
MEHAR LAVANYA P, et al, International Journal of Research Sciences and 
Advanced Engineering [IJRSAE]TM 
Volume 2, Issue 18, PP: 132 - 139, APR - JUN’ 2017 

 

 

 
 
 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (18), ISSN: 2319-6106, APR - JUN’ 2017.                       PP: 132 - 139 

CHARACTERIZATION OF RED MUD AS A CONSTRUCTION 

MATERIAL USING BIOREMEDIATION 

P MEHAR LAVANYA 1*, K SUMANTH KUMAR 2* 

1.  Prof, Dept of CE, KIET. 

2.  M.Tech - Student, Dept of CE, KIET. 

 

ABSTRACT 

Red mud (RM) residue is generated annually posing a very serious and alarming environmental problem. 

The main objective of the study is stabilizing the red mud with two different bio polymers. The stabilization of red 

mud was achieved by using biopolymer Xanthan gum (0.5%, 1% and 2%), and guar gum (0.5%, 1%, 2%). It is 

observed that noticeable increase in unconfined compressive strength was observed for the stabilized red mud, and 

then geotechnical properties of stabilized red mud were studied and compare the results with normal redmud. 

Obtained results of present study will enhance the effective utilization of the red mud. 

1. INTRODUCTION 

1.1 GENERAL  

A major challenge going forward is to reconcile 

man’s activities on earth with the key pillars of 

environmental stewardship, sustainability and 

safeguarding life forms. This applies not least in the 

manufacturing industries and one example from the 

global aluminium sector is the issue of bauxite 

residue – otherwise termed red mud. 

The vast majority of the world’s bauxite resources 

include valuable alumina minerals and alumino-

silicate clays, which are intimately mixed. Insoluble 

components of the bauxite are removed by digesting 

the ore with very hot caustic soda (sodium 

hydroxide) in the Bayer process. 

A waste by product of the Bayer process for 

producing al oxide from the bauxite ore, red mud 

contains toxic heavy metals and its high alkalinity 

makes it extremely corrosive and damaging to soil 

and life forms, presenting a massive problem for 

disposal. Toxic dumps and settling pools are a feature 

alongside all bauxite/alumina plants worldwide, 

including across Europe, Russia, China, Guinea, 

Brazil, Jamaica and Australia. 

In 2015, annual production of smelter and chemical 

grade alumina was over 115 million tonnes, which, 

with the exception of some plants in Russia, Iran, and 

China, was all produced using the Bayer process. The 

global average of bauxite residue generated per tonne 

of alumina is between 1 and 1.5 tonnes; it is  

 

 

 

estimated that over 150 million tonnes of bauxite 

residue are produced annually – 5-6 million tonnes in 

Europe alone and the majority of this waste is being 

landfilled. 

Currently there are about 80 active Bayer plants of 

which approximately 30 are in China. In addition, 

there are at least another 50 closed sites, and the 

combined stockpile of bauxite residue at active and 

legacy sites is estimated at 3000 million tonnes. 

 

With annual world aluminium production expected to 

top 60,000,000-tonne barrier this year, the 

continuously increasing production of red mud as a 

by-product every year is a serious threat to the 

environment. For now, technology enables the 

residue to be stored in a controlled way, but this does 

not entirely solve the problem. 

In India, major producer Vedanta 

Aluminium Ltd has commissioned a red mud powder 

processing unit at its Lanjigarh refinery in Odisha, 

probably the first of its kind in the alumina industry 

addressing major environmental hazards. The unique 

project to produce ‘red mud powder’ has been 

commissioned in a fully mechanised and automated 

plant. According to the company, the process system 

was developed in-house following continuous 

research for more than three years. 
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Besides the above limitations and negative 

impacts red mud is being used in various sectors like 

in metallurgical ones (iron and steel production, 

titania, alumina and alkali, minor constituents 

recovery), production of building materials 

(constructional brick, light weight aggregates, bricks 

roofing and flooring tiles, cements etc.), catalysis, 

ceramics (pottery, sanitary ware, special tiles and 

glasses, glazes, ferrites) and other miscellaneous 

direct uses (in waste treatment, as a filler, as a 

fertilizer, etc.). Reviews on this subject have been 

also published in various papers. However the 

quantity of red mud used in other sectors is limited. 

The toxicity of red mud is the main cause for the poor 

utility of bulk red mud in various sectors. Therefore, 

it’s a critical aspect of the residue that needs to be 

resolved. 

Bioremediation is the use of microorganisms 

for the degradation of hazardous chemicals in soil, 

sediments, water, or other contaminated materials. It 

is well known that almost all bacteria produce 

exopolysaccharides under excess of carbohydrates or 

other water soluble sources of carbon over source of 

nitrogen (Wingender et al. 1999). Therefore, such 

food-processing wastes or sub-products as corn 

glucose syrup, cassava glucose syrup and molasses 

with C: N ratio>20 are used for industrial production 

of bacterial water-insoluble polysaccharides (Portilho 

et al. 2006). 

1.1 Scope and Objective of Research Work 

Objective: 

To stabilize the redmud by using naturally 

available biopolymers (Xanthan Gum and Guar 

Gum) that will help to utilize the redmud as 

pavements and some other construction material. 

Scope: 

• Study the geotechnical Properties of red mud 

with stabilized redmud and unstabilized redmud. 

• Study the strength characteristic properties of 

redmud with Xanthan and Guar gum 

biopolymers. 

 

2. REVIEW OF LITERATURE 

In this literature study we on red mud stabilization. 

Some studies related to characterization of redmud as 

a construction material. 

Kusum Deelwal (2014) The objective of the study 

was to evaluate the effectiveness and the behavior of 

red mud derived from the aluminum industry for the 

production of alumina from bauxite, and is generally 

discarded as a waste product. This red mud is 

stabilized by adding lime in different percentage and 

the behavior of the same is studied. In this present 

study the red mud is stabilized by 4, 8, and 12 

percentages of lime. Same combinations are further 

studied by mixing 1% of gypsum to enhance the 

strength characteristics. Basic index properties like 

specific gravity, Atter Berg’s limit, and Engineering 

properties like the unconfined compressive strength 

and California bearing ratio tests were conducted at 1 

and 7 days curing periods only. From the test data it 

was observed that 12% lime with 1% gypsum has 

shown higher UCS value compared to other 

percentages for 7 days of curing. A higher value of 

CBR i.e. 7.9% was obtained for 12 %Lime. Hence 

Red mud stabilized with lime can be used as sub 

base, base course and also sub grade material for road 

construction. 

P.V.V. Satayanarayana (2012) –A detailed 

investigation has done Redmud an Alluminium 

industrial waste product has done to study its 

feasibility for use in road constructions. In this study 

Redmud was stabilized with 2, 4, 6, 8,10and 12 

percentages of lime and unconfined compressive 

strength, Split tensile strength and California bearing 

ratio tests were conducted at 1, 3, 7 and 28 days 

curing periods respectively. From the experimental 

findings it was observed that 10% lime has shown 

higher values compared to other percentages. At 28 

days it has shown maximum values than other curing 

periods for all percentages of lime. The CBR value 

obtained for 10% lime at 28 days is 25% so that it 

can be used as subgrade and sub base material in road 

construction. 

Wang and Liu (2012) studied compositions and XRD 

patterns of the two kinds of red mud and showed that 

CaCO3 content in Sintering red mud is significantly 

higher than in Bayer red mud. So it will be more 

applicable in the production of cement. The micro 

particle of Bayer red mud was finer and more 

disperse, but the Sintering red mud has higher shear 

strength. Combining the TG and hydraulic 

characteristics analysis, it can be shown that Bayer 
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red mud has higher value of water content and 

Sintering red mud has higher hydraulic conductivity. 

The paper then illustrated that Sintering red mud can 

become the main filling material of supporting 

structure of red mud stocking yard. Bayer red mud 

has a high reuse value and also can be used as a 

mixing material of masonry mortar. 

CH.V.Hanumanth Rao (2012) Redmud is a waste 

product from Alluminium industry. For its bulk 

utilization a detailed experimental programme was 

conducted to study the behavior of Redmud when 

stabilized with GGBS (Ground Granular Blast 

Furnace Slag) which is a waste product from steel 

manufacturing plants. In this present study the 

Redmud was stabilized with 5, 10,15,20,25 and 30 

percentages of GGBS. The unconfined compressive 

strength, Split tensile strength and California bearing 

ratio tests were conducted at 1, 3, 7 and 28 days 

curing periods only. From the test data it was 

observed that 25% GGBS has shown higher values 

compared to other percentages and at 28 days it has 

shown maximum values than other curing periods. A 

higher value of CBR i.e, 35% was obtained for 

25%GGBS at 28 days curing period. Hence Redmud 

stabilized with GGBS can be used as subbase, base 

course and also subgrade material for road 

construction. 

Ribeiro et al. (2011) studied on non-calcined red mud 

which requires less energy and time and reducing 

costs, which is the ideal condition for reusing wastes. 

In this research mortars containing 30 wt. (%) of 

cement substituted by red mud showed higher 

strength of hardened products. The pozzolanic 

activity index was evaluated based on physical and 

mechanical parameters (Brazilian NBR 5751 and 

NBR 5752 standards) and on a chemical analysis 

(European EN 196-5 standard). Then a comparison of 

the reference mixture (without red mud) and the 

results obtained with red mud confirms the potential 

of non-calcined red mud for use a as pozzolanic 

additive in cementitious materials. 

Chen and Zhang (2013) studied Xanthan gum and 

guar gum, two biopolymers that are naturally 

occurring and inexpensive, to stabilize mine tailings 

(MT). They found out that guar gum is more 

effective than Xanthan gum in increasing the wL and 

su of MT, because the guar gum solution is more 

viscous than the Xanthan gum solution at the same 

concentration, the guar gum–MT particle bonding is 

stronger than the Xanthan gum–MT particle bonding, 

and guar gum causes a lower degree of aggregation 

of MT particles than Xanthan gum. By comparing the 

undrained shear strength data with empirical 

equations in the literature, two new equations were 

proposed for predicting the undrained shear strength 

of the MT mixed with a biopolymer for water 

contents near the liquid limit, based on the liquid 

limit and water content, and the liquidity index. 

Morales et al. (2014) analyzed the possibility of 

stabilizing compacted soils by a soft bio-mediated 

treatment. The treatment consists in adding 

microorganism of Bacillaceae family to the 

compaction water content and relying on the natural 

availability of urea and Ca+2 in the superficial soils 

used in the construction. Adding microorganism to 

the soil promotes the formation of an aggregated 

structure, which remains after compaction. The 

precipitated crystals filled the pores in the range 3–50 

μm, and the pore volume of the material tends to 

decrease as a consequence of the progressive filling 

of the inter-grain/inter-aggregate porosity. The 

change in the pore size density function was reflected 

consistently in the hydraulic and mechanical behavior 

of the treated soil, which presents typical features of 

a denser soil with respect to the untreated one. Filling 

part of the soil macro porosity of the treated samples 

affected the water retention properties inducing 

slightly higher air-entry value and lower water 

permeability at comparable void ratios. Treated soils 

displayed a slightly higher friction angle with no 

cohesion in the shear envelope, consistently with the 

pattern of a denser granular soil. The small-strain 

shear stiffness was increased, and collapse on wetting 

for a given initial void ratio reduced together with the 

post-yield compressibility on loading. 

Kalkan (2006) examined the effects of red mud on 

the unconfined compressive strength, hydraulic 

conductivity, and swelling percentage of compacted 

clay liners as a hydraulic barrier. The test results 

showed that compacted clay samples containing red 

mud and cement–red mud additives had a high 

compressive strength and decreases the hydraulic 

conductivity and swelling percentage as compared to 

natural clay samples. The addition of these additives 
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changed the soil groups from high-plasticity soil 

group (CH) to low-plasticity soil group (MH). 

Consequently, it was concluded that red mud and 

cement–red mud materials can be successfully used 

for the stabilization of clay liners in geotechnical 

applications. 

Krishna and Patnaik (2005) used Aspergillus 

tubingensis (AT1), a phosphate solubilizer in red 

mud amended soils (0, 25, 50 and 75%) to reduce the 

alkalinity of the red mud. A. tubingensis was tested 

for its ability to grow at high pH and in different 

concentrations of aluminum (Al), iron (Fe) and 

sodium (Na). The results showed that it was able to 

grow at pH values from 2.5 to 12.0. The maximum 

growth was observed at the pH 3.5. The growth of A. 

tubingensis was significantly inhibited by Al at 

200μg/ml. The Na content increased in the mycelium 

as the concentration of Na increases in the growth 

medium and the maximum accumulation was found 

at 200 μg/ml .The red coloration of red mud is due to 

high iron (Fe3+) levels in the primary ore minerals. 

The ability of A. tubingensis to grow in presence of 

different Fe concentrations was tested and the results 

indicated that the best growth of A. tubingensis was 

achieved at concentrations of 400μg/ml. At higher Fe 

concentrations (500 and 600μg/ml) the growth was 

slightly increased when compared to control. The 

maximum growth was observed when the fungus was 

grown at 10% red mud amended medium. .A. 

tubingensis was able to grow at high pH and reduce 

the alkalinity of the nutrient medium and also to 

accumulate different metals in the mycelium. 

Aylin Yildiz (2012) this study examines 

stabilization/solidification techniques for red 

mud/cement systems that involve the production of 

construction products while minimizing 

contamination and recycling the red mud. In these 

techniques, the polluted components of red mud are 

fixed in a cement body via adsorption and 

confinement mechanisms and thus, the possible 

impact of these pollutants on the environment is 

minimized. In the first step of this study, the physical, 

chemical, radioactive and mineralogical properties of 

the material used were determined. Second, red mud 

was used to replace portland cement in the following 

proportions: 0, 5, 10, 15, 20, 25, 30, 40 and 50 % of 

portland cement by weight. Finally, the usability of 

red mud as a construction product and the 

environmental effects of such usage were determined. 

From the literature it is concluded that the Redmud is 

utilized as geotechnical material by stabilizing with 

some geo polymers. In this study we are using bio 

polymers for stabilizing the redmud and study the 

characteristic strength or geotechnical properties for 

stabilized redmud soil. 

3. MATERIAL AND METHODOLOGY 

3.1 Redmud 

Red mud (RM) was collected from NALCO, 

Damanjodi, Odisha. About 1.5 tons of red mud is 

coming out per ton of alumina produced from the 

above plant and is discharged in a slurry form to red 

mud pond. The slurry has a composition of 45% 

liquid and 55% solids. Output of red mud is 200 

t/hour (solids). There is about 20 million tons of 

waste products accumulated Figure 1 shows red mud 

used in present experimental work. 

 

Fig.1: Redmud collected from NALCO 

Table 3.1 Chemical Properties of Redmud 
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3.2 Xanthan Gum 

The biopolymer, Xanthan gum (XG) was purchased. 

This biopolymer was chosen, because they are 

commercially available at relatively low prices 

compared with other types of biopolymers and 

extensive literature is available in its physical 

properties, and studies have shown that they are 

effective in stabilizing soils and have outstanding 

characteristics and also they have already been found 

to be effective for stabilization. 

3.3 Gaur Gum 

Guar Gum Splits is basic raw material for 

manufacturing guar gum powder. This biopolymer is 

chosen because it’s a eco-friendly biopolymer 

compared to other biopolymers. It is used to 

stabilization of red mud soils. 

3.6 Experimental Investigation: 

The experimental investigation was made on 

redmud and stabilized redmud by using biopolymer 

as per standards. Xanthan gum and guar gum was 

added to redmud with 0.5%, 1% and 2% percentages. 

We find the geotechnical properties of redmud and 

stabilized redmud and compare the characteristic 

strength of the unconfined compression strength 

(UCS) for 0, 3 and 7 Days curing period. 

4. RESULTS AND DISCUSSION 

4.1 Specific Gravity 

Tests were done for both the red mud and stabilized 

red mud. It is observed that specific gravity of each 

sample when added with different percentage of bio 

polymer decreases as compared to the raw red mud. 

The variation of specific gravity of red mud and bio 

polymerized red mud show in Table 4.1. This decrease 

in specific gravity may be due to the low specific 

gravity of Xanthan gum and guar gum. Mean 

compressive strength is calculated and tabulated in 

Table 2. 

Table.2: Specific Gravity of Redmud & Stabilized 

Redmud 

 

4.2 Compaction Characteristics 

The compaction characteristics of red mud and 

stabilized red mud, showing optimum moisture 

content (OMC) and maximum dry density (MDD) of 

the compacted soils. Table 3 shows that OMC 

increased with increase in xanthan gum and guar gum 

percentage and higher than ordinary red mud which 

has an OMC of 12.62%. Whereas MDD value 

decreased with higher xanthan gum and guar gum 

percentage as compared to normal red mud. MDD is 

decreased due to low specific gravity value of the 

mixture. 

Table 3: OMC & MDD Values of Red Mud & 

Stabilized Red Mud 

 

 

Fig.2 Optimum Moisture Content Vs % of Different Biopolymer 
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Fig.3 Maximum Dry Density Vs % of Different Biopolymer 

4.3 Unconfined Compressive Strength (UCS): 

The UCS values of red mud and stabilized 

red mud, showing stress of with and without cured 

samples is presented as follows. Table 4 shows UCS 

value of red mud and stabilized red mud soil. It is 

observed that red mud mixed with Xanthan gum and 

Gaur gum has more strength than ordinary red mud. 

Results shows that red mud with 1% Xanthan gum 

has more strength and shows optimum result at 1%. 

Excess of Xanthan gum and Guar gum i.e more than 

1%, the mixture became soft and sticky. So Optimum 

Percent Xanthan and Gaur gum is 1%. 

Table 4: Unconfined Compressive Strength (UCS) 

for Red Mud & Stabilized Red Mud

 

 

Fig.4: UCS for 0Th Day 

 

Fig.5: UCS for 3rd Day 

 

Fig.6: UCS for 7th Day 

 

Fig.7: UCS for 1st Day (Sun Dried) 

4.4 Split Tensile Strength: 

All samples were cured for 0, 3 and 7 Days by 

maintain humidity. The sample is loaded until 

splitting / failure takes after completion of their 

curing period at a strain rate of 1.25 mm/min. from 

the results it is identified that split tensile strength is 

increased for biopolymer modified redmud when it is 

compared with normal redmud. 

Table 5: Split Tensile Strength for Redmud & 

Stabilized Redmud 
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Fig.8: Split Tensile Strength for 0Th Day Curing 

 

Fig.9: Split Tensile Strength for 3rd Day Curing 

 

Fig.10: Split Tensile Strength for 7th Day Curing 

 

Fig.11: Split Tensile Strength for 1st Day (Sun Dried) 

 

CONCLUSION 

Based on the laboratory studies carried out in this 

work, the following conclusions have drawn.  

• Red mud is a fine grained Industrial waste 

dominated by fines with silt sizes as prominent 

with high specific gravity (3.4). 

• While adding biopolymer to the redmud the 

specific gravity is decreased compared with 

normal unsterilized red mud. 

• Addition of Xanthan gum and guar gum 

biopolymer to Red mud increases OMC values 

and decreases MDD values. 

• Maximum values obtained at optimum dosage of 

1% percentage its values is 26.95 and 16. 

• Unconfined compressive strengths like 0 days 

and 3 days are approximately 23-49% and 46-

66% of their compressive strengths at 7 days 

respectively. These values are low at High 

dosages 2% and high at 1 % dosages. 

• Xanthan, Guar gum and Red mud mixture have 

changed the structure of Red mud thereby 

increasing the UCC and Split tensile strength. 

• Based on the findings, Red mud used as 

alternative materials in place of conventionally 

used gravel materials. 
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