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Industrial waste as a factor of increasing the chemical

resistance of ceramics

ABSTRACTS

The possibility of the manufacturing of ceramics with equally high indicators of acid and alkali
resistance is shown. The effect achieved is associated with the formation of a system of crystalline
phases of anortite-hematite-cristobalite during the firing of masses created on the base of
compositions of red mud and polymineral clay. Technological schemes of the production of
ceramic materials from masses with the total content of 60-80% of red mud, non-ferrous
metallurgy waste, which is the factor of increase of decorative and operational characteristics of

production are proposed.

Keywords: ceramics, chemical resistance, red mud, composition, ceramic mass, firing, phase

composition, properties.

1. INTRODUCTION

Chemical resistance characterizes the property
of materials to resist the destructive action of
alkalis, acids, solutions of salts and gases, organic
solvents. A significant number of developments to
create chemically stable ceramic products have
been done [1-3]. Those products have to serve a
long time without significant wear in aggressive
environments, protecting from their destructive
influence both appropriate equipment and building
structures. In terms of efficiency, such products
occupy a leading position among anti-corrosion
materials appointed for that purpose [4].

A further increase of the practical use of
chemically resistant ceramics requires an increase
in the indicators of the properties of products,
particularly, of alkali resistance. It is caused by the
creation of productions in which the aggressive
environment is represented by alkaline solutions of
increased concentration. At the same time, a
growing demand for ceramic lining products that
can work efficiently and long-term not only in acidic
but also in alkaline environments takes place.
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The operational properties of ceramics,
including chemical resistance, are determined by
the composition and structure of the material
formed in the processes of molding and heat
treatment [5-7]. In turn, the composition and
structure of the material depend on the chemical-
mineralogical and particle size distribution of raw
materials and ceramic masses. The latter, in the
current production of chemically stable ceramics,
are compositions of refractory hydromica-kaolinite
clays (65-75 wt.%), and fireclay (25-35 wt.%) [8,9].
The products obtained from such masses by the
method of plastic molding after drying and firing at
a maximum temperature of 1200-1250 °C are
characterized by the development of crystalline
phases of mullite, quartz, cristobalite, as well as by
water absorption of 5-8 wt. % and acid resistance
97-98%.

A number of researches and developments are
devoted to the control of the properties of
chemically stable ceramics by means of expanding
the raw material base of production and creating of
new compositions of the masses [10-12]. At the
same time, a possibility to use raw materials of
different genesis, particularly, of volcanically
originated rocks and industrial waste as man-made
raw materials was noted. Besides, expediency to
use multi-tonnage waste of non-ferrous metallurgy
- red mud, which is being formed during the
production of alumina from bauxite [13-18], attracts
attention. The work submitted is devoted to solution
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of the actual problem of increase of volumes of
utilization of such waste through their employment
in technology of chemically stable ceramics.

2. EXPERIMENTAL PART

2.1. Research methods and objects

A combination of modern physicochemical
research methods with standardized testing of
technological and operational properties of raw
materials and ceramic materials was used in this
work [19, 20].

Determination of the chemical composition of
the samples was performed according to current
standards, which apply to natural and man-made
silicate raw materials.

X-ray phase analysis (powder preparation) was
performed using a diffractometer DRON-3M
(radiation Cu Ka 1-2, voltage 40 kV, current 20 mA,
speed 2 deg / min.).

Indicators of the properties of chemically stable
ceramics were determined in accordance with
GOST 473.1-81-GOST 473.11-81. The methods of

Table 1 - Chemical composition of raw materials
Tabela 1 — Hemijski sastav sirovina

analysis of acid resistance and alkali resistance are
based on determining the ratio of the mass of the
sample material of a certain granlometry after
treatment with concentrated H2SO4 or 35% NaOH
solution and the mass of this sample to the
specified treatment.

According to the modern technology of
ceramics, the mass of a certain composition was
prepared by dosing the components by weight,
mixing and homogenization, plastic molding, drying
and firing.

All samples of test masses, which were
compared, were dried and fired together to exclude
a possibility of a difference in the degree of heat
treatment. The object of the study were masses for
the production of chemically stable ceramics based
on man-made raw materials (red mud) - clay.

In terms of chemical composition, the red mud
sample is characterized by a predominant content
of iron oxides, and clay samples, first of all, differ in
the quantitative ratio of SiO,:Al,O3 - from 6:1 for
Mtshkiv to 3:1 for Artemivsk clay (Tab. 1).

Content of oxides, wt. %

Samples

SiO2 Al;O3 Fe, 03 TiO2

CaOo MgO SOs3 Na.O K20 B.M.n

red mud 12,40 10,36 58,64 2,36

1,21 1,02 0,22 3,50 0,20 10,80

meshkiv. clay | 64,08 11,21 4,15 0,62

6,04 2,55 0,27 0,62 191 9,04

artemivsk. clay| 66,80 20,75 2,01 0,90

0,67 0,43 0,84 0,29 1,64 6,42

The mineralogical composition of red mud is
characterized by the presence of Fe,05H,O-
goethite, Fe,0Os-hematite, - ilmenite. Meshkiv clay
belongs to the polymineral clays, and Artemivsk
clay belongs to the hydromica-kaolinite clays.

From the point of view of the purpose of the
research, important is the difference in the
parameters of chemical stability of the fired clay
and red mud samples noted by us (Tab. 2). It is
established that regarding to the equal degree of
firing adopted in the production of ceramic acid-
resistant, the samples of red mud are significantly
inferior to the samples of Artemis clay in acid
resistance, but exceed them in alkali resistance.

Table 2 - Chemical resistance of ceramics

Tabela 2 — Hemijska otpornost keramike

. Indicators of chemical
Firing resistance, %
Samples | temperature, - -
°c acid alkali
resistance | resistance
artemivsk 1200 98,45 87,94
clay
red mud 1200 63,97 95,38
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Figure 1. Dependence of acid resistance (Ac) and
alkali resistance (Al) of ceramics from the
concentration of red mud ( Crm)

Slika 1. Zavisnost otpornosti na kiseline (Ac) i
alkalne otpornosti (Al) keramike od koncentracije
crvenog mulja (Crm)

Analysis of the chemical stability of the
materials of the experimental masses revealed the
dependence of these important performance
indicators on the quantitative ratio of red mud and
clay (Fig. 1). It is shown that at a production firing
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temperature of 1200 °C materials from the
experimental masses at a ratio of red mud and clay
from 4:1 to 1:1 achieve equally high acid and alkali
resistance.

2.2. Ceramic masses based on red mud

Taking into account the identified features of
the chemical and mineralogical composition of the
studied raw materials and of the influence of red
mud on the properties of ceramics, the
effectiveness of its integrated use as a man-made
raw material for the manufacturing of fireclay and
the of the final product was considered (Tab. 3).

Table 3 - Compositions of ceramic masses

Tabela 3 — Kompozicije keramickih masa

Content of components, wt. %

Samples | Red Clay Fireclay

mud | artemivska | meshkivska | A | Bx
fireclay
A 100 - - -
Bx 80 - 20 - -
mass
AP 75 - 25 -
Bx 2.1 20 30 - | 50

Fireclay is an important component of ceramic
masses for the control of their technological
properties as well as of the performance of
products [14-16]. In production practice as the
fireclay specially fired and crushed clay and lack of
products is used. In this work, the fireclay Bx on the
basis of a binary composition of red mud and

cristo

mullite

<«

quartz

Bx 2.1

hematite

anortite

polymineral clay at their mass ratio of 4:1 (sample
Bx) and fireclay made of Artemis clay (sample A)
were used. Samples of ceramics made from the
developed mass Bx 2.1 were compared with the
known productive mass of AP.

Analysis of sintering of experimental chamotte
masses shows (Fig. 2) that ceramics from mass Bx
2.1 in the range of maximum firing temperatures
1100-1200 °C significantly surpasses materials
made from known production AP based on
hydromica-kaolinite Artemis clay in density, have
less water absorption ability as well as slightly
greater strength.

w, t-.I ps g/smm’
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Bx2.1
24 { 24 o
e
20 230 — i
N
16 2,14 X
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Figure 2. Dependence of density (p) and water
absorption (w) of mass samples on firing
temperature

Slika 2. Zavisnost gustine (p) i upijanja vode (v)
masenih uzoraka od temperature pec¢enja

15.60
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resistance resistance porosity
98.79 94.12
18.60
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Figure 3. Influence of phase composition and structure on chemical stability of ceramics
from AP and Bx2.1 masses after firing at 1200 °C
Slika 3. Uticaj faznog sastava i strukture na hemijsku stabilnost keramike iz AP i Bk2.1 masa
nakon pecenja na 1200°C.
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2.3. Phase composition and alkali resistance
of ceramics

In accordance with the noticed intensification of
sintering, there is an increase in the performance of
ceramics from experimental masses based on red
mud. It is established (Fig. 3) that products made of
Bx 2.1 being approximately equal in acid resistance
differ from productive fireclay masses of AP by
much greater alkali resistance.

A comparison of the parameters of the
crystallization structure indicates that equally high
indicators of acid and alkali resistance of ceramics
made from the mass with the use of red mud, if to
compare with the productive mass, are being

achieved even by greater open porosity with
slightly greater development of closed pores and,
accordingly, by the glass phase. The determining
factor in it is the differences in the phase
composition: when burning the mass with red mud,
the development of the crystalline system hematite
- anortite -quartz is noticed, meanwhile in the
samples of the productive mass it is the system of
mullite - quartz - cristobalite.

2.4. Features of ceramics production technology

The technological scheme of ceramics
production developed on basis of red mud is
marked by variability.

&
pump - red wud capacity clay warehouse
pump clay cutter feeder
- v
high-speed
rinar feeder
¥ L J
N mixer
¥
- rollers
consumahle capacity
¥ belt press
purnp L
¢ dryer
rotary kiln l
tunnel kiln
¥
crusher ‘
+20 mm T
¥ sotfing
20 mm
10 mm
10-20
M
- S mm dispenzer [
sieves
3 mm
-3 mm
v v ‘l l l
granulated fireclay . . -
: CEramic sidewrall chemically
cerammics . . g
crevice stones ceramics resistant

product warehouse
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Figure 4. Technological scheme of ceramics production on the basis of red mud
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Slika 4. TehnoloSka Sema proizvodnje keramike na bazi crvenog mulja
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The first option is promising for the creation of
production directly or near alumina plants. In this
case, the use of red mud without prior dehydration,
dosing and mixing with clay and other additives,
dehydration through a filter press, plastic molding,
drying and firing of products is foreseen (Fig. 4).

The second option involves the use of red mud,
which is pre-dehydrated, dosing and mixing with
clay and additives, plastic molding, drying and firing
of the products.

Experimental and industrial tests of this
technology allowed to obtain ceramic products of
plastic molding (bricks and tiles) with equally high
acid and alkali resistance (97 - 99 wt.% and 93 - 95
wt.%, respectively). At the same time, alkali
resistance exceeds by 13 - 15% the performance
of products made from known masses based on
the clay-fireclay system, which is traditionally used
in the production of ceramic acid-resistants.

Such a way, in experimental and industrial
tests, the connection between the effect of increa-
sing of chemical resistance of ceramics made from
developed masses based on mixtures of red mud
and clay with the formation of the crystal system
hematite - anortite - quartz, distributed in the
developed glass phase, was confirmed.

3. CONCLUSION

New masses compositions which contain 60 —
50% or red mud as atechnogenicraw material and
provide production of hemically resistant ceramics
with equal acid and alkali resistance with the use of
at a maximum temperature of 120 °C have been
developed.

It is established that the equally high acid and
alkali resistance of ceramics from the developed
masses is provided by the formation of a system of
crystalline phases such as hematite - anortite -
quartz and glass phase, saturated with iron oxides,
alkaline and alkaline earth oxides.

The complex application of red mud in the
composition of masses for the manufacturing of
fireclay and ceramics can simultaneously improve
products quality and increase the utilization of
industrial waste, which, as man-made raw
materials, become a common factor in solution of
resource conservation as well as of silicate
technology problems.

4. REFERENCES

[1] N.MN.bygHukos, .A.XapuTtoHoB (1971)
Kepamunyeckne matepuarsl Ansi arpeccuBHbIX cpes,
Ctponmsgart, M., 272 c.

[2] P.M.3anoHu, J.M.YepHsk (1975) Kepamuyeckune
XUMMYeckn ctomnkume nsgenuns, BHMMSOCM, M., 32 c.

ZASTITA MATERIJALA 63 (2022) broj 2

(3]

(4]

(5]

(6]

[7]

(8]

9]

(10]

[11]

(12]

(13]

(14]

[15]

[16]

(17]

B.L.Krasnyi, V.P.Tarasovskii, E.V.Rakhmanova, et
al. (2004) Chemical Resistance of Ceramic
Materials in Acids and Alkalis, Glass and Ceramics,
61, 337-339.

O.Myronyuk, V.Dudko, D.Baklan, L.Melnik (2017)
Study of structure influence on wear resistance of
hierarchial superhydrophobic coatings, Eastern-
European Journal of Enterprise Technologies, 3(12-
87), 44-49. D0i:10.15587/1729-4061.2017.103028
J1.M.YepHsk, C.M.HuuunopeHko (2977)
CtpykTypoobpasoBaHue gucnepcuii  NpUpoaHbIX
MWH npu  TepMmudeckon obpabotke /1 VI
Bcecoto3Hass  KOH(. MO KOMMAOMAHOM XUMUU U
PUNKO-XMMNYECKOW MEeXaHUuKe: Te3ncbl AOKN. —
MwuHck: Hayka n TexHuka,. — C. 398 — 399.
J1.M.YepHsk (2003) Kputepii BUGOpY CMpoBUHM ANS
cydacHoro BupobHuUTBa OyaiBenbHOI  Kepamiku,
CTtpouTtenbHble maTtepuansl 1 nsgenus, Net, c. 2-4,
Ne2, c. 6-8.

H.®.JleBangoBckka, J1.M.YepHsak (2008) TexHonoris
Ta CTPYKTYpOYTBOPEHHsi  ByaiBenbHOI kepamiku,
Kepamuka: Hayka n XusHb, 2, 10-18.

J1.M.Kownsik, B.B.KanuHoBckui (1990)
Mpon3BOACTBO M3OENUIN CTPOUTENBHOW KepamuKy,
Bbicwas wkona, M., 207 c.

B.®.MaBnos (1975) BnusHne XvMu4eckoro u
(hba3oBOro  COCTABOB  Ha  KMCMOTO-CTOMKOCTb
Kepamuyeckux  usgenun,  Tpyabl  MHCTUTYyTa
HWWcTponkepamuka, 40-41, 240-257.

JI.M.YepHak (2003) KomnnekcHe BUKOPUCTaHHS
NPUPOOHOT Ta TEXHOTEHHOI CUPOBWHW B TEXHOMONIT
XiMiYHO CTivKoi Kepamiku, bygiBenbHi maTepianu,
BUPOOM Ta caHUTapHa TexHika, 3HaHHs, K., Bun. 18,
41-49.

EJl.Tymenok, P.M.3aiioHu, J1.M.YepHsak, T.M.
JlobacoBa (1978) AHanu3a cTpykTypoobpa3oBaHusi u
CBOWCTB KMCMOTOYNOpOB M3 Macc ¢ pobaskow
obcmamnana, CTekno u kepamuka, 7, 19-21.

L.Melnyk, O.Myronyuk, V.Ratushniy, D.Baklan
(2020) The feasibility of using red mud in coatings
based on glyptal, French-Ukrainian journal of
chemistry, 8, 88-94. Doi: 10.17721/fujcV8I1P88-94.

S.Harekrushna, S.Ch.Mishra, S.K.Sahoo, AP.
Chakraverty, H.S.Maharana (2014) Progress of Red
Mud Utilization: An Overview, American Chemical
Science Journal, 4(3), 255-279.

X.Yang, J.Zhao, H.Li, P.Zhao, Q.Chen (2017)
Recycling red mud from the production of aluminium
as a red cement-based mortar, Waste Management
& Research, 35(5), 500-507.

H.Gu, NWang, S.Liu (2012) Radiological
restrictions of using red mud as building material
additive, Waste Management & Research, 30, 961-
965.

P.Kounalakis, K.Aravossis, C.Karayianni (2016)
Feasibility study for an innovative industrial red mud
utilisation method, Waste Management & Research,
34,171-175.

M.K.Sahu, R.K.Patel. (2016) Methods for Utilization
of Red Mud and Its Management, Environmental
Materials and Waste, Academic Press, p. 485-524.

181


http://journals.sagepub.com/author/Yang%2C+Xiaojie
http://journals.sagepub.com/author/Zhao%2C+Jianfeng
http://journals.sagepub.com/author/Li%2C+Haoxin
http://journals.sagepub.com/author/Zhao%2C+Piqi
http://journals.sagepub.com/author/Chen%2C+Qin
http://journals.sagepub.com/doi/full/10.1177/0734242X16684386
http://journals.sagepub.com/doi/full/10.1177/0734242X16684386

Lev Chernyak Industrial waste as a factor of increasing the chemical resistance of ceramics

(18]

[19]

M.S.S.Lima, L.P.Thives, V.Haritonovs, K.Bajars Kkepamukn: y4eb. nocobue ans sy3os nog pea. N.A.

(2017) Red mud application in construction industry: lN'yamaHa. OOOPUN® «Ctponmartepuansi», M., 336

review of benefits and possibilities, IOP Conf. Ser. C.

gﬂgag;()e(r/.zsls/il/.o;zzggé hitp://dx.doi.org/10.1088/1757- [20] E.M.OatnoBa, B.A.Bupiok (2006) Xumwnyeckas
TexHonorms KepaMuKm n OrHeyrnopos.

H.T.AHgpnavos, B.Jl.bankesu4, A.B.Benskos JlabopaTopHbIn  NpakTukym. Y4yebHoe nocobue,

(2005) TlMpakTkym MO XMMMWUYECKOW TEXHOMOrun BI'TY, MuHck, 284 c.

1ZVOD

INDUSTRIJSKI OTPAD KAO FAKTOR POVECANJA HEMIJSKE
OTPORNOSTI KERAMIKE

Prikazana je mogucnost proizvodnje keramike sa podjednako visokim pokazateljima kiselinske i
alkalne otpornosti. Postignuti efekat je povezan sa formiranjem sistema kristalnih faza anortit-
hematit-kristobalit pri peCenju masa stvorenih na bazi kompozicija crvenog mulja i polimineralne
gline. PredloZzene su tehnoloSke Seme proizvodnje kerami¢kih materijala iz masa sa ukupnim
sadrZzajem 60-80% crvenog mulja, otpada obojene metalurgije, Sto je faktor povecanja
dekorativnih i eksploatacionih karakteristika proizvodnje.

Kljuéne reci: keramika, hemijska otpornost, crveni mulj, sastav, keramiCka masa, pecenje, fazni
sastav, svojstva.
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