
International Journal of Applied Environmental Sciences 

ISSN 0973-6077 Volume 11, Number 1 (2016), pp. 183-192 

© Research India Publications 

http://www.ripublication.com 

 

 

Production of Sustainable Asphalt Mixes Using 

Recycled Polystyrene 
 

 

Mousa Bani Baker1, Raed Abendeh1 , Zaydoun Abu-Salem1  

and Taisir Khedaywi2 
 

1Department of Civil and Infrastructure Engineering,  

Al-Zaytoonah University of Jordan, Amman, Jordan. 
 

2Department Civil Engineering,  

Jordan University of Science &Technology, 

Irbid, Jordan. 

 

 

Abstract 

 

The issue of discarding unwanted materials is becoming a vital topic in 

contemporary engineering trends, as it has negative influence in the 

environment where it's discarded. Polystyrene is one of the materials widely 

used in industrial applications as a packaging and construction material. The 

collection and safe disposal of this material in asphalt mixes was elaborated in 

this paper. The polystyrene waste was added by volume to the bitumen in 0, 5, 

10 and 15%. Penetration degree, softening point, ductility, flash and fire point 

tests were conducted in this research. Results show that increasing the 

polystyrene ratio in asphalt will have direct impact on the bitumen properties 

by decreasing penetration, ductility and increasing softening, flash and fire 

points. The modified asphalt can be used in hot climate for different 

construction purposes such as insulation materials (waterproof) for basements, 

retaining walls and roofs or as a pavement material in garage floors, parking 

lots, sidewalks, playgrounds and parks. 
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Introduction 
Environmental problems have been considered as a serious situation in the 

construction. Waste management is pressing harder with the alarming signal warning 

the industry. Reuse, recycling and reduce the wastes consider as the only methods to 

recover those waste generated; however, the implementations still have much room 
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for improvement (Tam and Tam, 2006). For years, people have been trying to keep 

the environment clean. Because of natural disasters or increasing population and 

urbanization, great amounts of waste materials are produced. Unmodified Polystyrene 

is one of these waste materials. 

Unmodified WPS foams have a cellular microstructure with closed cell membranes 

made of expandable polystyrene (PS) and its density is typically less than 50 kg/m3 

(Abdulkadir and Ramazan, 2009). Polystyrene is a plastic which has been extensively 

used in packaging and disposable containers. Use of these materials is following a 

growing trend but unfortunately it takes 600-500 years for them to be recycled. This 

continuing trend means that in the next few decades the earth will be buried under a 

pile of disposable plastic material and most of soils will be non-cultivatable and the 

globe will turn into a ball with a plastic layer (Sinan and Emine, 2004). 

According to international studies, the chemical compounds of petrochemical 

disposable dishes are transferred to food when exposed to heat. To resolve this 

problem, some methods can be used such as landfill, incineration and recycling (Al-

Hadidy and Yi-qiu, 2008). Various investigations have adopted chemical recycling of 

waste polystyrene into the corresponding monomers or hydrocarbons (Yoshiki et al., 

2002; Karaduman et al., 2001). However, the process is not efficient because the cost 

of hydrocarbons and monomers is low compared to that obtained by recycling. 

Therefore, it is useful to find an efficient technique to recycle WPS (Imene et al., 

2007). 

Asphalt (or bitumen) is an important construction material with many applications; 

however, asphalt binder is used mainly for the construction of roads and airfields. 

Asphaltic materials include a wide variety of complex organic components of 

different origins, compositions, and industrial uses. Asphalts can be subdivided into 

natural and industrial types. The former can be found near subterranean crude-oil 

deposits, while the latter is a product of the fractional distillation of crude oil at 300–

350 °C and constitutes a specific class of construction materials with their own 

specific properties and fields of application. It is important to stress that the term 

“asphalt” does not unequivocally define a class of materials. The term “bitumen” is 

often used to indicate both the natural and manufactured forms of asphaltic materials 

interchangeably. Moreover, it must be pointed out that the use of the term “asphalt” or 

“bitumen” depends also on the geographical region; bitumen is the European 

synonym for asphalt in North America (Polacco et al., 2015). 

Nowadays, asphalt pavements have to sustain increasingly large loads. When these 

loads are combined with adverse environmental conditions, the distress modes in 

pavements lead to the rapid deterioration of road structures. To improve the 

engineering properties of asphalt, it is frequently blended with various polymers. The 

modification of asphalt by polymers produces new material called polymer modified 

asphalt (PMAs), which sometimes has very different mechanical properties from the 

original base (conventional) asphalt. Generally, PMAs is a material with strong 

viscoelastic behavior (Zora et al., 2007). Modification is normally achieved through 

simple mechanical dispersion of the polymer in molten asphalt under high shear. 

Approximately 75% of all modifiers are elastomeric, 15% are plastomeric, and the 

remaining 10% are either rubber or miscellaneous under these three categories (Airey, 
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2003). The use of PMAs is a key component in providing roads with a longer service 

life. PMAs are proprietary binders formed by introducing virgin polymers into 

straight run bitumen, resulting in a binder with enhanced performance characteristics. 

The quantities of virgin polymer used can be significant (up to 5%) and results in a 

binder cost that is considerably more expensive than the straight run bitumen. A 

feature of current asphalt practice is that PMAs are used where it is essential that 

roads are designed to resist deformation and fatigue cracking due to the presence of 

large volumes of vehicles (Donnchadh et al., 2008). 

 

Huang et al. (2007) reported on the incorporation of several waste streams into 

asphalt, including glass, steel slag, tires and plastics. Such materials may be used as 

insulation materials (waterproof) for basements, roofs or to pave floors in garages 

parking lots, sidewalks, playgrounds and parks. Cabeza et al. (2010) indicate, there 

are different insulation materials available on the market and usable in buildings. 

They are generally classified based on their origin, which can be from plants, animals, 

synthetics or minerals and based on their structure: foamy or fibrous (Papadopoulos, 

2005). Furthermore, there is a wide range of combined materials, which are 

manufactured by processing different materials from different origins so as to be able 

to improve their heat insulation performance (Fassi and Maina, 2009). Recycling, 

being one of the strategies in minimization of waste, offers three benefits: (i) reduce 

the demand upon new resources, (ii) cut down on transport and production energy 

costs and (iii) use waste which would otherwise be lost to landfill sites (Edwards, 

1999). 

 

In view of environmental and economic aspect, asphalt was modified with recycled 

packaging waste expended polystyrene (WEPS) instead of common polymer. The 

differential scanning calorimetry (DSC), rotational viscometer and dynamic shear 

rheology (DSR) were used to analyze and evaluate the viscoelasticity of modified 

asphalt. Results indicate that the sensitivity of modified asphalt to temperature is 

decreased while the rut resistance of asphalt is increased. In addition, the 

viscoelasticity of asphalt is improved after the modification with WEPS. Besides, the 

modified asphalt has high viscosity at low temperature and low viscosity at high 

temperature, which is favorable for construction (Fang et al., 2014). 

 

The amount of exported polystyrene and copolymers in Hong Kong alone in the year 

of 2002 was 18445 tons with a value of 2606 HK$/ton (EPD. Hong Kong 

Environment, 2002). In Jordan and the Middle East thousands of tons of polystyrene 

are wasted every day. Hence, recycling construction wastes such as polystyrene by 

mixing it with another widely used material in construction shall be investigated. 

Throughout this paper the main goal is to study the influence of recycling unwanted 

polystyrene by the form of blending it with asphalt (bitumen) in order to establish 

important physical indicators for safe use of the binder in civil engineering 

applications to reduce the impact of pollution on environment. 
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Objectives 

This research aims to: 

(1) Study the effect of polystyrene on properties of asphalt (bitumen) mixtures.  

(2) Investigate the feasibility of using the polystyrene as an additive to asphalt 

(bitumen) to be used as pavement and asphalt surfaces. 

 

 

Materials and Methods 

Two materials were used in this research: 

1. Wastes of polystyrene with density of 0.0235 g/cm3, which is mainly used for 

packaging, thermal insulation and disposable materials. 

2. Asphalt also known as bitumen and its properties are listed in Table 1, which is 

a sticky black highly viscous liquid or semi-solid form of petroleum. It is 

widely used in road construction, where it is used as a binder mixed with 

aggregates to create asphalt concrete. Other applications are to produce 

bituminous materials used for water proofing, sealing flat roofs or retaining 

structures. 

 

Table 1: Properties of asphalt 

 

Penetration 

(25 °C, 50 g)/0.1 mm 

Softening point 

(ring and ball method) (°C) 

Ductility 

(cm) 

Flash point 

(°C) 

64.3 46.7 129.1 300 

 

 

The polystyrene wastes were washed with warm water and then let dry naturally in 

room temperature at 24º C, then cut into small pieces as shown in Fig. 1.The asphalt 

was heated in the oven at 150 °C until it was fully melted and then a certain amount 

of polystyrene was slowly added in different proportions: 0, 5, 10 and 15% (by 

volume of asphalt). The mixture of asphalt and polystyrene was heated to 190 °C, 

followed by manual stirring for 30 minutes and automatic stirring for 1.5 h. The 

modified asphalt was then cooled to 120 °C and kept for 30 minutes to disperse 

polystyrene evenly in the asphalt. 

 

To study the effect of polystyrene waste addition to bitumen, the following tests were 

conducted on base and modified asphalt: penetration degree (ASTM D946/D946M-

09a), softening point (AASHTO Designation: T 53-06), ductility (ASTM D 113), 

flash and fire point tests (ASTM D 92-05). 
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Figure 1: Polystyrene after cutting 

 

 

Results and Discussion 
Effect of polystyrene on penetration: 

This test indicates an empirical measurement of the consistency of a material when a 

needle penetrates through the mixture. The penetration test was applied on the base 

asphalt and samples of modified asphalt with polystyrene wastes. 

As clarified in Fig. 2, it can be shown that the mean penetration values (mean of three 

tests for each mixture) decreases with the increase of polystyrene which might be due 

to the enhancement of adhesive forces between the polystyrene and bitumen material. 

Consequently, this indicates that the product can be used in hot climates. In warm 

regions, low penetration grades (60/70), are preferred to avoid softening of asphalt. In 

cold regions, high penetration grades are preferred. 
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Figure 2: Penetration of the modified asphalt 

 

Effect of polystyrene on ductility: 

The ductility of a bituminous material is measured by the distance in cm to which it 

will elongate before breaking when a standard briquette specimen of the material is 

pulled apart (Fig. 3) at a specified speed of 50 mm/min and a specified temperature 
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25º C. Then a SYD 4508G asphalt ductility tester connected with a monitor was used 

for pulling the briquette of bituminous material apart horizontally which was 

continuously immersed in water, while the two clips are pulled apart at a uniform 

speed without vibration until briquettes rupture. 

The ductility of the mixture decreases with increased amount of polystyrene waste 

(Fig. 4). The addition of polystyrene of 5% by volume of asphalt reduced ductility by 

73% of base asphalt. Which indicates significant increase in viscosity. Thus, it can be 

noted that the mixture doesn’t help forming ductile film around aggregates in road 

construction. Hence, the modified asphalt cannot be used as pavement for road 

construction. 

 

 
 

Figure 3: Standard briquette 

 

 
 

Figure 4: Ductility of the modified asphalt 

 

 

Effect of polystyrene on softening point: 
Bituminous materials are viscoelastic materials without sharply defined melting 

points; they gradually become softer and less viscous as the temperature rises. The 

test method covers the determination of the softening point of bitumen in the range 
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from 30 to 157°C using the ring-and-ball apparatus immersed in distilled water (30 to 

80°C). Laboratory test results indicate an increase of the softening point when 

increasing the polystyrene waste in the modified asphalt mixtures as shown in Fig. 5. 

For example the addition of polystyrene of 5% by volume of base asphalt increased 

the softening point from 46.7 °C to 63.7° C. This result support the previous 

discussion for the ability of using the modified asphalt in hot climates. 

 

Effect of polystyrene on fire and flash points: 

The flash point of a material is the lowest temperature at which the application of test 

flame causes the vapors from the material to momentarily catch fire in the form of a 

flash under specified conditions of the test. However, the fire point is the lowest 

temperature at which the application of test flame causes the material to ignite and 

burn at least for 5 seconds under specified conditions of the test. Fig. 6 shows the 

increase of flash point with the increase of polystyrene in the bitumen samples, for the 

binder sample of 15% polystyrene the flash point reached 322 °C. For fire point 

which is normally higher than flash point, the heat reached to the extent of risk above 

330°C for all binder samples. Hence, the mixtures meat the specifications of safety for 

shipping. 

 

 

 

Figure 5: Softening point of the modified asphalt 
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Figure 6: Flash point of the modified asphalt 

 

Conclusion 
To efficiently reduce the waste in construction and industry by implementing 

recycling of unwanted polystyrene through incorporating such material in asphalt 

mixes, which will lead to protection of environment, conservation of natural resources 

and reducing costs. This paper reviews the polystyrene waste recycling in asphalt 

mixes and its feasibility. From this paper the following conclusions can be drawn: 

1) Penetration and ductility decrease as the polystyrene in the modified asphalt 

increases, therefore, viscosity increases with increasing polystyrene in the 

asphalt binder. 

2) Softening point increases as the polystyrene content in the binder increases. 

3) The binder meet the transportation safety specifications for flash and fire points. 

4) Stabilization/solidification of polystyrene by mixing it with asphalt will be an 

excellent option to get rid of this material. 

5) The polystyrene –asphalt binder has the potential of performing under hot 

climatic condition, it can be used for playgrounds, training areas, parking lots, 

sidewalks pavements and as insulation material for roofs and retaining 

structures. 
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