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ABSTRACT 
Aluminum's usage as a steel and wood alternative has resulted in rapid growth for the aluminium 
sector. Aluminum manufacturing leaves behind red mud as a byproduct. Red mud leftovers amount 
to 1 to 2 tonnes of dry weight each tonne of aluminium produced. The main aim of the study is Use 
of Red Mud as an Inferior Building Material. A computational approach and an experimental 
investigation of red mud are both included in the current work. Investigation of morphology, chemical 
composition, and mineralogy and geotechnical properties of red mud as a subgrade material is the 
experimental approach. It is concluded that red mud as a subgrade building material is investigated 
in this research using laboratory geotechnical testing, model footing tests, and FE modelling. 
Keywords: Red mud, pavement subgrade material, model footing, finite element analysis, 
erosion. 
 
1. Introduction 
New advancements in a country's industrial and agricultural operations are vital for increasing its 
economic value and satisfying its people's basic desires. Water is one of the most important resources 
for both industrial and agricultural growth. Massive development activities in the industrial and 
agricultural fields have developed and emitted various poisonous pollutants in recent years, which 
are the primary sources of global water pollution. The types of contaminants found in wastewater are 
largely determined by the raw materials utilized in industrial processes. It is common knowledge that 
industrial wastewaters contain a large number of organic and inorganic compounds.  
Water pollution is mostly caused by organic pollutants such as dichloro-diphenyltrichloroethane, 
aminos, dyes, and phenolics, as well as inorganic heavy metals. Heavy metals are widely employed 
for a variety of procedures in a variety of sectors. These businesses are discharging effluents into the 
environment without first treating them properly. Toxic heavy metals' release and persistence in the 
natural environment are a severe concern, particularly in urban settings. Pollutants containing heavy 
metals can be hazardous to aquatic life and contaminate groundwater when released into the 
environment. Heavy metals have been removed from wastewaters using a variety of methods. 
Chemical precipitation, ion exchange, membrane filtration, and electrolysis are examples of these 
processes. These technologies, on the other hand, require a lot of money and a lot of energy. 
The Bayer process is used to manufacture alumina from the mineral bauxite. Bauxite is a mineral ore 
that occurs naturally in mineral combinations. Aluminum oxide (Al2O3) is the most abundant 
component of bauxite, followed by iron oxide (Fe2O3), silicon dioxide (SiO2), calcium oxide (CaO), 
magnesium oxide (MgO), potassium oxide (K2O), and titanium dioxide (TiO2). According to India's 
Ministry of Mines' annual report (2016-2017), the country ranks fourth in the world for bauxite 
output. Bauxite ore reservoirs can be found in states like Odisha, Gujarat, Jharkhand, Chhattisgarh, 
Maharashtra, Karnataka, and Tamilnadu. Odisha is the leading bauxite producer among these states. 
Some of the major Indian firms that produce aluminum from the mineral bauxite include Hindalco, 
Balco, Malco, and Nalco. The amount of bauxite produced each year has gradually increased. The 
amount of bauxite produced in India between 2016 and 2017 was 25,212.35 thousand tones, 
demonstrating the country's bountiful bauxite output. Red mud is produced as a byproduct of the 
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Bayer process. As a result, the output of waste residue red mud has increased. The amount of 
aluminum in the bauxite determines how much residual red mud is produced. 
In the geotechnical industry, red mud is mixed with linear materials and employed. It has a high 
compressive strength while also lowering hydraulic conductivity. These positive outcomes strongly 
support the use of red mud in clay linear. The important titanium oxide presence and iron are 
recovered and used for various processes in the recovery of the elements found in the red mud. Waste 
materials generated by many sectors are hostile to the environment, but they are thought to be good 
candidates for the adsorption process and hence can be put to good use. Red mud is a potential 
substance for removing dyes such as Rhodamine B, Methylene blue, Congo red and phenolic 
contaminants from wastewater. Red mud was used to efficiently treat inorganic contaminants such as 
phosphate, fluoride, and nitrate. In the subject of heavy metal removal from wastewater, red mud can 
be used as a possible material, and the method involved is simple. Red mud was used as an adsorbent 
to successfully extract metals such as copper, nickel, cadmium, and zinc. 
 
2. Methodology  
A computational approach and an experimental investigation of red mud are both included in the 
current work. Red mud is being studied for its morphological, chemical, mineralogical, and 
geotechnical properties, and a model footing test using the mud as a subgrade material is being used 
as part of the experimental approach. Model footings lying on red mud are subjected to finite element 
analysis as part of the numerical technique. Microanalysis of red mud particles is carried out using a 
scanning electron microscope (SEM) equipped with an EDX micro analyzer. “In accordance with 
IS:2720, the geotechnical characterisation of red mud was carried out. The X-ray diffraction (XRD) 
method is used to identify the mineral phase present in the red mud. mud.” When comparing the 
results of the finite element analysis to those of a laboratory model test, researchers used the 
commercial programme PLAXIS. 
 
3. Result and Discussion 
3.1 Morphology, Chemistry and Mineralogy of Red Mud 
Figures 1 and 2 show a red mud scanning electron micrograph (a). Red mud comprises irregular, 
agglomerated, and spherical particles of various sizes, as can be seen in the image. If you know that 
red mud is acidic, you may want to look at the particle shape following acid treatment. As may be 
seen in Figure 1, an electron scanning photomicrograph shows the acid-treated red mud (b). 

(a)                                                (b) 
Fig 1. (a) Scanning electron photomicrograph at 200 magnifications, (b) Scanning electron 
micrograph of acid washed red mud at 250 times magnifications. 
Untreated red mud (Figure 1a) has agglomerated particles, which are absent here. The particles have 
no surface roughness at all. This suggests that the red mud's alkali ingredient is to blame for its 
aggregation. 
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EDX analysis has been used to investigate the red mud's particle chemistry. As shown in Table 1, the 
EDX analysis of red mud is displayed in Figure 2 and the proportion of each element by weight is 
indicated. Sodium and iron were discovered to be prominent in the surface chemistry. 

c  
Fig 2. EDX analysis of red mud. 

Table 1. Percentage (by weight) of chemicals present in red mud. 
Element O Na Al Si Ti Fe Total 

Element percentage by 
weight 

46.70 23.98 7.74 3.65 1.07 16.86 100 

Hematite, gibbsite, goethite, and sodalite are some of the primary minerals in red mud, which is 
depicted in Figure 3 of the mineralogy of the red mud. 
“The pH value may reveal a lot about a substance's chemistry as a whole. This is why the pH value 
of the red mud was tested and found to be 11.4 which indicates that red mud is strongly alkaline in 
nature.” 
 

 
Figure 4. XRD analysis of red mud. 

 
Conclusion 
Based on laboratory geotechnical study, model footing test, and FE analysis, this work discusses the 
probable use of red mud as a subgrade building material. Based on the results of these experimental 
and numerical studies and debates, the following conclusion may be drawn: A higher specific gravity 
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than soil is attributed to the red mud's high concentration of iron-compound minerals. Due to its high 
specific gravity, red mud has a greater MDD than other materials. The dispersiveness test showed 
that red mud is very dispersive, necessitating a soil cover on top to guard against external weathering. 
The pavement with a soil layer on top has a greater carrying capability, according to this research. 
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