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Obtaining Carbon Sorbent from “Euromet” LLP Coke Breeze

The paper presents the results of a physicochemical analysis of a coke sample from “Euromet” LLP (Kara-
ganda, Kazakhstan), which is carbonaceous material with high carbon content, the absence of volatiles matter
and low ash content. Carbon sorbents were obtained from low-value fractions of carbonized materials of the
Karaganda region coke production by the steam-gas activation. An important advantage of using screenings
(coke breeze class 0-10 mm, which was crushed and fractionated to a particle size of 2-5 mm.) is the exclu-
sion of the energy-intensive carbonization stage from the technological process, which releases a large
amount of environmentally harmful substances (phenols, cresols, gaseous emissions etc.). The optimal condi-
tions for obtaining a sorbent from low-value coke breeze are a temperature of 850 °C and an activation time
of 2 hours. The physicochemical properties (ash content, bulk density, sorption capacity for iodine and meth-
ylene blue, total pore volume for water) of carbon sorbents were determined.
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Introduction

Environmental pollution by the oil, coal and metallurgical industries is one of the reasons for the severe
environmental consequences and the negative impact on human health. Industrial enterprises of the republic
discharge insufficiently treated wastewater into water sources. In addition, the water resources of Kazakhstan
are polluted by household and agricultural waste. Currently, there is a tightening of requirements for the
standards of discharges and emissions from production and economic activities. The high sorption activity of
active carbons determines a wide range of their application, including the possibility of using them for puri-
fication from pollutants. The use of this product in the world is steadily growing with the development of
industrial production of activated carbon. So in Western Europe, activated carbons are used as the main ma-
terial for wastewater treatment and gas emissions, in accordance with current environmental regulations. The
areas of application of carbon sorbents are inextricably linked both with the knowledge of their sorption
properties in relation to various pollutants and with their physicochemical properties.

Also, in addition to activation gases, various chemical reagents are used at the stages of carbonization
and preparation of raw materials. Different vegetable raw materials such as wood, nutshell, remains of stems
and seed coats [1, 2], as well as processed carbon-containing substances such as plastics, rubber, oil, coal [3],
are used as raw materials for the production of carbon sorbents.

A large amount of low-value fraction (screenings) remains during the preparation of products for sale at
enterprises producing coke using different technologies. The use of this material will make it possible to ob-
tain highly effective carbon sorbents for the public utilities, chemical, oil, gas, and mining industries with
certain processing.
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The advantage of using screenings is the exclusion from the technological process of the energy-
consuming carbonization stage, which releases a large amount of environmentally harmful substances (phe-
nols, cresols, gaseous emissions, etc.). The ash content, bulk density, and average particle diameter are line-
arly related to the degree of burning during activation. However, it is necessary to consider the specifics of
the norms of sorbents for various purposes. Most of them require such parameters as grain size, total pore
volume in water, mass fraction of moisture, bulk density, and abrasion resistance.

The grade of coal should be considered when activating hard coal [4]. Bituminous coals with a high tar
and volatiles content, sinter or swell when heated, and therefore require pre-treatment. Another activation
process [5] for coals of the “bituminous C” class with a high content of volatiles and moisture is carried out
on grained raw materials, which are first subjected to drying and preliminary oxidation at 150-215 °C. An-
thracite, which contains significantly fewer volatiles, can be activated immediately under appropriate condi-
tions. To do this, anthracite is first crushed, the finely dispersed powder is briquetted with a binder, re-
crushed, and after sieving into fractions, it is subjected to carbonization and activation. Direct activation of
granular anthracite is difficult to implement and requires a long time in conventional rotary kilns. Low-grade
bituminous coals (fat coals) with a relatively high volatile content, which coke poorly and produce grains of
low strength, can also be used to produce activated carbons if crushed and washed with dilute mineral acid
(hydrochloric, sulfuric, or phosphoric). Then after drying, the grains are crushed, the powders are granulated
with binders, carbonized, and activated [6]. It is possible to activate the products of various stages of molded
coke production with gas [7]. Coal-based activated carbons are not produced in Central Kazakhstan. The
guality of the finished activated carbon depends on the correct set of technological parameters for the prepa-
ration of the initial material, activation modes. At present, the production of activated carbon is promising
due to the possibility of obtaining materials with a developed structure for solving various problems, includ-
ing protection of the biosphere from anthropogenic impact, in nuclear power engineering, and in modern de-
vices for energy storage and transmission. At the same time, the scale of the use of nanoporous carbon is lim-
ited by the rather high cost of materials. This leads to the search for new methods for obtaining carbon mate-
rials with the required set of properties from cheap types of raw materials, which is an urgent task for science
and industry [8]. For example, the cost of adsorbents is 450 times higher than the cost of raw materials with a
huge sales market, and the total world production of porous carbon materials is currently about 1 million
tons/year [9, 10].

With the high rates of development of heavy and light industry, motor transport entail an increasing
load on surface waters [11, 12]. The quality of some natural water sources is unacceptable for their use not
only for food purposes but also for technical needs. Hazardous organic substances, heavy metals, and radio-
nuclides may be present in water bodies. Such water is of poor quality and certainly needs to be cleaned. The
use of powdered activated carbon to capture mercury is actual for the Karaganda region (Nura river). In [13],
the porous carbon materials obtained from the coal of the Maikuben basin, the Shoptykol deposit (Kazakh-
stan), with a specific surface area (348.99 m?/g) were tested to treat waste sewage water taken from the SUC
“Astana Water Canal” (Nur-Sultan, Kazakhstan). Active carbon is the only type of sorbent that has a high
adsorption capacity when extracting toxic organic contaminants from water. All drinking water supply and
deep (below maximum permissible concentrations) wastewater treatment are based on the use of powdered
and granular activated carbons. For these purposes, 30 % of the global production of activated carbon is
spent.

According to experts, it is necessary to produce at least 0.5 kg of activated carbon per capita per year
for an environmentally safe and healthy lifestyle of people. This rate is undoubtedly higher in regions with
high environmental pollution (for the Republic of Kazakhstan, at least 7.5 thousand tons per year). The main
areas of use of carbon sorbents are associated with technological processes of adsorption purification, separa-
tion, isolation and concentration in gaseous and liquid media. Volatile organic compounds are the main pol-
lutants of various industrial installations [14-16]. Some volatile organic compounds, such as toluene vapor
released into the atmosphere as a result of their use, lead to serious environmental problems, therefore the
concentration of which should be reduced to low levels in the environment [17-19]. Adsorption by activated
carbon is one of the most common processes for the removal of volatile organic compounds, especially tolu-
ene from gaseous media [20, 21] and phenol from chemical wastewater [22].

In the world market, the main producer of activated carbon in the United States accounts for 34 % of
the annual production of this product category. Europe, with a share of 24 %, ranks second in terms of acti-
vated carbon production. Kazakhstan accounts for only 0.7 % of the global activated carbon production,
while Russia accounts for 2 % (Fig. 1).
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Demand for activated carbon is growing due to its usefulness as a carbonaceous material in the fight
against pollution. As a result, the cost of activated carbon rises depending on the application. The research of
scientists is carried out in the direction of searching for a raw material base for the production of activated
carbon for its low cost, availability, high carbon content and low ash content. The cost of coke breeze in the
Republic of Kazakhstan is 60-90 thousand tenge/t. Activated coals based on coal, depending on the brand,
cost from 800 thousand tenge/t. This indicates the need to organize their own production facilities for their
production.

Europe: 24%

China: 13%

USA: 34% Japan: 14%

Other Russia: 2%

countries: 12% Kazakhstan: 0,7%
Figure 1. Share distribution of the annual production of activated carbon by country

This paper aims to determine the possibility of using a low-value fraction of the coke production of
“Euromet” LLP (Karaganda, Kazakhstan) as a feedstock for the production of carbon sorbents.

Experimental

The object of the study was the coke breeze of the 0-10 mm class, which was subjected to crushing and
fractionation to a particle size of 2-5 mm. Activation of coke from Karaganda coal was carried out on a la-
boratory unit based on a high-temperature tube furnace with maximum heating of 1100 °C and a quartz reac-
tor. The amount of steam produced is controlled by the steam generator heater.

To work out the optimal conditions for obtaining active carbon, the feedstock was dried at a tempera-
ture of 120 °C for 3 hours, then 150-180 grams were loaded into the reactor, and, after connecting all sys-
tems, heating of the furnace was turned on. At 550—700 °C, the components absorbed during the quenching
of coke are removed. At a temperature of 800 °C, steam is supplied to the reactor from the steam generator.
After reaching the temperature of the set mode, activation continued for 1-2 hours, while the volatile sub-
stances condensed in the receiving flask cooled with water, and the resulting gases were removed carbon of
the studied coke. The temperature at which the process of interaction of water vapor with the carbon of the
coke under study begins was determined using GLC analysis on the “Crystallux 4000 M” (Research and
Production Association “MetaKhrom”, Russia) chromatograph. The relative average quadratic change in the
output signal for a detector of an accident chromatograph “Crystallux 4000 M” is no more than 2 %. The
accuracy of measurement results was estimated using a standard deviation (8) according to [23, 24]. The cor-
rection factor T is 2.7760 for a 95 % level of reliability (trust probability) of a series of 5 measurements. To
calculate the critical value F, the MS Excel program was used, where regression equations were obtained for
the indicators: burnt, ash content, bulk density, sorption capacity for iodine and methylene blue, total pore
volume for water, and structural strength.

250-300 g of dry coke with a grain size of 2-5 mm was placed in the reactor, the steam generator was
turned on and, after boiling water, the furnace was turned on. Activation temperatures were 750, 800 and
850 °C. The set time for heating the oven to the set temperature was 10 minutes; the duration of activation
was 60 and 120 minutes. At the end of the activation time, the heating and steam supply were stopped and,
after the reactor cooled down, the yield of the obtained sorbent, the degree of burning, and bulk density were
determined. The analysis of the obtained products was carried out according to the procedures [25].
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Results and Discussion
Table 1 shows the main indicators of coke breeze from “Euromet” LLP.

Tablel

Indicators of physico-chemical analysis of coke breeze from “Euromet” LLP

The name of indicators UM Medium
Mass fraction of carbon, C¢ % upto 84
Ash content on dry state, A® % upto 18.0
Mass fraction of total moisture % upto 5.0
Structural strength of dry coke % 78-82

According to the given parameters, coke breeze from the coals of “Euromet” LLP can be used as a raw
material for the production of carbon sorbents. Table 2 shows the data and test results from the laboratory of
“Coal Research and Development Center” LLP, characterizing the degree of coke activation for the “Eurom-
et” LLP coals in terms of its burning, ash content, bulk density, total pore volume in water, iodine and meth-
ylene blue activity.

Tables 2 and 3 demonstrate the boundaries of the confidence interval (+A) of the measured characteris-
tics of the “Euromet” LLP sorbent, determined considering the Student’s criterion.

Table 2
Conditions for obtaining and characteristics of the “Euromet” LLP sorbent
The mode for sorbent obtaining . 0 0 . 3

T oC duration of activation, hour Combustion loss, % Ash content, % Bulk density, g/dm

750 2 20.71+0.63 23.33+0.49 33044.5

800 1 20.90+0.32 24.04+0.50 333+4.3

800 2 22.00+0.42 24.75+0.51 335+4.2

850 1 23.11+0.49 25.78+0.54 338+3.9

850 2 34.76+0.49 29.82+0.45 339+3.8
Table 3

Conditions for obtaining and characteristics of the “Euromet” LLP sorbent

The mode for sorbent . .
obtaining Sorption capacity Total pore volume by
- - 3 Structural strength, %

o duration of activa- A Methylene blue, water, cm’/g

T,°C . for iodine, %
tion, hour mg/g

750 2 22.50+0.41 55+0.9 0.5258+0.0102 9.50+0.115
800 1 23.05+0.53 50+1.1 0.3533+0.0089 9.40+0.207
800 2 24.20+0.58 20+1.2 0.5975+0.0081 9.70+0.158
850 1 25.50+0.60 100+1.4154 0.5711+0.0167 9.60+0.207
850 2 27.94"+0.63 130+1.4 0.7501"+0.0086 9.80"+0.158

For the combustion loss index, the regression equation with different variations in the temperature and

time modes of coal processing (Table 2) is described by the following equation:
Y (combustion loss) = 0.1244T + 9.32t — 92.34. Q)

The coefficient of determination R-square is 0.83, the critical value F is 5.03, which is greater than the
significance criterion F, equal to 0.16, which confirms the significance of the burn value from the mode of
obtaining the sorbent. From equation (1), the amount of combustion loss increases linearly with increasing
temperature and duration of the process.

The following equation describes the regression equation for the ash content index from the temperature
and time modes of coal processing (Table 2):

Y (ash content) = 0.030902T + 3.00523t — 3.923233. 2
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In this case, the value of R-square is 0.15, the critical value of F is 0.18, which is less than the signifi-
cance criterion F, equal to 0.84, which indicates the significance of the value of the composition of the initial
coal, but does not depend on the mode of its processing. Analysis of equations (2) shows that the ash content
depends on the temperature and duration of the process, due to a decrease in the mass fraction of carbon.

The regression equation linking the obtained indicators for bulk density with different variations in the
temperature and time modes of coal processing (Table 2) is as follows:

Y (bulk density) = 0.144T + 1.4t — 471.4. 3)

The value of the R-square is 0.03, and the critical value F 0.03 is less than the significance criterion F
0.96, which also indicates the significance of the value of the composition of the initial coal, but does not
depend on the processing mode. An analysis of equation (3) shows that the bulk density value slightly de-
pends on the process temperature and increases with the length of the processing time.

A regression equation has been obtained that relates the obtained indicators for the iodine sorption ca-
pacity with different variations in the temperature and time modes of coal processing (Table 3):

Y (sorption capacity for iodine) = 0.05332T + 1.938t — 21.652. 4)

The R-square value is 0.96; the critical value F 25.19 is greater than the significance criterion F 0.03,
which indicates the significance of the indicator from the mode of obtaining the sorbent.

A regression equation was obtained that relates the obtained indicators for the sorption capacity for
methylene blue with different variations in the temperature and time modes of coal processing (Table 3):

Y (sorption capacity for methylene blue) = 0.8T + 13.33t — 598.333. (5)

The value of the R-square is 0.53, the critical value F 1.36 is greater than the significance criterion F
0.46, which indicates the significance of the indicator from the mode of obtaining the sorbent.

A regression equation has been obtained that relates the obtained indicators for the total pore volume in
water with different variations in the temperature and time regimes of coal processing (Table 3):

Y (total pore volume by water) = 0.002666T + 0.228907t — 1.96583. (6)

The R-square value is 0.93, the critical value F 13.68 is greater than the significance criterion F 0.06,
which indicates the significance of the indicator from the mode of obtaining the sorbent.

A regression equation has been obtained that relates the obtained indicators for structural strength with
different variations in the temperature and time modes of coal processing (Table 3):

Y (structural strength) = 0.0032T + 0.246667t — 6.613333. @)

The R-square value is 0.97, the critical value F 36.5 is greater than the significance criterion F 0.02,
which indicates the significance of the indicator from the mode of obtaining the sorbent.

Equations (4—7) show that the contribution of temperature to the increase in sorption capacity is signifi-
cant for the indicator of sorption capacity for iodine and methylene blue, and for indicators of the total pore
volume for water and structural strength, which will allow us to conclude that macropores in the sorbent in-
crease. The value of the sorption capacity for iodine increases with increasing temperature treatment, which
is consistent with theoretical ideas about the process.

Methylene blue activity indicates the AC surface formed by pores larger than 1.5 nm since the indicator
molecule is relatively large. Therefore, low activity indicators for iodine, which is adsorbed on the surface of
pores with a diameter significantly more than 1 nm, and methylene blue are not an indicator of the low quali-
ty of the carbon sorbent [26]. With a large specific surface, the proportion of thin pores increases, which do
not fit large molecules, for example, persistent organic pollutants such as phenols, aromatic and polyaromatic
hydrocarbons, etc. The results of sorption activity for iodine (MRTU No06-16-1003-67) [27] and clarifying
ability for methylene blue (GOST 4453-74) [28] showed that the optimal conditions for obtaining a sorbent
from coke breeze are: temperature 850 °C and activation time 2 hours. Properties of activated carbons de-
pend on the choice of the appropriate raw material, method, and activation conditions. At the same time, a
number of conditions can affect certain properties. Thus, the number and distribution of pore sizes depend, in
particular, on the nature of the raw material, type and conditions of the activation process. The formation of
gaseous products (Hz, CO, CO,, CH,) begins at a temperature of 670°C, which indicates the presence of wa-
ter vapor with the carbon of the coke breeze.

It is established that the exhaust gas contains hydrogen, carbon dioxide, methane, and carbon monoxide.
When carbon interacts with water vapor or carbon dioxide, the following reactions occur simultaneously
(Equations 8-10):
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H,0+C=CO+H, AH = +117 KJ; (8)
2H,0 + C = CO; + 2H, AH = +75 KJ; 9)
CO, +C =2C0O AH = +159 KJ. (10)

Table 4 shows the composition of gases obtained during the activation of coke breeze of “Euromet” LLP.

Table 4
The composition of the gas obtained during the activation of “Euromet” LLP coke breeze
Gas outlet mode
Gas T,°C T, min T,°C T, min T,°C T, min T,°C T, min
670 120 750 120 800 120 850 120
Ho> 50.33 55.23 59.08 53.7
0, - - - -
N2 0.780 0.80 0.95 0.95
CO2 18.90 20.40 15.43 10.74
CHg4 3.35 3.05 3.38 0.89
CO 17.42 20.52 21.16 33.72

Thus, a carbon sorbent with a high adsorbing property was obtained as a result of the high-temperature
process of activation of the coke breeze with water vapor on the basis of “Euromet” LLP (Karaganda, Ka-
zakhstan) coal.

Conclusions

Physical and chemical analyzes showed that a sample of coke breeze from “Euromet” LLP (Karaganda,
Kazakhstan) is a highly active carbonaceous material with high carbon and low ash content. The optimal
technological parameters for obtaining carbon sorbents from screenings of coke production at a laboratory
facility (temperature 850 °C and activation time 2 hours) were established. The conditions for coke breeze
activation and characteristics (combustion loss, ash content, bulk density, total pore volume in water, and
activity in terms of iodine and methylene blue) of the obtained sorbent were determined.
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3.M. MonpmaxmeroB, A.T. Opnabaesa, M.I'. MeiipamoB, A.M. Fazanues,
XK.C. llaiikenosa, I'.K. Myxksimesa, T.C. )KuBorosa

«EBpoMer» KIIC kokc YHTAFBIHAH KOMIPTEKTi COPOCHT ayry

Makanaza KypamblHOa KOMIpPTEri >KOFaphl, YIINa JKOHE KYJJAUIrT TOMEH KOMIPTEeKTi MaTepHay OOJBII
tabsumateiH  «EBpomer» JKIIC (Kaparangsl K.) KOKC YHTarbl YATICIHIH (QHU3MKa-XUMHSUIIBIK —Tajiay
HoTWKenepl kentipinreH. Kewiprekti copOentrep Kaparanabl OONBICHIHBIH KOKCXHMES —©OHAIPICIHIH
KapOOHM3AIMsIAHFaH MaTepHAIIAPBIHBIH a3 JHKBHATI (pakisuiapelHaH Oy-Ta3[apl aKTHBTEHAIPY OIiciMeH
anbIHABL. KanablKTapapl HaiiiaigaHyIbIH MaHbBI3Ibl apTHIKIIBUIBIFEL (YcakTayFa joHe 2-5MMm-re neilin
¢pakiusnayra ymbiparan 0—10 MM KiTacThl KOKC YCakTapbl) TEXHOJOTHSUIBIK MPOLECTEH JKOJOTHSUIBIK
3USHIBI 3aTTapablH Kem Meumepi (heHonaap, Kpe3ojmap, TIas3Topi3li IIbIFaphIHAbLIAp koHE T.0.)
IIBIFAPbUIATBIH KapOOHU3AIMSHBIH SHEPTUSIHBI BICBIPAIl €TETiH CaTBICBIH AJIBII TacTay OOJbIN TaObLIambl. A3
JIMKBU/TI KOKC YHTaFbIHaH COPOEHT aiyIblH OHTAMIIBI IIApTTapbhl aKTUBTEHIIPY yaKbITHl 2 caraT OOJFaH
ke3ne 850 °C temmeparypa Gombin TabbiIambl. Kemipreri copOeHTTepiHIH (QH3MKa-XUMHSIIBIK KacHeTTepi
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Z.M. Muldakhmetov, A.T. Ordabaeva et al.

(kysimiri, yHIHIUTK THIFBI3OBIFGL, HOJ KOHE KOK METWIICH OOMBIHINA COPOLHSIIBIK CHIABIMABUIBIFGI, CY
OOMBIHIIIA KEYEKTEPIiH XKHUBIHTBIK KOJIEM1) aHBIKTAJIbI.

Kinm ce30ep: KOKCTHI ycak-Tyiek, KeMip, COPOCHTTEp, aKTUBTEHAIPY, COPOLUSIBIK CHIMBIMIBLIBIK, KYIILTIK,
KYHAipy, YHIHIUIIK THIFBI3/IBIFEL

3.M. MynmaxmeroB, A.T. Opnabaesa, M.I'. MeilipamoB, A.M. I"azanues,
K.C. aiikenosa, I'.K. Mykymesa, T.C. J)KuBotoBa

[Hony4enune yriiepogHoro copoenra u3 kokcosoit mejiouu TOO «EBpomer»

B craTthe mpuBeneHB! pe3ynbTaThl (PU3MKO-XMMUYECKOT0 aHaiuu3a obpasua kokcoBoi memoun TOO «Espo-
MmeT» (1. Kaparanaa), npeacraBisioniero co0oi yriepoaucTelii MaTepHal ¢ BBICOKUM COJIEP)KaHHEM yTIepo-
Jia, OTCYTCTBHEM JICTYUHX BEIIECTB M HU3KOH 30JIbHOCTBIO. YTJICPOIHBIC COPOCHTHI OBUIH MOTYyYEHBI U3 Ma-
JIOMKBUHBIX QpaKIuil KapOOHU30BaHHBIX MAaTEPUAIOB KOKCOXMMHYECKOTO Npou3BoacTBa KaparananHcekoi
o0JlacTH METOJIOM IapOra30BOH aKTHUBAIMH. Ba)KHBEIM IPENMYIECTBOM HCIIOJIB30BaHUS OTCEBOB (KOKCOBAs
Menoub kinacca 0—10 MM, KoTopas mojBeprazack ApoOieHnIo 1 (pakIHOHUPOBAHHIO 0 KPYITHOCTH 2—5 MM)
SIBJIIETCSl MCKITIOUEHUE N3 TEXHOJOTMYECKOTo IpoIiecca YHepro3aTpaTHoil cTaguy KapOOHH3aINH, TIPH KO-
TOPOI1 BBIAEISAETCS OOJBIIOE KOINIECTBO SKOJIOTHIECKH BPEIHBIX BemlecTB ((peHOIbl, Kpe3osl, ra3o00pas-
HBIE BBIOPOCHI U T.1.). ONTHMAIBHBIM YCIOBHEM MOMYUYECHUS COPOCHTA U3 MAJIOJIMKBHIHON KOKCOBOM MEIIOYH
apasercsa Temneparypa 850°C npu BpeMenn axtupauuu 2 4. OnpeneneHsl (PU3HKO-XHMHYECKHE CBOMCTBA
(30JILHOCTB, HACBHINHAS IUIOTHOCTH, COPOLIMOHHAST EMKOCTH IO HO/ly ¥ [0 METHUJICHOBOMY rOJIyOOMY, CyMMap-
HBII 00BEM TIOP 110 BOJIE) YIIICPOJHBIX COPOCHTOB.

Kniouesvie crosa: KOKCOBasi MEJIOYb, YIIIH, COPOEHTHI, aKTHBAIIKS, COPOIIMOHHAs EMKOCTh, 30JIbHOCTD, 00rap,
HACBITHAS TUIOTHOCT.
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