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Abstract: World tile production passed the 13 billion sq.m. 

mark to reach 13,552 million sq.m. In 2017, India overtook 

Brazil to become the world’s second largest tile producer 

and consumer. In India, the production of ceramic tiles is 

1.08 Billion sq.m. per annum. Morbi (Gujarat) is the most 

promising ceramic tiles manufacturing hub of India. From 

the total production of ceramic industry the amount of waste 

which generated is about 15% to 30%.  Ceramic waste is 

hard to recycle now a days. The Ceramic industries are 

dumping the powder in any surrounding ditch or empty 

spaces, near their production unit however notified dumping 

areas has been marked for dumping purpose. Due to this 

type of dumping scenario of ceramic waste the environment 

faces various problem in terms of air and land pollution. 

That is why the suitable measure against this ceramic waste 

has to be taken by recycling it. Ceramic waste either in 

powder form or in solid form. The ceramic waste which we 

get in powder form potentially can be used as partial 

replacement of cement in concrete and solid ceramic waste 

are use as supplementary material of aggregate in concrete 

production. By using the ceramic waste in concrete, it 

provides many benefits and also saves the environment and 

disposal problem can be overcome. The expenditure 

occurring because of landfilling can be minimized. Natural 

resources and materials i.e. aggregate, lime will be altered. 

Which will help in the reduction of harmful gases such as   

CO2 which are major responsible for greenhouse effect as 

the production of cement omits CO2. This paper present 

review on utilization of ceramic waste in concrete 

production. 

Keywords: Ceramic waste, Eco-friendly Concrete, 

Environment, Industrial Waste, Sustainable material. 

1. Introduction 

Natural resources required for various constructions 

are getting depleted at a rapid rate, due to which there is 

always a rise in their price. This led the engineers and 

researchers in finding other substitutes for the manufacturing 

of materials which are used in construction industry keeping 

in mind of maintaining the quality, durability and mechanical 

property. Different types of waste materials are generated 

from the manufacturing process, industries, sewage treatment 

plant, household and mining etc. These industrial wastes are 

bio-degradable and non-bio degradable. Non-bio degradable 

waste material proves harmful to the environment. Some of 

the waste material generated in the India are construction and 

demolition waste, rice husk ash, silica fumes, copper slag, 

ceramic waste, paper mill sludge, saw dust ash etc. Ceramic 

tiles production during the year (2013 – 2017) are as shown in 

table 1. 

The major waste which is generated from ceramic 

industry is in form of ceramic powder, and also solid waste in 

few proportion. During the process of polishing and dressing 

the ceramic waste is generated. From the total production of 

ceramic industry the amount of waste which generated is 

about 15% to 30% of its raw material, and ration of this waste 

may be utilized on construction site, such as for excavation pit 

refill, The dumping of these ceramic waste require large land 

areas and remain scattered all around, indulging the appealing 

of the entire region.  Use of ceramic waste is very difficult. 

Ceramic waste be able to use in concrete to improve its 

mechanical strength and other durability factors. Ceramic 

powder can be used as a supplementary material instead of 

cement or as a partial replacement of fine aggregate and 

coarse aggregate as a supplementary addition to achieve 

different properties of concrete. 

Cement contain high calcium content (CaO) which 

act as a binding material in concrete. Siliceous materials i.e. 

SiO2 is very less in cement which is for high strength in 

concrete. In ceramic waste powder proportion of SiO2 is high 

and therefore ceramic powder is used as supplementary 

material in concrete which gives high strength to the concrete. 

Ceramic products are manufactured at extremely high 

temperatures about 1200°C which results in very hard, highly 

resistant to chemical, freezing and thermal shock. As the 

properties of ceramics products their waste like broken tiles 

should be included in cement concrete as a substitute to coarse 

aggregate. This will help to solve problems like cost, 

scarceness as well as other environmental concerns that may 

arise due to improper dumping of such waste. Chemical 

properties of ceramic powder and cement are as shown in 

table 2. 

Table 2. Chemical properties of ceramic powder and 

cement 

Materials 
Ceramic powder 

(%) 
Cement (%) 

SiO2 63.30 20.52 

Al2O3 18.30 5.46 

Fe2O3 4.32 3.65 

CaO 4.46 65.04 

MgO 0.72 1.35 

P2O5 0.16 0.04 

K2O 2.18 0.67 

Na2O 0.75 0.17 

SO3 0.10 2.18 
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Cl
- 

0.005 0.002 

TiO2 0.60 0.26 

SrO2 0.02 0.03 

Mn2O3 0.05 0.07 

L.O.I. 1.61 1.16 

(Source: Geo Test House, Baroda, Gujarat) 

Applications of Ceramic waste: 
1) As a partial replacement of cement in concrete. 

Ceramic powder waste is use as a partial replacement 

of cement in concrete. It gives higher strength to the 

concrete. The use of the replacement materials 

provide cost reduction, energy savings, 

comparatively superior products, and less hazards in 

the environment. 

2) As a replacement of fine aggregate and coarse 

aggregate in concrete. 

In concrete making, ceramic waste is replaced with 

sand and coarse aggregate and it satisfy all criteria of 

normal concrete. It results in saving of natural 

resources as well as cost of construction. 

Physical properties of Ceramic tiles aggregate and natural 

C.A. and F.A. are as shown in table 3. 

Table 3. Physical properties of Ceramic tiles 

aggregate and natural C.A. and F.A. 

Properties Crushed 

Tiles 

aggregate 

Natural 

C.A. 

Natural 

F.A. 

Specific gravity 2.40 2.4 - 3.0 2.6 

Fineness Modulus 5.91 6.76 2.6 – 2.9 

Impact Value (%) 25 12.6 - 

Crushing Value 

(%) 

14.33 16.3 - 

Water Absorption 

(%) 

4.5 1.15 1.83 

Dry compacted 

density (kg/m
3
) 

1325 1547 1848 

(Source: [6]) 

2. Literature Review 

Literature review is the core of the review paper. Following 

are some literature review from various national and 

international journal on use of ceramic waste in concrete in 

different ways. 

Amitkumar D. Raval et al. (2013) have use of Ceramic 

waste powder as a partial replacement of cement in M-20 

grade concrete. In their study, they used ceramic powder 

instead of Ordinary Portland Cement as a supplementary 

material in a proportion of 0%, 10%, 20%, 30%, 40%, & 50% 

by weight of concrete having grade of M 20. They performed 

a comparative study between partially replaced concrete and 

traditional concrete and they have tested compressive strength 

to determine mechanical properties of both concrete at 7, 14 

and 28 days. After the experiment they concluded that by 

replacing 30% of cement by with Ceramic Powder they get 

the Compressive Strength 22.98 N/mm
2
 and the cost of the 

concrete production is minimize by 12.67% in M20 grade. 

Hence, it becomes more economical without reducing 

mechanical characteristics of concrete than the standard 

concrete. [1] 

Hardik Patel et al. (2015) have utilize Ceramic Waste 

Powder as supplementary product in cement concrete. In this 

research they have taken ceramic waste powder from ceramic 

wall tiles industry and utilize as replacement to cement in 

concrete in different proportions such as 10%, 20%, 30%, 

40%, 50% and 60% by weight of cement in concrete for M 25 

grade and they have compared the obtained results with 

standard concrete. After the conduct various tests they 

conclude that concrete on 30% replacement of cement with 

ceramic waste powder compressive strength obtained is 33.45 

N/mm2 (30% ceramic waste powder & 2% Na2SO4) they 

suggested. By using of ceramic waste powder as 

supplementary material in concrete cost is minimize up to 

16.3% in  concrete having the grade M25 becomes cheaper 

with satisfying the expected mechanical properties of 

concrete. By following the same proportion of replacement 

split tensile strength of concrete mix is 3.95 and only about 

1% of loss is detected with compare to standard concrete. [8] 

Bilaludddin Ahmad et al. (2016) have performed study on 

Re-use of ceramic waste for the intensification of eco-

proficient concrete. In their experiment they replace the 

cement by ceramic waste powder in the proportion of 15%, 

20%, 25%, 30% and 35% by weight of concrete having M-20 

grade. Conducted various tests on concrete mixtures after 3, 7 

and 28 days of curing. They perform comparison of 

compressive strength between the regular concrete and 

concrete having ceramic waste after 28 days. After the 

experiment they concluded that by replacing 30% of cement 

by with Ceramic Powder without affecting the characteristic 

strength of M20 grade concrete. Additional replacement of 

cement with ceramic waste powder declines the compressive 

strength of concrete. [2] 

Dr. M. Swaroopa Rani et al. (2016) have studied utilization 

of ceramic waste in M-40 concrete. In their experiment they 

replaced cement (OPC) by ceramic waste powder accordingly 

in the various proportion such as 0%, 10%, 20%, 30%, 40%, 

and 50% by weight for M-40 grade concrete and the conduct 

compressive strength test to measure compressive strength. It 

conclude that by replacing 10% cement with ceramic waste 

powder, compressive strength achieved is more and the cost 

of the concrete is reduced, hence it is more economical 

without compromising concrete strength. It becomes 

technically and economically feasible. [4] 

G. Sivaprakash et al. (2016) have performed study to utilize 

the ceramic waste aggregate as supplementary material of 

natural fine aggregate in cement concrete. This research 

includes the investigational study of M25 grade concrete with 

is having the partial replacement of natural sand with the use 

of ceramic waste. To analyze the mechanical properties like 

split strength, flexure tensile, compressive strength by 

conducting various tests the cubes are molded with 

replacement of  natural fine aggregate using ceramic waste in 

proportion of 10%, 20%, 30%, 40%, 50% and tested after 

different curing age like 7 days, 14 days and 28 days. The 

maximum percentage addition of ceramic waste is 

experimented with respect to the mechanical properties of 

concrete as per the requirements. Researchers conclude that 

replacement of natural fine aggregate with the use of 30% 

ceramic waste in concrete achieves desired strength and can 

be measured as optimum percentage. [7] 
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Prof. Shruthi et al. (2016) have use solid ceramic waste as a 

substitute for coarse aggregate in M-20 grade concrete. In this 

study, Natural coarse aggregate is replaced by waste of 

ceramic tiles with the proportion of 0%, 10%, 20% and 30% 

by weight of M-20 grade concrete. The concrete cubes were 

casted and performed tests for measure Split Tensile Strength 

and Compressive Strength at 3, 7 and 28 days. The results 

shows that, the desired mechanical properties has been 

achieved when the replacement of ceramic tile aggregate with 

natural coarse aggregate is 30%. [10] 

Dr. K. Ramadevi et al. (2017) have use of ceramic waste 

which is comes from C&D waste in concrete as a replacement 

of fine aggregate. In this research total of three batches of 

concrete of grade M20 were deliberate using various 

percentages (0%, 25%, 50% and 75%) of ceramic waste 

replaced for fine aggregates. Three numbers of cube 

specimens of size 150 mm for Compressive strength test, 

cylinder specimens of size 150 mm diameter and 300 mm 

length for Spilt Tensile strength test and prism specimens of 

size 100 x 100 x 500 mm for Flexural Strength test were cast 

and tested at 7 and 28 days respectively after completion of 

curing. From this results it is inferred that 50% replacement 

by ceramic waste gain more strength and gives better result. 

Beyond 50% replacement the strength decreased. The strength 

loss may be due to increase in consumption of water to 

improve workability. [3] 

E. E. Ikponmwosa1 et al. (2017) has performed 

investigational study when the coarse aggregate is partially 

replaced with the solid ceramic waste. The effect on 

mechanical properties of concrete has been studied. They have 

performed the compressive strength tests by making cubes 

having size of 15 x 15 x 15 cm. Also they conducted tensile 

strength test on cylinder specimens having size of 15 x 30 cm. 

Obtained results of the various tests shows that workability, 

density, compressive and flexural strength of concrete 

decreased with increase in ceramic waste content. The 

compressive strength of concrete cube after 90 days was 24.7 

N/mm
2
. The obtained results of compressive strength of 

concrete after 90 days for 25%, 50% and 75% replacement 

proportion were 21.8 N/mm
2
, 19.8 N/mm

2
 and 17.8 N/mm

2
 

respectively. Density and strength of concrete was decrease 

due to ceramic waste pieces are lighter and more porous than 

natural coarse aggregate. Tensile strength of concrete with 

ceramic waste decrease progressively from 8.4 N/mm
2
 to 6.1 

N/mm
2
 for the control 25% and 75% replacement samples 

respectively. At 75% replacement level noted that 1:2:4 

concrete mix production is cost saving of 10.75%. This 

research concludes that ceramic waste could be used as 

supplementary material for both structural and non-structural 

works and recommends that beyond 75% replacement level, 

ceramic waste material should not be used in concrete 

structures because due to further replacement strength is 

decrease. [5] 

M Faizan Dhrolwala1 et al. (2017) have performed analysis 

of mix design of concrete which is made using ceramic waste. 

In this experiment concrete is prepared by using ceramic 

waste instead of cement and coarse aggregate. In this research 

study the cement (OPC) has been replaced by ceramic waste 

powder in the proportion of 0%, 5%, 10%, 15%, 20% and 

aggregate has been replaced by ceramic waste aggregate 

accordingly in the range of 0%, 5%, 10%, 15%, and 20% by 

weight for M-25 grade concrete. Compressive Strength test 

was conducted on hardened concrete cubes after 7 and 28 

days curing age. It conclude that the compressive strength of 

M25 grade concrete decrease in some percentage when 

ceramic waste is added. While adding ceramic powder in 

concrete as a replacement of cement up to 5% feasible 

compressive strength can be achieved. While adding ceramic 

aggregate in concrete as a replacement of normal aggregate up 

to 15% feasible compressive strength can be achieved. While 

adding 5% of ceramic powder as supplementary material of 

cement 3.18% reduction in compressive strength is achieved, 

while adding 15% of ceramic aggregate as replacement of 

aggregate 3.97% reduction in compressive strength is 

achieved, while combining both ceramic powder 5% and 

ceramic aggregate 15% as replacement of cement and normal 

aggregate respectively 3.68% reduction in strength occurs. So, 

it becomes technically and economically reasonable and 

workable. [9] 

Salman Siddique et al. (2018) have studied use of ceramic 

waste as a partial replacement of fine aggregate. In this 

research, researcher utilized fine bone china ceramic 

aggregate (FBA) as replacement of fine aggregate in cement 

concrete in different proportion (20%, 40%, 60%, 80% and 

100%). Researcher investigate the intensitys of wear due to 

abrasion, voids percentage, difference in compressive strength 

and mass as a result of freeze and thaw process, resistance 

against drying and wetting conditions, chloride penetration 

and corrosion by conducting suitable tests. Researchers are 

conclude that the concrete mixes with 40% and 60% fine bone 

china ceramic aggregate (FBA) content were found to have 

the least comprised energy and emission of carbon dioxide. 

From the perspective of economy, the concrete mix with 

100% fine bone china ceramic aggregate (FBA) content was 

found to be the most economical in case of low strength 

concrete. The results of experiment is indicated that fine bone 

china ceramic waste can be utilized as replacement of fine 

aggregate to produce durable and high strength concrete. [11] 

The following table 4 shows the optimum results of 

replacement of various material by ceramic waste in different 

grade of concrete. These results are finding from literature 

review.  

4. Conclusion 

Conclusion is based on reviewing literatures above are as 

follows: 

 The optimum level of ceramic waste replacement should 

be between 5 to 30% in order to obtain maximum 

strength of the concrete.    

 The best possible ceramic waste must be found out 

which will be suitable to be used as a substitute for 

conventional coarse aggregate.   

 Research should be made with ordinary concrete like 

M15 and M20 as this type of concrete only is commonly 

adopted, after which research can be carried with high 

strength concrete.   

 The ceramic waste to be used should be deglazed and a 

lower cement ratio should be adopted so as to achieve 

the desired targeted strength. 
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Table 1. Ceramic tiles production during the year (2013-– 2017) (Source: Ceramic World Review) 

Sr. No. Country 2013 2014 2015 2016 2017 % on 2017 world 

production 

1 China 5,700 6,000 5,970 6,495 6,400 47.22 

2 India 750 825 850 955 1,080 7.97 

3 Brazil 871 903 899 792 790 5.83 

4 Vietnam 300 360 440 485 560 4.13 

5 Spain 420 425 440 492 530 3.91 

6 Italy 363 382 395 416 422 3.11 

7 Iran  500 410 300 340 373 2.75 

8 Turkey 340 315 320 330 355 2.62 

9 Indonesia 390 420 370 360 307 2.26 

10 Egypt 200 220 230 250 300 2.21 

11 Other 2,146 2,168 2,246 2,340 2,435 18 

 Total 11,980 12,428 12,460 13,255 13,552 100 

 

 

Table 4: Major findings from Literatures and its Comparison 

Sr. 

No. 

Author Name 

(year) 

Design mix / 

Grade of concrete 

Replacement percentage 

of Cement/ FA/ CA 

Optimum replacement of 

Cement/ FA/ CA 

1 Amitkumar D. Raval, et al. 

(2013) 

M 20 0%, 10%, 20%, 30%, 

40%, 50% replacement 

of Cement 

30% replacement of 

Cement 

2 Hardik Patel et al. (2015) M 25 0%, 10%, 20%, 30%, 

40%, 50%, 60% 

replacement of Cement 

30% replacement of 

Cement with 2% Na2SO4 

3 Bilaludddin Ahmad et al. 

(2016) 

M 20 0%, 15%, 20%, 25%, 

30%, 35% replacement 

of Cement 

30% replacement of 

Cement 

4 Dr.M.Swaroopa Rani et al. 

(2016) 

M 40 0%, 10%, 20%, 30%, 

40%, 50% replacement 

of Cement 

10% replacement of 

Cement 

5 G. Sivaprakash et al. 

(2016) 

M 25 10%, 20%, 30%, 40%, 

50% replacement of  

Fine Aggregate 

30% replacement of  

Fine Aggregate 

6 Prof. Shruthi. H. G et al. 

(2016) 

M 20 0%, 10%, 20%, 30% 

replacement of Coarse 

Aggregate 

30% replacement of  

Coarse Aggregate 

7 Dr. K. Ramadevi et al. 

(2017) 

M 20 0%, 25%, 50%, 75% 

replacement of Fine 

Aggregate ( By C & D 

waste) 

50% replacement of Fine 

Aggregate (By C & D 

waste) 

8 E. E. Ikponmwosal et al. 

(2017) 

M 15 25%, 50%, 75% 

replacement of Coarse 

Aggregate 

75% replacement of  

Coarse Aggregate 

9 M Faizan Dhrolwalal et al. 

(2017) 

M 25 0%, 5%, 10%, 15%, 20% 

replacement of Cement 

and Coarse Aggregate 

5% replacement of 

cement and 15% 

replacement of C.A. 

10 Salman Siddique et al. 

(2018) 

1 : 2.14 : 2.85 

(w/c ratio – 0.35, 

0.45, 0.55) 

20%, 40%, 60%, 80%, 

100% replacement of 

Fine Aggregate (By 

FBA) 

40% replacement of Fine 

Aggregate (By FBA) 

 

 

 


