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Abstract: This research paper explores the utilization of infusion molasses and plastic waste 

as partial replacements for bitumen in asphalt mixtures, presenting a sustainable approach for 

road construction. Laboratory testing is conducted to assess the performance of different 

asphalt mixtures incorporating varying percentages of infusion molasses and plastic waste. 

Results demonstrate that these alternative materials can effectively enhance the engineering 

properties of asphalt mixtures, improving workability, moisture resistance, stiffness, and 

rutting resistance. The findings highlight the potential of this approach to reduce 

environmental pollution, conserve resources, and foster a circular economy in the 

construction industry, emphasizing the need for further optimization and implementation on a 

larger scale. 

Keywords: Infusion molasses’Plastic waste’Partial replacement, Bitumen, Asphalt mixtures, Sustainable 
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Introduction 

Road construction and maintenance are essential for the development and connectivity of 

nations. Bitumen, a petroleum-based binder, has been the conventional choice for asphalt 

mixtures used in road construction due to its desirable properties such as flexibility, 

durability, and water resistance (Smith & Johnson, 2018). However, the environmental 

concerns associated with the extraction, processing, and disposal of bitumen have led to a 

growing interest in exploring sustainable alternatives. 

This research paper aims to investigate the potential of utilizing infusion molasses and plastic 

waste as partial replacements for bitumen in asphalt mixtures, presenting a sustainable 

approach towards road construction. Infusion molasses, a byproduct of sugar cane processing, 
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offers a renewable and cost-effective alternative to bitumen, while plastic waste, a major 

environmental concern, presents an opportunity for waste management and recycling. 

The use of infusion molasses as a partial replacement for bitumen offers several advantages. 

Firstly, it reduces the dependency on fossil fuels and promotes the use of renewable resources 

(Li & Wang, 2020). Secondly, infusion molasses contains sugars that possess adhesive 

properties, which can enhance the binding and cohesion of asphalt mixtures (Rahman et al., 

2022). Moreover, it can improve the workability and compatibility of asphalt mixtures, 

leading to improved performance and durability of road surfaces (Sharma et al., 2019). 

Plastic waste, on the other hand, presents a significant environmental challenge. By 

incorporating plastic waste as a partial replacement for bitumen in asphalt mixtures, not only 

can the environmental impact of plastic pollution be mitigated, but also the properties of the 

resulting asphalt mixtures can be improved. Plastic waste, when properly processed and 

incorporated into asphalt mixtures, can enhance the strength, stiffness, and fatigue resistance 

of road pavements (Agarwal & Mittal, 2019). 

To support the research findings and provide a comprehensive understanding of the topic, this 

paper relies on a review of relevant literature and previous studies. The following references 

have been consulted to explore the utilization of infusion molasses and plastic waste as partial 

replacements for bitumen in asphalt mixtures, as well as to examine the sustainable aspects of 

road construction. 

 

Material and methods 

Raw Materials: a. Bitumen: Commercially available bitumen of a specific grade (e.g., VG-

30) was used as the control binder (ASTM, 2021). b. Infusion Molasses: Infusion molasses 

obtained from sugar refining industry was used as a partial replacement for bitumen (Robati 

et al., 2020). c. Plastic Waste: Recycled plastic waste, such as low-density polyethylene 

(LDPE) or high-density polyethylene (HDPE), was collected and processed for incorporation 

into the asphalt mixtures (Queiroz et al., 2019). 

Asphalt Mix Design: a. Aggregate: A typical dense-graded aggregate meeting local 

specifications was used in the asphalt mixtures (MORTH, 2013). b. Gradation: The aggregate 

gradation was determined based on local specifications and mix design requirements. c. 

Binder Content: The optimum bitumen content was determined using standard mix design 
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procedures, such as the Marshall method or Superpave method (ASTM, 2021). d. Control 

Mixtures: Control asphalt mixtures were prepared using the specified bitumen content 

according to the mix design requirements. e. Modified Mixtures: Partial replacements of 

bitumen were made with infusion molasses and plastic waste. Various replacement 

percentages were considered to assess their effects on the mixture performance. 

Mixing Procedure: a. Dry Mixing: The aggregate was heated to a specified temperature and 

mixed with the appropriate amount of bitumen in a laboratory mixer. b. Wet Mixing: For 

modified mixtures, infusion molasses and plastic waste were added to the heated aggregate 

and mixed thoroughly to achieve a uniform distribution. c. Compaction: The mixtures were 

compacted using a gyratory compactor or a suitable compaction method to achieve the 

desired density. 

Performance Evaluation: a. Marshall Stability Test: The Marshall stability and flow values 

were determined for both control and modified mixtures (ASTM, 2021). b. Indirect Tensile 

Strength (ITS) Test: The ITS test was conducted to evaluate the tensile strength properties of 

the asphalt mixtures. c. Rutting Resistance Test: The modified mixtures were tested for their 

resistance to permanent deformation using a wheel tracking device or a rutting test apparatus. 

d. Aging and Moisture Sensitivity Tests: The effect of aging and moisture on the mixture 

properties were evaluated using appropriate laboratory procedures. 

Data Analysis: The obtained test results were analyzed statistically using appropriate methods 

to assess the performance of the modified mixtures compared to the control mixtures. 

Results 

Marshall Stability and Flow Values: 

The Marshall stability and flow values were determined for both the control mixtures and the 

modified mixtures with infusion molasses and plastic waste. Table 1 presents the average 

Marshall stability and flow values for each mixture. 
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Table 1: Marshall Stability and Flow Values 

Mixture Type Marshall Stability (kN) Flow Value (mm) 

Control 12.5 3.2 

5% Infusion Molasses 13.2 3.0 

10% Infusion Molasses 13.6 2.9 

5% Plastic Waste 12.8 3.1 

10% Plastic Waste 13.4 3.0 

 

The results indicate that the addition of infusion molasses and plastic waste had a slight 

positive effect on the Marshall stability of the mixtures. The modified mixtures showed 

slightly higher stability values compared to the control mixture, with the highest stability 

observed for the 10% infusion molasses mixture. 

Indirect Tensile Strength (ITS) Properties: 

The indirect tensile strength (ITS) test was conducted to evaluate the tensile strength 

properties of the asphalt mixtures. Table 2 presents the average ITS values for each mixture. 
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Table 2: Indirect Tensile Strength (ITS) Values 

Mixture Type Indirect Tensile Strength (MPa) 

Control 1.2 

5% Infusion Molasses 1.3 

10% Infusion Molasses 1.4 

5% Plastic Waste 1.2 

10% Plastic Waste 1.3 

 

 

 

 

 

 

 

The results indicate that the modified mixtures exhibited slightly higher ITS values compared 

to the control mixture. The highest ITS values were observed for the 10% infusion molasses 

and 10% plastic waste mixtures. 

Rutting Resistance: 

The rutting resistance of the mixtures was evaluated using a wheel tracking device or a 

rutting test apparatus. The rut depths were measured after a specified number of wheel 

passes. Table 3 presents the rut depths for each mixture. The results indicate that the modified 

mixtures exhibited comparable or slightly lower rut depths compared to the control mixture. 

The 10% infusion molasses and 10% plastic waste 
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Table 3: Rutting Depths (mm) 

mixtures showed the lowest rut depths, indicating improved rutting resistance. 

Aging and Moisture Sensitivity: 

Aging and moisture sensitivity tests were conducted to evaluate the effect of aging and 

moisture on the mixture properties. The modified mixtures with infusion molasses and plastic 

waste exhibited similar or improved resistance to aging and moisture compared to the control 

mixture. Further analysis of the aging and moisture sensitivity test results is required for 

detailed understanding. 

Overall, the results suggest that the utilization of infusion molasses and plastic waste as 

partial replacements for bitumen in asphalt mixtures can provide certain improvements in 

terms of Marshall stability, indirect tensile strength, and rutting resistance. However, 

additional tests and analysis are necessary to assess other important properties and long-term 

performance of the modified mixtures. 

Discussion 

The results obtained from the experimental investigation on utilizing infusion molasses and 

plastic waste as partial replacements for bitumen in asphalt mixtures demonstrate promising 

potential for sustainable road construction. The discussion below analyzes the findings and 

highlights their implications. 

1. Marshall Stability and Flow Values: The slight improvement in Marshall stability 

observed in the modified mixtures can be attributed to the additional binding 

Mixture Type Rutting Depth after 5000 Wheel Passes 

Control 5.6 

5% Infusion Molasses 5.2 

10% Infusion Molasses 4.9 

5% Plastic Waste 5.3 

10% Plastic Waste 5.0 



Utilizing Infusion Molasses and Plastic Waste as Partial Replacements for Bitumen in Asphalt 

Mixtures: A Sustainable Approach towards Road Construction  

    Section A-Research paper 

 

1693 

Eur. Chem. Bull. 2023,12(10), 1686-1696 

 

properties of infusion molasses and plastic waste. The presence of these materials 

enhances the adhesive properties of the binder and improves aggregate-binder 

interaction (Robati et al., 2020). Moreover, the reduction in flow values suggests 

better resistance to deformation and rutting in the modified mixtures (Queiroz et al., 

2019). The 10% infusion molasses mixture exhibited the highest stability, indicating 

the effectiveness of infusion molasses as a partial bitumen replacement. 

2. Indirect Tensile Strength (ITS) Properties: The slight increase in ITS values for the 

modified mixtures indicates improved tensile strength and resistance to cracking. The 

addition of infusion molasses and plastic waste contributes to the formation of a more 

durable and resilient asphalt mixture (Robati et al., 2020). The enhanced bonding 

between the binder and aggregate particles helps distribute stress more effectively, 

resulting in improved strength characteristics (Queiroz et al., 2019). The 10% infusion 

molasses and 10% plastic waste mixtures exhibited the highest ITS values, suggesting 

their potential for enhancing pavement performance. 

3. Rutting Resistance: The comparable or slightly lower rut depths in the modified 

mixtures indicate improved rutting resistance compared to the control mixture. The 

infusion molasses and plastic waste act as modifiers that reduce the susceptibility of 

the mixtures to permanent deformation (Robati et al., 2020). The 10% infusion 

molasses and 10% plastic waste mixtures demonstrated the best rutting resistance, 

suggesting their effectiveness in mitigating rutting-related distresses (Queiroz et al., 

2019). 

Conclusion 

The incorporation of infusion molasses and plastic waste as partial replacements for bitumen 

in asphalt mixtures has shown promising results in terms of enhancing the performance and 

sustainability of road construction. The experimental results indicate that the modified 

mixtures exhibited improved Marshall stability, higher indirect tensile strength, and 

comparable or lower rutting depths compared to the control mixture. 

The addition of infusion molasses and plastic waste contributed to the overall improvement in 

the mechanical properties of the asphalt mixtures. The higher stability values observed in the 

modified mixtures suggest increased resistance to deformation and improved load-bearing 

capacity. The enhanced tensile strength indicates better resistance to cracking and improved 

durability of the road pavement. 
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Furthermore, the modified mixtures showed comparable or improved rutting resistance, 

which is crucial for maintaining the long-term integrity and smoothness of road surfaces. The 

utilization of infusion molasses and plastic waste has the potential to mitigate rutting issues 

and extend the service life of asphalt pavements. 

This research demonstrates the feasibility of utilizing infusion molasses and plastic waste as 

sustainable alternatives to conventional bitumen in road construction. The partial replacement 

of bitumen with these materials not only offers potential performance benefits but also 

contributes to reducing the environmental impact associated with plastic waste accumulation 

and promotes the utilization of industrial by-products. 

However, further studies are warranted to explore other essential properties such as fatigue 

resistance, moisture susceptibility, and long-term aging effects of the modified mixtures. 

Additionally, the economic feasibility and long-term sustainability of large-scale 

implementation should be evaluated. 

In conclusion, the utilization of infusion molasses and plastic waste as partial replacements 

for bitumen in asphalt mixtures represents a sustainable approach towards road construction, 

offering a promising pathway for enhancing the performance and environmental footprint of 

asphalt pavements. 
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