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ABSTRACT

The relevance of safety problems of a wide range of anti-icing
materials and chemical anti-icing reagents used in the municipal
economy is predetermined by a number of aspects and factors
associated with the negative impact of anti-icing products on the
natural environment, property and health of citizens, its lack of
effectiveness in terms of ensuring transport safety, preventing
causes, conditions of occurrence of transport accidents, the growth
of injuries of the population in winter. The objective of the study was
to study the possibility of using ash and slag mixtures that are
practically harmless to the environment together with organic
additives from plant waste as complex anti-icing materials.

The objective of the work was to study possibility of using
practically environmentally friendly ash and slag mixtures along
with organic additives as complex antiOicing materials. The main
tasks comprised comparative analysis of effectiveness and safety
of anti-icing materials used, justification of the possibility of

municipal economy, resource saving, emergency situations.
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replacing them with ash and slag secondary disposals,
assessment of the current situation with handling of ash and slag
waste, technical feasibility, environmental acceptability, economic
feasibility of their reuse as designated at road transport
infrastructure facilities.

The projected results of the study were reduction of the
technospheric load on the natural environment, prevention of all
types of negative impact on the health of citizens, their personal
property, replacement of valuable natural raw materials with
secondary ones, prevention of transport accidents and related
man-made emergencies. Based on the results of the study, it is
planned to conduct full-scale tests and, in case of obtaining positive
results that determine safety and effectiveness of the use of a new
anti-icing material, to apply for a patent for an invention with further
implementation of an innovative proposal in various regions of the
Russian Federation.
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INTRODUCTION

As far as a significant part of the territory of
the Russian Federation is concerned, the most
difficult period in the work of organisations
operating the road transport infrastructure is the
winter season. The rate of safe state of coverage
of elements of the street-and-road network (SRN)
for road users (sidewalks, roadways, underground
and ground crossings, pedestrian zones) during
this period are determined by the spectrum of road,
weather-climatic, sanitary-hygienic,
environmental, transport and technological
factors.

One of the most important tasks of ensuring
transport safety, preventing transport accidents
and injuries to the population is to build a well-
organised and effectively managed system of
measures for monitoring, forecasting, preventing,
and timely elimination of winter slipperiness on
SRN, which includes mechanical removal of
snow masses, the use of solid mineral anti-icing
materials and liquid chemical anti-icing reagents
as a chemical method for destruction of ice and
snow [1-3].

Many years of domestic and foreign
experience indicate that chemical anti-icing
agents are rather effective means of combating
winter slipperiness, but their use entails the need
to comply with rational technological
consumption rates, safe concentrations, safety
and labour protection, control, and monitoring
of the level of environmental pollution. When
working with such chemically hazardous
substances, hygienic requirements regulate the
mandatory availability of special clothing and
personal protective equipment for the eyes, skin,
and respiratory organs [2—4].

An important limiting factor is the negative
mechanical, chemical impact of such materials
on natural objects and components of the natural
environment: dusting and release of toxic
compounds to varying degrees into the
atmospheric air, washout and further ingress into
surface, underground water sources, soil, impact
on vegetation, wildlife. According to various
expert estimates, the content of chlorides in
roadside snow masses exceeds MPC (maximum
permissible concentration) by more than 25
times. The content of sodium chloride in the
aquatic environment in the range of 100200 mg/1
leads to the death of some plant species, 200—
500 mg/1 of insects, reptiles, more than 1 g/l of
aquatic biological resources. Salinisation of
water and soil is a stress factor in the habitat of

flora. Even very low salt concentrations (10-20
mg/l) have a negative effect on the root system.
Depending on endurance of flora species, salinity
disrupts the metabolism of plants, affects the
growth, reproduction, and settlement of their
species. Negative factors form threats to the state
of ecological safety of populated areas, which,
in turn, dictates the need to allocate additional
financial costs for monitoring, warning, and
eliminating dangerous effects of anti-icing
materials [5; 6].

Considering the current situation, the work
examines environmental acceptability, economic
and technical feasibility of replacing the anti-
icing materials now in use with the products of
processing ash and slag mixtures formed during
combustion of solid coal fuel at thermal power
plants (TPP) and boiler houses.

The proposed idea of using ash and slag waste
(ASW) for the purpose of ensuring safety of road
transport infrastructure, preventing transport
accidents allows reuse of a significant amount of
accumulated ASW in storage facilities of energy
enterprises. As of 2017, the amount of
accumulated ASW in our country reached 1,5
billion tons, occupying an area of about 28000
hectares in the form of open ash and slag dumps,
which significantly pollute water and land
resources, atmospheric air, and surrounding
vegetation. At the same time, their annual output
is estimated by experts in the range of 22-23
million tons, which gives reason to conclude that
the reuse of these wastes is relevant to prevent
negative environmental impacts. This problem
continues to be one of the most pressing in the
fuel and energy complex. The current situation
is practically not improving: the reuse of ASW
is about 2,5 million tons per year (no more than
10 % of the annual amount of their formation)
[7-10; 13-15].

The analysis of world practice of ASW
processing indicates the presence of developments
related to the use of ash and slag raw materials
in construction industry, the road sector [11-14],
however, no information has been found on the
use of such raw materials for the purpose under
consideration.

Economic feasibility of the proposed idea is
favoured by the low cost of ash and slag raw
materials as a commodity, but this is not the sole
reason. Replacing traditional raw materials based
on non-renewable mineral reserves with
secondary raw materials from ASW contributes
to implementation of the strategic goal of
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Pic. 1. Planned result from introduction of innovation [performed by the author].

Russia’s sustainable development based on the
principles of resource conservation and rational
use of natural resources.

Thus, relevance, novelty and practical
significance of the ongoing research is
predetermined by its idea and plan for
implementation of several important scientific
and practical tasks. The planned result from
introduction of innovative material is presented
in the scheme developed by the author (Pic. 1).

Materials and Methods of Research

The study was based on the published works
of scientists, specialists, researchers in the field
of transport safety, prevention of transport
accidents, related emergency situations of a man-
made nature, the practices of using solid mineral
anti-icing materials and chemical anti-icing
reagents [1-4], in the field of processing, re- use
of ASW, organic substances from plant materials
and waste [11-15], own results of research in the
field of waste management and secondary
resources, including in housing and communal
services and transport, resource conservation,
environmental safety of territories [5—7].

The concept of this study is based on the
priority areas of the state policy in the field of
waste management, as well as of monitoring,
forecasting, prevention and timely elimination
of natural and man-made emergencies, the
principles generally accepted in the world
community: «Zero waste», «Circular Economy»
[16-20].

The research methodology includes: collection,
generalisation, systematisation, comparative
analysis of data in the field of research.

RESULTS

The first stage of the study was dedicated to
summarising materials on the current use of anti-
icing materials and liquid chemical anti-icing
agents in various regions of Russia. It has been
established that, as a rule, the composition of
mineral anti-icing materials includes quartz sand,
crushed granite stone of a fraction of 2—5 mm,
marble chips, which improve the grip of vehicle
wheels and shoe soles with a road surface in
a slippery winter period.

At the same time, a significant problem for
utilities is clogging with such materials of SRN,
drainage grates, storm sewers, and for road
users — the ingress of fractions of high-hardness
reagents under the action of the centrifugal force
of wheel sets into the windows of vehicles,
external coatings, open areas of the bodies of
passers-by followed by damage, respectively, to
the property and health of citizens. In some cases,
loose anti-icing materials reveal an increased
content of radionuclides, which creates a serious
danger to residents in the process of inhalation
when sprayed in the atmospheric air and to
biological resources of the natural environment —
as a result of washout with surface runoff into
water bodies and onto the soil.

The range of chemical anti-icing reagents that
are toxic to human health and hazardous to the
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environment is extremely wide and includes
technical sodium chloride, sand and gravel
material (SGM) based on calcium chloride and/
or sodium, carbamides, liquid chlorides,
bischofite (magnesium chloride); combined
preparations: «Antisnegy, «Nordix-P» (based on
ammonium acetate), NCMM (carbamide,
magnesium and calcium nitrates); CCM
(chlorides of magnesium and calcium) and
others. Also, the composition of the reagents
includes additives — modifiers (corrosion
inhibitors).

The components of anti-icing reagents
(calcium, magnesium, sodium chlorides) are
classified as moderately hazardous compounds
in terms of human impact (irritating effect on the
visual organs, skin upon direct contact) and
belong to the third and fourth hazard classes in
relation to the natural environment.

The accumulation of reagents in the roadside
occurs not in the surface layer of the soil, but at
a depth of up to 60 cm, reaching groundwater
and the root system of plants. At negative
temperatures and the absence of runoff, the
reagents are intensively absorbed by snow and
are then thrown by harvesting machines to the
sides of the roadway at a distance of up to 50 m.
Part of the unreacted salts remain on the surface
and are carried by the wind over a considerable
distance with spray from cars, snow, and dust.

An intense source of negative impact on the
environment within a radius of tens to hundreds
of meters are the places of storage of sand-salt
mixtures, in most cases representing areas open
to the influence of weather and climatic factors,
with no embankment, collection and purification
of polluted surface water.

Inorganic-based reagents have an aggressive
effect on the metal structures of road transport
facilities, vehicle coatings, especially under
conditions of atmospheric corrosion activation.
According to the results of a few studies,
a combined reagent with corrosion inhibitors in
the composition of technical salt (halite),
bischofite solution (magnesium chloride) has the
highest corrosive activity. The corrosion rate is
influenced by the type and material of the
corroded surface, concentration of the oxidising
agent, various impurities in the coating of
vehicles, road structures and devices, the level
of temperature and humidity, and the intensity
of precipitation. The negative effect of reagents
on vehicles mainly leads to electronics failure,
destruction, clouding, rusting of the coating,

corrosion of discs, exhaust pipes, and premature
wear of brake pads.

Reagents containing calcium and potassium
compounds under the influence of low
temperatures and wind form a sliding surface on
the roadway, increasing the braking distance and
creating an increased accident rate. Traces of
reagents of this group are clearly observed on
shoes, and service life there-of is reduced to one
or two winter seasons.

Fauna is especially vulnerable to the toxic
effects of chemical reagents. The most dangerous
is the eating by animals and birds of polluted
snow with toxic reagents: materials and
substances. It is no less dangerous for both long-
term and short-term interaction of sensitive skin,
especially of a pet, with contaminated snow
masses or ice. These effects cause diseases of the
skin, digestive systems of animals, vision, and
smell, and can lead to death.

Causing damage to the health and property
of citizens as a result of the negative impact of
toxic highly corrosive chemical anti-icing
reagents causes massive objective discontent,
complaints, and leads to lawsuits. Environmental
and sanitary-epidemiological supervision
authorities regularly initiate administrative
prosecution of road operating organisations for
violating the rules of handling hazardous anti-
icing reagents that pose a real threat to human
health and nature.

The foregoing gives grounds to argue about
the need to develop new safe anti-icing materials
that do not adversely affect human health, natural
objects, but provide sufficiently effective
protection against slipperiness on SRN and,
ultimately, increase the transport and
environmental safety.

Scientific and practical novelty of the idea:
to replace environmentally, sanitary and hygienic
hazardous chemical methods for breaking ice and
snow, a safe physical method has been developed
to eliminate slipperiness of SRN, based on the
use of solar energy, physical properties and
characteristics of secondary resources from
practically non-hazardous waste — granular fuel
slag and biological organic compounds of the
waste of the agro-industrial complex.

The study showed that currently used solid
anti-icing materials based on natural minerals
(sand, crushed crumbs of various rocks, rock
salts) are similar in their technical and
operational characteristics and properties (true
density, hardness, compressive strength) to
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Table 1

Expected Effects from the Introduction of Innovation [performed by the author]|

Types of effects

Description of the effect

Ecological

atmosphere.

Replacement of moderately hazardous components of anti-icing
reagents with practically non-hazardous ones; elimination of the
negative impact of chemical anti-icing agents on bioresources
and components of the natural environment: air, water resources,
soils, flora and fauna, as well as mechanical impact — clogging of
water bodies, soils, spraying solid bulk anti-icing materials in the

Sanitary and hygienic

Elimination of the negative impact of toxic anti-icing reagents on
human health. The use of non-threatening to life and human health
de-icing materials processed from recycled materials.

Resource-saving

The use of practically non-hazardous vitrified granulated slags from
coal combustion and waste from the agro-industrial complex in
economic circulation as secondary material resources. Possibility of
reuse of spent anti-icing materials from fuel slags, including in road
construction instead of traditional natural raw materials. Saving non-
renewable mineral natural resources: sand, rocks, marble, granite,
industrial water for manufacture of chemical reagents

Social

Reducing the level of injuries to the population from accidents related
to winter slipperiness, the flow of complaints from citizens about
damage to health and personal property as a result of the negative
impact of toxic highly corrosive chemical anti-icing reagents, and the
growing dissatisfaction of the population with this urgent problem.

Economical

corrosion.

Reducing the cost of 1 ton of anti-icing reagents by 20-30 %,
depending on the territorial location of the region and ash and slag
dumps; reducing the costs of organisations operating SRN and
municipal budgets associated with penalties, claims for compensation
for damage to components of the natural environment as a result of
mechanical and chemical pollution with anti-icing reagents, property
of citizens; reduction of costs associated with repair and restoration
work of contaminated storm sewers, receiving grates, replacement,
painting of road transport facilities and devices that have undergone

Technical and
technological,
associated
with safety

nature

Growth by two to three times of the rate of destruction of the ice cover
on SRN; no effect on the braking distance; reduction in the level of
transport accidents, possible concomitant emergencies of a man-made

materials based on secondary resources
obtained from ash and slag waste. At the same
time, the ratio in terms of heat capacity,
considering the colour scale, is significantly in
favour of secondary raw materials obtained
from ASW, which contributes to a higher
intensity of ice melting in sunny weather.
Moreover, such secondary raw materials
obtained in the process of separate collection,
isolated accumulation, processing of ASW

(grinding, crushing, storage in a certain way),
in accordance with the Federal Classification
Catalogue of Waste, are practically not
dangerous for the natural environment and its
components. Among the characteristics of the
material, the following should be noted: the
density of coal and anthracite combustion slag
is 1700-1990 kg / cubic meter, in bulk — from
980 kg / cubic meter; specific surface area —
4000-6700 cm? / g, increased water demand.
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Existing technologies (methods):

- mechanical (increasing the level of
adhesion of wheels and soles of shoes
with pavement with mineral anti-icing

materials);

- chemical (chemical decomposition of
snow and ice with anti-icing agents)

Chemically
hazardous anti-

icing agents Quartz sand, crushed granite,

marble chips
(radioactivity, dusting ability,
mechanical pollution of the
natural environment)

Chemical reagents

(based on moderately toxic
chlorides of calcium, sodium,
magnesium, calcium nitrates
and magnesium, ammonium
acetate + modifier additives:

corrosion inhibitors)

Proposed technology (method)

- physical (impact of solar energy on anti-
icing material of high thermal conductivity
+ generation of an electric charge of a
biologically active mixture with conversion
into thermal energy and thermal
decomposition of snow and ice)

Virtually non-
hazardous anti-icing
materials from

recycled resources Granulated fuel slag
(secondary resource from
practically non-hazardous ash
and slag waste)

Pic. 2. Scientific and practical novelty of the proposed method (technology) [performed by the author].

Treating the roadway with the proposed anti-
icing material with the help of specialised
vehicles is carried out from a technological
point of view just similarly to the treatment with
currently used mineral materials, therefore,
changes in storage technologies, treatment,
subsequent collection, and reuse on the road
network in this case are not required. Its
dimensions are designed in such a way that at
the maximum wind force for a given city, the
simulated weight of particles of anti-icing
material makes it possible to prevent dusting of
the environment.

However, not all winter and late autumn days
are characterised by sunny weather. This weather
is typical for most regions of our country. In this
case, an important property of the new anti-icing
material is lost — it heats up under the influence
of sunlight and melts ice and snow masses under
the influence of temperature.

In this case, if temperature is below zero, an
additional component of the complex anti-icing
material is a bioadditive made by extraction
method from specially treated plant waste based
on the processes of natural biological
decomposition and release of thermal energy. An
example of a similar action is the processes that
occur during the decay of hay, straw, as well as in
manure or bird droppings. At the same time, the
liquid additive is non-toxic, practically not
dangerous, does not emit unpleasant scents, its
consumption is determined by the appropriate
quantitative ratio with the anti-icing material
based on ash and slag secondary resources
distributed evenly throughout the territory of the

road network. The composition of the bioadditive,
the quantitative ratios of anti-icing material and
bioreagent are registered as know-how (production
secret) at the Russian Research Institute for Civil
Defence and Emergencies (Federal Centre).

Thus, the proposed innovative solution makes
it possible to switch from mostly costly and
environmentally hazardous mechanical and
chemical methods of combating winter slipperiness
to physical, mechanical, and biological ones. The
scientific and practical idea is reflected in the basic
scheme developed by the author (Pic. 2).

The expected effects from introduction of the
proposed innovative method (technology) are
systematised in Table 1.

CONCLUSIONS
The present work was based on the solution
of three research problems. Firstly, a performed
systematic analysis of the used anti-icing materials
and chemical anti-icing reagents has shown their
danger to the environment and public health.

Secondly, a new approach is proposed to
improve the protection of the urban environment
from transport accidents based on the use of safe
materials.

Thirdly, the possibility of a resource-saving
approach to creation of a new, environmentally
friendly anti-icing material based on reuse of ash
and slag and organic waste instead of the use of
natural resources for these purposes, admissibility
of replacing mechanical and chemical methods
of combating winter slipperiness with an
environmentally safe mechanical and physical
one, is substantiated.
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Based on the results of the work, considering
additional laboratory and instrumental studies, it
is planned to apply for a patent for an invention
and formalise it in the form of know-how.
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