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Abstract. Premature destruction of asphalt concrete can be caused by the aging of bitumen, which 
is associated with a change in the physical and chemical properties of bitumen. The article shows 
that in most cases, the improvement of the characteristics of asphalt concrete is achieved through 
the introduction of additives that affect the basic properties of the bituminous binder, such as 
penetration, softening temperature, viscosity. The influence of the chemical composition of the 
mineral filler on the rate of bitumen aging has been experimentally proved. The obtained research 
data show that the increase in the rate of aging of bitumen is influenced by the compounds of 
silicon and aluminum. On the other hand, metals such as iron and titanium contribute to the 
preservation of the initial plasticity of bitumen, and the accumulation of asphaltenes in the structure 
of the bitumen-mineral mixture slows down. 
Introduction 
Currently, asphalt concrete remains the most common material for road construction. The 
construction of a modern transport infrastructure requires a large amount of asphalt concrete with 
increased performance indicators. This is due to an increase in the load on the pavement structure 
and the requirement to increase the operating time of the pavement before major repairs, to reduce 
the cost of work and used road materials, including asphalt concrete. Currently developed new 
technologies for producing asphalt concrete make it possible to obtain asphalt concrete with higher 
performance, but they imply the use of expensive polymer or composite materials, new 
technological equipment, expensive raw materials in the compositions and are not always feasible 
due to the climatic features of the construction area. [1-7] This leads to a significant rise in the cost 
of road construction. Premature destruction of asphalt concrete (wear, destruction of the surface 
layer of the road surface) can be caused by the aging of bitumen, which is associated with a change 
in the physical and chemical properties of bitumen. [8-10] The aging process of bitumen can occur 
during the preparation of an asphalt mixture at high temperatures or during operation asphalt 
concrete. The last aging process is of great importance for the initial physical and mechanical 
properties of bitumen, the presence of polymer and stabilizing additives in the asphalt concrete 
mixture, and the chemical composition of stone materials used as coarse and fine aggregates. [11-
13] Analysis of scientific literature showed that the chemical composition of stone materials used 
in the composition is not fully taken into account when choosing raw materials for the production 
of asphalt concrete. As a rule, the content of silicon oxides in the composition of the rock is taken 



Modern Trends in Manufacturing Technologies and Equipment  Materials Research Forum LLC 
Materials Research Proceedings 21 (2022) 183-188  https://doi.org/10.21741/9781644901755-32 

 

 

 184 

into account, which determines the adhesion of bitumen to the surface of stone materials. [14-17] 
There are practically no studies on the effect of other chemical elements on the physical-
mechanical, technological and operational properties of asphalt concrete. The relevance of such 
studies is due to the need to use local rocks for road construction, which have generally similar 
physicochemical properties, but differ in the presence of one or two chemical compounds 
characteristic of a given area. The use of local raw materials allows to reduce the cost of road 
construction by reducing transport costs. This is especially true for areas where there are no 
quarries for the extraction of stone materials suitable for use in the composition of asphalt concrete. 
In this regard, the study of the influence of the chemical composition of rocks on the aging process 
of bitumen is an urgent topic of research. 

Bitumen for asphalt pavements does not always have the required parameters, such as adhesion, 
increased elasticity, resistance to aging, heat, workability of the mixture. To improve the quality 
properties of bitumen and asphalt concrete mixtures, additives and modifiers are used, for example: 
to increase elasticity, improve adhesion to mineral aggregates, reduce viscosity, increase resistance 
to the aging process, and prevent the binder from flowing off the aggregate surface. In some cases, 
the required properties can be changed by changing the properties of the mineral filler. [18-21] 

Adhesion improvers are surfactants that lower the surface tension in the bitumen-aggregate 
phase and thus improve wetting. A number of scientific articles present the results of testing the 
use of additives and indicate their positive effect on the adhesion of bitumen to aggregate to acidic 
and neutral aggregates (granite, quartz). However, a number of researchers show that these 
additives also affect the basic properties of the bitumen binder, such as penetration, softening point, 
viscosity. [22, 23] In the production of low-temperature asphalt mixtures (WMA), organic 
compounds such as amide waxes are used as additives. mountain waxes, low Fischer-Tropsch (FT) 
paraffin wax, zeolites. Each of them has different characteristics, while others affect the asphalt 
production process. Waxes and paraffin’s also affect the physical and mechanical properties of 
asphalt concrete, and zeolites improve the workability of the mixture. The type of additive should 
be chosen carefully so that the melting point of the additive is higher than the expected operating 
temperatures. This reduces the risk of permanent deformation and minimizes cracking of the 
asphalt at low temperatures. Surfactants reduce the surface tension when bitumen comes into 
contact with the aggregate and improve wetting. Modifiers, unlike additives, are part of the 
bitumen structure and create a three-dimensional network. Bitumen modified by the addition of 
high molecular weight substances, such as synthetic polymers, changes the thermo viscous and 
elastic-viscous properties of bitumen. The quality level depends on the type of modifier and its 
amount in the bitumen, the type of bitumen and chemical composition, as well as on the 
technology, mainly the homogenization method. 

All of the above additives and techniques can improve the characteristics of asphalt concrete at 
the time of its production and the initial period of operation. Little attention is paid to such an 
indicator as thermal aging of bitumen, which determines the service life of asphalt concrete. 
Methods and materials  
At the Perm National Research Polytechnic University, at the Department of Roads and Bridges, 
together with the Perm Agrarian-Technological University, studies were carried out on the effect 
of the chemical composition of the mineral filler on the aging of bitumen. The following materials 
were used for the study: crushed stone of the Alapaevskoye deposit, the Khromisty open-pit mine; 
crushed stone of the Druzhininsky deposit, the Druzhininsky quarry; crushed stone of the 
Gusevogorsk deposit, open pit "KGOK". The chemical composition of crushed stone from 
different quarries is presented in Table 1.  
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Table 1. Chemical composition of crushed stone from different quarries 

Mass fraction Quarry 
"Chromisty" 

Quarry 
"Druzhininsky" 

Open pit "KGOK" 

Calcium oxide, % 29,88 63,30 30,64 
Magnesium oxide,% 11,58 10,32 12,58 
Silicon dioxide, % 46,22 26,22 39,74 
Sulfur, % - 0,02 0,02 
Phosphorus, % - 0,03 0,02 
Iron oxide, % 2,94 0,06 14,55 
Aluminum oxide, % 9,50 0,16 - 
Manganese oxide,% 0,06 0,02 0,14 
K2O+Na2O, % 0,28+4,94 0,04+0,15 - 
TiO2, % 0,24 0,005 2,26 
CrO5, % - - 0,05 

 
Crushed stone before mixing with bitumen was crushed to a fraction of 2.5 - 5.0 mm. The 

research used bitumen BND 100/130 produced by PJSC "Lukoil". To determine the indicators of 
bitumen, the methodology GOST 18180 Petroleum bitumen was used. Method for determining the 
change in mass after heating. During the experiment, heated crushed stone and bitumen were 
mixed and kept in a heating cabinet. The crushed stone / bitumen ratio was ¼. The study was 
carried out using the equipment: glass cups, type ЧБН in accordance with GOST 25336 with an 
outer diameter of (100 ± 1) mm; drying cabinet with a volume of 67 dm3, equipped with a 
thermostat that maintains the temperature with a deviation of no more than ± 1 °C, with a 
ventilation hole with a diameter of 10 mm; metal sieve with mesh N 07 in accordance with GOST 
6613; glass thermometer technical performance P with a graduation value of 1 °С, up to 200 °С in 
accordance with GOST 28498; desiccators according to GOST 25336; technical laboratory scales 
with a weighing error of no more than 0.01 g. 
Results and discussion 
The data obtained on the study of the indicators of bitumen after aging and contact with mineral 
filler from different quarries are presented in Table 2. 

Table 2. Indicators of bitumen after testing. 

  Indicator Initial 
bitumen 

Initial 
bitumen
, after 
testing 

Bitumen with 
crushed stone 

quarry 
"Chromisty" 

Bitumen with 
crushed stone 

quarry 
"Druzhininsky" 

Bitumen 
with crushed 

stone 
"KGOK" 

1 KiSh 46,8 52,8 52,5 52,5 51,7 
2 Depth of needle 

penetration, at 25 ° С 100 66 58 64 77 

3 Penetration index -0,23 0,09 -0,23 0,02 0,33 
4 Mass loss after testing   0,06 0,24 0,20 0,17 
5 Extensibility at 25 ° 

C, cm 149,3 117,1 66,0 99,3 118,6 

6 Extensibility at 0 ° C, 
cm 5,5 4,2 4,4 4,0 4,1 
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Aging of bitumen can occur under the influence of many factors: temperature, light, chemical 
reactions. The process of bitumen aging itself can be represented as the transition of the constituent 
parts of bitumen from one form to another. Oils turn into resins, resins into asphaltenes. As a 
number of researchers show, the process of conversion of oils to resins is much slower than the 
conversion to asphaltenes. Over time, the asphaltene content increases in bitumen, which leads to 
the loss of such important properties of bitumen as extensibility and plasticity, while brittleness 
increases. Aging of bitumen causes irreversible structural changes in asphalt concrete, leading to 
the destruction of road surfaces. Asphalt concrete largely loses its ability to absorb tensile stresses. 
With a sharp drop in temperature in winter, the formation of cracks on the asphalt concrete 
pavement is observed and the process of destruction of the surface layer intensifies. Joint heating 
with mineral materials can increase the rate of bitumen aging. In this case, some mineral materials 
act as catalysts, in the presence of which the transition of the bitumen constituents occurs more 
intensively. Aging of bitumen-mineral mixtures can be divided into two periods. Until a certain 
time, the processes of aging of bitumen can be characterized only as processes of strengthening 
the structure of asphalt concrete, due to improved adhesion to the mineral surface (the acid number 
increases in bitumen), as a result of which the water resistance and frost resistance of asphalt 
concrete increases. An increase in the viscosity of bitumen during this period leads to an optimal 
increase in the strength and deformation resistance of asphalt concrete. Further, due to an increase 
in the brittleness of bitumen, adhesion decreases, leading to a decrease in the corrosion resistance 
of the road surface, and due to excessive rigidity, cracks appear in it more often. 
Conclusions  
Aging of bitumen and bitumen-mineral mixtures differs in the ratio of the duration of these periods. 
For the most resistant to aging bitumen, the first period lasts a long time, and is practically 
commensurate with the service life of asphalt concrete pavements. For coatings with bitumen that 
are not resistant to aging, after a year or two, a period of intense aging may occur, which is due to 
the presence of certain chemical elements. Additionally, it can be assumed that other chemical 
elements can, on the contrary, hinder the aging process of bitumen. The obtained research data 
show that the increase in the rate of aging of bitumen is influenced by the compounds of silicon 
and aluminum. On the other hand, metals such as iron and titanium contribute to the preservation 
of the initial plasticity of bitumen, and the accumulation of asphaltenes in the structure of the 
bitumen-mineral mixture slows down. In this regard, it can be concluded that when selecting 
materials for the design of an asphalt concrete mixture, it is necessary to take into account the 
chemical composition of rocks and their ability to influence not only the adhesion of bitumen, but 
also its ability to thermal aging upon direct contact of bitumen and mineral particles.  
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