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Abstract: 

Conventional bricks are made from clay and sand which leads to resource depletion and intensive firing causes Environmental 

pollution. To overcome these issues with conventional bricks, an alternate solution in manufacturing of bricks was done us ing 

industrial wastes like fly ash, coal cinder, stone dust and cement as key ingredient. To increase the utilization of industrial by-

products, an experimental study was carried out on manufacturing of coal cinder added fly ash bricks. Recycling such wastes into 

building materials is a moderate solution for pollution and disposal issues. This paper reviews the recycling of industrial wastes 

against the conventional bricks. Laboratory tests were conducted on the manufactured bricks to determine the compress ion test, water 

absorption test and efflorescence test. 
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I. INTRODUCTION 

 

India, being the fastest growing economy in the world is rapidly  

urbanizing and need for shelters increases. The most important 

building material for construction purposes is the conventional 

brick. For manufacturing of conventional brick, huge amount of 

fuel is used. Also, continuous removal of top soil for the 

manufacturing process affects the agricultural p ractices of the 

area. Conventional bricks are to be fired at high temperatures, 

consume huge amount of coal and diesel emitting residues into 

the environment creates severe environmental and health 

problems for the local population To overcome these drawbacks, 

an effort was made for manufacturing of eco friendly bricks with  

industrial wastes (Fly ah, Coal cinder, Stone dust) as the raw 

materials. Fly ash and coal cinder being an industrial waste, it  

can be easily procured at cheaper rate. This alternative solution 

reduces the removal of top soil, helps promoting agriculture. The 

technology adopted for manufacturing of fly ash bricks is eco-

friendly and it does not require to be burnt in kilns as that of 

conventional bricks, and are air dried. Th is eco friendly  

technique reduces emissions and no effluent is discharged into 

air. Production of fly ash bricks reduces fuel consumptions and 

also consumes less energy sources hence replacement of 

conventional bricks saves considerable amount of energy and 

resources. The primary motive of this study is to investigate the 

benefits of using industrial wastes as raw materials in terms  of 

environmental effects, compressive strength, water absorption 

and low cost bricks, to make of alternate source of raw materials 

for the sustainable production of bricks.  

 

II. LITERATURE REVIEW 

 

Int. J. Chem. Sci.: 14(S1) [2016] studied about the partial 

replacement of fly ash by metakaolin in fly ash cement bricks, 

shows increased compressive strength at replacement of fly ash 

by 15% metakaolin. Results are indicative of satisfactory 

performance of bricks for load bearing structures. Efficient 

method of utilizing fly ash bricks than disposing of in sites.  

Andreas Nataatmadja [2015] examined the usage of class F fly 

ashes for manufacturing of light weight residential building  

bricks by various proportions and the results suggest that it is 

possible to produce light weight bricks from fly ash at firing  

temperature of 550ºc bt the tensile strength is below tan the clay 

bricks. 
 

Smeu, S. et al [2014] investigated about stabilizing the brick 

mixtures with cement, lime and sand as binder with sawdust as to 

generate affordable and environmental friendly new masonry 

materials. The results achieve for eco friendly clay bricks over 

5N/mm² and suggested that it can be used for loading walls.  

 

Henry Liu et al [2009] studied about the brick developed from 

pure fly ash which did not involve high temperature heating in 

kiln, in contrast to manufacturing clay bricks. Bricks made from 

fly ash don’t emit mercury into atmosphere. Instead, they absorb 

mercury from air, making air cleaner. Finally, suggested that it is 

safer to use fly ash bricks. 
 

Tayfun Cicek and Mehmet Tanriverdi [2007] Experimented 

the fly ash–sand–lime bricks and obtained results for 

compressive strength, unit weight, water absorption and thermal 

conductivity under optimum test conditions as 10.25 MPa, 1.14 

g/cm3, 40.5% and 0.34W m-1 K-1 respectively. They suggested 

the possibility to produce good quality light weight bricks from 

the fly ash. The water absorption of the fly ash–sand–lime bricks 

ranged about 30% to 40%. The bricks produced by the 

experiments were suitable for use as construction material. The 

production of fly ash bricks contributes to the recycling of the 

waste and hence minimizes the landfills on the environment. 

 

III. EXPERIMENTAL MATERIALS  AND 

CHARACTERIZATION 

 

A. Class F Fly ash 

Fly ash is a by-product of the coal combustion in thermal power 

generation and consists mainly of SiO2 , Al2O3, FeO3 , CaO , and 

some impurit ies. Usually, class F fly ashes have a low content of 
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CaO and exh ibit pozzo lonic properties, but class C fly ashes up 

to 20% CaO and exhib it cementit ious properties. A major part of 

fly ash is currently being utilized in cement and concrete 

production. 

 

B. Coal Cinder 

Many industries such as paper mills use coal as a fuel for firing  

boilers to generate steam. After the coal is as burnt in the boilers, 

it leaves a residue known as “coal ash, or coal cinder”. It’s 

basically the power or pieces from burned or unburned coal that 

is nor reduced to ashes but is incapable of further reduction.  

Coal cinder is an inorganic waste produced in the combustion 

black coal in the boiler house. This by product can be a valuable 

resource, becoming an alternative to natural fines used in bricks 

and concrete. 

 

C. Stone dust 

Stone dust is a by-product of the stone (granite) crushing process 

produced during quarrying activities, is a one of the materials 

that has recently gained an attention to be utilized as concreting 

aggregates. Cost of river sand has skyrocketed and its consistent 

supply cannot be guaranteed, under this circumstances stone dust 

can be an economic alternative to river sand. 

 

D. Cement 

Cement is a binder, used for binding the materials together 

forming a uniform mixture for further application. Ordinary  

Portland cement (OPC) 53 grade of ce ment is used for entire 

experiments. Physical properties were tested according to IS: 

12269-1987, testing of grade 53 cement. Cement have good 

binding property. 

 

E.  Water 

Ordinary clean portable water free from suspended particles was 

used for mixing and curing process.  There is no IS provision for 

quantity of water to be added, so suitable amount of water for 

mixing is taken as needed. The characterizat ions of the above 

materials are listed in table.1. 

 

Table.1. characteristics of materials  

 

Properties Fly ash Coal 

cinder 

Stone 

dust 

cement 

Specific 

gravity 

2.18 1.53 2.8 3.15 

Particle size <75 

microns 

<75 

microns 

60% 

finer 

>50 

microns 

Appearance Spherical 

(microsco

pe) 

Spherical 

(microsco

pe) 

Irregul

ar 

- 

 

IV. CAS TING OF SPECIMENS  

 

A. Mix proportioning of S pecimens 

 The mixture proportioning of different blends with varying 

proportions of constituent materials was carried out based on the 

characterizat ion of raw materials. In the base mix, fly ash (50%), 

stone dust (30%) and cement (20%) were the major cons tituent. 

Further proportions were done in such a way that coal cinder is 

replaced at different percentages for fly ash. 

 

Table.2. Various Mix Proportions  

 

Samples Fly 

Ash 

(% ) 

Coal 

cinder 

(% ) 

Stone 

dust 

(% ) 

Cement 

(% ) 

S1 50 0 35 15 

S2 37.5 12.5 35 15 

S3 25 25 35 15 

S4 12.5 37.5 35 15 

S5 0 50 35 15 

 

B. Specimens casting 

Brick moulds of size 19 X 9 X 9 are used. They were cast 

according to the standard procedure with various mix proportions 

arrived. The required quantity of fly ash, coal cinder, stone dust 

and cement are mixed properly according to the proportions. 

Then required quantity of water is added. Then they mixed  

thoroughly. Now the mixture is placed into mould and allowed to  

air dry. The specimens were demoulded and are allowed to air 

dry in atmospheric temperature. More than 60 brick specimens 

were prepared for the execution of various tests. The samples 

were taken periodically at age of 7days, 14 days, 21 days and 21 

days for testing of the specimen for various mix proportioning of 

the materials. 

 

        
 Figure.1. Proportioned mix     Figure.2. Brick Specimens 

 

V. EXPERIMENTAL INVES TIGATIONS 

 

Various tests were conduct to determine the optimum content of 

fly ash admixed with coal cinder. Tests on bricks are done in 

accordance with the Indian standard codal provision for fly ash 

bricks. The tests are also used to determine the suitability of 

bricks for different environmental conditions and also to know 

whether the bricks suits for load bearing structures or not. 

 

A. Compressive strength test 

Compressive strength test is the most important test for assuring 

the engineering quality of bricks. Th is test was performed in  

accordance with IS 3495(Part 1)-1992. The prepared brick 

specimens were tested for the compressive strength at curing age 

of 7, 14, 21 and 28 days. Minimum of two samples were tested at 

each test age. This test was performed by using automatic 

compression testing machine. 

 

B. Water abs orption test 

Water absorption test for the bricks is to determine the existence 

of minute pores on bricks by the percentage of water absorbed. 

The absorption of the brick is not over 20% after 24 hours of 

immersion. This test was performed in accordance with IS 3495 

(Part 2). 
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C. Soundness test 

Two samples are taken and thrown together at height of 1m and 

the bricks should not break when faced one another and should 

produce ringing sound. If the ringing sound is produced, the 

brick is best in soundness test. 

 

D. Hardness Test 

A good bricks should resist scratches against sharp things. A 

sharp dinger nail is used to scratch the brick, if it didn’t leave 

impression on the bricks then the brick is said to be hardened 

brick. 

 

VI. RES ULTS  AND DISCUSS IONS 

 

A. Compressive strength test 

The strength obtained from various proportions of bricks are 

presented in table.3 and Fig.3.  

 

Table.3. compressive strength 

 

Samples 7 days 

(N/mm²) 

14 days 

(N/mm²) 

21 days 

(N/mm²) 

28 days  

(N/mm²) 

S1 1.13 2.21 3.40 3.88 

S2 1.23 2.48 3.69 4.92 

S3 1.63 3.31 4.89 6.52 

S4 1.39 2.84 4.17 5.62 

S5 1.28 2.59 3.84 5.12 

 

 
 

Figure.3. compressive strength for various proportions  

 

B. Water abs orption test 

The various results of water absorption of the different mix 

proportion are given in table.4.  

 

 

 

Table.4.percentage of water absorption 

 

Samples W1 W2 W2-

W1/W1 

Water 

absorption 

(%) 

S1 3.76 4.27 0.135 13.5 

S2 3.80 4.26 0.121 12.1 

S3 3.74 4.18 0.117 11.7 

S4 3.69 4.24 0.149 14.9 

S5 3.58 4.13 0.154 15.4 

 

For the respective values in the table.4, a graph is plotted for 

water absorption of bricks at various proportions. From the 

above obtained values, water absorption is noted to be low for 

specimen S3. The proportion of specimen S3 proved to absorb 

less amount of water among the other casted specimens of 

different proportions. For the increasing proportion of coal 

cinder, the water absorption range decreases and after certain 

proportion water absorption range is note to be increased.  

 

 
 

Figure.4. water absorption percentage 

 

From the compressive strength test and water absorption test, the 

optimum content of coal cinder added fly ash bricks are 

determined. From the experimental results, specimen S3 was 

observed to give better results for both compressive strength test 

and water absorption test. Therefore, specimen S2 was 

determined as the brick with optimum proportion (fly ash-25%, 

coal cinder- 25%, stone dust- 35% and cement-15%). 

 

C. Soundness test 

Results of conducting Soundness test on various mix 

proportioning samples are given in table.5.  
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TABLE.V. SOUNDNESS RES ULTS  

 

 

 

 

 

 

 

 

 

Soundness test is not satisfied for samples with higher coal 

cinder content. Bricks with good soundness results can only be 

used for construction purposes. Using of other samples with  

unsatisfied results should be avoided. 

 

D. Hardness Test 

With the finger nail, hardness test was carried out on the brick 

samples. The results of hardness tests are given in table.VI.  

 

TABLE.VI. HARDNESS RES ULTS  

 

Samples Result 

S1 No impression 

S2 No impression 

S3 No impression 

S4 Impression 

S5 Impression 

 

Samples S1, S2. S3 have a good hardness result, while S4 and S5 

didn’t give satisfactory results. 

 

VII. CONCLUS ION 

 

The study was conducted to produce the eco friendly bricks 

despite the conventional bricks which consume large amount of 

energy and depletion of top soil layer. The specimens were 

casted for different mix proportions using industrial wastes such 

as coal cinder, fly ash and stone dust. Those casted specimens 

have been tested for properties such as compressive strength for 

different ages, water absorption, soundness and hardness of 

bricks. 

 

Based on the experimental investigations, the following are the 

conclusions regarding coal cinder added fly ash bricks. 

 The test result shows that the compressive strength of 

coal cinder added fly ash brick is higher than that of 

conventional bricks. 

 High compressive strength is achieved with the 

optimum proportion (fly ash-25%, coal cinder- 25%, stone dust- 

35% and cement-15%). 

 The water absorption capacity was observed to be low 

with the high compressive proportion, and bricks with slightly 

higher water absorption percentage can be used for dry areas. 

 The soundness and hardness property of the specimens 

decrease with increase in addition of coal cinder.  

 All the results are indicative of satisfactory performance 

of coal cinder added fly ash bricks and the bricks made of 

optimum proportions are highly recommended for load bearing  

structures. 

 Hence, fly ash bricks can be used as a replacement of 

conventional bricks which saves energy, cost etc... 

 The bricks were produced from the industrial wastes as 

source materials reducing the disposal rates and landfills. 

 As the bricks produced were air dried at atmospheric 

temperature, there will be reduction in the fuel consumption 

which also reduces the emission of harmful gases and particulate 

matters into the atmosphere. 

 Besides these benefits, coal cinder added fly ash bricks 

are cost effective than the conventional bricks as the raw 

materials can easily be procured at cheaper rates. 

 Thus fly ash bricks are the eco friendly bricks due to its 

sustainable production methods and utilization of wastes as raw 

materials. 

 Thus, the bricks made using coal cinder and fly ash is 

the suitable substitute for the conventional bricks in all aspects. 
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