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Abstract: Sustainable waste management is important so that every bit of waste can be managed in a structured
manner and the waste created is kept to a minimum The development of geopolymer concrete is one of the steps
towards achieving this objective. Geopolymer concrete, which is produced by copolymerization of aluminosilicate
materials (source materials) with alkaline solutions, exhibits higher mechanical strength and excellent durability
properties when compared to the traditional cement-based concrete, leading to a sharp reduction in the greenhouse gas
emissions at lower operating costs. Several aluminosilicate industrial wastes such as fly ash (FA), ground granulated
blast furnace slag (GGBFS), metakaolin (MK), ferrochrome ash (FCA), red mud (RM), can be used as source materials
for geopolymer concrete production. This paper carries out a review on properties of red mud-based geopolymer
concrete. Red mud is a waste generated from the alumina refining industry, and is considered hazardous due to its high
alkalinity. Apart from this, it contains significant amount of oxides of aluminum, silicon, and iron and is therefore
considered to be beneficial for geopolymerization. The rapid utilization of red mud in the production of geopolymer
concrete is highly anticipated in near future. Hence, this paper outlines the mechanical and durability properties of red
mud-based geopolymer concrete from past literature, which will provide a technical framework for conducting future
experimental works, leading to its commercialization.

Keywords: geopolymer; geopolymer concrete; waste management; red mud

(Article history: Received: 19“‘January 2021and accepted 11th June 2021)

materials. Geopolymer concrete is an innovative construction
material which is produced by mixing various
aluminosilicate materials with alkaline solutions to form
geopolymer paste that binds the aggregates and other un-
reacted materials together [4]. It has the potential to
positively contribute to environmental sustainability in both
the industrial and construction sectors, through the recycling
of waste materials and the reduction in carbon emissions. In
the last decade, lots of research works have been carried out
to investigate the engineering properties of geopolymer
concrete. Results from previous works indicate that
geopolymer concrete has more benefits over conventional
cement-based concrete such as high mechanical strength,
lower shrinkage characteristics, and superior durability
properties. Nowadays, geopolymer concrete is progressively
used in civil construction works, such as structural buildings,
precast bridge decks, etc. because of its structural and
economic benefits [5].

|. INTRODUCTION

One of the vital problems witnessed by the world today is
the degradation of our environment. Due to rapid
industrialization in the developing countries, a huge amount
of industrial solid wastes is generated and its rate i
increasing each year. These wastes can be considered to have
adverse effects worldwide as they may contaminate the
environment if not treated or disposed of properly. In this
context, sustainable industrial waste management is crucial
and is the need ofthehour [1].

A major component of concrete is cement, basically
known as Ordinary Portland cement (OPC). The production
of cement causes extensive energy consumption, noise
pollution, environmental heating, and emissions of
greenhouse gases (5% of global CO, emissions) through the
combustion of fossil fuek, as well as through the
decarbonization of limestone [2][3]. Furthermore, carbon

emissions affect the planet significantly, as they cause global
warming that ultimately leads to climate changeissues.

Hence, it is necessary to find altemative methods of
manufacturing concrete based on renewables and recycled

Industrial solid waste is defined as waste generated
from manufacturing processes. Some of the industrial wastes
are fly ash (FA), GGBFS (ground granulated blast furnace
slag), ferrochrome ash (FCA), red mud (RM), and rice husk
ash (RHA). These wastes are used as source materials to
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produce geopolymer as it contains high silica and alumina
content [6]. Recycling industrial wastes can facilitate the
development of eco-friendly construction materials such as
geopolymers, leadingto a sustainable future.

This paper establishes a review on red mud (RM)
based geopolymer concrete. RM, a bauxite residue, i a
waste product composed of a significant amount of alumina,
silicon, and iron oxides, generated fromthe alumina refining
industry [7]. Due to its high alkalinity, it can pose a
significant environmental hazard. As a result, significant
efforts need to be taken in finding better methods for dealing
with it. Potential applications of RM include: improvement
of soil acidity, landfill capping, and as a source material for
geopolymerization. The large-scale recycling of RM through
geopolymerization will result in achieving sustainability
goak. This study, therefore attempts to comprehensively
reviewthe mechanical and durability properties of RM-based
geopolymer concrete.

Il. RED MUD AND ITS PROPERTIES

RM is the by-product produced from the alumina refining
of bauxite ore. Depending on the quality and purity of the
bauxite ore, the quantity of RM generated varies from 55%
to 65% of the processed bauxite [8]. Hausberg et al. [9]
reported that for every ton of alumina, the volume of RM
generated s between 1-1.5tons [23]. More than 4 million
tons of RM s generated annually in India only [10]. Annual
production of aluminum led to an annual global production
of RM accumulated to reach 2.7 billion tons worldwide [11].
In the Bayer process, strip-mined bauxite is treated with hot
caustic soda (sodium hydroxide), which carefully dissolves
aluminum from an array of other mineralized metak. The
end product is alumina (Al,O3), which is the intermediate for
producing aluminum metal. Bauxite processors recycle the
caustic soda and punp the residual RM sludge into huge
settling ponds. But RM is strong enough to kill plant and
animal life and causes bums and damages to lungs if the
fumes are respired. Hence, RM s neutralized with seawater
before it is used for construction materiak production i.e.
building panels, concretes, bricks, ceramic foam, foamed
insulating bricks, tiles [12, 13, 14, 15, and 16].

A. Physical Properties

The particle size and density values have significant
influences on the performances of RM as the raw materials
for concrete production. The particle size distribution of the
RM at a calcined temperature is in the range of 26.7 um to
38.2 um. Besides, the specific gravity of RM determined by
the pycnometer method is 2.64. The measured value of the
density of RM is 2.70g/cm’ [18]. The fineness of RM s
ranged between 1000-3000 cm/gm using Blaine’s apparatus
[19] [20]. The mud is highly basic with a pH, normally >12
which helpsin boosting the geopolymerization process [21].

B. Chemical Properties

The percentage of oxides produced by a paricular
alumina refinery will depend on the quality and nature of the
bauxite ore and the extraction conditions. The main chemical
compositions of RM are: Fe,0s, Al,O;, SiO,, CaO, Na,0,
TiO, K,O, MgO, MnO, P,0Os, and a large variety of minor
elements [22]. RM is rich in FeO (41%) which helps in
building ferrosialate link, Na,O (5.47%) greatly helps in the
dissolution of raw feedstock [20]. As the CaO content is very

low hence it has no cementitious properties but when it
reacts with water and cement it starts gaining cementious
properties [19]. The greatest challenges of the RM are
chemical variability, since it demands a greater control of the
process and consequently, increases the costs related to
reutilization [22].

I1l. PROPERTIES OF RED MUD BASED GEOPOLYMER CONCRETE

A. Workability

Addition of RM to the geopolymer concrete significantly
reduces the workability, due to the fineness of particles and
also due to the high water-demand [24]. The workability of
geopolymer concrete was found out using the slump test. The
slump values obtained from using the proportion of RM and
GGBFS (809%:20%; 70%:30%; 60%:40%) was 50mm,
40mm and 30mm [25]. The workability remains constant for
samples containing up to 40 wt% RM and 0.47-0.58
water/geopolymer binder ratio [26]. The temperature of
hydration escalated as more RM was added into the
geopolymer concrete mixes, which led to strength
enhancement in early ages and consequently the workability
decreased[27].

B. Compressive Strength

From the experimental works, it was found that a higher
amount of RM content in the geopolymer mix, decreases the
compressive strength of the geopolymer concrete [28] [29].
For each percentage replacement, it is noted that there was
2.5%-5% increase in conpressive strength, however, beyond
20% RM replacement, the strength decreased significantly
[30]. The test results showed that the 28-day compressive
strength of the geopolymer specimens containing 25% RM
was found to be 29.5% lesser than that of reference concrete.
In another study, RM-FA based geopolymer concrete
exhibited compressive strengths over 17 MPa after curing for
14 days [31]. As RM & rich in FeO, the generated
ferrosialate geopolymer network showed 53.34% increase in
compressive strength when compared to traditional sialate
geopolymer networks formed from FA alone. In a study, it
was found that the geopolymer mixes containing RM, FA
and GGBFS can be used as sustainable altemative material
as the compressive strength of resulted geopolymer concrete
was found to be 89.4% nore than that of conventional
cement-based concrete [32].

C. Flexuralstrength

The flexural strength test is one of the most common tests
conducted on hardened concrete; this determines the
resistance to flexing or stiffness of a material. It was found
that as the percentage of RM (10%, 15%, 20%, and 25 %)
increased, the flexural strength decreased. An increase in the
content of RM decreases the workability and the packing
effect reduces, thereby leads to the reduced strength and
causing the material to be porous [17]. From the
experimental results, it can be concluded that at optimum
percentage of RM, the geopolymer concrete specimens gains
more flexural strength when compared to conventional
concrete [25].

D. Durability

Geopolymer paste containing 30% and 50% RM showed
superior resistance to acid attack [33]. The introduction of
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RM in the geopolymer mixes increases its resistance to
sulphuric acid because of lesser calcium content and greater
alkalinity [34]. The addition of RM up to 30% increases the
resistance of the geopolymer specimens to both acetic acid
and sulphuric acid solution. RM proved to be a promising
raw material for production of geopolymer concrete since it
inhibited the corrosion process [35]. The higher the content
of RM, lower is the corrosion rate, which reached stability
between 20-30% of RM content in the geopolymer mixes
[36].

IV. CONCLUSION

The main objective of this paper was to review properties
of a sustainable eco-friendly construction material i.e. RM-
based geopolymer concrete. RM showed acceptable
characteristics for its potential reuse as a civil engineering
material. RM has the ability to be used in geopolymerization
due to the presence of oxides of iron, silicon, and aluminium.
Past studies suggested that it is an effective candidate to be
used in the production of geopolymer concretes for
construction  pumposes. Due to its  sustainability
characteristics, durability and strength properties - the RM-
based geopolymer concrete can be used as an altemative
construction material for a greener and sustainable future.
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