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INCREASING THE EFFICIENCY OF THE
DRYING CHAMBER FOR CARBON REDUCERS

Abstract. Dryers are an inseparable part of any technological process. For drying materials, various installations are used, namely: according to the type of heat transfer,
according to the properties of the drying agent, according to the design of the apparatus and their mode of operation. Theory of drying is part of the science of mass and heat
transfer, this process is a technological process. The article discusses the main reasons for the low productivity of the drying drum. Options and solutions for intensifying
the drying process in several ways, based on increasing the degree of filling of the drum, have been studied in detail. According to the results of the calculated data on the
parameters of the furnace and the specifics of the carbonaceous reducing agent of domestic production, pilot tests were carried out, which made it possible to increase the
productivity of the furnace.
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KeMmipTeKkTi TOTBIKCHI3AAHABIPFBIIITAP YIIiH KeNTipy NeliHiH THIMALIITIH apTThIpy

Amnparna. Kentipy KOHIBIPFBUIAPHI Ke3-KeITeH TEXHOJIOTHSUIBIK MPOLECTIH aXKbIpamac 0eJriri 001bi Tadbuta sl Marepragapabl KeNTipy YIIiH opTYpiIi KOHIBIPFBIIap
KOJIIAaHBLIAIbl, aTal aiTKaHaa: )KbUTy alnMacy TypiHe, KeNTipy areHTiHiH KacCHeTTepiHe, KYPbUIFbUIAP/IbIH TH3aiHbIHA KOHE OJap/bIH KYMBIC peKHMiHe colikec. Kenripy
TEOPHSCHI Macca KOHE JKbLTy aIMacy FhUIBIMBIHBIH 0eIiri 60ibin TabbuIab!, OyJ1 MpoIecce TEeXHOIOTHUIBIK mporece. Makaitaia kenTipy 6apabaHbIHBIH TOMEH OHIMLII-
TiHiH Herisri cebentepi KapacTeIpbuIraH. Kentipy mponecii KapKbIHAATY/IbIH HYCKAJIApbl MEH IIemriMaepi 6apaGaHHbIH TOy JSPEekKECIH apTThIPY apKbUIbl OipHeIIe To-
ciyiepMeH TolbIKTait 3eprrenres. Ilemnn mapamerpiepiHin *KoHe OTaHABIK OHAIPICTIH KOMIPTEKTi TOTBIKCHI3IAaHABIPFBIII €PEKIICIITiHIH €CeNTIK AepeKTepiHiH HOTIKeIepi
GoiibIHIIA TOKIPHOENIK-OHEPKACINITIK ChIHAKTAP JKYPri3iiii, OyII MemTiH OHIMIUIIriH apTThIpyFa MYMKIH/IiK Oep/i.

Tyiinoi cosoep: kenmipy b6apabarel, Kenmipy KUHEMUKACL, KOHBEKMUGMI Kenmipy, apHatibl KOKC, AHMpayum, acnupayusibly dcyiie, ouagpazma, ommolx.

IHoBbimenne 3(p)(peKTUBHOCTH CYIIMJIbHOM MeYH 1JIfl YIJIEPOAMCTHIX BOCCTAHOBHUTEIEH

AnHotamms. CylninibHbIe YCTAHOBKH SIBIISIFOTCSl HEOTACIMMOM YacThIO JF0O0OT0 TEXHOIOIHYECKOro mpouecca. st CyIIKH MaTepualioB HCHONB3YIOTCS Pa3InvHbIe
YCTaHOBKH, & UMEHHO: 110 BHy TEIIOOOMEHa, 110 CBOMCTBAM CYHIMJIBHOTO areHTa, 0 KOHCTPYKIMH allllapaToB M 10 PeXUMY UX paboTel. Teopus CyIIKu SBISETCS da-
CTBIO HayKI/I 0 Macco- u TeHHOO6M€HC, 3TOT l'[pO]_[CCC SIBIISICTCA TEXHOJIOTHYCCKHUM HpOHeCCOM‘ B CTaTrbe paCCMOTpCHLI OCHOBHBIC HpI/I‘-IP[HI:I MaJ'IOﬁ HpOI/I3BOZ[I/IT€J'II>HOCTI/I
CyHJHJ'[BHO]‘O 6apa6ana‘ }leTaJ’ILHO H3yquBI BapHaHTBI Hu pemeHm{ I/IHTCHCH(bHKaLIHH npouecca CyLLIKH HECKOJIbBKUMH CHOCO6aMI/I, OCHOBaHHBIMH Ha yBeJ’lH‘[eHHH CTCIICHHU
3anosHsgeMocTH OapadaHa. [1o pe3ysbTaTaM pacueTHbBIX JaHHbBIX MAPaMETPOB MEYH U CHCHU(UKH YIIIEPOANCTOrO BOCCTAHOBUTEIS OTEUECTBEHHOTO MPOM3BOCTBA, IPOBE-

J€HBI ONIBITHO-IMIPOMBIIITICHHBIE UCIIBITAHUS, YTO IMMO3BOIUAINA YBEINYUTH IIPOU3BOAUTEIIBHOCTD II€YH.
Knrouesvle cnosa: Cyulu/leblij 6apa6a1-z, Kunemukxa CywKu, KOH6eKmueHas CyuKd, NOJlyKOKC, anmpayum, acnupayuonnas cucmemd, dua([)paawa, copeiika.

Introduction

Smelting shops of any factories imposes increased require-
ments on the moisture content in the charge, since the melting
furnaces are sealed and during the smelting, free hydrogen is
formed from all the moisture in the charge materials. In this
connection, the risk of hydrogen explosions increases. Rotary
drum kilns powered by natural gas are used to dry all materi-
als.

Semi coke (20 mm) produced is used as a reducing agent
in the production of high-carbon ferrochrome (HFC) and an-
thracite. Semi coke is a lumpy, combustible, fragile material
with a small fraction of fines — 5 mm (up to 4-5%). The porous
structure of semi coke, filled with water during its wet quench-
ing, implies a low thermal conductivity inside the particles,
as a result of which the outer surface of the material does not
have time to transfer the required amount of heat into the par-
ticles and during the drying process in a rotary kiln heats up
more than the center. At the same time, the internal regions of
the particles have a temperature insufficient for effective de-
humidification. The increased surface temperature of the semi
coke particles makes it difficult to transfer heat and cool the
flue gases, which is why they do not have time to cool to the
desired level when passing through the drum in contact with
the semi coke being dried.

The drying drum of the reducing agent drying department is
made in a direct-flow version. There are several ways of heat
supply to the dried material (convective, conductive, radiation,
electromagnetic, combined) however, direct contact between
the drying agent and the material to be dried is most common.
Such a drying process is called convective and hot air, pre-
heated or a mixture of air with combustion products of various

types of fuel is used as a drying agent. To carry out the process
of convective drying of materials, drum dryers of various de-
signs are widely used, which provide drying of the material in
rotating cylinders [1-3].

During convective drying, the heating of the lumpy materi-
al and, consequently, the removal of moisture occurs from the
outside of the pieces of material. Therefore, for deep drying
in a limited time, the internal parts of the lump material must
have time to warm up to almost 100° C during the passage of
the material through the dryer drum [4].

When drying, two conditions must be met — during the pas-
sage of the material and heated gases through the drum, the
main part of the material must warm up to the required tem-
perature not only outside, but also inside the pieces, and the
flue gases must cool to an acceptable level.

As can be seen from the data in Table 1, the drying perfor-
mance of semi coke is significantly lower than that achieved
when drying anthracite. The design capacity for semi coke of
46 t/h dry, also with initial and final moisture content of 20 and
2%, respectively, without taking into account restrictions on
heat and mass transfer in the drum, is achieved at a gas flow
rate of 1,000 Nm?/h.

The calculation of the parameters of the drum operation at a
dry material capacity of 15 t/h gives an extremely low degree of
drum filling of about 2%. The normal degree of filling of drying
drums is considered 12-18% [5-8]. In this case, when the drum
rotates, the dispersed material is captured from the lower part of
the drum by the blades of the distributing device, the material
is transferred and spilled from the blades in the upper part of
the drum with a more or less uniform distribution of the poured
material over the entire cross section of the drum (Fig. 1).
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Table 1
Average indicators of drying of reducing agents
Kecme 1
TomuiKcbl30aHOBIP2IUIMAPOBL KeRMIPYOiH opmauia
Kepcemkiuimepi
Tabnuuya 1
Ycpeonennwvie nokazsamenu cymku éoccmanogumeneii

Name of indicator iggg Atti}tléa_
Average dry drum productivity, t/h 15.9 26.2
Average gas consumption per burner, 281.2 | 3704
nm?/hour
Maximum gas consumption per burner, | 330.8 | 4924
nm?*/h
Average gas consumption for material 22.0 16.1
drying Nm?/t
Average initial moisture content of the 18.5 10.1
material, %
Average final moisture content of the 3.7 1.8
material, %

With a low degree of filling of the drum, the material to be dried,
located in the lower part of the drum, is not enough to fill the
blades, and the pouring of material begins at a certain distance
from the ascending wall of the drum, creating a free corridor
for the passage of hot gases without their effective cooling by
contact with the material being dried.

The degree of filling of the drying drums is determined by
the specific volume of material supply and the linear speed

o
i AT

Figure 1. Scheme of solid material flows in the cross
section of a drying drum with a
a — lifting-blade distributing device at optimal,

b — low degrees of filling of the drum.
Cyper 1. Kentipy 6apadaHbIHBIH K6JI1eHEH
KHMACBIHIAFbI KATTHI MAaTePHAJ aFbIHIAPBIHBIH
ChbI30aChl: a — OHMAILTbL HCA20aloa,

0 — bapadanovl Moamulpyosly, a3z 0apercecinoe.
Puc. 1. Cxema 10TOKOB TBepI0Iro MaTepuasia B
MONEPeYHOM CCYeHUH CYIMIBHOro 6apadana
€ OABEMHO-JIONACTHBIM PaCHpeIeTuTeTbHBIM
YCTPOHCTBOM:

a — npu ONMUMANLHOIL, 0 — RPU MAI0U CHIENEHAX
3anonnenusn dapadana.
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of its movement along the drum. The linear speed of material
movement in a rotating drum can be determined by a simpli-
fied equation:

W =5.78*D*b*n, (1)

where, D is the diameter of the drum in m, b is the angle of
inclination of the drum to the horizon in degrees, n is the speed
of revolutions per minute [9-10].

The higher the linear speed of movement of the material
along the drum, the lower its degree of filling at a constant feed
rate of the material into the drum. Thus, the degree of filling of
the drum can be increased in the following ways:

1. reduction in drum diameter;

2. a decrease in the speed of rotation of the drum;

3. decrease in the angle of inclination of the drum;

4. increasing the feed rate of material into the drum,

5. Installation of additional inserts between the blades of
the distributing device, which throw the dried material back
along the drum when the blades move up the drum with their
low filling.

From the listed methods, the 1st, 2nd, 3rd and 5th ones in-
volve an increase in the time spent by the material in the drum,
which is likely to lead to an improvement in its performance in
drying the material.

Under production conditions, reducing the diameter of the
drum and the angle of its inclination (1st and 3rd method) is an
unlikely, labor- and financially costly measure. Increasing the
feed rate of the material into the drum (4th method) leads to an
increase in the moisture content of the dried material, which is
undesirable.

Reducing the drum rotation speed (2nd method) is easy to
implement option; it is necessary to purchase a power frequen-
cy converter for the drum rotation drive electric motor.

The most easily implemented Sth way to increase the fill-
ing degree of the drum is by installing flat inserts that form
a diaphragm between the blades of the distributing device,
which prevents the free passage of material between the
blades along the drum. The height of the inserts must co-
incide with the cut of the blades in order to accumulate the
material to the required filling level. The drum has an incli-
nation, therefore, with a given furnace geometry, if from any
point of the drum, which is in the uppermost position, lower
the vertical down, then when the drum rotates, it will turn out
that in its lowermost position this point will be shifted back
by 12 cm relative to the point where the vertical was lowered.
Therefore, the installation of inserts perpendicular to the axis
of the drum will not allow to achieve the accumulation of
material in front of them, because. When lifted from the ris-
ing side of the drum, the material will fall behind the inserts
below as it spills. This will be further facilitated by the fact
that the moving gases will push the material along the drum
towards the discharge end. Therefore, in order to accumulate
the material, the planes of the inserts must be deviated from
the cross section of the drum axis so that when the material is
lifted, it shifts back along the insert for a certain distance and
when pouring from the blade at a low degree of filling of the
drum in the area of the insert, it would fall into the space in
front of the lower insert (Fig. 2).
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Figure 2. The adopted scheme for installing inserts
in the drum.
Cyper 2. Bapa6anra kipicTipyaepai opHaTyIbIH
Ka0bLIJaHFAH CXeMAachbl.
Puc. 2. IIpunaTas cxeMa yCTAHOBKHU BCTaBOK B 0apadaHe.

Methods

The most accurate method for calculating a drum dryer
based on industrial tests using a volumetric heat transfer co-
efficient was developed by Mikhailov N.M. Accordingly, the
main ratios of this technique will be applied in the calculation

[4].

Ve=1,2 -2 2

a,At’

Drum dryer volume:

where 1, 2 takes into account that part of the dryer volume will
be occupied by helical blades and a simplified nozzle at the be-
ginning of the drum, consisting only of peripheral blades. This
part of the dryer will have a reduced volumetric heat transfer
coefficient. However, a simplified nozzle is initially necessary
in order to avoid smearing of the walls when drying wet ma-
terials.

0 is the amount of heat transferred in the dryer, kcal/h;

a,— volumetric heat transfer coefficient, kcal/(m*h deg);

At is the average temperature difference between the drying
agent and the material, °C:

At = Loty 3)
2,3-1gﬁ

where #,, t,, 3, and 4, are the initial and final temperatures of
the drying agent and material, °C.

Knowing the diameter and parameters of the internal struc-
ture of the drum on CorelDraw, a drawing of the cross section
of the drum was made. The location of the semi coke was ap-
plied to the blades, assuming that its outer surface is located at
an angle equal to the angle of repose of the semi coke. Figure 3
shows the top half of the drum cross-sectional drawing. Table
2 shows the parameters of the drum device [11-12].

Based on the design, 20 inserts were made for testing to
form a diaphragm on one of the first 4 rows of blades with
a shortened curved part and 40 inserts to form two rows of
inserts in the area of the last rows of 8 rows of blades of the
dryer drum. Photos of fragments of the installed diaphragms
are shown in Figure 5. The size of the inserts is determined
taking into account their deflection back along the material in
the drum by 18 cm.

Figure 3. View of the internal structure of the drum with
applied inclined straight lines at the dynamic angle of
repose of semi coke.

Cypert 3. ApHaiibl KOKCTbHIH TA0UFU OeTKeHiHiH
JUHAMHUKAJBIK OYPBIIIBIHIA K6JI0ey TY3y ChI3bIKTapbI
0ap 0apabdaHHbBIH ilIKi KYPbUILIMBIHBIH TYPi.

Puc. 3. Bux BHyTpeHHero ycrpoiictBa 6apadana
¢ HAaHECEeHHBIMH HAKJIOHHBIMH MPSIMBIMH MO/
JAMHAMHYECKHM YIJIOM €CTECTBEHHOI0 0TKOCA MOJIyKOKca.

Table 2
Parameters of operation and internal structure of the drum
Kecme 2
Bapaoannviy scymuic ycane iiKi Kypolia2blCbIHbIH
napamempinepi
Tabnuua 2
Ilapamempul padomol u énympennezo ycmpoiicmea oapadana

D, n z [, [ ?; ®,
6.5 rpm| 14 120°

Figure 4. Fragments of diaphragm inserts installed
between the blades.
Cyper 4. /luadparmanbiH apacblHa OPHATHLIFaH
KipicTipy ¢pparmeHnTTepi.
Puc. 4. ®parmMeHTHI YCTAHOBJIEHHBIX MEKIY JOMACTIMH
BCTaBOK JHa)parvol.

Results and discussion

The main characteristic of drum dryers, which determines
their efficiency, is the moisture tension of the drum — the
amount of water evaporated from the material per unit volume
of the drum per hour, expressed in kg/m* * hour. The recom-
mended values of drum moisture tension for coal drying vary
in a wide range from 30 to 60 kg/m* * h and depend on the size
of the piece of material being dried, the initial and final humid-
ity, the gas temperature at the inlet and outlet of the drum [4].
The finer the average piece size and the greater the initial and
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final moisture content of the product, the greater the moisture
stress value of the drum can be used. For comparison, Figure
4 shows the values of the drum voltage in terms of moisture
during the periods of test drying before and after the installa-
tion of diaphragms.
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Moisture tension, kg/m3*h

Figure 5. Change in the tension of the drum by moisture
in different periods of work.
Cypert S. Op TypJ1i :KyMbIC Ke3eHaepinge 0apadaHHbIH
bLIFAJ KepHeyiHiH o3repyi.
Puc. 5. U3menenue HanpsikeHusi 0apadaHa o BJjare
B pa3Hble Nepuoabl padoThl.
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