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06’ exmom docrioncenns € cman, menoenyii ma cmpykmypa ceimoeozo punky nanonopowkie. O0num iz naubirvu
NPOOIEMHUX MICUb € HCOOHOSHAUHICL AIMePaAMYPHUX 0anux 3a Yl memamuxor. CUCTeMamu3ayis HAs6HUX
Jmepamypuux 0anux 003604UMs eUpiUmu oany npodiemy.

st nposedenis MapKemunzo06020 anaisy 3acmocosano Memood nouyKy Jmepamyprux 0anux 3 00Caionyeanoi
memamuxu ma memod ananrisy. [[posedenuil ananis rimepamyprux oxcepei 00360116 GUSHAUUMU HAHOMAMEPIAIU,
K HAUOLIbUW KOMEPUTLHULL CEKMOP CYUACH020 PUHKY Hanomexnoozii. ITpedcmasaeno gidomocmi npo naibinrvu
nowupeni y ceimogoMy nPOCmopi HaHONOPOUKU MeMAlis ma oxkcudis, a maxoxc 2awysi ix sacmocysanns. Iloxasano,
W0 CKAAO0HT HAHONOPOWKU, KT CKAA0AIOMbCS i3 CyMimen okcudi, marms oomexceny cepy sacmocysanns. Cxaao,
POSMIP 1 POpMaA UACTMUHOK HAHONOPOWKIE 3aNeNcamd 610 Memody 00epicanis ma ymog nposedeHts npouecy.

30diticneno npozinos nUmMomMoi 8azu PisHUX Kpain céimy Ha PUNKY HAHONOPOWKIE Ma NOMEHUIUHUL NONUM HA
nanonpodyxmu y maibymuvomy. Ilokasano cmpyxmypy inHeecmuyiil 3a 2a1y3samu nPOMUCLO80CMI MA NPOZHO306A-
Hutl 00Csiz punKy nanomexnonozii. Hagedeno cmpyxmypy punxy Hanonopouxie 3a HanpamKamu GUKOPUCTIAHHL
ma 3a 6uOaAMU HAHONOPOWKIE.

IIpu nposedeni docriorcenns 3acmocosano memood cucmemamusayii ma xiacugixayii. Cucmemamusosamno
oarmi wdo c8imogozo 00cs2y SUPOOHUUMEA HAHONOPOWKIE 3 NPUPOV0IO0 MEMAie Ma CMPYKMypPoio ix eupoo-
HUUMBA 30 POSMIPAMU UACTMUHOK. 3A2ATbHOI0 NPOOIEMON HA PUHKY HAHOEXHOL0ZII € BUCOKA 6apMicb NPOOYKUil
ma nHusvKkull 06cse supobHuymea. Bucoxa eapmicmv HaAHONPOWKIE USHAUAEMBCS SHAUHOIO 6APMICMIO GUXIONOT
cuposunu i mamum 00cszom eupobnuymea. Ha obcseu cnoycueanmns nanonopowxie eniueae ma uu inua 2aiyso
ix euxopucmanms. Ioxkazano cmpyxmypy cnOFCUSAHHSL HAHONOPOUIKIE 34 2aNY3AMU HA CEIMOBOMY PidHi, OAUIHKO

70 % cnoxcusanis npunadae na ereKmponiKy, ONmuKy ma 000POHHY NPOMUCLOBICID.

Cucmemamusayis Jimepamypuux 0anux 003601UlLA NPEOCMAGUMU NPOOLEMATNUKY HAHONOPOUWKIE Y 6U2NSA0L
mabauup ma diazpam, w0 0ac nesuy nepesazy s YceiOOMIEHHs MA BUKOPUCTNANHSL MANEPIay.

Kmouosi cnoBa: vapremunzose 00caidwcenis, CMPYKMypa pumKy, C6imosuil pUnox HaHoNnopouxie, paxmopu

npU YIHOYMEOPeHHi, GUPOOHUYMBO HAHONOPOWIKIE.

1. Introduction

Nanopowder is a mass of dry nanoparticles with ex-
ternal dimensions in all three dimensions of the nano-
range, from about 1 nm to 100 nm. Unlike other types
of nanomaterials (nanotubes, fullerenes, nanopores, etc.),
nanopowders are made from many types of raw materials.
At the same time, nanopowders can have both similar
feedstock characteristics and special properties due to the
size and structure of their particles. The total global con-
sumption of nanomaterials exceeded 15 billion USD. The
nanopowder industry is the most developed commercial
sector of the nanomaterials market. The average annual
increase is 15 %.

Therefore, marketing research of the nanopowder market
is an urgent task for the development of the nanotech-
nology industry.

2. The ohject of research
and its technological audit

The object of research is the state of trends and the
structure of the world market of nanopowders.

The following main types of nanoparticles are distin-
guished [1]:

— metal nanoparticles — nanoparticles from metals (al-

loys), in particular titanium, iron, copper, aluminum,

gold, silver, and the like;

— oxide nanoparticles — nanoparticles of aluminum

oxide, titanium, iron, zinc, zirconium, etc., are used,

for example, in the formation of bulk oxide ceramics
and coatings in polishing, cosmetic and other products;

— nanoparticles of oxygen-free ceramics — nanoparticles

based on carbides, nitrides, silicides, other compounds,

which are used, for example, in the formation of bulk
oxygen-free ceramics and coatings, in polishing, anti-
friction and other products.

Unlike other types of materials (nanotubes, fullerenes,
nanoporous materials), nanopowders are made from many types
of raw materials. Table 1 presents information on the most
common nanopowders of metals and oxides in the global space.

In the form of powders almost all types of solid metallic
elements are produced. Costs in the production of homoge-
neous powders of metals with a high degree of purity are
significantly higher than in the production of metal oxides.
Table 2 shows data on the use of pure metals in various fields.
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Table 1 Table 2
Applications of nanopowders of metals and oxides The use of metal nanopowders in various industries
Pp P P
Compound | Formula Scope of nanopowders Metal | Formula Scope of nanopowders Spread
— electronics; — cheap platinum substitute;
— optics; — production of hydrogen fuel cells, coatings,
Silicon . - rnanufal:.turing indystry (ahrasive.]; . Nickel Ni polymers _ﬂn'?l textiles;
oxide Si0; |- production of paintwork materials (paints and — electronics;
varnishes); — optics;
— ag a plastic filler, coating, primer for building — medicine
materials, as a water repellent, etc. _ biology;
— manufacturing industry; Copper Cu |~ medicim.a; .
— production of paints; - ElEFtPDDICS,
— optics (photocatalysts, lens coating); — optics
Titanium ! - erfvirnn.mental protection (wastewater treatment, — water purification;
oxide Ti0p |air hlters)., L . — production of magnets and storage de-
— production of building materials; vices, coatings, polymers;
— production of plastics (white dyes); Iron Fe _ optics;
— production of glass, mirrars; _ biulug’y' High
— utilization of chemical missile warheads — medicine
— manufacturing industry (abrasive, blast cleaning); — cheaper titanium substitute;
— electronics (lapping, polishing, capacitor manu- ) _ catalysts;
Alumini- ALO facturing); Aluminum | Al | hiclogy;
um oxide 273 | _ optics (wiping, polishing); _ the medicine
— air purification (catalyst);
— production of structural ceramics ~ biology;
- i i i — medicine;
Feolls — production of glass and ceramics, chemical reaction Titanium Ti — additives for stability when exposed to
Iron oxide catalysts, magnets and memory devices; uv .
FE:;[]4 e . rays;
— water purification — production of coatings
— production of polymers, hydrogen fuel cells and — production of glass and ceramics;
Zinc oxide | ZnD solar cells; Cobalt Co — optics;
— cosmetology; - medicine
— textile production
— biology;
Cerium CeO — production of hydrogen fuel cells and glass; 7i 7 — medicine;
oxide 2 | - optics (wiping, polishing) e n — production of polymers, textiles, hydrogen
- . . ) fuel cells and solar panels
Zirconium 700 — production of ceramics; Me-
oxide 2 |- production of hydrogen fuel cells — production of coatings; .
Tungsten w ) dium
) — production of polymers
— refractory ceramics;
Yitrium — production of fluorescent lamps; Molyb- — catalysts (carbon nanotubes);
oxide Y03 |- production of hydrogen fuel cells; denum Mo |- production of coatings, polymers, inhibi-
— display and monitors; tors and lubricants
— sensors in the automotive industry hi .
— biology;
— electronics; — medicine;
Copper — optics; . — pharmaceutics;
oxide Cud | _ biology; Silver Ag | textile industry;
— medicine — coating;
— air filters (catalysts)
— production of antibiotics, coatings, dressings, poly-
mers, alloys and metals; — electronics (wire contacts, electroplating,
Mag- — textile production; prutectliun against infrared radiation);
R — production of fungicides; Gold Au — cata _Y?ts}
nes,lélm Mgl | electronics; - H‘}Edlﬂlnﬂ;
oxide — optics; ~ biology;
— biology; — pharmaceutics
— medicine — electronics (catalyst); Low
— electronics (ceramic capacitors, phosphars, elec- - production of hydrogen fuel cells and
Neodymi- N0 trodes, magnets); flherglass;A )
um oxide 255 | _ optics; Platinum Pt - aytumnhve lpdustry,'
— glass production — oil and gas industry;
— medicine;
— electronics (phosphors of color TVs and X-ray — biology;
El.ll"DlJil.llTl Eu,0 SCI‘EEHS],' - phapmacguﬁcs
oxide 275 | — optics; - - -
— production of graphite rods of nuclear reactors — electronics [t.he main component of semi-
conductors, microchips and solar cells);
— electronics; s . — metallurgy (additives to ensure heat re-
D . . Silicon 5i .
ysprosi- | po oo |- optics; sistance);
um oxide Vels | _ production of magnets and memory devices; — production of ceramics, pyrotechnics,
— production of halogen lamps cement and abrasives, etc.

Note: systematized and summarized by the authors on the basis of
predicted literature data (2, 3]

Note: systematized and summarized by the authors on the basis of
predicted literature data (2, 3]
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Complex oxides and nanoparticle mixtures make up
a relatively small fraction of the manufactured nanopowders.
Unlike pure metals and their oxides, complex nanopowders
have a limited scope. There are such types of mixtures
and complex oxides [4]:

— antimony tin oxide (SbyO3/Sn0y) — used in elec-

tronics and optics; an important component of displays

due to the antistatic effect; the ability to absorb the
infrared part of the spectrum, photoconductivity;

— indium tin oxide (InyO3/Sn0,) — used in the manu-

facture of displays as part of transparent conductive

coatings;

— silicon nitride (Si3N4) — used in the manufacture

of turbines, engine parts, machines, heat-resistant and

heat-insulating materials, as well as heat and corrosion-
resistant clamps;

— barium titanate (BaTiO3) — used in electronics in

the manufacture of memory devices, electrical ampli-

fiers and ferroelectric ceramics;

— nanodiamonds (C) — used in the manufacturing indus-

try for applying coatings on polishing and cutting tools,

drills, for the manufacture of lubricating and wear-resistant
coatings; additives to steel; semiconductor manufacturing;

— tungsten-cobalt carbide (WC/Co) — additives to tools,

in particular, metalworking and mining.

Compared with the feedstock, nanopowders have a low
sintering temperature, are chemically active, have excess energy.

Nanopowders are obtained by chemical, physical, physico-
chemical, and mechanical methods.

Chemical methods consist of several successive stages:
— sedimentation is carried out from solutions of salts with
the help of precipitating agents (solutions of alkalis —
sodium and potassium hydroxides), acids, and the like.
Regulation of pH and temperature of the solution al-
lows to control the processes of crystallization and
to ensure high dispersion of the hydroxide. The gel
method is used to obtain powders of various metals. It
consists in the precipitation of gels of insoluble metal
compounds from aqueous solutions;
— thermal decomposition and recovery is the process
after deposition and drying of nanodispersed oxides or
hydroxides. Depending on the product requirements,
gaseous (hydrogen, carbon monoxide) or solid reducing
agents are used. The method allows to obtain spheri-
cal, needle, scaly or irregular powders. Nanopowders
of Fe, W, Ni, Co, Cu and other metals are reduced
in different environments, depending on the tasks.

Physical methods are based on the evaporation of metals,
alloys and oxides with their subsequent condensation at
a controlled temperature and atmosphere. The vapor —
liquid — solid phase or vapor — solid phase transitions
occur in the reactor or on a cooled base (walls). The
starting material is evaporated by intense heating and the
carrier gas is fed into the reaction chamber, where it is
subjected to rapid cooling. Heating is carried out using
plasma, laser radiation, electric arc, resistance furnaces,
induction current, and the like.

Depending on the type of source material and the
product obtained, evaporation and condensation are carried
out in vacuum, inert gas flow or in plasma. The size and
shape of the particles depends on the process temperature,
the composition of the atmosphere and the pressure in
the reaction medium. For example, in an atmosphere of
helium particles are smaller in size than in an atmosphere

of more dense gas — argon. The method allows to obtain
powders of Ni, Mo, Fe, Ti, Al with a particle size in the
nanometer range.

The method of producing nanomaterials by electri-
cal explosion of conductors is known. A metal wire with
a diameter of 0.1-1.0 mm is placed in the reactor bet-
ween the electrodes, to which a powerful current pulse of
1.04-1.06-108 A/m? is applied. There is an instant warm-up
and evaporation of the wires. The metal vapors fly away,
cool and condense to form a nanopowder. The process is
carried out in an atmosphere of helium or argon. So get
nanopowders of metals (Ti, Co, W, Fe, Mo) and oxides
(TiOy, Al,O3, ZrO,) with a particle size of up to 100 nm.

Mechanical methods are the grinding of materials in
mills (ball, planetary, centrifugal, vibration), gyroscopic
and other devices. Mechanical grinding is used in the
production of nanopowders of metals, ceramics, polymers,
oxides, and other brittle materials. The degree of grinding
depends on the nature of the materials and on the equip-
ment that is used.

The mechanical method is the simplest, most produc-
tive and affordable. Basically, receive powders of alloys of
metals. Disadvantages are the likelihood of contamination
upon receipt of powders in a nanodispersed state and the
complexity of regulating the composition of the product.

One of the main problems in the production of nanopow-
ders is the tendency of nanoparticles to form aggregates
and agglomerates, which make it difficult to obtain com-
pact materials. To overcome the agglomeration forces, it
is necessary to apply a mechanical force or increase the
sintering temperature.

Available data on the scope of nanopowders of metals
and oxides require further comprehensive analysis of the
global market for a more detailed disclosure of the topic
and aim of research.

3. The aim and ohjectives of research

The aim of research is a comprehensive analysis of the
global market of nanopowders.

To achieve this aim it is necessary to perform the fol-
lowing tasks:

1. Search for potential demand, as well as the size of
the nanotechnology market in different countries.

2. Summarize the state and development trends of the
world nanopowder market.

3. Carry out the price analysis of the market of nano-
powders.

4. Research of existing solutions
of the prohlem

Achievements in the development and manufacture
of nanostructures are largely determined by the level of
technology development, allowing to obtain nanostructures
of the required configuration and dimension. A necessary
requirement is the development of methods for complex
diagnostics of the properties of nanostructures, including
control in the manufacturing process (insitu) and control
of technological processes on its basis. According to many
forecasts, it is the development of nanotechnology that
will determine progress in the 21st century, just as the
discovery of atomic energy, the invention of a laser and
a transistor determined progress in the 20th century [2, 5].
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Currently, this industry is powerfully developing in
three areas:

1) manufacture of electronic circuits (including bulk
ones) with active elements whose dimensions are compa-
rable to the size of single molecules or atoms;

2) development and manufacture of nanomachines, that
is, mechanisms and robots of molecular sizes;

3) production of nanopowders [6, 7].

Among the main directions of solving the problem of
marketing research of nanopowders identified in the world
resources of scientific literature, the works [8, 9] can be
highlighted. As well as well-known works [10, 11]. But in
the literature data the issues of obtaining nanopowders of
metals and their oxides by the electrolysis of ionic liquids
are not sufficiently considered. The authors of [12, 13] make
the first attempts to systematize methods for producing
nanopowders and marketing research of the nanopowder
market. Recently, significant use of nanopowders has oc-
curred in biology and medicine [5, 14]. Some attempts
at market research of nanopowders and design decisions
(composition, structure, particle size) are made in [15, 16].

In this paper, let’s use generally accepted approaches
to marketing research in the industry, which are presented
in [17, 18]. In [19, 20], promising areas in the field of
industrial marketing are presented. Recent attempts to
generalize the characteristics of existing metallic nanopow-
ders and the industries of their application are presented
in [21, 22]. A review of articles and patents in this mat-
ter was made in [23, 24]. The main characteristics of
nanopowders (including nitride and titanium carbonitride,
obtained by plasma-chemical synthesis) were considered in
detail in [25]. The use of nanopowders of aluminum and its
compounds as high-energy materials is promising [26, 27].
The addition of oxide nanoparticles to polymer matrices
is important for the optics and electronics industries [28].
A significant development of nanotechnology has the elec-
tronics industry [29, 30]. The promising use of the latest
technologies in the field of nuclear energy [31] and the
food industry [32] is well known.

The works [33, 34] are devoted to the development
of concepts of development, achievement and the most
promising areas of development in the field of nanotech-
nology. The level of research on this industry in different
countries and the existing government programs for the
development of the industry are given in [35, 36]. Special
attention has recently been paid to environmental protec-
tion [37] and the development of biomedicine [38]. Some
attempts to address the issues of business and pricing in
the field of nanotechnology are made in [39, 40].

Thus, the results of the analysis of literature data allow
to conclude that it is necessary to further systematize the
material according to the scope and marketing research
of the nanopowder market.

5. Methods of research

The following scientific methods are used in this research:
— method of searching for literature data on the subject
under investigation;

— analysis method when conducting marketing research
in the field of nanomaterials and nanotechnologies;
— method of systematization and classification when
conducting research on the achievements of modern
science in the field of nanoindustry.

6. Research resulis

6.1. World nanotechnology market review. The state
and prospects of development of the nanopowder market
associated with the overall dynamics of the nanotech-
nology sector. The nanotechnology market is developing
rapidly, as evidenced by the growth of investment in the
industry, as well as the number of scientific developments,
patents and publications on this issue. The number of
companies that represent nanotechnology, as well as the
volume of commercially marketable products, increases an-
nually. Achievements of nanotechnology today use various
industries [4].

Thus, according to estimates by consulting company
Lux Research, in 2012 the volume of the nanotechnology
market was 190.3 billion USD [3]. Its annual increase is
15-17 %. The products obtained using nanotechnologies
account for about 0.05 % of the global gross aggregate
product, it is expected to grow to 1.5 % by 2020. The
world market leaders are the USA (59 billion USD),
Europe (47 billion USD) and the Asia-Pacific region
(9.4 billion USD). The United States leads both in terms
of the volume of the commercial market and the number
of publications (about 25,000 in 2015) and nanotechno-
logy patents (45 % of patents).

Distribution of spheres of influence in the field of
nanotechnology, according to the US NanoBusiness Al-
liance, is already happening and will be completed by
2020 [3]. The predicted structure of the world market
will look like this (Fig. 1). The largest commercial sector
in 2015 is the production of nanomaterials (126 billion
USD). The leader in this sector is the manufacture of
nanocomposites, which are used in the automotive industry
and construction. In second place is electronics (45 bil-
lion USD). Almost 19 billion USD is in the health care
industry.

EUSA ®Japan ®Europe ®Asia ® Other

Fig. 1. The predicted share of different countries on the nanotechnology
market in 2020 (3, 41]

The demand for nanoproducts, according to Lux Re-
search, will be distributed until 2020 between the direc-
tions of the nanoware market, as shown in Fig. 2. It can
be seen that nanomaterials and nanoelectronics products
will be in the greatest demand. The largest consumer of
nanoproducts will be the Asia-Pacific region, the United
States and Europe.

At the end of 2015, products were manufactured,
including developments in the field of nanotechnologies
worth more than 1.4 billion USD. The chemical indus-
try, research (intermediate products, as a rule, not serial)
and electronics are leading in the production structure
of nanoproducts.
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Fig. 2. Potential demand for nanoproducts in 2020 (billion USD) (3, 41]

There is a tendency for the growth of companies in
the nanotechnology sector, which is on average 30—40 %
higher than the dynamics of the world market as a whole.

The volume of global investment in nanotechnology
in 2015 amounted to 18.1 billion USD. This figure has
increased compared with 2013 by 18 %. Corporate in-
vestment (8.6 billion USD) became the main source of
funding (public — only 8.3 billion USD). The proportion
of venture capital has decreased (1.0 billion USD). The
largest volume of investments goes to the chemical sector
and the pharmaceutical industry. According to the forecasts
of the company Cientifica (Fig. 3), by 2018 this structure
may undergo some changes: pharmaceuticals play a leading
role — funding for projects in this area will increase five-
fold [3, 41]. There will also be a tendency to double
growth in the field of electronics. The leaders in terms of
public investment are the US and the EU. According to
experts, in the long term to 2020, the leadership in terms
of the volume of investments can go to Japan. Today, the
leader in the nanomaterials market is the United States
with a projected income level of 2018 in the amount of
1.46 billion USD. The second largest sector is Western
Europe. The most rapidly growing and promising segment
is the Asia-Pacific region.

70% 2.0%

® Environmental protection
B Automotive industry
= Chemical sector

26.0 %
® Industry

50.0 %

® Electronics

® Food industry
1.0 %
5.0 %
0.1 %

= Pharmaceuticals

m Semi-finished products

9.0 %

Fig. 3. The structure of investment by the industries [3, 41]

In general, it is worth noting that today’s production
of nanomaterials does not meet the needs of the market.
The projected growth volumes of each of the component
spheres associated with increased availability of nanoma-
terials for the end user.

The prospect of the nanotechnology market looks op-
timistic. At the same time, experts estimate its capacity
and growth dynamics in different ways. The volume of the
nanotechnology market and its forecast in trillion USD
are presented in Table 3. It can be seen that the predic-

tion of the global nanomarket volume is different. Firstly,
the risks associated with the production of nanoproducts
have not been studied. Secondly, the assessment of market
prospects is based on the position of a possible «break-
through» in some industries, for example, inventions of
nanocomputers, nanorobots, improvement and increase
in the production of nanotubes, products for biomedi-
cine, etc. [42].

Tahle 3

The projected volume of the nanotechnology market, trillion USD

The projected volume of
Expert organization the nanotechnology market,
trillion USD
Mitsubishi Institute, forecast for 2018 0.19
European Commission, forecast for 2018 0.26
Iunkett Research, forecast for 2017-2020 1.3
Lux Research, forecast for 2018 3.4
Us NanoBusiness Alliance, forecast for 2020 1.3
Forecast for 2020 2.0

Note: developed on the basis of predicted data [3, 41]

6.2. State and development trends of the world nanopowder
market. Industrial production of most types of nanopowders
began 10—15 years ago. In industrial quantities only silica,
alumina and iron oxide were obtained. Research institutes
and universities received small samples of nanopowders for
research. Today, technologies for producing nanopowders for
manufacturing a wide range of materials have been deve-
loped. In this case, the powders may differ in fractions and
purity of the material. The production of nanopowders is
the most extensive [42, 43], compared with the production
of other nanomaterials. Despite the large range of powders
that are available, only some of them are produced on an
industrial scale [44, 45]. The volume of the world market
of nanopowders, which are used in the energy sector as
catalysts in the production of construction materials, in 2016
amounted, according to BCC Research [46], to 474.4 bil-
lion USD. The increase compared with 2015 — 17 %. At
a compound annual growth rate (CAGR) of 38.7 %, by
2020 market volume will be at the level of 17 billion USD.
There are three main areas of application of nanoparticles
on the market (Table 4):

1) use in electrical appliances;

2) as catalysts;

3) in construction materials.

Tahle 4
Nanopowder market structure by application
2012 2017
Application | million | % of | million | % of CAGR
UsD total | USD | total | 2013-2017, %

Catalysts 260.1 | 55.0 % | 4B4.5 | 26.6 % 122 %
Power 76.4 | 161 % | 7855 | 450 % 59.4 %
industry

Construction | 4795 | 2896 | 4966 | 28.4 % 29.4 %
materials

Total 473.7 |100.0 % | 1746.6 | 100.0 % 29.8 %

Note: developed on the basis of predicted data [3, 41]
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In addition to these industries, an important market
segment is the use of nanopowders in electronics, optics,

and the like.

6.3. Market structure.

6.3.1. Nanopowder market structure in different coun-
tries. The main consumers of nanopowders in the world
are the countries with the most developed nanoindustry —
the USA, Japan and the EU.

The global production of nanopowders is unevenly
distributed. The main production facilities are located
in developed countries. At the same time, countries such
as Brazil, South Africa, etc., have a high raw material
potential, but do not produce nanopowders in significant
quantities.

More than two thirds of the global production of
nanopowders is made in the USA, where almost half of
all manufacturers are located. The United States provides
consumer products in Europe, and to a lesser extent in Asia.

However, many US manufacturers are small innovative
companies or research institutes that synthesize nanopowders
for internal needs. In Asia, by contrast, a small number of
market participants have large production volumes. The
Asian region has huge reserves of rare earth metals, such
as yttrium, zirconium, and others.

In Europe, the most developed nanoindustry in Germany
and the UK. The main problem in Europe in the near future
may be a shortage of raw materials, since, in particular,
deposits of rare earth metals in the region are limited.

6.3.2. Nanopowder market structure hy type of nanoma-
terials. The main type of products on the world market of
nanopowders is metal oxide powders (Fig. 4). In the com-
modity group of metal oxides, 4/5 of the production volume
falls on the three most common raw materials: silica (SiO5),
titanium dioxide (TiO2) and alumina (Al;O3). At the same
time, silica occupies more than half of the total production,
alumina — 18 % and titanium dioxide — 10 %. The most
available oxides are oxides of iron, zinc, cerium, zirconium,
copper, magnesium and yttrium.

3.0%20%

15.0 %

® Metal oxides
® Pure metals
= Mixtures

H Complex oxides

80.0 %

Fig. 4. The structure of nanopowders in the world market 3, 41]

In the pure metal nanopowder market, 16.5 % of the
production volume falls mainly on nickel and copper pow-
ders. Among the leaders in this indicator are iron, aluminum
and titanium (from 13 % to 14 %) (Fig. 5).

Among the complex oxides and mixtures of all, an-
timony-tin oxide, barium titanate, cobalt carbide, silicon
nitride and indium-tin oxide are produced.

Analysis of papers [47, 48], which are devoted to re-
search in the field of nanopowders shows that the most

promising direction of scientific research is nanopowders
of aluminum and precious metals.

The structure of nanopowder production in the regions
is about the same. Thus, in Europe, metal oxide powders
produce more in volume (more than 90 %), and in Asia —
more pure metal powders (up to 25 %).

m Nickel

= Copper

H [ron

B Aluminum
= Titanium
m Zinc

u Cobalt

= Tungsten

Molybdenum

Fig. 5. World production of pure metal powders [3, 41]

Five leading manufacturers from North America (for
example, American Elements) produce more than 20 types
of nanopowders, while in Europe and Asia the assortment
rarely exceeds 10 items (usually 1-5 items). Most of the
powders are produced in limited quantities due to the
order for research purposes.

The particle size of nanopowders is not a major fac-
tor in pricing. More than half of all nanopowders (up to
60 %) have a particle size of less than 60 nm, and about
40 % less than 30 nm (Fig. 6).

E<]5nm
m16-30
m31-60
m61-100

= 101-200
=201-1000

¥ no data

Fig. 6. Structure of nanopowder production by size
of nanoparticles (3, 41]

6.4. Price analysis. The market of nanopowders is dif-

ficult for price analysis, due to the following reasons [4, 41]:
— manufacturers cooperate with certain industries,
therefore, produce nanopowders with different charac-
teristics (fraction, purity, etc.);

— in the production of nanopowders with controlled

properties in determining the price is an important

indicator of the volume of the party.

The cost of nanopowder at the conclusion of each
contract is determined individually. The estimated cost of
some common nanopowders is shown in Fig. 7.

Thus, the high cost of nanopowders of zirconium oxide,
silver oxide and indium tin oxide is determined by the
high cost of the raw materials and small production vo-
lumes. The cost of manufacturers differs by 25-30 % and
depends, in particular, on transportation costs upon de-
livery to the consumer.
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Fig. 7. The average cost of nanopowders, USD/kg [3, 41]

6.5. Peculiarities of nanopowder consumption. Nanopow-
ders are not always the final product, but are used in
various industrial processes. Accordingly, the volume of
consumption of nanopowders affects one or another area
of their use.

Today, nanopowders are regularly used in two key areas:
in electronics (mainly silica) and in the manufacturing
industry. In other industries, demand for nanopowders
exists in the form of one-time orders.

The structure of nanopowder consumption by industry
at the global level is presented in Fig. 8. It can be seen
that the demand for nanopowders is formed mainly by
the electronics and manufacturing industries. Methods of
using nanopowders in these areas are almost the same,
for example, they are used as an abrasive.

Table 5 systematizes the field of application of nanopow-
ders classification of their use, development stage and the

proposed forms on the market.

® Electronics and optics
= Manufacturing industry
41 % ™ Energy and

environmental protection
B Medicine and
cosmetology
B Metallurgy

® Aerospace industry

= Other

Fig. 8. Consumption of nanopowders
by the industries [3, 41]

The main branches of practical use of nanopowders
today are: electronics (functional coatings, combined and
composite materials), energy (automotive catalysts), health
care and medicine (surgery and oncology), engineering
(polymeric materials and composites). So far, to a lesser
extent, the achievements of nanoindustry are used in the
production of consumer goods and environmental tech-

nologies.

Table 5
Branches of practical application of nanopowders
Application Development stage Forms offered in the market Application
branch
Power Nafm:rystallme nickel, copper and metal hydrides fur" Environmental catalysts, cerium oxide '
. chemical current sources; solar panels; hydrogen batteries s : Automotive catalysts
industry o in diesel engines
solid oxide fuel cells
Itlgnn:rystallme drugs; nannspheres using hlE.IEEIlTll:lEﬂlb]E Sunscreens using Zn0 and Ti0y; molecular
Health and | silicon bone growth accelerators; virus detection and use . X Au, Ag, Pt, Zn0, Fe, surgery,
. X labeling: quantumn dots, CdSe; carriers
medicine of quantum dots; agents in the treatment of oncology; . o oncology, therapy, etc.
; . for drugs with low solubility in water
implant coatings
Cutting parts of tools with: WC, TaC, T & C, Co; Abrasive-resistant coatings Wlfh.A]2E|3 Structural bu1.l|:11ng of polymers
. . - . - L . and Y-Znp0; polymer composites and composites; gas-thermal
Engineering | spark plug; dielectrics; herbicide and pesticide delivery; . ) R ) . -
censors: molecular sieves reinforced with nanoclays; oils; pigments; coatings based on: Ti0p,
! self-cleaning glass with TiOy; jet fuel TiC-Co, etc; ink
Consumer _ Anti-counterfeit devices Sporting goods; packaging;
goods cover
Ecolo N Nanostructured coatings; photocatalytic Coated tiles; sanitary goods; soil
a water purification restoration (with Fe, Al, Ce)
Nanoscale magnetic particles for high density drives; . . .
. . . - : Ferromagnetic fluids; optoelectronics . .
Electronics protection from internal radio interference; electronic . . : Coatings and binders
o . X devices; conductive coatings
circuits; display technologies

Note: developed based on predicted data [2, 3, 41]
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7. SWOT analysis of research resulis

Strengths. In this paper, the systematization and analysis
of literature data in the field of modern production of
nanopowders and the prospects for their production, as
well as marketing research of the market of nanopowders,
are carried out simultaneously. The combination of these
data makes it possible to more reasonably reveal the is-
sues of the current state and prospects of the market for
nanomaterials and nanotechnologies.

Weaknesses. The lack of reports on this topic in the
public domain.

Opportunities. Further research will be focused on using
the results of the analysis of the global nanopowder market
for the formation of the Ukrainian nanopowder market.
Advances in nanotechnology are the result of research
from many countries. Therefore, the experience of a par-
ticular country is very useful for the development of its
own nanoindustry.

Threats. The rapid development of nanotechnology makes
some adjustments to various aspects of marketing research
on nanopowders.

1. A search for countries for the production of nanopow-
ders is done. It is shown that the most developed nanopowder
markets are the USA (the volume of the nanotechnology
market is 60 billion USD), Europe (47 billion USD) and
the Asia-Pacific region (10 billion USD).

2. The state and development trends of the world
nanopowder market are reviewed. The United States
(2/3 of the world output), Asia (mainly Japan) and Europe
(Germany and the United Kingdom) dominate the global
nanopowder market. In countries with high raw material
potential (Brazil, Mexico), production is practically unde-
veloped. The specificity of the world market of nanopow-
ders is that Europe produces more in volume of powders
of metal oxides (more than 90 %), and in Asia — pow-
ders of pure metals (up to 25 %), the range of American
manufacturers, as a rule, exceeds that in European and
Asian countries.

3. The price analysis of the world market of nanopow-
ders allows to identify the following indicators characte-
rizing its development:

— nanomaterials — the largest commercial sector of

the modern nanotechnology market with a volume of

about 100 billion USD; the chemical industry, research

(intermediate products, as a rule, not serial) and elec-

tronics are leading in the structure of nanoproduction;

— common problem in the nanomaterials market —

the high cost of products, low production volume and

availability for the end user;

— volume of the three largest components of the nanoma-

terials market — energy, production of catalysts, structural

materials is 375 million USD; projected growth rates
for 2015-2020 — 60 %, 13 % and 30 % respectively;

— on the world market of nanopowders, production of

products from metal oxides dominates; common types

of raw materials: silica (SiOy) — more than half of the
total production, titanium dioxide (TiOy) — 10 % and
alumina (Al,O3) — 18 %;

— among pure metal nanopowders, more than 30 % is

accounted for by the production of nickel and copper

powders; iron, aluminum and titanium (13—-14 %) are
among the leaders according to this indicator;

— more than half of all nanopowders has a particle
size less than 60 nm, and more than 40 % — less
than 30 nm;

— demand for nanopowders is formed mainly by the
electronics and manufacturing industries. The largest
volume is in the market of nanoscale in medicine and
cosmetology.
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