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Abstract- Bitumen is produced from non-renewable natural resources. Depletion of non-

renewable resources intrigued researchers to look for alternative binders. Bitumen has 

been modified with many additives to enhance its properties and performance. The 

improper disposal of waste materials such as crumb rubber and use engine oil poses a 

significant threat to the environment. The addition of these industrial waste products to 

asphalt not only provides a safe and cost-effective way to dispose of them, but also 

improves the asphalt binder's performance. In this study, various combinations of waste 

engine oil and crumb rubber have been used with 60-70 penetration grade bitumen to 

produce a partially synthetic bitumen. Adhesion being one of the key characteristics of 

the bituminous binder has been assessed by using bitumen bond strength test along with 

penetration and softening point. The experimental results revealed that partially synthetic 

bitumen with 35% waste and 40% percent waste improves the adhesion along with 

conventional properties. Furthermore, the results of partially synthetic bitumen 

demonstrate that this bitumen is more suitable for cold regions of the country. A detailed 

and extensive testing program is needed to reach authentic findings but based on the 

results authors are hopeful that a handsome percentage of waste can replace the virgin 

binder giving a cost effective and environmentally friendly solution.  

Keywords: - Synthetic Bitumen, Adhesion, Waste Engine Oil, Crumb Rubber 

1 Introduction 

Bitumen is a binding agent used in flexible pavements. Increased road transport volume, environmental and external 

factors, and construction-phase failures can reduce asphalt pavements' useful life and increase the probability of permanent 

faults [1]. Mohammad Gohar et al., investigated that the 15% addition of crumb rubber increases the stiffness, viscosity 

and high softening point and improves the rutting resistance of conventional bitumen [2]. Ahmed Eltwati et al, investigated 

that, the addition of the WEO-CR rejuvenator improved the overall performance of the mixture by improving the physical 

and chemical properties of the asphalt binder and the mechanical performance of hot-mixed asphalt (HMA) [3]. 

Christopher Daniel et al., investigated the use of waste engine oil mixed with reclaimed asphalt. He noticed that asphalt 

binders blended with Reclaimed asphalt binder (RAB) might have less stiffness and better low temperature qualities due 

to waste engine oil. Asphalt pavements can also be made softer by used engine oil without harming the pavements' 

susceptibility to moisture. [4]. Touqeer Shaukat et al., studied the Rheological evaluation of asphalt modified with auto- 

mobile engine waste oil. He concluded that the increased cohesion of asphalt molecule chains is due to the increased 

viscosity of asphalt modified with 2.5% filtered waste engine oil. Comparison of master curves shows that binder modified 

with waste engine oil can better perform at low temperatures to resist fatigue cracking [5]. Jia, X. et al. conclude that waste 

engine oil residues have a significant impact on the reduction of asphalt binder's low-temperature stiffness and 

improvement of its low-temperature performance [6]. Birendra Kumar Singh et al.  investigated that by lowering the size 

of the crumb rubber, the resistance to rutting has been enhanced and can improve high temperature performance of 

bitumen.[7]. Herda Yati Katman et al. conclude that crumb rubber modifications of bitumen enhance bituminous binder 

properties such as Viscosity, softening point, loss modulus, and storage modulus. Consequently, this enhances the rutting 
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resistance, resilience, and fatigue cracking resistance of asphaltic mixtures. [8]. M. F. Ahmad et al. evaluate the Bitumen 

is a petroleum product obtained from the fractional distillation of crude oil, a natural resource. Natural resources are 

depleting continuously, significantly impacting its price hike and environmental pollution. Asphalt binder has been 

modified with many modifiers to counter the problem of waste material management, depletion of natural resources, and 

improving the performance of conventional binder. The use of modified or alternative binders is both cost-effective and 

environmentally friendly [9]. Feng, Zhao et al. evaluated the waste engine oil-modified bitumen and concluded that WEO 

reduces the softening point and viscosity of binder while increasing its penetration. He also concluded that an excess WEO 

adversely affects the binder properties [10]. Liu et al. evaluated the rheological behavior of waste engine oil-modified 

bitumen and concluded that fatigue resistance and low-temperature performance are improved, but the binder's rutting 

resistance and high-temperature performance are impaired. They concluded that from chemical tests, there is no evidence 

of a chemical reaction between bitumen and WEO. They recommended the range of 4-8% WEO modification [11].Liu et 

al. studied the rheological behaviour of WEO-modified bitumen and determined that the addition of waste engine oil 

reduces the asphalt binder's elasticity. it shows lower values of complex modulus and higher values of phase angles. WEO 

improves the fatigue performance but impairs the rutting resistance of bitumen [12]. 

The objectives of this research are as follows: 

1. To examine the combined impact of WEO and CR on bitumen's conventional properties. 

2. To examine the impact of WEO and CR on the adhesion  properties of asphalt mixture. 

3. Determination of the optimum combination dosage of various constituents for manufacturing of cost effective 

and environmental friendly  partially synthetic bitumen. 

2 Experimental Procedures 

2.1 Material Preparation and its Mixing Proportion: 

The 60/70 pen grade bitumen was collected from PARCO refinery. Waste engine oil was collected from local motor vehicle 

repairing plants and markets. Using filter paper of grade Whatman 1002-150, waste engine oil was filtered out. CR was 

extracted from used tire scrape and grind them in shredder plants. After being crushed, the material passes through sieve 

No. 50/300 microns/0.2997 mm Then, various proportions of used motor oil and crumb rubber were mixed with bitumen. 

Prior to adding waste engine oil and CR into bitumen, the bitumen is heated to 150°C on a hot plate, where the temperature 

is kept constant and then mixed using a shear mixer. 

Table1: Mixing proportions of WEO and CR 

Sr. 

No 

Dosage 

1 B+5% WEO+20% CB 

2 B+5% WEO+25% CB 

3 B+5% WEO+30% CB 

4 B+10% WEO+20% CB 

5 B+10% WEO+25% CB 

6 B+10% WEO+30% CB 

7 B+15% WEO+20% CB 

8 B+15% WEO+25% CB 

9 B+15% WEO+30% CB 

 

 

2.3 Testing Methodology: 

The penetration and softening point tests, which were performed in accordance with ASTM D5 [13] and D36 [14], were 

used to characterize the impact of WEO and CR. PATTI was used as per ASTM D 4541 to evaluate the bond strength of 
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bitumen under dry and wet conditions [15]. Then used the burst pressure values in equation 1 to calculate the Pull-off 

tensile strength (POTS). 

POTS =  
(𝑩𝑷∗𝑨𝒈)−𝑪

𝑨𝒑𝒔
         1 

Burst Pressure (BP), the contact area (Ag), which has a value of 2620 mm2, and C which has a value of 0.286, is the piston 

constant. Aps has a value of 127 mm2.  

3 Research Methodology 

This project's research methodology is shown in Figure 1. 

 

Figure 1: Research Methodology 

4 Results 

4.1 Conventional Testing: 

In this method, for investigating the impact of modifiers on bitumen, conventional testing was conducted. The penetration 

and softening point test are performed to determine whether modified bitumen becomes soft or hard. Figure 2 depicts the 

experimental results of conventional testing. 
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Figure 2: Effect of penetration and softening on partially synthetic bitumen 

In Figure 2, The addition of 5% WEO with 20%, 25%, and 30% CR by total binder content increases the penetration value 

by 28%, 23%, and 20%, respectively, while the softening point decreases by 14%, 10%, and 8%. In 10% WEO with 20%, 

25%, and 30% CR, a 30%, 26%, and 22% increase in penetration value and an 8%, 14%, and 12% decrease in softening 

point value were observed. Similarly, the addition of 20%, 25%, and 30% CR with 15% WEO resulted in a 36%, 33%, 

and 31% increase in penetration value and a 16%, 15%, and 14% decrease in softening point, respectively. Its mean that 

increasing the dosage of WEO results in higher penetration values and a lower softening point, whereas increasing the 

dosage of CR results in lower penetration values and a higher softening point. The addition of WEO softens the binder, 

whereas the addition of crumb rubber hardens and stiffens it, thereby enhancing its conventional properties. 

4.2. Evaluation of Adhesion by using BBS Test: 

The effect of WEO and CR on adhesion were experimentally evaluated by using PATTI. To determine the bonding strength 

of the binder to the aggregate surface, a Bitumen Bond Strength (BBS) test was performed for both dry and wet conditions. 

For dry conditioning, in figure 3, the addition of 5% WEO with the inclusion of 20%,25% and 30% CR by total binder 

content, after 24 hours of dry conditioning, POTS values decrease by 38 %,27% and 13%, In 10 % WEO with the inclusion 

of 20%,25% and 30% CR, a decrease of 67%,50% and 38% in value of POTS was observed at dry condition. Similarly, 

when 15% WEO was mixed with 20%, 25%, and 30% CR, the POTS value of the dry sample decreased by 72%, 58%, 

and 50%, respectively, when compared to the virgin binder 
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Figure 3: Effect of POTS at dry condition 

 

Figure 4: Effect of POTS at Wet condition 

In Figure 4, The addition of 5% WEO with the inclusion of 20%,25% and 30% CR, by the total binder content, POTS 

values decrease by 26 %,11% and 4% at wet condition. In 10 % WEO with the inclusion of 20%,25% and 30% CR, a 

decrease of 36%,19% and 7% in POTS values was observed. Like that, in 15 % WEO with the inclusion of 20%,25% and 

30% CR, a decrease of 47% ,36% and 17% in POTS value of wet sample was observed. However, compared to dry 

condition, the partially synthetic bitumen showed lower values after water conditioning, because, Water permeates the 

bitumen-bitumen interface as well as the bitumen-aggregate interface, thereby weakening the bond. It means that due to 

the incorporation of crumb rubber, an increase in the value of POTS authenticates a stronger association between 

aggregates and binder specimen and a decrease in the value of POTS indicates a weaker bond between aggregates and 

binder specimens as a result of the incorporation of waste engine oil. Increased WEO dosage results in a lower POTS 

value, whereas increased CR dosage results in a higher POTS value, and vice versa. 
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5 Conclusion 

In the light of results attained, the results of partially synthetic bitumen demonstrate that this bitumen is more suitable for 

cold regions of the country, conclusions are summarized as: 

1. From conventional testing, i.e., Penetration Test, Softening Point Test, it has been observed that of WEO in the 

binder increases its penetration values, decreases its softening point, and decreases the consistency of bitumen 

because waste engine oil softens the bitumen but with the addition of crumb rubber, improved the properties of 

partially synthetic bitumen.  

2. When compared to virgin binder, the addition of 35% waste by total binder content, decreases the POTS value of 

dry sample by 13%, and the value of POTS dropped by 38% when 40% waste was added. For the wet sample, 

the addition of 40% waste by weight of binder, decreases the POTS value of wet sample by 4%, and the addition 

of 40% waste, a decrease of 7% in value of POTS was observed. Wet strength and dry strength decrease with 

increase in WEO which depicts that WEO induces moisture damage. However, addition of crumb rubber resulted 

in improvement in the resistance against moisture providing better adhesion. 

3. The optimum percentage of industrial waste which can be used for the production of partially synthetic bitumen 

lies between 35% and 40% contributing to a significant saving in non-renewable resources. 

4. This scope of this study was very limited so a detailed and extensive testing program is needed to reach authentic 

findings but based on the results authors are hopeful that a handsome percentage of waste can replace the virgin 

binder giving a cost effective and environmentally friendly solution.   

 Acknowledgment 

I attribute my success to "Allah," the Almighty, who bestowed upon me the strength and capacity to conduct this study. 

My supervisor, Associate Professor Dr. Syed Bilal Ahmed Zaidi, deserves a huge debt of appreciation for giving me the 

chance to work on this project and for offering advice and support throughout the research process. Throughout each and 

every meeting, his technical and spiritual assistance has been invaluable. I consider it a privilege to have studied with him 

and feel that I've grown as a person and as a student because of it. The time I spent learning under his guidance is something 

I will always appreciate. 

References 

[1] Ricardo S. Souza,  Leila L. Y. Visconte, Ana L. N. da Silva, aléria G. Costa,"Thermal and Rheological 

Formulation and Evaluation of Synthetic Bitumen from Reprocessed Polypropylene and Oil", International 

Journal of Polymer science ,AUG,2018. 

[2] Mohammad Gohar,Naveed Ahmad,Waqas Haroon, "Effect of Addition of Crumb Rubber on Bitumen 

Performance Grade (PG) and Rutting Resistance",1st International Conference on Advances in Civil & 

Environmental Engineering, University of Engineerin & Technology Taxila,FEB,2022. 

[3]       Ahmed ELTWATİ ,Mahmoud ENIEB, Saleh AHMEED, Zaid AL-SAFFAR ,Azman MOHAMED, Effects of waste 

engine oil and crumb rubber rejuvenator on the performance of 100% RAP binder,Journal of Innovative 

Transporation,July,2022. 

[4]           Christopher Daniel DeDene ,“Investigation of Using Waste Engine Oil Blended with Reclaimed Asphalt Materials 

to Improve Pavement Recyclability",Jan,2011.  

[5] Touqeer Shoukat and Yoo, Pyeong Jun ," Rheological evaluation of asphalt modified with automobile waste 

engine oil", 18th International Conference Road Safety on Five Continents (RS5C 2018), Jeju Island, South 

Korea, May 16-18, 2018. 

 [6] Jia, Xiaoyang, Huang, Baoshan, Bowers, Benjamin F, Zhao, Sheng %J Construction, & Materials, Building. 

(2014). "Infrared spectra and rheological properties of asphalt cement containing waste engine oil residues". 50, 

683-691. 

[7] Birendra Kumar Singh, Martand Siroliya, "Application of Crumb Rubber as Modifier in Bitumen" International 

Journal for Scientific Research & Development| Vol. 4, Issue 07, 2016. 

[8] Mohd Rasdan Ibrahim, Herda Yati Katman, Mohamed Rehan Karim,Suhana Koting,and Nuha S. Mashaan, A 

Review on the Effect of Crumb RubberAddition to the Rheology of Crumb Rubber Modified Bitumen,OCT,2013. 

https://dergipark.org.tr/en/pub/@eltwati
https://dergipark.org.tr/en/pub/@3F3BE1-815725-0322E9-DAFDC2-449DA1-311589-397097-68575E-BC4669-A769D8-637164-01
https://dergipark.org.tr/en/pub/@salehahmeed
https://dergipark.org.tr/en/pub/@D18A05-D74842-DD33C1-0AF23F-1C1BAD-561644-510189-220762-053BED-35E2A8-355780-30
https://dergipark.org.tr/en/pub/@azmanmohamed.kl


4 th Conference on Sustainability in Civil Engineering (CSCE’22)                                                                                 
Department of Civil Engineering 

Capital University of Science and Technology, Islamabad Pakistan 

 

Paper ID. 22-156  Page 7 of 7 

[9] Ahmad, Malik Farooq, Ahmed Zaidi, Syed Bilal, Fareed, Ayyaz, Ahmad, Naveed, & Hafeez, Imran %J 

"International Journal of Pavement Engineering. (2021). "Assessment of sugar cane bagasse bio-oil as an 

environmental friendly alternative for pavement engineering applications." 1-12.  

[10] Feng, Zhengang, Zhao, Peixin, Yao, Dongdong, & Li, Xinjun. (2020)."Performance Evaluation of Waste Engine 

Oil Regenerated SBS Modified Bitumen".In CICTP 2020 (pp. 1150-1162). 

[11] Liu, Shengjie, Peng, Aihong, Zhou, Shengbo, Wu, Jiantao, Xuan, Weian, Liu, Wu %J Construction, & Materials, 

Building. (2019). "Evaluation of the ageing behaviour of waste engine oil-modified asphalt binders".223, 394-

408. 

[12] Liu, Shengjie, Meng, Hankuo, Xu, Yinshan, Zhou, Shengbo %%J Petroleum Science, &Technology. (2018).“ 

"Evaluation of rheological characteristics of asphalt modified with waste engine 0il (WEO)"  36(6), 475-480. 

[13] D. ASTM, “Standard test method for penetration of bituminous materials,” USA, ASTM Int., 2013 

[14] ASTM, “Astm D 36,” “Standard Test Method Softening Point Bitumen”, ASTM Int. West Conshohocken, PA, 

USA., vol. 1,no. d,pp. 3–6, 2006. 

[15] BSI Standards Publication Bituminous mixtures — Test methods for hot mix asphalt:“Determination of 

theaffinity between  aggregate and bitumen,”2012. 

 

 

 

 

 

 

 

 

 

 

 

  

 


