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Bonpocel nosviuteHUs Kaiecmea 00poxCHbLX OUMYMO8 U 8AUAHUE C80TLCME 8AHCYUL20 HA IKC-
nAyamayuoHHble nokazameau acasvmobemona 284s10mcsa 8 nocaednue 200vl 8ecoMd aAK-
myanavHuimu. Uccaedoganus, npogodumeie Ha kagedpe agmomobusvHuix dopoe Baadumup-
CK020 20CYHUBepCcUMema, nokazaiu, umo daxce Haubosee appexmusHnvie moduduyupyouue
dobasku, npumeHnsemole 8 0OPOHCHOM CMpoumenvcmae, He gcezda datom mpebyemulii pe3ynv-
mam, uAu pe3ysvmam docmueaemcsa 6gedeHlulem 3HAUUMEAbHO20 Koaudecmea moduduxa-
mopa, wmo daem 3amemmoe y0Opoxcanue 8axcyuezo U acparvmobemona Ha e2o0 0CHOBe.
Lleavio dannoii pabomul s8asiemcs 86bl60p H0B020 (paHee He UCNOAb306ABULE20CA 8 06AACTU)
moduguxkamopa 041 6umymos, npumensemozo 8 JOpOHHLLX Opeanusayusx Baadumupckoil
obaacmu, u uccaedosanue ezo cgoiicme. Ilo pesyavmamam dKkcnepumenma bvina paspabo-
mana memoduxka npogedeHuss ONbLMHBLX UCNLLMAHUI, onpedeseHbl C80TCMEA NOAYLEHHO20
MOOUPUYUPOBAHHO020 BAIHCYUE20 U 8bLNOAHEHO CPABHEHUE CO C80LCMBAMU UCXOOHBLX 06pa3-
yo8 u nodbop cocmasa 0dobasok, popmosanue u ucneimanue 06pas3y06 Ha NOAY4eHHOM MO-
OuduyuposarnHom eaxcyuem. IIonyuenHble pe3yAbmambl N0360AUAU cOenamb 661800 0 MOM,
umo npumeHenHulll modudukamop daem Ayuliue nokazamenu, Hexceil paHee NpuMeHSe-
Mble moduguxkamopul.

Kaio4deBbie €JI0Ba: JOPOXHBIK OUTYyM, MOAUPUKATOP, HAHOMOAUDUKATOD, YIIEepOL-
Hble HAHOTPYOKU, KONEHHOCTh, TPEU[MHOCTOHUKOCTD
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Recently it has become quite important to improve the quality of paving asphalt and study
the influence of the properties of the binder on the asphalt concrete performance. Research
conducted at the Department of Highways of Vladimir State University has shown that even
the most effective modifying additives used in road construction do not always give the
required result, or the result is achieved by introducing a significant amount of modifier,
which gives a noticeable increase in the cost of binder and asphalt concrete that use it.
The purpose of this work is to select a new (previously not used in the Vladimir region)
modifier for bitumen used in road construction companies in the Vladimir region, and study
its properties. The results of experiment were used to develop the procedure of experimental
tests, determine the properties of obtained modified binder, compare with the properties of
original samples, select additives composition, mold and test samples on the obtained mod-
ified binder. The results allowed us to conclude that the applied modifier gives better per-
formance than the previously used modifiers.

Key words: paving asphalt, modifier, nanomodifier, carbon nanotubes, rutting, crack
resistance, asphalt concrete
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INTRODUCTION

Recently it has become quite important to improve the qual-
ity of paving asphalt and study the influence of the properties
of the binder on the asphalt concrete performance. The prob-
lem is important mostly due to changes in the traffic compo-
sition. Significant increase in traffic and increase in axle loads
of vehicles on the roads has led to the fact that asphalt con-
crete does not guarantee the required durability of road pave-
ment. The durability of asphalt pavements is directly related
to the quality of the materials used, primarily bitumen. Bitu-
men is most susceptible to change under the influence of
transport loads and weather conditions. At the same time, bi-
tumen largely determines the condition of the road surface.
Bitumen behavior can be changed by modifying it with addi-
tives. The bitumen modifier can lead to a road coating re-
sistant to cracking at low temperatures and fatigue at high
temperatures. It also leads to rut resistance.

An important issue in selecting a modifier is the increased
coating cost, as well as the cost of additional equipment, sta-
bility of the modified binder during storage and transporta-
tion, etc.

The purpose of this work is to develop a nano-modifier for
bitumens used in road organizations in the Vladimir region,
and to study its properties.

Recently, there has been a tremendous breakthrough
worldwide in the production, study, and use of nanomateri-
als. Nanomaterials can act as modifiers of chemical reactions,
technological and structural properties of materials they are
added to [1].

Nanotechnological approaches lead to an increase in the
competitiveness of Russian products, solving important prob-
lems of our time - energy saving and reducing the techno-
genic pressure of the building materials industry on the envi-
ronment [2]. Modern trends in the development of nanodis-
perse modifiers cause a large and stable growth of other ar-
eas, including road material science [3].

Introduction of nanomodifying additives gives consumers
the opportunity to increase strength and shear characteristics
of road surfaces at elevated temperatures and improve the
performance of road surfaces under traffic load with minor
changes in the method of asphalt-concrete preparation.

Among carbon nanomaterials (CNMs), a special place be-
longs to carbon nanotubes (CNTs), which are 1-50 nm wide,
several micrometers long, and form a new class of quasi-di-
mensional nanobjects. CNTs have several unique properties
due to the ordered structure of their nanofragments. CNT-
based materials can be successfully used as structural modi-
fiers of construction materials [4]. The introduction of carbon
nanotubes [5-8] into liquid bitumen significantly increases
the durability and elasticity of the resulting asphalt coating.

It is important to note that due to the significant increase in
the compressive strength index at +50°C, CNT in asphalt con-

crete mix can minimize the rutting of the road surface and
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improve its performance in summer, while maintaining the
plasticity and necessary characteristics in winter.

Carbon nanotubes are molecular compounds that are long
cylindrical structures, one to several tens of nanometers in di-
ameter and one to several micrometers in length. CNTs can
consist of one or more layers, each of which represents a hex-
agonal mesh of graphite (graphene), embedded into each
other or rolled up into a tube. The grid is based on hexagons
with carbon atoms in the corners. In all cases, the distance
between the layers is 0.34 nm, as in graphite. The upper ends
of the tubes are often closed with hemispherical lids, each
layer composed of hexagons and pentagons. Carbon nano-
tubes are formed by thermal sputtering of graphite electrode
in arc discharge plasma burning in helium atmosphere [9-11,
14, 15].

EXPERIMENT

The purpose of investigation is, firstly, to determine an op-
timal amount of additive introduced into bitumen and study
properties of obtained binder, secondly, to improve main in-
dicators of asphalt concrete mix based on the modification
without a significant increase in production cost, thirdly, to
increase asphalt concrete mix service life, which in its turn
will reduce road maintenance costs.

The main objective is to analyze the effectiveness of the
modification effect on the change in bitumen characteristics
and, consequently, the effect on the strength properties of as-
phalt concrete.

Carbon nanotubes were used as a modifier for asphalt mix-
tures in the first phase of work.

The study was conducted with BND 70/100, which is the
most widely used bitumen in the Vladimir region at this time.
The technology for the preparation of modified bitumen in-
cludes the following processes:

1) Loading the initial bitumen preheated to a given tem-
perature (160-165 °C), in a laboratory mixer.

2) Injection of a pre-dosed number of nanotubes into
heated bitumen.

3) Thorough mixing of the binder with the modifier in the
mixing unit, simultaneously heating it until a homogeneous
state is reached within 2 hours.

The binder study includes:

- testing of the initial petroleum road bitumen of a given
grade (Table 1);

- testing of modified petroleum road bitumen prepared in a
lab (Fig. 1);

- subsequent analysis of the obtained data (Table 2).

As the results of research show, modifying bitumen by in-
troducing inorganic binders, such as carbon nanotubes, cre-
ates a strong link between the binder and the stone material,
increases the bitumen softening temperature, preventing
ruts on the asphalt concrete pavement. It also becomes possi-
ble to increase the transportation distance of asphalt-
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concrete mixtures and extend the season of road works be-
cause it becomes possible to compact asphalt-concrete mix-
tures at a lower temperature.

During the experiment it was found that adding the modi-
fier into the bituminous binder decreased Needle penetration

Table 1. Test results of BND 70/100 grade bitumen
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depth at 25 °C and increased Softening point along the circle
and ball and Dynamic viscosity at 60 °C. It should also be
noted that cohesion and adhesion to mineral materials and
resistance to oxidation and aging increases. The results are
shown in Table 2.

No. Indicator name, unit of measurement | Test GOST normal values | Real
of method value
item
1 Needle penetration depth GOST 33136 71-100
at 25°C, 0.1 mm
75
2 Softening point GOST 33142 at least 47
along the ring and ball, °C 57.0
3 Stretchability at 0 °C, cm: GOST 33138 atleast3.7
-at1cm/min 3.91
- at 5 cm/min 3.80
4 Maximum tensile GOST 33138
force at 0 °C, N:
-at1cm/min 77.1
- at5 cm/min 142.6
Brittle temperature, °C GOST 33143 at most -18 -20
Flash point, °C GOST 33141 at least 230 230
Table 2. Test results of bitumen grade BND 70/100+UN T
No. Indicator name, unit of measurement Test method GOST normal values Real
of value
item
1 Needle penetration depth GOST 33136 71-100
at 25°C, 0.1 mm 71
2 Softening point GOST 33142 at least 47
along the ring and ball, °C 54.1
3 Stretchability at 0 °C, cm: GOST 33138
-at1cm/min at least 3.7 4.20
- at 5 cm/min 3.88
4 Maximum tensile GOST 33138
force at 0 °C, N:
-at 1 cm/min 77.9
- at 5 cm/min 161.3
Brittle temperature, °C GOST 33143 at most -18 -22
Flash point, °C GOST 33141 at least 230 230

The next step is the asphalt concrete mixture formulation
which includes choosing the asphalt concrete grain composi-
tion and the optimal amount of bitumen (Table 3) followed by
shaping and testing the manufactured samples.

Asphalt concrete mix A 16Vn was chosen for the base. Ini-
tially, the mineral asphalt mixture was selected, and then the
optimum amount of initial bitumen and modified bitumen
was determined.

Asphalt mixtures were based on the same granulometric
composition. One series of samples was prepared on the
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original BND 70/100 grade bitumen, the second series used
the modified CNT bitumen.

The following processes are included in the asphalt mixture
preparation technology:

1. Preparation of asphalt concrete mixture based on
the initial binder - BND 70/100 grade bitumen in the
mixing unit in the lab.

2. Preparation of asphalt-concrete mixture based on
the obtained modified binder in a mixing unit in the
lab.
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3. Production of laboratory samples of a given size in
the required quantity for the study (Fig. 2).
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4.  Testing of the obtained samples (Fig. 3).
5. Results analysis

Table 3. Selection of the composition of asphalt concrete mixture A 16Vn

Amount
Complete Grain size, mm, at most of binder
passes, % (over
100%)
22.4 16 11.2 4 2.0 0.125 0.063
Grain composition
100 90-100 70-85 37-58 25-40 7-20 5-10 -
acc. to GOST R 58406.2-2020
Grain composition acc. to the recipe 100 98.7 75.8 49.0 36.9 9.5 7.7 5.1
Grain composition, real
100 97.11 79.77 53.16 37.17 11.00 8.10 5.1
BND 70/100
Grain composition, real
100 97.44 77.52 52.55 38.84 10.66 8.04 5.0
BND 70/100 + CNT
*Values +5.0 +5.0 +5.0 +3.0 +3.0 +0.4

Fig. 1. Testing of bitumen grade BND 700/100

The research was using samples from asphalt-concrete
mixture of the specified type based on oil road bitumen of the
specified grade, as well as samples from asphalt-concrete
mixture of the same type based on modified bituminous
binder. This was followed by the analysis of the obtained re-
sults.

The experiment revealed a significant improvement in the
main parameters of the asphalt mixtures, and the results
showed maximum permissible deviations in the amount of
binder in the asphalt mixture and in the main parameters.
Moreover, the most important thing that has been achieved is
a significant increase in rut resistance when rolling a loaded
wheel (see Fig. 3).
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Fig. 2. Production of asphalt concrete samples

RESULTS

Based on the data obtained, it can be concluded that with
the help of bitumen modification, it is possible to solve a num-
ber of problems arising during the construction of asphalt
concrete layers and during the operational phase of the road
surface.

The tests of the molded samples of asphalt concrete re-
vealed a significant improvement in the main parameters of
the asphalt mixtures, and the results stayed within maximum
permissible deviations in the amount of binder in the asphalt
mixture and in the main parameters. And the most important
thing that has been achieved is a significant increase in rut
resistance by rolling a loaded wheel [13].

Test results of asphalt-concrete mixtures A16Vn are given
in Table 4.
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Table 4. Test results of asphalt concrete mixture A 16 Vn. Key indicators

Names Unit Maximum per- | GOST require- | Results Actual Actual
of indicators of missible devia- | ments proj. results results
meas. | tions of individ- | R 58406.2-2020 BND 70/100 BND 70/100 +
ual values from CNT
the recipe
Bulk density g/cm3 | - - 2.695 2.692 2.706
air voids content % +1.2 2.5-4.5 incl. 3.0 3.24 3.01
Voids in Mineral
% - atleast 12.0 14.7 14.8 14.3
Aggregate (VMA)
Voids filled with bi-
tumen binder | % - 67-80 79.9 78.14 78.95
(VBB)
Average track
depth mm - at most 4.5 1.5 3.23 1.3
Water resistance - at least 0.85 0.87 0.87 0.87
Maximum density g/cm3 | - - 2.777 2.782 2.790

Fig. 2. Production of asphalt concrete samples Fig. 3.

Testing of asphalt concrete samples according to GOST R
58406.2-2020

CONCLUSIONS

Carbon nanotubes can be used to create a new composite
material with unique properties and characteristics, which
will ensure its use in the production of high-quality and relia-
ble in operation systems and materials. Carbon nanotubes,
which have close to the best mechanical properties, are con-
sidered as an effective means to improve the strength proper-
ties of composite polymeric materials. Nanotubes introduced
into the asphalt mixture reinforce it, turning it into a compo-
site material. Nanotubes behave like a network or matrix that
binds the entire asphalt mixture together [4].

During the research:

75

1) The possibility of using inorganicbinders as road bitu-
men modifiers has been proved.

2) Introduction of 2% of carbon nanotubes into road bitu-
men has yielded an organic binder with the improved opera-
tional properties.

The use of asphalt concrete on modified bitumen will in-
crease the service life by 5 years, as well as reduce the cost of
road maintenance by road organizations.
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