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EFFICIENCY OF THE USE OF RED MUD IN THE DEVELOPMENT OF
ACID-RESISTANT HYBRID ALKALINE CEMENTS

The use of secondary industrial products has long been an integral part of the
construction industry. The most common man-made raw materials used in the
production of building materials, in addition to slag, are fly ash and red mud.

This work is devoted to the study of the effectiveness of using red mud as an
additional source of an alumina silicate component of man-made origin in the
production of alkali-activated cements with increased acid resistance.

In conventional cement systems, the use of significant amounts of red mud is not
possible due to the high content of alkali metal compounds and heavy elements, but this
is not a problem for alkali-activated binders.

Red mud obtained by processing bauxite ore using the Bayer process is highly
alkaline, and its disposal and reusability are hampered by high sodium concentrations
and high pH. That is why, according to the analysis of literature sources, research on
the integrated use of red mud is mainly found in only a few areas, among which
construction occupies a leading position.

In the course of research, the parameters of dough of normal density, hardening
terms and strength for the developed systems were determined. Direct determination of
the acid resistance index was also carried out using two methods: accelerated and by
long-term aging of samples. In this way, the main physical and mechanical
characteristics of the developed compounds were determined and the results were
analyzed.

The obtained results of the study confirmed the possibility of partially replacing
alumina silicate components with red mud to obtain acid-resistant alkaline cements. It
was found that the introduction of up to 30% of red mud makes it possible to obtain
material with an acid resistance coefficient (Ks) in the range of 0.8-0.95.

Key words: alkali-activated cements, acid resistance, aggressive environment,
industrial waste, red mud.

Introduction. Rapid development of modern technologies requires from industrial
complexes rapid renovation and adaptation as for the Ukrainian market needs, so far as
for world market. Every day there are creating a lot of goods and services, which are
necessary for improvement life level and working conditions. However, there are still
exist factures which need attention because of absence of effective materials to realize
exploitation characteristics of separate flats of buildings in complex. First of all there are
object of food and chemical industries.

283


https://orcid.org/0000-0001-6337-0488

Nowadays, the main roles in development of building materials of new generation
are given to economical expediency of their production, ecology aspects and
effectiveness under exploitation in time. Use of natural raw materials for production of
building materials is very attractive from the point of view of safety and stability of
obtained materials, including by the absence of extra content of heavy metals and
hazardous materials. However, use of natural raw materials only if not attractive from
the point of view of sustainable development. The most widely used materials with
technogenic origin are blast furnace slag and fly ash. Red mud from alumina production
is not widely used, but use of them is very perspective from the chemical point of view.

Analysis of the studies and publication. Bauxite residue, known as red mud, is the
by-product of alumina production by Bayer process. Nowadays this source is about 4.6
min tones in the storages. Global storying of red md needs a huge areas, causing huge
impact for environment and leading to increasing of ecological risks. Moreover, it
contents a lot of sodium, able to easily dissolve in the ground water. That is why it is
necessary to provide stable approach for its complex treatment [1].

At present time, complex use of red mud is mainly realized in the following directs:
construction industry, chemical industry, environmental protection, agricultural industry,
and also industry of mining of rare elements [2-3].

Red muds from Bayer process have high alkalinity and their utilization and
possibility of re-use are complicated because of high concentrations of sodium and pH
level, meaning high alkalinity. That is why their use as a raw material for alkali
activated cement based materials, including acid resistant materials, seems to be
perspective [4].

Thus, in the paper [5] was highlighted the analysis of the study of production acid
resistant materials using red mud. Acid solubility of the specimens was less than 4.5%.
Another one example of active use of red mud is the production of glass-ceramic foam
materials. Results of the study have showed that with increasing of electric insulators in
the wastes different chemical components from the waste promoting appearance of
liquid phase, recrystallized from the glass phase in the system from Ca-Al-Si-O to Al-
Si-0, and thus a way leading to changes of pore structure of glass ceramic foam. While
correspondence of the electric insulators to red mud was 8 parts to 2, glass ceramic foam
shows optimal complex properties in the prepared specimens with the density 0.66
glem®, porosity 73.6 % and compressive strength 11.3 MPa [6].

At the same time, study [7] expresses influence of red mud on mechanical properties
and durability of geopolymer paste in solutions of sulphuric and acetic acid. To
formulate geopolymer paste together with alkalis were used red mud and fly ash.
Maximal obtained strength was 38 MPa for the paste, containing 30% of red mud and
10M alkaline solution versus 31.69 MPa while using only fly ash. Geopolymer paste,
containing 30% and 50% of red mud, have showed better resistance to the acid
aggression. Strength loses were minimal for specimens, containing 30% of red mud as
for non-organic, so as for organic acids (namely sulphuric and acetic acids).

Thus, preliminary studies to determine mechanical strength, resistance for
environmental impact and microstructure of alkali activated cement mortar using red
mud confirm their efficiency to produce alkali activated cement [8]. However,
possibility to use red mud as a raw component exactly for acid resistant alkali activated
cements needs to provide additional studies.

Aim of the work. In general, development of materials with increased resistance to
aggressive media with low pH contains two main points. Firstly, reducing of basicity of
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the cement system itself, which is possible by introduction of SiO,-containing
components (for example, aspen), and secondly — direct regulation of structure
formation in the direct of formation of stable insoluble phases, which will provide
necessary acid resistance properties by using additional source of Al,O; oxides (for
example, metakaolin).

However, preliminary studies had showed that use of significant amount of
metakaolin and aspen leads to appearance of significant problems, connected with
increasing of system water demands and reducing of strength properties [9]. To avoid
this problems, and also to increase ecological properties of material and to estimate
possibility to reduce self-cost of the material, there were investigated possibility to
provide partial replacement of alumina silicate components on red mud.

The main goal of the study was to develop acid resistant materials on the basis of
hybrid alkali activated cements in the system R,O — RO — Al,O; — SiO, — H,0 with
increased tightness and lowered porosity for application in materials and constructions
of common and special use.

Main objectives:

— to study physical-chemical conditions of formation of acid resistant phases in
hybrid alkali activated cements using red mud;

— to obtain optimal compositions of acid resistant alkaline cements and to
determine regularity of regulation of structure formation processes in artificial stone of
hybrid alkali activated stone using red mud;

— to analyze influence of technological parameters on peculiarities of hardening of
acid resistant alkali activated cements;

— to investigate influence of type of acid media on main physical-mechanical
properties of the cements under study;

— to study main physical-mechanical properties of developed compositions of acid
resistant alkali activated cements in the direct of storage of the characteristics during
exploitation.

Main part and results of the study. As a main source of alumina silicates of
technogenic origin was used red mud from Mykolaiv alumina plant. Bauxite ore is
grinding in the process of alumina production and thus red mud is characterized by
specific surface within the ranges 1500 m/kg.

As a main source of alumina silicate component was used ground granulated blast
furnace slag from PAT “DMZ” with specific surface 430 m?/kg by Blaine.

To reduce basicity of the system, as an additional source of SiO, was used aspen.
Alkaline component was represented by sodium metasilicate.

According to the test results, introduction of sodium metasilicate within the ranges
10-12% leads to the intensification of initial hardening of the system. Additional
introduction of aspen partially slowing down this process and directs setting times to
normal meanings (Table 1).
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Table 1. — Paste of normal consistency and setting time test results of acid resistant
alkali activated cements using red mud

Components content, % PNC, Setting time, min
No %
MS Red mud aspen slag initial Final
1 10 20 0 70 23 50 130
2 8 30 0 62 25 75 125
3 12 15 0 73 21 35 65
4 10 30 10 50 26 80 120
5 10 15 5 70 24 75 105
6 12 15 5 68 23 55 85

Direct determination of acid resistance was done by the following methods:

- by express method via boiling of cement paste specimens during 1 hour in the 35%
solution of sulphuric acid (H,SOy). Test results are given in Table 2.

- by storying of mortar specimens in 5% solution of sulphuric acid (H,SO,) during
30 days, after preliminary hardening during 28 days in normal conditions. Physical-
mechanical properties of the materials under study are given in Table 3 and on Figure 1.

Table 2. — Test results after the boiling of specimens of cement paste using red mud

Compressive
Component content, % Mass, ¢ strength at the age
No of 28 days, MPa | . | AmM,
N %
before | after before after
MS | redmud | aspen | slag | “roqy test test test
1 10 20 0 70 17.1 17.0 54.0 50.0 | 0.92 | 0.58
2 8 30 0 62 17.9 17.6 50.0 400 | 080 1.68
3 12 15 0 73 17.2 16.8 60.0 55.0 | 092 | 2.33
4 10 30 10 50 17.1 16.9 52.0 455 | 0.88 | 1.20
5 10 15 5 70 17.1 17.0 55.0 525 | 0.95 ] 0.58
65.0 0.58
6 12 15 5 68 17.2 17.1 55.0 0.85

According to acid resistance coefficient meaning (Kc>0.8), cements under study are
acid resistant. This | also proved by mass loses results after test (less than 2.5% by
mass).

Analysis of the obtained results shows that use of red mud replacing part of the
alumina silicate component do not leads to the strength drop under influence of acid
environment by boiling. The lowest destructions after boiling have the material with
higher content of alumina silicate content together with increased content of silicate
component in the system.
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Table 3. — Compressive strength of acid resistant alkali activated cements using red
mud

Component content, % Compressive strength, MPa

No \rlz:\lt/i% 30 days, 90 days,
red 28 60 5% 90 5%

MS mud aspen | slag days | days H,SO,4 days H,SO,4

solution solution
1 8 30 0 62 041 | 302 | 314 23.7 41.0 30.7
2 10 20 0 70 0.38 | 36.3 | 37.8 29.0 44.7 36.9
3 12 15 0 73 0.36 | 40.2 | 425 38.1 56.8 434
4 10 15 5 70 0.40 | 379 | 410 30.4 62.1 435
5 12 15 5 68 0.37 | 485 | 51.0 38.7 58.7 40.6
6 10 30 10 50 0.42 | 385 | 37.7 30.7 445 29.7

Graphical interpretation of destructive influence of H,SO, solution on the strength
properties of the cements under study are given on Figure 1.
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Figurel —Influence of H,SO, solution on the strength properties of the cements
under study

According to the analysis of the obtain results use of red mud in the quantity up to
30% makes it possible to obtain material with compressive strength 30.7 MPa after 90
days of storying in 5% solution of H,SO,. There sodium metasilicate content is 8% by
mass and is minimal comparing to other compositions. Increasing of alkaline component
content leads to the rising of compressive strength. However, such regularity are present
for storying in normal conditions, because increasing of alkalinity in the system leads to
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the higher intensity of neutralization reaction, which flows in the process of influence of
aggressive environment on the material.

Additional introduction of SiO, source represented by the ground aspen makes it
possible to regulate this process by reducing basicity of the system. Thus, introduction
of 5% SiO, and increasing of sodium metasilicate content to 10% makes it possible to
obtain material with compressive strength 43.5 MPa after 90 days of influence of acid
environment.

Conclusion. Obtained results are proving the possibility of partial replacement of
alumina silicate component on red mud to obtain alkali activated cements with increased
acid resistant properties. It was determined that introduction up 30% of red mud makes
it possible to obtain material with acid resistance coefficient within the ranges 0.8-0.95.

In general, study of the strength properties of the compositions under study shows
that the higher residual strength are characterized systems with increased content of
alumina silicate component and reduced silicate modulus of the system, proving
theoretical backgrounds.
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B.B. 303ynuneus, O.10. Kosanvuyx

Edexmuenicms  euxkopucmanus uepeoHo20  wamy — nRpu  po3pooui
KUCIOMOCMINKUX 2IOPUOHUX JIYHCHUX UEeMEHMIE

Bukxopucmanns emopunnux npoOoykmie npomucio8ocmi 6dice OA8HO € He8id €EMHOIO
CK1a006010  6yOdisenvHol eanysi. Hailbinbw nowupeHumy CUpOGUHHUMU Mamepianiamu
TMEXHOLEHHO20 NOXOONCEHHS, SAKI BUKOPUCHOBYIOMbCA NPU BUCOMOBNEHHI OYOiBenbHUX
Mamepianie OKpiMm WiaKy € 301a-6UHOCY Md 4epPEOHULL UWLIAM.

Jana poboma npucesuena OOCHIONHCEHHIO epeKMmUGHOCI BUKOPUCIAHHS YEPEOHO20
waamy 8 sKocmi 000amK06020 0dicepena AIMOCUNIKAMHOL CKIA0080i MeXHO2eHHO20
NOXOOJCEHHS. NPU  GUSOMOBICHHI  IYICHOAKMUBOBAHUX —YEMEHMI8 3  NiOBULeHUMU
NOKA3HUKAMU KUCTOMOCMIUKOCII.

B 3uuaiinux yemenmuux cucmemax 6UKOPUCMAHHA 3HAYHOI KiTbKOCMI 4€PEOHO20
WAAMY He € MONCIUBUM 3 0271A0) HA GUCOKULL BMICT CHOYK JIYHCHUX MEMAnie ma 8axcKux
efleMenmis, npome ye He € nPOOIEMOI0 O IYHCHOAKIMUBOBAHUX 8 AHCYHUUX PEYOBUH.

Yepeoni winamuy, ompumaHi wiisixom nepepooKu OOKCUmMogoi pyou 3a npoyecom
baiiepa maromv  6ucoxy nyoicHicms, a ix ymunizayis ma MONMCAUSICG NOGMOPHO20
BUKOPUCTAHHA  YCKIAOHIOEMbCA  BUCOKUMU  KOHYEHMPAYIAMU HAMPIIo A  BUCOKUM
nokasnuxom pH. Came momy, 32i0H0 3 amanizom aimepamypHux Oxcepen, O0CHONHCEHHS
KOMNIEKCHO20 BUKOPUCAHHS YEPBOHO20 WIAMY 8 OCHOBHOMY 3HALIOEHO Juuie 8 KilbKOX
cghepax, ceped aAxux 6y0iGHUYMBO 3AUMAE NEPEO08)y NOUYTIO.

B x00i Oocnioxcens 6y10 6usHaueHo NOKA3HUKU TMICA HOPMATLHOI 2YCMUHU,
TNEPMIHI8 MYIHCABNIEHHA MA MIYHOCMI Onid po3podaenux cucmem. A maxooc nposedeHo
0e3nocepeoHe BUBHAUEHHS NOKA3HUKA KUCTOMOCMIUKOCMI 34 080MAd MemOOUKAMIU:
NPUCKOPEHOI0 MaA WLIAXOM 00820MPUBANO20 BUMPUMYBAHHA 3paskie. Taxum uurom Oyno
BUBHAYEHO OCHOGHI (DI3UKO-MEXAHIYHI XAPAKMEPUCMUK pO3pOOIeHUX CcK1adie ma
NpoBedeHo aHai3 pe3yIbmamis.

Ompumanumu  pe3yriomamamu  O0CHOHNCeHHsT OYI0  NIOMBEPONCEHO MOACTUBICIIL
YACMKOBOT 3AMIHU ATIOMOCUTIKAMHUX KOMNOHEHMIE HA YEPEOHUL uiiam OJisi OMPUMAHHSL
KUCTOMOCMIUKUX IYHCHUX yemenmis. Buseneno, wo eésedenns 0o 30% uepgonoeo unamy
dae 3mo2y ompumamu mamepian 3 koegiyicumom xucromocmivikocmi (Kc) 6 meacax 0,8-
0,95.

Kntouosi cnosa: nysyncnoakmueosani yemenmu, KUCI0MOCMIUKICMb, azpecusne
cepeodosuuie, RPOMUCTI08E 6I0X00U, YEPBOHUIL WLIAM.
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