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ABSTRACT
Introduction. The use of bitumen microdispersed emulsion as a resource-saving method for road surface construction is a popular 
trend in the development of innovative nanostructures. The technological use of petroleum bitumen as a binder for road materi-
als requires a reduction in rheological viscosity. This can be achieved through synergistic developments that involve the use of 
various additives and modifiers. Methods and materials. The composition of bitumen microheterogeneous emulsions includes: 
bitumen-containing raw materials (up to 70–80% of mass); water with hardness up to 6 mg-eq/l (from 20 to 30%); emulsifiers (up 
to 3%) and other components. For large-tonnage production of water- bitumen emulsions, a colloid mill is the most technologically 
advanced equipment. Results. Water-bitumen emulsions are formed as a result of two competing processes: crushing (dispersion) 
and coalescence (merging) of microdroplets of the bitumen dispersed phase. The microheterogeneous bitumen phase is distributed 
in the aqueous dispersion medium in the form of microdroplets ranging in size from 1 to 10 μm (the main share is made up of bitu-
men microdroplets with a diameter of 2–4.5 μm). The synergetic durable microstructure of asphalt concrete road surfaces, which is 
formed by supplementing interaction in the boundary layers of the bitumen binder with the surface of the mineral component, is 
determined by the dominant interaction of complementary factors. Discussion. The synergetic approach to extending the service 
life of asphalt concrete road surfaces by using bitumen microdispersed emulsions holds promise for interpreting their evolution. The 
road construction industry of the Russian Federation at the beginning of the 21st century is characterized by a large-scale revision of 
regulatory documents, regulating the requirements for the construction and operation of highways. Conclusion. The optimal solu-
tion to the current problems of intensive construction and reconstruction of Russian highways is the improvement of technological 
characteristics of road surfaces by adding bitumen microdispersed emulsions to the composition. In complementary strengthening 
of weak soils of the road surface of high-speed highways, the use of water-bitumen microdispersed emulsions is also recommended.
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INTRODUCTION

Innovative developments in emulsion nanotechnologies, 
which allow achieving resource-saving, technological 

and environmentally friendly construction of high-quality 
road surfaces, are among the most effective areas in the 

construction of transport facilities. Microdispersed bitu-
men road emulsions are used in the technology of building 
Russian highways: they are effective for creating protec-
tive layers with a rough surface; preventive repair of deep 
potholes at low temperatures; environmentally friendly 
stabilization of slopes of the roadbed and shifting sands; 
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as a nanoadditive in the complex strengthening of weak 
soils of the roadbed (with lime, etc.); production of black 
crushed stone, and other porous, dense crushed stone and 
gravel-sand materials used in creating the structural layers 
of high-speed transport highways [1–4].

Resource-saving technological use of petroleum bitu-
men as road binders requires a reduction in rheological 
viscosity, which can be achieved by heating to 170°C, dis-
solving in hydrocarbon diluents and emulsifying in water 
[5–7]. Water-bitumen emulsions have been used for over a 
hundred years in road construction: pothole repair, laying 
of protective thin layers of road surfaces. The preparation 
of stable water-bitumen emulsions requires the use of 
effective surfactants - emulsifiers that stabilize the disper-
sion of bitumen microdroplets and provide stability during 
long-term storage such as cyclic amine with a stabilizer 
(block copolymer of ethylene oxide and propylene oxide) 
wich can last up to 90 days [8]. Synergistic developments 
in improving the technological characteristics of highway 
road surfaces using bitumen microdispersed emulsions 
remain relevant.

The purpose of this article is to study effective meth-
ods of preparation and use of water-bitumen petroleum 
microdispersed emulsions in intensive construction and 
reconstruction of highways and transport infrastructure.

METHODS AND MATERIALS 

In road construction, the most technologically ad-
vanced method is the use of direct water-bitumen emul-
sions (the bitumen dispersed phase is distributed in the 
form of microdroplets measuring 1–20 µm in an aque-
ous dispersion medium). The amount of road petro-

leum bitumen (from CB (construction bitumen) 40/60 
to CB 200/300) varies in microheterogeneous emulsion 
30–80 mass %; soft water (hardness up to 6 mg-eq/l) 
15–70 mass % (pH ≈ 7, neutral medium); emulsifier up 
to 3% mass %.

Small amounts of emulsifiers reduce the interfacial 
tension between water and immiscible bitumen, which 
promotes stable distribution of bitumen microdroplets in 
the aqueous phase. The efficiency of emulsification de-
pends on the composite microstructure of road petroleum 
bitumen, macromolecular nanoadditives, physicochemi-
cal characteristics of the emulsifier, and the emulsifica-
tion mode [9–11]. It has been established that in the case 
where the ratio of resins and oils in the bitumen petroleum 
binder exceeds 0.6, and the ratio of resins and asphaltenes 
is in the range from 0.5 to 2.0, then the bitumen will be 
effectively emulsified.

Emulsification (dispersion of bitumen components) 
is a process of physical crushing (grinding into microdro-
plets) carried out by various installations: colloid mills, 
ultrasonic dispersers, etc. For large-tonnage production 
of water-bitumen emulsions, a colloid mill is the most 
frequently used technological equipment. A colloid mill 
consists of a rapidly rotating rotor (angular velocity 2500–
7000 rpm) and a stator; due to centrifugal forces, the bi-
tumen component is split into microdroplets, which are 
coated with an electrically charged surface-active emulsi-
fier. In the distribution of microdroplets by size (diameter 
of bitumen microdroplets), the following geometric char-
acteristics of the production [12–14] colloid mill play an 
important role: the adjustable gap between the rotor and 
stator, which can vary from 0.25 to 0.5 mm, as well as the 
angular speed of rotation of the rotor (Fig. 1).

Fig. 1. Operation of a colloid mill in the process of producing water-bitumen emulsion: 1 – rotor, 2 – emulsion,  
3 – stator, 4 – electric motor, 5 – bitumen, 6 – aqueous solution of emulsifier
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First, a surface-active emulsifier in the form of an 
aqueous solution at a temperature of 50–70°C is fed into 
the colloid mill; then, molten bitumen at a temperature 
of 140–170°C, suitable for emulsification with a viscosity 
of about 0.2 Pa∙s, is dosed into the colloid mill. Opti-
mum emulsification (diameter of bitumen microdroplets 
5–10 µm) in the colloid mill is achieved with a bitumen 
component content of no more than 70% and a tempera-
ture of no more than 90°C for 25–30 minutes. When this 
range is exceeded, the production of water-bitumen emul-
sion becomes ineffective due to the formation of larger 
bitumen microdroplets, and the prepared road emulsions 
lose stability when stored in a tank. Conditional viscos-
ity level, adhesive properties, disintegration index, and 
stability are the main characteristics of bitumen emul-
sions within the framework of tightening requirements 
for digital control of the production of asphalt concrete 
road construction materials [15].

The main function of surface-active emulsifiers is to 
reduce the surface tension of water-bitumen emulsion and 
prevent the reverse adhesion of microdroplets. It should 
be noted that the physicochemical characteristics of 
emulsifiers have a significant effect on the properties of 
bitumen emulsion such as viscosity, aggregate stability, 
ability to break down and adhesion. Bitumen emulsifiers 
are divided into anionic, cationic, nonionic depending on 
the composition of the functional group [16].

At first, anionic emulsifiers were the most common 
in the preparation of water-bitumen road emulsions, 
but since the mid-20th century, cationic emulsifiers have 
been used more widely in large-scale production (3/4 of 
the volume of bitumen emulsions is cationic) [17]. The 
diphilic molecules of emulsifiers consist of polar (hy-
drophilic “head”) and hydrophobic (non-polar “tail”) 
parts; the non-polar part is oriented toward the bitumen 
component, and the hydrophilic part is oriented toward 
the aqueous phase (Fig. 2).

This synergetic behavior of emulsifier molecules can 
be explained by the fact that when the molecules concen-
trate on the interface of two liquid phases that form a mi-

croheterogeneous water-bitumen emulsion, they prevent 
the reverse fusion (coalescence) of bitumen microdroplets 
due to the double electric layer. Electrostatic repulsion 
and nanostructured characteristics of the double layer 
have a strong effect on the stability and viscosity of the bi-
tumen emulsion. In road construction and reconstruction 
of highways, universal cationic emulsions are more often 
used in synergistic reinforcement. Cationic emulsifiers are 
alkylamines with a hydrocarbon chain of 8–22 atoms (the 
optimal number is 12–14) of carbon and primary amines 
(R-NH2), which provide a sufficiently high adhesion of 
the bitumen binder to the surface of mineral powders and 
crushed stone of acidic and basic nature.

The stability of the technical and economically ef-
fective water-bitumen emulsion is determined by the 
change in its homogeneity during storage, where emulsion 
samples can be held for a week or a month. The stability 
during transportation is determined after 2 hours of shak-
ing the sample of water-bitumen emulsion, in this case, 
irreversible separation into bitumen and water should not 
occur. The normative technological determination of the 
properties of the bitumen component isolated from the 
emulsion is carried out after evaporation of water; the 
depth of penetration and extensibility should not decrease 
by more than 15% of the original bitumen.

A rather conventional classification of bitumen micro-
dispersed emulsions is carried out by the type of emulsi-
fiers: anionic, cationic, etc.; depending on the kinetic rate 
of disintegration when mixed with mineral powder and 
crushed stone: fast-, medium-, slow-disintegrating; mod-
ified (addition of complementary polymers), unmodified, 
etc. For example, the EBPRC F grade means emulsion 
bitumen-polymer for roads, cationic, fast-disintegrating.

For the technological preparation of emulsions, CBs 
(construction bitumen) of the following grades are used: 
CB 200/300, CB 90/130, CB 60/90, CB 40/60; the corre-
sponding grade of bitumen is selected taking into account 
the climatic conditions of the construction area and the 
technological design of the synergetic reinforcement of 
the road surface. For example, for the construction of 

Fig. 2. Formation of bitumen emulsion: 1 – layers of aqueous phase adjacent to the hydrophilic part of the emulsifier; 
2 – bitumen microdrop adsorbing the hydrophobic part of the emulsifier; 3 – emulsifier molecules
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highways in the Republic of Bashkortostan, where winter 
temperatures usually drop below –20°C, construction 
bitumens CB 90/130, CB 130/200, CB 200/300 are used.

For synergistic improvement of technological char-
acteristics, water-bitumen emulsion is modified with 
polymer nanoadditives (latex, polyethylene, epoxy resin, 
synthetic rubber, synthetic resin, etc.). Aggregate modi-
fication of water-bitumen emulsion with macromolecu-
lar nanocomponents is carried out in two ways: by in-
troducing a modifying additive into the aqueous phase 
of the emulsion or directly into the emulsion during its 
preparation using emulsification of modified bitumen in 
polymineral dispersions [18].

RESULTS

Bitumen road emulsions are colloidal emulsions, 
where the microheterogeneous bitumen phase is distrib-
uted in an aqueous dispersion medium in the form of 
microdroplets with a size of 1 to 10 µm (the main share 
is made up of bitumen microdroplets with a diameter of 
2–4.5 µm). Figure 3 shows an optical micrograph (Axio 
Scope.A1 microscope) of the microstructure of bitumen 
emulsions (the amount of CB 70/100 road bitumen is 
61%, the emulsifier Sinterol is 1.8%).

Water-bitumen emulsions are formed as a result of 
two competing processes: crushing (fine dispersion) and 
coalescence (merging) of microdroplets of the bitumen 
dispersed phase. Adsorption of amphiphilic molecules 
of emulsifiers on the interface of water-bitumen phases 
and formation of a double electric layer always occurs 
over a certain period of time. It should be noted that in 
addition to the presence of emulsifiers, the stability of 

bitumen emulsions is affected by: temperature, mineral-
ization and acidity of the aqueous phase, concentration 
of microdroplets of the dispersed phase and their sizes, 
Brownian chaotic motion, density, viscosity, etc.

Controlled disintegration of water-bitumen emulsion 
is a kinetic process of bitumen component release from 
emulsion after application to highway road surface or 
combination of bitumen emulsion and mineral material 
which is also correctly interpreted within the framework 
of fractal analysis. Synergistic microstructure of asphalt 
concrete pavements, which is formed by complemen-
tary interaction in the boundary layers of bitumen binder 
with the surface of the mineral component, is determined 
by the dominant interaction of complementary factors. 
In most cases, stone materials, such as mineral powders 
and crushed stones, have negative surface charges, and 
positively charged emulsifier is attracted electrostatically 
to synergistic filler, causing controlled disintegration of 
water-bitumen emulsion (Fig. 4). Synergistic improve-
ment of technological characteristics of road asphalt con-
crete occurs as a result of formation of continuous films 
of adsorbed bitumen.

A special feature of the technology of surface treat-
ment of highways using emulsion-mineral mixtures is 
the need to find the optimal range of time for controlled 
disintegration of the water-bitumen emulsion in the com-
position used, i.e. the time from the moment the mixture 
is prepared until a solid-phase state is achieved. Con-
trolled degradation of the emulsion should occur after the 
distribution of the synergistic emulsion-mineral mixture 
over the surface of the asphalt concrete pavement: with a 
faster disintegration, the mixture will prematurely thicken 
in the asphalt paver and will become unable to be paved, 

Fig. 3. Micrograph of water-bitumen emulsion (magnification in an optical microscope ×1000)
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and with a slower one, the liquid composition will flow 
off the surface of the road pavement.

Cationic bitumen emulsions are divided by the rate of 
disintegration during processing of mineral complemen-
tary materials into: fast-disintegrating – 5–15 minutes, 
medium-disintegrating – several hours and slow-disin-
tegrating – 1–2 days [19]. To determine the kinetic rate 
of disintegration of fast-disintegrating water-bitumen mi-
crodispersed emulsions, it is recommended to use quartz 
powder, the mass fraction of which is less than 50%. Ac-
cording to technological characteristics, the expected 
stability of bitumen road emulsion during transportation 
should be at least 2 hours. When optimally formulating 
asphalt concrete emulsions, it is necessary to take into 
account the stability during storage; bimodal emulsions 
may have a lower viscosity than monomodal analogues, 
but have higher stability during storage and transporta-
tion [20].

DISCUSSION

The road surface of transport highways directly per-
ceives the impact of physical and mechanical loads, at-
mospheric factors and determines the most important 
operational qualities of the road, in the construction of 
which synergetic bitumen microdispersed emulsions were 
used. Forecasting the durability of asphalt concrete road 
surfaces is a fairly significant problem, since it is associ-
ated with: the diversity of various external factors (ground 
transport, weather conditions, etc.) that are difficult to 
analytically describe mathematically; insufficiently stud-
ied internal physical and chemical structuring processes 
in composite asphalt concrete. The synergetic concept 
[21] is promising for interpreting the evolution of asphalt 
concrete road surfaces of highways constructed using 
water-bitumen emulsions.

Synergetic enhancement of technological characteris-
tics of asphalt concrete pavements, which is formed by in-

teraction in boundary layers of bitumen structured binder 
with the surface of the mineral component, is determined 
by dominant interaction of complementary factors. Frac-
tal concepts of long-term strength of asphalt concrete 
road pavement of highways are reflected in the levels of 
power dependence of nonlinear deformation under load, 
characterizing entropic nature of elasticity and kinetics 
of damage or hidden destruction of microstructure from 
load. Long-term strength of asphalt concrete pavement is 
characterized by activation energy, determining thermal 
fluctuation rupture of bitumen bonds at the nanolevel, 
as well as fractal dimension of asphalt concrete micro-
structure, determining usage patterns during deforma-
tion under load [22]. The main reason for the optimal 
choice of synergetic technology for the installation of 
protective wear-resistant layers of asphalt concrete road 
surfaces using water-bitumen emulsions is to ensure the 
safe movement of ground transport during the standard 
service life [23, 24].

In 2020, the annual global production and use of 
bitumen emulsions in road construction amounted to 
more than 7 million tons, amounting to 33% in the USA 
and 16% in France. In the Russian Federation about 
250 thousand tons were produced. When choosing the 
type and brand of water-bitumen emulsion in the process 
of synergistic improvement of the technological charac-
teristics of road surfaces, the purpose of microdispersed 
emulsions should be taken into account.

The main advantage of using water-bitumen microdis-
persed emulsions compared to traditional (hot, liquefied) 
road bitumens is the convenience in handling of the mate-
rial [25]: only a sufficiently complete adhesion of the neg-
atively charged surface of the road base with a positively 
charged cationic emulsion is needed for operation; tech-
nological production of bitumen emulsions allows varying 
the qualitative composition and required characteristics; 
the use of bitumen emulsions at temperatures from 30°C 
to 70°C is safe for use and reduces energy consumption 

Fig. 4. Disintegration of bitumen microdispersed emulsion: 1 – aqueous phase; 2 – bitumen microdroplet;  
3 – mineral powder; 4 – emulsifier molecules, 5 – adsorbed bitumen film
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Table 1
Recommended application areas for various grades of road bitumen emulsions

Emulsion 
grades Application area of water-bitumen emulsions

EBC-1
EBPC-1

Sub-priming (pouring of liquid-phase bitumen emulsion) of road surfaces of transport highways, 
installation of protective surface treatment.

EBC-2
EBPC-2

Technological installation of upper layers of road surfaces by the impregnation method; optimized 
technology for the preparation of black crushed stone and porous crushed stone mixtures; patching 
of potholes in highways.

EBC-3
EBPC-3

Installation of thin-layer rough wear layers of road surfaces; technological production of dense 
water-bitumen emulsion- mineral mixtures, including soil mixtures; reinforcement of slopes.

EBPA-1 Liquid-phase sub-priming; reinforcement of the surface of slopes of the roadbed; installation of 
wear-resistant surface treatment.

EBA-2
EBPA-2

Technological care of freshly laid cement concrete road surface; preparation of black crushed 
stone and porous crushed stone mixtures from carbonate rocks; construction of road surfaces by 
impregnation method.

EBA-3
EBPA-3

Optimized production of emulsion-mineral mixtures of dense composition with mandatory 
introduction of 1-2% lime or 2-3% cement; fixation of shifting sands and weak soils of the upper 
layers of the roadbed.

by 40–50%; it is permissible to pour bitumen emulsions 
onto moistened surfaces with the formation of a strong 
and water-resistant bitumen film on the complementary 
surface of mineral fillers. In addition, it is worth noting 
the technological environmental friendliness of the multi-
tonnage preparation and use of water-bitumen emulsion: 
a minimal volume of harmful substances such as hot and 
liquefied bitumen is released into the atmosphere, and in 
addition, production becomes fire- and explosion-proof. 

For the road construction industry of the Russian 
Federation, the beginning of the 21st century is char-
acterized by a large-scale transformation of regulatory 
documents (GOST 18689-81, 52128-2003, 58952.1-
2020) regulating the requirements for the construction 
and operation of high-speed highways, which are mainly 
represented by individual sections of federal highways. 
Conversion to a fluid state, i.e emulsification of water-
bitumen binders at ambient temperature, requires stabil-
ity during storage and transportation, with simultaneous 
destruction at a controlled speed during synergistic ap-
plication to the surface of mineral fillers or road asphalt 
concrete pavement. One of the constraints for the use of 
resource-saving nanotechnologies in Russia is the lack 
of production of effective domestic cation-active emulsi-
fiers and the high cost of imported analogues. However, 
fairly inexpensive and affordable raw materials have been 
proposed for the production of the emulsifier: polyamides 
and products containing fatty acids.

For the synergistic preparation of cast emulsion-
mineral mixtures for road purposes, slowly disintegrating 
cationic bitumen or bitumen-polymer emulsions should 
be used [26]. Complementary introduction of styrene-

butadiene latexes up to 5% does not have a significant 
effect on the homogeneity and stability of water-bitumen 
emulsions: the most effective is the SKS-65GP latex, 
since more than 90% of the ultradisperse particles are 
less than 100 nm in size [27]. The addition of styrene-
butadiene latexes has a positive synergistic effect on the 
main technological characteristics of water-bitumen bitu-
men compositions, which is manifested in a significant 
increase in heat resistance up to 100°C, frost resistance 
up to –15°C, elasticity up to 44%, softening temperature 
and hardness.

Water-bitumen emulsions are thermodynamically un-
stable – they are characterized by fractal aggregation of 
microdroplets of the dispersed phase and the processes 
of reverse sedimentation, i.e. coalescence. It should be 
noted that, in turn, bitumen binders are petroleum nano-
dispersions, the properties of which are determined by 
nanoparticles of the dispersed phase and the hydrocarbon 
dispersion medium [28]. Multi-tonnage bitumen road 
microdispersed emulsions according to GOST R 58952.1-
2020 are divided into: emulsions bitumen anionic (EBA) 
and emulsions bitumen cationic (EBC).

To date, various methods have been proposed for us-
ing water-bitumen emulsions for road construction as 
a structured complementary binder; recommended areas 
of use of grades of bitumen road emulsions are given in 
Table 1.

The data in the table shows that water-bitumen road 
emulsions are most often used for synergetic priming be-
fore applying the upper layer of asphalt concrete, pothole 
repair and liquid phase surface treatment of road sur-
faces. For complementary strengthening of slopes of soil 
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embankments of steep highways and from clayey weak 
soils, it is recommended to use water-bitumen emulsions 
EBA-3 with a bitumen concentration of 50–55%; for 
gentle and sandy slopes – a microdispersed emulsion with 
a bitumen phase concentration of 40–50%.

It should be noted that according to the synergistic ef-
ficiency of mixing with various mineral fillers, the follow-
ing classes of water-bitumen emulsions are distinguished: 
cationic – (EBC-1, EBC-2 and EBC-3) and polymer-
modified emulsions (EBPC-1, EBPC-2, EBPC-3); an-
ionic (EBA-1, EBA-2 and EBA-3). The grades of classes 
EBC-1 (EBPC-1), EBC-2 (EBPC-2), EBC-3 (EBPC-3) 
correspond to fast, medium and slow rates of disintegra-
tion when mixing road bitumen microdispersed emul-
sions with mineral complementary materials of different 
granulometric composition.

The complementary components in the composition 
of water-bitumen emulsion of EBC grades perform syn-
ergistic functions: improving complementary adhesion; 
achieving the required consistency; improving the techno-
logical characteristics of wear resistance, plasticity, frost 
resistance through supramolecular improvement of the 
road surface of the transport infrastructure with polymer 
nanocomposites [29]. Regardless of the rate of disinte-
gration, the grades of water-bitumen emulsions have ap-
proximately the same concentration of bitumen, viscosity, 
extensibility, and softening temperature. Technological 
differences are manifested in the ability to complemen-
tarily mix with particles of dense (gravel, crushed stone) 
and porous (expanded clay gravel) minerals: the EBC-3 
water-bitumen emulsion grade is universal for mixing, 
the EBC-1 grade is not very suitable for this, and EBC-2 
interacts well with a porous filler.

A complementary feature of using water-bitumen 
emulsion of EBC grades is that after application the con-
stituent components are separated into two layers: water 
evaporates, and the bitumen binder hardens, forming 
a strong bitumen film on the synergistic surface of the 
mineral filler with the required performance characteris-
tics [30]. The electrokinetic rate of controlled disintegra-
tion determines the optimal scope of use of the water-
bitumen emulsion grade: EBC-1 is used for liquid-phase 
treatment of the surface layer of road protective coatings 
to improve adhesion; priming of asphalt concrete lay-
ers to improve adhesion between them; impregnation of 
crushed stone layers when laying road surfaces, as well as 
road potholes during repairs. The EBK-3 brand is used to 
create a protective layer of road surfaces; a complementary 
mixture with any mineral filler, and EBC-2 is used for the 
technological design of an optimal mixture with a porous 
mineral filler.

The mineral part of emulsion-mineral mixtures used 
for surface treatments is synergistically selected accord-
ing to the technological principle and consists of crushed 
stone mixtures (with of 5–10 mm or 5–15 mm fraction), 

crushed (or a mixture of both natural 2–5 mm fraction 
and crushed) sand and mineral powder. The optimal 
amount of crushed stone and the technological ratio of 
natural and crushed sand in optimized emulsion-mineral 
mixtures is selected depending on the granulometric com-
position and the required coefficient of adhesion of the 
highway road surface. Complementary mineral powder 
is added to the emulsion-mineral mixture in an amount 
such that the content of particles smaller than 0.071 mm 
is within 5–15% range.

In addition to the above-mentioned mineral materi-
als, man-made wastes can be synergistically used in cast 
emulsion-mineral mixtures: ash-slag, lime-containing 
materials, etc. [31–33]. Rational replacement of high-
strength expensive stone materials with autochthonous 
soils reinforced with strengthening binders based on 
production waste in structural layers of pavements for 
category IV and V highways allows to reduce not only the 
cost of road construction by 30–50%, but also the man-
made load on the surrounding ecological environment of 
the regions of the Russian Federation.

In Bashkortostan, the Remstroydormash plant (Ufa) 
produces water-bitumen emulsions EBRC-F (EBC-1), 
EBRC-Semulsiya (EBC-2), EBRC-S (EBC-3) for pot-
hole repair, priming and recycling. Modern equipment al-
lows using high-quality synergistic ingredients to produce 
up to 10 tons of bitumen microdispersed emulsions per 
hour. The Remstroydormash plant pours water-bitumen 
emulsion into 200-liter barrels to meet the needs of small 
businesses that repair roads, parking lots, and local areas 
in small areas where the use of a tar sprayer is economi-
cally impractical. It should be noted that small contrac-
tors, in order to reduce the cost of road construction, 
produce emulsions on their own sites, purchasing road bi-
tumen at nearby oil refineries (in Ufa, in Salavat). In this 
case, of course, it is difficult to comply with the regulatory 
technological requirements for high-quality synergetic 
preparation of water-bitumen emulsions.

In the context of achieving technological sovereignty 
of the Russian Federation, it is recommended to use qua-
ternary ammonium salts (for example, alkyltrimethylam-
monium chloride) in the amount of 0.2–0.5% of the water 
mass as import-substituting cationic emulsifiers. There 
are encouraging results of using bitumen microdispersed 
emulsions in the technology of strengthening weak soils 
of the roadway.

The most productive technology for synergetic 
strengthening of soil embankments and reconstruction 
of transport highways with bitumen microdispersed emul-
sions is the use of specialized machines – recyclers. More 
universal and technically and economically advantageous 
recyclers are road machines with one working element 
of the milling-rotor type, which are equipped with speed 
sensors and a metered system for feeding water-bitumen 
microdispersed emulsion (Fig. 5).
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Optimal surface treatment from crushed stone emul-
sion-mineral mixtures is recommended for usage to en-
sure the required coefficient of adhesion on emergency 
sections of highways, and for sand emulsion-mineral 
mixtures to be used on sections of transport highways 
with difficult traffic conditions and as a protective wear-
resistant layer. For synergetic usage of surface treatment 
of road surfaces of transport infrastructure, it is necessary 
to use emulsion-mineral mixtures of cast consistency, 
consisting of mineral materials (crushed stone, sand, min-
eral powder) and cationic water-bitumen microdispersed 
emulsion.

It should also be noted that road surfaces in the pro-
cess of technological operation are under the influence 
of many multidirectional factors: soil-geological and 
hydrological conditions, terrain, weather-climatic and 
physical-mechanical, caused by excessive loads from 
heavy vehicles. Critical changes in the water-thermal re-
gime of the road surface significantly affect the strength, 
synergistic durability of the road and lead to a decrease in 
the transport and operational characteristics of high-speed 
highways. At the nanolevel of asphalt concrete pavement 
of the order of 10–7–10–9 m, an accelerated process of 

Fig. 5. Operation of a road recycler: 1 – injection of bitumen emulsion; 2 – direction of movement; 3 – milling and 
mixing drum; 4 – destroyed asphalt concrete layer; 5 – road surface; 6 – recycled highway layer

rupture of chemical bonds between atoms of the bitu-
men binder occurs, which leads to a sharp deterioration 
in adhesive and cohesive characteristics [34, 35]. The 
currently known methods of technological monitoring 
of road surfaces have certain limits of applicability, there-
fore the synergistic approach complements and combines 
complementary factors.

CONCLUSION

Asphalt concrete road surface is a nonlinear system, 
and changes in its operational technological characteris-
tics are accompanied by non-additive synergistic effects. 
Synergistic enhancement of the technological character-
istics of road surfaces by adding bitumen microdispersed 
emulsions to the composition provides an alternative ap-
proach, in which bitumen is liquefied by dispersion in 
water; an optimal solution to the problems of intensive 
construction and reconstruction of Russian highways. 
Water-bitumen microdispersed emulsions with micro-
droplets of 2–4.5 µm in diameter are recommended for 
the popular technology of complementary strengthening 
of weak soils of the road surface of high-speed highways.
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