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STUDY OF A DIRECT INJECTION PULVERIZING SYSTEM FOR INDIVIDUAL BOILER SUPPLY

Annotation: This paper examines an individual pulverizing system with a hammer mill and direct
injection, serving a hot water boiler of the KVT-116.3-150 type. The relevance of the study lies in the crucial
role of fuel pulverization in ensuring stable, efficient, and environmentally safe operation of coal-fired boiler
plants.

A functional diagram of the pulverizing system is presented, covering drying, grinding, classification,
and conveying of the air-fuel mixture to the boiler burner. The schematic provides a clear representation of the
equipment interconnections, identifies key technological nodes, determines the paths of heat carrier, air, and
fuel movement, and highlights zones most sensitive to operational parameters. This lays the foundation for
further analysis of thermal efficiency and potential optimization reserves.

During the operation of the system, key parameters were recorded: the temperature of the air-fuel
mixture at the mill outlet did not exceed 85 °C, the coal dust fineness was Ry, = 45 + 55%, and the fuel moisture
and consumption values corresponded to the operating charts. The data analysis confirmed the stability and
efficiency of the system under boiler load variations in the range from 60% to 100% of the nominal capacity.

Special attention is given to the design and technological features of the equipment: the hammer mill
with an integrated separator, a recuperative air heater, a downward drying unit, the air supply system, and
control elements. Advantages of the individual system include enhanced automation, reduced heat loss,
flexible operation control, and adaptability to variable loads or unstable fuel characteristics.

Recommendations are made for optimizing the drying process and implementing a monitoring system
for the mill and separator condition. The study concludes that the system is technologically complete, efficient,
and promising for retrofitting existing solid fuel-fired boiler units.

Key words: fuel pulverization, air-fuel mixture, individual system, hammer mill, direct injection, hot
water boiler, coal dust.

Introduction

The modern development of the energy sector requires improving the efficiency and reliability
of boiler installations, as well as minimizing their environmental impact. Pulverized fuel preparation
systems play a significant role in addressing these challenges, as they directly affect combustion
stability, fuel burnout completeness, thermal performance of boilers, and the level of harmful
emissions into the atmosphere. The quality of the pulverized fuel preparation process has a decisive
impact on the reliability and economic performance of pulverized coal-fired boilers. In particular, the
characteristics of the coal dust determine flame stability, boiler efficiency, the level of incomplete fuel
combustion, and the concentration of pollutants in the flue gases. Therefore, research aimed at
analyzing and optimizing pulverized fuel preparation systems remains a relevant engineering task
[1-5]. Improving the efficiency and reliability of pulverized coal-fired boilers remains one of the key
objectives in the modernization of thermal power plants. This issue is actively addressed in recent
studies focused on enhancing combustion processes, fuel delivery, and coal-dust preparation
systems [6-8].

Various pulverized fuel preparation systems are used in energy practice, including
centralized systems with dust bunkers, as well as individual systems, some features of which are
shown in Figure 1.
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Figure 1 — Features of pulverized fuel preparation systems

Individual pulverized fuel preparation systems are divided into direct and indirect firing
schemes. In recent years, individual direct-firing systems have gained particular popularity due to
their high level of automation, simplified fuel supply layout, and reduced heat losses. Direct firing
involves feeding the prepared pulverized coal directly from the mill to the burners without
intermediate storage. This approach is especially effective under variable boiler load conditions or
when using fuels with unstable characteristics [9-11].

This study examines the KVT-116.3-150 boiler unit, which is equipped with an individual
pulverized fuel preparation system featuring a hammer mill and direct firing. The fuel used is coal
from the Karazhyr deposit, which is fed to the furnace in the form of an air-fuel mixture — a dispersed
system consisting of fine coal particles and air. Combustion of coal in the form of an air-fuel mixture
offers several scientifically and technically justified advantages [12-13]:

1. Increased combustion completeness. The fine-dispersed structure of the coal dust
provides a larger specific surface area, promoting more complete and faster oxidation of the fuel.

2. Improved thermal efficiency. Rapid ignition and intense combustion of the air-fuel mixture
enable higher temperatures and more efficient heat utilization in the furnace space.

3. Reduced specific fuel consumption. Due to the high combustion efficiency, less coal is
required per unit of generated thermal energy.

4. Flexible combustion control. The combustion process of the air-fuel mixture is easier to
monitor and automate, including by adjusting the «fuel—air» ratio and mixture feed parameters to the
furnace.

5. Lower emissions of unburned substances. More complete combustion results in reduced
emissions of solid particles and carbon monoxide (CO), improving environmental performance.

6. Capability to use pulverized coal burners. These systems enable the application of
modern burner devices that ensure uniform heat distribution and a more stable flame.

The purpose of this study is to analyze the structure and operating principle of the individual
pulverized fuel preparation system serving the KVT-116.3-150 boiler, to identify its design and
technological features, and to determine potential modernization directions to enhance the efficiency
and reliability of the boiler unit.

Methods

A distinctive feature of the individual pulverized fuel preparation system is its autonomy: it
supplies a pulverized coal-air mixture to only one boiler unit — in this case, the KVT-116.3-150 hot-
water boiler. This configuration allows for flexible control of combustion parameters, rapid response
to changes in thermal load, and adaptation of system operation to specific operating conditions.

[14] Regulate the operation of the pulverizing system. During the operation of the coal
preparation units, a continuous supply of coal dust with the required fineness and moisture content
is ensured to the boiler burners in an amount corresponding to the current thermal load of the boiler.
The operating mode of the direct-firing coal preparation systems is set according to the load
schedule, varying within approximately 60 + 100% of the boiler's nominal capacity.

During the operation of the investigated coal preparation system, key parameters — such as
the temperature of the air-fuel mixture, fuel moisture content, fuel consumption, and coal fineness —
were recorded using control and instrumentation devices installed on the boiler unit. These
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experimental data allowed a direct assessment of the system’s performance under real operating
conditions.

In this study, a functional schematic modeling method was used, based on the development
of a detailed diagram of the boiler’s fuel preparation system. The model was developed through the
analysis of technical documentation, equipment specifications, and the results of an on-site survey
of the actual system layout. The diagram reflects the sequence of technological processes, the flow
of fuel, air, and heat carrier, as well as the structural relationships between the main and auxiliary
equipment.

The fuel preparation diagram presented in the Results section was created by the authors
using Microsoft Visio software and represents a structured synthesis of information about the design,
operating principles, and interaction of system components. Particular attention was paid to key
elements such as the hammer mill, feeder, fan, gas ducts, and burner devices. This approach not
only enabled the visualization of the system's configuration but also facilitated a structural analysis
to identify potential bottlenecks and areas for optimization.

A comparative-analytical method was also applied, involving the comparison of the design
characteristics of system components with regulatory values and analogous solutions used in similar
pulverized coal installations. This made it possible to assess the efficiency level of the existing
technological solution and identify opportunities for its improvement.

A distinctive feature of the MMT-1300/1310/750K hammer mill used in the pulverizing system
of the KVT-116.3-150 boiler is its intensive forced ventilation combined with an increased rotor
circumferential speed, which ensures high grinding quality and effective fuel drying. The raw material
and drying agent are fed into the mill tangentially, which promotes uniform flow distribution and
improves the aerodynamic conditions in the grinding zone.

The grinding process occurs due to multiple impacts of the fuel particles against the hammers
and the armor plates, as well as abrasion of the material as it moves through the gap between the
rotating rotor and the stationary housing. The ground coal, together with the drying and ventilating
agent, is carried from the grinding zone into the built-in separator, where coarse fractions are
separated and returned for re-grinding. The prepared coal dust is then transported through the dust
ducts to the boiler burners.

Results and Discussion

Figure 2 shows the individual system for preparing the air-coal mixture for the KVT-116.3-
150 boiler. The conducted analysis demonstrated that in terms of equipment composition, layout,
and operating principle, the fuel preparation system of the KVT-116.3-150 boiler corresponds to
typical individual configurations widely used in similar boiler installations [15-16].

Figure 2 — Individual pulverizing system for the KVT-116.3-150 boiler
1 - hot air box; 2 — hammer mill with separator; 3, 12 — cold air inlets; 4 — raw fuel feeder; 5 — raw coal bunker;
6 — dampers; 7 — flashing valve; 8 — burner; 9 — KVT-116.3-150 boiler; 10 — forced draft fan; 11 — tubular air heater;
13 — mildly superheated air; 14 — secondary air duct; 15 — explosion relief valve; 16 — downward drying unit.
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The system operates on a closed circulation principle, which increases drying and grinding
efficiency by using hot flue gases. In the air heater (11), heat from the flue gases is transferred to
the air. The heated air is sent to the drying unit (16), where moisture is removed from the raw fuel
before it enters the hammer mill (2). After grinding and mixing with air, the air-fuel mixture is
conveyed to the burner (8) on the boiler (9).

Analysis of the KVT-116.3-150 air-fuel mixture system revealed the following design and
process features:

1. Rational system structure. The scheme forms a complete closed cycle of coal dust
preparation — from raw fuel feeding and drying to combustion. The individual configuration enhances
control and adaptability to specific boiler modes.

2. Core component — hammer mill with separator (2). This unit ensures effective grinding
to the required fineness. The integrated separator stabilizes dust quality and reduces equipment
wear by returning coarse particles.

3. Efficient air supply system using three air streams:

- hot air from the box (1) for fuel drying,

- cold air (3, 12) for adjusting air-fuel mixture temperature,

- mildly  superheated air (13) for improved combustion conditions.
Proper balancing of these flows helps reduce temperature overloads and improve heat efficiency.

4. Control and safety elements:
dampers (6) and valves (7) for fuel and air-fuel mixture flow regulation,
explosion relief valve (15) for overpressure release in emergencies,

- flashing valve (7) for metered fuel feeding into the mill.

5. Downward drying unit (16). It plays a critical role in reducing fuel moisture before
grinding, enhancing grinding stability and lowering specific energy consumption.

6. Heat recovery viathe tubular air heater (11). It uses flue gas heat to preheat air, thereby
increasing the overall efficiency of the system.

Thus, the diagram (Figure 1) shows that the individual pulverizing system of the KVT—-116.3—
150 boiler is technologically comprehensive and provides stable and efficient fuel supply. This
configuration serves as a basis for further thermal analysis and optimization of the boiler system.

Based on the analysis of the system design and operation, the following recommendations
are proposed to improve efficiency and reliability:

1. Fuel drying optimization. Further thermodynamic adjustment of the hot gas feed to the
drying zone is recommended, based on actual coal moisture. This would reduce heat losses and
prevent fuel overheating, especially with varying coal quality.

2. Mill and separator condition monitoring. Implementing vibration and temperature
monitoring systems for the hammer mill can detect signs of wear or load imbalance early, helping
avoid failures and increase equipment reliability.

In contrast to the study [17], which examined a closed pulverized coal preparation system
with a ball drum mill and an intermediate bunker for the combustion of Kuznetsk lean coal, the
present work analyzes an individual pulverized fuel preparation system with a hammer mill and direct
injection designed for the combustion of Karazhyra long-flame coal (grade D).

Analysis of the obtained data indicates that fuel drying is carried out using heated air from a
tubular air heater, with a maximum air temperature after the heat exchanger reaching approximately
300 °C at the boiler’s corresponding nominal capacity. This ensures intensive moisture evaporation
and stabilizes the temperature of the air-fuel mixture at the mill outlet at a level not exceeding 85 °C.

The operating charts developed and used at the plant are designed for boiler operation when
burning coal from the Karazhyra seam with the following quality: moisture content not exceeding
18% and ash content not exceeding 20% on a working mass basis. The specific consumption of
standard fuel per 1 Gcal ranged from 176.628 kg s.f./Gcal at minimum load to 189.080 kg s.f./Gcal at
the boiler's nominal capacity. The coal dust fineness Rq, was within the range of 45-55%, depending
on the boiler load.

Thus, unlike previously studied schemes with bunker storage and vacuum dust feeding, the
presented system with a hammer mill and direct injection ensures stable parameters of the air-coal
mixture and simpler operation when using long-flame coals of medium moisture content.

Based on the normative methods [18] and the results presented in [17], further work will
include detailed calculations of flow rates, heat balances, and an analysis of the influence of process
parameters on the overall efficiency of the pulverized fuel preparation system.
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Conclusion

The scientific novelty of the study lies in the following:

— experimental data obtained from the operation of a real pulverizing system within the boiler
load range of 60-100% of the nominal capacity have been systematized and presented;

— Functional schematic modeling of the system was performed based on the analysis of the
actual equipment configuration, which made it possible to identify technological interrelations and
specific features of its operation.

The presented diagram serves as a tool for systematic analysis of the process, equipment
layout, and flow paths. The data confirm the technological completeness of the pulverizing system,
which includes fuel feeding and dosing, drying, grinding, classification, and delivery to the KVT—
116.3-150 boiler combustion chamber. Special attention is given to controlling air temperature and
flow at various stages, ensuring the required fineness and stable combustion. The individual
approach to fuel preparation allows precise adjustment for specific boiler operating conditions.

In conclusion, the individual pulverizing system with a hammer mill and direct injection
demonstrates high adaptability for burning non-design fuels. Its compactness, technological
completeness, and control elements ensure efficient and safe operation, making the system
promising for modernizing existing coal-fired boiler units.

The conducted experimental measurements confirmed the stable operation of the system
under various boiler loads: the temperature of the air-fuel mixture at the mill outlet did not exceed 85
°C, the coal fineness (Ryo = 45 + 55 %), and the fuel consumption and moisture indicators
corresponded to the values specified in the operating charts. This confirms the technological
efficiency and reliability of the investigated pulverizing system under real operating conditions.
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KA3AHObIKTbI )XEKE KAMTAMACDI3 ETETIH TIKENEW YPIIEY SOICIMEH XY3EIE ACbIPbINATbIH
¥HTAKTAY XYMECIH 3EPTTEY

Makanada KBT-116,3-150 mapkaribs! Cy XblblimambiH Ka3aHOblfbIH OMbIHMEH KaMmamMachi3 ememiH,
banranbl duipmeH mMeH mikenel ypney 8dici KondaHbliambiH XeKe yHmakmay Xydeci kapacmbipblialsbl.
XKymbicmbiH e3ekmirniei waHKemip Ka3aHObIK KOHObIPFbiIapbIHbIH Mypakmbl, YHEMOi XOHE 3KOJI02USI/IbIK
Kayirnci3 xyMbICbIH KaMmamachl3 emydeai yHmakmay rpoueciHiH wewywi pesiHe 6alnaHbICmbl.

Makanada «kenmipy, yHmakmay, Kkiaccugukayusiziay xeHe a3poKocrnaHbl —Ka3aHObIKMbIH
JaHaprbicbiHa bepy npouecmepiH KamMmumabiH YHMaK Kkemip dalibiHOay XyUeciHiH hyHKUUoHanobIK cynbacsl
YCbiHbInFaH. MyHdal cynbaHbIH Kypbinybl xab0bikmap apacbkiHOarbl e3apa balnaHbicmapObl KepHeki mypde
Kepcemyeae, Hezizei mexHOomo2usnbIK mopanmapobl alkbiHOayFa, Xblly macbiMandarbilumbiH, ayaHblH XoHe
OMbIHHBIH KO3farnbIC barbimmapbiH 6erneineyee, coHOal-aK XyMbIC pexumiHe eH ce3iMmarn y4dackenepoi
aHbiKmayra MyMKiHOiK 6epdi. byn 63 ke3seziHOe Xblny-mexHuUKanblKk muiMOinikmi mandayra xeHe
OHMmalnaHobIpy pesepsmepiH i3deyze Heziz 60n0bI.

XKytie xymbicbl 6apbicbiHOa Heezidai Kkepcemkiwmep mipkendi: duipMeH wbiFacblHOarbl aspoKocrna
mewmnepamypacsi 85 °C-maH acrnadbi, KOMIp yHMarbiHbIH YHmMakmary 0spexeci Ryy = 45 + 55 % Kypadki, an
OMbIHHbIH blIFaI0bIbiFbl MEH WhIfbIHbIHBIH MoHOepi pexumOik kapmarnapra calikec kendi. Manimemmepdi
masnday KasaH XyYKmeMeciHiH HOMuHanObl KyammbiH 60 %-0aH 100 %-ra OeliHei apanbifbiHOa e3zepyi
Ke3iHOe XyUeHiH mypakmblinbifbl MeH muimdirnieiH pacmadsi.

XKabdbikmapObiH KOHCMPYKMUBMIK XXOHE MEXHOJI02USINIbIK epeKwernikmepiHe — cenapamopb! bap
banranbl duipmeHae, pekyrnepamuemi aya Kbi30bIpfblluKa, meMeH Kapal Kernmipy KypbiffbiCbiHa, aya bepy
XyUeciHe xaHe pemmey arieMeHmMmepiHe epekuie Hazap aydapbindbl. XKeke cynbaHbiH apmblKWbITLIKMAaph!
pemiHde asmomammaHObipy OeHaeliHiH XOFapblfblfbl, XbIy WbIFbIHOAPbIHBIH MeMeHOeyi, XyMbIC
pexumoepiH ukemOi backapy XoHe XyKmeMeHiH e32epyiHe Hemece ombiH KacuemmepiHiH mypakchbi30blfbiHa
betiimdeny kabinemi aman emindi.

Kenmipy pexumiH oHmatinaHobipy xoHe OuipMmeH MeH cenapamopObiH xal-KyUiH 6akbinay XyleciH
€Hei3y bolbIHwa ycbiHbIMOap myXbipbiMOarnobl. ¥CbiHblFaH cynbaHbiH MEeXHOM02UsIbIK mypfblOaH Xorapbl
OeHeelide asikmarifaHbl, muimoiniei xeHe Kammbl OmMbIH natdanaHambslH KordaHbicmarbl Ka3aHObIK
aspeszammapblH XaHFbIpMYy yWiH 6osiawarbl 30p eKeHi mypasibl KOpbIMbIHObI Xacarsobl.

Tyliin ce3dep: yHmak kemip dalibiHOay, aspokocna, xeke xyle, 6anranbl OuipmeH, mikenel ypriey,
CY XbliibiImambIH Ka3aHObIK, KOMIp yHMarbl.
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WCCNEAOBAHME CUCTEMBbI NbUTENPUTOTOBJIEHUA C NPAMbIM BOYBAHUEM 1A
MHONBUAYAINIbHOIO MUTAHUA KOTENTbHOU YCTAHOBKU

B cmambe paccmampusaemcsi uHOugsudyarnbHasi cucmemMa Mblaenpu2omosrneHusi ¢ MOoIomKogou
menbHuUuel u npsiMbiM 8dyeaHueM, obcenyxuearowass eo0ozpeliHbili Komén mapku KBT-116,3-150.
AkmyarnbHocmb pabombi 06ycriosrieHa 8axHeliwel posibio fpouecca MbinenpuaomossieHus: 8 obecrneyeHuu
ycmou4ueou, 3KOHOMUYHOU U 3Kosio2udecku 6e3onacHol pabomabi nbiriey20ribHbIX KOMesbHbIX YCMaHOBOK.

lMpedcmaeneHa hyHKUUOHaNIbHas cxema [blIernpuaomo8umesbHoU CcucmeMsbl, 8KYaoujas
fpoyecchl CywKu, U3MesbYeHUs, Knaccugukayuu u rnodaqu aspocMecu 8 2opersiky komna. [locmpoeHue
makoli cxembl 103807UMO Ha2/si0HO rpedcmasumb 83auMoces3b 000pydosaHus, 6biS8UMb KITH4Yesble
mexHosio2u4ecKUe y3/bl, ycmaHo8UMb HarpasnieHusi 08UXeHUs mernjioHocumernsi, o3dyxa u mornnuea, a
markxe ornpedenumpb ydacmku € Hauborbwell Yy8cmeumernbHOCMbIO K PEeXUMHbIM rapamempam. 3mo
co30arno ocHogy 0nsi OanbHeliweao aHanu3a menomexHU4eckol aghghekmusHoOCMuU U roucka pes3epeos
onmumu3ayuu.

B xo0e akcrinnyamayuu cucmemsi 6biriu 3apeaucmpuposaHbl KIlroyesble nokazamenu: memrepamypa
aspocmecu Ha 8bIx00e U3 MeflbHUUbI He ripesbiwarna 85 °C, moHKoCcmb oMorsa y20sibHoU Mbliiu cocmasrnsna
Rgo = 45 + 55 %, a nokazamesnu enaxHocmu u pacxoda moruea coomeemcmaeosarsiu PEXUMHbBIM Kapmam.
AHanu3 OaHHbIx nodmeepdusi cmabusibHocmb U 3¢hghekmueHocmb pabombi cucmeMb! Mpu U3MEHeHUU
Haepy3ku komsa 8 duana3oHe om 60 % 0o 100% om HOMUHaIbHOU MOWHOCMU.

Ocoboe sHUMaHue ydesieHO KOHCMPYKMUBHbIM U MEXHOI02Uu4eCcKUM 0cobeHHoCcmsiM 060pydoeaHus:
MOSIOMKO8OU MeJIbHUYEe C BCMPOEHHbIM CenapamopoM, pekyrnepamusHoMy 8030yxornodoepesamerio,
ycmpoticmgy Hucxodsuwel cywku, cucmeme rnodaqu eo30yxa u anemeHmam peaynuposaHusi. OmmeyveHsbl
npeumyuwiecmsa UHOUBUAYyanbHOU CXeMbl, maKue KaK MoebllueHHasi cmerneHb asmomamu3ayuu, CHUXeHUe
mennonomepb, 2ubkocmb yrpasfieHuUss pexumamu U adanmauyuss K NepeMeHHoU Haegpy3ke usu
HecmaburbHbIM Xxapakmepucmukam mornnuea.

CobopmynupogaHbl pekoMeHdayuu o onmumMusayuu pexuma Cywku U 6HEeOPEeHUK cucmemb!
MOHUMOPUH2a COCMOSIHUSI MeflbHUUbl U cernapamopa. CdenaH 661800 O BbICOKOU MexHoo2u4ecKol
3asepwéHHOCMU cxeMbl, e€é aghghekmusHOCMU U repcrnekmueHocmu 0719 MOOepHU3auuu cywecmsyouwux
KomersibHbIX agpeaamos, Ucronb3ylowux meépdoe moriueo.

Knroyesblie crioga: nbinienpueomosrieHue, aspocMech, UHOusudyasnbHasi cucmema, MOJIomKoeas
mernbHUya, npsiMoe edysaHue, 800oepeliHbIli KOmEn, ya2orbHasi Mbifb.
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THE INFLUENCE OF MECHANICAL ACTIVATION ON THE STRUCTURAL-PHASE
STATES AND HYDROGEN ABSORPTION PROPERTIES OF THE INTERMETALLIC
COMPOUND LANIs = REVIEW

Abstract: The article provides an overview of a number of studies on the use of alloys and intermetallic
compounds for hydrogen storage. Among them, a particularly important place is occupied by the inter-metallic
compound LaNi; eye. The latest achievements in the development of intermetallic compounds of the ABs-type
are analyzed. These compounds, in particular LaNis and its alloyed counterparts, are widely used due to the
ability to regulate their properties by replacing elements. The article also provides an overview of the methods
of synthesis and modification of AB5 alloys aimed at improving their efficiency in hydrogen technologies. Both
traditional production methods and modern technological approaches , including Spark plasma sintering and
mechanical activation, are considered. A review of the scientific literature has shown that mechanical activation
is an effective way to modify the LaNis intermetallic compound to improve its hydrogen absorption properties.
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