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Abstract 

The current study aims to examine the potential use of recycled polyethylene terephthalate (RPET) plastic waste as a modifier  for asphalt binder. Plastic 

bottles were collected, shredded, cleaned, melted, ground, then sieved. An asphalt binder with a penet ration grade of 60/70 was used. The RPET plastic 

waste was blended with 60/70 penetration grade asphalt binder at five percentages (0, 5, 10, 15, and 20 %, by weight of aspha lt binder) using a high shear 

mixer. To study the physical and mechanical properties of RPET-modified asphalt binders, both traditional and Super pave tests were conducted. The test 

results showed that by incorporating RPET into asphalt binder, the ductility and penetration values decreased, whereas the so ftening point and viscosity of 

asphalt binder increased. Furthermore, the rutting performance of RPET-modified asphalt binder, as presented by the rutting parameter (G*/sinδ), was 

enhanced by increasing the amount of RPET plastic waste at all testing temperatures. The high-temperature performance grade of asphalt binder was raised 

by one grade (from 64ºC to 70ºC) by adding 15% and 20% of RPET plastic waste. On the other hand, the low-temperature performance of asphalt binder, 

as presented by creep stiffness and m-value, was negatively affected by adding RPET. The low-temperature performance grade of asphalt binder was dropped 

by one grade (from -22ºC to -16ºC) by adding RPET plastic waste at percentages of 15 % and 20 %. Moreover, the fatigue cracking performance of asphalt 

binder, as presented by the fatigue parameter (G*.sinδ), was slightly reduced by adding RPET to the asphalt binder but remained lower than the acceptable 

Super pave limit (≤ 5000 kPa). 
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 Introduction 

1.1. Background 

Over the past few years, the use of plastic in multiple industries 

has expeditiously increased due to the ability to modify it in 

different forms. Plastic is used for isolating electric wires, 

construction materials, and food and beverage packaging. 

However, plastic is a non-biodegradable material and has dire 

consequences on the environment worldwide [1,2]. To date, 

traditional plastic recycling methods can only process a fraction of 

countries' yearly waste [3-6]. This, in turn, has increased the urge 

to infiltrate plastic waste in multiple industries such as energy [7-

10] and construction materials [11-14] in order to manage 

excessive waste. 
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several studies have been carried out to evaluate the potential of 

using industrial waste products in pavement construction. Kim et 

al. [15] evaluated the rutting properties of rubberized polymer 

modified asphalt (PMA) binders by conducting the multiple stress 

creep recovery (MSCR) test. Two types of ground tire rubber 

(GTR) were used: normal and treated. According to the test results, 

the PMA binders with treated GTR showed better rutting 

performance properties, compared to the PMA binders with 

normal GTR. Notani et al. [16] investigated the use of waste toner 

as an anti-rutting enhancement agent for asphalt binder. The test 

results showed that adding toner to asphalt binder enhanced the 

asphalt binder’s anti-rutting performance and subsequently asphalt 

mixture. Another study conducted by Chuangmin et al. [17] 

showed that the addition of waste carbon particles to asphalt binder 

enhance the high temperature anti-rutting performance of asphalt 

binder. Ramadan et al. [18] studied the rutting performance of 

asphalt binder modified with Styrofoam in its waste form. The test 

results revealed that Styrofoam addition could improve the rutting 

performance of asphalt binder since both the rotational viscosity 

and the complex shear modulus (G*) value increased with the 

increase in the Styrofoam percentage. Al-Khateeb et al. [19] 

investigated the effect of using waste glass on shear properties of 

asphalt  binder.  Complex  shear  modulus  value  (|G*|) and phase.
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angle (δ) were measured at several loading frequencies and 

temperatures. The test results showed an improvement in rutting 

and fatigue performance by adding glass. 

Polyethylene terephthalate (PET) is one of the most commonly 

used plastics in the world. It is mainly used in beverage bottles for 

its barrier properties to confine gas and moisture. Despite the fact 

that PET bottles are recyclable, a single used PET bottle has a short 

life span, where the recycling industry is unable to match the 

consumption and waste [20-22]. In addition, PET plastic waste can 

also be used in asphalt binder or mixture due to its durability and 

tensile strength [23-25]. 
PET plastic waste is a widely researched construct in civil 

engineering. However, most prior research has focused on the 

addition of PET plastic waste using the dry method as a substance 

of fine aggregate and filler. Therefore, the use of waste PET was 

experimented upon in using it as fine particles in asphalt mixture 

and as an additive in SMA (stone mastic asphalt) [25-31]. The 

modified RPET mixture showed an increase in the mixture’s 

stiffness level and increased its level of resistance to permeant 

deformation. This resulted in increasing the mixture’s voids in mix 

(VIM) while decreasing its bulk specific gravity. Other studies 

have shown that although the stiffness of SMA mixture modified 

with RPET initially increased by adding a lower amount of RPET 

into the mixtures, the stiffness decreased with a higher amount of 

RPET content [32]. 

Other studies have focused on the fatigue properties of RPET 

modified asphalt mixture. The results indicate a significant 

improvement when compared to control mixtures or for mixtures 

containing a higher amount of RPET in terms of fatigue lives [32-

34]. Moreover, other research implies that the elastic property of 

the asphalt mixture improves by adding RPET.  As a result, the 

mixture will become more flexible and able to prevent crack 

initiation and propagation due to cyclic load application. Further, 

the mixture with RPET reached a higher rutting resistance 

compared to the conventional mixture using the wheel tracking test 

[35-40] with a reduction in the rut depth by 29% compared to the 

conventional one. 

On the other hand, there are very few studies that have examined 

the addition of RPET in asphalt binder resulting in an improvement 

in rutting and fatigue resistance [41-45]. However, the studies only 

focused on a low percentage of RPET in the binder. 

The current study focuses on the behavior effect of using RPET 

powder in asphalt binder by using a wider range (up to 20%) of 

RPET by weight of the binder. In addition, this study seeks to 

determine the benefits of adding RPET to the binder and forming 

a heterogeneous mixture. More importantly, the mixing was 

conducted using a high shear mixer to ensure a uniform 

distribution of RPET powder in the binder. The behavior study of 

the binder covers both the conventional and Superpave binder tests 

to assess the viscosity, fatigue, rutting, stiffness, and asphalt binder 

grading.  

1.2. Materials 

The materials used in this study include asphalt binder and 

recycled polyethylene terephthalate (RPET) plastic waste. The 

following subsections present the material used in detail. 

1.2.1. Asphalt binder 

In this study, an asphalt binder with a penetration grade of 60/70 

was used as a control asphalt binder. The control asphalt binder 

was received from The Jordan Petroleum Refinery Company 

located in Zarqa-Jordan. The physical properties of the control 

asphalt binder are shown in Table 1. 

1.2.2. RPET plastic waste 

RPET plastic waste was obtained from single-use water bottles. 

The bottle taps and labels were sieve out and removed to ensure a 

homogeneous plastic component. Then, the bottles were cleaned 

up and shredded into smaller sizes. The shredded bottles were 

melted at 250οC to form solid pieces (crystallized plastic) and then 

crushed into a powder using a ball mill. The crushed powder was 

subjected to sieve analysis to obtain the portion that passes through 

sieve No.200. Fig. 1 presents the RPET after being shredded, the 

RPET after milting, and the RPET after crushing and sieving. The 

chemical structure of RPET is represented in Fig. 2(a). It consists 

mainly of Carbon, Oxygen, and Hydrogen. Also, Scanning 

Electron Microscope (SEM) was used to study the morphological 

characteristics of the surface structure of the RPET, as presented 

in Fig. 2(b). From the SEM image, the RPET has rough and pore 

structure. 

 Laboratory work 

2.1. Specimens preparation 

Specimens were prepared by mixing 60/70 penetration grade 

asphalt binder with RPET plastic waste powder using a high shear 

Table 1 

Properties of control asphalt binder. 

Property Value ASTM method 

Penetration (0.1mm) at 25ᵒC,100g, 5s 69 D 5 

Ductility (cm) at 25ᵒC 100+ D 113 

Specific gravity at 25ᵒC 1.02 D 70 

Softening point (ᵒC) 47.3 D 36 

Flash point (ᵒC) 294 D 92 

Fire point (ᵒC) 301 D 92 

Rotational viscosity (mPa.s) 437.5 D 4402 

 

Fig.1. RPET plastic waste. 

 

Fig. 2. (a) Chemical structure of polyethylene terephthalate (PET) 

and (b) SEM Image for RPET. 
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mixer. The RPET plastic waste powder was added to the asphalt 

binder at four percentages (5%, 10%, 15%, and 20% by weight of 

asphalt binder). To ensure consistent distribution of RPET within 

the asphalt binder, a mixing temperature of 165 ± 5ºC, mixing rate 

of 4000 rpm, and a mixing time of 60 minutes were adopted using 

a Silverson L5M-A high shear mixer. For comparative analysis, 

both the control asphalt binder and the RPET-modified asphalt 

binders went through the same mixing condition. To examine the 

quality of the dispersion of the RPET material within the asphalt 

binder, the Atomic Force Microscopy (AFM) was conducted. Fig. 

3 shows the topographical and phase images with a dimension of 

60 × 60 μm for asphalt binder modified with RPET. As seen from 

the figure, the RPET is well distributed within the asphalt binder.    

2.2. Testing of asphalt binder properties 

In the current study, a structured laboratory testing program was 

conducted to evaluate the effect of adding RPET plastic waste to 

asphalt binder properties. Several laboratory tests were carried out 

to assess the conventional and the rheological properties of asphalt 

binders. The conventional tests included a penetration test, 

ductility test, softening point test, and flash and fire point test, 

whereas the rheological tests include a rotational viscosity (RV) 

test, a Dynamic Shear Rheometer (DSR) test, and a Bending Beam 

Rheometer (BBR) test. Short-term aging of asphalt binder was 

conducted using a Rolling Thin Film Oven (RTFO), then the short-

term aged samples were exposed to long-term aging using the 

Pressure Aging Vessel (PAV). 

The rotational viscosity was carried out in compliance with the 

AASHTO T 316 specification [46]. In this test, a Brookfield 

viscometer is used to measure the viscosity of the asphalt binder. 

It measures the torque needed to keep the rotational speed of a 

standard cylindrical spindle constant (20 RPM) at 135°C and 

165°C. Then, the measured torque is used to determine the 

viscosity of the asphalt binder mathematically. The viscosity is 

considered an important property that reflects the ability of asphalt 

binder to flow and is used to decide whether it can be easily 

pumped or not.  

A dynamic shear rheometer (DSR) was carried out in compliance 

with the AASHTO T 315 specification [47] to evaluate the 

viscoelastic behavior of asphalt binders at medium and high 

temperatures. In this test, both a dynamic modulus (G*) and a 

phase angle (δ) parameter were measured to determine the high-

temperature performance grade (PG) of asphalt binders. 

Furthermore, the dynamic modulus (G*) and the phase angle (δ) 

were used to evaluate the rutting and fatigue cracking potentials of 

asphalt mixtures.  

A bending beam rheometer (BBR) was carried out in compliance 

with the AASHTO T 313 specification [48] to assess the ability of 

 

Fig. 3. (a) topographical image of RPET-modified asphalt and (b) 

phase image of RPET-modified asphalt. 

asphalt binders to resist low temperature cracking. In this test, both 

creep stiffness (S) and stress relaxation (m-value) parameters were 

measured at 60 seconds loading time to determine the low-

temperature performance grade (PG) of asphalt binders.    

Short-term aging and long-term aging of asphalt binders were 

conducted in compliance with ASTM D 2872 and AASHTO R 28 

specifications, respectively [49,50]. The Rolling Thin-Film Oven 

(RTFO) device was used to mimic the short-term aging that the 

asphalt binder shows during the mixing, lay-down, and 

compaction process. In RTFO, asphalt binder samples were 

exposed to heating (163°C) and airflow (4000 ml/minute) for 75 

minutes. 

The Pressure Aging Vessel (PAV) device was used to mimic the 

long-term aging of asphalt binders. In PAV, asphalt binder 

samples were exposed to heat (100°C) and pressure (2.1 MPa) for 

a period of 20 hours to be simulated for a period of 7 to 10 years 

in-service aging in a pavement (in a matter of hours). The 

flowchart shown in Fig. 4 represents the experimental design used 

in the current study.  

 Results and discussion 

During this study, several tests were carried out to investigate the 

impact of RPET plastic waste on asphalt binder properties and to 

analyze its suitability as an asphalt binder modifier in road 

construction. In the following subsections, the results of the 

experimental tests are discussed in detail. 

3.1. Penetration test results 

The effect of adding RPET to asphalt binder penetration is 

presented in Fig. 5. The figure shows that the penetration of the 

RPET-modified asphalt binder was decreased by increasing the 

amount of RPET. The penetration number was decreased from 69 

for control asphalt binder to 58 for asphalt binder modified with 

20% RPET. This decrease in penetration, as the RPET 

concentration increases, means that the asphalt binder becomes 

stiffer. This is because of the solid phase of RPET, which increases 

the hardness of the modified asphalt binder.  

 

Fig. 4. Experimental test program flowchart. 
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Increased stiffness of RPET modified asphalt binder can be 

explained through the semi-crystalline property of RPET [26,37]. 

Semi-crystalline nature implies that a portion of RPET is 

amorphous, while the other portion is crystalline. Above its glass 

transition temperature of about 70°C, the amorphous portion of 

RPET exists in liquid, while crystalline portion of RPET still exists 

as solid and rigid form [51]. 

3.2. Softening point test results 

The test results of the softening point tests are presented in Fig. 

6. As can be seen from the figure, the softening point values were 

increased by increasing the amount of RPET. It increased from 47 
oC for control asphalt binder to 51 oC for asphalt binder modified 

with 20% RPET. This increase in softening point can be expected 

since RPET-modified asphalt binders exhibit high resistance to 

flow by adding more RPET. 

3.3. Ductility test results 

The tensile strength of RPET-modified asphalt binders, as 

measured by ductility and presented in Fig. 7, was decreased by 

increasing the amount of RPET. This could be attributed to the 

hardening effect of RPET on asphalt binder. 

3.4. Rotational viscosity test results 

In this research, the effect of adding RPET on asphalt binder 

viscosity was measured by conducting the rotational viscosity test 

at  two  testing  temperatures: 135°C and 165°C.  The  test  results  

 

Fig. 5. Penetration versus RPET%. 

 

Fig. 6. Softening point versus RPET%. 

were analyzed and plotted in Fig. 8. From the test results, the 

viscosity of the asphalt binder increased with the addition of RPET 

at both testing temperatures. This increase in asphalt binder 

viscosity can be attributed to the consistency increase with the 

addition of RPET. To enhance the performance of asphalt binder 

with regard to rutting, it is essential to use asphalt binder with high 

viscosity. Therefore, asphalt binder with more RPET will perform 

better in the field with respect to rutting as compared to the control 

asphalt binders. However, the Superpave system has limited the 

maximum value of viscosity to the value of 3000 mPa.s at 135°C 

to ensure proper fluidity of asphalt concert for pumping, delivery, 

and mixing. 

3.5. Dynamic shear rheometer (DSR) test results 

The rheological property of asphalt binder plays a crucial role in 

resisting fatigue cracking and rutting of asphalt pavements. To 

evaluate the effect of adding RPET on rutting and fatigue 

performance, the dynamic shear rheometer (DSR) device was used 

in the current study to evaluate the viscoelastic behavior of control 

and RPET-modified asphalt binders at both intermediate and high 

temperatures. For rutting evaluation, the DSR test was carried out 

at five testing temperatures (52, 58, 64, 70, and 76C) and at a 

standard loading frequency recommended by Superpave (1.59 Hz). 

The main two parameters of the DSR test are the complex shear 

modulus (G*), which represents the total resistance of asphalt 

binders to permanent deformation, and the phase angle (δ), which 

represents the amount of elasticity that the asphalt binder retains. 

The closer the δ to the zero degrees, the higher the elasticity of the 

asphalt binder. On the other hand, the closer the δ to the 90 degrees, 

the   more  viscous   the  asphalt  binder  is.  From  G* and δ,  two 

 

Fig. 7. Ductility versus RPET% 

 

Fig. 8. Rotational viscosity versus RPET%. 
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important parameters were calculated: the rutting parameter 

(G*/sin δ) and the fatigue parameter (G*sin δ). According to the 

Superpave specifications, DSR tests were conducted on unaged, 

short-term aged (RTFO), and long-term aged (PAV) asphalt binder 

specimens. For unaged asphalt binders, the G*/ sin δ test results 

were analyzed and plotted as depicted in Fig. 9. As evident from 

Fig. 9, the rutting parameter (G*/sinδ) values were increased by 

increasing the amount of RPET and decreased by increasing the 

testing temperatures. This means that the rutting performance is 

enhanced by adding more RPET and degraded at high 

temperatures. Furthermore, the results showed that the rate of 

enhancement in the rutting performance of RPET-modified asphalt 

binder is decreased by increasing the testing temperatures. 

According to the Superpave specifications (G*/sinδ ≥1.0 kPa), the 

high-temperature performance grade was raised by one grade from 

64C to 70C by adding 15% and 20% of RPET to the control 

asphalt binder. For RTFO aged asphalt binders, the G*/ sinδ test 

results were analyzed and plotted as shown in Fig. 10.  As can be 

seen from the figure, the rutting parameter (G*/ sinδ) was 

increased by increasing the amount of RPET. This means that 

enhancement occurred in the rutting performance by adding more 

RPET to the control asphalt binder. Based on the Superpave 

specifications (G*/sinδ ≥2.2 kPa), the high-temperature 

performance grade was raised by one grade from 64C to 70C by 

adding 15% and 20% of RPET to the control asphalt binder. Hence, 

asphalt binder modified with 20% RPET will perform better in a 

hot location, compared to the control asphalt binders.  

To evaluate the effect of adding RPET on fatigue performance, 

the DSR tests were conducted on PAV aged asphalt binder samples 

at intermediate temperatures and the test results were analyzed and 

presented as shown in Fig. 11. From the figure, it can be concluded 

that the fatigue parameter (G*.sinincreases as the amount of the 

RPET increases. This increase in G*.sinvalues negatively affects 

the fatigue performance of RPET-modified asphalt binders and 

makes asphalt binders more vulnerable to fatigue cracking. 

However, G*.sinvalues did not exceed the Superpave specified 

maximum value of 5000 kPa at all RPET percentages and at all 

testing temperatures. This conclusion was anticipated since the 

stiffness of the asphalt binder increased by increasing the amount 

of RPET. 

3.6. Bending beam rheometer (BBR) tests results 

At low temperatures regions, asphalt binders need to have 

reasonable resistance to low temperature cracking. To evaluate the 

performance of control and RPET-modified asphalt binders at low 

temperatures, the BBR test was carried out on PAV-aged asphalt 

binder samples. In this test, two parameters were measured; the 

specimen’s creep stiffness (S) and the stress relaxation property 

(m-value).   To   avoid   low-  temperature   cracking,   Superpave

 

Fig. 9. G*/sin versus RPET% (Unaged Asphalt Binders). 

 

Fig. 10. G*/sin versus RPET% (RTFO aged Asphalt Binders). 
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specified that the asphalt binder should have a creep stiffness (S) 

≤ 300 MPa, and stress relaxation (m-value) ≥ 0.3.  

To evaluate the effect of adding RPET on the low temperature 

cracking resistance of asphalt binders, the BBR test results were 

analyzed and plotted, as shown in Figs. 12 and 13. As illustrated 

in Fig. 12, the creep stiffness of asphalt binder was increased by 

increasing the amount of RPET, but still much lower than the 

Superpave limit of 300 MPa. Also, the stress relaxation as revealed 

by the m-values, shows a decreasing behavior with increasing the 

amount of RPET, as depicted in Fig. 13. These results indicate that 

the addition of RPET to the asphalt binder will negatively affect 

the low-temperature performance of the asphalt binder by 

increasing the low temperature stiffness and decreasing the stress 

relaxation rate (m-value). Therefore, the RPET modified asphalt 

binder will be more prone to low-temperature cracking as 

compared to the control asphalt binder. According to the tests’ 

results, the low-temperature performance grade was decreased by 

one grade from -22ºC to -16ºC by adding 15% and 20% of RPET 

to the control asphalt binder. The negative effect of RPET on 

asphalt binder stiffness and stress relaxation can be attributed to 

the stiffness increase in asphalt binder by adding more RPET.  

 

Fig. 11. G*.sin versus RPET% (PAV aged Asphalt Binders). 

 

Fig. 12. Creep Stiffness versus RPET content for PAV-Aged Asphalt binder. 

 

Fig. 13. m-Value versus Temperature for PAV-Aged Asphalt binder.
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The effect of using the RPET as a modifier on asphalt binder 

performance grading (PG) is summarized in Table 2. From the 

table, it can be concluded that using RPET in asphalt binders will 

increase the high-temperature PG grade and reduce the low-

temperature PG grade as compared to the control asphalt binder. 

The high-temperature performance grade of asphalt binder was 

raised by one grade (from 64C to 70C) by adding 15% and 20% 

RPET, whereas the low-temperature performance grade was 

decreased by one grade (from -22ºC to -16ºC) by adding 15% or 

20% of RPET. As a result, it can be concluded that RPET can be 

used in asphalt binders to enhance the rutting resistance of 

pavement mixtures. Therefore, it is recommended to use RPET-

modified asphalt binders in hot climate regions.   

Table 2 

Performance Grade (PG) of RPET-modified asphalt binder. 

RPET, % PG grade 

0 64-22 

5 64-22 

10 64-22 

15 70-16 

20 70-16 

 Conclusions  

Based on the results and data analysis of the current, the 

following conclusions and recommendations can be drawn: 

1. The addition of RPET to asphalt binder decreased the 

ductility and the penetration values and increased the 

softening points and rotational viscosity of the asphalt binder.  

2. The high-temperature rutting performance of asphalt binder, 

as revealed by the DSR rutting parameter (G*/sinδ), was 

improved by adding RPET. 

3. The high-temperature performance grade of asphalt binder 

was raised by one grade from 64ºC (for control asphalt binder) 

to 70ºC at 15% and 20%RPET. 

4. The addition of RPET had a negative effect on asphalt binder 

fatigue cracking. However, the fatigue parameters (G*.sinδ) 

remained below the Superpave limit of 5000 kPa at all RPET 

percentages.  

5. RPET modifier had a negative effect on the low-temperature 

performance of asphalt binder. The low-temperature asphalt 

binder grade was decreased from -22ºC (for control asphalt 

binder) to -16ºC at 15% and 20%RPET. It can thus be useful 

to use the RPET modifier in hot climates that are not highly 

susceptible to very low temperatures. 

6. The optimum content of RPET to be added as a modifier to 

the asphalt binder is thought to be 15%, where the high-

temperature performance grade was raised by one grade 

(from 64ºC to 70ºC) and the low-temperature performance 

grade was lowered by one grade (from -22ºC to -16ºC).  
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