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Abstract 

This paper aims at incorporating carbon in Polyethylene Terephthalate

blend of carbon soot and PET bottle waste was prepared in molten state. Carbon soot was added at a percentage of 0%, 5%, 

10%, 15%, 20%, 25% and 30% to the molten PET waste and were cooled and crushed 

aggregate. Tests on fine aggregates were performed to examine the effect of carbon addition with various percentage to PET 

waste. Specific gravity, water absorption, grading, bulking and bulk density test results were obtaine

and also for natural sand to perform comparative analysis. The results of each sample were compared and analyzed with the 

result of natural sand to determine the most feasible percentage of addition of soot carbon in the PET bottle 

found that an optimum of 10% soot carbon filled PET fine aggregate gave similar results to that of natural sand and better 

results than that of 0% carbon added PET waste fine aggregate.
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Introduction 

Plastic is cheap, easily available and waterproof material with 

wide convenient usage. Polyethylene Terephthalate

abundantly used plastics in the form of bottles and containers 

for packaging of soft-drink and foods. PET bottles are 

lightweight and leak-proof storage containers which can be 

easily molded into desired shapes for the ease of usage and 

storage. Due to its convenience, demand and use of PET bottles 

have been exponentially increasing. With its use and wide 

growth in demand they cause huge problems on the 

environment as a waste material in landfill sites and oceans. The 

same properties of plastic which makes it a good material and 

contributes to its wide use has led to a negative impact on the 

environment since PET has a long decomposition period and 

cause the problem of solid waste management by overflowing 

of landfill sites. A total of 10 million tons of

produced on global scale in the year 2007. This quantity is 

increasing up to 15% annually
1
. Mostly, the PET bottles are 

discarded by the consuming population after using which 

generates PET waste management problems in the landfill sites.

The burden on the landfill site is generally reduced by the 

method of recycling and incineration of the waste which cannot 

be economically recycled. The quantity of recycled bottles is 

very low. Incineration of PET waste in uncontrolled 

environment generates air pollution and results in the wastage of 

resources which could be employed in other potential areas. The 

exponential advance of PET waste in the Landfill sites indicate 

the need for an alternate means of resource management

 

We are in a peak era of infrastructure development and concrete 

is the most commonly used material in almost any construction. 

Sand is one of the most important constituents of concrete and 
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This paper aims at incorporating carbon in Polyethylene Terephthalate (PET) and identifying it as a construction material. A 

blend of carbon soot and PET bottle waste was prepared in molten state. Carbon soot was added at a percentage of 0%, 5%, 

10%, 15%, 20%, 25% and 30% to the molten PET waste and were cooled and crushed into the required size of fine 

aggregate. Tests on fine aggregates were performed to examine the effect of carbon addition with various percentage to PET 

waste. Specific gravity, water absorption, grading, bulking and bulk density test results were obtaine

and also for natural sand to perform comparative analysis. The results of each sample were compared and analyzed with the 

result of natural sand to determine the most feasible percentage of addition of soot carbon in the PET bottle 

found that an optimum of 10% soot carbon filled PET fine aggregate gave similar results to that of natural sand and better 

results than that of 0% carbon added PET waste fine aggregate. 

Carbon soot, PET waste, percentage of addition, fine aggregate, comparative analysis. 
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wide convenient usage. Polyethylene Terephthalate is 

abundantly used plastics in the form of bottles and containers 

drink and foods. PET bottles are 

proof storage containers which can be 

easily molded into desired shapes for the ease of usage and 

its convenience, demand and use of PET bottles 

have been exponentially increasing. With its use and wide 

growth in demand they cause huge problems on the 

environment as a waste material in landfill sites and oceans. The 

kes it a good material and 

contributes to its wide use has led to a negative impact on the 

environment since PET has a long decomposition period and 

cause the problem of solid waste management by overflowing 

of landfill sites. A total of 10 million tons of PET bottles were 

produced on global scale in the year 2007. This quantity is 

. Mostly, the PET bottles are 

discarded by the consuming population after using which 

generates PET waste management problems in the landfill sites. 

The burden on the landfill site is generally reduced by the 

method of recycling and incineration of the waste which cannot 

be economically recycled. The quantity of recycled bottles is 

very low. Incineration of PET waste in uncontrolled 

tes air pollution and results in the wastage of 

resources which could be employed in other potential areas. The 

exponential advance of PET waste in the Landfill sites indicate 

the need for an alternate means of resource management
2
. 

f infrastructure development and concrete 

is the most commonly used material in almost any construction. 

Sand is one of the most important constituents of concrete and 

mortars used in constructions. They act as filler materials and 

fills the voids between the aggregates. Natural sand constitutes 

of 60-75% of concrete volume
3
. Thus there is a huge demand 

for sand in the construction industries. The sand in ocean 

contains high salinity and cannot be employed in the 

construction. But the demand for new infrast

which had led to increase in the demand of sand. Excessive sand 

extraction has led to exposing the lands to erosion, silting and 

disturbance of aquatic life. 

 

Carbon soot is produced in the exhaust pipes of vehicles, boiler 

section of the industries and in any other combustion unit. Soot 

is produced as a waste by product after the combustion of wood, 

coal and fuel in the lining of the chimney wall. Soot carbon i

one of the contributing anthropogenic cause of global warming.
 

Incorporating PET waste in concrete will not only reduce the 

waste burden on the land fill sites but also help in curving the 

environmental damages due to excessive extraction of sand

The overall weight of the construction reduces which results in 

the reduction of the dead load and also the cost of construction

The light weight concrete can be employed in the earthquake 

resistant buildings
7
. PET waste when pulverized mechanically 

into fine grains to form fine aggregate retains pallet structure 

which causes bonding problems between the aggregate and the 

cement which results in lowering of the strength of concrete. 

Melting the PET bottle at maximum temperature of 135 degrees 

Celsius and cooling them down at room temperature results in 

the formation of crystalline and opaque (white or yellow) 

structure which when crushed become granular with smooth 

sharp surfaces. This crystalline structure shows better result 

compared to the pulverized form of PET. Thus the strength of 

PET in concrete seems to be increasing as the material attains 
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(PET) and identifying it as a construction material. A 

blend of carbon soot and PET bottle waste was prepared in molten state. Carbon soot was added at a percentage of 0%, 5%, 

into the required size of fine 

aggregate. Tests on fine aggregates were performed to examine the effect of carbon addition with various percentage to PET 

waste. Specific gravity, water absorption, grading, bulking and bulk density test results were obtained for the above samples 

and also for natural sand to perform comparative analysis. The results of each sample were compared and analyzed with the 

result of natural sand to determine the most feasible percentage of addition of soot carbon in the PET bottle waste.  It was 

found that an optimum of 10% soot carbon filled PET fine aggregate gave similar results to that of natural sand and better 

mortars used in constructions. They act as filler materials and 

the aggregates. Natural sand constitutes 

. Thus there is a huge demand 

for sand in the construction industries. The sand in ocean 

contains high salinity and cannot be employed in the 

construction. But the demand for new infrastructures is growing 

which had led to increase in the demand of sand. Excessive sand 

extraction has led to exposing the lands to erosion, silting and 

Carbon soot is produced in the exhaust pipes of vehicles, boiler 

section of the industries and in any other combustion unit. Soot 

is produced as a waste by product after the combustion of wood, 

coal and fuel in the lining of the chimney wall. Soot carbon is 

one of the contributing anthropogenic cause of global warming. 

Incorporating PET waste in concrete will not only reduce the 

waste burden on the land fill sites but also help in curving the 

environmental damages due to excessive extraction of sand
4,5

. 

e overall weight of the construction reduces which results in 

the reduction of the dead load and also the cost of construction
6
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crystalline and granular form to overcome the problems of 

bonding due to the smooth pallet structure of pulverized PET. 

This paper focuses on a new construction material developed 

from incorporating soot carbon powder into molten PET waste 

to obtain PET in rough granular form with better bonding. The 

addition of carbon into the molten PET enhances the crystalline 

property of plastic and generates fine grains of granular 

structure with more roughness and cohesiveness. In this paper 

soot carbon was added in 0%, 5%, 10%, 15%, 20%, 25% and 

30% to the molten PET. The maximum percentage of addition 

was 30 percent beyond which PET and carbon formed a 

separate layer which made blending difficult. The PET bottles 

were melted at 135 degrees Celsius considering the fact that 

polymers melt easily without the evolution of gas at 130-140 

degree Celsius
8
. 

 

Steel is an alloy of iron and carbon. It is produced from cast iron 

with the addition of small percentage of carbon. The percentage 

a carbon addition is not more than 2 percent. As carbon is added 

to cast iron the small fine molecules of the carbon occupies the 

space between the iron molecules of the body centered cubic 

crystal lattice of iron and results into the formation of rigid 

structures with lesser ductility and more strength. As the 

percentage of carbon addition in the iron increases, the ductility 

of steel keeps on decreasing and there comes a state where the 

steel becomes too brittle and breaks like glass
9
. PET is a 

polymer chain of ethylene terephthalate and when it is melted 

and cooled, the chains deform and folds resulting in the 

formation of opaque crystalline structures. PET is more ductile 

compared to iron and hence we tried adding carbon into PET to 

generate similar effect as that of carbon in steel, for rough brittle 

structure
10

. For this the optimum percentage of addition of 

carbon in PET was determined to obtain the desired properties 

so that it can be used as fine aggregate when crushed
11

. The 

paper also displays the distribution of the property of this 

material when compared with the properties of natural sand and 

0% carbon added PET. Through the tread line generated from 

the graphs plotted for the properties of the material, an optimum 

percentage of addition of carbon in PET will be determined. 

 

Materials and methods 

Waste PET bottles were collected from different institutions, 

College canteens and landfills for the experiment. The collected 

PET waste were cut, washed and melted at a temperature of 135 

degree Celsius as shown in the Figure-1. Carbon soot obtained 

as a waste from the boiler section and chimneys of the factories 

and industries was used for the experiment. Fines of Carbon 

soot was added to the molten PET and stirred thoroughly as 

depicted in Figure-2. Then it was left to be cooled at room 

temperature for 24 hours as shown in Figure-3. The cooled 

Carbon-PET mixture was crushed mechanically maintaining the 

standard number of blows accurate grading analysis. The 

sample of crushed mixture is shown in Figure-4. Natural sand of 

zone II was used in the experiment extracted from the river 

banks for the comparative analysis with the test sample. 

 
Figure-1: Melting of PET. 

 

 
Figure-2: Carbon addition. 

 

 
Figure-3: Cooling of blend. 

 

 
 Figure-4: Crushing into size. 
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Experimental Tests: Water Absorption: For water absorption 

test, the sample was oven dried for 24 hours and was weighed as 

shown in Figure-5. The mean of the water absorption for each 

sample was calculated. The test was conducted as per IS: 2386-

1963 (PART III)
12

. 
 

Grading and zonation: Each sample including the natural sand 

was weighed and placed in the sieve shaker for 10 minutes 

which contained sieve size varying from 75 microns above the 

pan to 10mm at the top as shown in Figure-6. The test was 

conducted as per IS:2386-1963 (PART I)
13

. 
 

Bulking: In a 250ml measuring cylinder, 200ml of sand was 

poured by dividing the aggregate into three parts. Each part was 

tamped 25times with a tamping rod of 6mm diameter. Then 

sufficient water was poured into the cylinder to submerge the 

fine aggregate and stirred well as shown in Figure-7. The test 

was conducted as per IS:2386-1963 (PART III). 

 

 
Figure-5: Oven drying. 

 
Figure-6: Sieve Analysis. 

 

 
Figure-7: Bulking test. 

Specific Gravity Test: The specific gravity test was done by 

using picnometer in a set of three for each sample as shown in 

Figure-8. And it was done for all sample starting from natural 

sand to 0%, 5%, 10%, 15%, 20%, 25% and 30% of carbon 

addition in PET. The test was conducted as per IS: 2386-1963 

(PART III). 
 

Bulk Density: A cylindrical metal measure was used which was 

filled to one third of its volume using the fine aggregate and was 

tamped 25 times using a rod of 6mm diameter. The cylinder was 

filled to its rim and the extra portion was removed using a 

spatula. The net weight in the cylinder was measured and the 

value of bulk density is calculated for each sample as shown in 

Figure-9. The test was conducted as per IS: 2386-1963 (PART 

III). 

 
Figure-8: Picnometer for specific Gravity test. 

 

 
Figure-9: Cylindrical moulds for bulk density test. 

 

Results and discussion 

Water absorption: The mean of the water absorption for each 

sample was calculated and the graph obtained is displayed in 

Figure-10. 
 

Grading and zonation: The grading of each sample is given in 

Figure-11. The zonation of each sample is shown in Table-1. 
 

Table-1: Zonation of Fine Aggregate. 

Fine Aggregate Grading Zones 

Natural Sand Zone II 

0% Zone I 

5% Zone II 

10% Zone II 

15% Zone I 

20% Zone I 

25% Zone I 

30% Zone I 
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Bulking: The Bulking result for each sample is shown in 

Figure-12 for analysis. 

 

Specific Gravity Test: The mean specific gravity for each 

sample is calculated and shown in Figure-13. 
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The Bulking result for each sample is shown in 

The mean specific gravity for each 

 

Bulk Density: The net weight in the cylinder was measured and 

the value bulk density is calculated and displayed for each 

sample in Figure-14. 

 

 

Figure-10: Water absorption test result. 

 

Figure-11: Grading of Fine Aggregate. 

 

Figure-12: Result of Bulking Test. 
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The net weight in the cylinder was measured and 

the value bulk density is calculated and displayed for each 
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Figure-13: Result of Specific Gravity Test. 

 

 
Figure-14: Result of Bulk Density Test. 

 

Conclusion 

Further increase in the addition of Carbon in PET beyond 30% 

shows difficulty in mixing and blending. 

 

By comparing the test results of each sample with natural sand, 

10% addition of carbon gives the most feasible result. The test 

was conducted under the constraints of time and limited 

availability of facilities hence the scope of this paper can be 

further enhanced with additional test and better facilities. 

 

Further test on other important properties of the material, and 

the studies on the effect of its use when employed in concrete is 

an ongoing target for the next paper. 
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