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ABSTRACT 

It is presented the results of studies on temperature effect on the rheological properties of bitumen and 

bitumen-polymer mixture. The data show that the temperature has a significant effect on the change in the rheological 

properties of bitumen samples studied. 
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INTRODUCTION 

The studies have been conducted on temperature effect on the rheological properties of bitumen and 

bitumen-polymer mixture. The dependences of low molecular weight polyethylene additives’ influence on 

transformation of rheological properties of bitumen grade BND 40/60 and bitumen-polymer mixture were defined. 

According to the experimental data obtained with the application of rheological model, there were chosen ratios 

and defined an analytical expression which establishes temperature dependence of a shear stress and apparent 

viscosity. It has been established that with the increase in low molecular weight polymer in the bitumen, the 

temperature of its transition from the state of non-Newtonian liquids into Newtonian increases. 

It has been defined, that the additive into bitumen 40/60 BND of low molecular weight polyethylene in a 

concentration of up to 5% leads to increase in its apparent viscosity more than 10 times and reduces the energy of 

flow activation. 

When carrying out the series of processing steps, petroleum bitumen reaches the state of low viscosity 

which can significantly affect the efficiency of such processes. In this regard, the study of specificity of bitumen’s 

rheological behavior and the temperature effect on changing its rheological properties is of undoubted interest. 

Researches in the rheological characteristics of bitumen are also needed for better understanding and predictinga 

mechanical behavior of bitumen in different thermal and mechanical impacts. 

In [1, 2] In the studies there are generalizations of information on physicochemical, rheological and other 

properties of bitumen. The authors [3] have formulated perspective directions of bitumen modification with pyro 

bitumen and oligomer additives, as well as there have been reflected peculiarities of bitumen’s composition and 

structure and given reasoning for rationale selection of rheological model of bitumen using plasticity parameter. In 

[4] the research the viscoelastic properties of bitumen which was modified with rubber compared to initial 

bitumen was studied. A strong additive effect of crumb rubber on the modulus of elasticity (increases) whereas the 
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effect on phase angle (decreases). 

There is an available data on the relationship between rheological properties of bitumen binder used for road 

coating and cracks formation in the coating, in [5] there are given testing methods for rheological properties of bitumen as 

well as numerous research data on geophysical as phalts and polymer modified additives. An effect of polymer additives on 

the rheological and other characteristics of bitumen is considered in [6], where given the values of activation energy for 

viscous flow of bitumen modifications and several different concentrations of polymer modifiers. There has been observed 

a positive effect of some additives on the rheological behavior of asphalt at low temperatures. 

Methods and Instruments 

Thus, bitumen is a highly viscous material having the properties to changerheological feature sunder various 

factors, besides that, the viscosity of bitumen considerably depends on its origin and its chemical composition and 

structure. This paper presents the results of studies on the rheological characteristics of bitumen of grade BND 40/60 

GOST 22245-90 Fergana refinery, obtained from domestic oil. Basic physical and mechanical properties of the 

investigated sample of bitumen meet the requirements of GOST 16337-77 Basic physical and mechanical properties of 

road bitumen BND 40/60 in comparison with the requirements of GOST 22245-90.  

The rheological properties of studied bitumen sample and its modified composition with a low molecular weight 

polyethylene are studied on the instrument «Reostress» RS 600 company «Haake» (Germany). The block diagram of the 

automated measuring complex is shown in Figure 1. 

 
Figure 1: Block Diagram of Automated Measuring Complex: 1-Head-Turning Rheometer 2-Cylinder, which 

Interacts with Bitumen, 3-Thermostate Jacket, where Water Circulates with Constant Temperature, 4-Thermostate 
with a Digital Control System, 5-Head of Rheometer with Pneumatic Rotation System, 6- Compressor, 7- Table with 

Pneumaticmechanism of Vertical Motion for Adjustment, 8-Computer with Software to Control RHEOWIN 
Measurement And for Data Processing 

The dependence of a shear stress on the rate at 150 °C and the temperature at a shear rate of 120 s-1 for 

investigated sample of bitumen is shown in Figure 2 (curves (a) and (b) respectively). From the curves in Figure 2 it can be 

concluded that for studied sample of bitumen at melting temperature of 150 °C the power rheological modelis proved.  

)(),( TnTK                       (1) 



Temperature Dependence of Viscosity in the System of Bitumen-Low Molecular Weight Polyethylene                                                 3 

 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

Whereτ- shear stress, Pa·s; T - temperature, °C; γ - shear rate s-1, the temperature dependence of the shear stress 

(and apparent viscosity) of the sample is described by the Arrhenius model: 

)/exp( RTEA a
                   (2) 

where, Θ = 1 / (273 + T), A - constant, Ea - activation energy, kJ/mol, R - gas constant, T- temperature °C.  

The activation energy of viscous flow in the bitumen as in other non-ideal liquids is equal to moving the structural 

units and connected with energy of intermolecular interaction. The values of the activation energy of viscous flow and 

natural logarithm of pre-exponential factor in equation (2) were determined graphically from semi-logarithmic form ln                

(τ) - 1/T of the equation (2).  

    
(a)                                                                                                 (b) 

Figure 2: Dependence of the shear Stress on Frequency (a) and Temperature 
                                    (b) for Bitumen Sample 40/60 Bitumen BND at a Shear Rate of 120 c-1 

The dependencies of viscosity logarithm on reciprocal value of absolute temperature are presented by the lines 

which are very close to straight ones. On the tangent ofinclination angle there was determined an average value of molar 

activation energy of viscous flow. In our work, the data processing was performed by the method of least squares.  

Processing our data which were measured at 6 different temperatures there was obtained the value of activation 

energy Ea = 91kJ/ mol for bitumen. That is, the minimum energy necessary for the implementation of a viscous flow 

process. The quantitative parameters of power rheological model and the maximum relative deviations in calculated and 

measured apparent viscosities are respectively equal to: K = 0.37 Pa • s-n, n = 0,98 and maximum error of 1.5%. Figure 3 

shows the measured values of an apparent viscosity of bitumen, depending on shear rate at various temperatures. These 

data demonstrate aconsiderable dependence of rheological properties of studied sample on the temperature.  
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Figure 3: The Dependence of the Apparent Viscosity of BND 40/60 Bitumen on Shear 

  Rate Attemperatures: ■ - 90 °C; ○ - 100 °C; ▲ - 120 °C; ▼ - 150 °C 

Figure 4 shows the results of an experimental study inrheological properties of bitumen after modification with3% 

additive of low molecular weight polyethylene from the wastes of Shurtan Gas Chemical Complex. The solid lines in 

Figures 1 (a) and 3 show the calculated values of shear stress depending on shear rate and temperature according to the 

model (1),  

1))(1()(),/)(exp()( 10
 ccc TTmmTnRΘΘEKTK

             (3) 

where flow activation energyE, and the parameter m1 depend on what temperature range is given to temperature T: 
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Figure 4: Flow Curves After Bitumen’s Modification with Additive of Low Molecular Weight Polyethylene at 

Different Temperatures. □ - at 100 °C, ● - 110 °C, Δ- 120 °C, ▼ - 130 °C, ◊ - 140 °C 

In equations (3) and (4) - Tc is a certain characteristic temperature, near which a sharp change of E andm1 occurs. 

This model can in many cases approximate rheological experimental data in a wide range of temperatures with satisfactory 

precision. The processing of obtained data showed that significant agreement between the calculated and experimental data 

is observed at temperatures above 100 °C.  
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The data show that the temperature has a significant effect on the change in the rheological properties of bitumen 

samples studied. An additive in the road bitumen BND 40/60 NMPE polymer in concentrations up to 5% increases its 

apparent viscosity more than 3 times. The energy of flow activation is decreasing by 9.7%. The flow activation energy 

decreases with the increase in the flexibility of macromolecules, but the temperature dependence of viscosity is treated less 

harshly.  

CONCLUSIONS 

The high values of activation energy in the flow mode with progressive destruction process of structural links 

(transition area) due to the fact that in addition to the energy required for kinetic energy transition to a new location it is 

necessary to spend more energy on destruction of links between structural elements of the system. Flow curves of bitumen 

samples in the temperature range of 80-200 °C are well described by a power-law rheology model. The exponent of the 

model increases with increasing temperature and at temperatures over 150 °C the bitumen presents a Newtonian fluid. With 

increasing content of a polymer in bitumen the temperature of its transition from the state of non-Newtonian into a 

Newtonian fluid increases, which is of practical interest. The investigated samples of bitumen at temperature of 70 °C or 

higher do not show viscous-plastic properties. Considered in the study approximation model sufficiently describes the 

temperature dependence of apparent viscosity of BND 40/60 bitumen modified by low molecular weight polyethylene in 

the concentration of up to 5% in a wide range of temperatures and shear rates.  
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