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Abstract 

This study examined the effects of adding polyethylene glycol (PEG) on the conventional properties and temperature 

susceptibility of Iraqi asphalt binder. The asphalt binder, a 40/50 penetration grade obtained from a local site, was 

modified by adding PEG at various amounts (1, 3, 5, and 7 wt%) through mechanical blending at a controlled 

temperature. Conventional binder characterization (penetration, softening point, and ductility) was carried out to 

compare the properties of the neat and modified bitumens, as the penetration index (PI) was calculated to assess the 

temperature susceptibility. It was found that as the amount of PEG in the blend increased, the softening point decreased 

from 54 to 45  C gradually, the penetration increased from 60 to 78 (0.1 mm), while the ductility decreased from 150 

to 103 cm, which is an indication that the deformation characteristics of the soft-head asphalt binder were altered by 

PEG addition. The penetration index also decreased from +0.20 to −1.51, implying that temperature susceptibility 

increased as the PEG level increased. The most balanced conventional properties were found in the modified binder 

with 3 wt, ductility of 132 cm and PI of −0.42. Based on the results discussed in this paper, moderate PEG addition 

may be a promising option for altering the consistency and flexibility of Iraqi asphalt binder, but high PEG content 

may adversely affect resistance to temperature variations. Further rheological and aging studies are needed to verify 

its practical suitability for pavement applications. 

Keywords. Polyethylene glycol PEG; Asphalt modification; Rheological properties; polymer-modified; asphalt 

binder; Iraqi asphalt binder. 

Introduction  

Asphalt is one of the most widely utilized materials in pavement construction owing to its excellent adhesion, water 

resistance, and viscoelastic features. However, the performance of unmodified asphalt binders is highly sensitive to 

temperature and applied loading conditions. For bitumen binders, excessive softening at high temperatures reduces 

stiffness and increases vulnerability to permanent deformation [1, 2]. At low temperatures, the asphalt binder tends to 

be more brittle and more prone to thermal cracking [3, 4]. Additionally, the asphalt binder's mechanical and rheological 

properties are negatively affected with time due to traffic loading and atmospheric aging [3], which contribute to 

premature pavement deterioration and shorter service life. Therefore, the addition of polymers, nanomaterials and 

other functional additives into asphalt binders has attracted a lot of research interest as a promising approach to 

improve pavement performance and durability [5]. Polymer modification is a promising way of modification that can 

affect the viscoelastic behavior, microstructural characteristics and temperature sensitivity of asphalt binders [6]. 

Nevertheless, the performance of polymer-based modifiers is largely governed by several factors, including their 

chemical composition, molecular weight, dosage, dispersion characteristics, and compatibility with the various 

constituents of the asphalt matrix [7, 8]. The degree of interaction and compatibility between the polymer and asphalt 

 
1 How to cite the article: Ali M.H.; (October 2026); Influence of Polyethylene Glycol as a Functional Modifier on the Performance of Asphalt 

Binder; International Journal of Universal Science and Engineering; Vol 13, 106-113 

http://www.ijuse.in/


International Journal of Universal Science and Engineering http://www.ijuse.in 
 

(IJUSE) 2026, Vol. No. 13, Issue 1, Jan-Dec e-ISSN: 2454-759X, p-ISSN: 2454-7581 

 
 

107 

International Journal of Universal Science and Engineering 

phases plays a crucial role in governing the storage stability, resistance to permanent deformation at elevated 

temperatures, flexibility under low-temperature conditions, and long-term durability of the modified asphalt binder 

[9]. Thus, identifying a suitable polymer modifier is a key factor in designing and producing asphalt binders with 

enhanced performance characteristics and improved long-term durability [10] . 

Several polymer-based additives are available, but polyethylene glycol (PEG) has been proposed and investigated as 

a modifier for asphalt binders based on its special molecular structure, high polarity, and characteristic thermal 

properties, as well as the possible interactions between PEG and components of asphalt binders [11, 12]. Being a 

repetitive structure of ethylene oxide units, commercially available in a range of molecular weights for the purpose of 

tuning the corresponding physicochemical and thermal characteristics in the given application, the addition of such 

additives may influence the phase morphology and the rheological properties of asphalt binders [13, 14]. Also, its 

specific melting and crystallization processes may contribute to the regulation of the thermal response and 

temperature-dependent performance of asphalt materials [12]. 

Previous studies on the use of PEG to modify the physicochemical and mechanical properties of asphalt binders have 

indicated that PEG can be used to effectively modify the properties of asphalt binders [13, 20]. Xia and colleagues 

investigated the modification of bitumen with polyethylene and PEG of different molecular weights and found that 

the molecular weight of PEG had a significant effect on the crystallization characteristics and rheological stability, as 

well as the mechanical performance of the resulting modified binders [15]. Incorporation of PEG into the asphalt 

binder was found to result in significant modification of the traditional physical characteristics of asphalt binders [16]. 

In addition, Naeem et al. found that the inclusion of PEG into 60/70 penetration-grade bitumen had an effect on the 

stiffness of the resulting binder, demonstrated by an increase in the softening point and a progressive decrease in both 

penetration and ductility values as the PEG content increased. The implication of this finding is improved resistance 

to permanent deformation at high-temperature conditions, but in addition, it has been found that too high PEG 

concentrations may result in poor ductility and flexibility of the modified asphalt binder. Hence the importance of 

optimizing the PEG content to achieve a suitable balance between good resistance to deformation at high temperatures 

and adequate flexibility at low-temperature conditions [11]. Another area of attention for the use of PEG has been its 

addition into phase-change materials (PCMs) to improve the thermal regulate potential of asphalt binders in pavement 

applications [17, 18]. This is due to the good phase-transition properties of PEG and its ability to absorb and release 

the thermal energy generated during its melting and crystallization processes. The main concerns in directly 

incorporating PEG within the asphalt binder are possible leakage of the polymer or phase incompatibility and 

unwanted changes in the mechanical properties of the resulting modified binder [19]. However, the experimental 

findings have shown that the interactions of PEG with the bitumen are complex and that the incorporation of PEG 

may result in a modification of the rheological response and mechanical performance of the corresponding asphalt 

mixtures [18, 19]. A important question to raise here is the influence of the PEG on the internal morphology and 

network structure of the modified binder [16]. The incorporation of PEG in a bitumen/polyethylene/PEG system can 

have an effect on, not only the evolution and distribution [11], but also the stability of the polymer-rich network. 

Moreover, studies indicated that the addition of PEG improved the rheological stability of PE/PEG-modified bitumen. 

The reason for this effect is its influence on the formation and evolution of the phase-separated microstructure. This 

indicates that PEG can have an influence on the formation and evolution of the multiphase microstructure, thus playing 

a role that is more than just that of a conventional plasticizing agent. 

The objective of this work is to investigate the potential of using polyethylene glycol (PEG) as a polymeric modifier 

for an Iraqi 60/70 penetration grade asphalt binder. In this respect, the effect of PEG concentration on the conventional 

binder properties like penetration, softening point, ductility and penetration index (PI) has been investigated to 

examine the effect of this modifier on the binder consistency, flexibility and temperature susceptibility. In addition, 
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the optimal PEG concentration offering a proper trade-off of physical properties was determined and the feasibility of 

using that modifier for pavement applications is estimated. 

The most innovative aspect is that Iraqi 60/70 penetration-grade asphalt binder was modified for the first time using 

PEG and the concentration-effect relationship of PEG about the traditional binder properties was determined. The 

successful formulation of 3 wt% PEG opens new possibilities for the development and more thorough investigation 

of the PEG-modified asphalt materials for pavement applications. 

Methodology  

Materials. 

The neat asphalt binder employed throughout this study was a 60/80 penetration-grade bitumen, commonly used in 

pavement construction, particularly in surface and binder courses. The asphalt binder was supplied by the Al-Doura 

Refinery, Baghdad, Iraq. PEG-6000 was provided by Sigma-Aldrich.   

Instruments used. 

The instruments used for the characterization and preparation of the asphalt samples included an STLZ-1 Double-

Digit Display Asphalt Penetration Apparatus for determining the penetration grade of the asphalt binder and an STYD-

2 Digital Asphalt Ductilometer for measuring the ductility of the asphalt samples. The chemical functional groups and 

structural changes of the polyethylene glycol (PEG)additive to asphalt binders was investigated using a Shimadzu 

Fourier-transform infrared (FTIR) spectrometer. The asphalt and PEG were homogenized using a Heidolph overhead 

mechanical stirrer to ensure uniform dispersion of the modifier throughout the asphalt matrix. 

Experimental section 

Samples Preparation. 

Preparation of the samples was performed according to previous procedure described by [11, 16]. To investigate the 

effects of PEG on the performance of the neat asphalt binder, a unmodified Iraqi asphalt binder with a penetration 

grade of 60/70 was initially heated to 180 °C using a 1.0 L stainless-steel mixing vessel equipped with a mechanical 

stirrer then the mixture was subjected to vigorous mechanical stirring. PEG was subsequently added slowly at different 

concentration (1, 3, 5, 7 wt%) to the asphalt binder and continuously mixed at 180 °C for 2 h to promote uniform 

dispersion and interaction with the asphalt matrix. Upon completion of the modification process, the PEG-modified 

asphalt binders were transferred into small aluminum containers, covered with aluminum foil to minimize 

contamination and exposure during storage, and subsequently stored at ambient conditions prior to characterization 

by conventional binder tests. 

Rheological tests of unmodified and modified asphalt. 

The results below present an assessment of the rheological properties of the PEG-modified asphalt binders, with the 

aim of analyzing the effects of polymer incorporation on binder consistency, deformation behavior and temperature 

susceptibility. A characterization of the unmodified asphalt binder under identical test conditions was carried out for 

comparison. A ring-and-ball softening point test, a penetration test, and a ductility test, as specified by ASTM D36, 

ASTM D5, and ASTM D113-86, respectively, were conducted to experimentally measure the effects of polymer 

addition on the physical and temperature-dependent properties of the modified binders [21] [22] [23]. The 

corresponding experimental results are summarized in Table 4. From these experimental data the so-called penetration 
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index (PI), used as an indicator of the temperature susceptibility of each binder formulation was computed applying 

the following equation: 

 [PI =
1952−500 𝑙𝑜𝑔 𝑝𝑒𝑛−20 𝑠𝑜𝑓𝑡𝑒𝑛𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡

50 log 𝑝𝑒𝑛− 𝑠𝑜𝑓𝑡𝑒𝑛𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡−120
] 

Pen represents the penetration value of the asphalt binder tested at 25 C; SP stands for softening point temperature 

(C). The penetration index (PI) is an empirical measure of the binder's temperature susceptibility. A relatively small 

PI indicates a relatively high level of temperature susceptibility; a relatively high PI indicates relatively smaller 

temperature susceptibility [24]. 

Results and discussion.  

FTIR characterization is therefore an essential step in identifying the polyethylene glycol (PEG) compound to ensure 

the desired chemical purity, molecular consistency, and functional group integrity of the polymer before combining it 

with the asphalt binder. Characterizing the PEG baseline structure (i.e., terminal hydroxyl (OH) groups and ether (C-

O-C) linkages) is also necessary to avoid phase separation, unforeseen reaction kinetics, or oxidation aging of the 

binder. An FTIR screening of the PEG is therefore essential to ensure that no impurities or degradation products are 

present to achieve reproducible rheological performance and thermal stability of the end-modified binder matrix. The 

Fourier-Transform Infrared (FTIR) spectrum of the polyethylene glycol (PEG) sample (Figure 1) displays key 

absorption bands characteristic of its polyether backbone structure. A broad hydroxyl (-OH) stretching vibration band 

is visible in the 3500-3300 cm-1. region, corresponding to the terminal alcohol groups involved in hydrogen bonding. 

distinct bands at 2881 cm-1and 2862 cm-1 correspond to the asymmetric and symmetric (C-H) stretching vibrations of 

the aliphatic methylene (-CH2-) groups. The weak absorption feature at 2360 cm-1 is attributed to ambient atmospheric 

CO2 interference commonly present during measurements. In the fingerprint region, the bending/scissoring vibration 

of the (-CH2-) groups appears prominently at 1465 cm-1 alongside CH2 wagging and twisting vibrations observed at 

1340 cm-1, 1278 cm-1, and 1240 cm-1.  The characteristic signature of PEG is confirmed by the strong, sharp ether 

linkages C-O-C stretching vibration band centered around 1060 cm-1 with an adjacent shoulder/peak at 1145 cm-1.  

Finally, the absorption bands at 960 cm-1and 840 cm-1 are assigned to CH2 rocking vibrations, together providing 

conclusive spectral evidence consistent with the structure of polyethylene glycol. These findings are consistent with 

previous studies [25, 26] 

 

Figure 1. FTIR spectrum of pure PEG. 
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Regarding the processing conditions for polymer incorporation into the asphalt matrix, a mixing temperature of 180 

°C was selected as a compromise between achieving adequate fluidity of the 60/70 penetration-grade asphalt and 

promoting effective dispersion and interaction of PEG within the asphalt matrix. At lower temperatures, the relatively 

high viscosity of the asphalt binder can restrict polymer incorporation and result in incomplete or non-uniform 

dispersion. Studies on polymer-modified asphalt show that about 180 °C can provide more homogeneous polymer 

distribution than lower temperatures, and polymer-modified binders are usually prepared at 170-200 °C [27]. 

However, excessively high temperatures may accelerate thermal and oxidative aging of the asphalt binder and reduce 

the stability of polymer-modified systems [28]. Therefore, 180 °C was chosen as a suitable processing temperature, 

ensuring binder fluidity and polymer dispersion without excessive thermal degradation when PEG modification is 

applied; the modification lasted 2 h and was followed by 120 minutes of modification. 

Table 1 compares the rheological properties of the untreated binder and the PEG-modified asphalt mixtures. Adding 

polyethylene glycol (PEG) changed the softening point, ductility, penetration, and penetration index (PI), indicating 

that PEG significantly reduces temperature susceptibility and improves the consistency of the asphalt binder. 

 

Table 1. Comparative evaluation of conventional properties of PEG-Modified and Unmodified Asphalt Binders. 

PEG % 0% 1% 3% 5% 7% 

Softening point 

(SP) ᵒC 
54 52 50 48 45 

Ductility at 15 

ᵒC (cm) 
150 150 132 116 103 

Penetration at 

25 ᵒC (0.1 mm) 
60 63 69 73 78 

Penetration 

Index (PI) 
0.20 - 0.15 - 0.42 - 0.81 - 1.51 

 

The unmodified asphalt binder (0% PEG) showed a softening point of 54 C, penetration of 60 x 0.1 mm and ductility 

of 150 cm at 25 C, 15 C and at 15 C; and hence is typical of a medium-hard 60/70-type paving binder (Figure 2a, b 

and c). The softening point was observed to gradually decrease (for the standard binder) to 52, 50, 48 and 45 C for 

1%, 3%, 5% and 7% PEG respectively. Increasing the PEG concentration gradually decreases the temperature at 

which the binder undergoes noticeable softening. This implies that PEG can reduce the intermolecular interactions in 

the asphalt matrix and improve mobility of the binder constituents. This reduction in the softening point tends to be 

more pronounced at higher PEG concentrations, as this appears to further enhance the plasticizing effect of PEG. The 

lowest softening point (45 C) was found in the sample modified with 7% PEG as it is 9 C less than that for the neat 

binder. The softening behaviour is mirrored by penetration. The penetration also increases with increasing PEG 

concentrations, from 60 * 0.1 mm for the neat asphalt binder to 63, 69, 73, and 78 * 0.1 mm for 1%, 3%, 5%, and 7% 

PEG, respectively. This reflects the decreasing consistency and increasing deformation capacity of the binder at 25 C. 

The increase of about 30% in penetration observed at 7% PEG compared to neat binder is evidence that the effect of 

PEG on the asphalt is to make it less hard and more temperature-responsive. 
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(a)                                                                              (b) 

 
(c) 

Figure 2. Effect of PEG contents on the rheological properties of asphalt, softening point (a), ductility (b), penetration 

(c). 

The ductility results provide further evidence of the effect of PEG on binder behavior. The unmodified binder 

exhibited a ductility of 150 cm, and the addition of 1% PEG did not produce a measurable change, with the ductility 

remaining at 150 cm. However, a progressive decrease was observed at higher PEG concentrations, reaching 132, 

116, and 103 cm for 3, 5, and 7% PEG, respectively. Despite this reduction, all investigated PEG-modified binders 

retained relatively high ductility, with the 7% PEG sample maintaining a ductility of 103 cm. The decrease in ductility 

at higher PEG concentrations may be associated with changes in the balance between the viscoelastic and plastic 

components of the asphalt matrix and possible interactions between PEG and the polar constituents of the binder. 

The PI of the binder varied with PEG addition as follows: +0.20, −0.15, −0.42, −0.81, and −1.51 for the control and 

1, 3, 5, and 7% PEG binders, respectively. The more negative the PI (i.e., the more temperature sensitive), the more 

the binder's consistency varies with temperature. This is in line with the decrease in softening point and the 

corresponding increase in penetration seen in previous results. The dramatic drop in PI at 7% PEG suggests that the 

maximum PEG level causes the most extensive change in the binder's rheological behavior as a function of 

temperature. 

Taking an overall perspective with regard to the conventional binder measurements, the unmodified asphalt is 

gradually converted by the PEG addition from a fairly rigid binder to a more ductile, soft, and less high-temperature 

resistant, temperature-sensitive material. The 1% PEG-asphalt produced a relatively minor modification; the changes 

becoming more pronounced from 3% to 7% PEG. In other words, the 7% PEG binder had the maximum penetration 

(78*0.1 mm), minimum softening point (45 C), the minimum PI (−1.51), and a ductility of 103 cm. So PEG addition 

is a technique of binder softness and penetration improvement, but over-addition may lead to less high-temperature 

resistance and to worse temperature susceptibility of the binder. Therefore, from a conventional binder-property 

perspective, PEG concentrations from 3% to 5% can be said to produce better balanced modifications than the 7%, 

but the optimum PEG concentration of the binder for practical asphalt road application should be determined together 

with the viscosity, rheological properties (DSR), storage-stability and thermal susceptibility tests. However, with a 

good balance between flexibility, ductility, consistency and thermal susceptibility, 3% PEG was found to be the most 
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effective formulation at improving the overall binder; but to finally say 3% PEG was the optimum PEG binder for 

asphalt pavement application, this needs to be confirmed with rheological measurements (e.g. rotational viscosity) or 

with aging tests. 

Conclusion 

The addition of polyethylene glycol (PEG) had a great effect on the conventional physical properties of the Iraqi 

asphalt binder. The properties were found to exhibit concentration-dependent modification effects. Increasing PEG 

percentage decreased softening point and ductility, while penetration and temperature susceptibility increased. The 3 

wt% PEG formulation provided the best compromise between consistency, flexibility, ductility and softening point. 

A high PEG concentration caused excessive binder softening, which could negatively affect deformation resistance at 

high temperatures. These results indicate PEG can be a promising additive for modifying asphalt binder properties if 

used at an appropriate concentration. More studies on the aging and rheological properties of the modified binder are 

recommended to ensure its long-term performance in pavement applications. 
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