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Abstracts: Every year, tons of agricultural waste ash from crop residues (such as Wheat straws) are generated through 

energy production activities. The disposal of this ash in landfills and through open dumping poses serious environmental 

and health problems, primarily due to groundwater contamination. Additionally, the lack of available land for further 

dumping exacerbates the issue. The disposal of large amounts of waste products such as Wheat Straw Ash (WSA), and 

Waste Engine Oil (WEO) presents significant environmental risks, including air and water pollution, along with the 

challenge of limited space for safe disposal. Utilizing these waste materials in asphalt binder not only enhances asphalt 

properties but also mitigates environmental issues. In this study, WSA at concentrations of 2%, 4%, and 6% were mixed 

with 2% WEO to modify virgin bitumen. The modified binder specimens were evaluated using the Bitumen Bond Strength 

test and Rolling Bottle test, along with conventional testing methods, to assess adhesion and moisture susceptibility. The 

experimental results indicate that bitumen modified with 2% WEO by weight of virgin binder exhibits better adhesion and 

moisture susceptibility compared to the control binder. 
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1. INTRODUCTION  

Globally, hot-mix asphalt has traditionally been utilized for flexible pavement [1-2]. However, employing hot mix 

asphalt, the traditional job mix recipe, frequently results in stress-related problems such as fatigue cracking, 

moisture damage, and rutting. Overloading, weather patterns, and high temperatures make these issues worse [3]. 

A potential remedy for these stress-related problems is to alter the neat binder [4]. From harvested crops, the 

agricultural sector generates a significant amount of waste, mostly in the form of straw and husks [5-7]. Due to the 

volume of agricultural waste produced, there are major environmental issues, particularly landfill-related worries. 

Ash is a byproduct of burning crop wastes such as wheat straw, rice straw, rice husk, sugar cane bagasse, and 

sugar cane straw [8–9]. Because they contaminate groundwater, deceptive activities like the open dumping of 

agricultural waste ash (AWA) hurt the environment and human health. Another significant problem is the restricted 

amount of land available for further dumping [10–11]. Agricultural waste is frequently burnt in factories and mills as 

a fuel source or to produce electricity. The idea of recycling these waste materials for use in engineering and 

industrial building projects, such as pavement for roads, makes sense. This strategy offers a viable option for 

infrastructure development in addition to addressing the environmental issues related to the disposal of agricultural 

waste [12–14]. 

mailto:saadhussain65@gmail.com


International Journal of Membrane Science and Technology, 2024, Vol. 11, No. 1, pp 780-789 

781 

Permanent deformations of flexible pavements have dramatically grown due to the fast expansion of urbanization 

and the drastic increase in traffic loads, volumes, and speeds [15–16]. High performance and stability, a long 

service life, and cheap repair costs are desirable for flexible pavements [17]. For a flexible pavement to live up to 

these expectations, it must be free of major flaws including rutting, poor strength, fatigue fractures, cracks that 

appear at low temperatures, and permanent deformations. To accomplish these modifications, bituminous binder, 

one of the flexible pavement ingredients, is often altered. To increase performance, certain additives are added to 

the asphalt or asphalt binder combination in specific amounts and under specific circumstances. To enhance the 

performance of hot bituminous mixes, several ingredients have been utilized to create modified bituminous mixtures 

in recent years. To guarantee asphalt's sustainability in the future, alternative modified binders need to be 

investigated [18–19]. The majority of renewable resources used in the bitumen modification process are found in 

biomass products, such as agricultural ashes and leftover cooking oil. 

Biomass is a renewable resource used in energy generation that includes organic waste, vegetable oil waste, 

harvest remnants from agriculture, and byproducts from the processing of forestry and agricultural goods. This kind 

of energy is regarded as one of the most significant energy sources for the future as it is ecologically benign [20]. 

The overall objectives of this study are as follows. 

• To investigate the effect of wheat straw ash (WSA) and waste engine oil (WEO) on the properties of bitumen.  

• To determine the optimum percentage of each waste material individually and to estimate the best combination 

and dosage when they are mixed. 

2. MATERIALS AND METHODS 

Materials were obtained for the trial study from Rahim Yar Khan, the Highway Department. The majority of the road 

projects in the Rahim Yar Khan area get their materials from this well-known asphalt company. The supplies used in 

this experiment were given to us at no cost. The methodology section's flowchart will clearly illustrate the entire 

narrative of the carried-out research project. 

 

Figure 1: Flowchart of the research methodology followed for the study 

Because of the current hot weather in the region, bitumen with penetration grades of 60 to 70 is advised for use in 

this experimental activity. A range of percentages (2%, 4%, and 6%) of waste motor oil and agricultural waste ash 

were used in the experiments. Following the completion of these studies, the results demonstrate that the bitumen 

material's qualities have changed, with some exhibiting increases and others showing declines. A sample was 

generated by the criteria for the experimental task, and the experiments were carried out to determine the research 
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study's conclusions. The entire narrative of the laboratory inquiry will be clearly explained by the experimental 

work's flowchart. 

 

Figure 2: Flowchart of the experimental work performed in the study 

Experiments Performed on Bitumen 

The tests that were performed on the bitumen test samples are given in detail below. 

Penetration Test  

If the sample is started at room temperature, it is melted and then chilled in a controlled environment. A 

penetrometer, which administers a standard needle to the sample under particular circumstances, is used to 

quantify the penetration. By measuring the distance, in tenths of a millimeter that a standard needle penetrates 

vertically into the bitumen specimen under specified loading, duration, and temperature circumstances this test 

evaluates the consistency of a bitumen sample. The most used technique for determining bituminous material 

consistency at a specific temperature is this one. Rather than being a gauge of quality, it is a method of 

categorization. 

 
Figure 3: Penetration test apparatus in the laboratory 



International Journal of Membrane Science and Technology, 2024, Vol. 11, No. 1, pp 780-789 

783 

Softening Point Test 

The temperature at which bitumen reaches a particular level of softness under particular test circumstances is 

known as the softening point. The Ring and Ball device is used for this test. This method involves suspending a 

brass ring carrying a bitumen sample in a liquid at a preset temperature, such as glycerin or water. The bitumen 

sample is covered with a steel ball, and a rate of 5.0°C per minute is applied to the liquid medium. When the 

bitumen softens and comes into contact with a metal plate placed a certain distance below the ring, the temperature 

is measured. In general, a greater softening point is favored in hotter areas since it indicates reduced vulnerability to 

temperature changes. 

 
Figure 4: Softening test apparatus in the laboratory 

Ductility Test 

The term "ductility" describes bitumen's capacity to stretch under the weight of traffic without breaking, which is 

essential for building new roads. The bitumen's ductility test determines how far it can stretch in millimeters before 

cracking. This test helps establish the bitumen's grade (ductility grade) and gives information about its tensile 

strength. 

 

Figure 5: Ductility test apparatus in the laboratory 
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Specific Gravity  

Using a pycnometer, this test technique describes how to measure the relative density and density of semisolid 

bituminous materials, asphalt cement, and soft tar pitches. The numbers in parentheses are only meant to be used 

as guidance; the values expressed in SI units are to be considered the standard. 

 

Figure 6: Specific gravity test apparatus in the laboratory 

Flash and Fire Point 

This test technique may be used to check if an asphalt cutback was made using solvents that fall within the 

intended range of flammability and to make sure that lower flash point solvents haven't contaminated the final 

product. 

Bituminous materials release fumes of hydrocarbons that can catch fire at high temperatures. Thus, to prevent 

dangerous situations, the heating temperature of bituminous materials should be limited. The safe heating 

temperature of bituminous materials is ascertained by the application of flash point and fire point tests. 

RESULTS AND DISCUSSION 

This part contains all of the findings upon completion of the inquiry and an explanation of each detail in the 

preceding sections. Use the methodical technique outlined in the section headings below. 

Table 1: Comparison of Virgin and Modified Bitumen Properties 

Test Name Base Binder WSA WSA + WEO 

Percentages used 0% 2% 4% 6% 2%+2% 4%+2% 6%+2% 

Penetration test 68 65 63 60 66 62 59 

Softening point 49 50 51 52 55 51 52 

Specific gravity 1.03 1.045 1.05 1.05 1.01 1.03 1.04 

Ductility 101 95 92 85 94 89 75 

Flash point 240 235 236 237 233 234 235 

Fire point 248 243 247 245 243 245 246 
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Figure 7: Graph between Percentages used and Penetration 

DISCUSSION 

The findings indicate that when wheat straw ash concentration rises, penetration value falls. The Penetration values 

exhibit a considerable decrease when mixing modifier-modified bitumen with 60/70 bitumen. As a result, the 

modified blends' penetration values have significantly decreased, indicating an improvement in their resistance to 

temperature susceptibility. 

 

Figure 8: Graph between Percentages used and Softening 

DISCUSSION 

The findings indicate that when wheat straw ash levels rise, so does the softening point value. The bitumen gets 

more viscous, which causes the softening point to increase in the percentage of modifiers. Adding 0, 0.8, and 0.9 

percent ash raises the softening point of 60/70 bitumen to more than 55. Thus, the maximum percentage for 60/70 

bitumen should be between 0.6 and 0.7 percent. The findings indicate that bitumen changed to 80/100 and 60/70 

ratios with a lower percentage of WSA may be used to construct roads satisfactorily; however, bitumen modified to 
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a higher percentage, i.e. 0.8 percent to 0.12 percent, should not be utilized to construct roads but can be used as a 

roofing material. 

 

Figure 9: Graph between Percentages used and Specific Gravity 

Discussion 

The findings indicate that while specific gravity increases when WSA increases, specific gravity also increases 

when WEO increases. The specific gravity of the bitumen will be greater if there are mineral impurities present. It 

can be shown that altering the bitumen considerably raises the specific gravity values. After a 0.12% adjustment, 

the results for virgin 60/70 bitumen are 1.020 and 1.067 respectively. 

 

Figure 10: Graph between percentages used and Ductility test 

Discussion 

High ductility binders attach well to aggregates and have strong cementing properties on the road surface. The 

value of ductility reduces as plastic waste polymers (LDPE, PET, and HDPE) are added, although the rate of loss is 
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slower when the amount is increased over 0.6 percent, according to the data. Road construction should not employ 

ductility values less than 50 cm, nevertheless, they can be used as filler materials for joints and cracks. 

 

Figure 11: Graph between percentages used and Flashpoint 

Discussion 

The findings indicate that when WSA increases, the value of the flash point drops. A liquid's overall combustibility or 

flammability may be determined by looking at its flash point. The values for virgin 60/70 bitumen are 310, and after 

a 0.6% alteration, they drop to 235. 

 

Figure 12: Graph between percentages used and Fire point 

Discussion 

The findings indicate that, under the test conditions given, the value of the fire point lowers as plastic WSA and 

WEO grow. After a 0.6% adjustment, the results for virgin 60/70 bitumen dropped to 285 from 340. The lowest 

temperature at which a substance ignites and burns is known as the fire point. 
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CONCLUSION 

The research's conclusion part is provided below. 

The purpose of this project is to find efficient ways to recycle waste ash and use it as a bitumen modifier for flexible 

pavements. Recycled waste ash has a useful use when it is put to use in asphalt pavements. The softening point, 

specific gravity, and other desired qualities of bitumen are greatly improved by adding around 6% processed waste 

ash by weight of bitumen. This enhances pavement performance and results in a little reduction in bitumen 

consumption. Waste motor oil and wheat straw ash are added to bitumen to enhance its qualities including 

penetration and softening point. For the changed blends, penetration values show a significant decline, suggesting 

improved resistance to temperature susceptibility. A larger amount of waste ash raises the softening point because 

the bitumen gets tougher and needs more heat to soften. The findings indicate that bitumen changed with less 

waste ash can be utilized successfully in road construction, whereas bitumen modified with more ash (more than 

0.7%) would be a better fit for roofing materials. When the proportion of the modifier is increased, the ductility value 

lowers; however, the rate of loss is slowed down when waste engine oil is added. Road construction should not 

employ ductility values less than 50 cm, yet they could be appropriate for joint and crack-filling materials. Because 

the use of waste ash in road building helps consume vast quantities of waste ash, this procedure is affordable and 

advantageous for the development of infrastructure, making it ecologically benign. 

Research Implications 

Hot mix asphalt that contains agricultural waste ashes as a modifier has a big influence on the environment and 

society. The bitumen's qualities are improved by the inclusion of these ashes. This study shows that by lowering the 

amount of garbage dumped in landfills, employing agricultural waste ashes will be good for the environment. This 

method not only makes agricultural waste more valuable, but it also creates environmentally beneficial 

technologies.  

Road building that uses agricultural waste ashes enhances ride quality and hence reduces maintenance expenses. 

Furthermore, incorporating these ashes into asphalt lowers air pollution, which in turn lowers illnesses linked to 

pollution. Since bitumen is a byproduct of petroleum residue, using less natural resources is required to meet the 

growing need for road building. Using varying quantities of agricultural waste ashes to modify the binder is the best 

way to save expenses and preserve natural resources. 

Acknowledgment 

We would like to thank our seniors first and foremost for helping us finish the research work. They supported us 

throughout trying times and gave us priceless advice. We also appreciate the support from our friends and family. 

We would not have been able to achieve without such help. 

REFERENCES  

[1] Milad, A., Babalghaith, A. M., Al-Sabaeei, A. M., Dulaimi, A., Ali, A., Reddy, S. S., ... & Yusoff, N. I. M. (2022). A comparative review of hot 

and warm mix asphalt technologies from environmental and economic perspectives: towards a sustainable asphalt pavement. International 

Journal of Environmental Research and Public Health, 19(22), 14863. 

[2] Kheradmand, B., Muniandy, R., Hua, L. T., Yunus, R. B., & Solouki, A. (2014). An overview of the emerging warm mix asphalt technology. 

International Journal of Pavement Engineering, 15(1), 79-94. 

[3] Joumblat, R., Al Basiouni Al Masri, Z., Al Khateeb, G., Elkordi, A., El Tallis, A. R., & Absi, J. (2023). State-of-the-art review on permanent 

deformation characterization of asphalt concrete pavements. Sustainability, 15(2), 1166. 

[4] Joumblat, R., Al Basiouni Al Masri, Z., Al Khateeb, G., Elkordi, A., El Tallis, A. R., & Absi, J. (2023). State-of-the-art review on permanent 

deformation characterization of asphalt concrete pavements. Sustainability, 15(2), 1166. 

[5] Goodman, B. A. (2020). Utilization of waste straw and husks from rice production: A review. Journal of Bioresources and Bioproducts, 5(3), 

143-162. 

[6] Koul, B., Yakoob, M., & Shah, M. P. (2022). Agricultural waste management strategies for environmental sustainability. Environmental 

Research, 206, 112285. 



International Journal of Membrane Science and Technology, 2024, Vol. 11, No. 1, pp 780-789 

789 

[7] Millati, R., Cahyono, R. B., Ariyanto, T., Azzahrani, I. N., Putri, R. U., & Taherzadeh, M. J. (2019). Agricultural, industrial, municipal, and 

forest wastes: an overview. Sustainable resource recovery and zero waste approaches, 1-22. 

[8] Raza, Q. U. A., Bashir, M. A., Rehim, A., Sial, M. U., Ali Raza, H. M., Atif, H. M., ... & Geng, Y. (2021). Sugarcane industrial byproducts as 

challenges to environmental safety and their remedies: A review. Water, 13(24), 3495. 

[9] Deshwal, G. K., Alam, T., Panjagari, N. R., & Bhardwaj, A. (2021). Utilization of cereal crop residues, cereal milling, sugarcane and dairy 

processing by-products for sustainable packaging solutions. Journal of Polymers and the Environment, 29, 2046-2061. 

[10] Petrlik, J., & Bell, L. (2017). Toxic ash poisons our food chain. International POPs Elimination Network (IPEN). 

[11] Seidler, M., & Malloy, K. (2020). A comprehensive survey of coal ash law and commercialization: Its environmental risks, disposal 

regulation, and beneficial use markets. 

[12] Clauser, N. M., González, G., Mendieta, C. M., Kruyeniski, J., Area, M. C., & Vallejos, M. E. (2021). Biomass waste as sustainable raw 

material for energy and fuels. Sustainability, 13(2), 794. 

[13] Abushammala, H., Masood, M. A., Ghulam, S. T., & Mao, J. (2023). On the conversion of paper waste and rejects into high-value materials 

and energy. Sustainability, 15(8), 6915. 

[14] Quina, M. J., & Pinheiro, C. T. (2020). Inorganic waste generated in kraft pulp mills: The transition from landfill to industrial applications. 

Applied sciences, 10(7), 2317. 

[15] Fernandes, S.; Silva, H.M.R.D.; Oliveira, J.R.M. Mechanical, surface and environmental evaluation of stone mastic asphalt mixtures with 

advanced asphalt binders using waste materials. Road Mater. Pavement Des. 2019, 20, 316–333. [CrossRef]  

[16] Qu, X.; Liu, Q.; Chao, W.; Wang, D.; Oeser, M. Effect of Co-Production of Renewable Biomaterials on the Performance of Asphalt Binder in 

Macro and Micro Perspectives. Materials 2018, 11, 244. [CrossRef] [PubMed]  

[17] Qian, G., Hu, C., Yu, H., & Gong, X. (2020). Case study: Ten year field performance evaluation of flexible base asphalt pavement design in 

heavy load condition. Journal of Materials in Civil Engineering, 32(7), 04020187. 

[18] Lv, S.; Peng, X.; Liu, C.; Qu, F.; Zhu, X.; Tian, W.; Zheng, J. Aging resistance evaluation of asphalt modified by Buton-rock asphalt and bio-

oil based on the rheological and microscopic characteristics. J. Clean. Prod. 2020, 257, 120589. [CrossRef]   

[19] EPA. European Waste Catalogue and Hazardous Waste List; Environmental Protection Agency: Wexford, Ireland, 2002. 

[20] Al-Hamamre, Z., Saidan, M., Hararah, M., Rawajfeh, K., Alkhasawneh, H. E., & Al-Shannag, M. (2017). Wastes and biomass materials as 

sustainable-renewable energy resources for Jordan. Renewable and Sustainable Energy Reviews, 67, 295-314. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DOI: https://doi.org/10.15379/ijmst.v11i1.3814 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 

(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, 

provided the work is properly cited. 

https://doi.org/10.15379/ijmst.v11i1.3814

