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Abstract

Many academics have been looking for alternatives to asphalt binders, such as alternative binders for hot mix asphalt
(HMA), as a result of increasing environmental restrictions and the rising expense of asphalt binders. The goal of this study
was to investigate if bioasphalt might be used as a binder instead of petroleum-based asphalt. Mechanical tests such as
Marshall Stability, resilient modulus, and dynamic creep were used to evaluate if there was any improvement in the per-
formance of an asphalt mixture incorporating waste cooking oil (WCO) at various percentages (0, 1.5, and 3%) by weight
of the binder. Marshall Stability, resilience modulus, and dynamic creep performance all improved with the addition of
1.5% WCO to the bituminous mixture. Furthermore, the 1.5% WCO mixture had the maximum creep stiffness, with a 36%
improvement in resisting permanent deformation as compared to the conventional mixture. As a result of the benefits of
this type of waste material in improving the mechanical performance of asphalt mixtures, recycling this waste material will
be a suitable technique in waste materials recycling.
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1. Introduction

This Asphaltic material are used to build 96%o0f roads in most countries. HMA is composed comprised of coarse and fine
aggregate particles that are bonded together at high temperatures by an asphalt binder. The conventional asphalt binder is
created as a byproduct of crude oil processing. Due to rising environmental requirements for new drilling, decreasing cur-
rent resources, and refining process improvements that optimize fuel amount while reducing asphalt residue, the cost of
asphalt has risen in recent years. The industries attempted to address these challenges by finding alternative binders. Green
technology would be useful in this method of creating a new binder that is also environmentally friendly. The researchers
were motivated by the sustainability approach to developing bioasphalt, an environmentally friendly asphalt for the high-
way industry. Nowadays, the research industries encouraged researchers to develop the bioasphalt produced from biomass
or biowaste products [1-5]. The development of bioasphalt from these bioproducts might reduce the demand for landfills
while also lowering greenhouse gas emissions [3, 4, 6, 7]. Fini et al. [8] investigated the use and characterization of bioas-
phalt made from manure in the asphalt industry. After swine dung was thermochemically melted into bioasphalt, the heavy
residue was utilized as an asphalt modifier (i.e., bioasphalt). The bioasphalt was mixed with the standard base binder (PG
64-22) at 2, 5, and 10% by mass of binder. They found that adding swine manure-based bioasphalt enhanced low-
temperature characteristics but decreased resistance to rutting at high temperatures .

Wen et al. [9] and Maharajet al. [10] examined the performance of WCO as an asphalt binder modification. The scientists
discovered comparable rheological results, implying that as the amount of WCO in asphalt binders grows, so does the re-
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sistance to thermal cracking at low temperatures. In contrast, as the modified asphalt binder's WCO quantity increases, rut-
ting resistance decreases at high temperatures. Waste cooking oil is classified as either vegetable or animal oil, depending
on the contents or source [11]. Corn seed oil, sunflower oil, olive oil, palm oil, soybean oil, and other vegetable oils are
examples, whereas animal oils include butter, fish oil, ghee, and others. WCO is made following the frying process with a
variety of edible animal and vegetable oils [12]. Depending on the amount of activity of the frying process, WCO degrades
at different rates [13]. According to Asli et al. [14], the primary chemical components of WCO are oleic acid (43.67%),
palmitic acid (38.35%), and linoleic acid (11.39%), as indicated in Table 1. The other compounds are minor compounds.

Table 1: Chemical properties of WCO [14]

Type of acid WCO (%)
Oleic acid 43.67
Palmitic acid 38.35
Linoleic acid 11.39
Stearic acid 4.33
Myristic acid 1.03
y-Linolenic acid 0.37
Lauric acid 0.34
Linolenic acid 0.29
cis-11-Eicosenoic acid 0.16
Heneicosanoic acid 0.08
TOTAL 100

Previous studies and their results related to the performance of WCO and its effect on asphalt binder were reviewed, as
there were not enough and comprehensive studies on the effect of this type of WCO on asphalt mixtures and their perfor-
mance at high and low temperatures. The majority of prior research, as a result, concentrated on the performance of asphalt
that had been modified using this sort of oil rather than conducting thorough examinations into the performance of modi-
fied hot mix asphalt. When it comes to bituminous pavement distress mechanisms, stiffness, rutting resistance, and crack-
ing resistance are the three most important factors to consider when evaluating the performance of asphalt mixes in me-
chanical tests [15-18]. Waste cooking oil was being added to asphalt to enhance its natural crack healing process under the
effect of temperature [19-22]. Researchers from Wen et al. [9] investigated the use of bioasphalt produced by the conver-
sion of WCO in a thermochemical process in a laboratory environment in hot mix asphalt production (HMA). Due to its
ability to reduce stiffness in a linear pattern, bioasphalt in the HMA reduced the dynamic modulus . Furthermore, with the
addition of bioasphalt, the flow number was reduced, indicating that rutting resistance was decreasing. This meant that as
the amount of bioasphalt in the mix increased, the rutting resistance was decreased. Also, it has been observed that the rut
depth has increased after addition used vegetable oil, according to a study conducted by Bailey and Zaroob [23]. On the
other hand, thermal cracking resistance enhanced by addition of bioasphalt in the HMA at low temperatures. According to
Some et al. [24], the addition of oil extracted from sunflower and rapeseed (vegetable oil) to the asphalt binder reduced
rutting depth in comparison to the control mixture. According to their findings, the use of waste vegetable oil increased the
resistance to irreversible deformation of the material. The performance of the asphalt mixtures containing WCO was tested
because there was a lack of previous data about this type of binder modifier with asphalt mixtures.

The two main reasons for using WCO are to conserve natural resources and to find a sustainable pavement alternative.
Therefore, the aim of this research was to see if there were any improvements in the performance of HMA mixtures that
contain WCO. The mechanical properties of WCO dense graded asphalt mixes were evaluated in the laboratory using tests
such as Marshall Stability, ITS, resilient modulus, and dynamic creep.

2. Materials and Preparation

2.1. Waste cooking oil (WCO)

In this study, WCO had been collected from restaurants, which was used several times. It was purified from impurities and
food residues during the purification process by using a piece of cotton cloth in the baker. The purification process took an
hour as the pure oil at room temperature (31°C) passing through the cotton cloth was used to modify the asphalt mixtures.
Whereas, the impure particles deposited on the surface of the cotton cloth were removed and disposed of. The different
properties of WCO were presented in Table 2.
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Table 2: Properties of WCO

Property Value
Flash Point (°C) 281
Viscosity (Pa.s) 0.063
Density (kg/m®) at 15 °C 911

Table 3 shows the comparison of physical performance between the control and WCO modified binders. Testing the per-
formance of the asphalt mixture, 1.5% and 3% WCO were added to modify the asphalt binder. Due to its polarity, the
WCO added to the binder formed a soft modified binder.

Table 3: Trials to determine the optimum WCO content

WCO Penetration Softening Point Ductility (cm)  Viscosity at 135°C
(%) (PEN) (°C) and 165°C (cp)

0 65 51 125 410, 200

15 70 48 130 400, 225

3 96 45 135 300, 110

4.5 130 34 135 170, 100

6 135 39 135 110, 100

2.2. Asphalt binder

The virgin asphalt binder PEN 60/70 was used in this research. The control binder met the standards as shown in Table 4.
The asphalt binder evaluation revealed that between the percentages of 0%, 1.5%, 3%, 4.5%, and 6%, the modified binder
containing 1.5% and 3% WCO performed better than those containing the other percentages. This type of normal PEN
60/70 asphalt binder with 51°C as a softening point was known for making asphalt mixtures.

Table 4: Basic properties of PEN 60/70 control binder

Testing Result Standard
Penetration (0.1 mm) 65 ASTM D5/D5 [25]
51 ASTM-D36 [26]

Softening point (°C)

0.41 (135°C)

Viscosity (Pa.s) ASTM-D4404 [27]

0.2 (165°C)
Ductility (cm) 125 ASTM-D113 [28]
DSR (G*/sin3) 1.23 Kpa (70°C) ASTM D7175-15 [29]

2.3. Aggregates

As shown in Table 5, the aggregate sample satisfied the requirements of the Jabatan Kerja Raya (JKR) standard (2008) [30].
Testing was performed on the two primary kinds of aggregates: coarse (14, 10, and 5 mm in size) and fine (3.35, 1.18,
0.425, 0.15, and 0.075 mm in size), which were submitted to SG and WA tests. The water absorption of the coarse and fine
aggregates was less than 2%. The coarse aggregate has a lower percentage of water absorption as compared to the fine ag-
gregates. The low percentage of water absorption indicated low bitumen absorption by the aggregates. This showed that
fine aggregates will absorb more bitumen than the coarse aggregates due to its high surface area. Nevertheless, the aggre-
gates were acceptable to be used in this study because it passed the requirement.

Subsequently, aggregate impact value (AlV) was less than 30%, which indicated the aggregates can be used in road con-
struction. The lower percentage of AIV implied that higher resistance of the aggregates to impact load. The percentage of
aggregate crushing value (ACV) was also less than 30%, which showed high strength of aggregates. Thus, the aggregates
were appropriate for use in the performance test of the asphalt mixture, and the results were positive. Also, the results of
flaky and elongate aggregates were quite high, about 19 and 23%, respectively. Nevertheless, the values were still accepta-
ble since the results were less than 25% as specified in the requirements. Flaky and elongate aggregates must not be more
than 25% or else the probability of the asphalt mixture containing those aggregates will be high.
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Table 5: Aggregate properties results

Properties Specification Value Requirement
e . ASTM C127 2.695 (Coarse)

Specific gravity (SG) ASTM C128 2.633 (Fine) -
Flakiness (%) BS EN 933-3 19 <25

. ASTM C127 0.620 (Coarse) <2

0,

Water absorption (WA) (%) ASTM C128 1.051 (Fine) <2
Elongation (%) BS EN 933-4 23 <25
Aggregate crushing value (ACV) (%) BS EN 1097-2 17 <30
Aggregate impact value (AlV) (%) BS EN 1097-2 14.4 <30

The gradation size of the aggregate was used to sieve it. Therefore, one of the most important tests for aggregate was sieve
analysis. As seen in Figure 1, the selected ACW 14 gradation, which serves as the median in this investigation, fell between
the high and bottom bounds of the distribution. The coarse and fine aggregates were combined with a mineral filler to form
a cohesive mixture. Hydrated lime was utilized as a filler in this investigation, accounting for about 2% by weight of the
aggregates [31].
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Fig. 1: ACW 14 gradation.

2.4. Asphalt mixture preparation

The control asphalt binder was mixed with the optimum percentages of the WCO, which were 1.5% and 3% by binder
weight. The produced WCO modified asphalt binder was then utilized to create modified asphalt mixes in addition to the
control asphalt mixture. The preparation of HMA mixture was performed from the modified binder containing WCO and
an aggregate. The ingredients were mixed at 170°C to cover all of the aggregates with asphalt binder. For 75 blow/face
compaction criteria, the samples were prepared and compacted using a Marshall compactor. Three replicate samples with
100 mm diameter and an average height of 63.5 mm prepared for both the control and WCO asphalt mixtures. The Mar-
shall technique was used to determine the optimal bitumen content (OBC) in line with AASHTO T 245-15 [32]. Following
the calculation of the OBC value for each mixture, the asphalt mixture was made with precise OBC percentages for testing.

3. Experimental sections

3.1. Optimum bitumen content determination
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The Marshall technique was used to obtain the OBC value in line with AASHTO T 245-15 [32]. Density, stability, flow,
void in the total mix (VTM), and the void filled with bitumen (VFB) were used to determine the OBC value [30]. For
ACW?14, an OBC value of 4% to 6% is required.

3.2. Asphalt mixture performance tests

3.2.1. Resilient modulus test

The resilient modulus test, which was conducted in accordance with ASTM D7369-11 [33], was used to assess the asphalt
mixture's elasticity after repeated impact loading. The asphalt mixture's resistance to permanent deformation as well as its
capacity to recover to its previous condition after being loaded with 1000 KN will be evaluated in this test. The test was
carried out at 25°C and 40°C. The resilient modulus for the sample was determined using equation 1.

P
M, =—(0.27
S—— ( + 4) 1)

Where the parameters Mg, P, i, H, and t refer to the resilient modulus (MPa), the applied force (N), the Poisson's ratio, the
horizontal displacement (m), and the sample thickness (m), respectively.

3.2.2. Dynamic creep test

The BS EN 12697-25 [34] procedures were followed while conducting the dynamic creep test with a universal testing ap-
paratus. The simplest method for determining rutting resistance during service life is to use this test. The sample mixture
was evaluated for 3600 cycles at 40°C for around 30 minutes. The mixture with the highest creep stiffness has a high poten-
tial for rutting resistance. Equation 3 was used to calculate the dynamic creep modulus.

(o}
E== 3)
&

Where E stands for the dynamic creep modulus in MPa, ¢ stands for the applied stress in kPa, and € stands for the measured
vertical strain (mm).

4. Results and discussion

4.1. Volumetric properties, stability and flow result

The OBC of the mixes was determined using the Marshall results shown in Table 6. The control, 1.5%WCO, and 3%WCO
were the three forms of mixtures that were prepared. The OBC of the control sample was 5.5% which was the highest value
as compared to the other mixtures. While the 1.5% WCO and 3% WCO mixtures had the same OBC value of 5%. The
whole OBC values chosen met the JKR 2008 requirements [30].When compared to the other mixtures, the 1.5% WCO had
the highest VFB and the lowest VTM. The 1.5% WCO mixture had the best stability, at 10300 N, followed by the control
mixture at 9540 N and the 3% WCO mixture at 8900 N. Due to the fluidity properties of the WCO, a 3% WCO mixture had
the lowest value of stability. Borhan et al. [35] stability results are in agreement with ours, they discovered that in the pres-
ence of the used cylinder oil, the asphalt mixture's stability performance was decreased, and this reduction is the cause of
the binder's increasing solvency. The 1.5% WCO mixture had the lowest Marshall flow rate 3.22 mm, while the control and
3% WCO mixtures had flow rates of 3.32 and 3.35 mm, respectively. Due to its stability performance, the stiffness value of
1.5% WCO mixture was reported as the highest value of 3293 N/mm among all mixtures. The 3% WCO mixture, on the
other hand, had the lowest stiffness in the Marshall test because it had the lowest stability and the largest flow. Overall, the
Marshall test results showed that the 1.5% WCO mixture outperformed the control mixture and the 3% WCO mixture.

Table 6: Marshall results of control and WCO mixtures.

Asphalt mixture at OBC
Parameters JKR Specification [21] Control 1.5% 3%
60/70 WCO WCO
Stability (N) >8000 9540 10300 8900 Pass
Stiffness (N/mm) >2000 2500 3293 2200 Pass
Flow (mm) 2.0-4.0 3.32 3.22 3.35 Pass
VTM (%) 3-5 49 38 4.2 Pass
VFB (%) 70-80 711 75.11 723 Pass
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4.2. Resilient modulus test

The resilient modulus test results at 25°C and 40°C are shown in Figure 2. The resilient modulus performed better at 25°C
than it did at 40°C. The 1.5% WCO mixture had the highest resilient modulus at both temperatures, whereas the 3% WCO
mixture had the lowest resilient modulus. The 1.5% WCO had a resilient modulus of 5434 MPa at 25°C, whereas the 3%
WCO had a resilient modulus of 2735 MPa. The best results were obtained with the 1.5% WCO mixture, which was supe-
rior to the control mixture (5100 Mpa).The resilient modulus of the control mixture decreased to 888 MPa at 40 C, 1718
MPa for the 1.5% WCO, and 655 MPa for the 3% WCO. The combination with 1.5% WCO has the greatest robust modu-
lus. The elastic property was increased due of the high stiffness of the 1.5% WCO mixture. Borhan et al. [35] observed that
adding used cylinder oil to an asphalt mixture decreases its resilient modulus performance when compared to a control mix-
ture. Physically, the soft asphalt mixture with 3% WCO had less elasticity and hence had viscous properties.
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Fig. 2: Resilient modulus results..

The stiffness of asphalt pavements may be used to predict rutting behavior, and mixes with higher stiffness have better rut-
ting resistance [36, 37] . The stiffer mixtures, which have higher stiffness values, are better at distributing the applied load
[38]. The stiffness values had a good correlation with resilient modulus for the evaluation of the stiffness of the asphalt
mixture, as shown in Figures 2 and 3. The 1.5% WCO mixtures had the maximum stiffness and resilient modulus at both
temperatures, followed by 0% and 1.5 % WCO mixtures, respectively.

3500
3000
2500
2000
1500
1000

500

(N/mm)

Stiffness

Control 1.5 3
WCO mixture (%)

Fig. 3: Stiffness results of mixtures.
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4.3. Dynamic creep test

Figure 4 shows the creep stiffness that was computed. It can be seen that the creep stiffness trended in the same direction as
the resilient modulus, increasing up to 1.5% mixture and then decreasing for the other 3% mixture. Control, 1.5%, and 3%
mixtures had creep stiffness of 210, 285, and 185 MPa, respectively. Based on the results, the highest improvement of
creep stiffness, about 36%, was attained by 1.5% mixture. These results were consistent with permanent strain where 1.5%
WCO mixture showed the lowest strain owing to its high stiffness.
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Fig. 4: Dynamic creep stiffness results.

Figure 5 shows the creep stiffness as a consequence of cumulative strain over 3600 cycles, with the 1.5% WCO mixture
having the lowest permanent strain relative to the control mixture. According to the findings, the permanent deformation of
the 1.5% WCO mixture was 0.52% lower than the control (0.85%) and 3% WCO mixture (0.73%). After modification, the
1.5% WCO decreased the strain rate by around 38.8% compared to the control mixture. The asphalt mixture with 1.5%
WCO outperformed the others in terms of rutting resistance. Due to strong interlocking bonding, the rutting resistance of
the mixture was enhanced [39].
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Fig. 5: Cumulative strain of mixtures.
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5. Conclusion

Three different percentages of WCO (0, 1.5, and 3%) were used to modify the asphalt mixtures in the current investigation.
The control mixture was compared to the WCO modified mixtures. The following conclusions were reached based on
WCO's evaluation:

1. The volumetric properties, stiffness, and stability of the 1.5% WCO maodified mixture are higher than those of the
control and 3% WCO, indicating that the mixture properties have improved since WCO addition, with 1.5%
WCO being the optimum ratio.

2. The resilient modulus of the 1.5% WCO modified mixture is higher than that of the control and 3% WCO. How-
ever, as the percentage of WCO increases, the resilient modulus value decreases.

3. Because the 1.5% WCO mixture had the best creep stiffness and the least cumulative strain of all the mixes, its
creep resistance performance was enhanced. In addition, the creep stiffness of the 1.5% WCO mixture rose by
about 36% when compared to the control mixture.

According to the results, increased awareness of environmental problems and natural resource constraints led to the poten-
tial benefit of using the studied WCO in this research in road construction.
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