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1 Introduction

The solid waste produced during the manufacture of alumina is known as red mud. It
is the most highly desirable industrial waste require for utilization [1, 2]. Iron oxides,
which give red mud its colour, are among the many oxides that make up the substance.
Red mud is a form of industrial waste created when alumina is generated from bauxite
ore using Bayer’s process [3]. Because of its high alkalinity of red mud [4], it poses a
risk to both the environment and human health [5]. The largest difficulty in reducing
its impact is finding an efficient, inexpensive disposal method for alumina. Currently,
hazardous waste is dumped into deep ocean or into waterbodies like rivers or the sea
via pipelines or barrages [6—8]. However, red mud waste discharge into aquatic bodies
was discontinued starting in 2016. Disposal of red mud residue into the environmental
needs to be control. Massive efforts have been undertaken by today’s researchers to
treat, recycle, and use red mud [9—13]. Geopolymer was first proposed by davidovites
in the year 1978. Geopolymer is becoming more popular as an alternative binder in
experimentation and development. Geopolymer is a highly cementitious material
prepared by rich aluminosilicates [1, 3] raw material like ground granulated blast
furnace slag, fly ash, coal gangue, etc. [14, 15], which can replace ordinary Portland
cement.

The current paper presents the ground granulated blast furnace-based geopolymer
incorporated partially by red mud at a ratio of 5% and 10% and then compared with
the control specimen. The geopolymeric specimen was measured microscopically
using X-ray diffraction (XRD), Scanning electron microscope (SEM), and Energy
dispersive X-ray analysis (EDAX/EDX).
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2 Materials and Methods

2.1 Materials

Ground granulated blast furnace slag (GGBS), Red mud (RM), Sodium hydroxide,
Sodium silicate, and tap water were the main constituent of the geopolymer paste
specimen. GGBS is a by-product of iron and steel making from blast furnace.
It mainly consists of silicates, aluminosilicates, and calcium-alumina-silicates. It
exhibits hydraulic cementitious properties in finely ground form GGBS was collected
from Quality Polytech, Mangalore, India. Bauxite residue is termed as red mud. It is
a waste generated in production of alumina from bauxite in Bayer process. It contains
minerals of bauxite residue. Red mud was collected from nature and greens, Gujarat.
Combination of sodium hydroxide solution and sodium silicates solution is used as
an alkaline solution. Both sodium hydroxide and sodium silicate were collected from
Bharat Trading Cooperation, Guwahati, Assam.

2.2 Samples Preparation

By dissolving a NaOH flask in distilled water and letting it cool to room temperature,
sodium hydroxide solution (9M) was prepared. In order to create the final alkaline
solution, Na,SiO3 and NaOH solutions were combined and stirred until the solution
was obtained uniformly. The solution is used after one day to allow the exothermically
heated solution to cool down at ambient temperature.

Geopolymer paste specimen were prepared by mixing GGBS and RM and alkaline
solution until a homogenous slurry is obtained. A vibrating table was used to remove
entrapped air from slurry before it was casted. The cube mould size is 50 mm X
50 mm x 50 mm. The samples are cured at ambient temperature. The sample were
maintained at ambient temperature after casting until they were mechanically tested.
One mixture was produced using only GGBS as control specimen name as ‘G’ while
other two mixtures were produced by replacing GGBS by weight in 5% (G 4 5R)
and 10%(G + 10R) with red mud as in Table 1.

Table 1 Details of specimen Specimen ID GGBS (%) RM (%)
G 100 -
G +5R 95 5
G+ 10R 90 10
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Fig. 1 Compressive strength of G, G + 5, and G + 10 paste specimen
2.3 Methods

The samples’ compressive strength is evaluated. After the compressive strength test,
the samples are crushed. A part of crushed samples is ground until it passes through

45 microns mesh sieve for XRD. The other part of the crushed samples was collected
for SEM and EDAX.

3 Results and Discussion
3.1 Compressive Strength

The compressive strength of paste specimen sample prepared from unblended GGBS
and blended GGBS with red mud is given in Fig. 1. The strength of paste specimens
is tested at 28th days curing. The strength for geopolymer blended with red mud
increases with increasing dosages of red mud.

3.2 Microscopic Measurements

3.2.1 Scanning Electron Microscope(SEM)

The microstructure of the specimen was examined using SEM. The microstructure
of unblended GGBS paste specimen and blended GGBS with red mud are shown in
Fig. 1(G), Fig. 2(G + 5R), and Fig. 3(G + 10R), respectively. The microstructure
shows formation of gel along with one partially reacted particles. The microstructure
indicates improvement with increasing blend with RM upto 10%, i.e. G + 10R
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paste specimen is observed to form better gel among the three specimens. However,
unreacted GGBS particles are noticed along with the presence of few pores.

Fig. 2 G paste specimen

Fig.3 G + 5R paste
specimen
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3.2.2 Energy Dispersive X-Ray Analysis (EDAX)

EDAX was used to evaluate the chemical composition of the specimens. Figures 4, 5
and 6 shows the EDAX spectra of G, G 4+ 5R, and G + 10R specimen, respectively.
In all the spectra, the major elements identified are Oxygen, Sodium, Aluminium,
Silica, Calcium, etc. while traces of other elements like carbon, magnesium, phospho-
rous, sulphur, chlorine, potassium, titanium, manganese, iron, cobalt, copper were
also observed. The weight % of the major elements identified in EDAX spectra are
presented in Tables 2, 3, 4. The weight % of silica increased with blending RM
with GGBS. However, weight % of calcium remain approximately equal in all the
geopolymer blended specimen (Fig. 7).

Fig.4 G + 10R paste
specimen
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Fig. 5 EDAX diagram of G paste geopolymer specimen
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Fig. 6 EDAX diagram of G + 5R paste geopolymer specimen
ga;’;:t: sxjgr‘;fe;"mponem °f Elements Wt % AL %

OK 4.26 6.99

NaK 13.02 14.87

AIK 7.20 7.01

SiK 20.08 18.78

CaK 31.14 20.41
(T}a:lesg pﬁ‘i "Srpi‘;‘i‘;f;‘em °F Elements Wt % At %

OK 4.97 8.00

Na K 14.22 15.93

AIK 8.49 8.11

SiK 21.70 19.90

CaK 26.83 17.25
e T s (Wi A

OK 3.96 7.03

Na K 5.52 6.81

AlK 10.39 10.93

SiK 26.55 26.82

CaK 30.52 21.61




Characterization of GGBS-Based Geopolymer Blended with RED ... 29

Si

.0 M Fe
ok " il i, S
.‘ll ‘I‘l I‘I 40 )‘ m ; (1] 1. L] |. (1] t“" ; m .I.l Kev

Fig.7 EDAX diagram of G + 10R paste geopolymer specimen

3.2.3 X-Ray Diffraction

Figure 8 shows the XRD patterns of GGBS unblended paste specimen and GGBS
blended specimen with red mud. Patterns in the range of 10-70° are shown in Fig. 8.
It is observed that GGBS unblended paste specimen peaks of quartz and calcite,
respectively, at 20. In GGBS blended with red mud paste specimen peaks of quartz,
hematite, and calcite were noticed at 20 approximately. All the XRD patterns indi-
cates amorphous nature. Blending GGBS with red mud produces peaks of hematite
peaks of quartz and calcite. However, the hematite present in blended geopolymer
paste specimen was not observed in unblended GGBS paste specimen.
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Fig. 8 XRD patterns of ambient cured specimens (Q-Quartz; HHematite; C- Calcite)
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Conclusion

The study examined the strength of the specimen cured at ambient temperature.
Further findings include the fact that the compressive strength of blended paste
geopolymer by 10% weight red mud has higher strength as compared blended paste
geopolymer by 5% weight red mud and unblended paste specimen. Using XRD
and SEM analysis, it was determined that an amorphous paste geopolymer gel had
formed, while the blended paste specimen had less pores than the unblended GGBS
paste specimen. The microstructure analysis showed red mud as filling material
during geopolymerization process.
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