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Abstract. The article presents the results of physical and chemical studies of high-ash coal of the «Saryadyr» deposit.
The method of X-ray phase analysis on X-ray diffractometer DRON-2 established that the main phases of oxides in the
high-ash coal field «Saryadyr» presented in the form of quartz and kaolinite. In the course of the research the differential
thermal analysis (DTA) of coal was carried out. DTA was carried out on derivatograph system F. Paulik, I. Paulik, L.
Erdey, which allows to fix the change in mass and the rate of change in mass of the sample. As part of the research
work, experimental studies were carried out to determine the resistivity of coal when heated. The measurements were

carried out in a Tammann high-temperature electric furnace. The studies to measure the electrical conductivity of
coal were carried out in the temperature range of 25-1500°C, heating rate 25 deg/min. The research is funded by the
Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan (Grant No. AP13068023).

Keywords: high-ash coal, carbothermy, ligature, ferroalloys, X-ray diffractometric analysis, differential thermal

analysis, endothermic transformation, exothermic transformation, thermal conductivity, electrical resistivity.

Introduction

One of the main determinants of the development
of a country's mining and metallurgical complex is
the quality of its ore base and its reserves. Kazakhstan
has large coal reserves and is one of the top ten
countries in terms of coal production. Information
about coal reserves of Kazakhstan is given in many
open sources [1, 2].

Approximate reserves of coal in Kazakhstan
are estimated at 93 billion tons. The main reserves
are concentrated in the Karaganda, Pavlodar and
Kostanay regions, i.e. in Central Kazakhstan [3].
Extracted coal is used for the energy industry (51%)
and for export (31%), while the rest is used for the
needs of industry and the population of the country.
The main share of Kazakh coal is exported to the
Russian Federation (about 30.5 million tons per year),
where coal is used for power generation plants.
However, as stated by the generating companies
in the Russian Federation, in the future there is a
question of reducing coal exports from Kazakhstan
and switching the power plants to Russian coal. Also,
China is reducing the reported demand for Kazakh
coal. This is due to the fact that China is reducing
the share of imports by rail. Currently, China
prefers to import coal from Australia and Indonesia
transported by sea [4]. The pessimistic forecasts of the

coal industry in Kazakhstan push for a new vector
of development, and the question of expanding the
use of coal is raised. Scientists of CMI named after
Zh. Abishev actively develop the idea of involvement
in metallurgical processing of coals of Kazakhstan.
Positive results have been achieved in this direction:
new technologies have been developed, technological
tests have been conducted in industrial conditions,
pilot batches have been developed, and protection
documents have been obtained.

According to the existing technology for smelting
ligatures and ferroalloys, carbonaceous materials
with high resistivity and favourable porous structure
should be chosen as reducing agents. More detailed
studies of the physical and chemical properties of
carbonaceous reducing agents for the carbothermic
process are considered in the monograph by V.G.
Mizin and G.V. Serov.

High ash coal from the Saryadyr deposit was
selected for ligature and ferroalloy smelting by the
carbothermic method. The coals of Saryadyr deposit
belong to the Teniz-Korzhunkol basin in Ereymentau
district (170 km from Nur-Sultan city). Ash content of
coals reaches up to 55% [5].

Purpose of work

Metallurgical evaluation of qualitative and
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quantitative characteristics of high-ash coal of
Saryadyr deposit for smelting of ligatures and
ferroalloys by carbothermic method.

Experimental part and discussion of results

The first question is the content of the main
components in the material. For this purpose, X-ray
diffractometric analysis was carried out on an X-ray
diffractometer DRON-2, which allows it to be carried
out quickly and with high accuracy. The X-ray
diagram of high ash coal of the Saryadyr deposit is
shown in Figure 1.

X-ray phase analysis has established that the
main oxide phases in the high-ash coal of the
Saryadyr deposit are in the form of quartz (&-SiO,)
and kaolinite (Al,Si,05(OH),). These minerals can be
used as complex raw material sources of aluminium
and silicon.

In the process of electric melting, charge materials,
under the influence of high temperatures, undergo
a number of physical and chemical transformations
that significantly change their original properties. In
particular, under the influence of high temperature
their structure, the nature of the porous structure of
coal, the decomposition of organic compounds and
the removal of volatile substances are altered.

Since the mentioned processes are combined
in time by interaction of carbon with oxides of the
non-carbon part of the charge and are interconnected
to a large extent, the general picture of physical
and chemical transformations is very complex and,
therefore, insufficiently studied. One of the methods
to study the processes occurring successively at
increasing temperature, which are widely spread,
is the method of thermal analysis. In the course of
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research, differential thermal analysis of the initial
charge materials was carried out. Thermal methods
of analysis are used to study chemical reactions and
physical transformations occurring under the action
of heatin chemical compounds or in multi-component
systems between separate compounds. Thermal
processes (chemical reactions, state changes or phase
transformations) are always accompanied by a more
or less significant change in internal heat content.
A conversion entails an absorption (endothermic
conversion) or a release of heat (exothermic
conversion). Such thermal effects can be detected
by differential thermal analysis. Transformations in
many cases are connected with a change of weight,
which can be determined with great accuracy by the
thermogravimetric method.

Differential thermal analysis was carried out in
an oxidizing air atmosphere on a derivatograph of
the system F. Paulik, I. Paulik, L. Erdey, which allows
to record the mass change (TG) and mass change
rate (DTG) of the sample as well as the temperature
difference (DTA) between the test and inert samples
during continuous heating at a given rate. The tem-
perature and differential curve were recorded using
a platinum-platinum-rhodium thermocouple. The
heating rate was 10 to 15 degrees per minute. The
sensitivity (DTA) of the derivatograph was 1/10.
Samples of the materials under study were placed
in a corundum crucible of diameter 10 and height 12
mm in powder form. The duration of experiments
was 100 minutes. The results of the experiments are
shown in Figure 2.

Samples of the materials under investigation
were placed in a corundum crucible with a diameter
of 10 mm and a height of 12 mm in powder form. The

Ui

v — quartz a-Si0, (1.376; 1.355; 1.546; 1.664; 1.677; 1.823; 1.989; 2.134; 2.251; 2.293; 2.470; 3.362; 4.275),
x — kaolinite Al,Si,05(OH), (1.492; 2.346; 2.506; 2.570; 3.603; 3.870; 4.36; 4.495; 7.233)

Figure 1 — X-ray diagram of high-ash coal «Saryadyr» deposits
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Figure 2 — Derivatogram of «Saryadyr» high ash coal (sample weight 1560 mg)

duration of the experiments was 100 minutes.

«Saryadyr» high ash coal has several thermal
effects. The first endothermic effect with a maximum
at 120°C indicates the loss of hygroscopic moisture,
commonly referred to as the drying peak. There is a
direct correlation between the depth of this peak and
the moisture content of the coal. The structure remains
unchanged and the mass of the sample decreases by
1.8 mg. After the end of moisture extraction from the
coal, starting from about 280°C, an exothermic effect
accompanied by thermal destruction of the organic
mass of the coal begins, resulting in the formation of
gaseous products. Somewhat later, at 500-520°C, the
release of volatile substances begins. A. Boyer and P.
Payen believe that the exothermic effect results from
the increase in thermal conductivity of coal during its
transition to the plastic state. A sharp jump at 520°C
indicates an increase in the thermal conductivity of
the coal.

One of the main characteristics of charge
materials is the change in electrical properties when
heated. The charge mixture for smelting ligatures
and ferroalloys in a carbothermal process consists
of 60-80% carbonaceous reducing agent and 20-40%
«ore» mixture. Therefore, the electrical properties of
the mixture can be judged from the carbonaceous
reducing agent used in alloy smelting [6-9].

As part of this research work, experimental
studies were carried out to determine the electrical
resistivity of coal when heated. A schematic diagram

of the installation to determine the electrical resistivity
of the material is shown in Figure 3.

A sample of 3-4 mm fraction of coal from the
Saryadyr deposit was used for the experiments to
measure electrical resistivity. The measurements
were carried out in Tamman high-temperature
electric furnace. Studies on measuring the electrical
conductivity of coal were carried out in the tempera-
ture range of 25-1500°C, the heating rate of 0-25 grad/
min. This methodology differs from the well-known
Agroskin and Shumilovskaya methods. According to
their methodology, the resistance was measured after
50°C, which reduces the informative value of the data
obtained. The method used by us to measure the data
after 30 seconds automatically saves the information
in digital format in the computer memory, allows us
to avoid the disadvantages of the method described
above. The method proposed by V.I. Zhuchkov is the
most widespread in experimental practice [9].

The experimental setup consists of a Tammann
furnace in which the material is heated. The starting
material, 8 cm high, is placed in an alundumina beaker
(5) (beaker diameter 4 cm) installed in the Tammann
furnace. The data coming from the thermocouple (8),
electrodes (9, 12) and electronic device were recorded
using signal transducers. A graphite electrode (9, 12)
was mounted on both sides of the material to provide
voltage with an opening for the thermocouple (8). The
lower electrode is fixed permanently, the upper one

has the possibility to be lowered when the material
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1 — carbon-graphite tube; 2 — copper crimp ring; 3 — water-
cooled lid; 4 — water-cooled casing; 5 — alundumina cup;
6 — charge to be examined; 7 — protective lining;

8 — thermocouple; 9 — bottom electrode; 10 — Ohm meter
digital; 11 — graphite bottom for alundumina cup; 12 - top
electrode; 13 — water cooling; 14 — weight; 15 — lever;
16 — electronic shrinkage measuring device

Figure 3 — Installation for determining electrical
resistivity and shrinkage (sectional view)

shrinks under the action of the weight. The weight
(14) permanently presses the upper electrode to the
material, thus ensuring a tight contact. The pressure
on the material was 0.02-0.04 MPa. A thermocouple
in an alundumina tube was placed through the lower
electrode to insulate it from electricity. The results of
the temperature-dependent variation of the electrical
resistivity values are presented as a graph in Figure 4.

Figure 4 shows the dependence showing the
effect of temperature on the change in the resistivity
of coal. The curve can be divided into three tempe-
rature sections. The first is from 50 to 120°C where
a slight drop in resistivity is noticed, the second is
from 200 to 600°C and the last section is from 600 to
1000°C.

The kink of the curve in the 50 to 120°C region
is due to the presence of a large amount of moisture
in the sample, which contributes to an increase in
conductivity, and at higher temperatures, as the
moisture is removed, the resistance evens out. The
resistance of coal decreases slightly from 200 to
600°C. This is due to the release of volatile substances,
which have a slightly increased electrical resistance.
At 600°C, a sharp drop in electrical resistance can
be seen. Differential thermal analysis (DTA) of coal
showed that at temperatures of 600-650°C there is
a rearrangement of the coal substance towards an
ordered structure, which contributes to a decrease in
the electrical resistivity of coal.

Conclusion

Thus, the study of physical and chemical pro-
perties of charge materials determined that the
main oxides of the material are represented by
quartz (&-Si0O,) and kaolinite (ALSiOs(OH),), the
specific electrical resistance of coal when heated is
relatively high. Such characteristics of coals satisfy
the processes of melting of ferroalloys and ligatures
in the ore-thermal furnace with deep immersion of
electrodes with stable current load.
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Figure 4 — Electrical resistivity of coal in depending on temperature
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AHOamna. Makanaoda «Capbiadbip» KeH OPHbIHbIH HOFapPbl Kya0i KOMIpIiHiH (pU3UKA-XUMUSAbLIK 3epmmeysnepi Hoamu-
wenepi kenmipinzeH. [JPOH-2 peHmeeHOiK duppakmomempiHOe peHmeaeHoga3ansiK manoay adicimeH «Capbiadbip»
KeH OpPHbIHbIH HOFapbl Kyn0i KemipiHOeai mombeIKmapobiH Hezi32i (ha3anapsi KBAPY HAHEe KAoaAUuHUM mypiHoe ekeHoiei
aHbIKManosbl. 3epmmey b6apbicbiHOa Kemipae OughgepeHyuandbi-mepmukansiKk manoay (ATA) »cacandelr. ATA . May-
nuk, W. Maynuk, /1. 3poeli #cylieciHin depusamozpagbiHOa Hypaizindi. byn ynei maccacbiHbiH 632epici MeH MaccacbiHbIH
e32epic #blA0AMObIFbIH AHLIKMAYFa MYMKIHOIK 6epedi. 3epmmey Hymbicbl weHbepiHOe Kbi30bipy KesiHoeai KemipoiH
MeHWiKkmi anekmp KedepeiciH aHeiKkmay 60lbIHWAa SKCrepuMeHmMmMIK 3epmmeysep HacanbiHObl. Bawey HorFapsl mem-
nepamypansi TammaH aniekmp newiHoe xcypeizindi. Kemipdin anekmp emkizeiuimizid enwey b6olibiHwa 3epmmeynep
25-1500°C memnepamypa apansiFreiHOA #ypai3indi, Kbi30bipy #bladamosbirsi 25 2pad/muH. 3epmmeydi KazakcmaH Pe-
cnybaukacel binim #aHe FblabiM MUHUCMPAI2IHIH FblaAbIM KOMUmMemi KapiolaaHobipaos (epaHm Ne AP13068023).

Kinm ce3dep: »orapel Kyndi Kemip, kapbomepmus, aAueamypa, ¢eppoKopsimmna, peHmaeH-0u@dpPaKmomMempusasblkK
manoay, ougpepeHyuandsbl-mepmusnbiKk maaday, 3HO0OMepMUSbIK aybICy, IK30MePMUSASbIK dybiCy, memnepamypa
emkKizeiwmiei, MeHWikmi anekmp Kedepeici.
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AHHOmMayusA. B cmamee npusedeHsl pe3ysnomamsl (hu3UKO-XUMUYECKUX UCC1e008aHUL 8bICOKO30/16HO20 Y218 Mecmo-
poxcdeHua «Capbladbip». Memodom peHmzaeHodpa308020 AHAAU3A HA PEHM2EHOBCKOM Ougppakmomempe [POH-2
YCMAHOB/1€HO, YMO OCHOBHbIE (ha3bl OKCUOOB 8 BbICOKO30/1bHOM Y2sie MecmopoxOeHuUs «Capbliadbip» npedcmasneHsi
8 8UOe K8apua u KaosnuHUmMa. B xode uccnedosaHuli 8binonHeH dupgepeHyuansHo-mepmuyeckuli aHanus (ATA) yens.
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ATA nposodunu Ha depusamoepacgpe cucmemol @. Maynuk, W. Mayauk, /1. Spdeli, Komopsili N03807a5em uKcuposams
uameHeHue Maccel U CKOpOCMb U3MeHeHUA Maccbl 06pa3ya. B pamkax uccinedosamensckoli pabomel bblau nposedeHsl
3KCrepumMeHmasbHble Ucc1edo8aHUA Mo onpeodeneHuto yoesnsHo20 3AeKMpPOoConpomusneHus yeaa npu HazpesaHuu. 13-
MepeHUs nposoounucs 8 8bICOKomemMnepamypHoli snekmpone4yu TammaHa. MiccnedosaHuUa no usmepeHuro 3n1eKkmpo-
nposodHOCMU yensa Mposodusau 8 uHMepsase memmnepamyp 25-1500°C, ckopocme Hazpeea 25 epad/muH. Uccredo-
8aHue ¢puHaHcupyemcsa Komumemom Hayku MuHucmepcmea obpa3zosaHus u HayKu Pecrniybauku Kasaxcmat (2paHm
Ne AP13068023).

Knrouesoblie cnoea: 8biCOK030s1bHbIl Y2016, KApbOMepMusA, nu2amypa, ¢eppocrnnas, peHmaeHo-0ugppakmomempuye-
cKull aHanus, ouggepeHyUAAbHO-MepMuYecKuli aHaAU3, IHOOMepPMUYECKoe NMpespauleHue, 3K30mepMu4ecKoe npe-
spaweHue, memnepamypornposodHocMs, yoesnbHoe 31eKmpoconpomusnaeHue.

1. Epmagambet B.T.,, Kacenov B.K., Bektupganov N.C., et al. Chistye ugol'nye tehnologii: teorija i praktika. [Clean coal technologies:
theory and practice]. — Karaganda: TENGRI Ltd, 2013. — 276 p.

2. Mukhambetgaliyev, Y., Zhuniskaliyev, T., Baisanov, S. Research of electrical resistance and beginning softening temperature of high-
ash coals for melting of complex Alloy. Journal Metalurgija, Croation Metallurgical Society (CMS) — 2021, no. 60 (3-4), pp. 332-334.

3. Alshanov P. Jekonomika Kazahstana za 20 let: mineral'no-syr'evoj kompleks. [The economy of Kazakhstan for 20 years: mineral
resource complex]. Kazahstanskaja pravda. — 2011, oktjabp' — 14.

4. Kazahstanskij ugol' ne osobo nuzhen ni Rossii, ni Kitaju, ni ES. [Kazakhstan's coal is not particularly needed by Russia, China, or
the EU]. [Jelektronnyj resurs]. Rezhim dostupa: https://zonakz.net, svobodnyj. — Zagl. s jekrana. — (Data obrashhenija 20.09.2019).

5. Saryadyrskoe kamennougol'noe mestorozhdenie. [Saryadyr coal deposit]. [Jelektronnyj resurs]. Rezhim dostupa: https://kursiv.kz,
svobodnyj. — Zagl. s jekrana. — (Data obrashhenija 14.10.2017).

6. Mahambetov E.N., Bajsanov S.0., Bajsanov A.S., Ospanov N.I. Issledovanie termicheskih svojstv uglja mestorozhdenija «Saryadyr»
pri nagrevanii. [Investigation of thermal properties of coal from the Saryadyr deposit during heating]. Vestnik KGIU. —2014. — no. 4.
—pp. 24-26.

7. lIsagulov A.Z., Bajsanov A.S., Isagulova D.A., Mahambetov E.N., et al. Issledovanie fiziko-himicheskih svojstv shihtovyh materialov
dlja vyplavki kremnealjuminievogo vosstanovitelja. [Investigation of physico-chemical properties of charge materials for the
smelting of silicon-aluminum reducing agent]. Trudy universiteta. — 2018. — no. 2. — pp. 38-40.

8. MahambetovE.N., BajsanovA.S., IsagulovA.Z., etal. Issledovanie termicheskih svojstv vysokozol'nyh uglej prinagreve. [Investigation
of thermal properties of high-ash coals during heating]. Promyshlennost' Kazahstana. — 2019. — no. 3. — pp. 87-90.

9. Zhuchkov V.I., MikulinskijA.S. Metodika opredelenija jelektricheskogo soprotivlenija kuskovyh materialovishiht. Jeksperimental'naja
tehnika i metody vysokotemperaturnyh izmerenij. [The method of determining the electrical resistance of lump materials and
charges. Experimental technique and methods of high-temperature measurements]. — Moskow.: Nauka, 2010. — 50 p.



