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ABSTRACT: To improve physical and mechanical properties of pavements new materials with nanomodified additives are being 
actively developed. The authors are investigating the properties of road petroleum bitumen with nanomaterial Taunit. 
At the initial stage, oil bitumen was heated to 100о C. Then carbon nanomaterial «Taunit» was added. After that, the mixture was 
stirred in an ultrasonic homogenizer until even distribution of the carbon nanomaterial in the total volume. The process of cooling 
of the final structure was carried out until the end of the crystallization process. Then, the specimens are exposed to tension and 
strength tests with a constant rate of deformation or loading until the moment of rupture on the testing machines. Mixing with 
other components of asphalt concrete in the standard mode follows the nanomodification of the bituminous mixture.
Under increased temperatures the bitumen mixture keeps properties of an effective binder. It was revealed that the modified 
carbon bitumen has good thermal properties, namely, it has a higher softening temperature (∆t is in the range from 6 to 10ºС). 
The indicator, which indirectly characterizes the degree of hardness of bitumen solutions, is within the limits of GOST standards, 
decreases by 15–20%.
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Study of the properties of nanomaterials

INTRODUCTION

At the  present stage, research in the  country on 
the study of nanotechnology is in demand and is ac-

tively supported by the government of the Russian Federa-
tion, and is on the list of priority tasks for the development 
of technology and science. In Tatarstan, considerable 
attention is paid to the creation of new types of products 
modified by nanotubes. Scientific interest at the practi-
cal level is the improvement of the operational proper-
ties of pavements based on the modification of bitumen 
with the addition of carbon nanotubes for the production 
of the required export-oriented and import-substituting 
products [1–3].

The ever-increasing fleet of vehicles requires good 
quality roads. However, at present, we often face the prob-
lem of poor-quality repair of the roadbed, which is being 
carried out everywhere due to the poor quality of raw 
materials for the manufacture of road surfaces. The up-
per wear layer periodically is renewed as it wears out and 
determines the operational properties of the pavement 
[4–9].

The roadbed of roads includes the following com-
ponents:
–	 oil road bitumen, which is a cementitious material 

and the basis for the development of nanomodified 
bitumen;

–	 slag crushed stone;
–	 sand of the required size modulus;
–	 finely dispersed mineral powder, which imparts 

strength properties to the roadbed.
For the construction of high quality roads, the quality 

of raw materials, namely the quality of bitumen, is impor-
tant [10]. Bitumens are resinous or solid substances that 
are a mixture of hydrocarbon fractions and their metal-
containing, nitrogenous, oxygen and sulfur derivatives.

MAIN PART 

The development of building complexes determines 
a high level of demand for bitumen, forcing producers to 
produce bitumen from oils of various qualities, sometimes 
not suitable for this. Such road bitumen is characterized 
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by low adhesive, physical, mechanical and operational 
properties. The priority issues are the quality of the road-
way, provided by increasing the strength characteristics 
of the adhesive bond between the mineral filler and oil 
bitumen, since this indicator plays a decisive role in main-
taining the integrity of the road surface [11–14].

The decisive characteristic of petroleum bitumen is 
adhesion, which characterizes the ability of road bitumen 
to adhere to the remaining component particles of the 
asphalt mix. In the case of poor adhesion, sand and gravel 
are detached from petroleum bitumen and the road sur-
face begins to crumble.

Thermotechnical characteristics of road bitumen are 
also important. Thermotechnical characteristics of mate-
rials include the following properties: softening tempera-
ture, flash point, fire resistance, heat capacity, brittleness 
temperature, thermal conductivity, etc.

The marking sign of viscous road bitumen, which in-
directly determines the viscosity, is the penetration value, 
determined by the depth of penetration of the needle into 
the bitumen mixture at temperatures of 25 and 0оC. The 
penetration depth of the needle depends on the content 
of a sphaltenes in oil bitumen and characterizes the per-
formance properties of bitumen, namely strength, heat 
resistance and hardness.

The softening temperature of petroleum bitumen 
characterizes the process of changing the viscosity com-
ponent of bitumen with temperature. This indicator is de-
termined by the “Ring and Ball” method, that is, the tem-
perature is determined at which the oil bitumen located in 
the ring with the given dimensions softens during the test 
and, moving under the influence of a metal ball, touches 
the lower part of the plate, at this time the softening tem-
perature is fixed. Bitumen in the molten state is poured 
into a copper ring, which is placed on a glass plate im-
pregnated with talc. A ball is placed on a copper ring with 
a bitumen mixture and, together with a thermometric 
device, is placed in a container of water. For a ball and 
a ring, in each case, the temperature value is determined 
at which the bitumen extruded by the steel ball touches 

the lower plate. When the ball presses through the bitu-
men, the test is repeated. In the case of a repeated test, 
the bursting is repeated. Experimental measurements are 
carried out in accordance with GOST 11506-73.

The fragility temperature is characterized by the tem-
perature of the destruction of oil bitumen under the action 
of a short-term force.

The flash point is characterized by the lowest tem-
perature when oil bitumen vapors can flare up when a fire 
source is brought to it above its surface. This indicator 
characterizes the level of flammability of bitumen in case 
of its heating.

All these characteristics must meet the requirements 
of state industry standards [15]. When these indicators 
deviate from regulatory requirements, roads quickly be-
come unusable, which requires large financial costs for 
the restoration and repair of pavements.

To solve the indicated problem, fundamental re-
search is actively carried out using nanomodified materi-
als. Such materials are obtained by adding particles with 
very small sizes of about a few nano- and micrometers 
to traditional materials in order to improve the required 
characteristics and properties of  materials [16–19]. 
There are many different types of nano-additives. It is 
proposed to use bitumen composite nanomodified mate-
rials, namely carbon nanotubes. Carbon nanotubes can 
be represented as an extended cylindrical structure hav-
ing a diameter of several tens of nanometers and a length 
of several centimeters. There are technologies that allow 
you to weave nanotubes in the form of filaments of un-
limited length. They may look like one or several tubular 
rolled graphene planes with a hemispherical head at 
the end, and considered as part of a fullerene molecule 
[20–25]. At present, the mechanism of fullerene forma-
tion has not been established. There is an assumption 
that fullerenes appear from carbon atoms, which are 
connected to each other in a layer consisting of six-
membered benzene articulated rings, then at a certain 
moment the layer is folded into a polyhedron. The image 
of nanotubes is shown in Fig. 1.

Fig. 1. Image of nanotubes
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RESULT AND DISCUSSION

For the production of asphalt mix, bitumen of the 
BND 90/130 variety is used (the depth of penetration 
of a needle with a thickness of 0.1 mm at a temperature 
of 250оC is in the range from 91 to 130 mm). The com-
ponent “Taunit” was chosen as a carbon nanodditive 
[26]. This component is a multilayer stacked nanotube, 
mainly conical in the form of graphene layers. The total 
amount of impurities in the Taunit product is within 1%, 
and its thermal stability is up to 6000оC. Table 1 presents 
the parameters of carbon nanomaterial “Taunit”.

To study the physical structure and properties of nano-
materials, we used equipment of the Center for Nanotech-
nology RT LLC (Kazan). The micrometer sizes of car-
bon nanomaterial granules are a structure in the form 
of tangled bundles of carbon multi-walled nanotubes. The 
microstructures of the Taunit material were investigated. 
For this purpose, a high-resolution Merlin electronic field 
emission scanning microscope manufactured by CARL 
ZEISS was used. This microscope is used to measure 
microrelief linear dimensions in various structures. The 

image under the microscope of the Taunit nanomaterial 
is shown in Fig. 2.

Studies were carried out in a  certain sequence. 
At the initial stage, oil bitumen was heated to 100оC. Next, 
Taunit carbon nanomaterial was added to the heated mix-
ture. The volume of carbon nanomaterial that is intro-
duced into the mixture is in the range of 0.01–0.005% 
of the mass amount of bitumen. After that, this mixture 
was mixed in an ultrasonic homogenizer until the carbon 
nanomaterial was evenly distributed in the total volume. 
The ultrasonic homogenization process is especially ef-
fective for grinding hard and soft particles. This process is 
based on the application of the action of cavitation, when 
the studied liquids are subjected to sufficiently intense 
action of sound waves, the process is characterized by 
the appearance of alternating low and high pressure cycles 
(about 20,000 cycles per second). At low pressure, small 
vacuum bubbles form. When the bubbles reach a certain 
size during the period of high pressure, they instantly col-
lapse. The high velocity and high pressure of the liquid 
jet are generated locally during an internal explosion, 
and the turbulence and the resulting flows break apart 

Fig. 2. Taunit nanomaterial under a microscope

Table 1
Parameters of carbon nanomaterial “Taunit”

Carbon 
nanomaterial

Characteristics

Inner diameter, 
nm

Outside 
diameter, nm Length, mcm Specific geometri-

cal surface, m2/g
Bulk density 

g/cm3

Taunit 5–10 20–70 2 and more 120 and more 0.4–0.6

Taunit – MD 4–8 8–15 2 and more 300 and more 0.03–0.05

Taunit M 10–20 30–80 20 and more 180–200 0.03–0.05
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the particles and contribute to strong collisions between 
the individual particles. The cooling process of the result-
ing structure was carried out until the end of the crystal-
lization process. Then, control samples were tested for 
tensile strength and at a constant rate of deformation or 
loading up to the moment of rupture on testing machines. 
Mixing with other components of asphalt concrete in 
the standard mode occurs after the nanomodification 
of the bitumen mixture.

As a  result of  the experiments, it was found that 
the addition of a nanomodifier to the bitumen solution 
significantly increases the elasticity and strength of the 
resulting asphalt sheet. The following was established: 
even insignificant mass additives (up to 0.005%) of carbon 
nanomaterials increase the compressive strength of the 
bitumen mixture. These characteristics were determined 
by the depth of indentation of the stamp element into 
the test samples.

We also studied the physical and mechanical proper-
ties of bitumen samples with modified carbon nanoma-
terials, namely, the softening temperature by the Ring 
and Ball method and the penetration depth of the needle 
by penetration. These properties make it possible to use 
nanomodified bitumen as part of the asphalt mix in re-
gions with hot climatic conditions. As a result of the re-

search, it was found that the modified carbon bitumen 
mixture had improved thermotechnical properties, as it 
had a sufficiently high softening temperature. The indica-
tor indirectly characterizing the level of hardness of bitu-
men mixtures, namely, the penetration index, was within 
acceptable limits in accordance with GOST standards [1].

Studies show that even a small amount of carbon 
nanomaterial can improve the strength characteristics 
of a bitumen mixture, such as ductility, adhesive prop-
erties and durability. There is a need to study the effect 
of nanostructured and polymer modifiers in the complex 
on the strength characteristics of petroleum bitumen [2].

CONCLUSION 

Under increased temperatures the bitumen mixture 
keeps the properties of an effective binder material, and, 
as a result, high-quality operational parameters are pre-
served. It was revealed that the modified carbon bitu-
men has good heat engineering properties, namely, it has 
a higher softening temperature (∆t is in the range from 
6 to 10оС). The indicator, which indirectly characterizes 
the degree of hardness of bitumen solutions (penetration 
indicator), is within the standards of GOST, and some-
times it decreases by 15–20%.
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