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Abstract:Red mud is a very high alkaline waste product that 

is generated in the production of alumina from bauxite by 

Bayer process. Every year, millions oftons of red mudare 

produced around the world.India produced red mud more 

than 4 million tons annually, and globally approximately 80 

million tons of red mud being produced every year. The pH 

of red mud is varies between from 10 to 13. Due to its 

hazardous natureit is considered as hazardous material 

according to the Environmental Protection Agency 

(EPA).That’s why it causes very serious and alarming 

environmental problem for the world. In order to manage 

this industrial waste, Last two decades number of research 

works has been carried out for better utilization of red mud 

without affecting the environment in the world. This paper 

presents a review of previous study conducted on the 

effective utilization of red mud in construction processes. 

Keywords:Red mud, alumina,Industrial waste, utilization, 

construction material, concrete, alkaline waste. 

1. Introduction 

The production of aluminum started in India since 1938 when 

the Aluminum Corporation of India's plant was 

commissioned. In the last two decades the production of 

Aluminum has been increased so ultimately the red mud 

generation also be increased. India secured 5
th

 position in the 

top 5 red mud generated countries in the world. So now a days 

for India as well as for different countries it is a big problem 

for proper utilization of red mud. In now a days, it is not 

possible to utilize 100% red mud without affecting 

environment.  

India has billion tons of bauxite reserve with around 5 billion 

tons.India lies at the 5
th

position in the world leading 

aluminum producers. Generallythe red mud is a waste 

material which is generated by bayer process during the 

production of alumina from bauxite.The red colour is caused 

by 60% iron present in it. Red mud is a mixture of solid and 

metallic oxidebearing impurities, and it is presents one of the 

aluminum industry's most important disposal problems. Each 

and every part of alumina produced by bayer process, about 

one part of red mud is generally produced as a waste 

material.Red mud generation in India as shown in fig. 1. 

 

Fig. 1: Red mud generation in India 

Source:  Samal S, Ray A.K, Bandopadhyay (2013)[14] 

 

Disposal of this waste was the first major problem of the 

aluminum industry because of adoption of this process. It can 

contain high amounts of silica and alumina depending on the 

origin which makes it a potential pozzolanic material. This 

paper presents a summary of red mud application in 

construction engineering. Typical composition of red mud are 

as shown in table 1, chemical composition of Indian red mud 

are as shown in table 2 and chemical composition of 

worldwide red mud are as shown in table 3. 

Table: 1 Typical Composition of Red Mud 

 
Table: 2 Chemical Composition of Red Mud (India) 

Company Al2O3

% 

Fe2O3

% 

SiO2

% 

TiO2

% 

Na2O

% 

CaO

% 

Balco Korba 17-20 35-39 7-8 18-20 6-7 3-4 

HindalcoRenuko

ot 

18-20 36-38 8-10 15-17 6-7 4-6 

HindalcoMuri 20-22 45-48 7-9 18-20 5-6 2-3 

HindalcoBelgau

m 

18-21 45-48 8-10 9-12 4-6 2-3 

MalcoMetturdam 19-23 42-48 13-17 4-5 5-6 2-3 

NalcoDamonjodi 18-21 50-54 5-7 3-5 4-6 2-3 
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Table: 3 Chemical Composition of Red Mud (World) 

Refs. Jamaica Brazil (%) Australia 

(%) 

US (%) 

Fe2O3 53.8 43.7 32.82 46.25 

Al2O3 10.33 16.76 25.29 14.80 

TiO2 8.58 4.00 8.68 5.86 

Na2O 8.25 9.80 16.77 1.85 

SiO2 8.25 9.80 1.677 4.17 

CaO n.g n.g 2.11 8.8 

CO2 n.g n.g n.g n.g 

LOI n.g n.g 7.66 n.g 

 

Source: Vedpal Nain et al. [6] 

2. Application of Red Mud 

Red mud can be utilized in a number of ways in the 

construction site.It can also used in various ways.There are 

numbers ofresearch work has been done for the better 

utilization of red mud on field as well as replacement material 

in construction. 

 Red mud can be used for manufacturing of bricks. 

 Red mud and fly ash is be mixed to manufacture 

bricks of various colours and textures. 

 It is also used as partial replacement with cement. 

 The researchers have reported that red mud can 

replace cement up to 10% in mortars and 5% in concrete to 

obtain better strength. 

 Red mud with PVC is used to make a Red Mud 

Plastics it is also called RMP. These plastics are used to 

produce various plastic products. 

 Chiefly in the corrugated roofing sheets, these red 

mud plastic have shown remarkably improve properties over 

PVC in terms of weather resistance.     

 Red mud is also use as adsorbent in industry, because 

in industry there are more pollution occur and it is very 

harmful for environment, so it is use for cleaning the 

industrial gases. 

 Red mud can also be used as a base for growing 

plants. 

 Various uses of red mud for building products are, 

but not limited to the follows: 

 Colourant, block paving, paving slabs, pipes, 

bollards, benches, litter bins, sea defenses, central reservation 

dividers, kerbs, any other cement/concrete construction as 

well as road and driveway bases. 

 A further benefit from using red mud as a building 

product is, it eliminates phenomenon called efflorescence. 

3. Critical Literature Review: 

Literature review is the core of the review paper. Following 

are some literature review from various national and 

international journal on the replacement of red mud with 

cementand different uses of red mud. 

Maneesh Singh et al. (1997) concluded that it ispossible to 

make the iron rich cement and got 28 days strength by using 

of red mud, lime as well as gypsum and bauxite. Also they are 

observed that when the percentage of gypsum is about to 7.5% 

then the major phases are formed, like C4(A,F)3 S
-
, C4AF, C2F. 

and when it is increased up to 12.5% then the major 

crystalline phases are formed like C4(A,F)3 and CT. also the 

OPC cement increased the strength by increasing the 

temperature by 1300 C, and also notice that incipient fusion 

occur at 1350C. if the titania present in C4A3 S then it will 

increase the strength of cement paste.[1] 

Ping Wang et al. (2012) compared the compositions of two 

types of red mud (1) Bayer red mud and (2) Sintering red mud 

and found that the content of CaCO3 is higher in sintering red 

mud as compare to bayer red mud. Apart from that in bayer 

red mud the percentage of hazardous elements like As, Pb and 

Hg is more. But the concentration of radioactivity is high in 

both red mud. Also they conduct TG analysis and hydraulic 

characteristics analysis, in this two type of analysis they 

observed that in bayer red mud the value of water content is 

high apart from that Sintering red mud has higher hydraulic 

conductivity. Finally they concluded that both the red mud has 

possibility to replace with cement. Due to high reuse value of 

bayer red mud it can be use as mixing material in masonry 

mortar and because of the stability is higher also the hydraulic 

conductivity is higher sintering red mud can be used as main 

filling material. [2] 

P.Ashok et al.(2015) replaced the cement in M30 grade of 

concrete with red mud and hydrated lime and check the 

result.They are replace 5% hydrated lime with cement and 

also replace the cement with red mud by various percentages. 

From their experimental studies they claimed that if the 

cement replace with red mud by 15% and hydrated lime by 

5% it very helpful to improve the cement concrete 

properties.[3] 

Xiaopeng Nie et al. (2015) conducted an experimental study, 

putting the red mud in polyvinyl chloride polymer then they 

compare the result with coal ash as well as silica fume and 

calcium carbonate. Finally the conclusion is if red mud 

improve the property of polyvinyl chloride polymer also it 

will help plasticized polyvinyl chloride plasticized during 

maxing. [4] 

Achal Garg et al. (2015) studied the behavior of interlocking 

blocks manufactured by using red mud for different variables. 

In this paper, the author is attempting to summarize the 

potential application of red mud in building materials industry 

and using the appropriate model of its utilization. The 

attention is to develop an extensive red mud utilization policy 

framework for building materials industry in the context of 

India as it has great potential of reducing the cost of 

construction material & developing a low cost housing 

technique considering the preservation of our environment. 

[5] 
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Vedpal Nain et al. (2015) carried out study on the fly ash and 

red mud as cementations admixtures and they discussed about 

the properties of red mud, its chemical composition and how it 

enhances the mechanical properties of concrete i.e., increases 

the compressive strength, flexural strength and tensile strength 

of concrete based on several research papers. They also 

discussed about the properties of bricks that are manufactured 

out of red mud and how it is economical and how the use of it 

conserves the environment. They conclude that red mud on 

being replaced with cement improves its mechanical 

properties and proves to be economical. [6] 

Wang Xiao et al. (2016) used the red mud of which the alkali 

content is lower to 1%. then prepared two different types of 

samples. One is ordinary raw material (as a control group) and 

another is 23w% of red mud (as a experimental group). They 

prepare the two types of cement samples and measure the 

setting time, normal consistency as well as mechanical 

strength. They inspected hydration products of this two 

samples by XRD analysis. The flexural strength is increased 

up to 8.45 MPa and compressive strength 53.2 MPa. [7] 

Sowmyashree T et al. (2016) carried out experimental 

investigation on using red mud in concrete with partial 

replacement of cement with hydrated lime for produce 

different grade of concrete. The optimum result they got was 

replace cement with 30% red mud, also use 5% hydrated 

lime.The authors claimed that if red mud and hydrated lime 

used in concrete so there are no changes in strength of 

concrete for M20 and M40 grades because in red mud Al2O3 

and SiO2 already present and also some properties of hydrated 

lime[8] 

R. Pavan kumar et al. (2016) investigated that it is possible 

to utilize the red mud and quarry dust in concrete. They 

arereplace cement with red mud by 15% and sand with quarry 

dust by 30%. They get Optimum result are obtain by using 

Red Mud content of 15%. Also they get optimum result by 

replace the sand with quarry dust is 30%. Author’s claim that 

using the red mud as partial replacement with cement and 

sand,then the impact will be occur overall construction 

cost.[9] 

Sithar Pateliya et al. (2017) investigated experimentally 

behavior of red mud with concrete. They have replaced 

cement with various percentage of red mud in concrete for 

checked out various mechanical properties. They used various 

materials for their study like Cement, Fine aggregate, coarse 

aggregate and red mud. They replaced red mud with cement 

start to 16 %   to 24% at one percent interval. They used 

different three grades of concrete M20, M25 and M30. They 

checked the mechanical properties like compressive strength, 

split tensile strength, flexural strength and study on durability. 

In Compressive Strength, Splitting Tensile Strength, Flexural 

Strength and durability, Optimum result are obtain by using 

Red Mud content of 18%. [10] 

Minu Varghese (2017)replaced the cement with red mud in 

SCC. In this paper she was replace the cement with various 

percentages of red mud in SCC.The physical properties of 

cement, sand, fly ash, aggregates, super plasticizer and red 

mud was checked by conducting various tests. These materials 

can be used for making concrete. The optimum percentage 

was found to be 25% by weight of cement.[11] 

P. Syam Sai et al. (2017)conducted to study the properties of 

concrete by using red mud as replacement of cement in 

concrete. They replace 5% of hydrated lime with cement and 

replace red mud with percentages 0%, 5%, 10%, 15%, 20% 

with cement. They use M40 and M50 grade concrete. They 

added hydrated lime for achieving pozzolanic property of red 

mud. The maximum compressive strength obtain in 28days 

(M40 grade) was 51 kN/m
2
also in M50 grade the maximum 

compressive strength obtain was 62 kN/m
2
. [12] 

B.T.Sapna et al. (2018)replaced cement with red mud by 

various percentages as well as hydrated lime. The 

compressive strength results of cubes and split tensile 

strengths of cylinder shows that the optimum result replace of 

red mud with cement is 15% and hydrated lime by 5%. The 

workability of concrete increases at all the percentage 

replacements containing 29% moisture content in red mud 

concrete with hydrated lime. For higher replacement of red 

mud in cement (>15%) the compressive and split tensile 

strength decreases due to an increase of free water content in 

the mix. So, according to authors the mix proportion 

containing 15% red mud and 5% hydrated lime is the 

optimummix that can be used for construction purposes.[13] 

The following table 4 shows the literature review papers and 

its comparison. 

4. CONCLUSION: 

From the above literature reviews following conclusion can be 

made: 

1) In today’s era, the utilization of red mud is a biggest 

problem facing industries. Because every year million tons of 

red mud being produced worldwide.      

2) The utilization of red mud with cement in 

construction industry is the best way. 

3) Also using hydrated lime for replacement with 

cement we get optimum result. 

4) Proper technology required for better utilization of 

red mud.  

5) As we know that there are a numbers of research 

work has been done on red mud utilization, but it is not 

enough until we really replace the red mud with construction 

material.  

6) More studies require in depth for better utilization of 

red mud otherwise waste is waste until we don’t know how to 

use it.   
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Sr.  

No. 

Author  Year  Utilization 

Area 

Material Used  Addition / 

Replacement  

Tests  Increase / 

Desirable  

1 Maneesh Singh 

et al. 

1997 Iron Rich 

Cement  

Red mud  Addition  Compressive 

Strength 

Increase 

2 Ping Wang et 

al.  

2012 Masonry 

mortar 

Sintering Red mud 

and   

Bayer Red mud 

Replacement Shear Strength  Desirable 

3 P. Ashok et al. 2015 Concrete  Red mud Replacement Slump Cone 

Test /  

Compaction 

factor test / 

Compressive 

strength / 

Split tensile 

strength / 

Flexural   

strength 

True Slump/ 

Less than 1/ 

Increase/ 

 

Increase/ 

 

Increase/ 

 

4 Xiaopeng Nie et 

al. 

2015 Improvement 

of PVC 

Plastication 

Red mud Addition Plastified   Desirable 

5 Achal Garg et 

al. 

2015 Interlocking 

Block  

Red mud Addition Potential 

application in 

building 

materials 

Desirable 

6 Vedpal Nain et 

al. 

2015 Concrete  Red mud, fly ash Addition Compressive 

strength 

Desirable 

7 Wang Xiao et 

al.  

2016 Production of 

field Road 

cement   

Red mud Addition Compressive 

strength 

Desirable 

8 Sowmyashree T 

et al. 

2016 Concrete Red mud, 

Superplasticiser 

Replacement Slump Cone 

Test /  

Compaction 

factor test / 

Saturated 

water 

absorption test 

/  

acid resistance 

test / 

carbonation 

test /   

True Slump/ 

Less than 1/ 

Increase/ 

Desirable / 

Desirable 

 

9 R. Pavan kumar 

et al. 

2016 Cement 

Concrete 

Pavements 

Red mud, Quarry 

dust 

Replacement Compressive 

strength / 

Flexural   

strength 

Increase/ 

Increase 

10 Sithar Pateliya 

et al.  

2017 Concrete Red mud Replacement Slump Test /  

 

Compressive 

strength / 

Split tensile 

strength / 

Flexural   

strength 

True Slump/ 

Increase/ 

 

Increase/ 

 

Increase/ 
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11 Minu Varghese 2017 Self-

compacting 

concrete  

Red mud Replacement Slump flow 

Test /  

V funnel test / 

U- Box test  

Desirable /  

 

Desirable  /  

Desirable 

12 P. Syam Sai et 

al.  

2017 Concrete Red mud Replacement Compressive 

strength / 

Split tensile 

strength / 

Flexural   

strength 

Increase/ 

 

Increase/ 

 

Increase/ 

 

13 B.T.Sapna et al.  2018 Cement  Red mud Replacement Slump Cone 

Test /  

Compaction 

factor test 

True Slump/ 

Less than 1 

 

 


