics define the current state

of the iron foundry industry in Belarus:

— the technologies and equipment in Belarusian found-
ries are generally less productive and more resource-
intensive per product unit compared to those abroad;

— over half of the iron castings are made using mecha-
nized casting conveyors that are equipped with outdated
machinery;

— the capital assets are extensively worn and outdated,
with a low rate of renewal (2 — 3 %), and the furnace fleet
is antiquated;

— foundry operations consume a high amount of energy;

— there is a minimal inflow of direct investment and
technology;

— the foundries are not operating at full capacity; they
currently produce 250,000 tons of castings, yet have the
capacity to produce 557,500 tons;

—the capacity at Belarusian foundries allows for
the production of 345,700 tons of gray iron castings and
73,100 tons of ductile iron castings annually.

The majority of GI and DI castings are produced
at key plants such as:

— OJSC “Minsk Tractor Works”;

— OJSC “Minsk Automobile Plant” — Managing Com-
pany of “Belavtomaz” Holding;

— OJSC “Centrolite” Gomel Foundry”;
— 0OJSC “Gomel plant of casting and normals”;

—0JSC “Mogilevliftmash” — Managing Company
of the Holding”;
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Fig. 10. Distribution of castings in Belarus according
to the smelting method

Puc. 10. Pacnipenenenune nuTbs B benapycu o MeTony miaBku

— 0OJSC “Managing Company of the Holding, Minsk
Motor Plant”, Stowbtsy.

The remainder of the cast iron production, accoun-
ting for about 25 %, comes from other enterprises
in the country.

Fig. 10’s diagram detailing the distribution of cas-
ting methods indicates that cupolas, comprising half
of the foundry furnace fleet in Belarus, are incapable
of producing high-grade cast iron and are significant
contributors to dust and gas emissions. The other half
of the furnace infrastructure consists of induction fur-
naces, which are subdivided almost equally among com-
mercial frequency, intermediate frequency, and channel
furnaces.

Yet, modern intermediate frequency induction fur-
naces have been adopted by several enterprises within
Belarus, including: CJSC “Altant” subsidiary — Barano-
vichi Machine-Tool Plant, OJSC “Minsk Tractor Works”,
“Minsk Automobile Plant” Managing Company
of “Belavtomaz” Holding, OJSC “Gomel plant of cast-
ing and normals”, OJSC “Centrolite” Gomel Foundry”,
0OJSC “BELAZ” — Managing Company “BELAZ-HOL-
DING”, OJSC “Lida Foundry and Mechanical Plant”
and OJSC “Managing Company of the Holding “Minsk
Motor Plant”.

The analysis of casting distribution by molding meth-
ods (Fig. 11) reveals that approximately 78 % of molds
are fashioned from sand-clay mixtures. This method is
prevalent due to the low cost of raw materials. However,
it has significant disadvantages, including high energy
consumption, the cost per ton of castings, and less precise
casting surfaces. Castings produced in cold-hardening
mixtures (CHM) molds constitute about 12 % and offer
cleaner surfaces and more accurate geometric dimen-
sions. Despite this advantage, the preparation of these

Pressure

I\(qunprest‘sure die casting ~ Other types
ie casting o 429,
24% 35% ’

Casting into molds
from CHM
123 %

Casting into molds from SCM
77.6 %

~__

Fig. 11. Distribution of casting in Belarus by forming methods

Puc. 11. Pacnipenenenue nuths B benapycu
1o MeToAam (HopMooOpa3oBaHuUs

mixtures often involves technologies and equipment that
fall short of contemporary standards for molding and core
sand mixtures.

Currently, around 10 vortex-type mixers are opera-
tional within Belarus, notably at enterprises such as
0JSC “Minsk Automobile Plant” — Managing Com-
pany of “Belavtomaz” Holding and OJSC “Centro-
lite” Gomel Foundry”. These mixers have significantly
optimized energy usage, cutting it by 1.5 times per ton
of mixture, and reduced the need for binding components
by 15 —20 %.

The Belarusian foundry industry has also embraced
other technological advancements:

— automatic molding lines are inuse at several facilities,
including OJSC “Minsk Tractor Works”, OJSC “Gomel
plant of casting and normals”, CJSC “Altant” subsidiary —
“Baranovichi Machine-Tool Plant”, and OJSC “Centro-
lite” Gomel Foundry”;

— core making machines, specifically employing the
“cold-box-amine process,” have been implemented,
with OJSC “Minsk Tractor Works” operating more than
30 machines and “Minsk Automobile Plant” — Managing
Company of “Belavtomaz” Holding utilizing 4 machines
developed by OJSC “BELNIILIT”.

Gray cast iron predominates in the material structure
of Belarusian castings (Fig. 12).

In 2017, the “Foundry Development Program for the
period 2017 — 2030” was launched, targeting significant
enhancements in the sector’s efficiency and overcoming
the aforementioned issues. The program’s primary objec-
tives include:

— optimizing the operations of existing foundries,
enhancing product quality, lowering production costs,
and maximizing the utilization of foundry capacities;
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Fig. 12. Structure of castings produced in Belarus
by types of materials for 2018 according to the Belarus
“Foundry Development Program for the period 2017 — 2030”

Puc. 12. Ctpyxkrypa npousBogumoro B berapycu nutbs
1o BuaM MatepuaioB (nanubie 3a 2018 1) u3 «IIporpamMmbl pa3BUTHS
nuTelHoro npousBocTea benapycu na nepuox 2017 — 2030 rr»

— fostering the growth of financial and economic per-
formance indicators within organizations;

— producing competitive products that fulfill con-
sumer requirements;

— improving working conditions, minimizing environ-
mental impact from production activities, continuously
enhancing environmental standards, and promoting
the efficient use of resources.

Initially, an audit of the existing production facili-
ties’ technical standards was conducted as part of this
program. Foundries that either met or were close to
meeting the technological requirements for castings
and could be updated with minimal expense were iden-
tified as basic foundries. This classification was in line
with the Ministry of Industry’s Order No. 449, issued on
December 9, 2016, titled “On Optimization of Foundries.”
Focusing on the development of these basic foundries is
expected to significantly enhance the foundry industry’s
performance in Belarus, enabling the fulfillment of inter-
national orders, generating foreign currency revenue, and
establishing a reliable reputation for producing quality
products at reasonable prices.

- INITIATIVES FOR THE DEVELOPMENT
AND MODERNIZATION OF PRIMARY FOUNDRIES
IN BELARUS

Following the directives from the Ministry of Indust-
ry’s Order No. 449, issued on December 9, 2016, updates
were made to the modernization plans for foundries
through to 2030. This involved revising the list of found-
ries scheduled for preservation or integration into base
organizations by transferring their production lines,
including the assortment of castings, as well as their mel-
ting, molding, mixing, and additional foundry equipment.
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Fig. 13. Dynamics (actual and forecast for 2023 —2030)
of changes in the utilization of capacity of the basic
foundry enterprises in Belarus

Puc. 13. lunamuxa (daxr u nporxo3 Ha 2023 — 2030 rr.)
H3MEHEHHs 3arpy3KH JINTEHHBIX MOLIHOCTEH 6a30BbIX
TMUTEHHBIX peanpusTtuii bemapycn

A Table details the operational parameters and capa-
city utilization of primary enterprises involved in the pro-
duction of gray and ductile iron as of October 1, 2022.

Fig. 13 illustrates the comparative analysis of both
actual and projected capacity utilization across the foun-
dational foundries in Belarus, encompassing all casting
categories.

The “Foundry Development Program for the period
2017 —2030” includes investment initiatives and
actions aimed at the establishment of new facilities and
the enhancement of existing foundries within principal
organizations.

It is proposed to incrementally reallocate the current
product spectrum to these central entities and discontinue
foundry operations at locations including OJSC “Minsk
Automatic Lines Plant” named after P.M. Mashe-
rov, OJSC “Gomel Radio Plant”, OJSC “MPOVT”,
among others. Furthermore, due to economic non-via-
bility, OJSC “Bobruisk Machine-Building Plant” and
JSC “Managing Company of Lidselmash Holding” will
cease the production of gray iron castings.

[l HUMAN WORKFORCE STRATEGY IN BELARUSIAN
FOUNDRY INDUSTRY

In the Republic of Belarus, the training of personnel
for the foundry industry is conducted by the following
higher education institutions:

—the Faculty of Mechanics and Technology at the
Belarusian National Technical University offers degree
in: “Machines and technology of foundry production”,
“Metallurgical production and material processing”, with
specialization in “Foundry of ferrous and non-ferrous
metals”;

— the Faculty of Mechanics and Technology at Sukhoi
State Technical University of Gomel offers degree in
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Characteristics and utilization of capacity of the foundry production of basic enterprises
for gray and ductile irons for October 1, 2022

XapaKkTepuCcTHKA U 3arpy3Ka MOLIHOCTEH JIMTEHHOI0 IPOU3BOACTBA 0A30BbIX NPEANPUSTHI
10 NMPOU3BOJICTBY CEPOro M BHLICOKONMPOYHOIro yyryna Ha 1 okrsiops 2022 r.

. Capacity
Installed A PRI T, utilization, % from
Alloy grade Company name cabasit tenr tons, for three the beginnin
pactty, by quarters of 2022 & &
of the year
0OJSC “Minsk Tractor Works” 110,000.00 44,812.72 54.32
“Minsk Automobile Plant” — Managing
Company of “Belavtomaz” Holding 12,336.41 3059.40 >4.68
0OJSC “Centrolite” Gomel Foundry” 21,200.00 7833.85 49.27
0JSC Moglle’\’/hftmash — Managing Company 10,600.00 6465.55 8133
of the Holding
. . 0JSC “Gomel plant of casting and normals” 8716.50 5065.05 77.48

Gray iron casting

(GI 10-30) 0JSC “Lida Foundry and Mechanical Plant” 8620.00 6315.03 97.68
0JSC “Mogilev Metallurgical Works” 17,679.00 6138.00 46.29
0OJSC “Legmash Plant” 400,00 94,82 31,61
0JSC “Mogilev Plant Strommashina” 0 0 0
0OJSC “Managing Company of the Holding,
“Minsk Motor Plant”, Stowbtsy 10,000.00 466.41 6.22
TOTAL: 199,551.91 82,250.33 54.96
0OJSC “Minsk Tractor Works” 10,000.00 6240.38 83.20
“Minsk Automobile Plant” — Managing
Company of “Belavtomaz” Holding 11,920.00 3852.50 43.09

Ductile iron « . »

castings (DI 50) OJSC “Gomel plant of casting and normals 816.50 4930.05 75.41
0JSC “Managing Company of the Holding,
“Minsk Motor Plant”, Stowbtsy 8000.00 1568.04 26.13
TOTAL: 38,636.50 16 590.37 57.25

“Machinery and technology of foundry production”,
with specializations in “Technical operation of foundry
equipment”, “Organization and management of foundry
production”, “Metallurgical production and material pro-
cessing” and “Electrometallurgy of ferrous and non-fer-
rous metals”;

— Gomel State Machine-Building College offers
secondary vocational education with a major in “Metal-
lurgical Production and Material Processing,” speciali-
zing in “Foundry Production of Ferrous and Non-Ferrous
Metals”.

The state sector-specific educational institution of the
Ministry of Industry of the Republic of Belarus, named
“Institute of Professional Development and Retraining
of Managers and Specialists “Industrial Personnel”, is
responsible for the advanced training and retraining of
managers and specialists within the engineering and tech-
nical services sector.

[ EXAMPLES OF FOUNDRY MODERNIZATION
IN BELARUS

Examples of basic foundries’ modernization efforts
in the Republic of Belarus as of January 1, 2023, include:

0JSC “Minsk Tractor Works”. Modernization efforts in
Foundry Shop No. 1, including the molding and melting
sections, and the melting section of Shop No. 2, have led
to the procurement and installation of two induction fur-
naces along with charge preparation equipment. Const-
ruction and installation works are nearing completion,
with commissioning 60 % finished. Completion is antici-
pated within 2023.

0JSC “Minsk Automobile Plant” The reconstruction
of the iron foundry block, targeting the gray iron sec-
tion, commenced in 2021, with a projected completion
in 2026. Additionally, the ductile iron section began
reconstruction in 2023, with an expected finish in 2026.

15
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0JSC “Centrolite” Gomel Foundry” The continu-
ous mixer with a capacity of 30 t/h aimed at moder-
nizing the heavy casting section, is being installed with
an expected completion between 2018 and 2023. For
the small casting shop, aiming to enhance competitive-
ness in large-format casting production, a molding line
is acquired with a completion timeframe from 2025
to 2030. The smelting shop is undergoing upgrades by
replacing three induction crucible furnaces IChT10 with
a complex of intermediate frequency induction furnaces
with an 8 t/h capacity.

0JSC “Mogilevliftmash”. Replacing a commercial
frequency induction crucible furnace (IChT10) with an
intermediate frequency induction furnace, with moder-
nization extending from Q4 2022 to Q4 2023. The core-
making section’s upgrade is planned for Q1 2024
to Q1 2025.

0JSC “Mogilev Metallurgical Works” The foundry
shop being reconstructed to accommodate the production
of castings from gray and ductile cast iron, with a pro-
jected completion from Q1 2026 to Q4 2030.

0JSC “Gomel plant of casting and normals”. Acqui-
sition and installation of a medium-frequency melting
furnace with a 20 — 25 tons capacity are part of the duc-
tile iron shop’s smelting section modernization, aiming
to replace an outdated commercial frequency induction
furnace. Completion is expected between 2024 and 2027.

0JSC “Managing Company of the Holding, “Minsk
Motor Plant’, Stowbtsy. The “Production of high-preci-
sion ductile iron castings” investment project has been
implemented, with completion spanning from 2012
to 2025. The facility is operational, with start-up and
commissioning works fully completed as of September
2, 2020. The contract with GUSS-EX (Poland) has been
fulfilled, and the setup for producing castings in the small
series casting section using the Hardening Tag-Sand Pro-
cess is underway, aiming for design capacity by Q4 2022.

[ FUTURE DIRECTIONS FOR AUSFERRITIC CAST IRON
APPLICATION IN BELARUS

The global market is currently experiencing a surge
in the production of Austempered Ductile Iron (ADI),
a variant of ductile cast iron that undergoes a specific heat
treatment to achieve an ausferritic metal matrix structure.
This material effectively competes with high-quality
rolled alloys steels, boasting strengths up to 1400 MPa.
Industrially, hundreds of different part sizes are being pro-
duced, notably by corporations such as General Motors
and Ford, with gears being one of the most extensively
manufactured products internationally.

In Belarus, efforts by L.R. Dudetskaya and A.I. Pok-
rovsky have been made to adopt bainitic cast iron for
manufacturing specific components, particularly medium
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and large gears, within the foundry shop of Minsk Auto-
mobile Plant. The technology was applied to the pro-
duction of rear axle differential gears for the MAZ 5336
model: the axle drive gear (No. 5336-2402050) and
the pinion gear (No. 5336-2402055) [8 — 12]. The fin-
dings from these applications demonstrated that bainitic
cast iron could serve as a viable alternative to the tra-
ditionally used 20KhN3A steel for gears. A number
of bainitic and ausferritic cast iron compositions have
been patented [13 — 17].

The appraisal survey conducted in November
2016, under the directive of the Ministry of Industry
of the Republic of Belarus and distributed to over 70 sub-
ordinate organizations, identified a yearly demand for
bainitic cast iron of approximately 10 thousand ton.

[ ConcLusioNs

The foundry sector in Belarus is contending with
outdated technologies and equipment that lead to lower
productivity and higher specific resource consumption
per product unit compared to international counterparts.
Characteristically, the industry heavily relies on tradi-
tional practices such as the use of cupolas and sand-clay
mixture molds, with a predominant focus on gray cast
iron and limited ductile cast iron production.

A notable issue within Belarusian foundries is
the underutilization of capacity. With a total capacity
of 557.5 thousand tons for casting annually, the current
production stands at only approximately 250 thousand
tons — a gap that reflects a significant underuse of avai-
lable resources. This situation presents an opportunity
to align with global trends and fill the capacity with
orders from technologically advanced nations, levera-
ging the shifts in countries like India and China, which
are expanding their foundry productions. Efforts must
be concentrated on attracting more customers and inves-
tors interested in contributing to the advancement of new
technologies within the foundry in Belarus.

Efforts to mitigate these challenges are embodied
in the “Foundry Development Program for the period
2017 —2030”. This initiative aims to modernize the entire
foundry landscape, designate and revitalize the most com-
petitive foundries as primary operations, devise remodel-
ing plans, and enhance overall efficiency. The program’s
implementation is structured to boost the nation’s foundry
industry, secure international orders, and enhance foreign
currency inflows.

A key direction for modernizing the foundry industry
in Belarus involves relocating foundry operations away
from Minsk, such as those at Minsk Tractor Works and
Minsk Automobile Plant, and establishing modern, high-
tech production facilities built from the ground up to meet
the latest global standards. A prime example of this initia-
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tive is the construction of the Belarusian Metallurgical
Plant in Zhlobin.

Belarus boasts a robust educational framework for
metallurgy and casting, with professional training pro-
vided by the Faculties of Mechanics and Technology
at both the Belarusian National Technical University
and Sukhoi State Technical University of Gomel, as
well as at Gomel State Mechanical Engineering College
and Zhlobin State Metallurgical College. The “Foundry
Development Program for the period 2017 — 2030 stipu-
lates the targeted number of student enrollments in these
disciplines. Additionally, the “Institute of Professional
Development and Retraining of Managers and Specialists
‘Industrial Personnel’” oversees the continual profes-
sional development and skill enhancement of technical
service managers and specialists.

Looking ahead, it is anticipated that Belarus will align
with the international shift towards manufacturing criti-
cal castings predominantly from ductile cast iron instead
of gray cast iron and will progressively move towards
using ausferritic (bainitic) cast iron as an alternative
to rolled steel. Thus, it is crucial to prepare the industrial
infrastructure and the specialists within the field.
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