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The object of research is the process of management and treatment of crushed stone production waste.
Modern approaches to the disposal of crushed stone production waste are analyzed. It is revealed that crushed
stone production wastes are mainly used in the construction industry, and their volumes of use are insufficient to
neutralize the impact of dumps on the environment. The chemical composition of crushed stone production wastes
was analyzed and an experiment was carried out to determine the possibility of their use as fertilizers for the
cultivation of industrial energy crops. For the experiment, an energy crop was chosen — sorghum. Sorghum seeds
were placed in two types of soil: regular peat substrate and peat substrate with the addition of rock in a ratio
of 60:40. Waste from crushed stone production — rock, which includes: quartzite — 90—98 %, pyrophyllite — 1-9 %,
ore mineral — 0.3—1 %. The results of the experiment showed an increase in the biomass of sorghum grown on a
peat substrate with the addition of rock, 1.5 times, compared with that grown on a conventional peat substrate.
Accordingly, the energy yield of sorghum per hectare of field will also grow by 50 %. In addition to increasing the
biomass of sorghum, as a result of the experiment, an increase in the number of secondary and tertiary roots was
Jound when it was grown on a peat substrate with the addition of rock. A more developed root system allows the
plant to receive more moisture and nutrients, thereby increasing its endurance and drought resistance. The results
obtained can be explained by the positive ef fect of silica, of which more than 90 % of the rock is composed, on the
growth and development of plants. It is proposed to increase the level of environmental safety of mining regions
through the use of crushed stone waste as [ertilizers for industrial energy crops and the transition to alternative

energy sources, in particular biofuels made on the basis of these crops.
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1. Introduction

The mining industry is one of the main air pollutants.
During mining operations, a significant amount of dust and
gases enters the air. The main sources of inorganic dust
emission during opencast mining are the following techno-
logical processes: well drilling, blasting operations, excavation
and loading operations, transportation of rock mass, crush-
ing, dumping. Among the pollution processes, an important
place is occupied by dumping and, as a result, dusting of
dumps [1]. Today, crushed stone production waste is mainly
used in the construction industry [2—4], which is insufficient
to neutralize the impact of dumps on the environment. The
chemical composition of the rock makes it possible to use
crushed stone production wastes in many other sectors of the
economy [5], including the strategically important energy one.

Until now, traditional fuels prevail in the structure of
the world’s energy balance, in particular oil, coal, peat, shale,
natural gas, which negatively affects the level of world energy

security and the state of the natural environment [6]. This
situation will intensify the search for alternative energy
sources, in particular the development of bioenergy projects
that involve the intensive cultivation of energy crops.
The choice of an energy crop for cultivation is deter-
mined by a number of factors, namely: the type of soil,
water balance, type of landscape, availability of transport
links, location of potential fuel consumer, competition with
other crops, social thought, etc. [7]. Energy crops include
fast-growing trees of various types of willow and pop-
lar, annual and perennial herbaceous plants, for example,
sorghum, sugarcane, miscanthus, amaranth, Rhaponticum
repens, Sakhalin knotweed, Pennsylvanian mallow, Rumex,
panicgrass, hybrid tobacco. Energy crops of algae include
chlorella, dunaliella, botryococcus, etc. Today, one of the
most promising energy crops is sorghum [8, 9].
Sorghum is characterized by low costs of its cultivation
technology. This crop can grow on soils with low levels of
fertility, does not require a large amount of fertilizer and
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needs a minimum amount of water. Sugar sorghum ripens in
90-120 days, but sugarcane takes 12—14 months. In addi-
tion, it costs 1.74 USD to produce a gallon of ethanol from
sugar sorghum, compared to 2.19 USD from sugarcane and
2.12 USD from corn. In bioenergy, there are three areas of
using sugar sorghum: the production of bioethanol, solid fuel
(briquettes, pellets, etc.) and biogas. The bioethanol yield
depends on the sugar content in the juice. Depending on the
varietal characteristics and the harvesting phase, sorghum juice
can contain from 8 to 30 % sugar. With an average yield
of green mass of 40 t/ha, it is possible to obtain 6-12 tons
of alcohol per hectare and 12—15 tons of by-products, which
can be used in fodder production or as solid fuel [6].
Thus, the use of crushed stone waste as fertilizers for the
cultivation of industrial energy crops, in particular sorghum, is
an urgent scientific and practical task. So, the object of research
is the process of management and treatment of crushed stone
production waste. The aim of research is to increase the level
of environmental safety of mining regions through the use of
crushed stone waste as fertilizers for energy crops and the
transition to alternative energy sources, in particular biofuel.

2. Methods of research

To achieve this aim, the experimental method was used.
For the experiment, an energy crop was chosen sorghum.
Sorghum seeds were placed in two types of soil: a regular
peat substrate (pH 5.8-6.8) and a peat substrate with the
addition of rock in a ratio of 60:40. Planting was carried out
in containers of the same size, where the soil or soil with
the breed was first placed, and then the seeds — 100 seeds
in each container. The seeds were spread evenly. Watering
was carried out every two days. Measurements and photos
were taken as external changes were made (Fig. 1).

e f

Fig. 1. Germination of sorghum on an ordinary peat substrate and a peat
substrate with the addition of rock in a ratio of 60:40 (sample 1) on:
a, b — 3 days after bedding, respectively; ¢, d — 20 days after bedding,,
respectively; g f— 45 days after bedding, respectively

Waste from the production of crushed stone was ob-
tained from the Private Joint Stock Company Tolkachevsky
Mining and Processing Plant (JSC Tolkachevsky Mining
and Processing Plant, Pershotravneve, Ukraine), which
develops the Tovkachevsky section of the Ovruch deposit.
The materials that make up the rock are contained in the
following quantities: quartzite — 90-98 %, pyrophyllite —
1-9 %, ore mineral — 0.3-1 %.

3. Research results and discussion

On the 45th day of the experiment, sorghum in each
container was cut to the root and weighed on an elec-
tronic balance (Fig. 2).

Fig. 2. Results of weighing sorghum grown on:
a — ordinary peat substrate; b — peat substrate with the addition
of rock in a ratio of 60:40 (sample 1)

The weighing results showed that under the same plant-
ing and germination conditions, the biomass of sorghum
grown on an ordinary peat substrate is 6 g, 1.5 times
more. Thus, let’s assume that the energy efficiency of
sorghum from 1 ha of field will also increase by 50 %.
The results of calculating the calorific value and energy
yield of sorghum are given in Table 1.

Tahle 1

The results of calculating the energy efficiency of sorghum

Productivity, | Calorific value, | Energy yield,

Sorghum t/ha/year Gl/dry ton Gl/ha/year Source
Grown without
addition of rock 25 18 450 (8]
to the soil
Grown with the Authors’
addition of rock 37.5 18 675 .
to the sail calculation

As it is possible to see from the Table 1, the yield of sor-
ghum, provided that rubble production wastes are used, can
be 37.5 t/ha/year, and the energy yield is 675 GJ/ha/year,
which is 1.5 times more than when it is grown without
the addition of rocks. In addition to the increase in the
biomass of sorghum, the experiment established an increase
in the number of secondary and tertiary roots (Fig. 3).
A more developed root system allows the plant to receive
more moisture and nutrients, thereby increasing its endurance
and drought resistance.

The results obtained can be explained by the positive
effect of silica, which is contained in the rock, on the growth
and development of plants [10, 11].
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Fig. 3. Boot system of sorghum grown on: a — common peat substrate;
b — peat substrate with the addition of rock in a ratio of 60:40

Based on studies [10] on the effect of silicon nutri-
tion on sugar content in sugar beets and sugar cane, it is
possible to assume that the sugar content in sorghum will
also increase.

4. Conclusions

It is proposed to increase the level of environmen-
tal safety of mining regions through the use of crushed
stone waste as fertilizers for industrial energy crops and
the transition to alternative energy sources, in particu-
lar biofuel. An experiment was carried out in which an
energy crop, sorghum, was planted in a regular peat sub-
strate and a peat substrate with the addition of rock in
a ratio of 60:40. The results of the experiment showed
an increase in the biomass of sorghum grown on a peat
substrate with the addition of rocks, 1.5 times compared
to sorghum grown on a conventional peat substrate. Ac-
cording to the energy yield of sorghum from 1 hectare of
field will also increase by 50 %. In addition to increasing
the biomass of sorghum, the experiment established an
increase in the number of secondary and tertiary roots
when growing on a peat substrate with the addition of
rocks. A more developed root system allows the plant to
receive more moisture and nutrients, thereby increasing
its endurance and drought resistance. The results obtained
can be explained by the positive effect of silica, of which
more than 90 % of the rock is composed, on the growth
and development of plants.

References

1. Tverda, O. Ya., Vorobiov, V. D., Davydenko, Yu. A. (2015).
Investigation the process of dust scattering from quarry heap
in the working and surrounding areas. Visnyk NTUU <«KPI>».
Seriya «Hirnytstvo», 29, 96—103.

2. Vaitkevicius, V., Serelis, E., Lygutaité, R. (2013). Production
Waste of Granite Rubble Utilisation in Ultra High. Jour-
nal of Sustainable Architecture and Civil Engineering, 2 (3).
doi: https://doi.org/10.5755/j01.sace.2.3.3873

3. Lokeshwari, M., Jagadish, K. S. (2016). Eco-friendly Use of
Granite Fines Waste in Building Blocks. Procedia Environ-
mental Sciences, 35, 618-623. doi: https://doi.org/10.1016/
j-proenv.2016.07.049

4. Allam, M., Bakhoum, E., Garas, G. (2014). Re-use of granite
sludge in producing green concrete. ARPN Journal of Engineer-
ing and Applied Sciences, 9 (12), 2731-2737.

5. Khan, M., Rana, H. (2020). Granite Slurry: A Valued By-
Product as Fertilizer. International Journal of Research and
Innovation in Applied Science, V (IV), 143-145.

6. Fedorchuk, M. 1., Kokovikhin, S. V., Kalenska, S. M. et. al.
(2017). Naukovo-teoretychni zasady ta praktychni aspekty for-
muvannia ekoloho-bezpechnykh tekhnolohiy vyroshchuvannia ta
pererobky sorho o stepoviy zoni Ukrainy. Kherson, 208.

7. Polianskyi, O. S., Diakonov, O. V., Skrypnyk, O. S. et. al.
(2017). Napriamy rozoytku alternatyonykh dzherel enerhiyi: akt-
sent na tverdomu biopalyvi ta hnuchkykh tekhnolohiiakh yoho
vyhotovlennia. Kharkiv: KhNUMH im. O. M. Beketova, 136.

8. Yesipov, O. V. (2020). Sorho — vazhlyva enerhetychna kultura.
Alternatyoni dzherela enerhiyi, enerhozberezhennia ta ekolohichni
aspekty v ahrarnomu sektori: materialy vseukr. nauk.-prakt. konf.
Kharkiv, 75-76.

9. Lépez-Sandin, 1., Gutiérrez-Soto, G., Gutiérrez-Diez, A., Medina-
Herrera, N., Gutiérrez-Castorena, E., Zavala-Garcia, F. (2019).
Evaluation of the Use of Energy in the Production of Sweet
Sorghum (Sorghum Bicolor (L.) Moench) under Different Pro-
duction Systems. Energies, 12 (9), 1713. doi: https://doi.org/
10.3390/en12091713

10. Matychenkov, V. V., Bocharnikova, E. A.,, Amosova, Ya. M.
(2015). Amorfnyy kremnezem opal-kristobalitovyh porod kak
vozobnovlyaemoe syr'e dlya sinteza kremniyorganicheskih soe-
dineniy i silikatov. Chast’ 4. Vliyanie kremnievyh udobreniy na
rasteniya i pochou. Butlerovskie soobscheniya, 43 (9), 17-25.

11. Frew, A., Weston, L. A., Reynolds, O. L., Gurr, G. M. (2018). The
role of silicon in plant biology: a paradigm shift in research ap-
proach. Annals of Botany, 121 (7), 1265—1273. doi: https://doi.org/
10.1093/aob/mcy009

Anastasia Bondarenko, Department of Geo-Engineering, Na-
tional Technical University of Ukraine <Igor Sikorsky Kyiv Poly-
technic Institutes, Kyiv, Ukraine, e-mail: 22nastia1022@gmail.com,
ORCID: https.//orcid.org/0000-0003-2506-4716

Oksana Toerda, Doctor of Technical Sciences, Associate Professor,
Department of Geo-Engineering, National Technical University of
Ukraine <Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine,
e-mail: tverdaya@ukr.net, ORCID: hitps://orcid.org/0000-0003-
3163-0972

Mykola Repin, PhD, Department of Geo-Engineering, Natio-
nal Technical University of Ukraine <Igor Sikorsky Kyiv Poly-
technic Institute», Kyiv, Ukraine, e-mail: rmv.kpiiee@gmail.com,
ORCID: https.//orcid.org/0000-0002-0318-8278

Kostiantyn Tkachuk, Doctor of Technical Sciences, Professor,
Department of Geo-Engineering, National Technical University of
Ukraine <Igor Sikorsky Kyiv Polytechnic Institutes, Kyiv, Ukraine,
e-mail: kkttkk297@gmail.com, ORCID: https.//orcid.org/0000-0001-
5230-9980

Oleksii Kofanov, PhD in Economics, PhD in Engineering, Senior
Lecturer, Department of Geo-Engineering, National Technical Uni-
versity of Ukraine <Igor Sikorsky Kyiv Polytechnic Institute», Kyiv,
Ukraine, e-mail: aleckof@gmail.com, ORCID: https://orcid.org/
0000-0003-2181-9288

Olena Kofanova, Doctor of Pedagogical Sciences, PhD in Chemical
Sciences, Professor, Department of Geo-Engineering, National Tech-
nical University of Ukraine <Igor Sikorsky Kyiv Polytechnic Insti-
tute», Kyiv, Ukraine, e-mail: alexina555@gmail.com, ORCID: https.//
orcid.org/0000-0002-9851-6392

;58

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/1(59), 2021



