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The methods of improving the technology of Portland cement production
with the use of Western Kazakhstan local raw materials and industrial wastes

In this paper, one of the most rapidly developing branches in the construction industry in the Republic of
Kazakhstan Portland cement production has been examined. In this connection, the main properties of the
constituent components for producing Portland cement based on local raw materials in Western Kazakhstan
have been studied. The technological burning process of Portland cement clinker has been made and their
X-ray phase analysis has been carried out. The cement obtained main characteristics have been determined in
order to assess its quality. The technological process of obtaining Portland cement with the use of local raw
materials and the addition of pyritic cinders and carbon black has been organized. It has been established that
the introduction of technical carbon and pyrite cinders in Portland cement has a positive effect on the rheolog-
ical properties, as well as on the increase in the strength characteristics of Portland cement. The economic
value has been estimated and the profitability of Portland cement production in the West Kazakhstan region
has been calculated. An improved technology for the production of Portland cement including the use of local
raw materials with the addition of pyritic cinders of more than 2 % and technical carbon in an amount of up to
3 % has been proposed.
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One of the key directions of the country’s industrial and innovative progress is the development of the
chemical industry, which has been repeatedly emphasized by the President of the country N.A. Nazarbayev
during the annual Addresses to the people of Kazakhstan [1]. Today, the chemical industry in Kazakhstan is
becoming an important issue, which is directly related to the construction industry. Technology of produc-
tion of building silicate materials is of a significant importance in the modern industry, which is one of the
areas that cement industry is involved. Nowadays cement production in Kazakhstan is not sufficiently devel-
oped, so our country buys cement mainly from the Russian Federation, which is the main supplier of cement
to the Republic of Kazakhstan. In turn, West Kazakhstan remains almost with no supplies of domestic prod-
ucts, so the need for cement in the Western region is almost completely satisfied by import. In this regard,
the use of available technologies and the full provision of the region with cement produced by means of local
raw materials remains relevant. Currently, Portland cement is widely used among many types of cement. It is
a well-known fact that, the main components in the production of Portland cement are carbonate raw materi-
als, aluminosilicate clay rocks, and additives [2].

It was of interest to study the physico-chemical properties of the constituent components to obtain Port-
land cement based on local raw materials and industrial wastes. Clays of the Pogodaevsk and Taskalinsky
deposits, flask of the Taskalinsky deposit and the limestone of the Melovye Gorki deposit (West Kazakhstan
region) were taken as raw materials in order to implement experimental studies. Chemical and physico-
chemical methods have been used to determine physico-chemical characteristics [3].
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After the researches and calculations carried out the technological process of production of Portland
cement clinker and Portland cement, including extraction of local raw materials, their crushing, drying,
grinding, firing clinker in a rotary furnace, cooling clinker, grinding and obtaining cement was fulfilled. One
of the promising methods, namely, X-ray phase analysis has been used to control the quality of the clinker
obtained, which allows determining the qualitative and quantitative composition of the clinker with high ac-
curacy. Loss on ignition, fineness of grinding, setting time, insoluble residue content, and strength of Port-
land cement were determined to assess the quality of the Portland cement obtained.

Earlier, we have studied the chemical composition of raw materials and concluded that the limestone of
the deposit of the Melovye Gorki, clay and flask of the Taskalinsky field was expedient for use in Portland
cement production. We have set the following mineralogical composition of Portland cement: C;S — 51 %;
CoS — 29 %; C3A — 9 % and C4AF — 11 %. At the same time, we accept that the sum of these basic min-
erals is 100 %. We give the chemical compositions of the raw material after bringing the sum of oxides
SiOz+A1203+FCzO3+CaO to 100 % (Table)

Table
Chemical composition of the raw material after demonstration
of the sum of oxides Si0,+Al,0;+Fe;0;+CaO to 100 %

Materials Si0, AlO; Fe,O3 CaO Total
Limestone 0.3 0.7 0.2 98.8 100.0
Taskalinsky clay deposit 54.7 44.4 0.4 0.5 100.0
Pogadaevsk clay deposit 51.9 45.5 2.0 0.6 100.0
Flask 83.2 10.6 4.4 1.8 100.0
Cinder 15.0 6.3 71.7 1.0 100.0

Based on the mineralogical composition given, the chemical composition of Portland cement clinker in
the main oxides was determined:

Si0, =0.3x514+0.3x29 = 24.0 %;

A1,0; =0.4x9+0.2x11 = 5.8 %;

Fe,0O; =0.3x11=3.3 %;

CaO =0.7x51+0.7%x29+0.6x9+0.5x11 = 66.9 %.

A wide range of different additives is widely used in the technology of Portland cement production.
One of these additives is carbon black, which is a waste of chemical industries, unutilized reserves of which
cause irreparable harm to the environment [4, 5]. Figure 1 shows the technological process for the production
of Portland cement. The technological process of obtaining Portland cement with the use of local raw materi-
als and the addition of pyritic cinders (wastes of sulfuric acid production) and carbon black were carried out.
The introduction of pyrite cinder reduced the clinker sintering temperature by 50—100 °C, and the addition of
carbon black allowed increasing the activity of Portland cement. Cinder and technical carbon in the amount
of 3 %, which allows increasing technological efficiency and environmental safety, were added in order to
improve the technology. The X-ray phase analysis was performed on a D2 Phaser Bruker powder
diffractometer in order to determine the quality of the Portland cement clinker [6]. The phase composition of
the clinker using clay of the Taskalinsky deposit is shown in Figure 2.

The X-ray diffraction pattern obtained as a result of the survey is a broken line with sharp peaks-
diffraction reflections. The X-ray diffraction was carried out using the software DIFRAC.EVA (Bruker).
From the Figures 2 and 3 it can be seen that minerals such as tricalcium silicate 3CaO-SiO, (alite), dicalcium
silicate 2Ca0-SiO, (belite), tricalcium aluminate 3Ca0O-Al,Os, and quartet 4CaO-Al,O5°Fe,0; alumoferrite
are present in the clinker composition. The identification of the phase is considered sufficiently reliable,
since there are at least three of the most intense diffraction reflections of the phase on the roentgenogram.
Thus, the composition of the clinker obtained is consistent with the literature data [7] and corresponds to the
composition of Portland cement clinker, which contains four basic minerals.

The main characteristics of Portland cement obtained were determined, namely, loss on ignition, fine-
ness of grinding, setting time, content of insoluble residue and strength of Portland cement. The results of the
research showed that the Portland cement parameters determined with the use of the Taskalinsky clay for all
characteristics met the requirements of State Standards [8—10] and had improved properties compared to
Portland cement with the use of clay of the Pogodaev deposit. In terms of material composition, cements ob-
tained are of the CEM II / A-K Portland cement type with additives up to 20 %. The results of the research
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have shown that the compressive strength of Portland cement with the use of the clay of the Taskalinsky de-
posit meets the requirements of State Standard [9], corresponds to the M300 grade and has improved proper-
ties compared to Portland cement with the use of clay of the Pogodaev deposit.
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Figure 1. Technological scheme of Portland cement production
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Figure 2. Phase composition of the clinker (using clay of the Taskalinsky deposit)
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Figure 3. Phase composition of clinker (using clay of the Pogodaev deposit)

Based on the results of the research, we propose an advanced technology for the production of Portland
cement, including the use of local raw materials (Limestone of the Melovye Gorki, clay and trough of the
Taskalinsky deposit) with the addition of pyritic cinder more than 2 % and carbon black in quantities of up to
3 %. The introduction of pyritic cinders provides reducing the clinker sintering temperature and reducing
energy costs. The introduction of carbon black as an additive allowed increasing the activity of cement, as
well as to obtain an environmental effect. The economic efficiency of production of Portland cement of local
origin in the West Kazakhstan region has been estimated. The profitability of production has been calculated
and it has been established that the profit of this technology covers all necessary costs for production and
makes up 9891.4 thousand tenge per year. In this way, the expediency of using the clay and the flask of the
Taskalinsky deposit, the limestone of the Melovye Gorki deposit as a raw material with the addition of pyrite
cinders and carbon black in Portland cement production technology has been established.
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B.A. Bypaxta, A.M. Jlxxy6ananueBa, C.C. CataeBa

Bartbic KazakcTaHHBIH KePrilikTi MIUKI3aThl MeH OHAIPiC KATABIKTAPbIHBIH
KOJIJAHYBbIMEH NMOPT/JIAHALEMEHT OHipici TEXHOJIOTUsICBIHBIH KeTLIAIPY daicTepi

Maxkanana Kasakcran PecnyOnukackl KypbUIBIC HHAYCTPHSACHIHBIH KApKbIHIBI JaMbIll KeJle JKaTKaH
OarbITTapbIHBIH 0ipi — NOpPTIAHALEMEHT e©HAipici KapacTolppurraH. Ocblran OaifmaHbeIcTEl  Batsic
KazakcTaHHBIH XKeprilikTi MUKi3aThl HETi31HIE ajJbIHFaH IMOPTIaHALEMEHTTIH Kypamaac KOMIOHEHTTEpiHiH
HeTi3ri Kacuerrepi 3eprrenii. [lopTiaHAleMeHTTI KIMHKEPIIH KYHIIpy TEeXHOJIOTHSUIBIK IIPOILECi Ky3ere
aCHIPBUIBIN, OJAPJBIH PEHTTeHO(DA3AIBIK TalJaybl JKYPri3iuimi. AJNBIHFAH MOPTIAHIIEMEHTTIH CalachlH
Oaranay YVIIIH OHBIH HETi3ri cHUOarramaiapbl aHbIKTaNAbl. JKeprimikTi MIMKi3aT NEeH NUPUT KYJiHIH
KOJIIaHYbIMEH MOPTIAHJUEMEHT aly TEXHOJOTMSUIBIK Ipoleci icke achippuirad. IlopTiaHIueMeHTKe
TEXHHUKAJIBIK KOMIPTEK )KOHE IUPUT KYJIH KOCY apKbUIbl OHBIH PEOJIOTHSIBIK KAaCHETTEpiHE OH ocep eTim,
COHJIali-aK MOPTIAHALEMEHTTIH OepIKTIK KaCHEeTiH apTThIpaThIHbI aHbIKTANAbL. baTeic Kazakcran 00bICHIHBIH
JKEPTUTIKTI  IIBIKKAH TOPTIAHANEMEHT OHIIPICIHIH SKOHOMHKAJBIK THIMAUITT  OaFamaHgsl  KOHE
penTabenpainiri ecenrreni. JKeprimikri mukizar 2 % acraM DUPHT KyJIi skoHE 3 % MeIIepin/e TeXHUKAIIBIK
KOMIPTEKTi KOCYIbI KapacTHIPATHIH ITOPTIAHALIEMEHT OHIIPICIHIH XKETUIIPINTeH TeXHOIOTHACH YCHIHBUIBL

Kinm c93c)ep.' cas, OIlIOKa, 9KTacC, IMUPUT KYJ'Ii, TEXHUKAJIBIK KeMipTeK, KIIMHKEP, NOPTIaHAUEMEHT.

B.A. Bypaxta, A.M. JIxxy6ananueBa, C.C. CataeBa

MeToabl yCOBEPILIEHCTBOBAHUS TEXHOJOTMH NPOU3BOICTBA
NMOPTJIAHAIEMEHTA ¢ IPMMEeHEeHHEM MECTHOTO ChIPbS
3anagnoro Kazaxcrana u 0TX010B NPOMBIILJICHHOCTH

B craree paccMoTpeHa 0fjHA U3 CTPEMUTENHHO Pa3BUBAIOIIUXCS OTpacieil CTpouTeNbHON HHIYCTpHH B Pec-
my6mmke KasaxcraH — npon3BOJCTBO MOPTIAHALIEMEHTa. B CBS3M ¢ 9THM HcclieJoBaHBI OCHOBHEIE CBOMCTBA
COCTaBJISIOIIMX KOMIIOHEHTOB JUIs TIOJTy4eHHsI TIOPTIaHALIeMEeHTa Ha OCHOBE MECTHOTO ChIpbs 3amanHoro Ka-
3axcraHa. OCYyIIECTBIICH TEXHOJIOTHYECKUH MpoLece 00KHura NOpTIaHALIEMEHTHOTO KJIMHKEpa U IIPOBEJCH UX
pentreHodas3oBblii aHamu3. JlId OLEHKM KayecTBa IMOJYYCHHOTO INOPTJIAHALEMEHTa OMNPEAENICHBI ero
OCHOBHbIE XapaKkTepUCTHKH. OCYIIECTBICH TEXHOIOTHYECKHI MPOLECC MOJIYYEeHHs NOPTIAHALEMEHTa C HC-
HOJIb30BAHUEM MECTHOTO CBIPbSl W JIOOABJICHHEM IHPHUTHBIX OrapKOB M TEXHHYECKOrO YIJIepoja.
YcTaHOBIIEHO, YTO BBEACHHE B MOPTIAH/IEMEHT TEXHUYECKOTO yIIIepoAa M MUPHUTHBIX OTapKOB OKAa3bIBAeT
TIOJIOXKUTENIFHOE BIMSIHAE Ha PEOJIOTMYECKHE CBOWCTBA, a TAKXKe Ha yBENMUCHUE NPOYHOCTHBIX XapaKTepH-
CTHK TnopTiaHaneMenTta. OneHeHa SKOHOMHYECKast (G QEeKTHBHOCTh, M PACCUNTaHA PEHTA0EIBHOCTD MPOU3-
BOJICTBa MOPTIAH/IIEMEHTa MECTHOTO MPOUCXOXKIeHN 3anagHo-Kasaxcranckoit obiactu. [Ipennoxkena yco-
BEPLICHCTBOBAHHAsI TEXHOJOTHs NMPOU3BOACTBA NOPTIAHALEMEHTa, BKIIOYAIOIAs HCII0JIb30BaHUE MECTHOTO
CBIPBSI € 100aBI€HNEM MIUPUTHBIX OrapKoB Oosee 2 % U TEXHUYECKOTo yriepoja B KoaudecTse 10 3 %.

Kniouesvie cnosa: riuHa, onoka, U3BECTHAK, IUPUTHBIE OTapKH, TEXHUYECKUN yIIIepo, KIMHKEp, MOPTIaH -
LIEMCHT.
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