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ABSTRACT  

Adhesives, made from both natural and synthetic polymeric materials, can permanently join surfaces through 

mechanical force or work. This research project aims to address environmental problems caused by polystyrene 

waste by converting it into environmentally friendly adhesive materials. In this study, the best solvent is 

determined by using three types of solvents: toluene, kerosene, and a mixture of toluene and kerosene. A mixture 

consisting of 30 ml of toluene, 30 ml of kerosene, and 30 ml of the toluene-kerosene mixture (with proportions 

of 15 ml toluene and 15 ml kerosene) are prepared. 10g of Styrofoam is utilized in the process. About 3ml of 

adhesive, prepared using the above methods, this is applied to bond two cardboard pieces size of 10cm*5cm. 

Three such samples are created, and the strength is measured. The adhesive strength obtained with toluene is 

measured at 0.1 MPa, with kerosene at 0.4 MPa, and with the mixture at 2.9 MPa. From the data, it can be 

inferred that the best solvent for producing adhesive is the toluene-kerosene mixture. 3ml of the prepared 

adhesive (the toluene-kerosene mixture) is used to bond the cardboard, plastic, and aluminum pieces, and the 

samples are left for a day to measure the strength. The measured strengths are 2.0 MPa for cardboard, 1.8 MPa 

for plastic, and 68.2 MPa for aluminum. Based on the data, aluminum demonstrates the highest strength. Due to 

the extended drying time required for aluminum, cardboard is utilized to quickly measure the material with the 

highest strength. 3ml of adhesive is applied to bond two 10cm*5cm cardboard pieces, creating two samples. The 

strength of one sample is measured after one hour, while the other sample's strength is measured after two hours. 

It is observed that the strength measures 2.0 MPa after one hour and increases to 2.4 MPa after two hours, 

indicating that strength increases with time. 
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INTRODUCTION 

Waste management is a very critical and burning problem in the current world [1]. With the industrial revolution, 

a lot of companies are generating significant amounts of waste. This waste can be mainly classified into two 

groups biodegradable and non-biodegradable waste [2] [3]. Biodegradable waste is not a big problem when 

compare with the non-biodegradable wastes [4] [5]. Another classification is hazardous waste and non-hazardous 

waste. The waste categorized as hazardous waste is more dangerous than the non-hazardous waste [6] [7]. A 

sustainable waste management solution is needed for hazardous waste [8].  

Polyester waste is considered as non-biodegradable and hazardous waste. It will take a long time to vanish from 

the earth and it releases environmental pollutants for a long period of time. Due to the hazardous nature of this 

material, it creates a lot of health and environmental problems [9] [10]. Due to its nonbiodegradability, this 

material contributes to microplastic contamination. Limited disposal options are available for this polystyrene 

waste then which creates huge environmental effects and this will help to resource depletion because it can be 

used for fossil fuels [11].  

Polystyrene has special characteristics and properties such as transparency, lightweight weight, and translucency 

[12]. This material is very popular among industries and it is used as the packaging material and disposable 
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container for so many industrial applications [13]. At room temperature, the rigid and brittle nature of this 

material will help for some special industrial applications. Due to the thermal resistance property of this material, 

it can be used as an insulation material for some applications [14]. The electric conductivity of this polystyrene 

material is very low, so it is used as an insulation material for some electrical applications [15]. Due to the user-

friendly properties of this material, demand for this material has increased and another thing is waste generation 

rate of this polystyrene waste also has increased [16]. 

Annually 13 million metric tons of polyester waste are generated in the world [17] [18], it has huge potential to 

damage the environment as well as human health. The highest waste-generating countries are China, the United 

States, India, Indonesia, and the European Union [19] [20]. Due to industrial activities developed countries are 

generating more polystyrene waste [21]. Limited disposal facilities are available for this polystyrene waste as a 

result of it this waste has polluted landfill sites, oceans, and waterways, damaging wildlife and ecosystems in 

developed countries [22]. With time this waste breaks down into micro-level particles then it creates more health 

effects and greenhouse gas emissions.  While producing products or incinerating polystyrene waste it releases 

greenhouse gases and finally, it affects climate change [23]. Another thing is when this waste is stored it will 

consume a huge area due to the low bulk density of these materials. In the industry, this waste consumes more 

space in the waste yard than the other waste materials [24]. 

In Sri Lanka, Industries stabilized in BOI zones are doing bulk-wise industrial-level manufacturing activities. 

They release more polystyrene waste as the output of their production process. In Sri Lanka more than 400 

companies are producing polystyrene waste, they use polystyrene materials for their operations as packaging 

materials, use for insulation activities, and produce disposal cups and plates. This polystyrene waste generation 

is showing a rapidly growing trend in Sri Lanka. In 2018 over 20,000 metric tons of polystyrene waste [25]. The 

reasons for these rapid increments are demand for polystyrene products has increased, production costs are also 

very low, and government support. However, companies have to face big challenges due to this waste 

environmental and health risks, waste management and storing problems, fire risks, and other social problems. 

Since the bulk density of this material is very low, it will consume more space in waste-storing facilities in the 

industry [26].  

This study mainly focused on providing sustainable waste management solutions for polystyrene waste. In this 

case, polystyrene waste is coveted into another usable product mixing with different types of solvents. When 

polystyrene is mixed with the chemical solvent it converts into liquid adhesive. It can be used for different types 

of applications. The properties of this adhesive will vary based on the solvent used to mix with polystyrene 

waste. Due to this conversion, more advantages can be achieved. It will be a good waste management solution 

for polystyrene waste and due to this conversion solid waste can be converted into liquid materials as a result of 

it more space in the waste storing yard can be saved. If the industry can do this conversion by producing adhesive 

inside their company, they can earn extra profit by selling these products to the local market. Another thing is 

by educating village people regarding this conversion technology new job opportunities can be created inside 

the country. A lot of environmental problems can be solved through this alternative waste management solution 

[27]. An easy way to comply with the conference paper formatting requirements is to use this document as a 

template and simply type your text into it. 

METHODOLOGY 

Generating Styrofoam in the industry is causing massive problems to the environment. Present, the quantity of 

generated Styrofoam is getting high level. It is used as a material for packaging, insulation, and food containers 

in large quantities. Its human and environmental cost is high because it doesn’t biodegrade, hazardous to wildlife. 

This enters the natural environment and animals often mistake it for food. Styrofoam with low weight and high 

volume are hard to store. It needs a large space to store [28]. 

The Styrofoam waste in the industry poses significant environmental challenges. This study aims to address this 

issue by exploring the production of an adhesive using different combinations of Styrofoam with Kerosene and 

Toluene. The adhesive’s effectiveness in bonding various materials will be evaluated to determine its potential 

as a sustainable solution for reducing Styrofoam waste [29]. 
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Three types of samples were prepared for this study to produce adhesive (Table 1) 

TABLE 1: Sample Mixing Quantities 

Sample  Polystyrene waste (g) Toluene (ml) Kerosene (ml) 

Sample 01 10 g 30 ml 0 

Sample 02 10 g 0 30 ml 

Sample 03  10 g 15 ml 15 ml 

According to the above-mentioned ratios, Samples 01,02 and 03 were prepared. Then measured the 

adhesive strength by applying this adhesive to cardboard materials and allowing them to dry at constant 

time period.   

There were three tests Best Solvent Test, Material Test, and Time Test. After making this adhesive, 

first of all, 6 pieces of 10*5cm cardboard were made 3ml of adhesive was added and 3 samples were 

made. 

Some adhesives are suitable for specific materials to measure and different types of materials were used 

like cardboard, Aluminium, and plastic. Three substrate materials cardboard, aluminium, and plastic 

are selected for testing. Then took 3ml of adhesive made from that mix (Styrofoam 10g + Kerosene15ml 

+ Toluene 15ml) and pasted these materials called cardboard, plastic, and aluminium from the sizes of 

10*5cm and left it for a day to see which material had the highest strength. then measure the strength 

of each sample.   

Another experiment was conducted to measure whether the adhesive strength varies based on time. For 

that adhesives were applied in the same materials and the three samples of the same material were 

prepared and those samples kept for one hour, two hours, and one day to dry for different time periods 

and measure the strength of those samples.  

In this experiment, as the strength, tensile strength was measured by using a universal tensile strength 

testing machine. Tensile Electronic Universal Testing Machine is a small, benchtop machine with a 

capacity of 100 kN, capable of applying up to 100,000 Newtons of force. The machine features 

microcomputer control for precise test parameters, a digital display showing force, displacement, and 

stress of the specimen, various Testin modes, and data acquisition for creating stress-strain curves [29]. 

RESULTS AND DISCUSSION 

Select the best solution as an adhesive 

For this experiment sample 01, sample 02 and sample 03 were created and after measuring their tensile 

strength below mentioned results were given(Fig1). 
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Green colour line for sample 01, Blue colour line for sample 02, and red colour line for sample 03. Bar chart of 

these results is given below (Table 2) 

TABLE 2: Tensile strength and displacement of three samples 

 

 

 

 

 

Fig 1: Tensile strength of different samples 

According to the above results highest tensile strength is shown in sample 03, That’s means if we can prepare 

an adhesive using 10g of polystyrene waste mixed with 15g of toluene and 15g of kerosene.  

The other two sample strengths are below the sample 03 value. Sample 03 shows significantly higher strength 

when compared with the other two samples.  

By using this high perform adhesive (Sample 03) other two experiments were done. Next experiment was done 

to find out the best material that this adhesive can use as the glue. For this experiment three types of materials 

were used those are Aluminium, Plastic, and cardboard. After applying adhesive, the tensile strength of those 

materials was measured. Those results are as follows (Fig 3).  

 

Fig 3: Strength variations base on the material types 

In this graph blue colour line shows the strength variation of aluminium materials, the orange colour line shows 

the strength variation of plastic and the red colour line shows given strength variation of cardboard material. The 

Solvent  Stress 

(Mpa) 

Displacement 

(mm) 

Toluene(S1) 0.1 1.1 

kerosene(S2) 0.4 0.1 

Mixture(S3) 2.9 5.1 
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bar chart and the results table of this experiment are given below (Table 3) 

TABLE 3: Strength and displacement base on the material type 

Material Stress 

(Mpa) 

Displacement 

(mm) 

Aluminium 68.2 3.6 

Plastic 2 3.3 

Cardboard 1.8 2 

 

Fig 2: Strength variation base on the material type 

When we study the above results, highest strength is provided when we apply this adhesive to in aluminium 

sheet. Then among these three materials, this adhesive is more suitable to apply for aluminium related repairing 

activities or relevant applications.  

Another experiment was conducted to measure how this strength will vary with the drying time. After applying 

adhesive to a material some time, we have to keep that material to attach each parts properly. Here, two cardboard 

samples of 10*5cm size were used and 3ml of the best adhesive was used to paste to measure the best time and 

the stress. Styrofoam (10g) + Toluene (15ml) + Kerosene (15ml) mix was used as the adhesive. Then one sample 

allowed one hour and another one allowed for two hours to measure the best time.  

For one sample of cardboard size, 10*5cm was taken and 3ml of the best adhesive was taken and left for an hour. 

Styrofoam (10g) + Toluene (15ml) + Kerosene (15ml) mix was used as the adhesive. After one hour the stress 

was measured(fig5). Maximum stress was 2.0Mpa. The y-axis shows the stress and X-axis shows the 

Displacement. 

 

Fig 5: Strength vs displacement, sample after keeping 01 hour 
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Material Stress 

(Mpa) 

Displacement 

(mm) 

Aluminium 68.2 3.6 

Plastic 2 3.3 

Cardboard 1.8 2 

Another sample of cardboard size 10*5cm was taken and 3ml of the best adhesive was taken and left for two 

hours. Styrofoam (10g) + Toluene (15ml) + Kerosene (15ml) mix was used as the adhesive. After two hours the 

stress was measured. Maximum stress was 2.4Mpa. The stress of cardboard increases with time. 

 

Fig 3:Strength vs displacement, sample after keeping 02 hours 

TABLE 4: Strength variation according to the time 

Time  Stress 

(Mpa) 

Displacement 

(mm) 

1hour 2 2.6 

2hour 2.4 4.3 

 

According to these results (Table 4), the tensile strength has increased with time. After applying this adhesive if 

we can keep samples for more than one hour it will properly fix and then with time, this bonding strength will 

increase.  

 

CONCLUSION 

 
Polystyrene waste is hazardous waste and it has created significant environmental effects and it is a burning 

problem for the industry. Main thing is due to its low bulk density it will take huge space from the waste storage 

yard. Another thing is it will increase the transportation cost. Polystyrene waste is creating environmental and 

economic problems. 

 
In this study, polystyrene waste was converted into liquid adhesive mixed with the chemical solvent. According 

to this experiment, polystyrene volume can be reduced by converting it into liquid form. The best adhesive 

mixture can be obtained by mixing 10g of polystyrene waste with 15g of toluene and 15g of kerosene. Then 

according to the second experimental result, this adhesive is more suitable for applying Aluminium materials. 

After applying this adhesive for more than one hour it needed to be kept till drying.  
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This will be a good environmental solution for polystyrene waste. Another thing is If we can promote this 

production process among the village people they can start their own businesses. It will create more job 

opportunities for the people. This research can be improved in the future by doing experiments to improve the 

quality of this adhesive. Then quality products can be introduced to society. Then it will help to solve the huge 

environmental problems in the society.  
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