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Synthesis of a composite material based on coal mining waste
using wave chemistry methods

Studies for developing composite materials based on coal waste in combination with coal and polymer raw
materials under the influence of ultrasound have been carried out within the framework of creating effective
and environmentally friendly technologies for the deep processing of coal waste and the production of new
valuable import-substituting chemical products for various purposes. Burned rocks (BR) are used as a filler in
the composite material that is a product of oxidative self-firing of waste rock extracted along with coal to the
surface. Sodium humate (HNa) obtained by alkaline extraction from oxidized coals from the Shubarkol deposit
was used as a modifier. A polymer was introduced into the matrix to increase the chemical resistance and
increase the life cycle of the composite material. Polystyrene was used as a polymer in the matrix of the com-
posite material. The choice of polystyrene is due to its widespread application in construction, medicine, and
food industry as well as its ease of processing. It is distinguished by high rigidity, hardness and excellent trans-
parency values. Composite material was obtained by the traditional method of impregnation using ultrasonic ex-
posure. By varying the composition of the matrix and the filler, a composite material was obtained properties
of which were quantitatively and qualitatively different from the properties of each of its components. The
X-ray phase composition of new composite materials was studied on a DRON-2.0 diffractometer using Co(Ka)
radiation. Microscopic analysis was performed using a scanning electron microscope to study the surface mor-
phology of the synthesized composite. The resulting composite can be used as a building material.

Keywords: burnt rock, sodium humate, ultrasound, polymerization, reaction initiator, styrene, polystyrene,
composite material.

Introduction

Questions on the creation of efficient and environmentally friendly technologies for the deep processing
of coal waste and the production of new, valuable import-substituting multi-purpose chemical products that
are globally competitive are promising and relevant. Burnt rocks that are products of oxidative self-firing of
waste rock extracted along with coal to the surface should be considered as an important object of study. Every
year in Kazakhstan, about 40 million cubic meters of burnt rock are produced with the underground mining of
coal deposits, which are stored in dumps of various shapes and sizes, occupying a large area of land, polluting
the air basin and adversely affecting the environment.

Burned rock of coal deposits, resulting from natural self-firing, should be attributed to promising minerals
that can be used as raw materials for processing into various products. The disposal of such wastes and the
development of methods for obtaining industrially important products on their basis are of current importance
for the Republic of Kazakhstan.

The scope and properties of burned rocks are determined by the conditions of formation, namely the
composition of the mineral part and the firing temperature. The importance of burnt rocks as a raw material
for processing into various products of construction and filtration purposes is confirmed by significant foreign
experience [1-5]. Burnt rocks can be used in the production of binding materials in addition to the construction
industry [6, 7]. High adsorption activity and adhesion with organic binders allow their use in asphalt and pol-
ymer compositions. Burned rock has a ceramic nature and can also be used in the production of heat-resistant
concretes and porous aggregates. Some burnt rocks have a lower average density, which allows their use as
aggregates for light mortars and concretes [8, 9].

Currently, there is a considerable interest in research related to the development of new methods for
producing composite materials based on coal mining waste and polymer raw materials using ultrasonic expo-
sure and the study of their properties.
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The combination of coal waste with polymers leads to the creation of new composite materials those
properties are quantitatively and qualitatively different from the properties of each of its components. By var-
ying the composition of the matrix and filler, one can get a wide range of materials with the desired set of
properties. Therefore, many composite materials are superior to traditional materials in their mechanical prop-
erties. It should be noted that very little attention has been paid to the development of composite materials
based on burnt rocks with synthetic polymers. One of the most important problems arising from the creation
of such composites is associated with the need for a uniform distribution of the polymer matrix. Improvement
of the technology of synthesis of composite materials allows the use of ultrasound (US).

The method for producing new multi-purpose composite materials based on coal mining waste and pol-
ymer raw materials using ultrasonic activation has been developed in order to improve chemical resistance,
reduce porosity, increase density, water resistance, as well as to improve the strength and deformative indica-
tors. In this regard, it is advisable to develop composite materials based on burnt rocks in combination with
coal and polymer raw materials under the influence of ultrasound. Such work with such objects has not been
described yet in the literature.

Experimental

Polystyrene (PS) was used as a polymer to create a composite material. Pure styrene CsHsCH=CH, was
used to obtain polystyrene, which is a colorless transparent liquid, with boiling point 145.2 °C and refractive
index n*%=1.5468. The polymerization of styrene was carried out by a block method in the absence of a sol-
vent, where only monomer and initiator were present in the reaction medium. The initiator used was benzoyl
peroxide, the content of which ranged from 0.1 % by weight of styrene. The polymerization process was car-
ried out at a temperature of 80 °C for 1 hour. There was formed yellowish mass, soluble in benzene, insoluble
in water and ethanol. The polymer yield was 48.02 %.

Burned rocks (BR) were used as filler in composite materials that is a product of oxidative self-firing of
waste rocks extracted along with coal to the surface modified by the modifier.

Sodium humate obtained by the method of alkaline extraction from oxidized coal from the Shubarkol
deposit was used as a modifier. Characteristics of HNa are as follows: Y COOH + OH — 4.5 mEq/g,
>COOH — 3.0-3.5 mEqg/g, A — 13-15 %, W* — 10-12 %, nitrogen content — less than 1 % [10].

The ultrasound unit IL.-100-6/2 with a maximum power of 1200 W and a cylindrical waveguide was used
as an ultrasound source. The device was equipped with an ultrasonic IL-10 generator with a magnetostrictive
transducer with an operating frequency of 22 kHz.

Composite material composition polystyrene-burnt rock-sodium humate (PS+BR+HNa, 2:1:1) was syn-
thesized as follows. The objects of study were obtained by the traditional method of impregnation of filler
(burnt rock) with a modifier solution (sodium humate) of a given concentration under the influence of ultra-
sonic treatment for 10 minutes (ultrasound frequency 22 kHz). Next, the mixture was left for impregnation for
24 hours. The composite was dried in a stream of air at 80 °C for 4 hours after impregnation. The resulting
composite material composition (BR+HNa, 1: 1) was further impregnated with hot styrene at a ratio: polysty-
rene — burnt rock — sodium humate (PS+BR+HNa) that was equal to 2:1:1.

The surface modification of the burned rock was carried out by the methods of impregnation with modi-
fier water solutions at a ratio of BR+HNa (Solid:Liquid = 2:1, 1:1 and 1:2) at 25 °C, holding suspensions for
1 day, and also under ultrasound conditions radiation, ultrasonic processing time was 0—15 minutes. The con-
trol of reactions of modification of the burning rock was carried out by the methods of IR-spectroscopy.

X-ray phase analysis was used to identify mineralogical composition of burnt rock. Phase composition
of composites was studied using diffractometer DRON-2.0 with Co(Ka)-radiation L =1,7902 A in interval
10°-90° (20), velocity of counter rotation was 2 grad/min, /=10 mA, U=30 kV.

Scanning electron microscope MIRA-3 by TESCAN was used for microscopic analysis to study mor-
phology of the composite synthesized.

Results and Discussion

Burnt rocks from the dumps of the mine named after Gorbachev, Karaganda region were used in the
work. The burned rocks extracted from the mine’s waste heaps are a brick-red fissured, comminuted stones,
and washed away with plenty of water to eliminate carbonaceous and other inorganic impurities. The physico-
chemical characteristics of the burnt rock are presented in Table 1.
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Burned rock parameters

Table 1

. Bulk specific . Water Mechanical strength, %
3 [}
Sample Density, kg/m weight, kg/m? Porosity, % absorption, % Grindability Abrasion
Burnt rocks 2.66 1000 15 5.2 3.7 0.4

Burnt rock used has the following chemical composition, namely silicon (59 %), aluminum (25 %),
iron (45 %), potassium, calcium, magnesium up to 2 %, sodium, titanium, and phosphorus up to 1 %. The
composition of burned rocks includes valuable natural cement that is the result of burning of limestone and
clay in the process of burning coal.

Modification was carried out using sodium humate based on oxidized coals from the Shubarkol deposit
in order to improve the technical parameters and reduce the porosity of the burned rock. The effectiveness of
sodium humate as chemical and structural modifiers for the filler is due to the peculiarities of its molecular
structure, polyfunctionality, the ability to various chemical reactions, as well as donor-acceptor and hydropho-
bic interactions. The method is based on the immobilization of humate in the porous structure of the burnt rock
using ultrasonic dispersion.

The optimal ratio of the initial components is the 1:1 ratio and the optimal ultrasound treatment time is
10 minutes. Ultrasonic processing allows achieving a uniform distribution of sodium humate over the entire
volume of the rock. The results of silicate analysis of the impregnation of the burnt rock with sodium humate
solution of a given concentration under the influence of ultrasonic treatment for 10 minutes showed that ultra-
sound promoted the change in the content of silicon and aluminum oxides in composites. Thus, under the
influence of US in composites, the content of silicon oxides was significantly reduced (58 %) and the content
of aluminum oxides (28 %) increased, which significantly reduced the silicate module in comparison with the
module of the initial burnt rock. Upon obtaining the composite BR+HNa removal of oxides of iron, titanium,
phosphorus and calcium in the filtrate was observed. The content of exchangeable sodium increased signifi-
cantly. At the same time, the composites were enriched with calcium and magnesium ions, iron and potassium
ions went to the filtrate.

The main disadvantage of composite material (BR+HNa) is its poor chemical resistance when operating
in real conditions, when the material is influenced by many factors, namely temperature, aggressive environ-
ment, mechanical loads, etc. One way to increase the life cycle of composites is to impregnate the surface of a
material with polymers and epoxy resins.

We used polystyrene as a polymer in the composite material. The choice of polystyrene is due to its
widespread use in construction, medicine, food industry, electrical engineering as well as its ease of processing.
Being a rather fragile material, it is distinguished by high rigidity, hardness and excellent transparency values.
The main features of polystyrene include lightness, good mechanical properties and low cost compared with
other polymers. Polystyrene is relatively low heat resistant, but very water resistant and frost resistant and has
exceptional electrical insulating properties. It has the greatest application in the electrical industry. Recently
its use has been expanding for the manufacture of building products and materials, in particular in the manu-
facture of concrete products with improved quality indicators, the so-called polymer concrete.

Composite material of polystyrene-burnt sodium-humate rock was obtained by the traditional impregna-
tion method of a modified modifier (sodium humate) of a given concentration under the influence of ultrasound
of the filler (burnt rock) with a hot polystyrene solution at a ratio: polystyrene-burnt sodium-humate rock
(PS+BR+HNa) that was equal to 2:1:1 and 3:2:1. When cooled, the composite mass hardens. The results of
the study are shown in Table 2.

Table 2
Effect of various factors on the yields of composites (PS+BR+HNa)

Composite Ratio (L:S:S) US, min Yield, %
0 87.40
2:1:1
PS+BR+HNa 10 80.48
3941 0 79.58
- 10 72.20
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Among composites PS+BR+HNa = 2:1:1 and PS+BR+HNa = 3:2:1 the composition of PS+BR+HNa =
=2:1:1 (US) is the most promising. Ultrasonic pre-treatment of burnt rock with sodium humate provides a
tighter binding between the components. The low content of sodium humate (1/4 of the mass in comparison
with the composition of PS+BR+HNa = 3:2:1, where the content of sodium humate is 1/6 of the mass) reduces
the chemical resistance of the composite.
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a — the original burning rock; b — the composite BR+tHNa=1:1 (US=10 min);
¢ — the composite PS+BR+HNa=2:1:1 (US=10 min)

Figure 1. Radiograph

The inorganic part of burned rocks was represented by feldspar minerals, quartz magnetite and hematite
according to X-ray phase analysis (XRA). The main component is a-SiO, quartz. The heights are indexed in
the interplanar spacing for composite PS+HNa (US), namely d=2.11 A, d=2.32 A (hematite), d=3.03 A
(calcite), d=3.33 A, d=3.48 A (microcline), d=3.57 A, d=4.36 A. The main component is a-quartz SiO,
with d=2.11 A, d=3.33 A, d=4.36 A. The heights are indexed in the interplanar spacing for composite
PS+BR+HNa (US), namely d=1.82A, d=2.12A, d=220A, d=252A, d=286A, d=3.11A,
d=335A, d=4.09A, d=424 A. The main component is a-quartz SiO, with d=1.82 A, d=2.12 A,
d=335A, d=4.09A, d=424 A. a-Fe;0;4 is converted into y-Fe;Os in the range of 2.52 A, y-Fe;O3 —
d=220A,d=2.68A,d=3.11 A and FeO-AL,Os (microcline) with d = 2.86 A.

The results of the study of the synthesized composite (PS+BR+HNa=2:1:1) surface morphology are
shown in Figure 2.

b—x20,100 ¢ — x210,000

Figure 2. Microphotographs of composite PS+BR+HNa = 2:1:1 (US = 10 min)

Pictures of the PS+BR+HNa composite produced by US (Fig. 2) show a rough surface, which consists of
two distinct structures, namely darker substrates and lighter inhomogeneous grains that are 10—11 microns in
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size. Lighter grains rise and have an irregular structure. Troughs and elevations are distinguishable in both
structures. An increase of 24,200 times (Fig. 2b) shows a part of a dark substrate, which looks like consisting
of smoother and more uniform growths with rounded edges, and grainy-like rounded protrusions that are
1-2 um in size are also distinguishable on them. A further increase (Fig. 2¢) gives a flat and homogeneous,
although not devoid of roughness, surface. The grain is almost completely absent; there are extremely small
protrusions, the dimensions of which are much less than a micron, which testifies to the positive influence of
the US on the distribution in the composite of components.

Conclusions

Thus, a new composite material was developed using the methods of ultrasonic exposure. By varying the
composition of the matrix and filler, the mechanical strength of the composite has been increased. Microscopic
analysis was performed using a scanning electron microscope MIRA-3 to study the surface morphology of the
composite synthesized. The results of the mapping of the elemental composition of the obtained composites
fully confirm their composition. The phase composition of new composite materials was studied on a DRON-
2.0 diffractometer using Co(Ka) radiation. The resulting composite can be used as a building material.

The work was done with the financial support of the Ministry of Education and Science of the Republic
of Kazakhstan on the target program No. BR05236438 «Development of the scientific foundations of high-tech
and resource-saving technologies for producing multifunctional materials based on natural, synthetic raw
materials and coal processing wastey.
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A.X. Kakuna, E.Il. Bacuneu, O.B. Apur, A.H. Axxonraii,
A.M. I'azanues, 3.M. Mynagaxmeros, C.O. Kenxxetaera

ToakpIHABI XUMHUSI ICTEPIH NaliAaTaHy APKbLIbI KOMip eHAipy
KAJI/ILIKTAPbIHBIH HeTi3iHAe KOMIO3UIHSIBIK MATEPHAJAbI CHHTE31ey

KeMip eHzipy KaJIBIKTapbIH TEPEH OHJICY XKOHE KOI MaKcaTTa KOJIJaHyFa apHaJIFaH jkaHa KYH/Ibl MMIIOpTall-
MAaCTBIPAThIH XUMHMSUIBIK OHIMIEpi OHAIpY GOMBIHIIA THIMI JKOHE SKOJIOTMSUIBIK Kayillci3 TEXHOIOTUsIIap bl
KYpy asCBIHAA yIbTPAABIOBICTEIH dCepPiMEH KOMip JKoHE ITOJIMMeEp IIUKi3aThIMEH Oipre TIpKeCTIKTe KOMip oH-
Jipy KaJIbIKTaphl HETi31HIe KOMIIO3UTTIK MaTepHanaap/bsl a3ipirey OoibIHIIa 3epTTeyep xyprizingi. Kommo-
3HUTTIK MaTepuai KypaMbIH/a TOITHIPFBIN PeTiHAe MOAU(GHUKATOpMEH MOAN(HKAIMUIaHFaH, KoMipMeH Oipre
yKep OeTiHe IIBIFapbLIaThIH, O0C JKBIHBICTAP/IBI TOTHIKTBIPFBIII O3AIriHEH KYHIIPy ©HIMI — KaHFBIII KBIHBIC
KonnaneUFaH. Moaudukarop perinae [1lydapkes keH OpHBIHBIH TOTBIKKAH KOMIPiHEH CUITiNI SKCTPAKIHs i~
ciMeH OemiHreH HaTpHi T'yMaThl KONIAHBULABL. XHUMHAIBIK TO3IMIUTIKTI KOFaphlIaTy >kKOHE KOMIO3UTTIK
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MaTepHAIIBIH OMIPIIK LMKITIH apTThIpy YIIiH MaTpHLa KypamblHa HonuMep eHrisinreH. Ilomaumep perinzae
KOMIIO3MTTIK MaTepHall MaTPULIAChIH/A MOJIMCTUPOI KOJIJaHbULIbI. [TonucTHpoabl Tanaay OHBI OHJICY Kapa-
HaiibIM/IBUTBIFBIHBIH aPKAChIH/Ia KYPBUIBICTA, MEAULIMHA/A, TAMAK OHEPKACiOiH/e KeHIHEH KOJIaHyFa Heri3ien-
reH. O XOFapbl KATTHUIBIFBL, OEpIKTIT] XKoHe MOJIAIPIIKTIH TaMalla KepceTKimTepiMeH epekmieneni. Kommo-
3HUTTI MaTepHall YIbTPagbIOBICTHIK 9Cep/Ii NaliiallaHa OTHIPHII, JOCTYPIIi CIHAIPY daiciMeH ansiHFaH. Marpuma
MeEH TOJITBHIPFBIIITHIH KYPaMBIH TYPJICHAIPE OTHIPHII, KACHETTePi OHBIH opOip Kypam/ac KaCHeTTepiHeH CaHbIK
JKOHE CamajbIK KarblHaH epPeKIIEIeHeTiH KOMIIO3UTTI MaTepHall anbHIbl. JKaHa KOMIIO3UTTIK MaTepHanaap-
IbIH peHTreno¢asasik kypamsl JJPOH-2,0 nudpaxromerpinge Co(Ka)-coynenenyai naiaaana oThIpbII, 3epT-
tenai. CHHTE3/IeNIreH KOMIIO3UT OCTiHiH MOP(OJIOTUsICHIH 3epTTey YIIIH PacTpibIK dISKTPOHIBIK MHKPOC-
KONTHI KOJIAAHY apKbLIbl MUKPOCKOMUSUIBIK TaJAAy KYPTi3iadi. ANBIHFaH KOMIO3UTTI KYPBUIBIC MaTEepPHAbl
peTtinzae naiigananyra 6omazpl.

Kinm coe30ep: »aHFBINI )XbIHBIC, HATPUIl TYMATHI, YIBTPABIOBIC, TOJUMEPH3ALSIIAY, PEAKIIN HHALIMATOPHI,
CTHPOJI, OJIUCTHPOJI, KOMIIO3UTTI MaTepuail.

A.X. Kakuna, E.I1. Bacuneu, O.B. Apur, A.H. Axxonraii,
A.M. I'azanues, 3.M. Mynagaxmeros, C.O. Kenxxetaera

Cunres KOMIIO3UIIMOHHOI'0O MaTepuajia Ha OCHOBE 0TX0/10B yI‘JIe,Z[06bI‘{l/I
¢ HCIOJIb30BAHNEM METOA0B BOJTHOBOW XUMMH

B pamkax co3manus 3h(HeKTHBHBIX U SKOJOTHYECKH OE30IaCHBIX TEXHOJIOTHH 10 riTy6oKoi nepepaboTke OT-
XOJIOB YTIIe00BIYN U IIPOU3BOJICTBY HOBOH IIEHHOW MMITOPTO3aMEIIAIoNed XUMIIECKON POTYKIIMH MHOTO-
L[eJICBOTO Ha3HAUCHUSI IPOBEICHEI HCCIICIOBAHMS 110 Pa3pabOTKe KOMITO3UTHBIX MaTepHaIoB Ha OCHOBE OTXO-
JIOB yTJIe00BIYY, B COUSTAHHUH C YTONEHBIM H ITOJIMMEPHBIM CBIPbEM TI0/ BO3/ISHCTBHEM YIIbTpa3ByKa. B kade-
CTBE HAIIOJIHUTEISI B COCTaBE KOMIIO3UTHOTO MaTepyraja UCIOIb30BaHa ropernas mopojia — MPOIYKT OKUCIIH-
TEBHOTO CaMOOOXKHTa IyCTHIX TIOPOJI, U3BJIEKAEMBIX BMECTE C YIJIEM Ha IOBEPXHOCTH, MOAU(DHITIPOBAHHAS
MozudukaTopom. B kauecTBe MomuduKaTOpa HCHOIB30BaH T'yMaT HATPHS, BbIICICHHBII METO/IOM IIEI0YHON
SKCTPAKIMU U3 OKUCIIEHHBIX yriei Lllybapkoabckoro MmectopoxaeHus. st HOBBIIEHUs] XUMHUYECKOI CTOM-
KOCTH M YBEIMYEHHs KH3HEHHOTO I[HKJIAa KOMIIO3UTHOTO MaTepuala B COCTaB MAaTPUIIbI BBEJEH monumep. B
KauecTBE MOJIMMEPa B MaTPHIE KOMIIO3UTHOTO MaTepHana HCIOJIb30BaH MOMUCTHPOI. Beibop mommicTrpona
00YCIIOBJICH €r0 MIMPOKUM IPUMEHEHHEM B CTPOUTENILCTBE, MEAUIIMHE, UIIEBON MPOMBIIIIEHHOCTH OJ1aro-
Japst IpocTore nepepaboTku. Ero oTnM4aoT BEICOKast )KECTKOCTh, TBEPAOCTh M OTJIMYHBIE ITOKA3aTeN!u Mpo-
3pagHocTH. KOoMIIO3NTHEII MaTepHal MoTydeH TPaAUIMOHHBIM METOIOM IIPONUTKU C UCIIOIb30BAHUEM YJIb-
TPa3BYKOBOTO BO3/eicTBHS. Bapbupys cocTaB MaTpHIBl M HAIIOJHUTES, TOJIy4YeH KOMIIO3UTHBIA MaTepua,
CBOIfCTBAa KOTOPOTO KOJMYIECTBEHHO M KAUECTBEHHO OTIMYAIOTCS OT CBOMCTB KaX/JJOTO U3 €T0 COCTABIAIOIINX.
Pentrenoda3oBeiii cocTaB HOBBIX KOMIIO3UTHBIX MaTepHaJioB n3ydeH Ha qudpakromerpe JJPOH-2,0 ¢ ncromns-
3oBanueM Co(Ka)-m3myuenns. st n3ydenns Mop¢hoIOruu MOBEPXHOCTH CHHTE3UPOBAHHOTO KOMIIO3UTA TPO-
BEJICH MUKPOCKOIINYECKHI aHaN3 C MCIOJIb30BAHUEM PACTPOBOTO 3JIEKTPOHHOTO MUKpOocKona. [TomydeHnsrit
KOMIIO3UT MOJKET OBITh UCIIOIB30BaH B KAYECTBE CTPOUTEIHHOTO MaTepHuala.

Karouesvie cnosa: ropenas nopojia, rymar HaTpus, yJIbTPa3BYK, MOJIMMEPU3ALINS, HHUIIMATOP PEAKIIUU, CTUPOJL,
MOJIUCTUPOJT, KOMITO3UTHBIN MaTepual.
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