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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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PROSPECTS FOR THE INTEGRATED USE
OF SLAG WASTES FROM FERROCHROME PRODUCTION
FOR HEAT-RESISTANT MATERIALS

Abstract. The research results of physicochemical and physicotechnical properties of slag wastes from
ferrochrome production as raw materials for heat-resistant materials are presented. Chemical and mineralogical
composition of slag from high-carbon ferrochrome production and slag from low-carbon ferrochrome production, as
well as their constituent main crystalline phases, represented by magnesium and calcium aluminosilicates of complex
composition, have been determined by physicochemical research methods. According to X-ray phase analysis, the
slag from the high-carbon ferrochrome production is represented mainly by forsterite Mg,SiO,, spinel MgAl,O,,
partially amorphous glass phase and admixture of calcium orthosilicate Ca,SiO,4. In the slag from the low-carbon
ferrochrome production, the main crystalline phase is calcium orthosilicate y-Ca,SiO,, as well as magnesium
orthosilicate forsterite Mg,SiO,4. The research results of specific surface area, average particle size determination and
sieve analysis have shown that the slag from the low-carbon ferrochrome production is a finely dispersed gray
powder with the following characteristics: the specific surface area — 295 m*/kg, the average particle size — 6.8 pm,
the true density — 3.01 g/em’, the bulk density — 739 kg/m’. The research of the physicochemical and
physicotechnical properties has established that in terms of chemical, mineralogical composition and refractoriness
indices, the slags from the high-carbon ferrochrome and low-carbon ferrochrome productions can be valuable raw
materials for heat-resistant materials.

Key words: slag wastes from high-carbon and low-carbon ferrochrome production, refractoriness, specific
surface area, calcium and magnesium orthosilicates, heat-resistant materials.

Introduction. There is no domestic production of fireclay refractory materials and products in mass
demand in Kazakhstan [1]. The need for heat-resistant materials and products is fully covered only by
imports from the CIS countries, primarily from Russia and Ukraine.

At the same time, there are various types of technogenic mineral raw materials in the republic, which,
with appropriate processing using special technologies and component compositions, can serve as
components for production of high-grade heat-resistant materials that are not inferior in their basic
properties to traditional fireclay heat-resistant materials.

In Kazakhstan, slag dumps of Aktobe Ferroalloy Plant of TNC Kazchrome JSC have accumulated
more than 15 million tons of slag wastes, of which 5 million tons are slags from production of high-carbon
ferrochrome, and about 8-9 million tons are dusty dispersed slag from production of low-carbon
ferrochrome.
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Costs for disposal of slag wastes and maintenance of slag dumps are a big economic and
environmental problem facing the enterprise. In the processing of slags from the production of
ferrochrome, the problem of ecological safety is no less important, since chromium is recognized as a
dangerous carcinogen [2, 3].

A distinctive feature of the slags from the production of ferrochrome is their refractory and heat-
resistant properties [4, 5].

The research of the physicochemical properties and mineralogical composition of slag wastes from
ferroalloy production made it possible to draw a conclusion about the possibility and expediency of their
use as components of heat-resistant binders and composite heat-resistant materials.

Considering refractory properties, in [6] it is proposed to use high-carbon ferrochrome slag as a
component of refractory materials. At the same time, it is proposed to use finely ground slag from
production of high-carbon ferrochrome and bag dust of gas cleaning from furnaces for high-carbon
ferrochrome production as raw materials for refractory brick manufacture.

At present, the slag of the current output high-carbon ferrochrome production is processed in the slag
processing shop, where the slag is crushed and residual metallic ferrochrome is extracted from it, and the
crushed slag is sold as crushed stone for road construction [7].

The low-carbon ferrochrome production annually produces over 200,000 tons of slag, which is sent to
the dumps of the enterprise.

According to the chemical and mineralogical characteristics, slags from the production of low-carbon
ferrochrome [8, 9, 10], characterized by a tendency to self-decomposition and transformation into fine
powder [11], are among the wastes of ferroalloy production.

Analysis of published works showed a small amount of research and proposed directions for the use
of the slag from the low-carbon ferrochrome production in foundries for self-hardening mixture
manufacture, as a raw material for cement production, in road construction as a mineral filler for asphalt
concrete preparation [12, 13].

Currently, development of effective types of composite binders from natural and technogenic mineral
raw materials is one of the urgent scientific, technical, economic and environmental problems [14-17].

Methods. The chemical analysis of the studied samples of the slags from the high-carbon
ferrochrome and low-carbon ferrochrome production was carried out according to the procedure adopted
for inorganic materials [18].

The X-ray phase analysis (XRA) of the slags was carried out using DRON-3 diffractometer with CuK,
radiation with a nickel filter. The speed of movement of the goniometer counter was 8 deg/min. The tube
voltage — 40 kV, the tube current — 20 mA.

The surface morphology research of the slag samples was carried out using JSM-6490LV scanning
electron microscope (JEOL, Japan), with which the elemental chemical composition was also determined
by the energy dispersive method.

The granulometric composition and the bulk density of the crushed and dispersed slags were
determined according to the method used in industry [19].

The specific surface area and the average particle size of the slags were determined by the method of
air permeability of dispersed materials using PSKh-K computer multifunctional device manufactured by
Ruspribor LLC (Russia).

The sieve analysis of the slag was carried out using “Analysette 3” vibrating sieving device from
FRITSCH (Germany).

The refractoriness of the slags was determined according to the standard procedure for refractory raw
materials [20].

Results and discussion. The results of determining the granulometric composition and the bulk
weight of the slags from the ferrochrome production according to the standard method are presented in
table 1.
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Table 1 — The granulometric composition and the bulk weight of the slags from the ferrochrome production

) Content of fractions in the ferrochrome slag, wt. %
Indicators
high-carbon low-carbon

Granulometric composition: 31.9 4.1
fraction of more than 5 mm 31.1 234
fraction of 3-5 mm 4.5 18.5
fraction of 2-3 mm 2.5 17.5
fraction of 1-3 mm 4.5 17.5
fraction of 0.5-1 mm 25.5 19.0
fraction of less than 0.5 mm 12.7 9.5
including fraction of 0.088-0.5 mm

fraction of less than 0.088 mm 12.7 9.5
Bulk weight, g/cm3 1.92 1.58

The average chemical composition and refractoriness indices of the slags from the high-carbon
ferrochrome and low-carbon ferrochrome production are presented in Table 2.

Table 2 — The chemical composition and refractoriness of the slags from the ferrochrome production

Content of oxides, %
Type of slag from the ferrochrome production Refractoriness, °C

CI‘203 MgO A1203 SIOZ CaO FeO

Slag from the high-carbon ferrochrome

. 5.1 43.1 17.8 | 312 | 24 | 1.1 1630
production

Slag from the low-car.bon ferrochrome 52 134 71 293 | 452 | 1.1 1360
production

The results of determining the mineralogical composition of the slags from the ferrochrome
production by the method of X-ray phase analysis are presented in Table 3.

Table 3 — The mineralogical composition of the slags from the ferrochrome production

Phase composition of minerals according to the X-ray phase
analysis
Mg,SiO, (main phase)
Slag from the high-carbon ferrochrome production (Mg, Fe) (AL, Cr),04
Ca,Si0, — admixture
Ca,Si0,4 (main phase)
Slag from the low-carbon ferrochrome production Mg,SiO,
(Mg, Fe) (AL, Cr),04

Type of slag from the ferrochrome production

According to the X-ray phase analysis, presented in figure 1, the mineralogical composition of the
slag from the high-carbon ferrochrome production is represented by the following main minerals:
forsterite Mg,SiO,4 (d=3.89, 3.48, 2.77, 2.27, 2.16, 1.75, 1.49 A), spinel MgAL,O,4 (d=4.81, 4.25, 2.47,
1.58 A), partially amorphous glass phase and impurity of calcium orthosilicate Ca,SiO,.

In this case, in the system MgO — Al,O5 — SiO,, the formation of spinel — forsterite solid solutions is
possible [21].

w
~
-

2.52

4.81
3.88
3.48
2.98
2.77
2.47
2.27
2.16
2.07
1.49
1.47

Figure 1 — Diffractogram of the slag from the high-carbon ferrochrome
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The diffractogram of the slag from the low-carbon ferrochrome production, shown in figure 2,
confirms the phases of calcium orthosilicate Ca,SiOy (basic phase) and forsterite Mig,SiO,.

The X-ray research of the slag from the low-carbon ferrochrome production showed that the main
crystalline phase in it is calcium orthosilicate y-Ca,SiO,4, and there is also a-Ca,SiO,4 phase, and magnesia
silicates in the form of magnesium orthosilicate — forsterite Mg,;SiOj.

The diffractogram of the slag (figure 2) shows the most intensive diffraction reflections with d = 3.81;
2.79;2.74; 1.88; 1.62 A correspond to y-Ca,SiO, phase.

The diffraction maxima with d = 2.71; 2.66, 1.72 A, obviously, are due to the presence of a-Ca,SiO,
in the slag. The presence of this crystalline phase in the slag indicates that the modification
transformations o — o'y — o'y — B — y did not occur completely, and a small amount of a-Ca,SiOy is
present in the system.

The presence of forsterite Mg,SiO, is indicated by the reflections with d = 3.81; 2.74; 2.66 A.

The research results of specific surface area, average particle size determination and sieve analysis
have shown that the slag from the low-carbon ferrochrome production is a finely dispersed gray powder
with the following characteristics: the specific surface area — 2955 cm?®/g, the average particle size —
6.8 um, the true density — 3.01 g/cm’, the bulk density — 739 kg/m’.

el
s
-
4y ~
~
- ~
o
| B2 - ™
| N o~
< L [v-]
Lag Bt 3
N. -

Figure 2 — Diffractogram of the slag from the low-carbon ferrochrome

The results of studying the surface morphology of the slag sample are shown in figure 3.3. The
surface of the studied slag sample has a polydisperse character, with both dusty particles and larger
particles in the form of detrital and fragmentary material present.

The research of the elemental chemical composition by the spectral analysis showed that the slag
composition is characterized by the content of Ca, Si, Mg, Cr, Al elements, which corresponds to the
mineralogical composition of the slag.

By the chemical composition, the slag can be referred to the main slags with the lime factor Mg = 2.16,
determined by the percentage ratio (%CaO+% MgO) / (%S10,+%Al,0;), with the low modulus of activity
Ma = 0.18, determined by the percentage ratio of the content of Al,O3 and SiO, in the slag.

The results of the physicochemical research have shown that minerals of the slags from the high-
carbon and low-carbon ferrochrome production, such as spinel MgAl,0,, as well as calcium orthosilicate
Ca,Si0,, and magnesium orthosilicate forsterite Mg,SiO4 have high refractoriness. So, the mineral larnite
Ca,Si0; is the most refractory slag mineral, it melts congruently at 2130°C, the mineral spinel MgAl,O,4
melts at 2105°C, and refractoriness of the mineral forsterite Mg,SiO4reaches 1900°C [22, 23].

Due to these specific properties, the slag from the low-carbon ferrochrome production can also be
used as a raw component of heat-resistant binders used in heat-resistant materials’ production.
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BnekTpoHHoe u3nbpakeHue 1

Cnektp 1

NMonHaa wkana 7301 wmn. Kypcop: 0.000 k3B

Figure 3 — The surface morphology and the elemental composition when scanning the slag sample
of low-carbon ferrochrome production

Conclusion. As a result of the research carried out on the physicochemical and physicotechnical
properties, it has been established that, in terms of chemical, mineralogical composition and refractoriness
indices, the slags from the high-carbon ferrochrome and low-carbon ferrochrome production can be
valuable raw materials for heat-resistant materials.

At the same time, the crushed slag from the high-carbon ferrochrome production, due to its chemical-
mineralogical composition and refractoriness, is recommended as a filler for heat-resistant materials.

The dusty self-disintegrating dispersed slag from the low-carbon ferrochrome production is a ready-
made component for heat-resistant binders, since when using this slag, the stage of its fine grinding can be
excluded.

T.C. Baxnpos’, B.C. IIpouenko’, M.C. /Iay;ieTusipos’,
H.C. Baxupos', B.E. Cepux6aes', K.H. Baskupopa'

M. Oyesos atbiHgarsl OHTYCTiK Kazakcran memnekertik yausepcureTi, [lIpimkent, Kasakcran;
2S’KpaMHa MEMJIEKETTIK XUMUSI-TEXHOJIOTUSIIBIK YHUBEpcuTeTi, J{Henp, Y kpanHa

®EPPOXPOM OHAIPICIHIH HIVIAK KAJIIBIFbIH BICTBIKKA TO3IM/I
MATEPHAIJAPFA KEHIEHAI KOJIJAHY MYMKIHAIT'T

Aunnortanus. Kazakcrana jkanmnai CYpaHbICKa Ue MAMOTThI BICTBIKKA TO3IMJI1I MaTepualiap MEeH OHIM eHJIipici
nmambIiMaraH. bIcTeikka Tesimai Matepuanmap MeH OyitsiMaapra kaxertitik TM/I ennepineH, eH angsiver Peceit meH
YkpanHagaH UMIIOPTIICH TOJBIKTAH KAMTaMachl3 eTiIe/I].

ConpiMeH Oipre, pecnyOnmKaza TEXHOTSHIIK MHHEpANAbl INMHKI3aTTBIH allyaH Typiepi Oap, olxap apHaiibl
TEXHOJIOTHSUIAp MEH KOMIIOHEHTTIK KYpaMbl KOJAaHy OapbhIChIHIA OHJEY apKblUIbl HETi3ri KacHeTTepi »KarblHaH
JIOCTYPJIi [IIAMOTTHI BICTBIKKA TO3IM/II MaTepHaagapAaH KeM TYCICHTIH JKOFaphl Camaiibl BICTBIKKA TO3IM/II MaTepHall
OHJIIpyre KbI3MET eTEe/Il.
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Kazakcranma «T¥K Kasxpom» AK Akrebe (eppokophITHa 3ayBITBIHBIH MDIaK YHIHAICIHIE 15 MHIUMOH
TOHHAJ@H acTaM MIIaK KaJABIKTAphl >KMHAAJIFaH, OHBIH 5 MHJUIMOH TOHHAJaH acTaMbl — JKOFapbl KOMIPTEKTi
(heppoxpoM eHipic mUIATHI, an maMaMeH 8-9 MIUIHOH TOHHACHI — a3 KOMIpTEKTi (eppoXpoM eHIIpiCiHIH maH
Topizai yHTaK nuiarsl. llImak KanablFbIH OpHANAcTBIPYyFa JKOHE CaKTayFa OaillaHBICTBI IIBIFBIH KOCIMOPBIHHBIH
MaHBI3/1bl 5KOHOMHKAJIBIK JKOHE 3KOJIOTHAJIBIK MACeIIeci OOJIBIN ecenTeNne .

DeppoKOphITIIA OHAIPICIHACTI IIIAK KAJIBIFBIHBIH (DH3UKO-XMMHUSIIBIK KACHETTEPI MEH MHHEPAIOTHSIIBIK
KYpPaMbIH 3€pTTCY OHBIH BICTHIKKA TO3IMIl OalIaHBICTBIPFBINI MEH KOMIIO3UTTI BICTHIKKA TO3IMII Marepuai
KOMITOHEHTTEp1 peTiH/e KOJIJaHy MYMKIH/IrT MEH THIMALIIT Typaibl KOPBITBIHIBI KacayFa MyYMKIHIIK Oep/i.

Kasipri ke3me jxorapbl KOMIPTEKTI (eppoxpoM eHIIpic ILIaKTaphl KaiTa eHJICY ILEeXbIHAa OHJCICIi, OHMa
IIJIAKTHI YCaKTall, oJlaH (peppoXpoM MeTalIbIHBIH KaJABIKTaphl aIbIHAIbI, ajl YCAKTaJIFaH IIIAK YKOJI KYPBUIBICH YIIiH
KUBIPIIBIK Tac peTiHje caTbuiaabl. Hamap kemiprekTi heppoxpom eHIipic IUIaKTaphl NaiaaaaHblIMaiIbl, all TOMEH
KeMipTeKTi (peppoxpoM eHIipici KbUI CaliblH KocimopsiH YiiHmiciHe kibepinerin 200 000 ToHHamaH acTaM IITaK
IIbIFapaibl.

Kazipri yakpITTa TEeXHOTSHIIK MHUHEpPAIIBl MIMKI3aTTaH BICTBIKKA TO3IMII Kypama OailaHBICTBIPFBIIITAPIBIH
THIMAI TYPiH JKacay — MaHBI3/IbI FUTBIMI-TEXHUKATBIK, SKOHOMHUKAIIBIK JKOHE SKOJIOTHSIIBIK MICENIeIepaiH Oipi.

Makanaga ¢eppoxpoM eHIIpiC MITaK KaJAbIKTapPBIHBIH BICTBIKKA TO3IMJII MaTepuaJapAblH IIHUKi 3aTTap
perinzie GU3NKa-XUMHSIIBIK KOHEe (HU3MKa-TEXHUKAIBIK 3ePTTEYNIEPiH HOTIXKeepl KenTipiireH. Ou3nuKa-XxuMHsIIbIK
3epTTey OHICTepIMEH KOMIPTEri MKOFaphl JKOHE KeMIpTeri TeMeH (eppoXpoM OHMIIPIC [UIATHIHBIH XHMHS-
MHUHEPAIOTHSIIBIK KYPaMbl JKOHE KYpIelsli KypamJbl MarHWi »oHe KalbLUi alOMOCHIMKATBIHAH TYpAaThIH HEri3ri
Kpuctaiasl (azangap aHbIKTaaFaH. PeHTreHodaszanslk Taigay OOMBIHIIA KOMIPTEri >KOFapbl (GeppoXpoM eHIIpic
marsiH popereputr Mg,SiO,, mmuuens MgAlLO,, kapTeutail aMopdThl IIBIHBL (a3a >KoHE KOCHabl KallbIUH
oprocuiukatsl Ca,Si04 Kypaiiapl. Kemipreri TemMeH (eppoXpoM eHAIPIiCiHIH IUIAK KYpaMblHAA HETi3Ti KPUCTaIIbI
(hazanap xanpiui oprocwimkathl Ca,SiO4 koHe MarHuii oprocwiaukarsl — (opcrepur Mg,SiO4. YiecTik OertiH,
OeJIIeKTiH OpTalla MeIIepiHiH aHbIKTaY, eNIEKTI Talay 3epTTey HOTIKEeNIepi KeMipTeri a3 GpeppoxpoM eHIIpiCiHIH
LIJIAK KaJIBIFBIHBIHA MbIHA/Al cHnaTTaMa Gepyre Gomaisl: yiectik Geti 295 cm/kr, oprama Gemmek Menmepi 6,8
MKM, LIBIHABI THEFB3ABIFEI 3,01 T/cM’, Vitiaren THIFBI3IBIEBI 739 Kr/M°, Cyp TYCTi YHTaK GONBIN CaHATATHIHBIH
KOPCETTI.

XuMmusUIbIK Kypambl OoibiHIIa 1uiakthiy (%0 CaO +% MgO) / (% SiO; +% AlyO3) nmailbl3apIK apakaTbIHACH
HETi31HJe aHBIKTANATBIH HeTi3ni Momyni Mo = 2.16 Herisri mmiak pertinge, an KypamsiHmarsl Al,O; xome SiO,
MOJIIIEPiHiH KaThIHACHI OOMBIHIIA aHbIKTaNaThIH MOy i Ma = 0,18 apKbuibl OeJICEHALIIr aJICi3 IUIAKTapFa KIKTeyre
6omazpl. XKyprizinreH Gpu3nka-XUMUSUIBIK JKoHE (H3MKA-TEXHUKAIBIK KACHETIH 3epTTey OOWBIHIIIA KOMIPTET] )KOFaphl
KOHE KeMipTeri TeMeH (eppoXpoM OHIIpPIC HIIAKTaphl XUMHUSUIBIK JKOHE MHHEPaJOTMsUIBIK KypaMmbl 9pi OTKa
TO3IMAUTIK KepceTKimTepi OOWBIHIIA BICTHIKKA TO3IMII MaTepUANIAPIBIH TOJBIKKAHIBI IIMKI 3aTTap peTiHIe
KOJIZTaHYbl MYMKiH.

Tyiiin ce3aep: KemipTeri »orapbl )koHe KeMipTeri TeMeH (heppoXpoM eHAIPICiHIH IITaK KaJIIBIKTaphl, OTKa
TO3IMLITIK, YJIeCTIK OeT, KaJbIHii )KoHE MaTHIH OPTOCHIINKATHI, BICTHIKKA TO3IMIII MaTepraiiap.

T.C. Baxnupos', B.C.IIponenxo”, M.C. Jlayaerusipos’,
H.C. Baxupos', B.E. Cepuxdaes', K.H. Baxuposa'

'FOsxH0-KasaxcrancKuii rocy1apcTBeH b1 yHuBepeuter uM. M. Ays3osa, Illsivkent, Kazaxcran;
2praI/IHCKHﬁ roCyAAapCTBEHHBIM XMMUKO-TEXHOJIOIMYECKUM yHUBEPCUTET, JJHUNpo, YKkpanHa

NEPCHEKTHUBbI KOMIUIEKCHOT'O HCITOJ/Ib30OBAHMSI IVIAKOBBIX OTXOJ0B
GEPPOXPOMOBOI'O NTIPOU3BOJACTBA IJIS1 KAPOCTOUKHUX MATEPHUAJIOB

Annoraunus. B Kazaxcrane oTCyTCTBYeT OTEUECTBEHHOE NMPOU3BOACTBO MUMEIOIIMX MACCOBBIM CIIPOC MIAMOT-
HBIX JKapOCTOHKHX MaTepuanoB W u3fenuil. [1oTpeOHOCTH B KApOCTOMKHX MaTepHajax W H3IENUSIX IOIHOCTBHIO
MOKpEIBaeTcs 3a cuet umnopra u3 crpad CHI', B mepByto ouepens n3 Poccnn u YkpanHsl.

B TO xe BpeMsi B peciyOJMKe UMEIOTCS Pa3IMYHbIE BH/bl TEXHOT€HHOTO MUHEPAIBHOTO CHIPhS, KOTOPBIE MIPU
COOTBETCTBYIOIIEH NepepaboTKe MO CHENUaTbHBIM TEXHOJIOTHAM M KOMIOHEHTHBIM COCTaBaM, MOTYT IOCIYXHTh
KOMITOHEHTaMH ISl IPOU3BOJICTBA MOHOLICHHBIX JKapOCTONKUX MAaTEpHaJIOB, HE yCTYHAMOLIUX 110 CBOMM OCHOBHBIM
CBOMCTBaM TpaJUIIMOHHBIM IAMOTHBIM X(apOCTOﬁKHM MaTepuajiaM.

B Kazaxcrane B nuiakoBbix oTtBanax AkTroOuHCKOro 3aBoja (eppocmiaBoB AO THK «Ka3zxpom» HakormieHo
Oosiee 15 MUTH TOHH HIIAKOBBIX OTXOJOB, U3 HUX OoJjiee 5 MIIH TOHH COCTaBJISIOT LIJIAKH NPOU3BOJICTBA BBICOKOYT-
JIEpOJMUCTOrO (eppoxpomMa, a OKOJO 8-9 MIIH TOHH COCTABIISET IBUICBHIHBIA JHCIEPCHBIM HIIAK MPOW3BOJCTBA
HHU3KOYIJIEPOJUCTOrO (heppoxpoma.

3arpaThl Ha pa3MelleHHE LUIAKOBBIX OTXOJOB U COJEp)KAaHWE MIIAKOBBIX OTBAJOB SBISIOTCS OOJBLION
SKOHOMHUYECKOH U IKOJIOTHIECKOH MPOOIIeMOH, CTOSIIEH Mepe] MPeIIpUSTHEM.
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W3zydeHne HU3MKO-XMMUYECKUX CBOMCTB M MHHEPAIOTHYECKOrO COCTaBa IIAKOBBIX OTXOZOB (eppOCIUIAaBHOIO
NPOU3BOACTBA TIO3BOJIMIIO CHENATh BBIBOJ O BO3MOXKHOCTH M LEJI€COO0OPAa3HOCTH HMX HCIIONb30BaHHS B KAueCTBE
KOMIIOHEHTOB JKapOCTOMKUX BSKYIMX M KOMIO3ULIMOHHBIX )KapOCTOWKUX MaTEpUAaJIOB.

B Hacrosmee BpeMs [UIAaK IPOU3BOACTBA  BBICOKOYIJICPOAUCTOrO  (heppoXpoMa TEKYIIEro BBIXOZA
nepepabaTbiBaeTCs B Iiexe M0 nepepaboTKe MIIAKOB, Te [UIAK JIPOOHMTCS M M3 HEro M3BJIEKAETCS OCTATOYHBIN
MeTaJUIMIEeCKUH (eppoXpoM, a IPOoOICHBIH MITaK MPOIaeTCs Kak Me0eHb I CTPOUTENLCTBA aBToopor [3].

[IInak mpou3BOACTBa HU3KOYIJIEPOAUCTOrO (heppoxpoma IpPaKTHYECKH HE HCHOJIB3YETCs, PU MPOM3BOICTBE
HU3KOYTJIEPOAUCTOr0 eppoxpomMa exeroqHo odpasyercs 6onee 200 000 TOHH IIaka, HAMPABIIEMOIO B OTBAJIbI
NPEAIPUATHA.

B Hacrosiee Bpemst pa3paboTrka 3pQeKTHBHBIX BHIOB KOMITO3UIMOHHBIX XKAPOCTOMKHX BSDKYLIMX MaTepHaIoB
13 TEXHOI'C€HHOTO MHHEPAIBHOIO CHIPbS SIBIISICTCS OJHOM AKTYaJIbHBIX HAayYHO-TEXHMYECKHUX, SKOHOMUYECKHX M
HKOJIOTUYECKUX IPOOIIEM.

B cratbe mpHBeneHBI pPE3yNBTATHl HCCICIOBAHMN (H3UKO-XMMHYECKUX M (H3MKO-TEXHHYECKUX CBOWCTB
IIJTAKOBBIX OTXOJOB (hDepPOXPOMOBOTO IPOM3BOJCTBA KaK CHIPbEBBIX KOMIIOHEHTOB IS )KAPOCTOMKUX MaTEepHaJIOB.
Meronamu (U3HKO-XUMUYECKAX HCCIIEIAOBAaHHUI OIpeesieHbl XUMUKO-MUHEPAIOIHYECKHI COCTaB IUIaKa IIPOU3-
BOJICTBA BBICOKOYTJIEPOAUCTOrO (heppoxpomMa M IIaKa MPOM3BOJCTBA HU3KOYITIEPOIUCTOTO (heppoxpoMa, a TakKe
COCTABJISIOLINE X OCHOBHBIE KpUCTAJUTMYECKHe (a3bl, IpecTaBIeHHbIe MAarHUEBBIMH U KaJIbLUEBBIMU aJIFOMOCHIIH-
KaTaMH CIIOXKHOTO cocTaBa. Ilo maHHBIM peHTreHo(a30BOro aHaIN3a, IUIAK MPOU3BOACTBA BBICOKOYIJIEPOAUCTOTO
(eppoxpoma mpencraBieH, B OCHOBHOM, QopcrepuroM Mg,SiO4, mmmuensio MgAlO4, yacTuyHo amopdHON
creknodasoil M TpuUMechio opTocwiamkara Kambius Ca,SiO;. B mutake mnpou3BOACTBA HHU3KOYTIIEPOIMCTOrO
(heppoxpomMa OCHOBHOW KpHUCTALIMYECKON (ha3oii ABJIsieTCS OpTocHIMKaT Kaiublus Y-Ca,SiOy, a TakKe OpTOCHIIMKAT
maraus gopcrepur Mg,SiO,. Pesynbrarsl nccnenoBaHuid yieIbHON NOBEPXHOCTH, OIPENENICHNSI CPEHET0 pa3Mepa
YaCTHIl M PE3yJIbTaThl CUTOBOTO aHAIM3a IOKa3alH, YTO IIJaK MPOM3BOJCTBA HHU3KOYTJIEPOIUCTOrO (eppoxpoma
NpeNCTaBsieT co00i TOHKOIUCIEPCHBIH MOPOIIOK CEpPOro LBETa CO CICAYOLIMMH XapaKTePHCTHKAMU: yIelbHas
0BepXHOCTH 295 M/KT, cpeHuii pasMep yacTuil 6,8 MKM, HCTHHHAS IUIOTHOCTH - 3,01 I/cM’, HACBINHAS MIOTHOCT -
739 kr/m’.

[lo xMMHYeCKOMY COCTaBy IIUIaK MOKHO OTHECTH K OCHOBHBIM ILIJIAKaM C MOJYJIEM OCHOBHOCTH Mg = 2,16,
ompejensieMbiM 1O MpoueHTHoMYy cooTHomeHuto (%Ca0 + %MgO) / (%Si0,+%Al,0;3), ¢ HU3KHM MoOJyieMm
aktuBHOCTH Ma = 0,18, onpeniesisieMbIM 10 MPOLICHTHOMY COOTHOIICHUIO cojieprkanus B nmuiake Al,O; u Si0,.

B pesynbraTe NpOBEAECHHBIX MCCIIENOBAHMNA (U3MKO-XMMHUYECKHX W (HU3MKO-TEXHMYECKUX CBOMCTB ycCTa-
HOBJICHO, YTO IO XUMHYCCKOMY, MHUHEPAJIOrMYECKOMY COCTaBy M IOKA3aTC/IAM OTIHCYNOPHOCTU NUJIAKH IIPOU3-
BOJICTBA BBICOKOYTJIEPOIUCTOr0 (heppoxpomMa M HU3KOYIJIEPOAUCTOTO (GeppoXpoMa MOTYT OBITh NMOJHOLEHHBIMH
CBIPBbEBBIMH PECYpPCaMHU IS )KaPOCTONKUX MaTEpPHaoB.

KiroueBble cJI0Ba: IIAKOBBIE OTXOABI IPOM3BOJCTBA BBICOKOYIJIEPOJMCTOrO M HHU3KOYTJIEPOJIHCTOrO
(heppoxpoma, OTHEYIOPHOCTb,y IelIbHAs TIOBPXHOCTh, OPTOCWIJIMKATHI KaIbLU U MarHusl, )KapoCTOWKNE MaTepUaIbL.
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