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Abstract. The article is devoted to the topical issue of increasing the efficiency of rotary kilns used in the production of metallurgical lime from chalk.
Methods of improving the structures and thermal operation of these units are considered, which is especially important in modern production condi-
tions. The work begins with a description of the importance of lime in the metallurgical industry and the specifics of using rotary kilns as the main units
for its production. There is a need to increase productivity and reduce energy consumption. The article provides an overview of promising technical
solutions, such as: design changes, optimization of heat exchange devices, improvement of burner mechanisms, introduction of automatic control
and process control systems. The results of tests confirming the expediency of using chalk of certain brands are also considered. Attention is drawn
to the importance of factors such as the quality of raw materials and the qualifications of service personnel that affect the firing efficiency. The authors
proposed new technical solutions to increase the efficiency of roasting process and reduce energy consumption. The article discusses the main prob-
lems associated with the production of lime from chalk. The proposed improvements are aimed at solving the mentioned problems and improving
the quality of the final product. Special attention is paid to optimizing the thermal mode of the furnace; this will make it possible to use thermal energy
more efficiently and reduce fuel consumption, which in turn will lead to reduction in the cost of lime production. Implementation of the proposed
technical solutions will significantly increase the economic and environmental efficiency of lime production. The article emphasizes that continued
research in this area is promising for improving the performance of rotary furnaces and, consequently, the quality of the resulting product.
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HANPABNEHWUA COBEPLUEHCTBOBAHUA KOHCTPYKLIUM
U TENJIOBOI PABOTbI BPALLAIOLLEMUCA MEYU
ANA PEANU3ALUMU TEXHONOTMU NPOU3BOACTBA
METANNYPIUYECKOWN U3BECTU U3 MENA
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AnHomayus. Ctarbs NOCBSIICHA aKTYaJIbHON TeMe HOBbIIICHHs Y(Q(EKTHBHOCTH BPALIAIOIINXCS ITeUe, UCTIOIb3YSMBIX IIPH TPOU3BOICTBE METAILITYP-
IMYECKON N3BECTH M3 Mella. PaccMOTpEHbI METO/IbI YCOBEPIICHCTBOBAHHSI KOHCTPYKIHI M TEINIOBOW pabOThI ATHX arperaros, YT0 0COOCHHO BaXKHO
B YCJIOBUSIX COBPEMEHHOT'O IIPOU3BOJCTBA. PaboTa HaYMHACTCs ¢ OMMCAHUSI 3HAYUMOCTH U3BECTH B METAJUTYPIUYECKON OTPACIH U OCOOCHHOCTEH
MIPUMEHEHHS BPALIAIOIINXCS TIe4Yei KaK OCHOBHBIX arperaToB JJis ee npou3BoacTBa. OTMedeHa HeOOXOAMMOCTb MOBBIILICHUS TPOU3BOUTEILHOCTH
M CHIDKEHUS SHeprosarpar. B crarbe npeacTasieH 0030p NEPCHEKTHBHBIX TEXHUUECKUX PELICHUHT, TAKMX KaK KOHCTPYKTUBHbIC H3MEHEHHSI, OIITH-
MU3aLHUs TEIUIOOOMEHHBIX YCTPONCTB, COBEPIICHCTBOBAHUE TOPEIOYHBIX MEXaHU3MOB, BHEJJPEHUE CHCTEM aBTOMAaTH4ECKOr0 KOHTPOJIS M YIpaB-
JICHHs] TEXHOJIOTHUYECKUM TIpolieccoM. Taioke pacCMOTPEHBI pe3y/IbTaThl HCIBITAHUH, MOATBEPKAAIOIINX L[EJIeCO00Pa3HOCTh HCIIOIb30BAHUS Melia
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ONPEACIICHHBIX MapOK. ABTOpBI 06pama}0T BHUMaHHC HA Ba)XHOCTb TAaKHUX (I)aKTOpOB, KaK Ka4y€CTBO ChIPbs U KBaJ’IPI(i)I/IKaLIHﬂ 06CJ'[y)KI/IBa}0H.ICT‘O
TIEpCoOHaJa, KOTOPBLIC BIIMAIOT Ha 3(1)(1)6KTPIBHOCTI) obkHra. Hpe}momeHH HOBBIC TCXHUYCCKUC PCUICHUS, TTO3BOJISIOIINE ITOBLIIMIATH S(b(i)eKTI/IB—
HOCTB IIpouecca 00KUIra U CHUXKATh DHEPro3arparsl. I/I3y‘{eHBI OCHOBHBIC l'[pO6J'[eMLI, CBSI3aHHBIC C IIPOU3BOJACTBOM MU3BECTU U3 MEJia. l'lpe)ma-
Ta€MbI€ YCOBCPUICHCTBOBAHMS HAIIPABJICHBI Ha PCIICHUC YKAa3aHHBIX B pa60Te Hp06HeM 1 yIydlICHHC KadeCTBa KOHCYHOTO IPOAYKTaA. Ocoboe
BHUMAHHUEC YACJICHO ONTUMHU3ALUU TCIUIOBOTO pEXUMa IICYHU, YTO IO3BOJIUT Ooiee S(b(l)eKTHBHO HUCIIOJIb30BaTh TCIUIOBYIO SHEPTUIO U CHU3BUTH
pacxon TomiMBa, 4TO B CBOIO OUCPE/ib NPUBCACT K CHUIKCHUIO ce0eCTOMMOCTH TIPpOU3BOACTBA U3BECCTH. Peanmauml TIPEATOKCHHBIX TCXHUYCCKUX
pelHeHl/Iﬁ TIO3BOJIUT 3HAYUTEIIBHO ITOBBICUTH SKOHOMUYCCKYIO U DKOJIOIMYECKYIO 3(1)(1)6KTHBHOCTB €€ NPOU3BOACTBA. ABTOpI)I TOAYCPKUBAIOT, YTO
TIPOAOJKECHHUEC I/ICCJ'ICL[OBaHI/Iﬁ B [[aHHOﬁ obmactu TICPCHCKTUBHO IJIS YIYyHIICHUS SKCITYaTallMOHHBIX XapaKTCPUCTHK BPAIAOIIUXCS euei u,

COOTBETCTBECHHO, KQY€CTBA I10JIy4acMOro IMpoaAyKTa.

Katoueswle c108a: n3BecThb, U3BECTHSK, MeJl, TIOJOrPEBaTelb, BpallaroNIascs neub, ookur, craib, OOMK, JITOK
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maroneics neuu Juls pealn3aly TEeXHOJIOTMU MPOU3BOJACTBA METATypPrUUecKol U3BECTH M3 Mena. Mzgecmus 6y306. Yepnas memaniypausi.
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[ INTRODUCTION

In today’s world, lime is one of the key materials used
in the metallurgical industry, and the rotary kiln remains
one of the most efficient and widely adopted process units
for its production. The need to enhance the performance
of rotary kilns employed in the technology of producing
metallurgical lime from chalk is a pressing challenge.
Improving the design and thermal operation of these kilns
will enable increased productivity, reduced energy con-
sumption, and improved quality of the final product [1; 2].

An overview is provided of the most relevant and
promising technical solutions whose implementation
would enhance the efficiency of rotary kilns used for
the production of metallurgical lime from chalk, reduce
energy consumption, and improve the environmental per-
formance of the process [3].

- CLASSIFICATION AND MAIN DESIGN FEATURES
OF ROTARY KILNS

The rotary kiln is one of the most widely used types
of thermal units employed in metallurgy, as well as in
the production of cement, lime, ceramics, refractories,
and other materials [4; 5]. The design features and ope-
rating principles of rotary kilns account for their broad
application in carrying out high-temperature processes
such as drying, roasting, reduction, sintering, and more.
The key advantages of rotary kilns over other types
of thermal units include:

— continuous process operation (the material loaded
into the loading device at the upper end of the kiln gra-
dually moves along the inclined rotating drum toward
the discharge device at the lower end, thereby ensu-
ring continuity of the process and the ability to regulate
the material’s residence time within the working space);

— intensive heat and mass transfer (the rotation
of the drum, along with internal lifting blades mounted on
the inner surface, ensures thorough mixing of the mate-
rial, which promotes efficient heat and mass exchange
between the solid and gas phases);
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— fuel flexibility (rotary kilns can operate on solid,
gaseous, or liquid fuels), which enhances the adaptability
of the production process);

—relative simplicity of design and operation (com-
pared to other types of thermal units — such as shaft and
chamber kilns — rotary kilns have a simpler structure,
which facilitates maintenance and repair);

— high productivity (due to the continuous operation
and intensive heat and mass transfer, rotary kilns can
deliver production capacities reaching hundreds or even
thousands of tons per day).

The specific design solutions and configuration
of rotary kiln components are determined by the cha-
racteristics of the technological process, the physical
and chemical properties of the raw materials, the qua-
lity requirements for the final product, and energy and
environmental considerations. The rotary kiln design is
shown in Fig. 1 [6; 7].

[ KEY AREAS FOR IMPROVING ROTARY KILN DESIGN
FOR LIME PRODUCTION

Tests carried out on a laboratory-scale model at NUST
“MISIS” for the production of metallurgical lime from
chalk confirmed the feasibility and expediency of using
chalk from Lebedinsky Mining and Processing Com-
bine (LGOK) at Oskol Electrometallurgical Com-
bine (OEMK). Both enterprises are part of the Metallo-
invest holding company [8].

The rotary kiln is a heat exchange unit in the form
of an inclined rotating tube, in which hot gases flow counter-
current to the movement of limestone. The size of the mate-
rial loaded into the kiln ranges from 20 to 60 mm. The kiln
has a nominal capacity of 360 tons per day.

The main component of the rotary kiln is a steel
cylindrical drum, with a diameter of 3.6 m and a length
of 75 m. The diameter of the drum remains constant along
the entire length of the kiln.

An analysis of the operational characteristics of exis-
ting rotary kiln designs used for lime production makes
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Fig. 1. Rotary kiln design:
1 — drum; 2 — bandages; 3 — seal; 4 — kiln chamber (hot head); 5 — burner; 6 — discharge flow; 7 — support rollers;
8 — foundation; 9 — drum drive; /0 — exhaust chamber; // — loading device; /2 — ring gear

Puc. 1. YcTpoiicTBO Bpalarouieics neyun:
1 — 6apaban; 2 — 6aHnaxu; 3 — yIUIOTHEHHE; 4 — TOIOUHAs Kamepa (ropsiuasi roJI0BKa); 5 — ropeska; 6 — pasrpy3o4Has Teuka,
7 — omopHbIe ponuky; 8 — hyHmamenT; 9 — npuBoa Oapabdana; /() — ra300TBOIHAS Kamepa; [/ — 3arpy304HOE YCTPOUCTBO; /2 — BEHIIOBAs MIECTEPHS

it possible to identify several key areas for improvement
aimed at increasing the energy efficiency, environmental
performance, and economic viability of this technologi-
cal process. A number of foundational studies have been
devoted to enhancing the efficiency of technological pro-
cesses in lime roasting units, particularly in rotary kilns.

In the monograph Lime Production by A.V. Monas-
tyriev [9], the design features and thermal operating
modes of various types of firing kilns, including rotary
kilns, are examined in detail. The author identifies the key
factors influencing fuel efficiency in lime production: raw
material quality and preparation, kiln design solutions,
operation of auxiliary equipment, and qualifications
of service personnel. The book presents technical solu-
tions for improving rotary kiln design, such as the use
of in-kiln heat exchange devices, optimization of raw
material loading and discharge systems, and moderniza-
tion of burner mechanisms.

In the monograph Kilns for Lime Production by
A.V. Monastyriev and R.F. Galiahmetov [10], the struc-
tural features and operating modes of rotary kilns are con-
sidered in greater detail, particularly those affecting fuel
efficiency. The authors analyze the influence of factors
such as kiln drum length and inclination, the presence
of internal heat exchangers, and loading and unloading
modes of the raw materials.

Patent RF No. 2079785 Gas Burner [11], by L.V. Ka-
lashnikov and G.L. Kalashnikov, proposes a design for
a adjustable gas burner that allows regulation of the flame
parameters and the intensity of heat exchange within
the working space of the kiln. This innovation contributes
to more efficient fuel combustion in firing units (Fig. 2).

In the monograph by N.P. Tabunshchikov Lime
Production, the issues of proper kiln operation, maintain-
ing optimal process conditions, and monitoring the com-
position of off-gases are discussed. These factors are
noted to significantly affect fuel efficiency in lime pro-
duction.

One of the main factors limiting the efficiency
of rotary kilns is the uneven distribution and movement
of raw materials inside the kiln drum [12]. To address this
issue in the studied kiln, a promising direction is the deve-
lopment of advanced loading and discharge devices that
ensure optimal distribution and transport of raw material
along the kiln length. A key area for improving the energy
efficiency of rotary kilns used for lime production is
the enhancement of heat and mass transfer systems.
The kiln under consideration is characterized by signifi-
cant heat losses with exhaust gases, as well as insufficient
utilization of the thermal potential of calcined products
for preheating the raw materials [13].

The efficiency of heat exchange processes can be
increased by:

— installing high-efficiency regenerative or recupera-
tive heat exchange devices (such as rotary air preheaters
and tubular heat exchangers);

— implementing multi-stage heat exchange schemes
with recirculation and cascade utilization of thermal
energy.

The introduction of these technical solutions will
reduce fuel consumption, decrease heat losses, and
increase the temperature of the air supplied to the com-
bustion zone, ultimately leading to higher thermal effi-
ciency of the rotary kiln.
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Fig. 2. Single-channel adjustable cement burner [11]:
I —housing of the burner first stage; 2 — vortex stabilizer; 3 — mixing chamber of the first stage;
4 — mixing chamber of the second stage; 5 — housing of the second stage; 6 — burner mounting flange;
7 — fuel supply regulator of the second stage; 8 — fuel supply nozzle (or sprayer);
9 — nozzle or air supply blowpipe of the second stage

Puc. 2. T'openka ogHOKaHanbHas perynupyemas tumna ['PL] (ropenku perymupyemsie nementHsie) [11]:
] — xopryc nepBoii CTyIeH ropenku; 2 — BUXpEeBOH crabuin3zarop; 3 — kaMepa CMEILIEeHHs TIePBOi CTyNeHH!;
4 — KaMepa CMEIICHHS BTOPOH CTYNEHH; 5 — KOPITyC BTOPOH CTyHeHH; 6 — (iaHel] KpeIIeHUs TOPETIKH;
7 — peryJMpyroLuii oprat rnojayu TOIUIMBa BTOPOH CTyneHu; 8 — popcyHKa MojJauu TOIUIMBA (MJIM PACTIbLIUTENb);
9 — hopCyHKa MU COILIO MOA4H BO3yXa BTOPOH CTyIICHH

Studying combustion processes and flame heat trans-
fer in the working space of kilns used for lime produc-
tion is a critical task, as it determines the size of the firing
zone, the intensity of thermal impact on the material, and
the condition of the lining.

A.A. Anisimov et al. [14] developed a mathematical
model and a calculation algorithm for evaluating the ther-
mal characteristics of limestone firing in a rotary kiln.
The authors established an empirical relationship for
determining the length of the gas burner flame, taking
into account parameters such as burner diameter, inner
kiln diameter, and fuel and air flow rates. A method was
proposed for calculating the average effective tempera-
ture of the gas stream in the contact zone with the surface
of the fired limestone.

Based on the developed model, a numerical study was
conducted on the influence of various factors on flame
heat transfer and the temperature state of the calcined
material. It was shown that the flame heat transfer is
significantly affected by the excess air ratio, preheated
air temperature, lining emissivity, and the lower hea-
ting value of the fuel [14]. At the same time, the thick-
ness of the lining has a lesser effect. To optimize the fir-
ing mode, an algorithm was proposed for calculating
the resulting thermal flux of the flame into the firing zone.
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This algorithm allows for achieving the required calcina-
tion temperature by adjusting the fuel flow rate, excess air
ratio, and air preheating temperature, thereby preventing
overheating of the kiln lining.

E.E. Merker et al. [15] also addressed the issue
of improving fuel combustion efficiency in rotary kilns
for lime production. The authors emphasize that key
factors determining heat transfer in the working space
of the kiln include the flame length and temperature.
Flame characteristics, in turn, depend on the design and
operating modes of the burner devices.

Studies have shown that optimizing fuel combustion
conditions and heat transfer in the firing zone of rotary
kilns used for lime production is a relevant and important
task. The developed mathematical models and calculation
algorithms make it possible to determine optimal opera-
ting parameters that ensure the required quality of lime
while minimizing energy consumption.

Existing kiln designs are characterized by high emis-
sions of nitrogen and sulfur oxides, as well as significant
heat losses with flue gases [16].

To address these issues, the following technical solu-
tions can be applied:

— use of staged or two-stage fuel combustion to reduce
NO, formation;
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— implementation of flue gas recirculation to limit
excess air and lower the temperature in the firing zone;

— application of low-emission burner mechanisms
equipped with automatic air and fuel control systems;

— introduction of catalytic or selective non-catalytic
treatment systems for removing nitrogen and sulfur
oxides from exhaust gases.

The integrated implementation of these measures will
help reduce fuel consumption during the roasting process
and significantly lower atmospheric emissions of harm-
ful substances. A key factor affecting the operational per-
formance of rotary kilns is the reliability and durability
of their main structural components, such as the drum and
lining [17].

The implementation of these technical solutions will
help extend kiln service life, reduce maintenance and
repair costs, and improve the overall reliability and eco-
nomic efficiency of lime production [18]. An important
direction for improving the performance of rotary kilns is
the introduction of automatic control and process mana-
gement systems. This will make it possible to maintain
optimal operating conditions, ensure stable firing con-
ditions, and thereby achieve high and consistent lime
quality. In addition to improving traditional rotary kiln
designs to enhance their performance characteristics,
a promising direction is the development and imple-
mentation of nontraditional technical solutions [19; 20].
The main directions for improving the design of rotary
kilns for lime production include:

— enhancing raw material loading and discharge sys-
tems;

— improving the efficiency of heat exchange processes;
— optimization of fuel combustion systems;

— improving the design of the drum and lining;

— automating process control;

— developing and applying nontraditional design solu-
tions.

The implementation of these measures will improve
the energy efficiency, environmental performance, and
cost-effectiveness of lime production in rotary Kkilns,
while also ensuring high and stable quality of the final
product.

- CONCLUSIONS

An analysis of the operational -characteristics
of the existing rotary kiln design with a diameter of 3.6 m
and a length of 75 m, used for producing 360 tons of lime
per day, revealed a number of deficiencies and issues
that negatively affect the technical, economic, and envi-
ronmental performance of this technological process.
The main problematic aspects include: limited potential

for increasing productivity, low energy efficiency, chal-
lenges in ensuring consistent quality of limestone firing,
accelerated wear of main structural components, and sig-
nificant emissions of carbon dioxide and other pollutants.

The main directions for improving the rotary kiln
design for lime production are identified. Their imple-
mentation will enhance the energy and economic effi-
ciency of lime production in rotary kilns, ensure high and
stable product quality, and support compliance with envi-
ronmental standards.

A review of the current state of lime production and
existing rotary kiln designs has confirmed the relevance
of improving kiln construction and thermal operation in
the context of lime production from chalk. Addressing
this challenge is of significant practical importance for
improving both the efficiency and environmental safety
of the production process.
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