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Abstract

The purpose of this study is to assess the effect of red mud in compensating for ordinary Portland cement (OPC) in
concrete manufacture. One set of 30:70, 40:60, 50:50, 60:40, and 70:30 in weight proportions red mud (RM) and fly ash
(FA) was used to make this geopolymer concrete, whereas the other set of geopolymer concrete was prepared with the
same proportions with red mud and ground granular blast furnace slag (GGBFS). The high alkalinity of red mud, a by-
product of alumina production in bauxite processing, has a substantial environmental impact and is useful as a binder
for geopolymer concrete. When compared to standard Portland cement concrete specimens, the increases in strength of
both sets of red mud-based binary geopolymer concrete specimens were reported to be 21%, 24%, 25%, and 15%, 16%
17% and 18% 11% 7% in ambient curing and 42% 45% 50%, 45% 31% 33% and 37% 27% 24%, respectively. Red mud —
ground granular blast furnace slag based binary geopolymer concrete has superior values than the other mix.
Compressive strength of geopolymer concrete may reach 31.21 MPa, suggesting it can be utilized as an alternative to

cement concrete components in constructions.
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1.Introduction

1.1Back ground of the study

The worldwide alumina industry generates more than
140 Metric Tons of red mud every year, which is a
bauxite by-product of the Bayer process used in
alumina manufacturing [1]. Many industrial alumina
plants are located in India, and their annual
contribution to world red mud production is
estimated was 10% of the world production [2, 3].
Figure 1 depicts the proportion of red mud generated
by various Indian alumina production units. The
construction of a red mud barrier for disposal needs a
huge amount of land and is a significant expenditure
for alumina manufacturers. Furthermore, the removal
of red mud on open land pollutes the surrounding
ecosystem, causing ecological imbalance. Red mud, a
solid waste leftover from the alumina industry, is one
of the most promising adsorbent options. Because of
the presence of a significant amount of oxidized iron,
the bauxite deposit, often known as red mud, is red.
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Many researchers are being done throughout the
world to examine the use of waste materials,
including red mud, bottom ash, sludge, and slag in
the manufacture of concrete and construction
materials.

1.2Motivation

Ore mining is an important industrial operation in
India. Any industry that processes ores generates
trash or by-products. Red mud is one such waste that
has piqued the interest of numerous experts all
around the world [4]. Figure 1 depicts the yearly
output of red mud in India from aluminium-based
industries. The study is being conducted to
investigate the feasibility of turning red mud into a
viable substitute for conventional Portland cement.
Red mud, a solid waste leftover from the alumina
industry, is one of the most promising options for use
as a binder in concrete production. Many researches
have been done across the world to examine the
utilization of waste materials such as red mud, fly
ash, sludge and slag in the production of cementitious
materials [5]. During the process, bauxite is
transformed into soluble sodium aluminate, while the
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insoluble component is referred to as "red mud" or
"bauxite residue”. Heat curing is employed in the
preponderance of investigations because the
geopolymerization mechanism is more beneficial at
higher temperatures. Geopolymer concrete can only
be used in precast construction due to heat curing [6].

The primary aim of the researcher is to improve the
mix's desirable properties by curing it at room
temperature, allowing it to be used in a wider range
of applications in the construction industry.
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Figure 1 Graphical report of the production of red mud tons/yr. from different organizations in India

1.30Dbjective

Many industrial wastes are effectively transformed

into appropriate cementitious materials in the

construction sector, according to reports. However,
the reports on modified red mud as a binding
substance and its characteristics remained unclear.

Given the foregoing, it is deemed beneficial to

conduct investigations on the usage of modified red

mud.

The current research study is being carried out with

the following goals in mind:

1. To make a binary mixture of geopolymer pastes
containing modified red mud, ground granular
blast furnace slag, and fly ash.

2. Determine the maximum pH values from both
binary sets using chemical analysis with various
molarities of NaOH in alkaline activator solution.

3. To investigate the mechanical characteristics of the
optimal binary sets derived from the chemical
analysis.

4. To investigate the behavior of the optimal pH in
the binary geopolymer paste and the optimum
NaOH molarity.

5.5. To test the mechanical characteristics of red
mud + GGBFS based geopolymer concrete
specimens at ambient and oven curing
temperatures for 7, 28, 56 days.

6. To assess the mechanical characteristics of red
mud + FA-based geopolymer concrete specimens
after 7, 28, 56 days of curing at room temperature
and in an oven.
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7. Compare and report the results of binary
geopolymer concrete based on the red mud with
traditional concrete samples of the same grade.

2.Literature review

Iron oxide (Fe,O3), alumina (Al,O3), sodium oxide
(Nay,0), silica (SiO,), titanium oxide (Ti,0), and
calcium oxide (CaO) are the active ingredients
constituents in red mud [7-9]. Concrete is the world's
second-most-used  substance, following  water,
therefore  sustainable  building using  extra
cementitious materials is required. Using sustainable
cementitious materials to substitute cement in
concrete can help to minimize CO, emissions [10-
13]. Numerous efforts have been done out on the use
of red mud as a raw material in various processes,
including brick, pottery, chemical and metal
absorbent productions [14-18]. Red mud is an
alkaline material that can, in a bid to minimize
carbon dioxide emissions and soil pollution caused
by red mud disposal, be utilized as a partial
replacement for cement [19]. Red mud also possesses
significant pozzolanic characteristics due to its high
concentrations of alumina and silica [20]. Calcium
hydroxide reacts with silica in the red mud when the
concrete is wet, enhancing the strength of the
concrete [21]. The inclusion of aluminates and
ferrites in cement materials enhances the reactivity of
silica [22]. As per the [23] RM sludge can be
recycled to produce non-thermally treated red mud
(NTRM). The compressive strength of the slag
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cement mortar combined with non-thermally treated
red mud, was estimated to be around 65 percent of
that of the slag cement mortar alone. Although the
compressive strength was not projected to improve, it
was enough for usage in car parks and roadway
paving. According to [24] a rise in RM enhanced the
tricalcium silicate in the concrete as well as the iron
and salt levels in the cement paste. RM had a small
detrimental influence on the fresh characteristics of
the concrete, requiring more superplasticizer to fulfil
the self-compacting concrete (SCC) criteria. In terms
of chloride intrusion tolerance, the use of up to 20%
red mud as clinker replacement is equally effective as
conventional Portland cement without additives [25].
The chemical compositions of RM are closely related
to the geopolymer binder requirements. It was
discovered that increasing SiO,/Al,0; increased
compressive strength while lowering Na,O/Al,O3
improved workability. The after thermal activation
(ATA) procedure enhanced the characteristics of the
RM and generated an alkaline environment that aided
in the decomposition of aluminosilicate and
encouraged the formation of certain mineral phases
such as Larnite, Hatrurite, and sodium magnesium
aluminum silicate. The addition of Nano-SiO,
reduced the strength of the binder [26]. Mortar and
concrete characteristics are adequate for modest red
mud additions of up to 15%. In most situations, the
workability of the mixes is diminished, but this is
dependent on the amount of RM [27]. Only a few
researches on RM as a supplemental cementitious
material in concrete were done, and the extra value of
this industrial by-product with cement replacement
was recognized [28]. There are differing views on the
appropriate dose of red mud in place of cement and
its uses. This is due to the chemical composition of
red mud, varying by region. RM, which is high in
alumina, shortens the setting time of concrete and
lowers compressive strength with a higher degree of
replacements. The derivative thermo gravimetry
(DTG) peak related to Portlandite decomposition
became clear after 12h of aging was explained by
[29], but not until 28 days. The increasing in
compressive strength was observed by substitute the
6% of the red mud in concrete was discovered by the
[30]. This might be due to microstructure
solidification, as seen by a reduction in Ca(OH),
concentration with red mud replacement. Frost
resistance is good for all combinations, except that
containing 10% silica fume and 20% red mud. Red
mud-containing mixes performed significantly better.
The behavior of samples evaluated after 25 freezing
and thawing cycles is noticeably different [31]. The
research, evaluated and addressed a variety of
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possible ways of reducing CO, emissions associated
with binder manufacturing. Cement production can
be affected by a number of factors, ranging from the
use of cheaper and cleaner fuels to the entire
replacement of cement clinker with new clinker, as in
sulfoaluminate and gypsum cements, are examples
[32]. When compared to concrete containing only
ordinary Portland cement (OPC), concrete adding 5%
red mud reduces rebar corrosion throughout a 420-
day test period. Pits were observed on rebar inserted
in concrete with w/cm values of 0.51 and 0.48,
respectively, and black rust strains were discovered
on RM concrete [33]. A suitable combination of fly
ash and red mud greatly prevented corrosion of steel
bar in saltwater concrete [34]. Assimilation of the
various red muds with water significantly enhanced
their capacity to decolorize methylene blue. The iron
release and reactivity may be controlled by the red
mud sample and reaction media utilized [35]. Red
mud is a good geopolymer precursor because of its
high basicity and Aluminium concentration. Much
research has been done on a RM-based geopolymer
in recent years. The geopolymer can be produced in a
sustainable manner by exploiting the high alkalinity
of red mud was mention [36] in his work. The
rigidity rises as the curing age increase. The red
mud's silicate component dissolves in an alkaline
solution during autoclave solidification, resulting in a
more silica-rich gel phase. The unconfined
compressive strength of the final products follows an
inverse exponential distribution according to the
porosity characteristics. After curing at room
temperature and 80°C, the lower the geopolymer
strength. The [37] describes that the, various pH
values produce different reactions, that is calcium-
silicate hydrate (C-S-H) developing under low
alkalinity settings and geopolymer gel forming under
higher alkalinity conditions. The amount of calcium
influences the structural change as well as the
compressive strength. RM has a high ionic content,
which causes it to conduct more electricity as it loses
moisture. This arrangement makes it easier to
activate conductivity carriers. The geopolymer
method has significant promise for using industrial
wastes and meeting the demands of sustainable
construction materials. This method has the potential
to be used for both dry and wet synthesis.
Geopolymer cement is ready-to-use solution that can
be packaged in bags and blended with water like
ordinary Portland cement.

2.1Literature summary
Geopolymers are green materials that don't produce
greenhouse gases during the polymerization process.
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Geopolymer  manufactured from silicon and
aluminium containing source materials, such as fly
ash, GGBFS, Micro silica, Red Mud, and other
similar minerals. Geopolymer has outstanding
mechanical characteristics, since it does not dissolve
in acidic solutions and does not produce potentially
dangerous alkali-aggregate reactions, even when the
alkali level is greater than 9%. Many research studies
have been conducted using fly ash and GGBFS due
to its exceptional mechanical characteristics and
durability. There are just a few studies on red mud-
based geopolymer concrete. Geopolymerization can
be utilized to employ red mud as a raw material in
concrete. As the amount of red mud in the concrete
grows the compressive strength of the concrete drops.
As the amount of red mud in the concrete increases,

the setting time increases. Workability increases with
increased red mud content. There is no relationship
between workability and molarity. Workability
primarily depends on the water content of the mix.
Sulphate resistance and fire resistance of red mud
based geopolymer concrete are far better than
conventional concrete. It can achieve up to 40 percent
higher density than conventional concrete.

3.Methodology

The program and process of the present study were
explained in the Figure 2 by graphical flow chart to
know the sequence of the work procedure to achieve
the program outcomes with minimum complications.
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4.Materials and methods

4.1Materials

Red mud, fly ash, GGBFS, sodium hydroxide flakes
in molarities of 4M-14M every, sodium silicate,
natural aggregates and Fosroc Conplast SP 430 DIS
as asuperplasticizer (SP) were the main materials
considered to be used in the current study.

4.1.1Red mud

Table 1 Physical properties of the red mud (by weight)

The red mud samples were obtained from the
national aluminium company limited (NALCO),
Demanjoid, and Odessa, India. NALCO was
established in 1981 by the Indian ministry of mines.
The plant's input capacity is 3 tons of bauxite, and the
red mud output capacity is 1.3-1.5 tones. The
physical and chemical compositions of the NALCO
based red mud are shown in Table 1 and Table 2.

Specific

Type of red mud WET density o -ty Pore Liquid limit  Plastic limit  Plastiity index

[Kg/m3] rate[pum]

[Kg/m3]

WET processing 2.89 1.23 2.79 48.89 35.77 13.45
DRY processing 2.76 1.23 2.45 45.19 30.78 14.41
SINTERING process 3.01 1.07 2.85 79.01 59.47 19.54
Table 2 Chemical properties of the red mud (by weight)
Type of red mud Al203 Sio, Fe,O; CaO Na,O K,0O MgO TiO, SO,
WET processing 20.98 22.35 7.73 18.51 8.83 2.45 1.4 4.98 3.01
DRY processing 20.52 22.47 7.69 18.42 8.94 2.58 1.52 4.92 3.04
SINTERING process 7.28 24.18 8.5 44.2 0.69 0.28 1.37 4.17 2.01

4.1.2Ground granulated blast furnace slag (GGBFS)

Rastriya  Ispat Nigam limited (RINL) of
Visakhapatnam supplied the ground granulated blast
furnace slag. The iron ore for the RINL originated
from the Bailadila mines in Chhattisgarh's Bastar
basin. GGBFS is an amorphous material generated by
freezing molten iron slag from a blast furnace in
water or steam. The physical and chemical
compositions of the Rastriya Ispat Nigam Limited,
based GGBFS are shown in Table 3 and Table 4.

Table 4 Chemical properties of the GGBFS (by weight)

Table 3 Physical properties of the GGBFS (by
weight)

Specific gravity 2.61

Loose density 1382

Compacted density 1520

Crushing strength  26%

Impact strength 12.86%

Water absorption 0.3

Compositions AL,0; SiO, CaO MgO MnO FeO
GGBFS 14-20% 32-48% 33-40% 7-10% 1% 3%
4.1.3Fly Ash NPFA, are used to collect the plant fly ash. The

The fly ash originated by national thermal power
corporation (NTPC) Simhadri super thermal power
station in Visakhapatnam, India. The NTPC is a coal-
fired power station with four units and a combined
capacity of 2000 MW. The Talcher coal mines in
Odessa's Kalinga block supply the power plant with
coal. Electrostatic precipitators, also known as

Table 5 Physical properties of the fly ash (by weight)

physical and chemical compositions of the NTPC
Visakhapatnam based fly ash are shown in Table 5
and Table 6. This is also one of the best types of fly
ash to use as a mineral additive in the manufacture of
geopolymer concrete.

Specific gravity 2.61

Sand 25%

Silt 72.40%
Clay 2.60%
Optimum moisture content 15.50%
Maximum dry density 14.6kN/m3
Water holding capacity 40-60%
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Porosity 30-65%

Surface area 500-5000

Table 6 Chemical properties of the fly ash (by weight)

Compositions AL,O; SiO, CaO MgO MnO FeO

Fly ash 27-44% 38-63% 0.2-8% 0.01-0.5% 1% 0%
4.2Methods binary Geopolymer paste. At room temperature,

4.2.11st Phase: Determination of the optimal mix from
the RM-GGBFS and RM-Fly Ash based binary
geopolymer paste mixes
In this experiment, RM was taken in semi-solid state
of the factory storage pond, which was dried to zero
moisture at 100 degrees Celsius for 5 hours with an
oven. The dried red mud was then rotary mixed into
fine powder and added to GGBFS in 30:70, 40:60,
50:50, 60:40, and 70:30 weight ratios. When making
the RM-GGBFS based binary Geopolymer paste, the
water to binder (w/b) proportion is 0.25, the super
plasticizer is 0.8 percent by weight of the binder, and
the alkali activated solution ratio was 2.5. The pH
values of all mixes with different molarities of NaOH
are determined through chemical analysis in order to
find the optimum mix of the RM-GGBFS based

Figure 3 Chemical analysis to determine the pH values on both binary geopolymer paste 4

Geopolymer paste was made with different NaOH
molarities of 4M, 8M, 10M, 12M, and 14M. This
procedure was carried out in order to determine the
appropriate molarity of the NaOH in the alkaline
activated solution used in the geopolymer concrete in
order to achieve high strengths and durability. The
Figure 3 shows chemical tests performed in the
laboratory to evaluate the pH values of the designed
red mud based geopolymer paste with a Sigma digital
pH meter. This is to identify the optimum blend from
all of the aforementioned combinations. The values
from all the test samples of the geopolymer paste
were shown in a graphical mode, including with
maximum value samples in Figure 4.
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4.32" Phase: Evaluation of mechanical properties
of the RM-GGBFS & RM-Fly ash based binary
geopolymer concrete optimal mix specimens

4.3.1Mix design

Table 7 shows the limits of material ratios for

geopolymer concrete mixtures, as per Patankar et al.

[38]. The alkaline solution to binder ratio should be

between 0.3 and 0.45, and the Na,SiO; to NaOH

solution should be between 2.0 and 2.5. The total
content of aggregate in the mass of geopolymer
concrete is 65-85 % with fine aggregate accounting
for 30% of total aggregate volume. The super
plasticizer level ranges from 1.5 to 4% by mass of
binder substance. If necessary, an extra water content
of 0.02 to 0.06% by mass of cementitious material

might be supplied. The geopolymer concrete mix is
made up of aggregates, water, and super plasticizer.
Mix proportions are based on the unit weight of plain
concrete. All of these components’ mix proportions
are determined by the amount of aggregate used per
unit of concrete. The coarse and fine aggregates were
employed in quantities of 70% and 30%,
respectively. The alkaline liquid to cementitious
materials ratio was set at 0.25, and the sodium
Na,SiOs/NaOH ratio was set at 2.5. To increase the
workability of new geopolymerconcrete, a 4%
superplasticizer was employed. Table 8 Shows the
mix design quantities of geopolymer concrete.

Table 7 Limiting values of the materials ratio in Geopolymer concrete

S. No.  Limiting values in the geopolymer concrete mixes

1 Water content ratio 0.02-0.06% of total mass of the binder
2 Na,SiOs/NaOH 2-2.5

3 Water /Binder 0.16-0.24

4 % Total aggregates 65-85%

5 % Fine aggregate 30%

6 Liquid/Binder 0.3-0.45

7 Super plasticizer 1.5-4% of binder

Table 8 Calculated quantities of the geopolymer concrete materials per cubic meter volume

S.No.  Materials used Description Quantity
Concrete Weight/Unit 2400Kg/m3
%Aggregates in total mass 70%
1 Concrete mix % Fine aggregate 30%
combination Mass of total aggregates 1680Kg/m3
Mass of fine aggregate 504Kg/m3
Mass of coarse aggregates 1176Kg/m3
Aas/Binder 0.25
Mass of binder and AAS 720Kg/m3
) ) Binder MASS 576Kg/m3
2 E';Ir:: Cl'ﬁz:tions portion Mass of alkaline activator solution[AAS] 144Kg/m3
MASS of red mud 346-288Kg/m3
MASS of FLY ASH 230.4Kg/m3
MASS of GGBFS 288Kg/m3
Na,SiO3/NaOH 25
3 AAS portions NaOH MASS 41
Na,SiO3 MASS 103

4.3.2Specimens’ preparation

In this experiment, optimum quantities of Sodium

solution should be prepared with caution. A

sulphonated

naphthalene-based  superplasticizer

Hydroxide (NaOH) and Sodium Silicates (Na,SiO3)
were adopted. These catalysts are crucial in the
geopolymerisation process because they ignite the
cementitious characteristics of source materials [39-
43]. Because the reaction is exothermic, alkaline
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(Fosroc Conplast SP430) was used in this study. IS
10262-2019, Indian standard concrete mix ratios
guidelines- (2nd revision) [44] were used to produce
trail mixes. The workability properties of the red mud
based geopolymer concrete’s slump cone, Vee —bee
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time and compaction factor values was evaluated and
reported on the Table 9. And the results expressed

close values to the OPC workability values.

Table 9 Comparative representation of workability properties of OPC with RM-GGBFS and RM- FA based

geopolymer concrete

Property RGGPC3 RFGPC4 OPC
Slump cone [MM] 108 98 112
VEE-BEE[SEC] 48 45 6.4
Compaction factor [%0] 0.91 0.89 0.91

4.3.3Testing for compressive strengths

The compressive strengths of red mud-GGBFS-based
geopolymer concrete were evaluated using specimens
after curing period of 7, 28, 56 days at ambient and
oven curing. A revolving drum mixer was used in the
preparation of concrete before the casting of
specimens to make the mixture uniform and no

lumps. For the oven curing, the curing temperature
was maintained at an interval of 90°C to 110°C for 4
hours in the oven. Compressive strength of samples
in both the curing conditions at 7, 28, 56 days was
should not be lower than 13.5 MPa, 20 MPa, 21.8
MPa respectively (Figure 5).

4‘
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BT et
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h’/d* Ji) "79 A

Flgure 5 Cube spemmens of RM-GGBFS &RM- Fly ash based blnary geopolymer concrete

4.3.4Testing for flexural strengths

The modulus of fracture technique has been used to
determine the flexural strength of geopolymer
concrete. Prismatic molds (100x100x500 mm) were
made and furnace cured for 4-6 hours at 90°C to

110°C, as well as dry cured for 7, 28, and 56 days,
respectively. Flexibility of the molds was determined
by three - point bending loading using with Universal
Testing machine (UTM) (Figure 6).

Figure 6 Beam specimens of red mud-GGBFS and red mud- Fly ash based binary geopolymer concrete
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4.3.5Testing for split tensile strengths days, respectively. Split tensile strengths of the
To test the. spl_lt tensile strength of geopolymer specimens under these curing conditions were
concrete, cylindrical moulds (150300 mm) are used. evaluated by using UTM that was shown in Figure 7.

The specimens are oven cured for 4 to 6 hours at 900-
1100 C before being normal cured for 7, 28, and 56

Figure 7 Cylindrical specimens of RM-GGBFS and RM-Fly ash based binary geopolymer concrete

5.Results and discussion powdered form to increase responsiveness and
5.1Setting time strength. Cracks form because of the rapid reactivity
Vicat apparatus, which complies with IS: 5513 and the finer fineness of RM and GGBFS. Red mud
1976, is used to compute the start and ultimate setting fly ash based mix is best fit to decrease cracks and
times of cement (Table 10). RM has taken in the fine achieve the desired setting time.

Table 10 Initial and final setting times of the two binary geopolymer concrete mixes

- Water Initial Final

ﬁla:)mple MIX designation ng:i ty HZZOSLO3/ f;io YZ{E) content setting setting
[Kg/m3] time[Mn]  time[Min]

M1 RFGPC4 (60:40) 12 2.5 0.8 0.25 140 260 1020
M2 RGGCP3 (50:50) 12 25 0.8 0.25 140 245 905
™ OPC - - - - - 75 220
(*RFGPC- Red mud fly ash base geopolymer concrete; RGGPC- Red mud fly ash base geopolymer concrete)
5.2Maximum pH value of the RM-GGBFS based binary geopolymer
Red mud and GGBFS at 60:40 (RGGP 4) was concrete. A RM-FA based geopolymer paste was
established the highest value in the pH (Table 11). prepared in the same manner with the same
This set was chosen to test the strength characteristics proportions and procedure.

Table 11 Maximum combination details of binary based geopolymer pastes

WT of WT of .
Sample MIX NaOH Na,SiO; NaOH Na,SiO; SP ratio W/b TEM pH

no. designation Molarity [or/L] [or/L] /NaOH ratio P/C°  value

S15 RFGP4 (60:40) 12 1200 480 2.5 0.8 0.25 274 11.79

S11 RGGP3 (50:50) 12 1200 480 25 0.8 0.25 275 12.05
5.3Compressive strengths MPa, 30.96 MPa. The compressive strength of
The compressive strengths of RM-GGBFS and RM- concrete specimens made with OPC equals the
FA based binary geopolymer concrete specimens at compressive strength of geopolymer concrete
7, 28, 56 days in ambient curing conditions were specimens, which may reach 54.43 MPa, suggesting
found to be 16.96 MPa, 25.93 MPa, 28.96 MPa and that geopolymer concrete can be utilized as materials
16.96 MPa, 26.52 MPa,27.85 MPa respectively, for load-bearing components in structures [45, 46].
when compared the OPC values with these results are When compared with the compressive strengths of
impressive to work with GPC. Similarly, the strength OPC specimens, the increment in strength values of
values from oven curing were observed for both the RGGPC specimens were 30.5 %, 29.6 %, 32.8 % in
binary mixes at 7, 28, 56 days were found to be 19.71 ambient curing and 51.6%, 43.7,44.1% under oven
MPa, 28.74 MPa, 31.41 MPa and 18.89 MPa, 29.63 curing conditions, respectively (Figure 8).
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Compressive Strengths RGGPC Mix

36 Days

18Days

Curing Ages

Compressive Strengths RFGPC Mix

36 Days
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BOPC BERFGPC Oven
BRGGPC Oven BRFGPC Ambient
Day BRGGPC Ambient Day
0 10 20 30 40 0 10 20 30 40
Compressive Strengths in MPa Compressive Strengths m MPa
Figure 8 Graphical representation of compressive strength values compression with OPC samples
5.4Flexural strengths higher than OPC findings. The graphical

Flexural strengths of geopolymer concrete specimens
at 7, 28, and 56 days in both curing conditions shall
not be less than 2.12 MPa, 3.08 MPa, and 3.21 MPa,
respectively. Flexural strengths of red mud-GGBFS
and red mud-fly ash binary geopolymer concrete
specimens at 7, 28, 56 days under ambient curing
circumstances were determined to be 2.50 MPa,4.44
MPa,5.50 MPa and 2.37 MPa,4.51 MPa, 5.29 MPa,
respectively, indicating that GPC values are much

representation of the flexural strength values of red
mud based geopolymer concrete specimens was
shown in Figure 9. Similarly, the oven curing
strength values for both binary mixes of 7, 28, and 56
days was determined to be 2.81 MPa, 4.94 MPa, 5.94
MPa, and 2.64 MPa, 5.04 MPa, 5.88 MPa,
respectively. The same was seen in RFGPC
specimens, which were 12 %, 46 %, 65 % and 25 %,
64 %, 83 % under both curing conditions.
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Figure 9 Graphical representation of flexural strength values compression with OPC samples

5.5Split tensile strengths

The split tensile strengths of RM-GGBFS and RM-
FA binary geopolymer concrete specimens at 7 ,28,
56 days in ambient curing conditions were found to
be 1.78 MPa, 3.96 MPa, 4.64 MPa and 1.66 MPa,
3.34 MPa, 4.02 MPa respectively. Similarly, the
strength values from oven curing were observed for
both the binary mixes of 7, 28, 56 days were found to
be 2.07 MPa, 4.17 MPa, 5.03 MPa and 1.82 MPa,
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3.43 MPa, 3.82 MPa respectively. When compared
with the split tensile strengths of OPC specimens, the
increment in strength values of RGGPC specimens
were  33%,74%,64% in ambient curing and
54%,96%,78% under oven curing conditions,
respectively (Figure 10).

A complete list of abbreviations is shown in
Appendix 1.
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Figure 10 Graphical representation of split tensile strength values compression with OPC samples

5.5.1Limitations

Work limited to evaluate the mechanical properties of
the both binary geopolymer concrete mixes,
structural analysis of the specimens may give more
details of the geopolymerzation. It is difficult to
obtain red mud in a dry condition; it can obtain only
in a wet state then convert in to powder with different
procedures. It also needs careful treatment. Working
with chemicals such as sodium hydroxide at greater
concentrations is hazardous to human health.
Chemicals are quite expensive. Maintaining
controlled temperatures in an oven is a delicate
operation.

6.Conclusion and future work

The present investigation focuses on the strength
properties of fly ash, red mud and GGBS based
geopolymer concrete. The curing regime has a
significant impact on the strength characteristics of
the geopolymer concrete. With the increment in
quantity of red mud content in GPC, the strength
characteristics will be decreased in ambient curing
condition. Under oven curing, with the increment in
quantity of red mud, the mechanical strength
characteristics will be enhanced. The alkaline nature
of GGBS & red mud is found to be higher than the
other source material i.e., flies ash, the
geopolymerization process is initiated rapidly and the
strength enhancement is increased with the blend.
GPC specimens that are casted with red mud and
GGBS that are cured in oven curing are found to
have higher mechanical strength characteristics. The
test results concluded that with the increment in pH
values, the mechanical strength characteristic also
increases. The study indicated that RM+GGBS based
GPC is better than FA+RM based GPC and
conventional OPC concrete. This study can be
extended to study the durability characteristics of
RM+GGBS based GPC.
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Appendix |

S.No. Abbreviation  Description

1 AAS Alkaline Activation Solution

2 ATA After Thermal Activation

3 Al ;03 Aluminium Oxide

4 Cao Calcium Oxide

5 CO, Carbon-Di Oxide

6 DTG Derivative Thermo Gravimetry

7 FA Fly Ash

8 Fe,0s Ferric Oxide

9 GGBFS Ground Granular Blast Furnace Slag

10 GPC Geopolymer Concrete

11 1S Indian Standard

12 MgO Magnesium Oxide

13 MIP Mercury Intrusion Porosimetry

14 MW Mega Watt

15 NALCO National ~ Aluminium  Company
Limited

16 NTPC National Thermal Power Corporation

17 NTRM Non-thermally Treated Red Mud

18 NTRM Non-thermally Treated Red Mud

19 OPC Ordinary Portland Cement

20 pH Potential of Hydrogen

21 RFGPC Red mud Fly Ash Base Geopolymer
Concrete

22 RGGPC Red mud GGBFS base Geopolymer
Concrete

23 RINL Rastriya Ispat Nigam Limited

24 RM Red Mud

25 SCC Self Compacting Concrete

26 SEM Scanning Electron Microscope

27 Sio, Silicon Dioxide

28 SP Super Plasticizer

29 UTM Universal Testing Machine
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