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EFFICIENCY OF APPLICATION OF ANTIPYROGENIC MATERIALS
FOR COATING COALS AND COKE

Purpose. Selection of the most effective anti-pyrogenic coating for stacks of coal and special coke during open storage to pre-
serve consumer properties.

Methodology. The methods of technological modeling and experimental studies are used.

Findings. Observations of physical changes in stacks covered with various flame retardant materials are conducted through field
and laboratory tests over time. Corresponding degrees of preservation of the initial state of the product when using certain coatings
are established. The most effective coatings were identified by changes in the technical and particle size parameters of coals and
special coke. Monitoring of temperature data in the depth of stacks confirmed a direct relationship between stack volumes and the
degree of oxidation processes.

Originality. For the first time, the dependences of the safety of fractions and technical parameters of Shubarkol coal and special
coke in stacks on the use of different flame retardants over time have been established. The obtained results on using polymeric
materials make it possible to create similar coatings from recycled materials and production wastes.

Practical value. The obtained laboratory results allow us to recommend certain anti-pyrogenic materials for use in production
operations on the basis of the Shubarkol and other coal industry enterprises. The development of polymer coatings from recycled

coke production will improve the environmental situation in the region.
Keywords: spontaneous combustion, coal storage, special coke, flame retardant, polymer coatings

Introduction. Practice has shown that during the storage of
coal in a number of deposits in Kazakhstan (Karaganda, Eki-
bastuz, Shubarkol, Sharynkol, Karazhyrinsk, Maykubensky
and others), oxidizing processes occur under certain condi-
tions leading to weathering and, in many cases, spontaneous
combustion [1]. This phenomenon causes serious environ-
mental and economic damage to enterprises engaged in coal
mining and processing. For more than 60 years, scientists of
the world have carried out significant theoretical and experi-
mental studies, which have significantly expanded knowledge
in the field of combating oxidative processes in mineral vol-
umes. Factors and processes occurring at the time of coal oxi-
dation are studied in many aspects, and nowadays scientific
research is more applied in nature, the desire of researchers is
aimed at the invention of effective means of preventing oxida-
tive processes, including spontaneous combustion of coal [2].
However, it should be noted that existing methods for solving
the problem of spontaneous combustion of coal either do not
give full efficiency, or violate the consumer properties of coal
and coke as a product.

The Republic of Kazakhstan has developed state standards
[3] and technical regulations [4] for the safe storage of coals of
various grades and classes, however, such fundamental recom-
mendations do not always solve storage problems when chang-
ing the technological process, therefore, developing enterpris-
es need to develop local control measures and prevent pro-
cesses of weathering and spontaneous combustion.

So, by the order of one of the enterprises of the Karaganda
region, a group of researchers from Karaganda State Univer-
sity studied the factors affecting the spontaneous combustion
of special coke when stored in closed containers and the
weathering of coal in open areas.

During the study, a number of experimental measure-
ments were carried out to develop further recommendations

© Drizhd N.A., Dauletzhanov A.Zh., Zamaliyev N. M., Dauletzha-
nova Zh.T., 2019

for the storage of coal and special coke at the facilities of the
enterprise in closed and open areas.

In developing the research methodology, the well-known
measures to prevent coal oxidation were considered, including
methods of heat removal, blocking oxygen access and the use
of flame retardant materials to cover stacks of coal and coke [5].

Thus, the article is devoted to the consideration of the ef-
fectiveness of the use of various anti-pyrogenic materials to
prevent weathering and spontaneous combustion of coal and
its processed products in the production conditions of the
Shubarkol deposit.

Research methods. When studying the factors affecting the
spontaneous combustion of special coke in closed bunkers and
the weathering of coal in open areas, laboratory studies of coal
and special coke were conducted.

Tracking changes in the initial physicochemical state of
stacks coated with various flame retardant materials over time,
in our opinion, is the most accurate way to observe the dynam-
ics of the destruction of the structure of coal, its self-heating
and identify the most effective flame retardant materials.

To carry out experimental studies on preventing weather-
ing and on the influence of methods and technologies that in-
crease shelf life on the storage safety and lumpiness of raw coal
and special coke produced by the KSTU working group,
47 stacks were formed and processed: 3 stacks of 50 tons each,
44 stacks of 12 tons each. Table below reflects only a list of the
stacks which, in our opinion, are of interest for review in this
article.

Similar coatings were used when laying stacks of special
coke made from test coal. Antipyrogens for use were selected
based on various scientific studies of domestic and foreign sci-
entists and taking into account the affinity of the climatic con-
ditions of the region.

It has been experimentally proved that the combustion of
solid fuel particles begins with the ignition of volatile substanc-
es. Those fuels that have the highest volatility yield and con-
tain the largest amount of oxygen and the least amount of car-
bon in the organic mass have a lower flash point. And, in turn,
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Table

Applied measures to prevent oxidation in stacks of run-of-mine coal of increased coarseness

Ne Applied measures Ne Applied measures
stack Closed-type warehouse stack (open-type warehouse)
1.1.1 | Control 1.2.1 | Control
1.1.2 | No application 1.2.2 | No application
1.1.3 | Coated Kapts — cement-mineral mixture 1.2.3 | Coated Kapts — cement-mineral mixture
1.1.4 | With “Teckflex” — polymer coating 1.2.4 | With “Teckflex” — polymer coating
1.1.5 | Coated with three-layer heat-resistant plastic film (Universal) 1.2.5 | Coated with three-layer heat-resistant plastic film (Universal)
1.1.6 | Using antipyrogen 3 % urea + 2 % calcium chloride 1.2.6 | Using antipyrogen 3 % urea + 2 % calcium chloride
1.1.7 | Using antipyrogen 5% lime milk + 4 % calcium chloride 1.2.7 | Using antipyrogen 5 % lime milk + 4 % calcium chloride
1.1.8 | Using antipyrogen 5 % liquid glass + 1 % surfactant (“Progress”) | 1.2.8 | Usingantipyrogen 5 % liquid glass + 1 % surfactant (“Progress”)
1.1.9 | Using antipyrogen 3 % ammonium sulfate + 3 % calcium 1.2.9 | Using antipyrogen 3 % ammonium sulfate + 3 % calcium
carbonate carbonate
1.1.10 | Using anti-pyrogen 10 % inert dust + phenolic water 1.2.10 | Using anti-pyrogen 10 % inert dust + phenolic water
1.2.11 | Geof Coated — Organic Mineral Resin
1.2.12 | “EcoFlex” Coated
1.2.13 | With “Teckflex-M” — polymer coating

the yield of volatile substances can be used to indicate the coke
carbonization yield, provides a basis for buying and selling to
consumers, or to give combustion characteristics [6].

In the course of observing changes in the state of stacks,
measurements and analyzes were periodically carried out on
such technical characteristics of coal and special coke as hu-
midity, ash and volatile substances, a theoretical calculation of
the content of fixed carbon and the calorific value of the prod-
uct as a relative indicator of the conservation of consumer
properties due to the reversibility of coal metamorphism due
to exposure oxygen and other environmental factors.

Thus, a change in the content of volatile substances and
fixed carbon over time storage of coal and special coke will in-
dicate the presence and speed of the oxidation process of the
product, and a comparison of the analysis results of stack sam-
ples coated with various materials demonstrate the effective-
ness of one or another flame retardant.

The yield of volatile substances, moisture, and ash of spe-
cial coke was determined using an Eltra Thermostep thermo-
gravimetric analyzer. Sample preparation is carried out as
usual, crushed to a fraction of 0.25 mm according to ASTM
D7582-15.

Tracking changes in the fractional state of coal over time is
also considered an objective indicator of coal weathering dur-
ing long-term storage in open areas, since the change can be
interpreted as a process of destructive processes due to coal
weathering. The analyzed coal belongs to the long-flame type
of coal and according to the fractional composition is ranked
as ordinary, thus conducting a sieve analysis of piles will objec-
tively demonstrate the effectiveness of a particular coating [7].

Along with particle size analysis in the field, the tempera-
ture of the stacks was taken, assuming that the intensity of the
oxidation processes can be tracked by the temperature differ-
ence under the same external conditions.

Temperature control was carried out using a thermometer
or thermocouple. A vertical control metal pipe with a diameter
of 50 mm was installed in the stack, the lower ends of which
were closed tightly and sharpened, and the upper ends were
closed with a wooden cork attached to the end of the pipe. A
thermometer (thermocouples) was suspended from a cork on a
cord, which descended into the pipe. Pipes in the stack were
installed at a distance of 1/4 of the height of the stack.

The effectiveness of the use of various means to reduce the
decomposition of coal is evaluated by determining the coal
coarseness in the processed stacks in comparison with a “con-
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trol” stack (with no cover). The same principle is used to esti-
mate efficiency by the class of 0—6 mm.

Results. Granulometric analysis. The relevance of the sieve
analysis is also justified by commercial demand, as according
to the manufacturer coal of a fraction from 0 to 6 mm is not
commercially attractive to consumers of municipal coal, and
therefore an analytical review of the data was aimed at assess-
ing the growth of this fractional group.

Sieve analysis and particle size distribution were carried
out according to GOST 2093-82 [8]. A sample amount taken
for analysis depends on the desired fraction size and ranged
from several kilograms to 150 kilograms of analyzed coal. The
error in determining the yield of size classes was 2.7 %.

The analysis was performed on site in the immediate vicin-
ity of the stacks being tested. And fractions to be tested are
0-3, 3—6, 6—13, 13—25, 25—-50, 50—100 and 100—300 mm.

Despite various fractions estimated during test perfor-
mance changes in the fractional compositions of 0—6 and
50—300 mm are considered as indicative for the research,
since a decrease in the content of fineness of 50—300 mm and
an increase in the number of particles of size 0—6 mm have a
clear expression of oxidative processes. Changes in particles
within sizes from 6 to 300 mm are not so detrimental to the
production and sale of the product; however, monitoring the
trend and slowing down the destructive processes in this range
will make it possible to predict trends in the deterioration of
coal quality.

As shown in the diagrams (Figs. 1—4), according to the
criterion for the growth of the fractional composition 0—6 mm,
1.1.3, 1.1.4, 1.1.5, 1.2.3, 1.2.4, 1.2.5 were the most promising
for a further assessment of the application , similarly, positive
dynamics is tracked on the same stacks, but for sieves in sizes
from 50—300 mm, namely, a smaller degree of destruction of
large particles is observed.

Comparison of the absolute difference in the fractional
state of each stack with the value of the weathered coal fraction
from the control stack (highlighted in yellow) indicates the
performance grade of anti-pyrogen. This approach allows us to
identify the most effective anti-pyrogenic mixtures and coat-
ings.

From overview of above diagrams, the following flame re-
tardants demonstrated technical effectiveness: Kapts coa-
ting — cement-mineral mixture, Teckflex — polymer coating,
three-layer heat-resistant polyethylene film coating (Univer-
sal), flame retardant (5 % water glass + 1 % surfactant (Prog-
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ress), flame retardant (10 % inert dust + phenolic water.) The
listed flame retardants and coatings were shown to be effective
in closed and open warehouse types applying to different class-
es of coals.

Based on the values of the sieve analysis, the greatest posi-
tive effect among the materials listed above is observed for the
Teckflex polymer coating and three-layer polyethylene film.

Technical analysis. The analysis was carried out in the lab-
oratory of methane energy of the mining and metallurgical
complex of KSTU with 10 parallel measurement repetitions
per sample. The result of averaged data on coal and special
coke is given below (Figs. 5—7).

Analytical work was carried out in accordance with the
standards ST RK ISO 17246-2009 and ASTM D7582-15. Test
results precision is evaluated within 2—3 %, which was also
taken into account when comparing similar results. Due to the
fact that the analysis was carried out 10 times with each sam-
ple, a difference of 3 % was taken as incomparable and ne-
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glected in case of comparison with control stacks. Overview
diagrams are shown in Figs. 5—7 (the yellow fill is applied to
the control stacks of the same volume as the test ones; the red
fill is applied to the stacks showing a negative effect relative to
the control; the green fill is applied to the stacks showing the
positive dynamics relative to the control stack).

A significant increase in ash content is observed in all open
warehouses, when the components of the technical analysis in
closed warehouses remained almost unchanged, with the ex-
ception of the stack covered with a cement-mineral mixture.
Despite the positive result demonstrated in the sieve analysis,
it can be concluded that the mixture is not a rational solution,
especially in seasons with a high probability of rainfall.

Similar analyzes were carried out on stacks of special coke
with slightly different criteria for evaluating the effectiveness of
anti-pyrogenic materials [9].

The data obtained from a technical analysis of control
stacks of the special coke confirms a decrease in the calorific
value with time, which indicates the ongoing processes of oxi-
dation. In turn, the difference in calorific value decreases with
increasing coarseness of the special coke fractions, which also
confirms the stability of large particles to the weathering of
coal.

Since calorie count was considered according to the meth-
od proposed by R. A. Sukhanov and G. P. Sidorova [10], it was
necessary to objectively take into account all the physico-
chemical parameters, including humidity and ash content,
which is difficult with the open-type storage of coal and coke
used at the customer’s production site.

Among the anti-pyrogenic materials, stacks coated with
Techflex-polymer coating and three-layer film resulted with
the highest caloric values. However, stacks 1.1.1, 2.1 (control
stack of coal with fine particles) and 3.1 (control stack of pow-
er-generating coal) also showed a significant increase in vola-
tile compounds. We believe this is due to the nature and com-
position of the coating polymer, since with the stable caloric
values, the detected volatile substances cannot be of coal ori-
gin. In general, in their series, stacks showed a high carbon
content.

Temperature control. In most cases, oxidative processes
are exothermic reactions and externally, these processes can be
fixed and controlled by monitoring changes in the temperature
of the studied medium. These actions can be carried out both
with a conventional thermometer and with more automated
sensors such as a thermal imager and thermocouples with
electronic displays (Figs. 8—9).

During the monitoring period from October 2017 to April
2018, critical temperatures were not recorded on the stacks
studied; however, a maximum difference of 10 °C was observed
in the stack of the control 50 ton stack in December 2017,
which leads to the conclusion that the volume of stacks studied
(12 tons) cannot be perceived objectively to track the heat of

Temperature inside a stack

Fig. 8. Temperature measurement of a stack coated with a
three-layer film

Temperature inside a stack

Fig. 9. Temperature measurement of a stack of polymer coa-
ted — “Techflex-M”

exothermic reactions of coal oxidation, since growth and
changes of 1-2 °C cannot be interpreted within the measure-
ment error. As well as technical and sieve analyzes demon-
strate the objectivity of choosing the size of the stacks to inter-
pret the effectiveness of a particular stack, while reproducing
typical storage in the domestic conditions.

However, according to the diagram (Fig. 10), during the
research period, a significant difference is observed in the
reading of temperatures between stacks of open and closed
storages, which reaches max 10 °C. These data allow us to con-
clude that open storage stacks are exposed to oxygen more,
although they do not reach critical temperatures even at con-
trol stacks.

Conclusions. Thus, in the case of prevention of weathering
of coals and self-heating of special coke at the production sites
of the Shubarkol deposit, the highest efficiency was demon-
strated by antipyrogenic materials of polymer origin.

Polymer coatings or polyethylene films made it possible to
preserve the integrity and energy value of products without in-
creasing ash content due to the absence of inorganic impurities
in their composition. However, the economics of applying a
polymer coating is not an example of rationality and requires
studying the application or developing cheaper analogues as
technology for processing secondary raw materials or by-
products of coal coking. For example, Phenolic water resulting
from coking on Shubarkol coal is a real environmental prob-
lem that must be neutralized in any case could be applied as a
raw material for the synthesis of polymers at the production
site.

This seems perspective to apply three-layer polyethylene
film in various forms which appears as an effective coating and
packaging material in transportation and storage of coal and its
derivatives. The production of so-called bugs for transporta-
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tion, storage of coal and products will ensure both product
safety and mobility when using certain volumes.
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EdexkTuBHicTh BUKOPHCTAHHS AHTUITIPOr€HHUX
MaTepiaJiB 1 MOKPUTTS BYTJLISA TA CHENKOKCY
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XK. T. layremacanosa

PecnyOsikaHCchKe nep>KaBHE MiAMPUEMCTBO Ha MpaBi rocro-
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Merta. [1in6ip Hait6inbI e(eKTUBHOIO aHTUITIPOT€HHOTO
MOKPUTTS Ui TabesiB BYTiJLISL Ta CIIELIKOKCY MPU BiKpU-
TOMY 30epiraHHi aJist 30epexXeHHs CITOXMBUYMX BIACTUBOCTEN.

MeTtonuka. BukopucraHi MeToau TEXHOJIOTIYHOTO MOJIE-
JIIOBaHHSI Ta EKCIIEPUMEHTAIbHUX JOCIiIKEHb.

Pesyabratu. [IpoBeneHi cnocrepexxeHHs Di3UYHUX 3MiH
1ITa0deJIiB i3 IJIMHOM 4Yacy, MTOKPUTUX PI3HUMU aHTUITIPOTeH-
HUMM MaTepiajamMu, IJISIXOM ITPOBEICHHS MOJbOBUX i J1a00-
paTOpHUX BUIIPOOYBaHb. YCTaHOBJIEHI BiAIOBiIHI Mipu 30e-
peXeHHSI MEPBUHHOTO CTaHy MPOAYKTY MPU BUKOPUCTaHHI
MEBHUX MOKPUTTIB. 3a 3MiHOIO TEXHIUHUX, rPaHyJIOMETPUY-

HUMX TapaMeTpiB BYTiLIsI Ta CIIELIKOKCY BUSIBIEHI HANOiIbII
e(eKTUBHI MOKPUTTS. MOHITOPUHT TeMIIEpAaTyPHUX JAHUX Y
MIMOWHI 1mITabesiB MiATBEPAUB MPSIMY 3aJ€XHICTh OOCSATIB
mTabesiB i CTYIMeHsT OKMCIIIOBAIbHUX MTPOIIECiB.

HayxoBa HoBM3HA. YTiepliie BCTAHOBJIEHI 3aJI€5KHOCTI 30e-
pexeHHsT (pakiiit i TexHiyHUx mapamerpiB Lllybapkosb-
CBKOTO BYTIJUISI Ta CTIIEIKOKCY Y IITAa0esIX Bill 3aCTOCYBaHHS
Pi3HUX aHTUITIPOreHiB i3 IIMHOM 4yacy. OTpuMaHi pe3yJibTa-
TH 3 BUKOPUCTaHHSI TTOJIMEPHUX MaTepialiB Tal0Th MOXKJIA-
BIiCTb CTBOPEHHSI CXOXMX MTOKPUTTIB i3 BTOPMHHOI CUPOBUHU
Ta BiIXO/iB BUPOOHMIITBA.

IIpakTiyna 3HaummicTh. OTpUMaHi pe3yabTaTu Jadbopa-
TOPHUX TOCIIXKEHb NO3BOJISIIOTh PEKOMEHIYBATH MEBHI aH-
TUITIPOT€HHI MaTepiasu 11 BUKOPUCTAHHS Y BUPOOHUYMX
ornepauisgx Ha 06a3i LlyGapkoiabChbKOro Ta iHIIMX MiANpPU-
€MCTB BYTiJIbHOI rajy3i. Po3po0ka rojiiMepHUX MOKPUTTIB i3
BTOPUHHOI CUPOBUHU KOKCOBOTO BUPOOHMIITBA TTOJIIIINTH
€KOJIOTIYHY CUTYALIil0 B PETiOHi.

KiouoBi cnoBa: camosaiimanns, 36epieants 6yeiins, cney-
KOKC, GHMURNIPO2EH, NOAIMEPHI NOKpUMMS

D heKTUBHOCTh NMPUMEHEHNS
AHTUNMPOTE€HHbIX MATEPUAJIOB /11 MOKPBITHS
yrjei U crnemKokca

H. A. llpuxco, A. K. llaynemucanos, H. M. 3amanues,
XK. T. laynemacanosa

PecnybiimkaHCcKoe TocyIapCcTBEHHOE TIPEATIPUSITAE Ha TIpaBe
XO3SIACTBEHHOTO BefeHus ,, KaparaHInHCKUIA rOCy1apCTBEH-
HBII TeXHUYeCKUil yHuBepcuteT™, 1. Kaparanma, Pecriyomiu-
ka Kazaxcran, e-mail: ipk-kargtu@kstu.kz

eas. [Tondop Handoaee 3(h(HeKTUBHOTO AaHTUITUPOTEH -
HOTO TIOKPBITHUSA [IJIsT IITabeIeil yriei 1 Creikokca mpu OT-
KPBITOM XpaHEHUM I COXPaHEHUS] MOTPEOUTETbCKUX
CBOICTB.

Metoauka. Mcroyib30BaHbl METOIBI TEXHOJIOTMYECKOTO
MOJIEJTMPOBAHUS Y SKCTIEPUMEHTATbHBIX UCCIICIOBAHMIA.

Pesynbratnl. [1poBeneHbl HaGMoneHUST (DU3NIESCKUX U3-
MEHEHUI 1ITabeneil ¢ TedeHueM BPeMEHU, TTOKPBITBIX pa3-
JIMYHBIMU aHTUITMPOTEHHBIMU MaTepuajaMu, IyTeM MpoBe-
JIEHUSI TIOJIEBBIX 1 TAOOPATOPHBIX UCTIBITAHUINA. Y CTaHOBJICHBI
COOTBETCTBYIOIIME CTENEHU COXPAHHOCTH TMEPBUYHOIO CO-
CTOSTHUSI MPOAYKTA MPU UCTIOJb30BAaHUM OMPECeIEHHBIX TT0-
KpbITHii. [10 U3MEHEHUSIM TEXHUUYECKUX, TPaHyJIOMeTpruIe-
CKHUX TTapaMeTPOB yIJIel U CITeIIKOKCa BBISIBJIEHbI Hanbosee
3¢ @eKTUBHBIE MOKPBHITUS. MOHUTOPUHT TEeMIIEPaTypHbBIX
JNIAaHHBIX B IIyOMHE Ta0eseil MOATBepAWII TIPSIMYIO 3aBUCH -
MOCTb OOBEMOB IITaGENICi U CTENeHN OKUCIUTEIbHBIX TTPO-
11eCCOB.

Hayunas noBusHa. BriepBble yCcTaHOBJICHBI 3aBUCUMOCTHU
COXpaHHOCTH (ppakLMii U TeXHMYeCKUX TapameTpoB Lllybap-
KOJIBCKOTO YIJI M CITELIKOKCA B INTA0ENIX OT MPUMEHEHMS
Ppa3HbIX aHTUITMPOTEHOB ¢ TeYeHUeM BpeMeHu. [TonyuyeHHbIe
pe3yJIbTaThl TT0 MCITOIb30BAHUIO MOJMMEPHBIX MaTepUaioB
JIal0T BO3MOXHOCTb CO3MaHMS TTOXOXUX MOKPBITUI 13 BTO-
PUYHOTO CBHIPbSI K OTXOJOB IPOU3BOICTBA.

IIpakTnyeckas 3HaummMocTb. [losyyeHHbIEe pe3ybTaThl Ja-
GOpaTOPHBIX UCCIICIOBAHUI TTO3BOJITIOT PEKOMEHIOBATH OIIPE-
JIeJIEHHbIE aHTUTTMPOTEHHBIE MaTepUaIbl Il MCTIOJIb30BaHUs
B ITPOM3BOACTBEHHBIX Olfepanysx Ha 6a3e LllyGapKoabcKoro u
MHBIX TIPEANPUITUI yrojibHOM oTpaciu. Pa3paboTka mou-
MEPHBIX TIOKPBITHII 13 BTOPUYHOTO ChIPhsi KOKCOBOTO TTPOM3-
BOJICTBA YJIYYILUT 3KOJOTMYECKYIO CUTYALIMIO B PETUOHE.

KioueBble ciioBa: camososzeopanue, Xxpanenue yeneil, cney-
KOKC, aHmMUunupozeH, noauMepHole NOKPbIMus
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