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PROSPECTS FOR THE USE OF ENERGY PRODUCTION
WASTE IN CONSTRUCTION CERAMICS

This article studies the possibility of thee use of red bauxite sludge
of JSC «Aluminium of Kazakhstany and fly ash from energy production
of the Pavlodar region in construction ceramics.

Refractory clay from the Kemertuz deposit, located 250 km away
from Pavlodar, was used as a binder. The samples were prepared with
additives of red mud and a combination of red mud with fly ash from
Pavlodar CHP-1, which is a low-calcium variety of acidic ash with a high
content of aluminum oxide. These materials were molded by the plastic
molding method. The following physicochemical properties of raw
materials and obtained samples were studied: (i) air and fire shrinkage,
(ii) water absorption, (iii) compressive strength, and (iv) chemical
composition.

Based on the obtained results, a comparative analysis of samples
with the addition of red mud and a combination of red mud and fly ash
was made. This allowed us to determine the optimal composition of
ceramic masses and firing process parameters.

Keywords: red mud, fly ash, ceramic materials, Pavlodar CHP-1,
energy waste.

Introduction
As is well known, red mud is a solid waste from the process of processing
bauxite into alumina. Each year, the world's volume of waste red mud formed in
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sludge reservoirs increases by several thousand times. The same situation is
observed in the case of the Republic of Kazakhstan.

In Kazakhstan, similarly as in other aluminum-producing countries, the
problem of recycling red mud waste is of great concern. Up to now, no efficient
method of processing red mud has been implemented.

It is common knowledge that the red mud waste stored at sludge facilities,
like all other wastes, has a very deleterious effect on human health and the
environment in general.

It is worth mentioning that there are a lot of rare and valuable metals in
the sludge that could be extracted from the aluminum industry waste, because
red mud contains useful components, including rare-earth elements (REE) such
as yttrium and scandium, and can be used as a complex raw material [1].

Therefore, the use of red mud as a secondary raw material in production
is very promising.

At present red mud has found wide application in building ceramics.
ManyLots of scientific effort have been devoted to the application of red mud in
the reception of ceramic materials.

For instance, A. Langolf et al [2] investigated the possibility of large-scale
processing the red mud into silicate bricks with the use of bauxite sludge from
the Pavlodar aluminum plant as a highly dispersed binder. It was found that
Bayer slimes due to the aluminous-iron composition and high dispersity, are
plastic, and, therefore, they can be used in a mixture with clays for the production
of ceramic products. A. Kasenov et al [3] analyzed the wastes of metallurgical
companies in the Pavlodar region. They have found that the red bauxite sludge
can be used potentially in the building materials, as a blinder. The advantages of
binders based on bauxite sludge over cement or cement concrete are the lack of
rapid setting and delayed hardening processes. The preliminary analysis of the
chemical composition of sludge suggests the expediency of its processing with
the extraction of iron oxides contained in it. Scientific research has shown that
red mud can be used as an additive in agglomeration, pelletizing, and, blast-
furnace melting of iron ores. Also, it can be used as a raw, material for iron
production, a slag-forming agent for iron and steel refining, as well as a partial
substitute for clays in foundry mold making, an additive in the cement and
ceramics production, or as, the additive in building bricks and refractories
production, as a base for mineral fertilizers [3].

The results are thes studies are shown in table 1.

Table 1 — Chemical composition of red sludge

Substance Fe20s CaOo AlO; | SiO2 Na20 K20

Percentage ratio, % 21 40-45 4 23 1,75 0,27
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The following ingredients were used as materials for the production of
concrete samples:

- sand GOST 8736 [4];

- portland cement GOST 10178 [5];

- bauxite red mud of the aluminum plant;

- water GOST 23732 [6].

In the course of the research the authors [3] have developed the
technology for the production of concrete (Figure 1) using bauxite sludge.

Figure 1 — Samples of concrete

The use of red mud in the production of ceramic bricks was studied by the
authors and by A. Kasenov [3]. The main raw components and additives that
were used in the work are given in table 2.

Table 2 — Chemical composition of raw components

plant 0 5

Name of raw Oxide content in % per dried substance at 100 °C
material Sio Al Fe; TiO> P,0s M CaO MgO K20 Na.O

2 O3 O; nO

Novoalexandrov

sky loam 69, 7,2 2,1 0,77 | 007 | 00| 70 19 1,95 0,80
8 0 30

Sludge from the

Nikolaev 41 | 12,1 | 59,7 57 - - 17,7 - - 1,7

Alumina

Refinery

sludge from the

Zaporozhye 10, | 16,6 | 40,7 4,2 - - 12,1 - - 6,3

aluminum 5

smelter

sludge from the

K.  Liebknecht | 0,8 | 0,25 | 410 | 003 | 0,30 | 1,6 | 15 1,0 4,6 2,8

315




TopaiirsipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Dnepeemuxanvix cepusicor, Nel. 2024

Sludge from the

Central Aeration | 23, 38 6,5 0,32 7,0 0,0 58 11 0,35 0,35
Station 6 42

Waste from the

Pavlograd 59, | 179 | 44 1,0 0,12 | 0,0 | 055 1,65 2,8 0,65
WWTP 0 0 25

Another possibility for the use of red mud is the production of building
materials.

Due to its composition and high dispersibility, E. Gruzdeva et al used red
mud mixed with clays in the production of ceramic products [7].

To increase the mechanical strength of bricks, red mud was first dried to
a residual moisture content of 14-35 %. Then the dried sludge was mixed with
clay. The resulting mixture with a slurry content of 50-92 % and humidity of
18-25 % was formed into bricks, dried with gas heated to 70 °C, the resulting
bricks fired at 900-1000 °C [7].

L. Pasechnik [8] investigated the possibility of the application of alumina
production wastes as raw materials for ferrous and non-ferrous metallurgy.
Along with the macrocomponents (wt. %) 44 Fe,0s, 16 Al,O3, 9.6 Ca0, 9.0 SiOy,
4.6 TiO,, 3.5 Na20, the sludge contains a significant amount of rare and dispersed
products. At the same time, the quality of waste iron-enriched sludge for ferrous
metallurgy only was significantly improved. The authors stated that preliminary
neutralization and activation of the slime by a weak solution of hydrochloric acid
allowed to selectively transfer a sufficiently large amount of rare elements, such
as yttrium, into a soluble state.

Diagrams of changes in the content of zinc, aluminum, gallium and
scandium depending on the alkalinity of solutions are shown in figure 3.

It should be noted that the use of red mud wastes as secondary raw
materials in production is of great interest nowadays. Their use in construction
ceramics as various additives, binders, etc. is of particular interest. Scientists
have proved that materials based on red mud wastes are characterized by high
strength, porosity, thermal resistance and other physical and mechanical
properties.

Materials and methods

The aim of this work was to study the possibility of application of wastes
of chemical and metallurgical complexes of the Republic of Kazakhstan - red
mud from JSC "Aluminium of Kazakhstan" and fly ash from Pavlodar CHP-1 as
a raw material additive or building ceramics.

Clay rock of the Kemertuz deposit, which is located in the Pavlodar
region, was used as the main raw material in this work.

Clays of the Kemertuz deposit have a polymineral composition with a
predominance of clay minerals, respectively — kaolinite. Chemical and
mineralogical composition of clays Kemertuzsky deposit are presented
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in tables 3—4.

Table 3 — Chemical composition of clays Kemertuzsky deposit in % by mass

The field Content, in %
A|203 Fe,O3 FeO Ti02 CaO MgO SO3 K0 Na,O
Kemertuza | 48,60 | 34,60 | 1,50 | 1,65 | 0,70 | 0,27 | 0,27 | 0,80 | 12,40

Table 4 — Mineralogical composition of clays Kemertuzsky deposit

The field

Contents

Kemertuza

Kaolinite Al.O3 - 2Si0; - 2H-0 prevails

X-ray patterns of clays of the Kemertuz deposit are shown in figure 2.
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Figure 2 — X-ray diffraction patterns of clays Kemertuzsky deposit

Red sludge chemical composition is mainly represented by oxides of
silicon, aluminum, iron and calcium, which account for more than 80 % of the
mass of the material. According to the chemical analysis (table 5), the waste
sludge of alumina production of JSC «Aluminium of Kazakhstan» by the
chemical composition is mainly represented by oxides of silicon, aluminum, iron
and calcium, which account for more than 80 % of the weight of the material.

Table 5 — Chemical composition of bauxite sludge of JSC «Aluminium of
Kazakhstan» in % by mass

SiO2

Al,O3

TiO2

Fe,03

CaO

MgO

K20

Na.0

65,98

891

1,57

8,37

9,56

1,70

0,15

3,76

To use red mud in technology of ceramic materials it is necessary to have
an idea of its behavior during heating [9]. X-ray radiographs of red mud fired at
1000-1100 °C are shown in figure 3.
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Figure 3 — X-ray diffraction patterns of red mud annealed at 1000-1100 °C

The XRD measurements of red mud identified the presence of the
following phases: of red mud is composed of calcite CaCOs, two-calcium
hydrosilicate (2Ca0-SiO2-H,0) and six-calcium tri-carbonate hydro-aluminate
Ca0-Al;03-3CaC03-32H,0. The iron component is represented by hematite
Fe»03 and magnetite FesO4 [10].

Red mud was used as an additive in the amount of 10 to 30 %, and CCS
was used in combination with fly ash from Pavlodar CHP-1 from 10 to 30 % (in
equal proportions).

Additives and clay were used with particle size less than 1 mm. Samples
were molded by plastic molding method. The dried samples were fired at 1000 -
1100 °C in increments of 50 °C with an end temperature holding time of 2 hours
[10]. The results of the obtained samples of clay with red mud and combination
of red mud with fly ash are shown in figure 4.

Figure 4 — Appearance of plastic molding samples from a mixture of
clay with red mud (a) and a mixture of clay with a combination of red mud and
fly ash from Pavlodar CHP-1 (b), fired at 1000-1100 °C
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The basic physical and mechanical properties of fired samples, i.e. -
shrinkage, volume weight, water absorption and compressive strength, were
investigated. The results of physical and mechanical properties of the fired
samples with red mud and with a combination of red mud and fly ash from
Pavlodar CHP-1are shown in figure 5-8.

70 6.1 6.3
6,0 — 54 | pm==r—0

o~ |

5,0
.0
©
30
j -
2.0

1,0

0,0

1000 1050 1100
Figure 5 — Results of determining the shrinkage of fired samples
with red mud additive

30,0

. 250 —
19,6
20,0 169 01—
14,4
15,0
10,0
00
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n, %

(8]
o

Water absorptio

Figure 6 — Results of determination of water absorption of annealed
samples with red mud additive

319



TopaiirblpoB yHHBepcuTeTiHIH xabapibichl. ISSN 2710-3420. Onepzemuxanvix cepusicot, Nel. 2024

_ 50,0
g 40,0

S 300

s 20,0

o = 100

sED

‘z= 00

o 1000 1050 1100

% Firing temperature, °C
o

O

10 w20 25 30 =@=(0

Figure 7 — Results of determining the compressive strength of annealed
samples with red mud additive
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Figure 8 — Results of determining the compressive strength of fired
specimens with the addition of red mud + fly ash

Results and discussion

The study of the physical and mechanical properties of fired specimens
showed that with the increase in firing temperature up to 1100 °C, the shrinkage
was 5.3 % and water absorption of the fired specimens decreased to 20.0 %. The
strength properties of the samples with red mud addition, as seen in Figure 9,
increased with increasing firing temperature and was 44.7 MPa at maximum
firing temperature. Based on the comparative analysis of samples with red mud
and combination of red mud with fly ash we can see that the strength property of
samples with red mud and fly ash combination was higher was was equal to 53,8
MPa at maximum firing temperature.

Funding information

«This research was funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (No.
AP23486826)».
320



Becruuk Topaiirsipos yausepcutet. ISSN 2710-3420. Cepust snepeemuueckas, Nel. 2024

Conclusions

The obtained results of the study allowed us to determine the optimum
compositions of ceramic masses and firing process parameters based on the
addition of red mud and the combination with fly ash from Pavlodar CHP-1
(Table 6).

Table 6 — Optimal technological parameters and physical and mechanical
properties of samples based on red bauxite slime addition from JSC «Aluminium

of Kazakhstan» and combination with fly ash from Pavlodar CHP-1

Optimal Optimum Water Compressive
Additive additive Firing absorption,% | strength, MPa
content, temperature,
% °C
initial clay 0 1100 14,4 30,2
red mud 10 1100 14,1 447
mixture of
fly ash and 5/5 1100 14,8 53,8
red mud

Thus, the use of red bauxite slime and the combination with fly ash as
additives increased (1.5-1.8 times) the mechanical strength of ceramic samples
This, potentially, can affect the strength of the obtained construction ceramic
materials based on the studied in this work additives.
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19.12.23 x. Ty3eTynepiMeH TYCTi.
01.03.24 . OaceIn mbIFapyra KaObUIIaH bl

KY¥YPbIJIBIC KEPAMUKACBIHJA DQHEPI'ETUKA OH/IIPICIHIH
KAJJIBIKTAPBIH AW JAJIAHY ITEPCIIEKTUBAJIAPBI

Byn maganaoa xypowiivic kepamuxacwvinoa «Kazaxeman amomunuiiiy
AK xui3w11 60Kkcum winamuin sxcane Ilasnodap eyipindezi sHepeemuxanvlx,
6HOIpicmepOiy KYA0epiH 00aH api natldaiany MyMKiHOI2i sepmmeeo.

Baiinanvicmuipywer peminoe Ilasnooapoan 250 km Kawblkmulkma
opuanackan Kemepmys xen opuvinan omka me3imoi cas natloaianvliovl.
Yneinep Kvizvin winam KOCnanapviMeH JHCoHe KATbYUll MOMEH JiCoHe
amoOMUHULL  OKCUOT  JICO2APbl  KbIWKbIL  KYA0iy Oip mypi  6oavin
mabeviiamoin  Ilaenooap  JKDO-1  Kynimen — Kbl3bll — WLIAMHBIH
KOCBIHObICHIMEH — OaublHOanObl.  Byn  mamepuandap  niacmuKaivlk
Kanvinmay a0icimen anvinovl. Lluxizam nen anvinzau yneinepoiy Keneci
QuzuKa-xuMusIblK Kacuemmepi 3epmmendi:  ayada dHcane omma uwoezy
Kacuemi, cyoul CiHipy, Kbicy Oepikmici d#cane XUMUALbIK KYPAMbL.

Anvinzan Hamudicenepee cyiiene OmMbIPLIN, Kbi3bll WILAM, Kbl3blil
waam — MeH  KYI-MACHAHblH — KOCLIHOBICbL — KOCbLIZAH — yaeiiepee
CANBICINBIPMANLL MAN0AY HCYP2i3indi. Byn Kepamuxanvl maccanapobvly
OHMAUIbLl  KYPAMbIH  JiCoHe KYUOIpy npoyeciniy napamempiepin
AHLIKMAY&a MYMKIHOIK 6epOi.

Kinmmi ce30ep: Kvl3bin winam, Kyi, KepamuKaIblK Mamepuanoap,
Tlagnooap K20-1, snepeemuranviy Kanovlkmap.

H. T. Tonezenog*, M. A. Enyéaiit, A. B. Fozomonoé?,

O. lImuixa?, 1. XK. Tenezenosa®

Topaiirsipos yHusepcurer, Pecriybmika Kasaxcran, . ITaBnojgap
2Jlon3uHCKHMIA TEXHOJIOTHYECKHi yHuBepcuTeT, Pecry6iuka Ilosbiua, Jloass,
*[MaBnonapckuii XUMUKO-MEXaHUYECKU KOJIIEIK,

Pecniyonuka Kazaxcran, r. [TaBmonap.

IMoctynuio B pemaknuto 12.07.23.

[Moctynuio ¢ ucnipasinenusamu 19.12.23.

[Mpunsro B neuars 01.03.24.
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HNEPCIIEKTUBbBI HCITIOJIb30BAHUS OTXO/10B
SHEPTETHYECKOI'O ITIPOU3BOJACTBA
B CTPOUTEJIbHOM KEPAMUKE

B dannou cmamve uccredyemcsi 803MONCHOCL UCHONbIOBAHUSL
KpacHozo bokcumogozo uinama AO «Amomunuti Kazaxcmana» u 301vi-
YHOCA 9Hepeemuueckux npousgoocme Illagrodapckoeo pezuona 6
CMpOoUmenbHoll Kepamuxe.

B kauecmee ceasyoujeco ucnonvzosanacb 02HeYNopHas 2nuHd
Kemepmysckoeo mecmoposicoenus, pacnonoscennozo 6 250 km om
2. Hasnooap. Obpasyvl Oviiu npuecomosielvl ¢ 000a6KAMU KPACHO20
waama u KoMouHayuu Kpacuoeo wiama c 3onou-ywoca Ilagrodapckot
T3I]-1, komopas npedcmasisiem cob60l pazHOBUOHOCHb KUCIOU 30]1bl C
HU3KUM COOepcanueM OKCUOd Kaabyus U 6blCOKUM COOepHCaAHUEM
oxkcuda amomunus. Omu Mmamepuanvl ObLIU NOTYYEHbL MEMOOOM
nracmuunozo ¢opmosanua. bvinu  uzyuenvl credyrowue usuxo-
XUMU4ecKue C8OUCMBEA Culpbsi U NOIYYEHHBIX 00PA3YO08. B030VUIHAS U
ocHesas ycaoku, 8000N0O2NIOUjeHIUe, NPOYHOCMb HA cocamue U
XUMUYECKUll Cocmas.

Ha ocnosanuu nonyuenmvix pesynomamos 0Ovln  npogedeH
CPABHUMENbHBIN AHAIU3 00pA3Y08 ¢ 0006asieHUeM KPACHO20 Waama u
KOMOUHAYUU KPACHO20 WLIAMA U 306l-YHOCA. DMO NO380MULO HAM
onpedenums ONMUMATLHBIL COCMAS KEPAMUYECKUX MACC U Napamempul
npoyecca obaicuea.

Kniouesvie cnoea: KpacHulii winam, 301a-yHOC, Kepamuueckue
mamepuanvet, [lasnooapckas TOL]-1, omxodvl sHepeemuxi.

325



Tepyre 06.03.2024 x. xibepinai. bacyra 29.03.2024 . K01 KOWBUIABL.
OneKkTpoHIsl 6acma
29.9 Mb RAM
laprre! Gacra Tabarsr 22,2. Tapansivbl 300 nana. Baracel keniCim GoifbHIIA.
Kommbrorepne 6erreren: A. K. MbipxukoBa
Koppexrop: A. P. Omaposa
Tanceipeic Ne4204

Cnano B Habop 06.03.2024 r. [Toamnucano B neuats 29.03.2024 r.
DNeKTpOHHOE U3JJaHuE
29.9 Mb RAM
Ve neu. 1. 22,2. Tupax 300 sx3. Llena gorosopHasi.
KomnsrorepHas Bepetka: A. K. Mbip>xukoBa
Koppexrop: A. P. Omaposa
3aka3 Ne 4204

«Toraighyrov University» 6acriacbiHan GachUTBIIT HIBIFAPbUIFaH
TopaliFpIpOB YHUBEPCHUTETI
140008, [TaBnogap K., Jlomos k., 64, 137 kab.

«Toraighyrov University» Gacracer
TopalifbIpOB YHUBEPCHUTETI
140008, [TaBnoxap k., JlomoB k., 64, 137 kab.
67-36-69
E-mail: kereku@tou.edu.kz
www.vestnik-energy.tou.edu.kz



