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Abstract. Bauxite tailings are an abundant waste product with no economic
value. This research uses a critical review to describe the potential of bauxite
tailings as a substitute for fine aggregate in concrete mixtures for road
construction. There are differences in the Composition of the bauxite tailings
used in the concrete mix, which will influence the results of testing the
compressive strength and elasticity of the resulting concrete. This result used
30% and 70% bauxite tailings composition to replace fine aggregate in the
concrete mix. Various studies on red mud substitute concrete show
differences in mechanical properties and durability compared to Ordinary
Portland Cement (OPC) concrete. Using up to 20% red mud by weight of
cement improves adhesion and pressure quality in mortar compared to
ordinary cement mortar. However, replacing more than 20% of cement with
red mud reduces concrete's compressive strength and stiffness, and more
than 15% substitution lowers stress and bond-breaking quality. Thus, the
analysis results show a tendency to use red mud as a cement substitute in
concrete, with the best compressive strength and solid mass stiffness of
concrete in the range of 15 — 20%.

1 INTRODUCTION

Bauxite stone can be used for various purposes, one of which is as a concrete mixture.
Concrete is a function of its constituent materials: hydraulic cement (Portland Cement),
coarse aggregate, fine aggregate, water, and additional materials. Concrete can be defined as
a collection of mechanical and chemical interactions of the materials that form it. Concrete,
widely used as a building material, is obtained by mixing Portland cement, water, and
aggregate. When this mixture is poured into a mold and left, it hardens like rock. Hardening
is caused by a chemical reaction between water and cement, which occurs over a long time.

Concrete is a building material widely used by people today because it can withstand
large loads. The load is supported by the homogeneity of the materials that make up the
concrete, namely cement, water, fillers, and other materials that are used in the form of
reinforcement or additives. The filler material here is aggregate, which fills 50 - 70% of the
concrete volume, so the aggregate's properties can influence the concrete's strength [1].

The use of red mud in concrete has been identified, and only fundamental issues have
been addressed. Research regarding red mud concrete for structural application is scanty. A
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detailed experimental investigation is required on the development of red mud concrete with
an accelerator, retarder, and viscosity-modifying admixture individually, as well as an
evaluation of the different properties of concrete [2]. Red mud is a solid waste produced
during the bauxite refining of alumina. In recent years, environmental problems caused by
the accumulation of red mud have become increasingly serious [3].

In road construction, several layers function as road pavement. The road's layers consist
not only of asphalt but also of concrete, often called last on (asphalt concrete)—utilization of
last on to maintain the life of the road so that it lasts longer. The last one has various mixtures,
including coarse aggregate and fine aggregate. This aggregate can be sand or small gravel of
a predetermined size. This research will discuss using bauxite waste as a substitute for fine
aggregate in road concrete mixtures.

High silica and alumina levels are needed in geopolymer concrete to replace Portland
cement in concrete [4]. Bauxite is a raw material used to make aluminum. Mined bauxite
must be washed first to minimize dirt and increase levels. The waste resulting from bauxite
washing is called bauxite waste or red mud (bauxite tailings) [3].

When using a sand mixture for bricks, based on SNI 03-0349-1989, the average
compressive strength of solid bricks is a minimum of 25 kg/cm2, with normal bricks having
a strength of 38.5 kg/cm2. So bricks with variations in the bauxite waste mixture of 25% of
the fine aggregate (sand) requirement will obtain an average compressive strength value of
36.7 kg/ecm?2 and 50% with an average compressive strength value of 28.5 kg/cm?2 can still
be used. Or meet standards [6].

Bauxite tailings can be used as a concrete mixture to replace fine aggregate. Using bauxite
tailings as a substitute for fine aggregate makes bauxite tailings have economic value [4].
This is proven in research, proving that bauxite tailings can be used as fine aggregates [5].
Bauxite processing waste can be used as an artificial aggregate to replace sand and gravel.
Artificial aggregates will be evaluated for their physical properties so that they are better than
natural aggregates, namely in the form of density and absorption of concrete, as well as
mechanical properties in the form of compressive strength of concrete [1].

Research regarding the use of bauxite as a substitute for aggregate, both as coarse
aggregate and fine aggregate, has been widely carried out. Bauxite is used as an aggregate
substitute in concrete mixtures. Bauxite stone itself has the potential to be used as a
replacement material for coarse aggregate. Bauxite stone has a high absorption capacity for
water resulting in a lower slump value than normal concrete but still meets SNI requirements,
so that working with fresh concrete is not difficult [6]. In several areas in Indonesia there is
quite a lot of bauxite rock, but it is difficult to get sand as fine aggregate and gravel as a
mixture of coarse aggregate. Therefore, it is very important to know the ability of bauxite
materials and waste as coarse and fine aggregates in concrete mixtures, especially for areas
with high bauxite reserves [7]. Bauxite waste can also be used as a substitute for sand in
concrete production [8], and bauxite mining waste can also be used as a design mix material
for asphalt concrete [9]. Bauxite waste helps make road pavement, increasing road durability
[10].

Indonesia has the sixth largest bauxite reserves in the world with total bauxite reserves
reaching 1,000,000 thousand tons m3. Large bauxite reserves have the potential to provide
large foreign exchange earnings for Indonesia, but unfortunately this potential has not been
utilized optimally. This is because the amount of bauxite processed into alumina is very
minimal compared to the amount mined. For this reason, the government limits the amount
of raw bauxite ore exported so that domestic producers process bauxite into alumina which
has a higher.

Currently, the world price of bauxite ore reaches US$ 18 per ton, while the price of
alumina reaches US$ 350 per ton. This comparison shows that if bauxite producers in
Indonesia are willing to carry out the stages of processing bauxite into alumina, then the
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bauxite will have a selling value that doubles. The following shows a comparison of the prices
of bauxite and alumina products in Indonesia and in the world.

Table 1. Comparison of bauxite and alumina prices.

Ore Prices Price of alumina materials Price of aluminum
products
Indonesia World Indonesia World Indonesia World
IDR 279,000 USS$ 18 per IDR 5,430.00 USS$ 350 per IDR USS$ 1,762
per ton ton per ton ton 27,338.00 per ton
per ton

Based on Table 1, it is known that the price of bauxite in Indonesia is cheaper than abroad,
so that bauxite production is often exported. Bauxite processing waste in the form of bauxite
tailings or red mud has economic value when used as a substitute for fine aggregate or as a
substitute for sand in concrete mixtures used for roads.

Concrete with a tailings composition of 70% has been used by PT Freeport Indonesia,
one of which was used in the construction of employee residences as a building material.
Tailings from bauxite mining PT. Various Mines on Bintan Island were made into paving
blocks for construction in the mine site area and surrounding areas [11] . Natural fine
aggregate from the Tayan area, West Kalimantan is commonly used as a material in national
construction projects, including the construction of the Marunda port and the construction
of the Batang PLTU. The tailings resulting from washing mining goods, including bauxite,
become fine aggregate as a substitute for natural fine aggregate. The aim of this research is
to determine the development and potential of bauxite waste as a substitute for fine aggregate
in construction, especially in concrete road mixtures, based on its physical properties and to
estimate the potential volume of material as a substitute for fine aggregate.

2 METHODS

This research uses the Systematic Literature Review (SLR) analysis method, a literature
review method that is carried out systematically with the aim of collecting and critically
analyzing data and findings from various other studies. Analysis starts from the most basic
things and then moves on to more complex things. The process using this method requires
several stages, and the results are expected to develop more detailed, accurate and complex
knowledge by collecting journals that research the use of bauxite waste as a substitute for
fine aggregate in concrete Composition for road materials. Bauxite waste is residue from
washing residue from bauxite rock which is often not used in bauxite ore processing. This
research uses journals related to the use of bauxite materials published during the last ten
years.

A literature review was carried out on the use of bauxite tailings as a substitute for
aggregate in road materials. The factors used for comparison are the Composition of bauxite
tailings in the concrete mixture components and the Composition of the concrete mixture's
water cement factor (FAS).

3 RESULTS AND DISCUSSION

This research is devoted to discussing the potential of bauxite tailings, or what is known as
red mud, as an aggregate substitute. The potential application of bauxite waste or red mud
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can be used [12] for cement, bricks, synthetic aggregates, geopolymers, and road
construction. A road pavement is a type of multiple-layer structure, which is normally made
up of asphalt mixture surface layers or a concrete surface layer, road base layers and road
sub-base layers [10]. the bauxite sand or coarse aggregate is most effective in reducing the
normalized penetration depth, followed by the crater volume, and least effective in reducing
the equivalent crater diameter compared to the siliceous sand or granite coarse aggregate.
The combined use of bauxite sand and coarse aggregate can further reduce the extent of
localized impact damage, especially the normalized penetration depth [13].

Fig. 1 shows the bauxite ore mining process up to the washing process, where the bauxite
washing process produces bauxite residue or waste known as redmud. Redmud and bauxite
tailings are bauxite waste which still have economic potential if used properly.
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Fig. 1. Bauxite mining process.

The bauxite residue originating from Ukraine which is also used in concrete mixes has
radiation. Considering the radiation protection of RP122 for the evaluation of the total
effective dose to workers no restrictions are necessary for the use of Ukrainian bauxite
residue in road construction [14].

Research to examined the use of industrial waste materials as an alternative to natural
sand which is increasingly rare. The use of industrial waste as an alternative to natural sand
in concrete is an effort to utilize sustainable construction materials. 100% bauxite residue.
Sands replacement obtained the highest strength properties in concrete. The study, therefore,
concluded that bauxite mining waste is suitable for use as a replacement fine aggregate in
concrete production. It is recommended that further research be carried out on the durability
and chemical properties of concrete produced with mining waste bauxite because this
research only focuses on strength properties [8].

Research to examines the use of bauxite residue for the construction industry, especially
in terms of product processes and technology developed. The large waste material generated
during alumina production is followed by the Bayer Process which processes approximately
1.25 — 1.5 tons of per ton of alumina production. Disposal of this waste raw material is a
serious problem as the demand for aluminum increases over time [12].

Research to examined internal preservatives commonly used in concrete structures. The
results showed that the dry CB aggregate absorbed water during mixing and released it after
setting. The compressive and tensile strengths of the UHPC mixture were both significantly
improved by using CB aggregate compared with the reference mixture, which was due to
the lower actual effectiveness w/w, improved ITZ properties, and increased hydration
through the internal curing process. However, the powdered product from CB did not provide
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IC effect, but the higher CB powder content (600 kg/m3) helped to increase the strength of
the UHPC Matrix while the matrix with 300 kg/m3 CB powder obtained the same strength
compared to the reference mixed UHPC matrix [15].

Research to shows that there are many studies regarding the use of red mud, which is
bauxite processing waste, as a mixture for making cement and making concrete. Research
compared various studies on the use of red mud based on the characteristics of mechanical
properties, durability, microstructure and environmental impact analysis. The results show
that RMD increases the mechanical properties and durability of concrete while reducing its
fluidity. Furthermore, by integrating 25% RDM, the environmental consequences of
cumulative energy demand (CED), global warming potential (GWP), and major criteria air
pollutants (CO, NOX, Pb, and SO2) are minimized. Additionally, this review assesses
concrete guidelines for future researchers with RDM improving performance [16].

Research to used coarse bauxite residue in road construction has the potential for large
volume reuse. This study investigated whether coarse bauxite residue is a viable road-based
material in Western Australia. A pozzolanic-stabilized mixture was created to improve the
properties of the residue, to satisfy the minimum requirements for road base. Laboratory tests
for resilient modulus and permanent deformation were then performed. Comparisons were
made between the stabilized residue and conventional road-based material in Western
Australia. The performance of the stabilized residue was superior to that of the conventional
material, and can provide improved performance when used as road base material in Western
Australia [17].

Table 2. Chemical Composition of Red Mud from various journal references.

Major Composition ( wt% )

References
ALOs3 | Fe2O3 | SiOs3 | TiO2 | Na2O | CaO
10.05 | 6.75 |22.20 | 2.55 | 3.00 | 42.25 Liu et al, 2014
18.49 | 31.26 | 835 | 6.18 | 3.23 | 18.05 Rao, 2010
8.03 | 17.54 | 18.19 | 4.81 | 3.21 | 44.64 Zhang et al, 2018
25.11 | 36.43 | 16.93 | 6.02 | 12.27 | 1.54 Zhang et al, 2019
7.60 | 8.20 |20.40 | 7.30 | 3.00 | 44.70 Jiang et al, 2017
9.18 6.66 | 18.10 | 6.72 | 4.00 | 38.09 Nan et al, 2009

19.80 | 39.23 | 877 | 10.09 | 5.02 | 4.54 | Perez-Vallarejo, et al 2012

19.00 | 38.00 | 19.90 | 3.83 | 8.58 | 0.87 Hildebrando et al, 2013

22.36 | 34.27 | 831 | 17.13 | 6.12 1.73 Samal et al, 2015

20.00 | 46.00 | 5.00 | 6.00 [ 8.00 | 1.00 Srikanth et al, 2005

19.95 | 40.80 | 6.80 | 5.80 | 2.70 | 12.60 Tsakiridis et al, 2004

Based on Table 2, it can be seen that in general the chemical composition of red mud is
dominated by the chemical element A1203. The high Composition of aluminum content in
red mud indicates that bauxite stone washing or processing waste can still be used as a
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binding agent as a substitute for fine aggregate in concrete mixtures. The research results of
Irzon (2018) show that bauxite waste on Selayar Island, Riau Islands has the Composition
Al,O3, Fe203, SiO3 and TiO,. Sujarmiko's research (2020) shows that bauxite waste in
Sanggau Regency, West Kalimantan is dominated by the chemical composition Al203,
Fe203, Si03, TiO2 as well as Na20 and CaO. The chemical composition of bauxite waste
is similar to the Composition of sand. The difference is in the percentage content of each
Composition. Bauxite waste is dominated by Al2 O3 content while sand is dominated by
Si0; content (Fig. 2).
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Fig. 2. Comparison of the chemical composition of red mud and sand.

Research to examined the characteristics of the bauxite mineral content found in the
Tayan Mine area, West Kalimantan which was processed using the Bayer method. The
characteristic of bauxite gabbro is that it has a concretion texture with the dominant minerals
being aluminum hydroxide and iron oxide. The dominant geochemical elements are A1203
and FeO. The semi-quantitative XRD method shows the dominant mineral content of
buhmite, goethite and halloysite. Granodiorite bauxite has a concretion texture with the
dominant minerals being iron oxide and quartz. The dominant geochemical elements are
Al,O3 and SiO; . The semi-quantitative XRD method shows the dominant mineral content in
the form of gibbsite, diaspor, hematite and halloysite. These bauxite characteristics are
thought to influence the efficiency of the Bayer process [18] .

Table 3 shows that red mud can replace the Composition of sand in the concrete mixture
by up to 100%, while in other research, red mud can replace the position of sand and cement
in the concrete mix in various percentages. The difference in the amount of red mud used as
a substitute for sand or cement is because each research was conducted in a different place
with different levels of red mud chemical content. Based on the results of this research, it can
be concluded that red mud can be fully used as a substitute for sand but cannot be used
entirely as a substitute for cement. Based on this study, the amount of red mud composition
that can be used as a substitute for fine aggregate, especially as a substitute for sand, is in the
range of 10% -20%. The best planting concrete performance was achieved at an A/P ratio of
0.2, with silica fume and diatomite contents 10% and 5%, respectively [22].
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Table 3. Comparison of using red mud as a substitute for sand and cement in concrete mixes.

Research Red Mud | Sand | Cement

Santi and Aqla (2018) 60% - 40%
Sujarmiko (2020) 3.33% 10% -
Danso and Boadi (2019) 100% 0 -
Zhang et al (2020) 18% 20% -
Qureshi et al (2022) 25% 20% -

Revathi et al (2023) 20% - 20%

Sharma and Jain (2022) 5-20% - 20%

Vishawakarma et al (2022) 5-60% - 25%

Girish and Bajamma (2022) 0-20% 25%

Sethi et al (2019) 0—-20% - 20%

Research shows that the Riau Islands region, specifically Lingga Regency, has quite high
bauxite potential. Based on the results of field surveys and laboratory analysis, the bauxite
potential in Lingga Regency is spread relatively evenly across Singkep Island, Selayar
Island, Bendahara Island, Rusuk Buaya Island, and most of the islands in the northwest-
southwest of Singkep Island. Potential levels of Al 2 0 3 are found on Bendahara Island and
Rusuk Buaya Island [19] .

Bauxite processing residue using the Bayer process in the form of redmud can harm the
environment if not handled properly because its pH is very alkaline. However, apart from the
negative impacts it causes, redmud can be used in several applications such as geopolymer
materials, catalysts and soil conditioners [20] . The results of the analysis are as follows
(Table 4).

Table 4. Physical test results for coarse aggregate and fine aggregate on bauxite.

No Test Type Unit | Fine Aggregate | Coarse Aggregate
1 Water content % 2.91 3.96
2 SSD Specific Gravity 2.55 2.53
3 Water Absorption % 0.62 0.23
4 | Effective Content Weight | g/cm? 1.43 1.53
5 Sieve Analysis zone 3 -
6 Maximum Grain Size mmm - 20.00

Source: various references, processed.
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From the test results it can be seen that the water content in the coarse aggregate is 2.91
% and the fine aggregate is 3.96%. This aggregate meets SNI-03-1971-1990 standards and
is suitable for use in concrete mixtures. For aggregate used as a mixture in concrete mix, it is
2% - 8%. So there is no need to add or subtract from the value of the amount of water needed.
The amount of water contained in this aggregate needs to be known, because it will affect the
amount of water needed in the concrete mixture. Wet aggregate (containing a lot of water)
will make the mixture wetter and vice versa [1] .

When cement is hydrated, quartz and calcium oxide react, assisting in the development
of CSH gel. The presence of larnite and hatrurite in the red mud concrete provides conclusive
evidence that CSH gel was formed, giving the concrete strength qualities [16] .Based on the
results of previous studies, it is known that bauxite found in Indonesia, specifically in the
Riau Islands, has characteristics almost the same as bauxite results in other countries
dominated by Al>03 content elements. At the same time, the composition of red mud as a
substitute for aggregate follows the rules of use. Concrete to see the amount of compressive
strength produced.

Utilization of bauxite waste as fine aggregate is very beneficial for the continuity of
sustainable road construction work. This waste is not thrown away, but is used as a substitute
for cement or sand. In terms of replacing cement, it can be used at a rate of 40%, while in
replacing sand, this bauxite waste can replace the role of sand in the concrete mix at a rate of
around 5% to 20% of the total concrete mix. The research results of Liu and Wei (2021) and
Qureshi et al (2022) show that 10% bauxite waste content has the highest compressive
strength value at 7 days. Based on the results of these studies, researchers conducted
experiments using bauxite waste levels of between 10% and 15% to see which composition
produces the highest compressive strength and lowest shrinkage.

Concrete mix of 0%, 10%, 20% and 30% replacement of fly ash and constant replacement
of 20% of Red mud in cement were made. Partial replacement of Red mud and fly ash as
replacement of cement in the preparation of concrete bricks [25]. The experiment
investigations revealed that both mechanical properties and the tensile strenght of concrete
diminish when red mud content was increased (higher than 10%). The ideal replacement rate
for cement in terms of weight discover to be 10%. Result from this substitution are almost
on par with those of ordinary concrete. For non structural operations, red mud and cement
are mixed together [26].

The amount of compaction factor increases with an increase in the percentage of red mud
from 0% to 60% in both wet or non-liquid lime. The highest quality compression was
obtained in 10% red mud for 7 days and 28 days for healing. With more than 10% change
the concrete compression strength decreases [27]. Red mud can be effectively used as
replacement material for cement and replacement enables the large utilization of waste
product. Red mud did not affect the cement properties rather improved the cement quality by
way reducing the setting time, improving compressive strength and tensile strength[2].

The optimum value of the compressive strength of red mud concrete for 7 days curing
was observed at 10% red mud replacement. And also for 28 days compressive strength
observed at 10% red mud replacement. The compressive strength of concrete using 5%
hydrated lime is more as compared with the concrete without hydrated lime. The optimum
value of split tensile strength by using hydrated lime and without using hydrated lime are
observed at 10% red mud replacement. And also split tensile strength is high for 5% hydrated
lime concrete [28].

Replacement up to 15% the compressive strength values of the red mud concrete
coincides with that of conventional concrete. But beyond 10% there is a reduction in the
strength value of the concrete. Optimum percentage of the replacement of cement by weight
is found to be 10%. By this replacement results got are greater than to the results of
conventional concrete [29]. The strength properties of concrete increased by replacing
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cement with Red mud by 20% of weight of cement. In case of its durability property, water
absorption percentage of the concrete replaced with 30% Red mud by weight of cement is
lower than that of conventional OPC concrete. Surface resistivity value is slightly higher
when compared with the conventional concrete. Higher the surface resistivity value, lower
the conduction property of concrete [30]. In many ways, it is discouraging that despite so
much work over the last century only some 2—3 % of the 150 million tonnes of bauxite residue
produced annually is used in a productive way. Some of the applications have been
economically attractive for a number of years and then factors have changed which renders
them no longer economically viable [31].

Quantitative descriptive analysis describes a situation or problem that it is easier to
understand using numbers, tables and graphs [32]. If analyzed quantitatively in rupiah, the
use of bauxite waste as a fine aggregate material can provide savings of approximately IDR
200,000 per colt assuming the bauxite waste is obtained free of charge and the only costs
charged are shipping costs and if it is for cement replacement, the savings can be IDR 40,000
— IDR 55,000 per m>. The price for casting K300 quality concrete 15 cm thick plus labor
services is IDR 327,000/m?, while K350 quality concrete is IDR 329,000/m?. So, in building
a 1 km road, the Rupiah value that can be saved is approximately IDR 300,000 to IDR
400,000. This breakthrough is very useful in terms of value engineering in the field of road
construction.

4 CONCLUSION

The article relates to a thorough examination of dozens of papers related to the use of bauxite
waste, both waste as a substitute for fine aggregate and coarse aggregate. The object studied
concerns the use of bauxite waste as a partial replacement for sand and cement materials in
highway construction. Analysis and studies regarding the use of bauxite waste, also known
as red mud, as a concrete mixture for highways, have not been fully explored. Therefore, the
use of bauxite waste material as a partial substitute for fine and coarse aggregate in concrete
can be carried out by carrying out an analysis of its chemical properties, physical properties,
durability and mechanical properties. This can be analyzed further, using visual methods,
inspection and experiments in road and bridge laboratories. The experimental analysis used
can be related to the chemical elements contained in bauxite material, density and porosity
tests using Scanning Electron Microscopy / Energy Dispersive Spectroscopy (SEM/EDS),
compressive strength tests, fatigue tests, split tests, flexibility tests and others. The use of
bauxite waste as a substitute for fine aggregate in sand in the top layer of concrete mix can
increase strength, but density also increases to a certain level, namely with sand substitution
of up to 20%. Several investigations into the cement content of red mud show that every time
cement is replaced with red mud, with a certain composition, the properties change. Tests on
mortar bonding showed that the use of red mud to a certain extent as a cement substitute in
mortar showed better compression qualities than ordinary cement mortar. Some analyses
show that red mud can effectively replace about 10-20% of cement, where the replacement
rate also depends on the source of the red mud. Thus, the use of red mud as a substitute for
fine aggregate in concrete mixtures, for example in the top layer of road construction, can
increase cost efficiency to a certain level and is beneficial for reusable road materials.
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