ISSN 2226-3780 CHEMICAL ENGINEERING: D

ECOLOGY AND ENVIRONMENTAL TECHNOLOGY

UDC 629.5:02.002.8
DOI: 10.15587/2312-8372.2018.129619

ANALYSIS OF RECYCLING
OF NON-FERROUS METALS AS A PART
OF RECYCLING OF SEA-GOING SHIPS

06’exmom 0ocHiducenst € NPOUecU PeUuKIinzy KoJboposUX MeMais npu ymuiisayii Mopcokux cyoen. Peyuxnine
€ OCHOBHUM HANPAMOM PO3BUMKY KOILOPOBOL MEMANYP2ii, OCKLIbKIL, SK NOKA3YE C8IMOBULL J0CBI0, BUKOPUCTNANII
BMOPUNHIHOT CUPOBUHIU EKOHOMIUNO epeKxmueiue ma exoioziuno besneuniue, Hijie GUKOPUCTIANH NePEUHHUX Pe-
cypcis. OOnum 3 Haibinv nPoGLEMHUX MICUD € BIOCYMHICID YMUMZAUITHUX NIONPUEMCTIE | CYUACHUX eKOLOZIUHUX
mexnonozii ymunizayii ¢ Yepaini. IIpu docaioxcenni 6yau suxopucmani memoo anaiizy npu GUsUeHii OUNaMiKu
supobnuymea mioi 6 ceimi i memoo xiacugixayii npu po3ensndi 61ACMUBOCMEIL, 3ACMOCYBANHS KOIbOPOSUX METALIE
6 cyonobydyeaii, a MaxKoic NPu GUACLEHHT NOMEHUIUHUX CRONCUBAUIE KOIOPOBUX MEMATIE.

IIpoananizosano eaacmusocmi KOAbOPOBUX MEMALIS, WO 3ACMOCOBYIOMbCS 6 CYOHOOYOY6ani, ma noka3amo ix
sacmocyeanns 6 koncmpyxkuii cyona. Iposedeno ananis nionpuemcmes Yxpainu, sxi € 0CHOGHUMU NOMEHUTHUHUMU
CROJCUBAUAMU KOTDOPOBUX MEMAi6 K emopcuposunu. Hatibinvwe 6 Ykpaini nionpuemcmeo 3 06pobku Koivopo-
sux memanie — AT «3a600 3 06pobKu KOALOPOBUX Memanie> (M. Baxmym) — 6UKOPUCTOBYE 8 AKOCTE CUPOBUINU
MALOKU OM KOLBOPOGUX Memanis. Ompumano o6rpynmyeanis poii BMopunio2o 6pyxXmy npu po3GUmMKY eupoou-
Umea Koavoposux memanie ¢ Yxpaini. Ilposedeno ananis ounamixu supobnuymea mioi ¢ ceimi. Iliokpecaeno, uo
MemoouKa, AKa 3acmocosyemvcs 8 Ykpaini 01 ouinku 6uzo00u pisHux Kiacié peyuriinzy sacmapiia i ne 00360156
NPAsUIbHO PO3paxysamu JOXiOHY i 6UOAMKO8Y UACMUHU, OUTHUMU PUSUKU. 3ABOSIKU SMIHAM KOMNILEKCHO20 Ni0X00Y
npU OyiHUi eKOHOMIUNHOT eheKmUHOCME BUKOPUCTIANHS Y BUPOOHUUMET HOBUX MEXHOL0ZIl NPULHATMS 0ePHCABHOT
npozpami 3 Ymurizauii MopcoKkux cyoie modxce 3abesneuumu 30iivuens piunozo npubymxy, nepiod oKynHocmi
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sumpam, npubymxosocmi, 6i0COMKY PeUUKIIH2ZY KOIbOPOGUX MEMATIE.
Kmwouosi cnoBa: peyukiine KOIbOPOBUX MEMALI, YMULIZAUIS MOPCOKUX CYOEH, BMOPUHHA CUPOBUHA OJisL Me-

manypeii.

1. Introduction

The rapid development of the world economy over the
past decades has led to a significant reduction in the life
cycle of complex technical systems. A similar trend is ob-
served in world shipping. So, if only recently, many shipping
companies have successfully operated ships of 30 years or
more, today, according to the data of the Scandinavian bank
DANISH SHIP FINANSE [1], the average age of ships
sent for recycling is 26 years. In 2017, there were cases
of sale to scrap of ships younger than 10 years. In 2017,
about 1 thousand ships were disposed of, and, according to
forecasts, by 2020 their number will increase to 3 thousand
ships per year. According to Resolution A.962 (23) of the
IMO (International Maritime Organization), recycling is
the best option for removing all dead ships.

Problems of non-ferrous metallurgy in Ukraine can’t be
solved only through the supply of raw materials for the
production of non-ferrous metals. As the world experience
shows, the development of metallurgical production based
on the use of secondary raw materials is economically ef-
ficient and environmentally safe. Specialists engaged in the
study of the turnover of metals have long concluded that
the amount of primary natural resources needed for the
production of metals is limited. Therefore, the obtaining of
secondary materials from metal waste is a real necessity for
the further development of the Ukrainian economy [2, 3].
The raw material base for this is the tremendous resources
of the amortization scrap, which can be involved in the
turnover in the process of the future large-scale renova-

tion of obsolete fixed assets of all spheres of the economy,
including water transport. In addition, it is important to
note that the production of metal using scrap metal is
not only an economic benefit, but also a concern for the
environment. For example, when using ferrous scrap in
steelmaking, emissions to the environment are half that
of iron ore and coke.

Obviously, one of the important aspects here is the re-
cycling of scrap ship. Now scrap is not considered by most
Ukrainian enterprises as a separate scrap metal, whereas
ship scrap is a separate article in the supply of black scrap
all over the world [4].

Secondary processing is most often colored and ferrous
metals. Thus, recycling is modern ecological technologies
plus real savings [5].

When recycling sea-going ships, first of all, non-ferrous
metals and their alloys are chosen. Therefore, it is impor-
tant to study the recycling of non-ferrous metals in the
recycling of sea-going ships, which is the main direction
of growth of metal gathering and raw materials for non-
ferrous metallurgy.

2. The ohject of research
and its technological audit

The object of research is the processes of recycling
non-ferrous metals in the recycling of sea-going ships.

The ship is a complex engineering structure and, when
the time comes to take a decision on the termination of
operation, it becomes a waste.
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Recycling is the process of returning a useful waste into
the life cycle, which combines many processes associated
with the recycling and separation of useful components
from domestic and industrial wastes [5]. Recycling is called:

1. Reuse.

2. Manufacture of new materials and goods from secon-
dary raw materials.

3. Allocation of useful fractions from waste and recyc-
ling of what is recognized as non-recyclable waste.

4. Obtaining energy from the burning or pyrolysis of
industrial and domestic waste.

Thus, waste recycling is part of what is called recyc-
ling. In the modern world, it is becoming increasingly
promising, as the planet’s natural resources are close to
exhaustion. In developed countries, recycling of wastes
has been done for a long time and seriously, the best
laboratories are working on the development of efficient
technologies, the view of waste as a final product of use
is changing in society.

In Ukraine, recycling is still a new concept, although
the situation has begun to change — the state has paid
attention to the economic profit that can return to the
turnover of valuable components of waste.

In Europe, recycling and reuse of waste began to be
actively engaged in the 90s, and today they have a power-
ful processing industry, which is actively developing. The
economic stimulus for development is that the use of sec-
ondary raw materials, in particular from the recycling of
sea and river ships, allows increasing investment efficiency
than the use of primary resources. Recycling and reuse of
waste can significantly reduce water pollution and emis-
sions of various harmful substances into the atmosphere.

One of the most problematic places is the lack of modern
environmental recycling enterprises in Ukraine.

3. The aim and ohjectives of research

The aim of research is showing the importance and
prospects of using recycled scrap of non-ferrous metals
obtained during ship recycling for the metallurgical pro-
duction of Ukraine.

To achieve this aim, it is necessary to solve such problems:

1. To analyze the main properties of non-ferrous metals
and alloys used in the construction of sea-going ships,
and indicate their use in the ship design.

2. To analyze potential consumers of non-ferrous metals
and alloys as recyclable materials in Ukraine.

3. To analyze the world copper production and show
its dynamics.

4. To analyze the existing system for assessing the eco-
nomic efficiency of using new technologies, inventions and
rationalization proposals in production in Ukraine.

4. Research of existing solutions of the
prohlem

Among the main directions of solving problems arising
in the recycling of sea-going ships, the following can be
singled out:

— problems of development of recycling (metal re-

cycling) of maritime transport [1-5]. In particular,

the paper [1] shows the dynamics of fleet growth for

2000-2016, the distribution of orders by countries,

the cost of building ships. Also, issues related to the
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recycling of maritime transport, the prerequisites for
the creation of a recycling enterprise and questions of
the impact of scrap on modern metal production were
considered [2]. The analysis of the state of legislative,
organizational and technological levels of ship recycling
in Ukraine is carried out, prospects of development of
the enterprise on the basis of available shipbuilding
and ship-repair plants of the south of Ukraine are
determined [3]. The authors [4] develop a modern
methodology for conducting a long-term analysis of the
financial and economic activities of the heat recovery
enterprise. In [5], the importance of the problem related
to the management of production wastes is pointed
out. The concept of a waste management system in-
cludes the development of a set of measures aimed
at increasing the technical level of waste processing
by creating enterprises which activities are aimed at
using secondary resources in their production;

— issues of necessity and importance of metal recyc-
ling [6-9]. For example, in [6] it is noted that the
amount of primary resources necessary for the produc-
tion of metals is limited. The obtaining of secondary
materials from scrap metal is a real necessity for the
further development of the economy. The dynamics
of scrap consumption in metallurgy in Ukraine, EU
countries and the USA [7] is shown. Special attention
is paid to the acuteness of the problem of recycling of
industrial waste, the search for new scientific and tech-
nical, organizational and economic, legislative solutions
in this area [8]. The annually volume of metal products
is estimated in Russia and Ukraine, it is emphasized
that Ukraine produces copper only from scrap [9];

— issues of economic justification for recycling [10, 11].
It is shown that recycling is a good policy only if the
environmental impact and resources used for collecting
and processing the material are less than the environ-
mental impact and the resources needed to provide
virgin material [10]. Also, potential synergies obtained
from an integrated environmental quality system and
qualitative advantages using ISO 9000 and 14000 cer-
tificates are shown [11];

— issues of application of modern, environmentally safe
technologies for ship recycling [12—15]. The author [12]
proposes a model of the environmental management
system of a recycling enterprise based on the Shewhart-
Deming cycle. Also, a method has been developed to
form an effective portfolio of the organization’s projects,
taking into account limitations on the degree of air pol-
lution, sea water and sewage from the implementation
of a project. The issues of preparing a «green passport»
containing information on potentially hazardous mate-
rials used in ship construction are considered [13]. An
assessment of the environmental hazard in the storage
of ships based on an analysis of environmental risk
is given [14]. The issues of greenhouse gas emissions
during metal recycling are considered, the magnitude
of which depends on the choice of technologies and
energy used in the metal reduction process [15];

— study of environmental strategies for waste manage-
ment [16-19]. The authors [16] provide an overview
of the methods used to support waste management
solutions. It is indicated that various methods can be
described as methods of system analysis. However, it is
also clear that research will always be open to criticism,
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as they simplify reality and include uncertainties. The
authors [17] analyze the ecological input-output and
show its application to the regional planning of solid
waste management. It is noted that the model can re-
flect the direct and indirect influence of regional solid
waste production and specific relations with the devel-
opment of the regional economy. The authors [18, 19]
present the results of research into the processes of
institutional and technological transformation in the
sector of recycling of secondary metallurgical raw ma-
terials. Also, the issues of creation and trends of deve-
lopment of the national recycling system of secondary
metallurgical resources are considered;

— ways of recycling and processing of industrial was-

tes [20-23].

The main existing and prospective ways of recycling
and processing of industrial wastes are considered and the
notion of industrial wastes is given [20]. And also their
classification according to various criteria and possibilities
of complex use of wastes of the industry as a whole in
the industry, and on an example of metallurgical, fuel and
energy and chemical complexes are considered. The ways
of recycling and processing are characterized. The prospects
and possibilities of new high technologies in aluminum
recycling (for example, the use of low-temperature plasma,
ultrasound) are shown [21]. The author [22] draws at-
tention to the use of other technologies as well — to the
processes of high-temperature processing, the introduction
of non-traditional additives into the metal, etc. indicates
that the processing of metals is most often positioned as
an effective way to solve the problem of the scarcity of
natural resources and reduce the environmental impacts
associated with the extraction of metal. However, there
are relatively few available data on the productivity of
the reprocessing process, which makes it more difficult to
estimate the reserves of secondary resources. The paper [23]
describes the current situation in the management mecha-
nism of the industrial sector responsible for the processing
of secondary resources in different countries, examines
various concepts for improving the mechanism:

— trends and prospects for development of metal recyc-

ling [24-28]. In [24], a brief review of the state and

prospects for the development of metal recycling in

Russia and the world is given. Data on trends in the

development of markets for the most large-scale metal

consumption volumes are collected and analyzed. The
results of research on the dynamics of socio-economic
processes in the world are generalized. The results of
studies on the evaluation of the efficiency of recycling
of zinc-containing raw materials are systematized. [25]
emphasizes on the importance of aluminum recycling
for present and future generations in terms of saving
energy and other resources, reducing emissions to the
atmosphere of harmful emissions. Advantages of using
aluminum in the creation of vehicles, construction,
packaging, energy recovery from renewable sources
and its distribution are described. The conclusion is
made that in the conditions of constant growth of the
planet’s population, aluminum is an important part of
the solution of the stability problem of the future. The
role of aluminum in development of human civilization
is discussed [26]. It is shown that the growing diversity
of aluminum products and their applications from year
to year will lead to the fact that the world demand for

aluminum will double in the period between 2010 and
2020. This demand will be met both at the expense
of primary and secondary metals. At the same time,
two-thirds of the demand will be met by the supply of
primary aluminum, which, from 40 million tons in 2010,
will increase to more than 70 million tons by 2020. The
dynamics of prices for primary aluminum over the past
20 years has been analyzed, medium-term forecast [27].
It is shown that under the conditions of significant
fluctuations in prices for primary aluminum, the domi-
nant trend in the development of aluminum-producing
corporations is the implementation of a binary verti-
cally integrated scheme that combines aluminum smel-
ting and recycling in parallel batches. The author [28]
considers some features of technology and the organiza-
tion of recycling of aluminum and its alloys. Analysis
of the features of melting technology in a rotor furnace
and organization of recycling of aluminum and its alloys
shows that modern production provides high process
efficiency, ensuring high quality of alloys;

— evaluation of recycling efficiency [29-33]. In par-
ticular, in [29] the problem of developing modern re-
quirements for the recycling of cars is being solved. An
indicator of the recycling efficiency is proposed, which
will allow carrying out the most important measures
for countries with different levels of economic develop-
ment for the recycling and processing of waste. In [30]
important scientific and practical results in the field
of recycling are presented, which open up new pos-
sibilities in the field of saving material and energy
resources in transport. A recycling efficiency index
is proposed [31], taking into account the economic
efficiency of the process, the prevention of environ-
mental damage and the amount of cash waste. The
work of the authors [32] is devoted to the problem
of efficient use of secondary resources formed during
the industrial process of an industrial enterprise. And
in [33] the classification of recycling processes is given
and recommendations are given on the use of various
methods of economic evaluation of these processes;
— issues of the urgency of recycling non-ferrous metal
scrap in non-ferrous metallurgy [34-37]. [34] states
that the use of secondary resources is one of the most
important directions for reducing environmental pol-
lution. A parallel is made between the processes of
obtaining primary and secondary aluminum. The positive
and negative aspects of each method of production are
determined. The authors [35, 36] present a modern
system of secondary processing of secondary metals in
the Republic of Belarus, as well as identify the fea-
tures of the secondary metals market and identify some
problems in its functioning. The authors of [36] point
out that the life cycles of products and products from
exploitation to return to nature act as a technological
chain for the return of matter and energy to nature.
It is proposed to distinguish two streams of return of
matter into nature: lithogenic and technogenic mate-
rials. At the same time, consumption flows and waste
streams in the system of circulation of technogenic
substances are balanced during the year. It is shown
that the development of the waste processing industry
remains due to the progressive growth in the amount,
in particular industrial waste [37]. Technogenic deposits
are not involved in the processes of technogenesis,
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enhance environmental problems, it is possible to find

a solution in the world of consumer demand, develop-

ing a strategy for processing and eco-democracy;

— the issues of the properties of non-ferrous metals

used in the creation of ships, and the issues of their

production [38, 39]. Thus, in work [38] it is shown the
mastering of the technological processes of fire refining
of copper and the manufacture of copper wire rod from
metal waste and the production of brass rod by the
method of hot pressing (extrusion) from a continuously
cast round billet. The search for more efficient means
for processing non-ferrous scrap metal continues, for
example, the continuous extrusion process will provide

environmental benefits and energy savings [39].

In [40], the authors develop a formal model of the inter-
national network of material products, which is a mechanism
for international processing. Attention is focused on the
case of a developed and developing country. The model
demonstrates that taking environmental externalities into
account leads to higher levels of recycling. It is shown
that international recycling is mainly caused by regional
differences in the quantity and quality of factors and the
economic efficiency of processing. And also, that industri-
ally developed countries are relatively well supplied with
recyclable waste. The recovery factor usually exceeds the
recycling factor. In developing countries, the opposite is true.

The authors of [41] discuss the need for recycling and
processing of non-ferrous metals. The sources of scrap
are analyzed and the corresponding processing of scrap is
investigated, processing procedures, in particular aluminum
and copper, are revised.

The results of the analysis allow to conclude that the
problem of ship recycling (recycling of non-ferrous me-
tals) in Ukraine was not solved in the XX century and
more acute passed into the 21st century. Secondary raw
materials are the most necessary element in the melting
of metal. Through the use of recyclable scrap metal, a sig-
nificant reduction in the cost of the entire production
occurs. Savings are visible in everything, and in the costs
of material of charge type and in energy costs, and much
more. In addition, the recycling and reuse of scrap metal
reduces the burden on the use of natural resources in this
area, especially since they are already quite depleted to
this day. All these factors listed above are a significant
argument in metal processing.

5. Methods of research

The following scientific methods were used in the study:
— method of analysis in studying the dynamics of cop-
per production in the world,;

— method of classification when considering the proper-
ties, the use of non-ferrous metals in ship-building, and
when identifying potential consumers of non-ferrous
metals.

6. Research results

Non-ferrous metals and their alloys are selected, first
of all, for ship recycling.

Aluminum has a low mass and increased resistance to
corrosion. Due to this, aluminum alloys are increasingly
used in shipbuilding, both for the manufacture of indi-
vidual ship structures and for the construction of hulls.

I55N 2226-3780

The most common are aluminum alloys with magnesium
and manganese (AMg, AMC), which are processed by
pressure. Of these, bulkheads, ventilation pipes, chimney
hoods, pipelines are manufactured, and superstructures,
cuttings, boats, masts, outriggers and other important
details are made of AMg5B alloy [42].

Copper in its pure form is used in some cases for the
manufacture of ship pipelines. Copper alloys — brass and
bronze are much more often used.

Bronze is an alloy of copper with tin or with aluminum,
manganese, iron. Bronze has good corrosion resistance and
low coefficient of friction. Copper is used to manufacture
sliding bearings, padding of propeller shafts, seacock ca-
sings, worm wheels and other details.

Brass is copper-zinc alloy — the cheapest copper alloy,
which has sufficient strength, corrosion resistance, ductility,
electrical and thermal conductivity. Brass pipes are made
for heat exchangers, t-pipes, plugs, details of portholes,
oil cans, electrical parts, propellers, etc. [42].

Antifriction alloys are made on the basis of tin, lead
and aluminum. These alloys are used in ship-building for
casting of sliding bearings, which are characterized by low
coefficient of friction, high plasticity, minimal wear and heat.

Titanium and its alloys are the latest progressive con-
struction materials. These alloys are characterized by high
strength, ductility, low specific gravity (45 g/cm?), high
melting point and high corrosion resistance.

Titanium alloys are well welded by electric welding
in an argon or helium atmosphere. Titanium alloys are
forged, stamped and rolled, which allows them to make
and profile materials.

Titanium and its alloys are relatively expensive mate-
rials, but as the technology of their production improves,
their cost quickly decreases. These materials are increasingly
used in ship-building to manufacture particularly critical
parts of the hull and its elements (for example, the hull
of the Komsomolets submarine) [42, 43].

The main potential consumers of non-ferrous metals as
recyclables are the enterprises of Ukraine listed in Table 1.

In Ukraine, mainly unrefined copper alloys are produced
from scrap. A considerable number of enterprises are engaged
in the production of copper and copper alloys. Among them,
one of the largest is OJSC «Non-Ferrous Metals Processing
Plant> (NFMPP) (Bakhmut). The capacities of NFMPP
allow to produce up to 100 thousand tons of products from
copper and its alloys annually. In addition to copper, the
company produces brass and copper-nickel rolled products.

Tahle 1

Ukrainian enterprises producing non-ferrous metals [44, 45]

Produced Metal Enterprise

Zaporizhzhia aluminum production plant, Mykolaiv alu-

Aluminum mina plant, Intersplav (Dnipra), Obimet (Odesa), Ukr-
chermet (Kharkiv)
Ukrcolorprom (Dnipro), Ukrchermet (Kharkiv), Non-
Copper Ferrous Metals Processing Plant (Bakhmut), Zaporizhzhia
Non-ferrous Alloys Plant
Zinc Ukrzinc (Kostiantynivka)

Nickel, chrome | Pobuzhsky Ferronickel

Zaporizhzhia Titanium and Magnesium Plant, Irshansk
Mining and Processing Enterprise, Volnogirsk Mining
and Metallurgical Plant, Fiko (Kyiv), Titanium Institute
(Zaparizhzhia), Oriana (Kalush)

Titanium, mag-
nesium

;38
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The main products of the plant are sheets, ribbons, pipes,
rods, electrical wire rod, wire, as well as sanitary fittings
and household goods. As a raw material, scrap of copper
and its alloys is used. The latter once again emphasizes
the importance of metal recycling and non-ferrous scrap
of scrap produced by the recycling of sea-going ships.

NFMPP is the only enterprise in Ukraine producing
flat and round rolled products from copper, its alloys and
other non-ferrous metals. Currently, the plant produces
more than 1000 sizes of products from 100 brands of me-
tals based on copper, nickel, zinc [43].

In addition to NFMPP, processing of copper and its
alloys in Ukraine involves in such enterprises as:

— «Ukrcolorprom» (Dnipro);

— «Ukrchermet» (Kharkiv);

— «Forum» (Zaporizhzhia);

— «Enei» (Kyiv);

— «Katekh-Electro» (Kyiv);

— «Aquaton» (Rivne);

— «Ecporesource» (Kyiv) and others.

As noted, Ukraine produces copper only from scrap,
but recently there were plans to start own production. The
quality of copper ore found in the Zhirichi field in the
Volyn region is very high [46]. This deposit has unique
characteristics, in particular, the content of pure metal
in the ore reaches 5.1 %.

World production of primary copper (Fig. 1) in 1900 was
only 495 thousand tons, in 1997 — 11.526 million tons,
and in 2015 — 22.848 thousand tons. Between 1900 and
1960, copper production in the world grew by 3.2 % per
year, from 1960 to 1970 — 3.4 % per year, in the 1970s —
by 2.6 %, in the 1980s — by 2.2 %, in the 1990s — by
3.1 %, and in the 2000s — by 2.3 % per year.

A special role in the world copper market, along with
the United States, in the last decades began to play Chile
and the countries of Southeast Asia. So, over the past
30 years, Chile has grown into the largest producer of
refined copper in the world. The production of refined
copper in this country grew by 1858 % in 2012 in relation
to the level of 1960 (177 thousand tons). The produc-
tion of refined copper in Asian countries grew by almost
2000 % over the same period, mainly due to increased
production in Japan and China. Chile, traditionally the
world’s leading supplier of copper ore and concentrates,
increased its share of world copper production from 13 %
in 1978 to 29 % in 1997 and to 30 % by 2015. In 2015,
Chile produced 5700 thousand tons of copper (in the form
of ore and concentrates). The countries of Africa, on the
contrary, reduced the extraction of copper [47].

thousand tons

The existing system of assessing the economic efficiency
of using new technologies, inventions and rationalization
proposals in production was developed in the late 70s of
the last century. The methods of this evaluation system
do not allow to correctly estimate the benefits of different
recycling classes, calculate the revenue and expenditure
parts and assess the risks.

The current evaluation system takes into account:

— compliance with environmental standards;

— consideration of all positive and negative conditions

in the spheres of production and operation;

— estimate of time costs;

— multi-variant estimation of costs and benefits of the

final result;

— consideration of risks at all stages of recycling;

— commensurate the cost of secondarily and primarily

produced products [46].

The main indicators, which are taken into account in
a comprehensive assessment — annual profit, a period of
recoupment of costs and a profitability index, including
indicators of profitability, profitability and efficiency of
capital investments, are recorded in the journal.

In developed countries, recycling still accounts for 60 %
of all production and consumption waste, and the remaining
40 % is still buried in landfills or, as waste ships, flooded,
left abandoned off the rivers and seas. In Ukraine, this
indicator remains at the level of 20-30 %.

7. SWOT analysis of research resulis

Strengths. The economic incentive for the development
of recycling of non-ferrous metals obtained from the re-
cycling of sea-going ships is that the use of secondary
raw materials makes it possible to increase investment
efficiency, in contrast to the use of primary resources.
Recycling and reuse of waste can significantly reduce wa-
ter pollution and emissions of various harmful substances
into the atmosphere.

Weaknesses. The weak points of the research object
include the absence of recycling enterprises in Ukraine
certified for EU requirements.

Opportunities. The opportunities for further research
include exploring the possibility of creating an environ-
mentally friendly recycling enterprise, for example, on the
basis of a shipyard.

Threats. The development of recycling requires state
support at all levels — sectoral and regional, which should
be enshrined in legal acts and be accompanied by bud-
getary financing.

8. Conclusions

30000
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Fig. 1. Dynamics of primary copper production in the world by years from 1996 to 2015

2005

1. It is shown that non-ferrous
metals and their alloys are widely
used in ship construction. In particu-
lar, the most common are aluminum
alloys with magnesium and manga-
nese. Copper alloys are often used —
brass and bronze. Particularly critical
parts of the hull and its components
are made of titanium and its alloys.
Thus, it is possible to obtain a scrap
of non-ferrous metals when ship re-
cycling.
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2. The list of potential consumers of scrap of non-
ferrous metals and alloys in Ukraine, which could use it
as a secondary raw material for the production of metal, is
given. Thus, the prospects for the recycling of non-ferrous
metals in the recycling of sea-going ships for development
of non-ferrous metallurgy in Ukraine are shown.

3. It is shown that the production of primary copper
in the world is increasing. In particular, in almost twenty
years the volume of copper produced doubled (in 1997 —
11.526 million tons, and in 2015 — 22.848 million tons),
which indicates the demand for this metal in industry.
Despite plans to start own extraction of copper ore, in
Ukraine copper is produced only from scrap. It is pos-
sible to obtain secondary raw materials from the details
of copper and its alloys used in the ship design, with its
disposal.

4. Tt is shown that the existing system of assessing
the economic efficiency of using new technologies, inven-
tions and rationalization proposals in Ukraine does not
allow to evaluate the recycling efficiency. The methods of
this evaluation system do not allow to correctly estimate
the benefits of recycling classes, calculate the revenue
and expenditure parts, and assess the risks. For this pur-
pose it is necessary to use an integrated approach. This
approach takes into account the annual profit, the pay-
back period of costs and the profitability index, includ-
ing the profitability, profitability and efficiency of capital
investment.
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Shabhliy T.,

Hlushko 0. FROM SOLUTIONS CONTAINING THEIR
MIXTURES

06’ckmom docnioncenns € nPOMUGHI CIiUIL 600U 2ANbEAHIUHUX SUPOOHUUME, WO MICTAMb KAMIOHU BANCKUX Me-
manie. HaiiGinvur nowupeni peazenmmui Memoou OUUCKY 2a1b8aANMHUX CMOKIE He 3a6e3nevyomb HeoOXiOnuti cmyniiy
OUUUEeHHS 800U, CYNPOBOONHCYIOMBCS EMPAMOI0 YIHHUX KOMNOHEHMIE | YMEBOPEHHIM SHAUHUX 00 EMI8 MOKCUUHUX
wamie. lownuil 0OMin € nepcnekmusHUM 6 CMEOPEHHL MEeXHOL02I OUUCTKU CINIYHUX 600 2a1b8AHIYHUX GUPOOHULME.

001010 3 Hatibinvw 20706UX NPOOIEM I0HOOOMINIOL MEXHO0ZIL € NPOUECU Pezenepauii ionimis, a, 30Kpema, ymunida-
uii sionpauposanux pezenepauiunux posuunis. Hailbinvul nepcnekmusHum npu 6i0H06LeHHT Pe2eHepAuiiHUX PO3UUNIG
¢ enexmpoximiunuil memoo. IIpome, erexmpoexcmpaxyis YUHKY ma HiKe0 NPAKMUUHO HEMONCIUBA 3 KUCIUX PO3-
uuHi6 6e3 posoiientst eneKmpoonozo npocmopy memopanoro. Kpim mozo, cmoxu eanveaniviux upoOHuyme micmsamo
cymiui ionie saxckux memanis. Ile ycxkaaomuioe npouec ouUcmKu Cmivnux 600 ma NOBEPHEHHS UIHHUX KOMNOHEHMIE
Y BUPOOHULMEBO.

B x00i docnidacenist suxopucmosysanu curvroxuciomuui xamionim KY-2-8 ¢ Na*-gopmi 0ns susuenns npo-
yecie cymicnoi copouii ionie eaxckux memanie. Pezenepayiio kamionimy npoeoounu po3uunamu Cipuanoi ma consnoi
xkucaom. Eexmpoexcmpaxuiio yunxy ma nixeao 3 KUCIUX Pe2eHepauitinux po3uunis 30iiciiosaiu 8 060XKaMePHOMY
enexmponizepi 3 anionoooMminno memopano MA-41.

Ompumano pesyavmamu, SKi C6i0UamMb, W0 8 YMOBAX KOHUEHMPYBANHHI BANCKUX Memanie na kamionimi KY-2-8
docsznymu eexmueozo po3oinenis ix nemoxcauso. Bemarnoeneno, wo ionu saxckux memaiie copbosani inoueioyanvio
16 CYMIULaxX 3 IHUUMU TOHAMU BANCKUX MEMATLIB eeKmuU6Ho 0ecopOyiomvCs PO3UUHAMU CIPUANOT Ma CONSAHOT KUCLOM.

Buxopucmanis 060xKamepozo eiexmpoizepa, na 6iominy 6id nposedenis npouecis eiexkmponisy 6e3 posoiienis
eNeKMPOOH020 NPOCMOPY, 00360UNO NPAKMUYHO NOBHICIIO GUNYUUMU I0HU UUHKY WA HIKEI0 3 KUCIUX Pe2eHEPAUIUHUX
PO3UUNIE. A MAKONC OMPUMAMU POIUUH CIPUAHOT KUCIOMU 6 anoOuill kamepi 6 Konuenmpauii 239—651 mz-exe /0.

Kmiouosi cnosa: ounwenis cmiunux 600, eACKMpPOeKCMpPaKyis Kamionie 6anicKux Memanie, Memoo ionnozo o6 miny.

1. Introduction accumulation of significant amounts of them and their
violation by the influence of natural geochemical cycles

The issue of pollution of natural water bodies refers of the matter cycle.
to global environmental problems. It is known that the Among the most common highly toxic substances in
toxicity of the aquatic environment is formed due to the fresh water bodies, one of the leading places is occupied by
receipt of harmful substances of anthropogenic origin, the heavy metals. A characteristic feature of these ions is that
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