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Recycling of waste is an optional approach across industries to reduce environmental harm and turn it into sustainable and valuable resource alternatives. This paper addresses recycling of food industry waste through exploring potential use to enhance damaged asphalt binder used in roadways. The two wastes, spent coffee grounds (SCG) and waste cooking oil (WCO) were subjected to different levels of oxidation after which their physical and chemical properties were analyzed. Results show that oxidation significantly affects the oils by increasing the release of fatty acids and breaking of double bonds. The latter, in addition to polymerization and release of high molecular weight compounds, increases the viscosities of the oils while retaining their Newtonian behavior. As such, oxidation may be able to effectively customize physicochemical properties of oils, namely viscosity, for their reported application as asphalt binder rejuvenators.

The rejuvenated binder can then be reused in production of asphalt for low traffic roadways.

Introduction

Increased environmental awareness combined with an ever-growing concern of depleting natural resources have encouraged researchers to explore new methods to reduce waste generation, recycle and reuse material and by-products of the various industries. Waste Cooking Oil (WCO), comprising of residual oils generated from households as well as the food industry, and Spent Coffee Grounds (SCG), a waste generated by coffee brewing, are two types of food wastes present in large quantities and pose environmental concerns. According to [START_REF] Li | Bio-lubricants Derived from Waste Cooking Oil with Improved Oxidation Stability and Low-temperature Properties[END_REF], more than 18 million tons of WCO are produced annually worldwide in addition to 8.8 million tons of coffee traded annually as reported by the International Coffee Organization (ICO, 2015).

Waste cooking oil is considered to have detrimental effects on the environment mainly by altering oxygen levels of water due to the formation on an impermeable layer that covers the surface. Moreover, during the degradation of WCO toxic compounds are released which may be ingested by aquatic animals and thus get transmitted back into the human food chain [START_REF] Kabir | Households' Awareness, Attitudes and Practices Regarding Waste Cooking Oil Recycling in Petaling, Malaysia[END_REF]. Similarly, it has been reported that during decomposition, SCG requires high oxygen demand whilst it releases organic matter along with other contaminants such as caffeine, tannins and polyphenols into the environment [START_REF] Mussatto | Production, composition, and application of coffee and its industrial residues[END_REF].

For these reasons and in attempts to reduce the dependency on fossil fuels and abate competition with oils from food sources, numerous studies have focused on the recycling and reuse of waste vegetable oils in various applications including the production of biodiesel, biochar as well as lubricants [START_REF] Al-Hamamre | Oil extracted from spent coffee grounds as a renewable source for fatty acid methyl ester manufacturing[END_REF][START_REF] Kulkarni | Waste cooking oil-an economical source for biodiesel: A review[END_REF][START_REF] Li | Bio-lubricants Derived from Waste Cooking Oil with Improved Oxidation Stability and Low-temperature Properties[END_REF][START_REF] Phimsen | Oil extracted from spent coffee grounds for bio-hydrotreated diesel production[END_REF][START_REF] Vardon | Complete Utilization of Spent Coffee Grounds To Produce Biodiesel, Bio-Oil, and Biochar[END_REF][START_REF] Yaakob | Overview of the production of biodiesel from Waste cooking oil[END_REF]. On the other hand, several options to reduce the environmental impact of SCG have been explored [START_REF] Mussatto | Production, composition, and application of coffee and its industrial residues[END_REF]. As alternative to landfills, SCG has been used in animal feed [START_REF] Givens | Invivo Evaluation of Spent Coffee Grounds as a Ruminant Feed[END_REF], the production of organic compost or as fertilizer [START_REF] Adi | Waste recycling: Utilization of coffee grounds and kitchen waste in vermicomposting[END_REF][START_REF] Liu | Evaluation of three composting systems for the management of spent coffee grounds[END_REF][START_REF] Vardon | Complete Utilization of Spent Coffee Grounds To Produce Biodiesel, Bio-Oil, and Biochar[END_REF], anaerobic digestion [START_REF] Dinsdale | The mesophilic and thermophilic anaerobic digestion of coffee waste containing coffee grounds[END_REF], or even as solid fuel [START_REF] Kondamudi | Spent Coffee Grounds as a Versatile Source of Green Energy[END_REF]. Other applications also include the use of SCG as absorbents to remove heavy metals [START_REF] Lavecchia | Removal of lead from aqueous solutions by spent tea leaves[END_REF] and cationic dyes (A. S. [START_REF] Franca | Physical and chemical attributes of defective crude and roasted coffee beans[END_REF]Adriana S. Franca, Oliveira, Mendonça, & Silva, 2005). This in addition to the extraction of high value compounds [START_REF] Panusa | Recovery of Natural Antioxidants from Spent Coffee Grounds[END_REF], feedstock for the production of activated carbon [START_REF] Kante | Spent coffeebased activated carbon: specific surface features and their importance for H 2 S separation process[END_REF], bioethanol and biodiesel production (Nídia S [START_REF] Caetano | Spent coffee grounds for biodiesel production and other applications[END_REF][START_REF] Mussatto | Sugars metabolism and ethanol production by different yeast strains from coffee industry wastes hydrolysates[END_REF], bioactive and pharmaceutical compounds such as antioxidants, polyphenols, polyhydroxyalkanoates, carotenoids, galactomannans, among others [START_REF] Acevedo | Spent Coffee Grounds as a Renewable Source of Bioactive Compounds[END_REF][START_REF] Mussatto | Extraction of antioxidant phenolic compounds from spent coffee grounds[END_REF][START_REF] Obruca | Biotechnological conversion of spent coffee grounds into polyhydroxyalkanoates[END_REF][START_REF] Obruca | Production of polyhydroxyalkanoates using hydrolysate of spent coffee grounds[END_REF]Obruca, Petrik, et al., 2014;[START_REF] Panusa | Recovery of Natural Antioxidants from Spent Coffee Grounds[END_REF]Petrik, Obruca, Benesova, & Marova, 2014;[START_REF] Ramalakshmi | Bioactivities of lowgrade green coffee and spent coffee in different in vitro model systems[END_REF][START_REF] Zuorro | Polyphenols and energy recovery from spent coffee grounds[END_REF], 2012).

More recent applications for the reuse of waste oils have started to gain momentum in the asphalt industry (Azahar, Bujang, Jaya, Hainin, Mohamed, et al., 2016;Azahar, Bujang, Jaya, Hainin, Ngadi, et al., 2016;[START_REF] Maharaj | The Rheological Properties of Trinidad Asphaltic Materials Blended With Waste Cooking Oil[END_REF][START_REF] Man | Performance evaluation of the recycling asphalt binder regenerated with vegetable oil[END_REF][START_REF] Zargar | Investigation of the possibility of using waste cooking oil as a rejuvenating agent for aged bitumen[END_REF]. Asphalt binder, also referred to as bitumen, is a constituent of petroleum most widely used to pave roads, were found to harden and age during storage, mixing with rock constituents (quarry aggregates), transport and paving due to oxidation and loss of their oil fraction leading to cracking problems in roads after paving [START_REF] Petersen | A review of the fundamentals of asphalt oxidation: chemical, physicochemical, physical property, and durability relationships[END_REF].

Desirable properties were usually restored using commercial rejuvenators rather than dumping the damaged asphalt paving mixture. Recently, natural oils, including waste cooking oil and recycled motor oil, have been studied as potential natural rejuvenators. It was found that 3-4% of waste cooking compared to 20% recycled motor oil is required to restore the physical properties of the original asphalt binder [START_REF] Zargar | Investigation of the possibility of using waste cooking oil as a rejuvenating agent for aged bitumen[END_REF]. These findings have helped highlight waste oils as rejuvenators that could potentially aid in reducing the use of virgin petroleum materials (asphalt) and natural resources (quarry aggregates) as well as dumping of damaged asphaltic material and oils in the environment. However, although WCO was found to be two to three times cheaper than virgin oils [START_REF] Li | Bio-lubricants Derived from Waste Cooking Oil with Improved Oxidation Stability and Low-temperature Properties[END_REF], the heterogeneous nature of the oil and its diverse applications in the food industry and households were found to vary the physical properties of the aged or damaged asphalt binder to different extents [START_REF] Sanli | Characterization of waste frying oils obtained from different facilities[END_REF].

Consequently, it is important to characterize the physicochemical properties of WCO and SCG subjected to different levels of oxidation, the major contributor to oil degradation, prior to its use as rejuvenators in aged asphalt mixtures. This will further help explore the potential of induced oxidation in modifying the physical properties of oils to desirable levels which may present a benefit in the customization of the physical properties of asphalt blends, especially when little research exists on this topic [START_REF] Chehab | Evaluating recycled asphalt pavement mixtures with mechanistic-empirical pavement design guide Level 3 analysis[END_REF][START_REF] Daniel | Issues affecting measurement of the complex modulus of asphalt concrete[END_REF].

The objectives of this study are to investigate the effect of oxidation on the physicochemical and rheological properties of Spent Coffee Grounds Oil (SCG) and Waste Cooking Oil (WCO) in order to evaluate their potential use as binder rejuvenators in reclaimed asphalt binders from aged and damaged pavements.

Materials and Methods

Materials

For the purpose of this study, various samples of spent coffee ground (SCG) were collected from coffee shops pertaining to four different international chains in Beirut, Lebanon. Similarly, samples of waste cooking oil (WCO) were collected from local restaurants around Beirut, Lebanon. Hexane (purity ≥98%), potassium iodide powder (purity ≥99%), 2-propanol (purity ≥99.5%), sodium thiosulfate (0.1 M), hydrochloric acid (0.5M), potassium hydroxide (0.1M) and chloroform (purity ≥99.4%) were purchased from Sigma-Aldrich Corp (MO, US).

Magnesium sulfate anhydrous (purity ≥99%) and carbon tetrachloride (purity ≥99.5%) were acquired from Uni-Chem (Guangzhou, China). Wij's iodine solution (purity ≥99%) was purchased from Fisher Scientific (Leics, UK). Toluene (purity ≥99.5%) and acetic acid (purity ≥99.8%) were purchased from VWR (PA, USA).

Oil Extraction and Collection

Upon receipt, SCG were tested for their moisture content, after which, they were dried for three hours at 105°C to remove residual moisture. Determination of oil content was performed using a Soxhlet apparatus where hexane has been used as solvent. Following the extraction, the hexane-oil mixture was dried over magnesium sulfate powder to remove any residual moisture after which the solvent was distilled out by rotary evaporation at 335 mbar and 55 °C and the oil samples were collected via reflux extraction.

On the other hand, WCO collected from different sources were mixed together in equal quantities and passed over magnesium sulfate powder prior to the oxidation process.

Oil Oxidation

SCG oil and WCO were oxidized over 6, 9, 12, 24, and 48 hours at 135℃. This process was performed by continuously bubbling air at a rate of 3L/hour into oil samples placed in 100 mL Erlenmeyer flasks under controlled heating over a ceramic hotplate.

Oil Physicochemical Characterization

SCG oil and WCO were initially characterized following official methods reported by the Association of Analytical Chemists (AOAC) and the American Oil Chemists' Society (AOCS).

Peroxide Value (PV), Acid Value (AV), and Iodine Value (IV) were obtained according to methods AOAC 965.33, AOCS Cd 3d-63, and AOCS Cd 1-25, respectively. The titration for the above tests was performed using a 916 Ti-Touch (Metrohm, Ionenstrasse, Herisau, Switzerland) with five replicates. In order to follow the structural changes of the oil over the oxidation process, Fourier Transform Infrared Spectroscopy (FTIR) was performed in triplicates between 4,000 -650 cm -1 using a Nicolet 4700 FT-IR Spectrometer (Thermo Fisher Scientific Inc., Waltham, MA, USA) with KBr plates, and the spectra analyzed using OMNIC data processing software.

The oils were physically characterized at 40℃ and 100℃ for their linear viscoelastic behavior. The linear viscoelastic range was determined through a strain control test at a frequency of 1Hz , with strain amplitude varying from0.0125 to 12.5%; viscosities were measured according to ASTM D2270-10E1; whereas, the storage and loss moduli were determined for the linear viscoelastic range through sinusoidal testing at 0.1% strain at frequencies ranging from 0.01 to 50 Hz. The tests were conducted using a Discovery Series Hybrid Rheometer -DHR (TA-Instruments, New Castle, DE, USA), equipped with 25mm parallel plates, in duplicates as the standard error did not exceed 5% between replicates.

Results and Discussion

Oil Extraction from SCG

Measuring the initial moisture content of the received SCG revealed a value of 58%, This latter is consistent with some data found in the literature [START_REF] Kondamudi | Spent Coffee Grounds as a Versatile Source of Green Energy[END_REF][START_REF] Vardon | Complete Utilization of Spent Coffee Grounds To Produce Biodiesel, Bio-Oil, and Biochar[END_REF], Pichai and Krit 2015), however it is different from some reported values ranging from 12% to 40% (Nídia S [START_REF] Caetano | Spent coffee grounds for biodiesel production and other applications[END_REF]Nidia S. Caetano, Silva, & Mata, 2012). This noticeable difference is probably due to the various brewing methods and extraction processes which usually utilize pressure during the preparation of coffee.

Soxhlet extraction yielded 14% by weight of oil which in a perfect agreement with earlier studies reporting an oil content ranging between 11% and 20% by weight depending on the type of coffee and solvent, with an average of 15% [START_REF] Abdullah | Oil removal from waste coffee grounds using two-phase solvent extraction enhanced with ultrasonication[END_REF][START_REF] Al-Hamamre | Oil extracted from spent coffee grounds as a renewable source for fatty acid methyl ester manufacturing[END_REF]Nidia S. Caetano et al., 2012;[START_REF] Mussatto | Production, composition, and application of coffee and its industrial residues[END_REF].

Oil Physicochemical Characterization

The peroxide, acid, and iodine values of SCG oil and WCO immediately after reception, compared to values reported in the literature, along with fresh samples that did not undergo any processing are summarized in Table 1. The results show that at reception, SCG oil was less oxidized (6.73 meq peroxide/kg) than WCO (64.47 meq peroxide/kg) but more acidic, with a recorded AV of 10.92 mg KOH/g as compared to 3.39 mg KOH/g for the WCO. This is related to the higher processing and refining of WCO as well as its repeated use as frying oil in the food industry as compared to SCG oil. WCO is usually exposes to higher levels of oxidation mainly caused by contact with air (auto-oxidation) and water from food (hydrolytic oxidation).

Moreover, the higher acidity in SCG oil is mainly attributed to the presence of free fatty acids (Nidia S. [START_REF] Caetano | Valorization of coffee grounds for biodiesel production[END_REF].

According to the Food and Agriculture Organization of the United Nations (FAO) and [START_REF] Codex | Codex Standard for Named Vegetable Oils (CODEX-STAN 210 -1999) Codex Standards for Fats and Oils from Vegetable Sources. Rome, Italy[END_REF] the WCO used in the current study at reception is officially considered as waste oil, being non-compliant with the specified standards which denote the PV limit of 10 meq peroxide/kg in refined vegetable oils. The results of fresh samples show how processing significantly alters the chemical properties of both types of oil. As for the changes observed throughout the induced oxidation, it can be noticed that as oxidation time increases, the acidity of both oils increases (Figure 1a). This is due to the gradual release of free fatty acids from triglycerides under high temperature by β hydrogen elimination followed by hydrolysis [START_REF] Fox | Vegetable oil-based lubricants-a review of oxidation[END_REF]. The opposite trend was observed for IV (Figure 1b), which is an indication of the level of saturation and the number of double bonds. Beyond 12 hours of oxidation, a significant decrease in the iodine value was observed for both oils. This is associated with the breaking of double bonds. A similar trend was observed by [START_REF] Paschke | Inter-and intramolecular polymerization in heat-bodied linseed oil[END_REF] who reported a decrease in the IV for polymerized linseed oil at 300℃ for a time ranging between 1.5 and 6 hours. [START_REF] Fox | Vegetable oil-based lubricants-a review of oxidation[END_REF] stated that oils having greater levels of unsaturation are more susceptible to oxidation, making WCO -having a higher IV value than SCG throughout the entire oxidation process -more prone to degradation and thus physical alterations.

As for the peroxide value (Figure 1c), a maximum value of 13.35 meq peroxide/kg for SCG oil and 174.25 meq peroxide/kg for WCO were recorded after 6 hours of oxidation, followed by a constant decrease until a plateau was reached at 10 meq peroxide/kg for both oils. The latter followed a typical trend where the peak value represents the maximum level of primary oxidation metabolites as hydro-peroxides, followed by their degradation into secondary metabolites as epoxides and high molecular weight compounds. It is these secondary metabolites that cause major physical changes in vegetable oils, especially observed in the increased viscosity [START_REF] Fox | Vegetable oil-based lubricants-a review of oxidation[END_REF].

FTIR spectra revealed the presence of O-H, C-H, and C=O shown at 3473 cm -1 , 2925 cm -1 , and 1745 cm -1 ; respectively. Other vibrational bands showed the presence of amine and C-H at 1465 cm -1 , 1162 cm -1 , and 717 cm -1 . Data collection over time showed no significant change in peaks in both SCG oil and WCO spectra as illustrated in Figure 2. However, the C=O showed a linear increase which may be associated with the breaking of C=C and introduction of oxygen upon induced oxidation.

In order to perceive the changes observed in the chemical tests, physical characterization of both oils was performed. Linear visco-elastic behavior was first determined at 0.1% strain as determined by the DHR tests. This value was thereafter used for the remaining physical tests to obtain representative results. Mainly, both SCG oil and WCO exhibited a Newtonian flow behavior regardless of the level of oxidation and temperature, as shown in Figure 3. This behavior was evident from plots of shear stress versus shear rate obtained from flow sweep tests which were performed during the determination of the viscosity. A linear relationship (r 2 =0.999) is observed thus indicating that the viscosity is independent of the shear rate. This shows that despite induced oxidation for long periods of time (up to 48 hours), the behavior of the flow does not change.

Values of viscosity of both SCG oil and WCO at 40°C and 100°C are summarized in Table 2 and show the significant increase after 12 hours, caused by the induced oxidation. Viscosities were reported to increase by more than 2 folds after 24 hours of oxidation and exceeded 10 folds after 48 hours. This increase in the oils' viscosities could be related to the changes in the physical structure of the oil molecules as well as induced polymerization caused by extensive oxidation over time [START_REF] Santos | Effect of heating and cooling on rheological parameters of edible vegetable oils[END_REF]. This is mainly due to the formation of high molecular weight compounds which result from cyclisation and polymerization at high temperatures which is evident from the decrease in peak values of PV after 6 hours of oxidation, indicating the final stages of oxidation [START_REF] Fox | Vegetable oil-based lubricants-a review of oxidation[END_REF].

The correlation between PV of both oils and their subsequent viscosities is represented in Figure 4. It can be noticed that the PV peaks at a low viscosity but after that a constant decrease in PV is observed with increasing viscosity. Another factor which may be contributing to the increased viscosities is the breaking of double bonds (C=C), marked by the decrease in IV, leading to the gradual formation of more saturated fatty acid chains having a higher viscosity.

Viscosities are also noticed to decrease with increasing temperatures. This is due to the dependence of the viscosities of liquid foods on their temperature and composition as stated by [START_REF] Rao | Rheology of Liquid Foods -A Review[END_REF]. As temperature increases, intermolecular forces are weakened which in turn increase molecular thermal movement and eases flow within the oil, thus reducing the viscosity.

Such decrease in viscosity versus increasing temperatures has been reported in several vegetable oils [START_REF] Diamante | Absolute viscosities of vegetable oils at different temperatures and shear rate range of 64.5 to 4835 s-1[END_REF][START_REF] Esteban | Temperature dependence of density and viscosity of vegetable oils[END_REF][START_REF] Fasina | Viscosity and specific heat of vegetable oils as a function of temperature: 35 C to 180 C[END_REF].

Additionally, statistical analysis showed no significant difference between the viscosities of SCG oil and WCO at 100°C but not at 40 °C. This shows that at relatively low temperatures, bonds between the oil molecules are stronger unlike at high temperatures. Hence it can be concluded that regardless of the physical changes witnessed within the two different oils, the performances of SCG oil and WCO at high temperatures, close to the mixing temperatures of asphalt binders, are considered similar.

Further insight of the linear viscoelastic behavior throughout the oxidation process of the oils can be obtained through the analysis of the storage (G´) and loss (G´´) moduli representing the elastic and viscous components of the response, respectively. The tangent of the phase angle, tanδ, which is equivalent to the ratio of loss to storage modulus (G´´/G´) is plotted as a function of oscillatory frequency in Figure 5. Results show that at low frequencies, both SCG and WCO oils exhibit a predominantly viscous behavior especially for highly oxidized oils. Elastic behavior becomes more evident at higher angular frequencies (Figure 6).

Conclusions

The main goal of this study was to explore the effect of longer oxidation periods on the physicochemical properties of the waste and extracted oils. Accordingly, longer oxidation times were found to increase the viscoelasticity of the waste oils. Such modification in the physicochemical properties present new potential for using the waste oils as sustainable rejuvenators for reclaimed aged or damaged asphalt binders. Moreover, controlling the oxidation process and duration can be utilized to customize the viscosities of oils to obtain "a la carte" properties depending on the desired modifications based on the characteristics of the reclaimed binder. Ultimately, this will contribute to mitigating the disposal of both asphaltic and food wastes. This is especially true since the oils possess desirable properties as being convenient, having a high flash point for better safety, reported to improve the physical properties of aged asphalt and being wastes of renewable feedstock. Table 1 Peroxide [START_REF] Wen | Biodiesel production from waste cooking oil catalyzed by TiO 2-MgO mixed oxides[END_REF]; 3 Khan and Brown (1953); 4 Obruca, Benesova, Petrik, Oborna, et al. (2014); Different letters indicate significant differences between groups per column (P<0.05) (ANOVA, Tuckey's HSD). *Compared to 0.0367Pa.s at 40℃ and 0.0085Pa.s at 100℃ [START_REF] Li | Bio-lubricants Derived from Waste Cooking Oil with Improved Oxidation Stability and Low-temperature Properties[END_REF]. 
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Table 1

 1 Peroxide value, acid value and iodine value for waste cooking oil and spent coffee ground oil extracts

		Waste cooking oil	
		New Cooking Oil	As received	Reported elsewhere
	PV (meg peroxide/kg)	5.17	64.47	50.61 1
	AV (mgKOH/g)	0.13	3.39	3.60 3 1
	IV (gI2/100g)	140.91	117.34	109.19 1, 2
		Oil extract / Coffee grounds	
		Fresh Roasted Beans	As received	Reported elsewhere
	PV (meg peroxide/kg)	0.57	6.73	5.2 3
	AV (mgKOH/g)	5.06	10.92	7.1 4
	IV (gI2/100g)	103.78	95.04	97.6 3

1

Sanli et al. (2011); 2 

Table 2

 2 Viscosities of SCG oil and WCO

	Oxidation Time (hr)	40°C	SCG Oil	Viscosity (Pa.s) 100°C 40°C	WCO	100°C
	0	0.0449 a		0.0082 a	0.0375 a*		0.0079 a*
	6	0.0717 a		0.0115 a,b	0.1185 a		0.0174 b
	12	0.1199 a,b		0.0161 b	0.1200 a		0.0202 b
	24	0.2039 b		0.0236 c	0.3023 a		0.0352 c
	48	1.7144 c		0.1066 d	3.5545 b		0.2523 d
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