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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences 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 geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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RESEARCH OF WASTE OF ALUMINUM PRODUCTION
AS THE RAW COMPONENTS IN TECHNOLOGY
OF COMPOSITE CEMENTING MATERIALS

Abstract. This article is devoted to the research of features of chemical-mineralogical composition and phy-
sical-chemical properties of a bauxite slag — waste of aluminous production of Pavlodar aluminum plant of JSC
“Aluminum of Kazakhstan”. Analytical research of effective aluminous production of bauxite slag reuse directions in
the production of binding materials has been carried out. The bauxite slag is a fine material in the form of sand.
According to the chemical composition, the main components of the bauxite slag are oxides of calcium, silica, iron
and aluminum. Research of the bauxite slag mineralogical composition by petrographic and X-ray diffraction
methods showed significant content (45-55%) of B-2Ca0-SiO, mineral. Iron compounds are presented by hematite.
The results of physical-chemical studies draw conclusions on the prospects of using the bauxite slag as a technogenic
mineral raw material for the production of composite binding materials.

Key words: aluminious production waste, bauxite slag, chemical-mineralogical composition, physical-che-
mical properties.

Introduction. Analysis of the published scientific literature of the last decade suggests that accumu-
lation of aluminum production waste in huge volumes is the worldwide problem. Leading scientists from
different countries, focusing primarily on the mineral resources base of their countries, offer various
options for developing technologies for the aluminum production waste processing and reuse.

Due to the peculiarities of the chemical-mineralogical composition and physical-chemical properties
of a bauxite slag — waste of aluminious production, various methods for production of various silicate
materials, pigments on its base, use as mineral raw materials in the road construction and in production of
Portland cement, as well as in various types of concretes are offered [3, 9, 12, 16, 20, 21]. The principal
possibility and ways of various use of the bauxite slag as large-tonnage mineral raw materials of
technogenic origin are described in the work [5] and shown in Picture 1.

One of the promising directions for efficient processing of the bauxite slag is its use in the con-
struction industry, in particular, in the Portland cement technology and in the composition of composite
binding materials [4, 10, 13, 17, 19]. The use of the bauxite slag as a raw component of Portland cement
and other mixed binding materials practically does not change the basic technology of their production
and does not involve significant capital costs. This enables efficient use of the bauxite slag as a component
of a complex additive in the cement production. During the use of bauxites from one deposit, the bauxite
slag chemical composition varies slightly. This distinguishes it from other materials used in the production
of Portland cement and other binding materials.

The conducted analytical researches in the field of cement industry give grounds to consider as
perspective the development of the following directions of effective aluminous production bauxite slag
reuse in the production of binding materials:

- as a complex aluminate and ferrous additive in the composition of raw mixes when producing
Portland cement;
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- as a mineral additive in mixed cements and dry building mixes;

- as an aluminosilicate component for production of new types of low energy-intensive composite
binding materials;

- when producing concretes for various purposes in the construction industry.

The bauxite slag is a multi-tonnage waste in the production of aluminum by calcination (sintering) of
a mixture of bauxite ore with limestone and soda at a temperature of 1200-1300°C and subsequent
leaching (removal) of aluminates from the calcined (sintered) mixture. To produce 1 ton of alumina, 2.8 —
3.1 tons of bauxites, about 1.7 tons of limestone and 0.17 tons of soda are consumed. Dicalcium silicate
dominates (40-45%) in the bauxite sludge mineralogical composition, there are also calcium and iron
hydroaluminosilicates.

In Kazakhstan, the bauxite slag is a large-scale waste of aluminous production of Pavlodar aluminum
plant, included into the structure of JSC “Aluminum of Kazakhstan”. The yield of the bauxite slag consists
of 5-6 tons per ton of products. Dumps of only Pavlodar aluminum plant have accumulated more than 90
million tons of the bauxite slag.

Research methods. Modern methods of physical-chemical research — X-ray, differential-thermal,
petrographic, chemical, as well as standard methods of physical-mechanical tests have been used when
carrying out the work [1, 2, 6,7, 8, 11, 14, 15].

Research results. The bauxite slag is a fine material in the form of sand. The bauxite slag
granulometric composition determined by sieving through the nest of sieves KSI is shown in table 1.

Table 1 — Average granulometric composition of the bauxite slag

Particulate sieve residuals, mass percent

Fineness modulus Mg,

5 2.5 1.25 0.63 0.315 0.14 Passed though the sieve 0.14

- 18.1 20.4 26.7 28.5 5.4 0.9 3.146

The bauxite slag chemical composition is shown in table 2. The main components of the bauxite slag
are oxides of calcium, silica, iron and aluminum. Tests of the bauxite slag mineralogical composition by
petrographic and X-ray methods showed (45-55%) content of 3-2Ca0O-SiO,. Iron compounds are presented
by hematite.

Table 2 — Chemical composition of the bauxite slag

SiO,

AlLO;

F6203

CaO

MgO

R,0

SO;

LOI

19.43

8.12

21.05

38.22

0.76

4.89

0.42

4.98

Besides lines, pertaining to dicalcium silicate (d = 2.87; 2.76; 2.60; 2.27; 2.18; 1.97; 1.62 A), there
are diffraction maximas with d = 2.57; 2.10 A, are indicative of the presence of hematite and d = 2.69;

2.51 A — sodium aluminate, on the bauxite slag diffractogram (figure 1).

i
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10 26

Figure 1 — The bauxite slag diffractogram

— g4 ——




ISSN 2224-5278 Cepus eeonocuu u mexuuyeckux nHayk. Ne 1. 2018

Data of the differential-thermal analysis indicates (figure 2) the bauxite slag partial hydration and
carbonization. Endothermic effect at temperatures of 100-220°C conforms to the adsorption water removal
from calcium hydrosilicates, endothermic effect at temperatures of 550-680°C conforms to the calcium
hydroxide decomposition, as well as to the thermal dissociation of secondary origin calcium carbonate.
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Figure 2 — The bauxite slag derivatogram

The bauxite slag is a multicomponent system, which composition depends on the convertible bauxite
properties and is determined by chemical processes occurring during leaching, washing and thickening of
the slag.

Thus, the bauxite slag is a multi-tonnage waste of aluminum production, consisting mainly of silicate
and aluminate minerals. These minerals, together with other iron and alkali-containing minerals, deter-
mine the bauxite slag properties.

In order to study the bauxite slag effect on the strength properties of composite cements, compo-
sitions containing 1-10% bauxite slag introduced into the cements instead of a corresponding amount of
Portland cement clinker were prepared. The composite cements were prepared by mixed grinding of the
components in a laboratory ball mill to the fineness of grinding, characterized by 7-8% residue on a sieve
No. 008 and specific surface of 310+10 m?*/kg. The strength properties of the composite cements were
determined in accordance with the requirements of the interstate standard [18], by physical-mechanical
tests of 4x4x16 cm samples from 1:3 solution with standard sand.

Research results of physical-mechanical properties of the composite cements consisting of Portland
cement clinker, natural gypsum stone, granulated phosphoric slag and bauxite slag are given in table 3.

Analysis of the data in Table 3 shows that there is substantial reduction of setting time with increase
of the bauxite slag content in the composite cement. At the same time, the beginning of the cement setting
is reduced by more than 2 times, and the end of the setting begins 1 hour earlier.

It follows from the results of the physical-mechanical tests that samples of the composite cement with
5% content of the bauxite slag have the best strength indicators. Further increase in the bauxite slag
dosage leads to reduction in the composite cement strength, however the strength of the binding material
containing 7% bauxite slag, despite the smaller amount of Portland cement clinker in it, is equal to the

strength of the control cement.
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Table 3 — The physical-mechanical properties of the composite cements

mass percent

Composition of the composite cement,

Strength of the samples, MPa

flexural compressing
Portl:ﬁﬁl:;ment phf)}sr;l?gi?ges(}ag G}rfgs;(lm 3 days 7 days 28 days 3 days 7 days | 28 days
65 30 - 2.74 3.86 5.68 13.7 23.2 43.6
64 30 1 2.81 4.09 5.76 15.6 25.4 459
62 30 3 2.99 4.10 5.87 17.8 29.1 46.6
60 30 5 3.11 4.16 6.14 16.4 28.6 49.2
58 30 7 2.76 3.99 5.86 13.8 25.2 43.7
55 30 10 2.69 3.81 5.67 12.8 23.1 41.5

Notice: in all cement compositions gypsum content was 5%.

Change in the granulated phosphoric slag content in the composite cement significantly affects the
bauxite slag optimal dosage. As can be seen from the data in table 4, with decrease in the granulated slag
content in the cement to 15%, the bauxite slag dosage should be reduced compared to the cement

containing 50% of the granulated phosphoric slag.

Table 4 — The physical-mechanical properties of the composite cements
with various content of the granulated phosphoric slag

Composition of the composite cement, mass percent Compressing strength of the samples, MPa
T er | phoghoriestag | sk | she | 3G | Tdes | 28days
80 15 5 - 21.1 344 48.1
79 15 5 1 22.7 35.1 48.8
77 15 5 3 26.6 37.8 52.9
75 15 5 5 26.1 36.9 51.7
73 15 5 7 223 36.2 49.5
70 15 5 10 20.7 343 47.7
45 50 5 - 10.2 17.1 28.2
44 50 5 1 10.7 17.9 29.8
42 50 5 3 11.2 18.3 30.8
40 50 5 5 11.3 19.6 319
38 50 5 7 10.4 17.4 29.3
35 50 5 10 9.6 16.8 27.7

The bauxite slag use effectiveness increases with its substitution of the granulated phosphoric slag in
the composite binding materials, as well as during steam curing. The activity coefficient when steaming
the composite cements samples is much higher when using the bauxite slag in comparison with the control

cement.

Thus the composite binding materials of physical-mechanical properties research results analysis
indicates that the bauxite slag introduction in the cement composition, containing the granulated phos-
phoric slag can significantly improve the branded strength and, at the same time, reduce the content of
expensive Portland cement clinker in these binding materials.

Conclusions. The results of the conducted physical-chemical and experimental studies and tests
indicate the perspectiveness of the bauxite slag as technogenic mineral raw material for production of the
composite binding materials.
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H. C. Baxupos, M. C. layieruspos, T. C. Baxupos, b. E. Cepuxoaes, K. H. Ba:kupoa
M. Oyesos ateiaaarsl OHTYCTiK Kasakctan memenekerTik yHuBepcuteti, [lsimkenT, Kazakcran

BOKCHUT IIJTIAMBIH KOMIIO3NIUAJBIK TYTKBIP MATEPUAJITIAP
TEXHOJIOI'USACBIHBIH INUKI3ATHI PETIH/JE 3EPTTEY

Annoranus. Ocel Makana «Kazakcran Amomunni» AK IlaBrnomap aqroMHHUN 3ayThIHBIH TIIMHO3EM OHIIPiCi-
HIH KaJIJBIFbIl — OOKCHUT ILJIAMBIHBIH XUMHSI-MUHEPAIOTHSUIBIK KYPAMBIHBIH JKOHE (DPU3MKA-XUMUSIIBIK KaCHETTePIHIH
SPEeKILETIKTePIH 3epTTeyiHe apHalFaH. [JIMHO3eM OHMIPICIHIH KaJABIFBIH THIMII KOJAEre japaTy OarbITTapbiH
AQHAJMTHUKAIIBIK 3€pPTTEYJIep JKYpriziireH. BokcuT mumaMbl Maiina TyHipImekTi KyM TYpiHIEri Marepuan OOoJIbII
TaOblIagbl. BOKCUT HUTAaMBIHBIH XUMUSJIBIK KYpaMbIHAA KaJbLUi, KPEMHHH, TeMIp XOHE aJIOMUHHH TOTBIKTaphl
Heri3ri Kypampac 6exikrepi 6onbin Tabbutaznpl. [leTporpadusuibik sxoHe M peHTreHOTrpadusIIBIK 9icTepiMEH 3epTTey
6okcuT nutamMbIHbIH KypaMbiHAa -2Ca0-SiO, munepanapH endyip (45-55%) meummepin kepceTTi. Temip KOCHIH-
IBIIApBl TeMATUTTeH Typansl. OpbIHOANFaH (U3HKA-XUMUSUTBIK 3epTTEYIEPIiH HOTIXKeNepi OOKCHT IUTAMBIH KOM-
MO3UIMSIIBIK TYTKBIP MaTepHaIap OHIIPICIHIH TEXHOTEHAI MUHEPAIIBIK MIMKIi3aThl PETiHAEe KOJNAHYIBIH THIMIL
KeJterieri 6ap Jet KOPBIThIHABI XKacayFa MYMKIHIIIK Oepei.

Tyiiin ce3aep: aFOMUHHE OHIIPICIHIH KaIIbIFbl, OOKCHT IITAMBI, XUMHUSI-MHAHCPAIOTHSIIBIK KYpaMbl, (hH3UKa-
XUMUSUTBIK KaCUETTEP.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

H. C. Baxupos, M. C. layaetusipos, T. C. Baxupos, b. E. Cepuxodaes, K. H. Baxuposa
IOxH0-KazaxcraHCKui rocy1apcTBEHHBIH yHUBEepcuTeT nM. M. Ayesosa, llIsiMkenT, Kazaxcran

HNCCIEJOBAHUE BOKCUTOBOI'O IINIAMA
KAK CBIPBEBOI'O KOMITIOHEHTA B TEXHOJIOI'MA
KOMIIO3UIIMOHHBIX BSIKYIIUX MATEPUAJIOB

AnHoTtanusi. HacTosimast cratesi TOCBSIIIEHA MCCIIEIOBAHHIO OCOOEHHOCTEH XHMMHKO-MHUHEPaIOrHYeCKOro
cocTaBa U (PU3UKO-XUMHUYECKUX CBOWCTB OOKCHTOBOTO MIJaMa — OTXOJa TIMHO3EMHOTrO Npou3BozcTBa IlaBioxap-
ckoro amoMuHueBoro 3aBoga AO «AmomuHunidi Kaszaxcranay. [IpoBeneHbl aHaJIMTHYECKHE HCCIIEAOBAHUS Ha-
npaBieHuHd 3(QeKkTHBHON yTwim3anuyu OOKCHTOBOTO MIJaMa IJTMHO3EMHOTO TPOHM3BOJACTBA B IPOU3BOJCTBE
BSKYIINX MaTepPHajoB. BOKCHTOBBIA MITaM TpEACTaBIACT COOOW MEIKO3EpPHUCTHI Marepuan B BUae mecka. [lo
XHUMHUYECKOMY COCTaBYy OCHOBHBIMH COCTABIISIFOLIMMHI OOKCHTOBOTO IIIAMa SIBJISFOTCS OKCH/IBI KAJIBIIHS, KPEMHE3EMa,
Kenmesza W amoMuHHA. VccnemoBaHHMsS MHHEPAJIOTHYECKOTO CocTaBa OOKCHTOBOIO LIIaMa HeTporpaduueckuM H
peHTreHorpauyeckuM METOJaMH MOKa3aJld 3HauuTeldbHOe conepxkanue (45-55%) wmmuepana B-2CaO-SiO,.
CoenuHeHHs JKelle3a MPEACTAaBICHbl I'eMaTHTOM. Pe3ysbTaThl BBINOIHEHHBIX (DU3MKO-XUMHYECKHX HCCIICIOBaHUI
TMO3BOJIAIOT CA€JaTh BbIBOJbI O MNEPCHEKTUBHOCTU HCIIOJIB30BAHUA 60KCI/ITOBOFO njiaMa B Ka4€CTBC TCXHOI'CHHOI'O
MUHEPAJIBHOI'O ChIPbA AJId MPOU3BOACTBA KOMIIO3UIITMOHHBIX BSXKYIIUX MAaTEpUaIOB.

Ki1roueBble c10Ba: OTXOJ TNIMHO3EMHOTO IPOM3BOZCTBA, OOKCHTOBBIM IUIAM, XWMHKO-MHUHEPAJIOTHYECKUH
COCTaB, PU3NKO-XHMHUECKHE CBOMCTBA.
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