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Abstract. The present study investigates the moisture content and granulometric composition of special coke produced
from Shubarkol coal before and after rotary drum drying under industrial conditions. The initial moisture content was
determined from samples collected on the conveyor belt prior to entering the rotary drum dryer and after drying, taking into
account the return of aspiration dust. It was established that the initial moisture content of special coke ranges from 13.3 to
13.7%, indicating stable material quality. After rotary drum drying, the moisture content decreases to 4.1-5.5%, corresponding
to an approximately threefold reduction. Dry sieve analysis showed that the drying process is accompanied by significant
redistribution of the particle size distribution and an increase in the proportion of fine and dust fractions due to mechanical
impacts inside the drum. The content of particles smaller than 1 mm increases to 17-20%, while the dust fraction (—0.5 mm)
reaches 8—12%. Additionally, aspiration dust was found to have low moisture content (~1%), and its return to the dried material
stream does not significantly affect the overall moisture level. The obtained results can be used to optimize rotary drum drying
regimes and reduce dust formation in metallurgical processes.
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Introduction

In electrothermal ferroalloy production, carbonaceous reducing agents determine the
thermodynamic and kinetic parameters of reduction processes, as well as the stability of thermal and
electrical furnace operation [1, 5-12]. In contrast to blast furnace production, materials used in
electrothermal processes are subject to more stringent requirements regarding chemical composition,
reactivity, and specific electrical resistivity [1, 5-12, 3, 4]. Coke quality directly affects energy
consumption, completeness of reactions, and overall productivity of metallurgical units.

The expansion of the raw material base of Kazakhstan’s ferroalloy industry is associated with the
utilization of coal from the Shubarkol deposit. The geochemical characteristics of these coals and their
suitability for special coke production have been described in a number of studies [5—7]. It has been
shown that with proper selection of coking regimes, it is possible to obtain material suitable for ferroalloy
production [6, 7].

Moisture content is one of the key parameters of carbon-based reducing agents. Elevated moisture
increases thermal energy consumption required for evaporation, reduces the efficiency of reduction
processes, and may negatively affect the electrical properties of the material [2, 8, 9]. Therefore, the
drying stage becomes critically important in preparing coke for use in electrothermal units.
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Rotary drum dryers are the most widely used units for processing bulk carbonaceous materials due
to their high capacity and operational reliability [10—13]. Drying efficiency depends on the intensity of
heat and mass transfer, as well as on the hydrodynamic conditions of particle movement inside the drum
[12—-14]. Mechanical action during material cascading may lead to changes in granulometric composition
and redistribution of particle size fractions [13—15].

Changes in granulometric composition can influence the electrical and structural characteristics of
coke, including its specific electrical resistivity, which is crucial for stable electrothermal operation [3,
8, 9, 16]. Therefore, investigation of moisture and granulometric composition changes in Shubarkol
special coke during rotary drum drying necessitates experimental research.

The aim of this study is to investigate changes in moisture content and granulometric composition
of special coke during rotary drum drying under industrial conditions.

Materials and methods of research

The object of the study was Shubarkol special coke of 020 mm fraction used in metallurgical
technological processes. The investigations were conducted under operating industrial conditions.

Sampling of special coke was carried out at various points of the technological scheme. To assess
moisture distribution within the stored material, samples were taken from the stockpile cone of charge
materials (MBO02) at different levels and zones: from the surface layer at the base of the cone (Sample
No. 1), from the surface layer at a height of approximately 2.5 m (Sample No. 2), and from the upper
part of the cone with sampling from deeper layers (Sample No. 3). The sampling scheme is shown in
Figure 1.

Figure 1 — Sampling scheme of special coke from the stockpile cone

In addition, special coke samples were collected from the conveyor belt before entering the rotary
drum dryer (MB04) and after passing through the dryer, taking into account the return of aspiration dust
(MBO05). At each sampling point, five samples were collected at 15-minute intervals.

The moisture content of special coke was determined by the gravimetric method through drying
the samples in a laboratory drying oven at a temperature of 140—150 °C until constant mass was achieved.

The granulometric composition of special coke was determined by dry sieve analysis using a
standard set of sieves with mesh sizes of 20, 10, 5, 1, and 0.5 mm.

Additionally, the moisture content of aspiration dust collected from the rotary drum dryer aspiration
system was investigated. The dust moisture was determined using the same gravimetric method.

Results and its discussion

Moisture Content of Special Coke
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The results of moisture determination before and after rotary drum drying are presented in Table 1.
Analysis of the obtained data shows that the moisture content of special coke sampled from the
conveyor belt before entering the rotary drum dryer (MBO04) ranges from 13.3 to 13.7%. The slight

variation between individual samples indicates stable quality of the initial material and uniform moisture
distribution.

Table 1 — Moisture content of special coke before and after rotary drum drying
Sampling Location Sample | Moisture, %
Sample 1 13.74
Sample 2 13.55
Before rotary drum drying (MB04) | Sample 3 13.35
Sample 4 13.44
Sample 5 13.65

Sample 1 5.46
Sample 2 4.29
After rotary drum drying (MB05) | Sample 3 4.36
Sample 4 4.08
Sample 5 4.61

After passing through the rotary drum dryer (MBO05), the moisture content of special coke decreases
significantly and ranges from 4.1 to 5.5%. Thus, rotary drum drying ensures an approximately threefold
reduction in moisture content. The obtained results confirm the high efficiency of the applied drying
regime and comply with the moisture requirements for special coke used in metallurgical technological
processes.

It should be noted that the residual moisture content of special coke after drying remains at a stable
level, indicating steady operation of the drying unit and the absence of significant fluctuations in
technological parameters.

Changes in Granulometric Composition of Special Coke

The results of sieve analysis of the granulometric composition of special coke before and after
rotary drum drying are presented in Figure 2. The values were obtained based on the analysis of five
samples.

In the initial state, the material is characterized by the predominance of the +10 mm lump fraction,
the share of which exceeds 70%. The content of fine and dust fractions is relatively low, which is
favorable from the standpoint of transportation and use of coke in the charge mixture.

Granulometric composition of special coke before the drying drum Granulometric composition of special coke after the drying drum

—e— Sample 1
Sample 2

—e— Sample 1

~
=}

w

vl

Sample 2
—a— Sample 3

@
=}

=0 —e— Sample 3
—e— Sample 4 —e— Sample 4

—e— Sample 5

w
=}

—e— Sample 5

Mass fraction, %
L) L) B
s & 38
Y/
Mass fraction, %

-
=3

o

+20 +10 +5 +1 +0.5 05 +20 +10 +5 41 +0.5 05

Fraction, mm Fraction, mm

Figure 2. Granulometric composition of special coke: (a) before rotary drum drying; (b) after
rotary drum drying.
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After rotary drum drying, pronounced redistribution of the granulometric composition is observed.
The share of the +10 mm fraction decreases by more than two times, while the proportion of the +5 mm
fraction and particles smaller than 1 mm increases simultaneously. The content of the dust fraction (-0.5
mm) after drying reaches 8—12%.

The increase in fine and dust fractions is attributed to intensive mechanical impacts of the material
inside the drum, accompanied by partial fragmentation of lump special coke. This effect should be taken
into account when selecting technological drying regimes, since an increase in fine particles may reduce
the gas permeability of the charge and increase the load on aspiration systems.

Moisture Content of Aspiration Dust

The results of moisture determination of aspiration dust and special coke after dust return are
presented in Table 2. It was established that the moisture content of aspiration dust is approximately 1%,
indicating nearly complete moisture removal during the drying process.

Table 2 — Moisture content of aspiration dust and special coke after rotary drum drying

Material Sample No. Moisture, %
Aspiration dust of special coke Sample 1 0.98
Special coke after rotary drum drying Sample 2 4.28

The moisture content of special coke after rotary drum drying, taking into account dust return,
remains at approximately 4.3%, which is comparable to the values obtained for samples without dust
return. This indicates that the return of aspiration dust does not significantly affect the overall moisture
content of the dried special coke. At the same time, dust return may contribute to an additional increase
in the proportion of fine fractions, which should be considered when analyzing the granulometric
composition of the final product.

The results of the study demonstrate that rotary drum drying is an effective method for reducing
the moisture content of special coke. However, along with moisture reduction, the process is
accompanied by changes in granulometric composition and an increase in the proportion of fine and dust
fractions. These factors must be taken into account when selecting drying regimes and operating
aspiration systems.

Analysis of the operational parameters of the rotary drum dryer showed that the actual drying
capacity of special coke is lower than the design capacity. Although the design throughput is 45 t/h, the
required final moisture content is achieved only at reduced loading of the unit. One of the main reasons
is the insufficient filling degree of the drum, which limits the contact between the material and the heat
carrier and reduces the intensity of heat and mass transfer.

At low filling levels, the lifting flights are not fully loaded, and the material cascades prematurely,
forming a free gas channel inside the drum. This results in decreased heat and mass transfer efficiency
and reduced moisture removal capacity of the drum. Increasing the filling degree of the drum is therefore
considered a promising approach for intensifying the drying process.

The obtained results may be used in selecting operating regimes for rotary drum dryers used in
special coke processing, as well as in modernization of drying units aimed at reducing dust formation
and improving overall drying efficiency.

Conclusion

The conducted research established that the initial moisture content of Shubarkol special coke
sampled before entering the rotary drum dryer ranges from 13.3 to 13.7% and is characterized by high
stability. Rotary drum drying effectively reduces the moisture content to 4.1-5.5%, corresponding to an
approximately threefold decrease, confirming the feasibility of this drying method under industrial
conditions.
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It was shown that rotary drum drying is accompanied by significant changes in the granulometric
composition of coke, expressed in a reduction of the lump fraction and an increase in fine and dust
fractions. The proportion of particles smaller than 1 mm increases to 17-20%, while the dust fraction
reaches 8—12%, which must be considered when optimizing drying regimes and operating aspiration
systems.

Additionally, it was established that aspiration dust of special coke has low moisture content
(approximately 1%), and its return to the dried material stream does not lead to a noticeable increase in
overall moisture content. The obtained results may be used to optimize technological regimes of rotary
drum drying and to reduce dust formation in metallurgical processes.
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Anparma. JKympicTa eHAIpICTIK KaFaiga 6apabaHIb! KenTipyre neiin xoHe kerin Illybapken apHallbl KOKCBIHBIH
BUIFJIABUIBIFEl MEH I'PaHyJIOMETPUSUIBIK KYpaMbIH 3€pTTey HOTHKelepi YChIHbUIFaH. KOKCTBIH 0acTamKbl BUIFaIbLUIBIFEI
kenTipy OapabaHbiHA Kipep alblHIA Tacmajbl KOHBEHEpIEH ajblHFaH ChIHaMajaap OObIHINA, COHOAN-aK aCTHUPAIUSIIBIK
LIaH/Ibl KaliTapy/ibl €CKepe OTHIPHII, OapabaHHaH NIBIKKAHHAH KeHiH aHBIKTaIbl. bacTarkbl apHalibl KOKCTBIH BLIFAABUIBIFbI
13,3-13,7 % KypaWTbIHbI )KoHE MOHJEPIHIH a3 FaHa aybITKyMEH CHUIIaTTalaThbIHbl aHBIKTANIbI, OYJ1 MaTepuall carnachlHbIH
TYPaKTBUIBIFBIH KepceTeai. bapabanapl kenTipyneH KeiliH KOKCTBIH bUIFajnbUIbIFbl 4,1-5,5 %-ra neilin temenneiini, Oy
BIJIFAJ MOJIILIEPIHIH [IaMaMeH YIII ece a3atoblHa caiikec keneni. Kyprak enexTik Tajiaay 9iciMeH rpaHyJOMETPHSUIIBIK KypaMFa
Tanay XKYPri3ijin, KenTipy mporeci kentipy 6apadaHbIHIAFbl MEXAHUKAIBIK dCEPIiH HOTHKECIHIE YCaK JKoHE IaHTopi3mi
(bpakmsIap yiIeciHiH apTybIMEH XoHe IPaHyJIOMETPHSUIBIK KYPaMHBIH eJieyili KaiTa OeJliHyiMeH Karap KYpeTiHi KopceTiii.
CoHBIMEH KaTap apHailbl KOKCTBIH acCTIUPALMsUIbIK IIaHBIHBIH BUIFAIBUIBIFBI TOMEH (11amMameH | %) eKeHi aHBIKTaJIIbl XKIHE
OHBIH KENTIpUIreH Marephall arbIHbIHA KaWTa KOCBUIYBI KajIlbl BUIFAJABUIBIKTBIH afTapibIKTall apTyblHA SKEJIMEHTiHi
OenrineHni. AJBIHFAH HOTWKesep ©OapabaHabl KeNnTipy pPeXHUMAEPIH OHTaMNIaHIBIpyFa JKOHE METaJULyPrHUsUIBIK
TEXHOJIOTHSIIBIK TPOLecTeP/Ie IaH TY3UIyiH a3aiTy mapanapbiH a3ipieyre naiianaHpurybl MYMKiH.

Tyiiin ce3aep: apHaiisl Kokc, 6apabaHIbI KETITiPy, BUTFAJIBLUIBIK, TPAHYJIOMETPHSUIBIK KYpaM, IIaH.
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AHHoTauus. B pa0oTe mpeacTaBaeHbI Pe3yJabTaThl MCCICIOBAHMS BIAXXHOCTH U TPAHYIOMETPHYECKOTO COCTaBa
cnenkokca Illybapkons g0 u mocie 0apabaHHON CYIIKM B MPOMBIINIICHHBIX YCIOBUSX. VICXOMHYHO BIAXKHOCTH KOKCa
OIIPEEISIIH 10 TIPpobaM, OTOOPaHHBIM C JICHTOYHOTO KOHBelepa Mepel] BXOIOM B CyLIMJIbHBIN OapabaH, a Takke I0cCIe ero
MIPOXOXKJICHUS ¢ yYETOM BO3Bpara acClUpallMOHHON MbUIA. YCTAaHOBIEHO, YTO BIAXKHOCTh UCXOAHOTO CIELKOKCA COCTaBIISIET
13,3-13,7 % u xapakTepu3yeTcs He3HAYMTEIBHBIM Pa30pPOCOM 3HAUCHHIA, YTO CBUACTECIHLCTBYET O CTAOMIBHOCTH KaueCTBa
Marepuana. [locie OapabGaHHOW CYIIKMA BIaKHOCTh KOKca CHmkaercs 1m0 4,1-5,5 %, 4TO COOTBETCTBYET YMEHBIIICHHUIO
BJIarocojiepkaHus NPUMEPHO B TpU pasza. IIpoBenéH aHamu3 rpaHyJOMETPUYECKOrO COCTaBa METOJOM CYXOrO CHUTOBOTO
pacceBa, MOKa3aBIlHii, YTO MPOIECC CYIIKUA COMPOBOKIACTCS CYIIECTBEHHBIM MEPEPACIIPE/ICICHUEM IPAHyIOMETPUIECKOTO
COCTaBa M YBEJIMUEHHUEM IO MEJKHX M MBbUICBUAHBIX (Dpakiuii BCIEACTBUE MEXAHUYECKOTO BO3JIEHCTBHS B CYIIMILHOM
6apabane. JIOMONHUTEIFHO YCTAHOBIICHO, YTO ACTIMPAIIMOHHAS MbLIb CIICIIKOKCA 001a1aeT HU3KOU BIAKHOCTHIO (Topsika 1
%), a e€ BO3BpaT B MMOTOK BBICYIICHHOTO MarepHaia He MPHUBOJUT K 3aMETHOMY YBEIHUYCHUIO OOIIEro BIIATOCOMCPIKAHHS.
[MonyueHHble pe3yJbTaThl MOTYT OBITH KCIOJIB30BAHBI JJISi ONTHMHU3AIMK PEXHUMOB OapabaHHOW CyHNIKH U pa3paboOTKu
MEPOIPHUATHH TI0 CHIKCHHUIO NBLIE00Pa30BaHMs B METAJUTY PrHUECKHUX TEXHOIOTHYECKUX IpoLeccax.

KiroueBble ci1oBa: crierikokc, 6apabaHHas CyIIKa, BIaXKHOCTb, TPAHYJIOMETPHUUECKUI COCTaB, MBLIb.
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