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ABSTRACT – This study explores the effect of surfactant use, namely Sorbitan Monostearate 

(Span 60) and Polyethylene Glycol 400 (PEG 400), on the physical and mechanical characteristics 
of bitumen modified with multilayer plastic. The focus of this study is to improve the compatibility 
between bitumen and multilayer plastic, which often have incompatible properties, thus affecting the 
performance of bitumen. Methodology applied includes the preparation of bitumen samples modified 
with varying surfactant concentrations, followed by microscopic analysis to assess particle 
dispersion and distribution. The results showed that the addition of surfactants significantly improved 
particle dispersion, with smaller particle sizes and more even distribution. Ductility tests showed that 
bitumen modified with surfactants had better flexibility compared to conventional bitumen, while 
penetration tests showed improved elasticity properties. These findings indicate that the use of 
surfactants in bitumen modification can improve the physical and mechanical properties of the 
material, providing potential for wider applications in the construction industry. Further research is 
recommended to explore other surfactant combinations and their impact on bitumen properties 
under various environmental conditions. 
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INTRODUCTION 

Plastic has become one of the most popular materials in the modern world today [1, 2]. Many industries favor plastic 
due to its various advantages. Its lightweight and flexible nature makes plastic suitable for a wide range of shapes and 

applications [3, 4]. Additionally, plastic is resistant to corrosion and not easily breakable, making it an ideal choice for 

many products [5]. The ease of coloring and shaping plastic adds to its appeal, while its properties as a good thermal 

and electrical insulator make it highly useful in various contexts [6]. 

However, behind all these advantages, there are significant challenges that must be faced. Serious environmental 

issues can arise if plastic is not processed properly [7, 8]. Plastic waste has now become one of the most pressing 

environmental issues worldwide [9]. With the increasing production and consumption of plastic, its negative impacts on 

ecosystems, human health, and the sustainability of our planet are becoming more pronounced [10].  

Among the various types of plastic waste, multilayer plastics are particularly challenging to recycle [11]. Generally, 

recycling multilayer plastics is complex because industrial recycling processes are currently unable to identify, sort, and 

separate the diverse layers using standard technologies [12]. Consequently, multilayer plastics often end up in landfills 

or are incinerated, leading into evironmental pollution [13]. 
One promising approach to utilizing multilayer plastic waste is to incorporate it as a blend in bitumen [14]. Bitumen 

is a complex mixture of hydrocarbons found in petroleum [15]. As a product of petroleum refining, bitumen has 

viscoelastic properties that make it ideal for use in a variety of applications [16]. Bitumen is often used as a binder in 

asphalt mixtures, which are a key component in the construction of roads, bridges, and other infrastructure [17].  

The low compatibility between bitumen and multilayer plastics is one of the drawbacks of using multilayer plastics 

as bitumen blends [18]. This low compatibility can result in negative impacts, such as reduced ductility, penetration 

value, and softening point [19]. Therefore, special treatment is required in blending multilayer plastics with bitumen to 

improve their compatibility. In this study, surfactants were added to the mixture to improve the compatibility between 

bitumen and multilayer plastics. 

Surfactants, or surface active agents, are molecules characterized by a polar head and a non-polar tail, functioning to 

reduce the surface tension difference between two materials within a single mixing system. The polar head exhibits 
hydrophilic properties (water-attracting), while the non-polar tail is hydrophobic (water-repelling) [20]. The 

hydrophilicity and hydrophobicity of surfactants stem from the hydrophilic and hydrophobic functional groups in their 

molecular structure, respectively, as illustrated in Figure 1. Consequently, surfactants are commonly used to enhance 

the compatibility of various products composed of materials with significantly different surface properties. They are 

widely applied in diverse industries such as cosmetics, textiles, detergents, food, pharmaceuticals, and others. 
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Figure 1. Surfactant structure and its relationship to hydrophilic and hydrophobic 

 

The figure above illustrates the structure of surfactants, where the hydrophilic property is located at the polar head, 

while the hydrophobic property is at the non-polar tail. The head group can be anionic, cationic, zwitterionic, 

ampholytic, or non-ionic, whereas the tail consists of a hydrocarbon chain [21]. Generally, the ideal hydrocarbon chain 

length ranges from 10 to 18 carbon atoms. If the hydrocarbon chain is too long, an imbalance occurs due to either an 

excessive affinity for the oil group or a reduced affinity for the water group [22] 

Surfactants are characterized by their charge type, which can be cationic, anionic, zwitterionic or ampholytic, or 

non-ionic, all of which are soluble in water. Each charge type has specific characteristics and influences the surfactant’s 

performance and compatibility in mixing bitumen with multilayer polypropylene plastic. In this study, non-ionic 
surfactants were used, namely polyethylene glycol 400 (PEG 400) and sorbitan monostearate/Span 60 (SM). Non-ionic 

surfactants are characterized by having a neutral head group that is hydrophilic [23]. These two surfactants are suitable 

for high-temperature applications because they lack ionizable charged groups, making them less prone to 

decomposition at elevated temperatures. Additionally, non-ionic surfactants can form hydrogen bonds with water 

molecules, enabling them to create a homogeneous mixture with water and remain soluble at high temperatures [24]. 

The primary aim of this research is to evaluate the effect of surfactants on the physical and mechanical properties of 

bitumen modified with multilayer plastic waste, focusing on how surfactant addition influences particle size 

distribution, ductility, penetration, and softening point of the PMB; this study is significant as it offers a dual solution 

by addressing environmental plastic waste through an innovative recycling pathway while simultaneously enhancing 

the performance characteristics of bitumen used in road paving, providing valuable insights into sustainable material 

development and waste management strategies that support advancements in environmental protection. 

EXPERIMENTAL METHOD 

Materials and Instruments 
In this study, the materials used consisted of polypropylene multilayer plastic (PPMLP) obtained from instant 

noodle packaging waste. This waste was collected from various sources, such as food stalls and supermarkets, then cut 

or chopped using a crusher machine to prepare it as raw material. In addition, the type of bitumen used was PEN 60/70, 

obtained from PT. Widya Sapta, in accordance with the standards set by the Directorate General of Highways, Ministry 

of PUPR. The surfactants used in this study were Sorbitan Monostearate, known by its trade name Span 60, and 

Polyethylene Glycol 400 (PEG 400). Both of these surfactants function to improve the physical and chemical properties 

of the resulting bitumen mixture. 

 

Method and Procedure 
This study uses bitumen with a PEN 60/70 specification as the base material for modification. Multilayer plastic 

waste from instant noodle packaging is used as an additive to enhance the mechanical properties of the bitumen. 
Nonionic surfactants, namely Sorbitan Monostearate (Span 60) and Polyethylene Glycol 400 (PEG 400), were selected 

as coupling agents with concentration variations of 0.1 wt.%, 0.3 wt.%, and 0.5 wt.%. 

The preparation of plastic-modified bitumen (PMB) samples was carried out by mixing hot bitumen at 

approximately 160°C with multilayer plastic and surfactants according to the specified concentrations. After achieving 

a homogeneous mixture, the samples were observed under an optical microscope, and image analysis was performed 

using ImageJ software to quantify particle dispersion and distribution, accompanied by standard deviation as a measure 

of data homogeneity. 

Ductility tests were conducted according to ASTM D-113-99 to measure the flexibility of the PMB. The samples 

were conditioned by immersion in water at 25°C for 85–95 minutes, then tested at a pulling rate of 50 mm/min until 

rupture. Penetration tests were performed following SNI-06-2456-1996 by inserting a penetration needle into the 

sample under specified temperature, load, and time conditions. The penetration value, measured in millimeters, reflects 

the hardness or softness of the PMB. 
Softening point tests were carried out to determine the thermal properties of the PMB and the effect of surfactant 

concentration on the softening point. These results serve as an important comparative evaluation for material 
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performance at high temperatures. The test data were then analyzed to assess the influence of surfactant concentration 

variations on the physical properties, particle dispersion, and mechanical properties of the plastic-modified bitumen. 

Comparisons between the control samples (without surfactant) and surfactant-treated samples provided deeper insight 

into the effects of nonionic coupling agents in the mixture.  

RESULT AND DISCUSSION  

Dispersion and Distribution 

Observations using optical microscopy in this study served as a characterization method to examine the 

microstructure of asphalt mixtures containing coated polypropylene plastic waste. The primary purpose of these 

observations was to evaluate the quality of the mixture based on two crucial parameters: dispersion and distribution. As 

illustrated in Figure 2, the optical microscopy results on PMB samples with SM concentrations of 0.1%, 0.3%, and 

0.5% demonstrate the dispersion and distribution of fine particles within the main matrix. To ensure the accuracy and 
objectivity of the data, ImageJ software was employed to quantify the dispersion and distribution values, accompanied 

by their respective standard deviation values. 

Standard deviation is used to measure the extent to which data on particle dispersion and distribution deviate from 

their mean values. This metric is essential for determining the homogeneity and consistency of PMB mixtures. A 

smaller standard deviation indicates a more uniform and consistent particle dispersion. Thus, standard deviation 

functions as a quantitative indicator of the irregularity in particle dispersion and distribution within the samples. The 

following table presents the standard deviation values for the dispersion and distribution of various PMB products 

containing SM. 

 

 
 

 
 

Figure 2. Results of optical microscope observations on PMB + SM samples with a) SM 0.1 wt.% b) SM 0.3 wt.% and 

c) SM 0.5 wt.% 

 

 

 

The table illustrates the discrepancy in size between multilayer plastic particles in PMB + SM 0.1 wt.%, exhibiting a 

size disparity of 775 µm. Additionally, the distance between these particles is 175 µm. This data was obtained through 
the utilization of ImageJ software, a program designed for the analysis of digital images. The software was employed to 

interpret the microstructure image displayed in Figure 2. It is noteworthy that this analysis can be extrapolated to other 

concentrations of PMB + SM, including 0.3 wt.% and 0.5 wt.%. The dispersion and distribution values obtained from 

ImageJ software will be presented in the form of the following diagram for comparison. 

 

multilayer plastics 

multilayer plastics 

multilayer plastics 
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Table 1.  Standard deviation values of dispersion and distribution of non-surfactant PMB and PMB + SM products 

with concentration variations. 

Sample Standard Deviation Dispersion (µm) Standard Deviation Distribution (µm) 

PMB Non-Surfactant 948 175 

PMB + SM 0,1 wt.% 775 153 

PMB + SM 0,3 wt.% 781 57 

PMB + SM 0,5 wt.% 878 121 

 

Table 1 shows that the distribution value of PMB + SM 0.5 wt.% is the highest, followed by PMB + SM 0.1 wt.% 

and PMB + SM 0.3 wt.%. This indicates that multilayer plastic particle agglomeration occurs during mixing, causing 

ineffectiveness in dispersing the multilayer plastic particles. As the polymer concentration in the PMB mixture 

increases, the difficulty in dispersing the particles evenly also increases. This hindrance in the dispersion process results 

in uneven particle distribution. Irregular dispersion can cause inconsistent particle distribution in the final product, 

which in turn can affect the quality and performance of the product [21]. 

 

 

Figure 3. Dispersion and distribution graph of PMB + SM products with composition variations. 

 
A comparative graph analyzing the dispersion and distribution of PMB+ SM products with varying compositions 

shows significant differences in dispersion values between PMB without surfactant and those containing surfactant, 

indicating that the addition of surfactant affects the dispersion of multilayer plastic particles. As illustrated in Figure 3, a 

detailed examination reveals that an increase in SM concentration correlates with an increase in the size of multilayer 

plastic particles. This trend is attributed to the solid state nature of SM, which is relatively thick compared to its liquid 

phase. This condition potentially causes agglomeration of SM, thereby hindering the effective dispersion of multilayer 

plastic particles. Furthermore, the chemical structure of SM —characterized by non-dominant hydroxyl functional 

groups and less polar ester and ether groups—makes it hydrophobic, promoting interactions among multilayer plastic 

particles that may lead to clumping. 

Regarding distribution values, PMB without surfactant demonstrates the highest value due to poor dispersion 

resulting from aggregation within the multilayer plastic phase. However, when considering concentration variations, a 
different pattern emerges: PMB + SM at 0.5 wt.% exhibits the highest distribution value followed by samples with 0.1 

wt.% and 0.3 wt.% concentrations respectively. This observation can be further explained by data presented in Figure 3, 

which indicates that the number of multilayer plastic particles in PMB + SM at 0.5 wt.% is lower than that found in 

PMB + SM at 0.3 wt.% sample. 
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Figure 4. Results of optical microscope observations on PMB + PEG 400 samples with a) PEG 400 0.1 wt.% b) 

PEG 400 0.3 wt.% and c) PEG 400 0.5 wt.%. 

 

Furthermore, the study continued with the effect of PEG 400 concentration on the dispersion and distribution of 

PMB products. Figure 4 shows the results of optical microscopy observations on PMB + PEG samples with 

concentration variations of 0.1 wt.%, 0.3 wt.%, and 0.5 wt.%. The results show that the higher the concentration of PEG 

400, the multilayer plastic particle size increases. 
 

Table 2.  Standard deviation values of dispersion and distribution of non-surfactant PMB and PMB + PEG 400 

products with concentration variations 

Sample Standard Deviation Dispersion (µm) Standard Deviation Distribution (µm) 

PMB Non-Surfactant 948 175 

PMB + PEG 400 0,1 wt.% 382 5 

PMB + PEG 400 0,3 wt.% 324 36 

PMB + PEG 400 0,5 wt.% 346 93 

 

 Table 2 shows that PMB + PEG 400 products have insignificant differences in standard deviation values, indicating 

that the PMB + PEG 400 products with these concentration variations can be validly compared. Furthermore, the 

comparison of the dispersion and distribution values between non-surfactant PMB products and PMB + PEG 400 

products is presented in the following graph. 

multilayer plastics 

multilayer plastics 

multilayer plastics 

multilayer plastics 

multilayer plastics 
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Figure 5. Dispersion and distribution graph of PMB + PEG 400 products with composition variations. 

 

Figure 5 shows a graph comparing the dispersion and distribution of PMB + PEG 400 products of different 

compositions. This graph shows that there is a significant difference in the dispersion values between PMB without 

surfactant and PMB with surfactant, which proves that the addition of surfactant affects the dispersion of smaller 

particles. In the comparative analysis of dispersion based on concentration variation, it can be seen that as the 

concentration of PEG 400 increases, the dispersion value decreases. This is consistent with the literature, which states 

that the higher the surfactant concentration, the smaller the size of the lesser particles, and thus the larger the surface 

contact area [25]. As a result, the multilayer plastic phase becomes more mixed and better dispersed. Thus, the 

multilayer plastic phase and the bitumen phase can mix compatibly. In addition, the hydrophilic nature of PEG 400 is 

dominated by hydroxyl groups, the higher the composition of PEG 400, the more hydroxyl groups can interact with the 
bitumen phase, while the non-polar part of PEG 400 will interact with the multilayer plastic phase. In terms of the 

distribution value, PMB without surfactant has the highest value due to poor dispersion caused by the aggregation of the 

multilayer plastic phase. When comparing the distribution values of each concentration, there is a decrease in the 

distribution value of PMB + PEG 400 0.3 wt%. This is caused by the standard deviation value of the distribution of 

PMB + PEG 400 0.3 wt% which is higher than that of PMB + PEG 400 0.1 wt%. Thus, it can be concluded that there is 

a larger smaller particle size, so the distribution value is low. 

The results showed that increasing the concentration of PEG 400 decreases the size of the multilayer plastic 

particles, thereby enhancing dispersion. The hydrophilic characteristic of PEG 400, rich in hydroxyl groups, increases 

interaction with bitumen phase, improving compatibility between the multilayer plastic particles and bitumen. 

Conversely, increasing the concentration of hydrophobic SM causes agglomeration of multilayer plastic particles, 

reducing the effectiveness of SM in dispersing these particles. 
 

Ductility 

Ductility testing showed that the bitumen samples modified with surfactants had better flexibility compared to non-

surfactant PMB. The test results showed that bitumen containing SM and PEG 400 at certain concentrations was able to 

last longer before cracking when tested. 
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Figure 6. Ductility Test Results 

 

The graph of the ductility test results shows that the ductility value after the addition of surfactants increased 

significantly compared to non-surfactant PMB. In research conducted by Manikanta [26], non-surfactant PMB 

exhibited a ductility value of only 28.36 cm. For PMB + PEG 400, the ductility value reached 100 cm at a concentration 

of 0.1 wt.%, which indicates that modification with this surfactant increases the material's resistance to deformation. In 

contrast, PMB + SM showed lower ductility values, namely 40.8 cm at a concentration of 0.1 wt.%, 30.1 cm at a 

concentration of 0.3 wt.%, and 17.8 cm at a concentration of 0.5 wt.%. This shows that PEG 400 is more effective in 

increasing the flexibility of bitumen compared to Sorbitan Monostearate. 

 
Penetration 

In accordance with the SNI-06-2456-1996 standard, penetration testing involves measuring the depth of penetration 

made by a 100-gram needle pressed into a bitumen sample for 5 seconds at a temperature of 25 °C. The penetration 

value is recorded in millimeters (mm). Bitumen exhibiting a penetration value between 60 and 70 mm is classified as 

PEN 60/70 bitumen. If the penetration value falls below this range, the bitumen demonstrates increased hardness. 

Conversely, if the penetration value exceeds this range, the bitumen tends to exhibit softer characteristics. 

When bitumen is added with polypropylene multi-layer plastic (PPMLP), the penetration value tends to be lower. 

This is because PPMLP has a higher hardness value compared to bitumen. This decrease in penetration value can 

replace the function of bitumen modified with PPMLP, with the standard penetration value of bitumen which should be 

between 60 - 70 mm. If the penetration value is between 40 - 50 mm, then it can be categorized as PEN 40/50 bitumen. 
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Figure 7. Penetration Test Results 

 

According to the Bina Marga bitumen standards, the penetration value of pure bitumen typically ranges from 60 to 

70 mm. In contrast, the penetration value of PMB without surfactants is significantly lower at 12.6 mm. Figure 7 

illustrates the penetration test results of the PMB samples studied. The graph clearly shows that the addition of 

surfactants leads to a notable increase in penetration value compared to the non-surfactant PMB. This improvement is 

attributed to the surfactants' ability to reduce the size of multilayer plastic particles, which enhances dispersion and 
distribution within the bitumen matrix. These findings confirm that surfactants effectively perform their intended 

function in improving the penetration characteristics of PMB. 

However, when adding SM surfactant, there is a problem because the dispersion and distribution are not good, so 

that the multilayer plastic phase clumps and causes the PMB product to become hard. The penetration values of PMB + 

SM with concentrations of 0.1 wt.%, 0.3 wt.%, and 0.5 wt.% were 35.6 mm, 27.6 mm, and 20.6 mm, respectively. The 

more SM concentration added, the harder the PMB. 

On the other hand, in PMB + PEG 400, there was a decrease in penetration value, although the decrease was not 

significant. The penetration value for PMB + PEG 400 was 71.6 mm at a concentration of 0.1 wt.%, 67.6 mm at a 

concentration of 0.3. 

 

Softening Point 

The softening point test results indicate that the modification of bitumen with surfactants, namely SM and PEG 400, 

significantly influences the softening point of the material. As the concentration of SM and PEG 400 increases, the 

softening point of the modified bitumen also increases. 
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Figure 7. Softening Point Test Results. 

 

As shown in Figure 7, the softening point values of PMB modified with SM have increased significantly. The 

softening point values for each SM concentration are 79.4 °C at 0.1 wt.%, 91.6 °C at 0.3 wt.%, and 104.2 °C at 0.5 

wt.%. This increase is compared to the softening point values of pure bitumen and non-surfactant PMB. 

This phenomenon can be explained by the dispersion and distribution behavior of the multilayer plastic phase within 

the bitumen. When the multilayer plastic phase tends to agglomerate, it forms clusters due to its higher melting point 

compared to bitumen. This agglomeration increases the overall softening point of the PMB. Therefore, as the 

concentration of SM increases, the degree of interaction and clustering of the multilayer plastic phase also increases, 

resulting in a higher softening point value. 

On the other hand, for PMB modified with Polyethylene Glycol 400 (PEG 400), the softening point values obtained 
were 48.2 °C at a concentration of 0.1 wt.%, 48.6 °C at 0.3 wt.%, and 48.9 °C at 0.5 wt.%. These softening point values 

are in accordance with the bitumen standard, which sets a range between 48-58 °C [27]. 

 

CONCLUSION  
This study shows that the use of surfactants, particularly SM and PEG 400, significantly affects the physical and 

mechanical properties of PMB. The findings indicate that adding surfactants can improve the compatibility between 

bitumen and multilayer plastics, which often have incompatible properties. 

Further experimental results indicate that the addition of surfactants enhances particle dispersion capability, thereby 
improving the overall performance of the material. Reduction in particle size and increased uniformity of distribution 

demonstrate improved material performance. Ductility tests show that PMB modified with surfactants has better 

flexibility compared to conventional bitumen, while penetration tests show increased elastic properties of PMB. 

Based on experimental results and data analysis, it can be concluded that both surfactants, SM and PEG 400, have 

positive effects on PMB performance. However, PEG 400 tends to yield better results compared to SM when observed 

from particle dispersion parameters, distribution, and overall mechanical stability. 

This conclusion is validated by observations of the standard deviation values of particle dispersion and distribution, 

where PMB samples with PEG 400 show lower and more consistent values, reflecting superior particle dispersion and 

more homogeneous distribution. Conversely, the solid characteristics of SM and its tendency to cluster cause particle 

agglomeration that hinders effective dispersion. 

Moreover, ductility and penetration tests show that modification with PEG 400 provides a more significant 
improvement in the elasticity and flexibility of PMB compared to SM. The more polar chemical structure of PEG 400 

enhances the compatibility between components of the mixture more effectively. 

These research findings provide an overview of the potential use of surfactants in bitumen modification for 

construction applications. However, further research is needed to explore other surfactant combinations and their effects 

on bitumen properties under various environmental conditions. 
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