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Researching of physicochemical properties
of the special coke of «ShubarkolKomir» JSC

One of the priority directions in the Republic of Kazakhstan is the production of low-sulfur coke with sulfur
content up to 1 % and needle coke used in the electrode industry, which is fully purchased by import. Needle
coke is used to produce high-quality graphite electrodes needed for the steel industry. Electrodes should have
high mechanical strength, electrical conductivity, and low sulfur content. The primary raw material. for ob-
taining diesel fuel and needle coke is the primary coal tar produced at ShubarkolKomir JSC..At present, the
obtained products are not processed into valuable chemical substances and motor fuels on the territory of the
Republic of Kazakhstan. The physicochemical properties of trademarks 0-10, 10-25, 25-40, 0-60,"10-60,
0-25 mm produced at ShubarkolKomir JSC have been investigated: coke properties by particle size clas-
ses — elemental composition of organic part and ash residue, coke ash, specific and apparent density of the
samples, porosity of coke samples with subdivision into macro-, meso- and micropores. The chemical com-
position of coke is determined by technical analysis (moisture, ash content, sulfur content, phosphorus con-
tent, volatile matter yield) and elemental analysis (carbon, hydrogen, oxygen, nitrogen, etc.) content.

Keywords: special coke, needle coke, moisture, porosity, ash.content, density, elemental composition,
Shubarkol.

Introduction

Coal coke is used for smelting cast iron (blast-furnace coke) as a high-quality smokeless fuel, a reduc-
ing agent for iron ore, and a leavening agent for charge materials. It is used in the same way as varanaceous
fuel in foundry production (foundry coke), for houschold purposes (household coke), in chemical and fer-
roalloy industries (special types of coke) [1].

The objects of research are special‘cokes of trademarks 0-10, 10-25, 25-40, 0-60, 10-60, 0-25 mm
produced at ShubarkolKomir JSC. The coking temperature is 750-780 °C.

The physicochemical properties of coke are determined by its structure, which is close to the hexagonal
layered structure of graphite. The structure of coke is characterized by incomplete orderliness, namely, indi-
vidual fragments (layers) connected by the Vander-Waals forces, statistically occupy several possible posi-
tions (for example, superimposed one on another). Along with the carbon atoms in the spatial lattice of coke
heteroatoms (S, N, and O)'can be located, especially in its peripheral part.

The structure and properties of coke depend on the composition of the coal charge, the final temperature
and the heating rate of the coked mass. With increasing content of gas coals and other coals characterized by
a low degree of metamorphism in the charge, decreasing of the final coking temperature and exposure at this
temperature, the reactivity and combustibility of the resulting coke increase. When the content of gas coals in
the charge increases, the strength and average size of the pieces of coke decrease, and its porosity increases.
Increasing the final coking temperature helps increase the strength of coke, especially to attrition. With an
extension of the coking period and a decrease in the heating rate of the coked mass, the average particle size
of the coke increases [1].

Experimental

The chemical composition of the coke deposited on the catalyst is determined primarily by the mecha-
nism of its formation. Today two mechanisms are distinguished, namely, consecutive and carbide cycle. Ac-
cording to the consecutive scheme, coke deposits on the surface of the catalyst are formed as a result of se-
quential reactions of irregular condensation and polymerization of hydrocarbons accompanied by the for-
mation and binding of cyclic structures. At the same time, their gradual depletion with hydrogen is observed
up to the pseudo-graphite structure due to the liberation of light hydrocarbons and hydrogen. Coke in this
case is a mixture of high-molecular seal products from resins and asphaltenes to carboides and in the extreme
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case to graphite-like deposits. The true chemical composition of such a mixture is almost impossible to de-
termine, therefore the composition of coke is usually characterized by averaged elemental composition [2].
The chemical composition of coke is characterized by the mass fraction of various elements in the organic
matter and the content of mineral impurities.

It is sometimes assumed that the mechanism of coke formation is due to direct thermal decomposition
of hydrocarbons. This scheme is realized at high temperatures, but the properties and activity of the catalyst
do not play a decisive role, because of the catalyst does not participate in any acts of formation of intermedi-
ate compounds. At the same time, the chemical composition of coke -the content of ash, more sulfur content,
and in some cases phosphorus content affects the results of blast furnace smelting. The chemical composition
of coke is determined by technical analysis (moisture, ash content, sulfur content, phosphorus content, vola-
tile matter yield) and elemental analysis (carbon, hydrogen, oxygen, nitrogen, etc.) content [3].

Results and Discussion

Methods are known for determining the chemical composition of cokes, calcined in a nitrogen atmos-
phere for 3 hours in the range of 4002400 °C. The percentage of carbon, hydrogen, oxygen, sulfur and ash
was determined in each sample. The samples studied have different contents of these substances, and their
graphite formation proceeds in different ways. The authors note that the oxygen,mitrogen-and sulfur atoms
are the most strongly retained heteroatoms, and sulfur remains even after treatment at temperatures above
2273 K. However, the number of heteroatoms remains in the material after heat treatment (although this is-
sue is also very important in the case of obtaining pure carbonaceous materials).is not so important, as the
effect they had on the kinetics of coke formation.

The quality of coke is one of the decisive factors determining the technical and economic parameters of
blast furnace smelting; it depends on the strength, porosity and chemical composition of coke. Some physi-
cochemical parameters of Shubarkol coke samples from the quality certificate of coke by the size classes are
shown in Tables 1 and 2.

Table 1
Physicochemical parameters of Shubarkol coke samples
(from the quality certificate of coke)

Sample Coarsenes, mm Moisture, % Thesﬁjesltc:u(l)(fe\;(’)loiﬂes Sulfur, % H(:?;n(?fk(;(:lr/fgs_
5068 0-10 199 11.6 0.44 7874/5665
5069 10-25 18.8 54 0.31 7793/5746
5070 25-40 16.8 3.9 0.32 7228/5158
5071 0-60 16.8 6.9 0.38 7714/5702
5072 10-60 18.9 4.1 0.34 7445/5246
5102 0-25 18.0 2.9 0.33 7805/5799

Table 2
Technical analysis and elemental composition of Shubarkol coke samples

No. | Coarseness, mm | COZSEES: | ywa o0 | anop | A9 0p | s%op NG o%| HL% | L% | O %
mm (sample)
5068 0-10 <0.1 6.34 403 | 430 | 030 | 029 1.69 | 8548 | 7.94
5069 10-25 <0.1 551 357 | 377 | 023 | 039 | 204 | 8745 | 6.12
5070 25-40 <0.1 5.34 285 | 323 | 032 [042] 187 | 8831 | 6.72
5071 0-60 <0.1 5.87 324 | 257 | 038 | 037 | 157 | 8922 | 657
5072 10-60 <0.1 6.04 1.68 | 1.78 | 031 | 046 | 1.05 | 93.10 | 3.30
5102 0-25 <0.1 5.75 265 | 281 | 027 | 043 152 | 89.81 | 5.16

Indicators of the chemical composition of coke (the content of volatile substances, ash, sulfur, metals
and water) practically do not change during processing and transportation. The most important of them when
considering the patterns of oxidative regeneration are the chemical composition of coke, its structure and
dispersity, as well as the distribution of deposits along the catalyst pellet. At the same time, the results of
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blast furnace smelting are affected by the chemical composition of coke — the ash content, more important
is the content of sulfur, and in some cases of phosphorus [4].

Elemental composition of samples of Shubarkol coke was determined in accordance with State Stand-
ard 2408-95. Moisture was determined in accordance with with State Standard 11014-2001, ash — accord-
ing to with State Standard 1171-2012. Elemental composition can be attributed in the group of coke quality
indicators, although it does not play a significant role in the assessment of coke, since it is not subject to fluc-
tuations in different cokes. It is usually determined only when compiling the mass balances of the blast fur-
nace operation.

Coke ash. The ash content of the fuel was determined in the laboratories by calcining a sample of finely
crushed fuel weighing 1-2 g in porcelain crucibles, and in contrast to determining the yield of volatiles in
this case, it is necessary to ensure the presence of oxygen during the calcination process in order to.avoid
partial coking of the sample. The difference in weight before and after calcination is equal to the ash content
of the fuel. It is necessary to note some conventionality of this characteristic of ash content, since chemical
reactions occur between the individual mineral impurities in the ash during the ashing process, and in these
reactions, for example, ash can become heavier, since the newly formed compounds /will contain oxygen
from the surrounding air or part of elements will evaporate, etc. Therefore, in order to obtain comparable
characteristics by ash content, the process of obtaining ash must be carried out in strictly standard conditions.
An open porcelain cup is placed in an electric muffle, where mineral fuel is calcined at a temperature of
800 °C, and fuel oil, wood and vegetable waste at 500 °C. Ashing is_carried out slowly, for 2 hours, and
without the appearance of a flame.

Laboratory and true ash contents of the shale samples have large discrepancies. Calcium and magnesi-
um carbonates (CaCO;, MgCOs) decompose on heating with the formation of CO,, as a result of which the
weight of laboratory ash decreases sharply. For this fuel, the laboratory gives an amendment for the decom-
position of carbonates to obtained ash content.

Ash balances are often made in thermotechnical analysis. The amount of ash discharged into the boiler
flues and the chimney is determined by weighing the amount of ash remaining on the grate and in the ashtray
and knowing the ash weight per 1 kg of burnt fuel fromithe fuel analysis. There may be mistakes. Chemical
reactions occur in the ash during the calcination, and it has the ability to release volatiles, the volatilization
increases with increasing temperature. The weight of laboratory ash is greater than in the furnace, because of
the temperature of slagging in the furnace exceeds 1000 °C and laboratory ash and slag is formed at tempera-
ture of 800 °C. In particular, these discrepancies can reach large values in brown coal and shale, the ash of
which contains a significant amount of calcium and sulfur.

The ash and slags of the fuel combusted on the grate, in most cases melts, then as it drips down and
away from the high temperature zone it cools, hardens and forms quite porous slags. Sometimes ash and slag
are so fusible that they do not harden even after leaving the high temperature zone; then this paste-like mass,
clogging openings in the grate, serving for the passage of air, increases the gas resistance to the furnace, en-
velops part of the fuel pieces and makes them difficult to combust. In addition, the low-melting slag is diffi-
cult to remove from the furnace without taking up the burning coal at the same time. In cases where the de-
sign of the boiler and the furnace does not take into account the fusibility of the slag, the molten mass of the
ash can block the passage of gases between the tubes of the boiler at the combustion of pulverized fuel; it
grows over the furnace space in the form of stalactites, the removal of which involves considerable difficul-
ties. The brickwork of the furnace is often broken and destroyed during breaking off the boiling slag. The
adhesion of the molten slag masses to the brick firing of the furnace usually causes deterioration in the op-
eration of the furnace and the need for more frequent repairs. The destruction of the brickwork is also possi-
ble due to the chemical action of hot slag. Such slagging occurred places are protected by surfaces cooled by
water (screens), in the process of which the adhesion of slag decreases.

In the laboratory study of ash for fusibility a number of pyramids 20 mm high with a side of the base of
7 mm are placed in a special electric furnace. One of the faces of the pyramid must be perpendicular to the
base. In the laboratory studies of ash for fusibility slagging occurs in a semi-reducing gas medium at the
combustion of the solid lump fuel, therefore, the medium, in which the cone formed from the ash is melted,
is composed of gases consisting mainly of CO, CH,4, H,, with no oxygen [5].

The ash of Shubarkol coke samples is determined according to with State Standard 1171-2012. The
melting point of the ash of Shubarkol coke samples was determined in PM-14M1P-TD furnace. Ash content
and chemical composition of coke ash are given in the Table 3.
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Table 3
Melting points and chemical composition of Shubarkol coke ash
Coarseness, | Coarsenes, | Melting points Chemical composition of the ash,%
No. mm  |mm (sample)| of the %lsph, oc [Ash content, % —gn T L O, Fea0 MeO | ALO;
5068 0-10 <0.1 1068 4.30 1.2 11.4 11.2 3.0 1.1
5069 10-25 <0.1 1055 3.77 1.15 10.6 10.3 1.8 1.3
5070 2540 <0.1 1045 3.23 2.1 11.8 11.5 2.5 1.4
5071 0-60 <0.1 1074 2.57 1.3 11.1 11.6 2.5 1.1
5072 10-60 <0.1 1057 1.78 1.1 10.3 11.1 1.7 1.0
5102 0-25 <0.1 1075 2.81 1.6 11.5 10.5 2.2 1.25

The coke ash depending on the composition can have different catalytic effect on the course of reac-
tions. The coke ash should remain in the form of fairly large pieces. Coke ash, alone and in mixture with im-
purities that consists of phosphoric anhydrides, increases the elasticity of the joint decomposition of these
salts. The silicon compounds contained in the coke ash are converted to water-soluble silicates by fusion
with soda, after which silicon is separated from the solution as SiO, by evaporation:with hydrochloric acid.
Significant amounts of SiO, are contained in an empty rock ore, agglomerate compounds and in coke ashes.

Density of coke. There are three types of coke densities, namely, true, apparent and bulk densities. The
true density is also called pycnometric or real. The true density is the ratio of the mass of coke deprived of
pores to unit volume. To determine the true density of coke, it is necessary to.undergo fine grinding, but even
in this case the smallest pores remain in the coke particles. The true density is determined by the pycnometric
method and this is the most accurate and available in the production conditions.

The true density of coke is dependent on the calcination temperature and the duration of isothermal ex-
posure. It is found that it is possible to obtain coke of different true densities by changing the holding time at
a constant calcination temperature. The true density is azmeasure of needle coke quality. There should be
98.5-99.5 % of the calcined needle coke mass with a density of 2140 kg/m’. Specific density of samples of
Shubarkol’s coke was determined by pycnometric method. The apparent density was determined by immer-
sion in a glycerin medium (Table 4).

Table 4
Indicators of the density of Shubarkol coke samples

Sample | Coarseness;mm | Specific density, g/cm”® | Apparent density, g/cm3
5068 0-10 0.49-0.51 0.45-0.47
5069 10-25 0.48-0.50 0.46-0.47
5070 25-40 0.47-0.49 0.45-0.46
5071 0-60 0.46-0.48 0.44-0.45
5072 10-60 0.47-0.48 0.41-0.43
5102 0-25 0.44-0.45 0.23-0.35

The apparent density is the ratio of the porous material mass to its unit volume. It is the density of coke
in the reaction apparatus, apparent density is always less than the true one. There are methods of determining
the apparent.density of coke by immersion in medium, which does not penetrate into the pores (glycerin or a
solid powder). The denser the coke is, the higher its mechanical strength is. The apparent density increases to
the temperature of 1100-1200 °C and then begins to decrease.

Porosity. Mercury porometry is one of the main methods currently used to study the porous structure of
materials; this method can be used to determine the size and number of pores, the absolute density of materi-
als, the specific surface area and the pore size distribution. In addition, knowing the shape of the hysteresis
loop, you can qualitatively judge the shape of pores.

In 1921, Washburn proposed an equation describing the relationship between the capillary radius and
the pressure at which the hollow capillary is filled with mercury

26cos0
p
where 6 — is surface tension of mercury; 6 — is contact angle of mercury; P — is hydraulic pressure.

B
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In fact, The Washburn equation is the theoretical basis of the mercury porometry method. Coke has a
multi-dispersed porous structure. Porosity of coke samples of «ShubarkolKomir» JSC is presented in Ta-
ble 5.

Table 5
Porosity of samples of Shubarkol coke
Sample Coarseness, | Density c30ke, Total pore Vg)l- Macropores, g o’ Mesopores, g Jom® Microp03res,
mm g/cm ume, g/cm g/cm
5068 0-10 0.98 0.4-0.6 0.6-0.8 0.2-0.25 0.1-0.2
5069 10-25 0.85 0.4-0.5 0.7-0.8 0.2-0.28 0.09-0.2
5070 25-40 0.74 0.3-0.5 0.6-0.7 0.18-0.25 0.1-0:3
5071 0-60 0.87 0.4-0.5 0.6-0.8 0.23-0.3 0.2-0.28
5072 10-60 0.97 0.5-0.6 0.8-0.9 0.25-0.3 0.1-0.2
5102 0-25 0.78 0.3-0.5 0.7-0.9 0.15-0.2 0.1-0.15

We have used modern mercury porosimeters system PASCAL (PASCAL 140/440). These are automat-
ic devices for preparing samples for porosimeteric analysis and measuring its porosity in the range from 0.1—
0.8 g/cm’. Small volumes (0.4 mm’) of the sample are used for the analysis, and the sample must have a
strong enough skeleton to withstand the pressure. The sample is placed.in a specially prepared glass dilatom-
eter, which is placed in the holder. Then the air is pumped out of the systemruntil the vacuum 0.1 Pa is
reached. When vacuum is reached in the system, the process of pumping mercury into the open pores of the
sample begins. The volume of pressed mercury is fixed by the sensor. When the set pressure is reached, the
system automatically stops and mercury is discharged. At this point, a hysteresis loop is formed, the shape of
which is indirectly possible to estimate the shape of the pores. The pressure drops to atmospheric pressure,
the system stops and the experiment is over. The time of the experiment depends on the porous structure of
the sample, an average of 3—4 hours, not counting the preparatory work.

Conclusions

The physical and mechanical properties of trademarks 0-10, 10-25, 25-40, 0—60, 10-60, 0-—25 mm
produced at «ShubarkolKomir» JSC have been investigated, namely, coke properties by particle size clas-
ses — elemental composition of organic part and ash residue, coke ash, specific and apparent density of the
samples, porosity of coke samples with-subdivision into macro-, meso- and micropores.
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«ly0apkeskemip» AK KOKCBHIHBIH (PM3MKA-XUMHSAJIBIK KACHETTEPiH 3epTTey

Kaszakcran PecrnyOnukacelHaa eHAipicTik OacbiM OarbITTapiblH Oipi KypamblHAa KYKipT 1| %-ra neiin
0O0aTHIH a3 KYKIPTTI KOKCTBIH KOHE DIIEKTPOJ OHEPKICIOiHIE KOIMAHBUIATEIH, €TiMi3/Ie TONBIKTAail IMIOpPT-
TIeH CaTHIN aJBIHATHIH WHET KOKCTHIH OHAipici Oossm Tabbuiansl. bomar eHepkacibiHe KakeT »KOFaphl cara-
61 TPaUT EKTPOATAPHIH OHIIPY YINIH HHEJN KOKCTHI KOJIJAHBUIAIBI. DIEKTPOATAP JKOFAPHI MEXaHUKAIIBIK
OepiKTiKKe, HIeKTPOTKI3TIIMTIKKE, KYKIPTTIH a3 MeJIIepiHe )KoHe TOMEH TePMIUSUIBIK KeHEI0 K03 GHIUEeHTiHEe
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ue Oomybl Tumic. Jlu3enmb OTBIHBIH JKOHE WHENI KOKC OHMIpY YVINiH Oacramkbl MLIMKI3aT peTiHzae
«y6apkenkemip» AK eHnipinreH OipiHIIUIIK TackeMmip Mmabsipiaapbl ecenTeneni. Kasipri yakpTTa
anbiHaThiH eHiMuep Kaszakcran PecryOuukacbinna Oaraibl XMMHSJIBIK 3aTTap MEH MOTOP OTbIHBbIHA KaWTa
eHmenmeiini. Maxananarsl 3epTrey Hblcansl — «lllybapkenxemip» AK ennipinren 0-10, 10-25, 25-40, 0—
60, 10-60, 0-25 MM emmemzi cayna OenrinepiHiH apHalbl KOKCTapbl. ©Op OJIIEMHIH (H3HKAIBIK JKOHE
XUMISUTBIK KAaCHeTTepl — OpraHWKaIBIK OOJK MeH KYJIIi KaJIIBIKTBIH 3JIEMEHTTIK KYpaMmbl, KOKC Ky,
YIITiNIepAiH MEHIIIKTI jkoHe OalfKallaThIH THIFBI3IABIKTAPEI, KOKC YITUIepiHiH KeYeKTiliri Makpo-, Me30- KoHe
MHKPOKEYEKTUTIKKE JKIKTENiIN, aHbIKTanabl. KOKCTBIH XUMHSAJBIK KypaMbl TEXHHKAJIBIK TalJlayMeH
(PUTFAIIBLIBIK, KYJIOUTIK, KYKIpTTIH Meuiepi, ¢ocdop MeJiiepi, YIIKBII 3aTTapAbIH LIBIFBIMBI) JKOHE
JNIEMEHTTIK TaJlayMeH (KOMIpTeK, CyTeK, OTTEK, a30T JKoHe T.0.) aHBIKTAaNIbL.

Kinm cesdep: apHailbl KOKC, WHENI KOKC, BUIFAJIBUIBIK, KEYCKTLTIK, KYJ, THIFBI3IBIK, JJIEMEHTTIK Kypam,
[Iy6apxen.

A.b. TareeBa, M.U. baiikenos, B.U. [1apaduios,
E.H. Maptsinosa, C.K. MyxamerxkanoBa, /I.E. AiirGexoBa

HccnenoBanmne GpU3NKO-XUMHYECKHX CBOMCTB
cnenkokca AQ «lllybapkoabKoOMUp»

OpmHUM U3 IPHUOPUTETHBIX HampaBieHui B PecyOmrike Kazaxcran sBiseTcS MpOU3BOJACTBO MAIIOCEPHHUCTOTO
KOKca ¢ cofepkaHueM cepbl 10 1 % ¥ Urop4aToro Kokca, HCIONb3YeMOT0 B JIIEKTPOTHON OTpaciH, KOTO-
PBI B TIOJTHOM O0BEME 3aKyImaeTcs Mo UMIOPTY. Mronpyuarhiii KOKC UCTIONB3YETCS IS MOMYIEeHUS BEICOKO-
Ka4eCTBEHHBIX TPa)UTOBBIX JIEKTPOIOB, HEOOXOUMBIX JIJISI CTAICIIMTEHHON POMBIIUICHHOCTH. DIEKTPOIBI
JIOJDKHBI MMETh BBICOKYIO MEXaHHUYECKYI0 HMPOYHOCTb, JEKTPOLIPOBOJHOCTh, HU3KOE COIECPIKAHUE CEephl U
HHU3KHH KO (QUIMEHT TEPMUYECKOTO paciiupeHus. FICX0qHbIM ChIpheM UL TIOJIy4YeHHs JU3EIbHOTO TOILUIH-
Ba M Wrojb4yaTOro KOKCAa SBISCTCS IepBUYHAas KaMmeHHoyronmbHas cmoia AO «lllybapkombkomMupy.
B Hacrosiiee Bpemst mosiydaemMast IpOAYKIUs He repepadaThiBaeTcs B HEHHbIE XUMUYECKHE BEIECTBA U MO-
TOpHBIE TOIUIMBa Ha Teppuropun PecrmyOmukn Kaszaxcran. MccnenoBaHbl (pU3HKO-XMMHUYECKHE CBOWCTBA
CIENKOKCOB TOBapHBIX Mapok 0—10, 10-25, 25-40, 0-60, 10-60, 0-25 mm, nmpousBoaumMeix Ha AO «llybap-
KOJIBKOMHP»: CBOMCTBA KOKCa 10 KJIaccaM KPYIMHOCTH — 9JICMEHTHBIA COCTaB OPraHUIEeCKOW YacTH U 30J1b-
HOTO OCTaTKa, 30J1a KOKCa, yIelbHAs M KaKYyNIascs INIOTHOCTH MPO0, MMOPUCTOCTH POO KOKca ¢ mopa3iene-
HHEM Ha Makpo-, M€30- U MHUKPOIOpPbL. XMUMHUYCSCKUI COCTaB KOKCa OIPEACISUICS TEXHHYECKUM aHAITM30M
(BII@XXHOCTD, 30JIbHOCTB, COCPIKAHHE Cepbl, CoACpIkanue Gocdopa, BHIXO JIETYUUX BEIIECTB) U AIIEMEHTHBIM
aHanu3oM (yriaepo, BOIOPOJ, KUCIOPOI, a30T U IIp.).

Kniouegvie cnoea: CnenKOKC, Wroib4aThblil 'KOKC, BIAXHOCTb, IOPHCTOCTb, 30JIbHOCTH, IUIOTHOCTb,
3JIeMeHTHbIH cocTaB, Lllybapkoib.
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