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Abstract:   
Background:  Bakelite material has been used to produce the various components in India. Disposal of Bakelite 

through landfilling is prohibited and open burning because of the improper disposal and emission reasons. In 

an effort to use the Bakelite in large volume, research has being carried out for its possible utilization in making 

concrete and civil engineering materials as partial replacement of coarse aggregate. This experimental 

investigation was performed to evaluate the strength of concrete and solid block, in which coarse aggregate was 

partial replaced with Bakelite. Natural coarse aggregate was replaced with seven percentage (0%, 5%, 10%, 

15%, 20%, 25% and 30%) of Bakelite by weight. A total of seven concrete mix proportions (M-1, M-2, M-3, M-

4, M-5, M-6 and M-7) and solid blocks (S-1, S-2, S-3, S-4, S-5, S-6 and S-7)   with and without Bakelite were 

developed. Compression test was carried out to evaluate the strength properties of concrete at the age of 7, 14 

and 28 days. In case of solid block compression test, bulk density and water absorption was performed on all 

seven mix proportions. Test result indicate a marginal increase in strength properties of plain concrete and 

solid block by inclusion of Bakelite as a partial replacement of coarse aggregate. 
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I. Introduction 
The global need for plastic increasing day by day significantly over 300 Metric Tons of plastic 

produced every year in that 20-30 metric tons of E-waste is generated in the world
1,2

. It is estimated that 175,000 

tons of Bakelite was produced in world every year and it was used in 15000 various form of products
3
. Bakelite 

is a type of thermosetting plastic which are the cross-linked & strong chemical bonds and Bakelite is made by 

Polymerization of phenol and formaldehyde through Condensation Process these are hard to recycle and cannot 

be softened by heating
4
. The Bakelite was invented by American chemist Leo Hendrik Baekeland, New York in 

the year of 1903
5
. Bakelite is thermosetting plastic which cannot be re-molten to new Material and disposal of 

Bakelite in the form of landfill and open burning leads to Environmental issues like Water, Land and Air 

pollution, Due to the presence of methyl and ethyl alcohol, it roots some toxic effects to the health 

problems
6,7,8,9

. Bakelite is a manufactured, synthetic plastic containing high amounts of toxic polymers like 

formaldehyde and asbestos among others
10

. Nearly, 15,342 tons of plastics are generated in India per day
11

. The 

disposal of Bakelite and its sustainability is obviously critical due to its hazardous qualities
13

. Disposal of 

Bakelite in an eco-friendly way is a challenging task and many research work are on progress. Construction 

industries plays a vital role in utilization of natural resources at a large quantity. The Large quantity of 

production of concrete in construction using conventional coarse aggregate such as granite extravagantly 

decreases the natural stone deposits and affecting the environment later causing ecology inequality
14

. Growing 

demand of conventional aggregates show that crushed stone demand will be 2050 million metric tonnes in 

2020
15

. India is one of the largest global consumers of aggregates and global demand for construction 

aggregates is estimate to rise 2.3% per year to 47.5 billion metric tons in 2023, due to continued strong growth 

in global construction activity
16

. A rebound in global cement demand, which will support sales of concrete 

aggregates, increased sales to non-building markets in all regions, where aggregates are needed for ongoing 

infrastructure development. Since the future demand for construction and decreasing rate of natural materials 

used in construction, it is an important to develop alternate construction materials. The enormous demand of 

natural aggregate introduces a serious question about natural aggregate sources for sustainable development
15

. 

Therefore consumption of waste Bakelite material in place of natural aggregate in concrete production not only 

safeguards environment but also makes concrete a sustainable and environment friendly construction material. 

This research mainly focus on utilization of waste Bakelite as partial replacement for coarse aggregate in 

manufacturing of solid blocks.   
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II. Material And Methods  
All materials used in this study are locally available. Type I Portland cement with grade 53 was used in 

this investigation. The properties of the cement are presented in Tables 1. The fine aggregate was manufacture 

sand (M-sand) of 4.75 mm maximum size. Its grading conformed to IS: 383-1970. The properties of M -sand are 

shown in Tables 2.  Natural crushed stone aggregate supplied with maximum size of 20 mm and bulk density of 

1580 kg/m3, was used in this study. Bakelite was used in this work as coarse aggregate and was analyzed in 

terms of physical properties. The waste bakelite from Railway Workshop Signal and Telecommunication, 

Southern Railway, Podanur, Coimbatore. The collected waste glass includes containers (bottles, jars) and flat 

glass (windows). The collected bakelite has some irregularities in its shapes and textures, bakelite is shredded 

into small pieces with the help of shredding machines. The properties of bakelite and coarse aggregates are 

shown in Tables 3.   

 

Table 1: Properties of Cement 
Properties Limits 

Specific Gravity 3.15 

Standard Consistency (%) 28.5 

Initial Setting Time (min.) 30 

Final Setting Time (h) 5 

Fineness (%) 1.5 

 

Table 2: Properties of M-Sand 
Properties Limits 

Specific Gravity 2.65 

Water Absorption (%) 2.84 

Fineness Modulus (%) 86.4 

 

Table 3: Properties of Coarse Aggregate 
Properties Natural aggregate Bakelite 

Limits Limits 

Specific Gravity 2.70 1.25 

Water Absorption (%) 2.6 1.3 

Crushing Value (%) 28.6 9.65 

Impact Value (%) 26.44 7.42 

Abrasion Value (%) 49.15 15.8 

Density (Kg/m3) 1398 1004.5 

 

Mix Proportion: Two types of concrete mixes were prepared for casting concrete block and solid block in this 

study. The concrete block and solid blocks were casted using concrete mixes, which consisted of M- sand 

(523.87 kg/m3), gravel (1398 kg/m3), cement (498.92 kg/m3), and water (189.79 kg/m3), resulted in a water-

concrete ratio of 0.5. The mix proportion for normal concrete and solid block was designated as M1 and S1 

respectively. The other concrete mixes (concrete block & solid block) were made of waste bakelite aggregates 

of 5%, 10%, 15%, 20%, 25% and 30% as a partial replacement for coarse aggregate. The mix proportions are 

designated for partial replacement were M2, M3, M4, M5, M6 & M7 and S2, S3, S4, S5, S6 & S7 respectively. 

Both types of concrete and solid blocks were cured for 7, 14 and 28 days. 

 

Preparation of Specimen: The mold was made for a dimension of 380mm x 150mm x 150mm to prepare solid 

blocks and conventional concrete block of size 150 mm x 150 mm x 150mm.  The molds were coated with 

mineral oil to ensure that no water escaped during filling and to prevent adhesion of concrete. Concrete was 

placed in three layers and compacted by using a compacting rod. The molds were dried for 24 hours the 

concrete and solid block were removed from the molds and immediately submerged in fresh clean water and 

kept ready for testing. 

 

 

III. Results and Discussions  
Compressive Strength of Concrete : Compressive strength results of concrete mixtures with and without 

bakelite at the age of 28 days are shown in Table 4. It could be observed that concrete mixtures made with 

bakelite exhibited lower compressive strength than control concrete. Compressive strength of control mix was 

32.5 N/mm2 on 28 days. From these results, it was observed that the target strength of 25 N/mm2 was achieved 

at a partial replacement of 10% bakelite for coarse aggregate. The compressive strength attained at 10% partial 

replacement was 25.2 N/mm2.     
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Table 4: Compressive Strength of Concrete 
Mix Grade M1 M2 M3 M4 M5 M6 M7 

Replacement Percentage 0 5 10 15 20 25 30 

Compressive Strength (N/mm2) 32.5 28.6 25.2 23.8 21.4 20 18.8 

 
In present investigation, compressive strength of concrete decreased with the increase in bakelite. However, the 

target strength was attained up to 10% as partial replacement of coarse aggregate. Reduction in compressive 

strength with the inclusion of 15% bakelite could probably due to poor binding process of coarse and fine 

aggregate in concrete. 

 

Experimental Results of Solid Block: The bulk density, compressive strength and water absorption for solid 

block was conducted as per the IS code 2185 (Part 1):2005 and the results are presented in Table 5.   

 

Table 5: Strength Properties of Solid Block 
Mix Grade S1 S2 S3 S4 S5 S6 S7 

Replacement Percentage 0 5 10 15 20 25 30 

Compressive Strength (N/mm2) 5.1 4.7 4.5 4.1 3.8 3.62 3.24 

Density (kN/m3) 2455.85 2386.02 1983.56 1786.32 1721.82 1689.86 1508.62 

Water Absorption (%) 5.36 4.56 4.71 4.91 5.02 5.17 5.86 

 

From these results, it was observed that the compressive strength of 4.71 N/mm2 was achieved at a 

partial replacement of 10% bakelite for coarse aggregate the minimum compressive strength required for solid 

block is 4.5 N/mm2. The bulk density of solid block used for load bearing unit should not be less than 1800 

N/mm2. From the present study, it was noted that bulk density of solid block at a partial replacement of 10% 

was 1983.56 kN/m3 it is clear that required density was attained and the corresponding water absorption was 

4.71%.  

 

IV. Conclusion  
Following conclusion are drawn from the present investigation. 

1. Partial replacement of coarse aggregate with bakelite (up to 10%) increases the compressive strength of 

concrete.  

2. Partial replacement of coarse aggregate with bakelite (up to 10%) increases the compressive strength of solid 

block and required bulk density was achieved.  

3. Bakelite can be suitably used in making structural grade concrete and solid block. 

 

References  
[1]. https://www.unenvironment.org/interactive/beat-plastic-pollution/ 

[2]. Diaz-Barriga F. Evidence-based intervention programs to reduce children’s exposure to chemicals in e-waste sites. Discussion paper 
for WHO Working Meeting on e-waste and children’s health. 2013 [cited 2014 Sept 17]; 1-90 (8) (PDF) E-waste: A global hazard. 

Available from:https://www.researchgate.net/publication/268821960_E-waste_A_global_hazard. 

[3]. https://blog.sciencemuseum.org.uk/bakelite-the-first-synthetic-plastic/ 
[4]. https://en.wikipedia.org/wiki/Bakelite 

[5]. https://www.britannica.com/biography/Leo-Baekeland 

[6]. S. Kongkarat, R. Khanna, P. Koshy, P. O'Kane, and V. Sahajwalla, “Use of waste Bakeliteas a raw material resource for 
recarburization in steelmaking processes,” Steel Research Int., vol. 82, no. 10, pp. 1228–1239, 2011. 

[7]. S. Dharanidharan, N. Srivithya, and N. Meena, “Experimental study on the flexural behavior of E-waste plastics in concrete,” Int. J. 

of Engr. Sci. & Res. Tech., vol. 4, no. 11, pp. 660-669, 2015. 
[8]. R. Dhunna, R. Khanna, I. Mansuri, and V. Sahajwalla, “Recycling waste Bakelite alternative as a carbon resource for ironmaking 

applications,” ISIJ Int., vol. 54, no. 3, pp.613–619, 2014.  

[9]. Seree Tuprakay,Nopagon Usahanunth and Sirawan Ruangchuay Tuprakay, “A Study Bakelite Plastics Waste from Industrial 
Process in Concrete Products as Aggregate,” International Journal of Structural and Civil Engineering Research Vol. 6, No. 4, 

November 2017. 

[10].  https://www.sunnyray.org/Toxic-plastics-bakelite.htm 
[11]. https://india.mongabay.com/2018/04/india-to-galvanise-greater-action-against-plastic-waste-on-world-environment-day/ 

[12]. Suman Kumari Saha and S. K. Suman, “Characterization of bakelite-modified bitumen,” Innov. Infrastruct. Solut. (2017) 2:3DOI 

10.1007/s41062-017-0052-0. 
[13]. P. Dharani and Dr. R.N. Uma, “Use of waste Bakelite’s in Flexible Pavement Construction,” International Research Journal of 

Engineering and Technology (IRJET), Volume: 06 Issue: 05 May 2019. 

[14]. D.V.Naresh Kumar, P.M.Ganga Raju, P.Avinash and G.Rambabu,” A Study on Compressive Strength of Concrete by Partial 
Replacement of Coarse Aggregate with Coconut Shell and with Addition of Fiber,” International Journal of Civil Engineering 

Research. ISSN 2278-3652 Volume 8, Number 1 (2017), pp. 57-68. 

[15]. Parveen and Vikram Dhillon,”Alternate Construction Materials & Their Comparisons with Regular Concrete,” International Journal 
of Innovative Research in Science, Engineering and Technology, Vol. 6, Issue 6, June 2017. 

[16]. https://www.freedoniagroup.com/World-Construction-Aggregates.html 

[17]. BIS: 1489 (Part 1): 1991. Portland pozzolana Cement Specification, Fly Ash Based. Bureau of Indian Standards, New Delhi, India 



Transformation of Waste Bakelite into Concrete and Solid Blocks  

DOI: 10.9790/1684-1702053134                          www.iosrjournals.org                                                    34 | Page 

[18]. BIS: 383-1970. Specifications for coarse and fine aggregates from natural sources for concrete. Bureau of Indian standards, New 

Delhi, India  

[19]. BIS: 10262-1982. Recommended guidelines for concrete mix design. Bureau of Indian standards, New Delhi, India. 
[20]. BIS: 1199-1959. Indian standard methods of sampling and analysis of concrete. Bureau of Indian Standards, New Delhi, India. 

[21]. BIS: 516-1959. Indian standard code of practice- methods of test for strength of concrete. Bureau of Indian Standards, New Delhi, 

India. National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults (AdultTreatment Panel III) Third report of the national cholesterol education.  

Murali K,etal. “Transformation of Waste Bakelite into Concrete and Solid Blocks.” IOSR 

Journal of Mechanical and Civil Engineering (IOSR-JMCE), 17(2), 2020, pp. 31-34. 


