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ABSTRACT 

 

 

 

 

The use of waste cooking oil (WCO) in binder modification is widely 

explored in response to waste management issue. However, the decreasing 

rheological performance pattern trend at high temperature by using WCO is globally 

recorded and yet still unresolved. This poor performance is due to the high acidity of 

the WCO. To resolve this issue, a chemical treatment was proposed to reduce the 

acidity of the WCO. Therefore, the aim of this study was to evaluate the performance 

of binders modified with untreated and treated WCO. It was carried out in three 

phases. In Phase 1, the physical and rheological tests of binder (penetration, 

softening point, viscosity and DSR) were conducted to determine the optimum 

percentages of untreated and treated WCO (between 0, 5, 10, 15 and 20%) in 

modifying the binder. In Phase 2, the optimums WCOs were utilised for further 

mechanical performance evaluation of Asphaltic Concrete 14 (AC14) mixture 

through Marshall stability, resilient modulus, dynamic creep and indirect tensile 

strength (ITS). The morphology and microstructure observations were performed in 

Phase 3 to investigate the adhesion bonding between modified binder and aggregates. 

The test results showed that the acidity of the WCO decreased after chemical 

treatment. The rheological test showed that the failure temperature of binder 

modified using the treated WCO has increased to 70 oC. In addition, treated WCO 

mixture recorded superior performance by being less susceptible to permanent 

deformation as compared to the control mix. Besides, the microstructure analysis 

revealed that low surface roughness of binder modified with treated WCO has 

strengthened the adhesion bonding with aggregates. In conclusion, the chemical 

treatment had improved the treated WCO performance in the modified binder as 

asphalt paving materials.  
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ABSTRAK 

 

 

 

 

Penggunaan sisa minyak masak (WCO) dalam pengubahsuaian pengikat 

diterokai secara meluas sebagai respon kepada isu pengurusan sisa. Namun, 

penurunan pola corak prestasi reologi pada suhu tinggi dengan menggunakan WCO 

telah direkodkan secara global dan masih belum diselesaikan lagi. Prestasi lemah ini 

disebabkan oleh keasidan WCO yang tinggi. Untuk menyelesaikan isu ini, rawatan 

kimia dicadangkan untuk mengurangkan keasidan WCO. Oleh itu, matlamat kajian 

ini adalah untuk menilai prestasi pengikat diubahsuai dengan WCO yang tidak 

dirawat dan dirawat. Ianya dijalankan dalam tiga fasa. Fasa pertama, ujian fizikal dan 

reologi untuk pengikat (penusukan, titik lembut, kelikatan dan reometer ricih 

dinamik) dijalankan untuk menentukan peratusan optimum WCO yang tidak dirawat 

dan dirawat (antara 0, 5, 10, 15 dan 20%) dalam mengubahsuai pengikat. Fasa kedua, 

optimum WCO digunakan untuk penilaian prestasi mekanikal campuran asfalt 

konkrit 14 (AC14) melalui kestabilan Marshall, modulus kebingkasan, rayapan 

dinamik dan kekuatan tegangan tidak langsung (ITS). Pemerhatian morfologi dan 

mikrostruktur dilakukan dalam fasa ketiga untuk menyiasat ikatan lekatan antara 

pengikat diubahsuai dan agregat. Keputusan ujian menunjukkan keasidan WCO 

menurun selepas rawatan kimia. Ujian reologi menunjukkan suhu kegagalan untuk 

pengikat diubahsuai menggunakan WCO dirawat telah meningkat kepada 70 oC. 

Tambahan, campuran WCO dirawat merekodkan prestasi lebih baik yang kurang 

terdedah kepada ubah bentuk kekal berbanding campuran kawalan. Selain itu, 

analisis mikrostruktur mendedahkan kekasaran permukaan rendah oleh pengikat 

diubahsuai dengan WCO dirawat memperkuatkan ikatan lekatan dengan agregat. 

Kesimpulannya, rawatan kimia meningkatkan prestasi WCO dirawat dalam pengikat 

diubahsuai sebagai bahan turapan asfalt. 
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CHAPTER 1  

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of the Study 

 

 

Petroleum-based asphalt binder is derived from petroleum refinement process 

by-product (Wen et al., 2013). Bitumen is recognised as an essential coating material 

in bituminous pavements composition apart from the aggregates skeleton for 

pavement construction.  In asphalt mixture composition, the binder functions as an 

adhesive agent for coating process and binds the aggregate particles together.  

Generally, pure bitumen production through crude oil petroleum refining process is 

not desirable in road pavement application. The asphalt binder exhibits insufficient 

properties for pavement construction and need to be modified with various additives 

types such as carbonaceous materials, fine minerals and polymers (Chebil et al., 

2000). An improvement of engineering properties for asphalt binder can be achieved 

with the application of a modifier by reducing temperature susceptibility and 

enhancing the rheological performance to withstand the environmental and traffic 

loading. Currently, a number of notable studies are being conducted worldwide to 

explore valuable resources from waste materials as a modifier for asphalt binder 

modification.  
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In recent years, a wide range of oil-based modifications have been 

introduced, especially involving waste cooking oil (WCO).  The WCO is also 

recognised as waste grease oil which is characterised as the by-product of fresh 

cooking oil produced during cooking and food processing.  This oil source has 

recently gained widespread attention because of its satisfactory achievement as a 

potential waste material to enhance the physical and rheological performance of 

modified binder.  The oil undergoes three types of common chemical reaction during 

frying, such as hydrolysis, oxidation and polymerisation.  The chemical process in oil 

causes degradation in the physical and chemical properties (Cvengroš and 

Cvengrošová, 2004) which affects WCO quality. Physical properties include 

alteration in foaming quantity, colour, viscosity, density and flavour. Meanwhile 

chemical properties are represented as total unsaturation compound, free fatty acid 

content, polar and polymeric material.  The generation of huge quantities of WCO is 

attributed by the increasing human population and its use as a frequent medium for 

food preparation involving frying. It can be noticed that WCO production quantity is 

directly proportional to frying rate.  

 

 

According to Chhetri et al. (2008), enormous quantity of WCO that is 

generated worldwide is illegally dumped and released into the surrounding 

environment.  In Malaysia, the disposal of WCO is reported to be approximately 

around 50,000 tons, which was produced from plant and animal based fats source 

(Yaakob et al., 2013).  These wastes are disposed to the environment without 

undergoing any proper treatment (Kheang et al., 2006).  A survey conducted by 

Kabir et al. (2014) revealed that the majority of the respondents (54.5%) discard 

WCO into their house sink.  Meanwhile 22.2% stated that the WCO is dumped into 

drains. This coincides with the response on the level of awareness on WCO 

recycling.  Unexpectedly, only 12% of the households WCO is recycled, while most 

of the respondents (about 88%) did not practice waste recycling as they discharge 

WCO improperly. Such inappropriate action has consequently induced an 

undesirable impact to the entire environmental ecosystem, for instance distraction of 

aquatic life, contamination of water and soil, sewer system blockage and increased 

maintenance cost for water treatment and waste management (Chen et al., 2009). 
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Abundant of WCO production can cause prominent adverse impact and threat 

to the environment if not properly managed and disposed.  Therefore, recycling or 

reusing WCO in modified asphalt binder is considered as an effective utilisation and 

management of this waste while at the same time ensuring economic and 

environmental benefits (Patil et al., 2012).  It is noteworthy that, most researchers 

have focused on the superior performance of WCO as a rejuvenator for aged binder 

(Asli and Karim, 2011; Zargar et al., 2012; Asli et al., 2012; Zaumanis et al., 2013; 

Chen et al., 2014a; Binbin et al., 2014; Chen et al., 2014b), apart from substituting 

WCO in modified binder to improve rheological performance. The WCO 

performance as a modifier at high and low temperatures was evaluated by Wen et al. 

(2013).  The rheological findings indicate declination of the complex modulus (G*), 

which resulted in a low rutting resistance at high temperature. On the contrary, an 

increment in thermal cracking resistance performance at low-temperature was 

observed to occur linearly with the addition of WCO content.  

 

 

This rheological result coincides with the study conducted by Maharaj et al. 

(2015) for un-aged sample, wherein an enhancement of fatigue cracking resistance 

was achieved at low temperature.  Meanwhile, the high temperature performance 

showed an adverse effect as the rutting resistance decreased with the addition of 

WCO.  This is also supported by Sun et al. (2016), which reveals the decrement of 

deformation resistance and improvement of thermal cracking resistance performance 

when using the modified binder incorporated with bio-oil derived from WCO. 

According to Teymourpour et al. (2015), the application of WCO in conventional 

binder proved an enhancement of thermal cracking resistance but compromising the 

high temperature performance as evidenced by the reduction of resistance to rutting. 

The superiority performance of fatigue cracking resistance was noticeable with the 

addition of WCO as reported in a previous research.  It proves that the capability of 

WCO to improve low temperature performance, while deteriorating the rutting 

resistance performance at high temperature.   

 

 

The WCO in asphalt binder softens the physical properties of modified 

asphalt binder, thereby unable to withstand rutting exposure.  According to Katamine 
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(2000), the negative indicator in the quality of bitumen is expected with the addition 

of WCO in bitumen.  This serves as the major reason why WCO is not suggested for 

optimal utilisation, due to its poor performance in rutting resistance, which is not 

desirable especially for hot climatic region.  Owing to the adverse and unsatisfactory 

performance in rheological properties, no further research work was conducted to 

evaluate the mechanical properties of asphalt mixture.  This is due to the expectation 

of high tendency for rutting problem, thereby reducing the strength of asphalt 

mixture.  Waste oil needs to be fully re-evaluated and assessed by undergoing further 

treatment before being recommended and applied in the asphalt binder to produce 

bituminous mixture (Borhan et al., 2009). 

 

 

However, despite the broadly practiced WCO application, the identification 

of fundamental parameters influencing WCO in binder modification and also the 

effectiveness of the process has not been investigated yet (Teymourpour et al., 2015).  

In addition, the mechanism for modifying asphalt binder with WCO and the effect of 

WCO on the modified binder performance are not clearly documented.  Obviously, 

the softer and less viscous modified binder with WCO depicts the weakness of 

internal chemical bonding of the material.  Hence, there is the issue of chemical 

compatibility and interprets an assumption of incompatibility between these two 

materials due to chemical properties that should be further clarified and investigated. 

 

 

 

 

1.2  Problem Statement 

 

 

 A high amount of WCO is generated due to abundant fresh cooking oil 

consumption during frying.  Inappropriate waste disposal and dumping into the 

landfill has induced an adverse impact to the surrounding environmental ecosystem.  

Therefore, a waste management strategy arises to mitigate environmental pollution 

due to the large quantity of WCO.  Apart from waste disposal, waste utilisation has 

become a valuable option due to the realisation on the significance of awareness 
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level for environmental preservation.  Essentially, it is highly recommended to adopt 

a more sustainable approach of recycling WCO product in modified asphalt binder as 

a pavement material in road construction.  The application of WCO in asphalt binder 

indicates an effective solution of waste management which is gaining extensive 

interest from other researchers.    

 

 

 Most of the previous studies have concentrated on the modified binder 

incorporated with WCO (Wen et al., 2013; Maharaj et al., 2015).  However, none of 

the researchers emphasised on the basic parameter affecting oil modification 

(Teymourpour et al., 2015).  In addition, this parameter is not clearly explained since 

the modification of asphalt binder with WCO is still in the empirical stage.  Yet, 

WCO is directly used in modified asphalt binder without determining the quality of 

WCO. Theoretically, with regard to the modified binder performance, the rheological 

evaluation is affected by the quality of WCO, in which the acid value is represented 

as one of the main parameters for quality measurement specifically. Preliminary 

finding has revealed that an increased acid value has caused the decreasing pattern 

trend in rheological performance and vice versa.  The increment in acid value is 

attributed to the degradation rate of WCO during frying and exhibits undesirable 

characteristic that constraint the optimisation of WCO in asphalt binder.  Therefore, 

there is an urgency for WCO to undergo a chemical pre-treatment in minimising the 

existing high acid value before being utilised for the modification of asphalt binder.  

It is noteworthy to compare the performance of modified binder containing untreated 

and treated WCO, and identify any rheological and mechanical performance 

improvement after conducting the chemical modification. 

 

 

In addition, the softer and less viscous modified binder with WCO is 

noticeable and hinders the application of WCO in high temperature region due to 

high rutting exposure.  These poor properties depict the weakness in the internal 

chemical bonding and portray the disturbance of molecule particle structure of the 

material.  It gives an assumption that there is a restrictive factor influencing the 

refusal of molecule interaction to form strong chemical bonding in the modified 

asphalt binder with WCO.  Therefore, the issue of chemical compatibility between 
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WCO and asphalt binder arises and should be investigated (Gong et al., 2016).  Since 

there is no previous research conducted to investigate the compatibility issue, there is 

a need to conduct a chemical analysis in order to characterise the chemical 

compatibility properties between these two materials in this study.  This factor 

contributes to the main reason as to why the level of WCO usage is comparatively 

very low, and implies that there is a requirement to evaluate the suitability of WCO 

as a modifier, which is available at low cost feedstock without compromising the 

quality performance of modified binder with WCO as paving materials. 

 

 

 

 

1.3  Aim and Objectives of the Study 

 

 

 This study aims to evaluate an asphalt mixture incorporating untreated and 

treated WCO in modified binder.  In order to achieve this aim, the study is carried 

out to fulfil the following objectives: 

 

1. To determine the properties of untreated and treated WCO in modified binder 

for physical and rheological performance. 

2. To evaluate the mechanical performance of Hot Mix Asphalt (HMA) 

incorporating untreated and treated WCO. 

3. To analyse the morphology and microstructure characteristics of modified 

binder and asphalt mix containing untreated and treated WCO. 

 

 

 

 

1.4  Scope of the Work 

 

  

The scope of this research is to enhance binder properties with the upgraded 

of WCO quality as a modifier through chemical treatment. The improved mechanical 
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performance exhibited by asphalt mixture incorporating treated WCO is expected to 

be more superior and comparable to the conventional asphalt mixtures.  Raw WCO 

derived from palm oil was collected from a café surrounding UTM, Skudai.  The 

aggregates sample source was obtained from Hanson Quarry in Kulai, Johor.  The 

control asphalt binder used in this study was PEN 60/70 which was sourced from 

Chevron Company and has met all the specifications as outlined by the Jabatan Kerja 

Raya (2008) specifications. 

 

 

 The basic test for binder evaluation was performed which included 

penetration test, softening point test, viscosity and dynamic shear rheometer (DSR).  

The modified asphalt binder containing untreated and treated WCO underwent an 

aging condition by conducting a rolling thin film oven (RTFO) only, which is 

restricted for the assessment of rutting resistance at high temperature, and does not 

address the fatigue cracking performance.  This implies that this research is focused 

on the rutting resistance performance since poor performance was recorded by the 

previous work that should be improved in this study.  

 

 

An optimum WCO percentage was selected based on binder evaluation for 

further mechanical performance testing of asphalt mixture.  The asphalt mixtures 

were evaluated based on the Marshall Stability and flow test, resilient modulus test, 

dynamic creep test and indirect tensile strength test.  The control mixture, untreated 

WCO mixture and treated WCO mixture, were compared in order to identify any 

mechanical performance improvement. The microstructure observation was 

conducted by using Atomic Force Microscopy (AFM), Gas Chromatography-Mass 

Spectrometry (GCMS), Fourier Transform Infrared (FTIR), Field Emission Scanning 

Electron Microscope (FESEM) and X-Ray Diffraction (XRD).  Most of the chemical 

treatment of WCO, asphalt binder and bituminous mixtures testing and 

microstructure analysis were performed at the Chemical Laboratory, Transportation 

and Highway Laboratory and Central Laboratory at UTM Skudai, Johor.  
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1.5  Significance of Study 

 

 

 WCO is identified as a valuable potential waste material that has capability to 

enhance the performance of conventional asphalt binder for road pavement 

construction.  The superior physical and chemical properties exhibited by WCO 

source attribute to the selection of this waste to be applied as a modifier in the 

modification of asphalt binder. WCO can give adverse impact if not properly 

managed and disposed. On the contrary, an effective management of this waste, by 

recycling WCO in modified asphalt binder for paving materials, significantly 

contributes to the advantages in three principles, such as environmental, economic, 

and social. 

 

 

From an environmental stand point, the utilisation of abundant WCO by 

recycling this waste into paving materials is seen as an efficient sustainable effort 

which minimises the generation of waste dumping in the landfill and illegal waste 

disposal into the drainage system, reduces the consumption of natural resource and 

preserves the environmental ecosystem as well.  When WCO is discharged into the 

river, the formation of a thin oil layer on the water surface attributes to the blockage 

of sunlight energy source to pass through, that is required by the marine 

environment.  In addition, the presence of WCO in the water system causes the 

alteration of oxygenation process by disrupting oxygen supply to the aqua marine 

ecosystem.  The increment of chemical oxygen demand (COD) due to WCO 

existence causes water contamination in the presence of poisonous compound thus 

destroying aquatic life.  Meanwhile, for residential area, WCO accumulation has 

induced drainage system blockage thus causing clogging problem, which in turn 

increases the maintenance cost to fix and monitor this issue.  Obviously, by recycling 

WCO, it can mitigate and solve the environmental problem directly. 

 

 

From an economical point of view, the cost of road construction may be 

minimised by the usage of WCO as modifier.  WCO is selected because of its low-

cost feedstock to be obtained and available abundantly (Villanueva et al., 2008).  
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Despite the cheap price, the upgraded WCO properties by chemical modification 

exhibit better rheological and mechanical performance for asphalt mixture. In 

comparison to other highly cost modifiers, WCO source has the capability to deliver 

high performance potential as compared to other modifiers.  Sustained utilisation of 

WCO as a modifier in binder will be able to drastically reduce the waste disposal of 

enormous WCO quantity. 

 

 

 The recyclability of WCO for paving material in pavement construction 

industry has proved an attempt to raise awareness among Malaysian in increasing the 

WCO management practice, thus improving the quality of social life based on the 

social standpoint.  However, this practice is still at an initial stage.  Therefore, it is 

necessary to empower public awareness campaign to encourage household toward 

proper WCO management.  The awareness campaign should briefly cover the 

negative impact of inappropriate disposal of WCO and emphasise the significance of 

WCO recycling for environmental benefits as well.  In implementing this valuable 

awareness, support from the government is required to ensure successful WCO 

recycling programmes.  The government should encourage citizens and industries 

through advertisement and provide additional information that would be helpful in 

improving the WCO recycling management. 

 

 

 

 

1.6  Summary 

 

 

 The deficiency of the rutting resistance performance exhibited by modified 

binder and asphalt mixture when dealing with oil-based source can be solved by the 

improvement of untreated WCO properties through chemical modification.  A 

comparison on the performance of binder and asphalt mix incorporating untreated 

and treated WCO, which has not been previously studied, is explored in this 

research.  In this regard, the study consists of three types of evaluation in terms of 

binder (penetration, softening point, viscosity and DSR), mechanical asphalt mixture 



260 

 

 

 

 

 

 

 

REFERENCES 

 

 

 

 

Agriculture and Food Development Authority. (2000). Waste Oils and Fats as 

Biodiesel Feedstocks. An Assessment of Their Potential in the EU, ALTENER 

Program NTB-NETT Phase IV, Task 4, Final Report, March 2000. 

Aladedunye, F. A. and Przybylski, R. (2009). Protecting Oil During Frying: A 

Comparative Study. European Journal of Lipid Science Technology, 111, 893-

901. 

Alcantara, R., Amores, J., Canoira, L., Fidalgo, E., Franco, M. J. and Navarro, A. 

(2000). Catalytic Production of Biodiesel from Soybean Oil: Used Frying Oil 

and Tallow. Biomass Bioenergy, 18, 515–527. 

Al-Omari, A. A., Khedaywi, T. S. and Khasawneh, M. A. (2018). Laboratory 

Characterization of Asphalt Binder Modified with Waste Vegetable Oil using 

SuperPave Specifications. International Journal of Pavement Research and 

Technology, 11, 68-76. 

Aluyor, E. O. and Ori-Jesu, M. (2008). The Use of Antioxidants in Vegetable Oils – 

A Review. African Journal of Biotechnology, 7(25), 4836-4842. 

American Society for Testing Materials. (2000). ASTM D907-96a. Standard 

Terminology of Adhesives. Annual book of ASTM Standard, West 

Conshohocken, PA: ASTM International. 

American Society for Testing Materials. (2007). ASTM D1980–87. Standard Test 

Method for Acid Value of Fatty Acids and Polymerized Fatty Acids, West 

Conshohocken, PA: ASTM International. 

American Society for Testing Materials. (2011a). ASTM D2041 / D2041M-11. 

Standard Test Method for Theoretical Maximum Specific Gravity and Density 

of Bituminous Paving Mixtures, West Conshohocken, PA: ASTM 

International. 



261 

 

American Society for Testing Materials. (2011b). ASTM D7369-11. Standard Test 

Method for Determining the Resilient Modulus of Bituminous Mixtures by 

Indirect Tension Test, West Conshohocken, PA: ASTM International. 

American Society for Testing Materials. (2012a). ASTM D2872-12e1. Standard Test 

Method for Effect of Heat and Air on a Moving Film of Asphalt (Rolling Thin-

Film Oven Test), West Conshohocken, PA: ASTM International.  

American Society for Testing Materials. (2012b). ASTM D6931-12. Standard Test 

Method for Indirect Tensile (IDT) Strength of Bituminous Mixtures, West 

Conshohocken, PA: ASTM International. 

American Society for Testing Materials. (2012c). ASTM E2090. Standard 

Specification Test Method for Optical and Scanning Electron Microscopy, 

Philadephia U.S.: ASTM International. 

American Society for Testing Materials. (2013). ASTM D5/D5M. Standard Test 

Method for Penetration of Bituminous Materials, West Conshohocken, PA: 

ASTM International.  

American Society for Testing Materials. (2014a). ASTM D36/D36M-14e1. Standard 

Test Method for Softening Point of Bitumen (Ring-And-Ball Apparatus), West 

Conshohocken, PA: ASTM International.  

American Society for Testing Materials. (2014b). ASTM C136/C136M-14. Standard 

Test Method for Sieve Analysis of Fine and Coarse Aggregates, West 

Conshohocken, PA: ASTM International.  

American Society for Testing Materials. (2014c). ASTM D2726 / D2726M-14. 

Standard Test Method for Bulk Specific Gravity and Density of Non-

Absorptive Compacted Bituminous Mixtures, West Conshohocken, PA: ASTM 

International. 

American Society for Testing Materials. (2015a). ASTM D4402/D4402M-15. 

Standard Test Method for Viscosity Determination of Asphalt at Elevated 

Temperatures using a Rotational Viscometer, West Conshohocken, PA: 

ASTM International.  

American Society for Testing Materials. (2015b). ASTM D7175-15. Standard Test 

Method for Determining the Rheological Properties of Asphalt Binder using 

a Dynamic Shear Rheometer, West Conshohocken, PA: ASTM International. 

American Society for Testing Materials. (2015c). ASTM C127-15. Standard Test 

Method for Relative Density (Specific Gravity) and Absorption of Coarse 



262 

 

Aggregate, West Conshohocken, PA: ASTM International.  

American Society for Testing Materials. (2015d). ASTM C128-15. Standard Test 

Method for Relative Density (Specific Gravity) and Absorption of Fine 

Aggregate, West Conshohocken, PA: ASTM International.  

American Society for Testing Materials. (2016). ASTM E203-16. Standard Test 

Method for Water Using Volumetric Karl Fischer Titration, West 

Conshohocken, PA: ASTM International.   

Andrade, I. C., Santiago, J. P., Sodre, J. R., Pathiyamattom, J. S. and Guerrero-

Fajardo, C. A. (2014). Transesterification Reaction of Waste Cooking Oil and 

Chicken Fat by Homogeneous Catalysis. Journal of Chemistry and Chemical 

Engineering, 8, 736-743.  

Antolin, G., Tinaut, F. V., Briceno, Y., Castano, V., Perez, C. and Ramirez, A. I. 

(2002). Optimization of Biodiesel Pro-Duction by Sunflower Oil 

Transesterification. Bioresource Technology, 83(2), 111-114.  

Apeagyei, A. K., Buttlar, W. G. and Dempsey, B. J. (2006). US patent 1062731. 

Antioxidant Treatments for Asphalt Binder, USA: U.S. Patent and Trademark 

Office. 

Apeagyei, A. K. (2011). Laboratory Evaluation of Antioxidants for Asphalt Binders. 

Construction and Building Materials, 25, 47–53. 

Arabani, M., Mirabdolazimi, S. M. and Sasani, A. R. (2010). The Effect of Waste 

Tire Thread Mesh on the Dynamic Behaviour of Asphalt Mixtures. 

Construction and Building Material, 24, 1060-1068.  

Asi, I. and Assa’ad, A. (2005). Effect of Jordanian Oil Shale Fly Ash on Asphalt 

Mixes. Journal of Materials in Civil Engineering, 17, 553-559. 

Asli, H. and Karim, M. R. (2011). Implementation of Waste Cooking Oil as RAP 

Rejuvenator. Journal of the Eastern Asia Society for Transportation Studies, 

9, 1336-1350. 

Asli, H., Ahmadinia, E., Zargar, M. and Karim, M. R. (2012). Investigation on 

Physical Properties of Waste Cooking Oil – Rejuvenated Bitumen Binder. 

Construction and Building Materials, 37, 398-405. 

Asphalt Institute. (2003). Mix Design Method. Manual Series No. 2 (MS-2). (6th 

Edition) pp. 55-78. 

Azahar, W. N. A. W., Bujang, M., Jaya, R. P., Hainin, M. R., Ngadi, N. and 

Abdullah, M. M. A. B. (2016). Performance of Waste Cooking Oil in Asphalt 



263 

 

Binder Modification. Key Engineering Material, 700, 216–226. 

Bahia, H. U. and Anderson, D. A. (1993). Glass Transition Behaviour and Physical 

Hardening of Asphalt Binders. Journal Association Asphalt Paving 

Technology, 62, 93-129. 

Bahia, H. U., Hanson, D. I., Zeng, M., Zhai, H., Khatri, M. A. and Anderson, M. R. 

(2001). NCHRP Report 459, Characterization of Modified Asphalt Binders in 

Superpave Mix Design. Prepared for the National Cooperative Highway 

Research Program. Transportation Research Board, National Research 

Council, Washington, D.C. 

Bahia, H. U., Hanz, A., Kanitpong, K. and Wen, H. (2007). Testing Method to 

Determine Aggregate/Asphalt Adhesion Properties and Potential Moisture 

Damage. WHRP 07-02, Wisconsin Highway Research Program, Madison, 

Wisconsin. 

Bailey, H. K. and Zoorob, S. E. (2012). The Use of Vegetable Oil in Asphalt 

Mixtures, in the Laboratory and Field. 5th Eurasphalt - Eurobitume Congress. 

13 – 15th June 2012. Istanbul, pp. 1-12. 

Bajaj, A., Lohan, P., Jha, P. N. and Mehrotra, R. (2010). Biodiesel Production 

Through Lipase Catalyzed Transesterification: An Overview. Journal of 

Molecular Catalysis B: Enzymatic, 62, 9-14. 

Banerjee, A. and Chakraborty, R. (2009). Parametric Sensitivity in 

Transesterification of Waste Cooking Oil for Biodiesel Production-A Review. 

Resources Conservation and Recycling, 53, 490 – 497. 

Bertuliene, L., Oginskas, R. and Bulevicius, M. (2011). Research of Rut Depth in 

Asphalt Pavements Reinforced with Geosynthetic Materials. The 8th 

International Conference Environmental Engineering. 19 - 20th May 2011. 

Vilnius, Lithuania, pp. 1039-1043. 

Bhasin, A. and Little, D. N. (2007). Characterization of Aggregate Surface Energy 

using the Universal Sorption Device. Journal of Material Civil Engineering, 

19, 634-641. 

Binbin, L., Meizhu, C. and Shaopeng, W. (2014). Effect of Waste Edible Vegetable 

Oil on High Temperature Properties of Different Aged Asphalts. Key 

Engineering Material, 599, 135-140. 

Borhan, M. N., Suja, F., Ismail, A. and Rahmat, R. A. O. K. (2007). Used Cylinder 

Oil Modified Cold-Mix Asphalt Concrete. Journal of Applied Science, 7(22), 



264 

 

3485-3491. 

Borhan, M. N., Suja, F., Ismail, A. and Rahmat, R. A. O. K. (2009). The Effects of 

Used Cylinder Oil on Asphalt Mixes. European Journal of Scientific 

Research, 28(3), 398-411. 

British Standards Institution. (1990). BS 812-105.2. Testing Aggregates. Methods for 

Determination of Particle Shape. Elongation Index of Coarse Aggregate. 

British Standards Institution.   

British Standards Institution. (2005). BS EN 12697-25. Bituminous mixtures - Test 

methods for hot mix asphalt - Part 25: Cyclic compression test. London: 

British Standards Institution. 

British Standards Institution. (2010). BS EN 1097-2. Tests for Mechanical and 

Physical Properties of Aggregates. Part 2: Method of Determination of 

Resistance to Fragmentation. London: British Standards Institution.   

British Standards Institution. (2012). BS EN 933-3. Test for Geometrical Properties 

of Aggregate. Part 3: Determination of Particle Shape-Flakiness Index. 

British Standards Institution.     

Brownridge, J. (2010). The Role of an Asphalt Rejuvenator in Pavement 

Preservation: Use and Need for Asphalt Rejuvenation. 1st International 

Conference on Pavement Preservation. 13th – 15th April 2010. Newport 

Beach CA, United States, pp. 351–364. 

Canakci, M. and Gerpen, J. V. (1999). Biodiesel Production via Acid Catalysis. 

Transaction American Society of Agricultural Engineers, 42(5), 1203–1210. 

Castellanelli, C. A. (2007). Analyzes of the Used Oil Under Environmental 

Perspective and Its Possibilities for Production of Biodiesel. Courtesy of 

UFSM – Federal University of Santa Maria. 

Chebil, S., Chaala, A. and Roy, C. (2000). Use of Softwood Bark Charcoal as a 

Modifier for Road Bitumen. Fuel, 79, 671-683. 

Chen, Y., Xiao, B., Chang, J., Fu, Y., Lv, P. and Wang, X. (2009). Synthesis of 

Biodiesel from Waste Cooking Oil using Immobilized Lipase in Fixed Bed 

Reactor. Energy Conversion and Management, 50(3), 668-673.  

Chen, M., Leng, B., Wu, S. and Sang, Y. (2014a). Physical, Chemical and 

Rheological Properties of Waste Edible Vegetable Oil Rejuvenated Asphalt 

Binders. Construction and Building Materials, 66, 286–298. 

Chen, M., Xiao, F., Putman, B., Leng, B. and Wu, S. (2014b). High Temperature 



265 

 

Properties of Rejuvenating Recovered Binder with Rejuvenator, Waste 

Cooking and Cotton Seed Oils. Construction and Building Materials, 59, 10–

16. 

Chhetri, A. B., Watts, K. C. and Islam, M. R. (2008). Waste Cooking Oil as an 

Alternate Feedstock for Biodiesel Production. Energies, 1(1), 3-18.  

Choe, E. and Min, D. B. (2007). Chemistry of Deep-Fat Frying Oils. Journal of Food 

Science, 72(5), 1–10. 

Choudhary, M. and Grover, K. (2013). Effect of Deep-Fat Frying on 

Physicochemical Properties of Rice Bran Oil Blends. IOSR Journal of 

Nursing and Health Science, 1, 1-10. 

Chu, Y. H. and Kung, Y. H. (1997). A Study on Oxidative Stability of Vegetables 

Oil Blends. Shipin Kexue, 24(4), 389-397. 

Chung, J., Lee, J. and Choe, E. (2004). Oxidative Stability of Soybean and Sesame 

Oil Mixture During Frying of Flour Dough. Journal of Food Science, 69, 

574–578. 

Cvengroš, J. and Cvengrošová, Z. (2004). Used Frying Oils and Fats and Their 

Utilization in the Production of Methyl Esters of Higher Fatty Acids. Biomass 

and Bioenergy, 27(2), 173-181.  

Dana, D., Blumenthal, M. M. and Saguy, I. S. (2003). The Protective Role of Water 

Injection on Oil Quality in Deep Fat Frying Conditions. European Food 

Research and Technology, 217, 104–109. 

De Oliviera, R. R. L., Albuquerque, D. A. C., Cruz, T. G. S., Yamaji, F. M. and 

Leite, F. L. (2012). Measurement of the Nanoscale Roughness by Atomic 

Force Microscopy: Basic Principles and Applications. Bellitto, V. (Ed.) 

Atomic Force Microscopy–Imaging, Measuring and Manipulating Surfaces 

At The Atomic Scale (pp. 147-174). Rijeka, Croatia: Intech, ISBN: 978-953-

51-0414-8. (Chapter 7).  

El-Fadel, M. and Khoury, R. (2001). Strategies for vehicle waste-oil Management: A 

Case Study. Resources, Conservation and Recycling, 33, 75–91. 

EPA (2016). Learn About Biodiesel. Retrieved July 1, 2016, from 

https://www3.epa.gov/region9/waste/biodiesel/questions.html. 

Felizardo, P., Neiva Correia, M. J., Raposo, I., Mendes, J. F., Berkemeier, R. and 

Bordado, J. M. (2006). Production of Biodiesel from Waste Frying Oils. 

Waste Management, 26, 487–94. 



266 

 

Fernando, S., Karra, P., Hernandez, R. and Jha, S. K. (2007). Effect of Incompletely 

Converted Soybean Oil on Biodiesel Quality. Energy, 32(5), 844–851. 

Flame Ionisation Detector (FID) Principles. www.combustion.com. Assessed on 31 

May 2016. 

Freemantle, M. (1999). Asphalt. Chemical and Engineering News, 77(47), pg. 81. 

Frega, N., Mozzon, M. and Lecker, G. (1999). Effects of Free Fatty Acids on 

Oxidative Stability of Vegetable Oil. Journal of American Oil Chemists 

Society, 76, 325–329. 

Gerhard, K., Jurgen, K. and Jon, V. G. (2004). The Biodiesel Handbook. (2nd ed.) 

Urbana, Illinois: AOCS Press pp. 53. 

Gertz, C. (2000). Chemical and Physical Parameters as Quality Indicators of Used 

Frying Fats, Euro Lipid. Science Technology, 102, 566-572. 

Gómez-Alonso, S., Fregapane, G., Salvador, M. D. and Gordon, M. H. (2003). 

Changes in Phenolic Composition and Antioxidant Activity of Virgin Olive 

Oil During Frying. Journal of Agricultural and Food Chemistry, 51, 667-672. 

Gong, M., Yang, J., Zhang, J., Zhu, H. and Tong, T. (2016). Physical-chemical 

Properties of Aged Asphalt Rejuvenated by Bio-Oil Derived from Biodiesel 

Residue. Construction and Building Materials, 105, 35-45. 

Guarin, A., Khan, A., Butt, A. A., Birgisson, B. and Kringos, N. (2016). An 

Extensive Laboratory Investigation of the Use of Bio-Oil Modified Bitumen 

in Road Construction. Construction and Building Materials, 106, 133-139. 

Gui, M. M., Lee, K. T. and Bhatia, S. (2008). Feasibility of Edible Oil Versus Non-

Edible Oil Versus Waste Edible Oil as Biodiesel Feedstock. Energy, 33, 

1646–1653. 

Hainin, M. R., Warid, M. N. M., Izzul, R., Ruzaini, M. K. and Yusak, M. I. M. 

(2014). Investigations of Rubber Dipping By-Product on Bitumen Properties. 

Advanced Material Research, 911, 449–453. 

Hamad, B. S., Rteil, A. A. and El-fadel, M. (2003). Effect of Used Engine Oil on 

Properties of Fresh and Hardened Concrete. Construction and Building 

Materials, 17, 311–318. 

Hamzah, M. O., Jaya, R. P., Prasetijo, J. and Khairun, A. M. A. (2009). Effects of 

Temperature and Binder Type on the Dynamic Creep of Asphaltic Concrete 

Incorporating Geometrically Cubical Aggregates Subjected To Ageing. 

Modern Applied Science, 3(7), 3-14. 



267 

 

Hassan, N. A., Airey, G. D., Md. Yusoff, N. I., Hainin, M. R., Putrajaya, R., 

Abdullah, M. E. and Aziz, M. M. A. (2015). Microstructural Characterization 

Of Dry Mixed Rubberized Asphalt Mixtures. Construction and Building and 

Materials, 82, 173–183. 

Hassani, M., Amini, G., Najafpour, G. D. and Rabiee, M. (2013). A Two-Step 

Catalytic Production of Biodiesel from Waste Cooking Oil. International 

Journal of Engineering, 26(6), 563-570. 

Hefer, A. and Little, D. (2005). Adhesion in Bitumen-Aggregates System and 

Quantification of the Effect of Water on the Adhesive Bond. Research Report 

ICAR /505-1, Texas Transportation Institute, pp. 22.  

Herrington, P. R. (1992). Use of Refined Oil Distillation Bottoms as Extenders for 

Roading Bitumens. Journal of Materials Science, Springer Netherlands, 27, 

6615-6626. 

Hitachi Ultra High Resolution Scanning Electron Microscope (FESEM). Model SU 

8020. http://www. hitachi. hitec.com/global/em/ 

Houhoula, D. P., Oreopoulou, V. and Tzia, C. (2003). The Effect of Process Time 

and Temperature on the Accumulation of Polar Compounds in Cottonseed 

Oil During Deep-Fat Frying. Journal of the Science of Food and Agricultural, 

83, 314–319. 

Hwang, H. and Erhan, S. Z. (2001). Modification of Epoxidized Soybean Oil for 

Lubricant Formulations with Improved Oxidative Stability and Low Pour 

Point. Journal of the American Oil Chemists’ Society, 78(12), 1179-1184. 

Jabatan Kerja Raya Malaysia (JKR) (2008). Standard Specification for Road Works, 

Section 4: Flexible Pavement. No. JKR/SPJ/2008-S4, pp. S4-58-S4-69. 

Jager, A., Lackner, R., Eisenmenger-Sitter, C. and Blab, R. (2004). Identification of 

Four Materials Phases in Bitumen by Atomic Force Microscopy. Roads 

Materials and Pavement Design, 5, 9-24. 

Jose, P. A. M., Jorge, S. D., Vivian, B. M., Ellen, R. C., Fabricio, L. V. and Luis, L. 

S. (2015). Morphological Analysis of Bitumen Phases Using Atomic Force 

Microscopy. Roads Materials and Pavement Design, 16(1), 138-152. 

Junan, S., Amirkhanian, S., Feipeng, X. and Boming. T. (2009). Influence of Surface 

Area and Size of Crumb Rubber on High Temperature Properties of Crumb 

Rubber Modified Binders. Construction and Building Materials, 23, 304–

310. 

http://www/


268 

 

Kabir, I., Yacob, M. R. and Radam, A. (2014).  Households’ Awareness, Attitudes 

and Practices Regarding Waste Cooking Oil Recycling in Petaling, Malaysia. 

IOSR-Journal of Environmental Science, Toxicology and Food Technology, 

8(10), 45-51. 

Kandhal, P. S. and Cooley Jr., L. A. (2003). NCHRP Report 508: Accelerated 

Laboratory Rutting Tests: Evaluation of the Asphalt Pavement Analyzer. 

Transportation Research Board, Washington, DC. 

Katamine, N. M. (2000). Physical and Mechanical Properties of Bituminous 

Mixtures Containing Oil Shales. Journal of Transportation Engineering-

ASCE, 126(2), 178-184. 

Kheang, L. S., May, C. Y., Foon, C. S. and Ngan, M. A. (2006). Recovery and 

Conversion of Palm Olein-Derived Used Frying Oil to Methyl Esters for 

Biodiesel. Journal of Oil Palm Research, 18, 247-252.  

Knothe, G. and Steidly, K. R. (2009). A Comparison of Used Cooking Oils: A Very 

Heterogeneous Feedstock for Biodiesel. Bioresource Technology, 100(23), 

5796-5801. 

Koh, W. F. E., Abdul Hamid, A., Pak Dek, M. S., Tan, C. P. and Mohd Zainudin, M. 

A.  (2014). Changes of Major Antioxidant Compounds and Radical 

Scavenging Activity of Palm oil and Rice Bran Oil During Deep-Frying. 

Antioxidants, 3, 502-515. 

Kulkarni, M. G. and Dalai, A. K. (2006). Waste Cooking Oil - An Economical 

Source for Biodiesel: A Review. Industrial and Engineering Chemistry 

Research, 45(9), 2901–2913. 

Kumar Tiwari, A., Kumar, A. and Raheman, H. (2007). Biodiesel Production from 

Jatropha Oil (Jatropha curcas) with High Free Fatty Acids: An Optimized 

Process. Biomass Bioenergy, 31, 569–575. 

Lam, M. K., Lee, K. T. and Mohamed, A. R. (2010). Homogeneous, Heterogeneous 

and Enzymatic Catalysis for Transesterification of High Free Fatty Acid Oil 

(Waste Cooking Oil) to Biodiesel: A Review. Biotechnology Advances, 28, 

500-518. 

Le Guern, M., Chailleux, E., Farcas, F., Dreesen, S. and Maibille, I. (2010). Physico-

Chemical Analysis of Five Hard Bitumens: Identification of Chemical 

Species and molecular Organization Before and After Artificial Aging. Fuel, 

89, 3330–3339. 



269 

 

Leong, X. F., Ng, C. Y., Jaarin, K. and Mustafa, M. R. (2015). Effects of Repeated 

Heating of Cooking Oils on Antioxidant Content and Endothelial Function. 

Austin Journal of Pharmacology and Therapeutics, 3(2), 1068.   

Lesueur, D. (2009). The Colloidal Structure of Bitumen: Consequences on the 

Rheology and on the Mechanisms of Bitumen Modification. Advance In 

Colloidal and Interface Science, 145(1-2), 42-82. 

Leung, D. Y. C. and Guo, Y. (2006). Trans-Esterification of Neat and Used Frying 

Oil: Optimization for Biodiesel Production. Fuel Processing Technology, 87, 

883-890. 

Leung, D. Y.C., Wu, X. and Leung, M. K. H. (2010). A Review on Biodiesel 

Production using Catalyzed Transesterification. Applied Energy, 87(4), 1083–

1095. 

Loeber, L., Sutton, O., Morel, J., Valleton, J. M. and Muller, G. (1996). New Direct 

Observation of Asphalt and Asphalt Binder by Scanning Electron Microscopy 

and Atomic Force Microscopy. Journal of Microscopy, 182(1), 32-39. 

Lotero, E., Liu, Y., Lopez, D. E., Suwannakarn, K., Bruce, D. A. and Goodwin Jr, J. 

G. (2005). Synthesis of Biodiesel Via Acid Catalysis. Industrial and 

Engineering Chemistry Research, 44, 5353–5363. 

Lu, X. and Isacsson U. (2002). Effect of Ageing on Bitumen Chemistry and 

Rheology. Construction and Building Materials, 16, 15-22. 

Ma, F. and Hanna, M. A. (1999). Biodiesel Production: A Review. Bioresource 

Technology, 70, 1-15.  

Maharaj, R., Harry, V. R. and Mohamed, N. (2015). Rutting and Fatigue Cracking 

Resistance of Waste Cooking Oil Modified Trinidad Asphaltic Materials. The 

Scientific World Journal, DOI 10.1155/2015/385013. 

Mahrez, A. and Karim, M. R. (2010). Rheological Evaluation of Bituminous Binder 

Modified with Waste Plastic Material. 5th International Symposium on 

Hydrocarbons & Chemistry (ISHC5). 23rd –25th May 2010. Sidi Fredj, 

Algiers, 1-7. 

Malik, R. B. and Tahar, E. K. (2009). Pavement Engineering – Principle and 

Practice. (1st ed) Broken Sound Parkway, NW: CRC Press, Taylor & Francis 

Group. pp 218. 

Maneerung, T., Kawi, S., Dai, Y. and Wang, C. H. (2016). Sustainable Biodiesel 

Production Via Transesterification of Waste Cooking Oil by Using CaO 



270 

 

Catalysts Prepared from Chicken Manure. Energy Conversion and 

Management, 123, 487–497. 

Math, M. C., Kumar, S. P. and Chetty, S. V. (2010). Technologies for Biodiesel 

Production from Used Cooking Oil – A Review. Energy for Sustainable 

Development, 14(4), 339–345. 

Mazza, G. and Qi, H. (1992). Effect of After-Cooking Darkening Inhibitors on 

Stability of Frying Oil and Quality of French Fries. Journal American Oil 

Chemist Society, 69, 847–853. 

McGennis, R. B., Anderson, R. M., Kennedy, T. W. and Solaimanian, M. (1995). 

Background of Superpave Asphalt Mixture Design and Analysis. Federal 

Highway Administration (FHWA), Report No. FHWA-SA-95-003, July 

1995, pp 1-3.  

McLeod, N. W. (1972). A 4-year Survey of Low Temperature Transverse Pavement 

Cracking On Three Ontario Test Roads. Proceedings of the Association of 

Asphalt Paving Technologists, 41, 424-493. 

McLeod, N. W. (1976). Asphalt Cements: Pen - Vis Number and Its Application to 

Moduli of Stiffness. ASTM Journal, Special Technical Publication 941. 

Miljković, M. and Radenberg, M. (2011). Rutting Mechanisms and Advanced 

Laboratory Testing of Asphalt Mixtures Resistance Against Permanent 

Deformation. Architecture and Civil Engineering, 9(3), 407 – 417. 

Min, D. B. and Boff, J. M. (2002). Lipid Oxidation of Edible Oil. In: Akoh, C. C. 

and Min, D. B. (Ed.) Food Lipids-Chemistry, Nutrition, and Biotechnology. 

2nd ed. (pp. 344). New York: CRC Press, Marcel Dekker Inc. 

Mittelbach, M. and Enzelsberger, H. (1999). Transesterification of Heated Rapeseed 

Oil for Extending Diesel Fuel. Journal of American Oil Chemist Society, 

76(5), 545-550. 

Mittelbach, M. and Schober, S. (2003). Influence of Antioxidant on the Oxidation 

Stability of Biodiesel. Journal of American Oil Chemist’s Society, 80, 817-

823. 

Moghaddam, T. B., Karim, M. R. and Abdelaziz, M. (2011). A Review on Fatigue 

and Rutting Performance of Asphalt Mixes. Scientific Research and Essays, 

6(4), 670–682. 

Moraes, R., Velasquez, R. and Bahia, H. (2011). Measuring Effect of Moisture on 

Asphalt-Aggregate Bond with the Bitumen Bond Strength Test. 



271 

 

Transportation Research Board Annual Meeting, Washington, D.C. 

Mounes, S. M., Karim, M. R., Khodaii, A. and Almasi, M. H. (2014). Improving 

Rutting Resistance of Pavement Structures using Geosynthetics: An 

Overview. The Scientific World Journal, 

http://dx.doi.org/10.1155/2014/764218. 

Mounts, T. L., Warner, K., List, G. R., Neff, W. E. and Wilson, R. F. (1994). Low-

Linolenic Acid Soybean Oils—Alternatives To Frying. Journal of the 

American Oil Chemists’ Society, 77, 223–229. 

Navarro, F. J., Partal, P., Martínez-Boza, F. and Gallegos, C. (2004). 

Thermorheological Behaviour and Storage Stability of Ground Tire Rubber 

Modified Bitumen. Fuel, 83, 2041-2049. 

Nelson, L., Foglia, T. and Marmer, W. (1996). Lipase-catalyzed Production of 

Biodiesel. Journal of the American Oil Chemists Society, 73(9), 1191–1195. 

Nurdin, S., Yunus, R. M., Nour, A. H., Gimbun, J., Azman, N. A. N. and Sivaguru, 

M. V. (2016). Restoration of Waste Cooking Oil (WCO) Using Alkaline 

Hydrolysis Technique (ALHYT) for Future Biodetergent. ARPN Journal of 

Engineering and Applied Science, 11(10), 6405-6410.  

Ouyang, C., Wang, S., Zhang, Y. and Zhang, Y. (2006). Improving the Aging 

Resistance of Styrene-Butadiene-Styrene Tri-Block Copolymer Modified 

Asphalt by Addition of Antioxidant. Polymer Degradation and Stability, 

91(4), 795-804. 

Patil, P. D., Gude, V. G., Reddy, H. K., Muppaneni, T. and Deng, S. (2012). 

Biodiesel Production from Waste Cooking Oil using Sulfuric Acid and 

Microwave Irradiation Processes. Journal of Environmental Protection, 3, 

107-113. 

Phan, A. N. and Phan, T. M. (2008). Biodiesel Production from Waste Cooking Oils. 

Fuel, 87, 3490–3496. 

Polarity Handout (2005). Retrieved on March 3, 2016, from 

http://www.columbia.edu/cu/biology/course/c2005/handout/polar1.pdf. 

Raouf, M. A. and Williams, R. C. (2010). Temperature Susceptibility of Non-

Petroleum Binders Derived from Bio-Oils. Conference paper at The 7th Asia 

Pasific Conference on Transportation and the Environment. 3-5th June 2010. 

Semarang, Indonesia, 1-10.  

Rashid, U. and Anwar, F. (2008). Production of Biodiesel Through Optimized 



272 

 

Alkaline Catalyzed Trans-Esterification of Rapeseed Oil. Fuel, 87, 265–273. 

Read, J. M. and Whiteoak, D. (2003). The Shell Bitumen Handbook. Fifth Edition. 

Thomas Telford Publishing, Thomas Telford Ltd, 1 Heron Quay, London 

E144JD, 62-66, 136. 

Robert, N. H. (2000). Asphalt in Roads Construction. American Society of Civil 

Engineering, London: Thomas Telford Publications, pp. 75. 

Robert, F. L., Kandhal, P. S., Brown, E. R., Kim, Y. R., Lee, D. Y. and Kennedy, T. 

W. (2009). Hot Mix Asphalt Materials, Mixture, Design, and Construction. 

(3rd ed.). Lanham, Maryland: NAPA Research and Educational Foundation. 

Robert, W. M., Potta, C. J. and Howeb, J. S. D. (2013). The Purification of Crude 

Glycerol Derived from Biodiesel Manufacture and Its Use as a Substrate by 

Rhodopseudomonas palustris to Produce Hydrogen. Bioresource Technology, 

152, 464-470. 

Robertson, R. E. (2000). Chemical Properties of Asphalt and Their Effects on 

Pavement Performance. In Transportation Research Board, No. 499, 

Washington, D.C. 

Sakai, T., Kawashima, A. and Koshikaw, T. (2013). Economic Assessment of Batch 

Biodiesel Production Processes Using Homogeneous and Heterogeneous 

Alkali Catalysts. Bioresource Technology, 100, 3268-3276. 

Sanli, H., Canakci, M. and Alptekin, E. (2011). Characterization of Waste Frying Oil 

Obtained from Different Facilities. World Renewable Energy Congress 2011. 

8-13 May 2011. Linkoping, Sweden, Bioenergy Technology, 479-485. 

Sengoz, B. and Topal, A. (2005).Use of Asphalt Roofing Shingle Waste in HMA. 

Journal of Construction and Building Materials, 19, 337-346. 

Sengoz, B. and Isikyakar, G. (2008). Analysis of Styrene-Butadiene-Styrene Polymer 

Modified Bitumen Using Fluorescent Microscopy and Conventional Test 

methods. Journal of Hazardous Materials, 150, 424–432. 

Shimada, Y., Watanabe, Y., Samukawa, T., Sugihara, A., Noda, H. and Fukuda, H. 

(1999). Conversion of Vegetable Oil to Biodiesel Using Immobilized 

Candida Antarctica Lipase. Journal of the American Oil Chemists Society, 

76(7), 789–793. 

Shimadzu Fourier Transform Infrared Spectrophotometer (FTIR) IRTracer-100. 

(2013). www. shimadzu.com/an/. C103-E091. 

Silitonga, A. S., Masjuki, H. H., Mahlia, T. M. I., Ong, H. C., Atabani, A. E. and 



273 

 

Chong, W. T. (2013). A Global Comparative Review of Biodiesel Production 

From Jatropha Curcas using Different Homogeneous Acid and Alkaline 

Catalysts: Study of Physical and Chemical Properties. Renewable and 

Sustainable Energy Reviews, 24, 514–533. 

Singh, M., Kumar, P. and Maurya, M. R. (2013). Strength Characteristics of SBS 

Modified Asphalt Mixes with Various Aggregates. Construction and Building 

Materials, 41, 815-823. 

Singhabhandhu, A. and Tezuka, T. (2010). The Waste-To-Energy Framework for 

Integrated Multi-Waste Utilization: Waste Cooking Oil, Waste Lubricating 

Oil, and Waste Plastics. Energy, 35(6), 2544–2551. 

Some, S. C., Pavoine, A. and Chailleux, E. (2016a). Evaluation of the Potential Use 

of Waste Sunflower and Rapeseed Oil–Modified Natural Bitumen as Binder 

for Asphalt Pavement Design. International Journal of Pavement Research 

and Technology, 9, 368-375. 

Some, S. C., Gaudefroy, V. and Delaunay, D. (2016b). Effect of Vegetable Oil 

Additives on Binder and Mix Properties: Laboratory and Field Investigation. 

Material and Structures, 49, 2197-2208. 

Su, C. (2013). Recoverable and Reusable Hydrochloric Acid Used as a 

Homogeneous Catalyst for Biodiesel Production. Applied Energy, 104, 503-

509. 

Sun, Z., Yi, J., Huang, Y., Feng, D. and Guo, C. (2015). Investigation of the Potential 

Application of Biodiesel By-Product as Asphalt Modifier. Road Materials and 

Pavement Design, 17(3), 737-752. 

Sun, Z., Yi, J., Huang, Y., Feng, D. and Guo, C. (2016). Properties of Asphalt Binder 

Modified by Bio-Oil Derived from Waste Cooking Oil. Construction and 

Building Materials, 102, 496–504.  

Tabatabaee, N., Tabatabaee, H. A., Sabouri, M. R. and Teymourpour, P. (2009). 

Evaluation of Performance Grading Parameters for Crumb Rubber Modified 

Asphalt Binders and Mixtures. Proceedings of 7th International RILEM 

Symposium on Advanced Testing and Characterization of Bituminous 

Materials. 1. May 2009. Rhodes, Greece, 1-11. 

Tariqa, M., Ali, S. and Khalid, N. (2012). Activity of Homogeneous and 

Heterogeneous Catalysts, Spectroscopic and Chromatographic 

Characterization of Biodiesel. Renewable and Sustainable Energy Reviews, 



274 

 

16, 6303-6316. 

Tarrar, A. R. and Wagh, V. P. (1992). The Effect of the Physical and chemical 

Characteristics of the Aggregate on Bonding. Report SHRP-A/UIR-91-507. 

Washington, D.C.: Strategic Highway Research Program, National Research 

Council. 

Tayfur, S., Ozen, H. and Aksoy, A. (2007). Investigation of Rutting Performance of 

Asphalt Mixtures Containing Polymer Modifiers. Construction and Building 

Materials, 21, 328-337. 

Teymourpour, P., Sillamäe, S. and Bahia, H. U. (2015). Impacts of Lubricating Oils 

on Rheology and Chemical Compatibility of Asphalt Binders. Road Materials 

and Pavement Design, 16, 50-74. 

Tia, M. (2003). Bituminous Materials and Mixtures. Civil Engineering Handbook. 

Boca Raton, Florida: CRC press Inc, pp. 436-451. 

Tseng, Y. C., Moreira, R. G. and Sun, X. (1996). Total Frying—Use Time Effects on 

Soybean Oil Deterioration and On Tortilla Chip Quality. International Journal 

of Food Science & Technology, 31, 287– 294. 

Tyagi, V. K. and Vasishtha, A. K. (1996). Changes in the Characteristics and 

Composition of Oils During Deep-Fat Frying. Journal of the American Oil 

Chemists’ Society, 73, 499–506. 

Udomsap, P., Chollacoop, N., Topaiboul, S. and Hirotsu, T. (2009). Effect of 

Antioxidant on the Oxidative Stability of Waste Cooking Oil Based Biodiesel 

Under different storage Conditions. International Journal of Renewable 

Energy, 4(2), 47-59. 

Ullah, J., Hamayoun, M., Ahmad, T., Ayub, M. and Zarafullah, M. (2003). Effect of 

Light, Natural and Synthetic Antioxidants on Stability of Edible Oil and Fats. 

Asian Journal of Plant Science, 2(17-24), 1192-1194. 

Ullah, Z., Bustam, M. A. and Man, Z. (2014). Characterization of Waste Palm 

Cooking Oil For Biodiesel Production. International Journal of Chemical 

Engineering and Applications, 5(2), 134-137. 

Villanueva, A., Susanna, H. and Zanzotto, L. (2008). Asphalt Modification with 

Used Lubricating Oil. Canadian Journal of Civil Engineering, 35, 148–157. 

Volpe, C. D. and Siboni, S. (2000). Acid Base Surface Free Energies of Solids and 

the Definition of Scales in the Good Van Oss Chaudhury Theory. Journal of 

Adhesive Science Technology, 14(2), 235-272. 



275 

 

Wang, Y., Ou, S., Liu, P. and Zhang, Z.  (2007). Preparation of Biodiesel From 

Waste Cooking Oil Via Two-Step Catalyzed Process. Energy Conversion and 

Management, 48(1), 184–188. 

Warner, K. and Mounts, T. L. (1993). Frying Stability of Soybean and Canola Oils 

with Modified Fatty Acid Compositions. Journal of the American Oil 

Chemists’ Society, 70, 983–988. 

Warner, K., Orr, P., Parrott, L. and Glynn, M. (1994). Effects of Frying Oil 

Composition on Potato Chip Stability. Journal of the American Oil Chemists’ 

Society, 71, 1117–1121. 

Wen, Z., Yu, X., Tu, S. T., Yan, J. and Dahlquist, E. (2010). Biodiesel Production 

from Waste Cooking Oil Catalyzed by TiO2-MgO Mixed Oxides. Bioresource 

Technology, 101, 9570-9576. 

Wen, H., Bhusal, S. and Wen, B. (2013). Laboratory Evaluation of Waste Cooking 

Oil-Based Bioasphalt as an Alternative Binder for Hot Mix Asphalt. Journal 

of Materials in Civil Engineering, 25(10), 1432–1437. 

Whiteoak, D., Read, J. and Hunter, R. (2003). The Shell Bitumen Handbook. London, 

UK: Thomas Telford Publishing. 

Wu, S., Pang, L., Mo, L., Chen, Y. and Zhu, G. (2009). Influence of Aging on the 

Evolution of Structure, Morphology and Rheology of Base and SBS Modified 

Bitumen. Construction and Building Materials, 23(2), 1005–1010. 

Xiao, F. P., Amirkhanian, S. N. and Juang, C. H. (2007). Rutting Resistance of 

Rubberized Asphalt Concrete Pavements Containing Reclaimed Asphalt 

Pavement Mixtures. Journal of Materials in Civil Engineering, 19, 475-483. 

X-Ray Diffraction (XRD). Retrieved on May 31, 2016, from web.pdx.edu. 

Xu, M., Yi, J., Feng, D., Huang, Y. and Wang, D. (2016). Analysis of Adhesive 

Characteristic of Asphalt Based On Atomic Force Microscopy and Molecular 

Dynamics Simulation. ACS Applied Materials and Interfaces, 8(19), 12393-

12403. 

Yaakob, Z., Mohammad, M., Alherbawi, M., Alam, Z. and Sopian, K. (2013). 

Overview of the Production of Biodiesel from Waste Cooking Oil. Renewable 

and Sustainable Energy Reviews, 18, 184–193. 

Yang, X., You, Z., Dai, Q. and Mills-Beale, J. (2014). Mechanical Performance of 

Asphalt Mixtures Modified by Bio-Oils Derived from Waste Wood Resources. 

Construction and Building Materials, 51, 424–431. 



276 

 

Yao, H. and You, Z. (2016). Effectiveness of Micro and Nanomaterials in Asphalt 

Mixtures Through Dynamic Modulus and Rutting Tests. Journal of 

Nanomaterials, http://dx.doi.org/10.1155/2016/2645250, 1-14. 

Zargar, M., Ahmadinia, E., Asli, H. and Karim, M. R. (2012). Investigation of the 

Possibility of Using Waste Cooking Oil as a Rejuvenating Agent for Aged 

Bitumen. Journal of Hazardous Materials, 233-234, 254–258. 

Zaumanis, M., Mallick, R. B. and Frank, R. (2013). Use of Rejuvenators for 

Production of Sustainable High Content RAP Hot Mix Asphalt. The XXVIII 

International Baltic Road Conference. August 2013. Vilnius, Lithuania, 1-10. 

Zhang, H., Wang, Q. and Mortimer, S. R. (2012). Waste Cooking Oil as an Energy 

Resource: Review of Chinese Policies. Renewable and Sustainable Energy 

Reviews, 16(7), 5225–5231. 

Zhanping, Y., Julian, M. B., Justin, M. F., Samit, R., Gregory, M. O., Qingli, D. and 

Shu, W. G. (2011). Nanoclay-Modified Asphalt Materials: Preparation and 

Characterization. Construction and Building Materials, 25, 1072–1078. 

Zhao, Y. (2002). Permanent Deformation Characterization of Asphalt Concrete 

Using a Viscoelastoplastic Model. Doctor of Philosophy. NC State University, 

Department of Civil Engineering, Raleigh, North Carolina. 

Zlatanic, A., Lava, C., Zhang, W. and Petrovic, Z. S. (2004). Effect of Structure on 

Properties of Polyols and polyurethanes based on Different Vegetable Oils. 

Journal of Polymer Science: Polymer Physics, 42(5), 809–819. 

 

 

 

  




