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Abstract. The continuing growth in mineral extraction entails an 
increase in industrial waste, which in turn has a negative impact on the 
environment. Rubber-tired vehicles, in which the tires wear colossally, is 
mainly used as a transport for loading, unloading, transportation and 
other types of work in the extraction of solid minerals. The used tires are 
not disposed in any way, but are stored in special areas where harmful 
toxic substances are emitted under the influence of ultraviolet rays. 
Therefore, a decision was made to find a method for utilization and 
rational use of industrial waste in the road construction sector.The 
operating temperature of composite rubber-bituminous binders based on 
rubber crumb from the used automobile tires is estimated in this paper, 
which is necessary for assigning technological parameters of production 
and laying of asphalt-concrete mixtures produced on their basis. It is 
established that composite rubber-bituminous binders based on rubber 
chips from the used automobile tires, produced according to the two-
stage technology, have the same viscosity as the original petroleum 
bitumen, at a temperature increased by 20°C. 

1 Introduction 

The increase in coal mining in Kuzbass leads to the ever-increasing number of used 
equipment. Rubber-tired vehicles are mainly used at open pits and other industries. 
Because of the heavy load on the tires of heavy equipment, there is a rapid wear of these 
units. In this regard, there is the acute problem of utilization of tires, which are currently 
stored in specially designated areas where toxic substances are released under the 
influence of ultraviolet rays. 

At present, both in the Kuzbass and in Russia, plants for processing the used tires to 
produce the various fractions of rubber crumbs are being put into operation. However, 
due to the fact that the amount of used tires is many times greater than the real 
consumption of rubber crumbs, this type of waste continues to be accumulated in 
specially designated areas. 

The most promising method of recycling rubber crumb, produced from the used 
automobile, is its use in road construction, as a modifier of bituminous binders. 
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There are various technologies for bitumen modification in the world practice: 
Asphalt Rubber [1-9], Terminal Blended [10] and their combinations [11, 12]. The 
rotational method for determining their viscosity is the most common. In this case, the 
highest kinematic viscosity is normalized, which should be 8.65 mm2/s at 100 °C. At the 
same time, devices designed to determine the kinematic viscosity of rubber bituminous 
binders are designed to determine the viscosity of sufficiently thick materials, such as 
rubber bituminous binders, while they are practically unable to assess the viscosity of 
bitumen at operating temperature. However, rubber bituminous binders produced 
according to the two-stage technology have a significantly lower viscosity than rubber 
bituminous binders produced according to other technologies, therefore, the task of their 
viscosity comparing with the original bitumen is actual. 

2 Materials and methods 

When carrying out the studies, the relative viscosities of БНД 60/90petroleum bitumen 
from Omsk refinery and the composite rubber-bitumen binder produced on its basis 
according to the following two-stage technology were estimated: 
a rubber crumb in an amount of 37.5% was added at room temperature into the dispersion 
medium of bitumen in an amount of 50% and petroleum oil in an amount of 12.5% 
heated with constant stirring to a temperature of 230±5ºС; 
the mixture was kept under constant stirring at a temperature of 230 ±5°C for 2.5 hours to 
produce a concentrated slurry of the rubber-bitumen composite; 
the heating elements were switched off and bitumen, having a temperature of 105±5°C, 
in an amount of 47.5%, was added to the concentrated slurry of the rubber-bituminous 
composite in an amount of 52.5%, and the mixture was held for 0.25-0.50 hours to 
produce the composite rubber-bituminous binder. 
To estimate the operating temperature, the flow time of 50 cm3 of the binder through 5 
mm diameter hole at the bitumen viscometer was measured in accordance with the test 
procedure. Planning matrix of the experiment is presented in Table. 1. 

Table 1. Planning matrix of the experiment to determine the operating temperature of the 
composite rubber-bitumen binder. 

Binder 
Flow time of 50 см3 of binder, с, at test 

temperature, ºС 
100 120 140 160 180 

60/90 feed bitumen Opt1 Opt2 Opt3 Opt4 Opt5 
Composite rubber-bituminous binder Opt6 Opt7 Opt8 Opt9 Opt10 

Note: Opti – optimization parameter. 

3 Results and discussion 
The results of the experiment for determining the operating temperature of the composite 
rubber-bituminous binder, produced according to the two-step technology, are presented 
in Table. 2. The graphical form of the obtained dependences is shown in Fig. 

 

 

Table 2. The results of the experiment to determine the operating temperature of the composite 
rubber-bituminous binder. 

Binder 
Flow time of 50 см3 of binder, с, at test 

temperature, ºС 
100 120 140 160 180 

60/90 feed bitumen 100 50 15 15 15 
Composite rubber-bituminous binder - 180 60 17 15 

 

Fig. 1. Dependences of the relative viscosity of the feed bitumen and the composite rubber-
bituminous binder, obtained on the basis of the feed bitumen at the two-stage technology 

The analysis of the results of the experiment shows that the relative viscosity of the 
feed 60/90 petroleum bitumen at the operating temperature of the asphalt mixes of 145-
155°C is 15 s. The composite rubber-bituminous binder has the same relative viscosity at 
a temperature of 165-175°C, hence, to ensure the comparable workability of asphalt-
concrete mixtures based on the composite rubber-bituminous binders and the bitumen-
based asphalt mixtures, their operating temperature should be increased by 20ºС. 

4 Conclusions 

The operating temperature of the composite rubber-bituminous binders, produced 
according to the two-stage technology, is 20°C higher than the operating temperature of 
the feed petroleum bitumen. In this regard, there will be a decrease in anthropogenic 
impact on the ecosystems of both mining areas and in other places of the composite 
rubber-bituminous binder applications. 
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