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Abstract. Experiments on the extraction of technogenic
nanoparticles from coal carbonization products, namely,
coke, pitch coke, coal tar, coke dust and carbon deposits
from coke and coke-pitch chambers were carried out.
With the help of transmission e ectron microscopy method
extracted carbon nanoparticles were investigated. The
rationae of the derived nanoparticles technologic originis
given in this paper. The obtained micro-diffraction
patterns indicate that the extracted nanoparticles are
crystalline solids. Energy-dispersive analysis showed that
all of the nanoparticles and micro-particles are composed
of carbon. With the help of scanning electron microscope
method residual resulting from the storage of agueous
suspensions of nanoparticles were studied. It was found
that the residual is composed mainly of carbon micro-
tubes and micro-ribbons.

Keywords: carbon nanoparticles, technogenic nano-
particles, coke, pitch coke, carbon deposits, TEM, SEM.

1. Introduction

Today nanotechnologies use only artificially
created nanoparticles. It is rather difficult to get
information on world production of synthetic
nanoparticles. However, it is obvious that the amount of
synthetic nanoparticles is not enough for general usein all
areas of production, particularly in the construction
industry and other similar industries. Mass production of
nanomaterials is necessary for further development of
nanotechnology. In addition to the particles obtained in
the result of physical and chemical synthesis, we can
consider the following sources of receiving nanopartic=
les — natural and technogenic. Particles that are contained
in the sedimentary rocks can refer to nanoparticles from
natural sources (we do not consider viruses and other
biological objects). Fullerenes are found in small

guantities in shungites [1], in the bitumens of pillow lavas
with inclusions of kerogenic shales[2] coals[3, 4], brown
coals [5], adils [6], and some other minerals. Carbon
nanotubes were also found in shungites. [7].

Due to the low concentration of nanoparticles in
natural objects they represent a purely scientific intered,
especially nanoparticles in extraterrestrial  objects —
fullerenes in meteorites [8] and in carbonaceous
chondrites of protoplanetary dust [9]. Particles that are
formed during the various processes of combustion (diesel
engine exhaust, welding aerosols, etc.) as well as during
industrial processes in the form of byproducts can refer to
technogenic (secondary) nanoparticles. The most common
are carbon nanoparticles that are formed during
combustion of hydrocarbons. Carbon nanoparticles
compose ~ 42 % of all nanoparticles in the environment.
These include multi-walled carbon nanotubes (MWCNTS)
produced at burning of natural gas in cookers and soot
nanoparticles of different origin [10]. Ecologists all over
the world carry out numerous studies on risk evaluation
and the impact of nanoparticles on human health.

It was found that the technogenic nanoparticles can
be formed not only by burning, but at intensive
mechanical actions. Thus, a destruction of gas-saturated
coal seams during the process of mining in the mines due
to the development of shear deformation zones of highly
dispersed coa with the size particle from 10 to 50000 nm
[11] are formed. In addition, technogenic nanoparticles
are found in highly dispersed sludge of metallurgical
enterprises. As a rule, the content of ultrafine fractions
with nanometer size of particles in sudge varies in the
range of 1-1.5% [12]. Taking into consideration the
volume of production of mining and metallurgical
complex, the amount of produced technogenic
nanoparticles can be huge.

The processes connected with coking of coal can be
one of the sources of technogenic carbon nanoparticles
(CNP). Previously, our researches have shown that
different types of CNP are formed in coke and coke-pitch
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chambers; these CNP are dissolved in the coke and coke-
pitch and are carried away with coke gas[13].

The purpose of this paper is the evaluation of the
possibilities of industrial production of carbon nanoc-
particles from coke products.

2. Experimental

The nanoparticles determination was performed in
aqueous suspensions of hard coking coal products. For the
preparation of agueous suspensions CNP  samples
(metallurgical coke, coke dust from the dust-free coke
pushing plant (DFCP) and from coke dry-gquenching plant
(CDQP), pitch coke and carbon deposits from coke and
coke-pitch ovens (samples characteristics are given in
Table 1) were dispersed to grain size < 0.2 mm, and then
they were exposed to ultrasonic treatment in distilled
water for 15-30 min at the frequency of 22 kHz with
ultrasonic generator power 100W. The obtained
suspension was centrifuged (rotor speed — 8000 rpm) for
15-30 min in order to remove amorphous carbon. The
centrifugate was filtered in order to remove micro-
particles of amorphous carbon and we have obtained CNP
agueous suspension.

In addition, we prepared agueous suspensions
from the samples of pitch, characteristics of which are
givenin Table 2.

The obtained aqueous suspensions opalize due to
light scattering on CNP particles. When we project red
light laser wave with a length of 650 nm we observe
Tyndall effect in all investigated suspensions.

The size and morphology of the CNP was
determined with the help of transmission electron
microscopy TEM 125K and EM-125, equipped with a
digital image output system SEO-SCAN. The suspension
sample was applied to a microscopic graphite grid
(diameter 6 mm) and dried. The grid was placed in the
electron microscope and electron microscopy was carried
out. All images were obtained in bright-background mode
at the accderating voltage of 100 kV. With the help of
scanning (raster) electron microscopes (SEM) Jeol JSM
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840 and JSM-6390LV we investigated suspensions and
suspension evaporated precipitation. Ultimate compo-
sition was determined with the help of energy-dispersive
analyzer (EDA), an attachment to SEM.

With the help of optical microscopy method we
have studied microstructures formed during spontaneous
CNP assembly and solid precipitation after suspensions
evaporation.

CNP output has been determined by gravimetric
method.

3. Results and Discussion

All selected CNP are crystal, which is evidenced by
the presence of micro-diffraction patterns obtained by
reflection high-energy electron diffraction method. Micro-
diffraction patterns (Fig. 1) were recorded on a TEM. As
you can see from Fig. 2, CNP obtained from samples from
the coke and coke-pitch ovens are very diverse. So we can
see fractal structures, fiber, tubular, spiral, spherical [13],
and pyramidal structures.

Fig. 1. Typical micro-diffraction pattern for carbon
nanostructure

Tablel
Characteristic of the sudied solid coking products
Element , % Technica analysis, %
Sample @ e N@ + 0% A 5 Y
Furnance coke 96.70 0.60 1.60 121 0.95 17
Pitch coke 97.84 043 1.18 0.6 0.54 0.6
Pyrocarbon 1* 97.41 0.32 0.82 31 1.46 0.9
Pyrocarbon 2** 98.10 0.49 1.07 0.3 0.36 04
DFCP dust 96.43 0.96 0.40 10.9 0.82 4.0
CDQP dust 97.79 0.68 0.40 133 0.99 2.3

Notes: * — carbon deposit from the coke oven; ** — carbon deposit from coke-pitch oven.
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Table 2
Characteristics of coal tar

Indices M edium temperature pitch
Softening temperature, °C 68.0
Volatile matter, % 61.9
Ash content, % <03
Mass fraction of substances, %, insoluble: intoluene 204

quinoline 5.6

d)

Fig. 2. Carbon nanoparticles from products of coking coal: fractal clusters (coke) x10000 (a);
spira nancfibers (pitch coke) x10000 (b); triangular and hexagonal structures (coke, pitch coke) x12000 (c)
and spherical (pitch) x80000 (d)

It was previoudy shown [13] that CNP of such
morphology in the initial coals do not occur, so we can
assume that they have a technologic origin, i.e. they are
formed in the result of the coal pyrolysisin coke ovens. In
addition, these CNP ae not formed at ultrasonic
dispersion, because special experiments have shown that
the same particles are formed at desalination of initial
samples with particle size 0.2 mm. DFCP dust, which was

not dispersed in the process of samples preparing,
contains practically all types of nanoparticles, foundin
other coking products, that is the direct evidence of
technologic origin of the studied CNP.

When storing the CNP agueous suspensions form
grey gelatinous precipitates, consisting of nanoparticle
aggregates formed in the result of their sdf-organization.



362 Volodymyr Shmalko et al.

The main part of the precipitations from furnace coke  more dructuraly ordered material  (pitch coke) are
and DFCP dugt suspensions consists of fractal structures  aggregated into microtubules (diameter from 2 to 8 mm) and
(fern leaves, fish-bone, efc.). At the sametime, the CNPfrom  micro-ribbons (Fig. 3) with awidth of up to 30 microns.

d)

Fig. 3. Precipitation of CNP suspensions from pitch coke SEM: x1000 (a) and x2000 (b) and from optical microscope:
x150 (c) and x150 (d)

e e e
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Fig. 4. Energy-dispersive spectrum of CNP suspensions preci pitations
from pitch coke (the peaks of Cu and Zn are calibrating)
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Fig. 5. Thedistribution of the CNP in coking products

Energy-dispersion analysis showed that dl of the
nanopartices and micro-particles are compased of carbon. The
example of energy-dispersion spectrumisshown in FHg. 4.

Energy-dispersive spectra of micro-particles from
furnace coke and DFCP dust may contain small amounts
of oxygen and other elements, which obviously got to the
suspension from the initial coal (sulfur, chlorine,
phosphorus, etc.). We gtill have to understand the cause of
the oxygen presence in some CNP suspensions preci-
pitations.

The results of CNP output determination from
various solid coke products are shown in Fig. 5. The
greatest number of nanoparticles was obtained from coke
and coke-pitch oven carbon deposits 5.7 and 6.3 %,
respectively. Quite a lot of nanoparticles are contained in
pitch coke, coal tar and DFCP dust (Fig. 5). The amount
of CNP in furnace coke was the least. We think that in the
case of wet-quenched coke most CNP is gone from the
surface of the coke with quenching water, in the case of
dry-quenched coke, CNP go to coke dust (CDQP dust) at
coke grinding.Indeed, in the content of CNP in DFCP dust
is four times higher than in the coke itsdf. By the
presence of light scattering the presence of CNP in
guenching water is determined qualitatively.

The distribution of the CNP in the coke near-
surface layer and its high content in carbon deposit of
coke chamber indicates that the most possible cause of the
technogenic nanoparticles presence in the coke chamber is
their synthesis from the gaseous phase at decompounding
of volatile coking products on the surface of coke and
coke chamber refractory masonry.

As it seems to us, in coke-pitch chamber, besides
the synthesis from the gaseous phase, there is a high
probability of technogenic nanoparticles formation both in
fluid-plastic state at cod tar pitch coking. This assumption
was made by us before [14] from the analysis of the
amount of nanoparticles in the coke in relation to their
amount in the carbon deposits. This value for

nanoparticles from the coke chamber is equal to 5.6 %,
and from coke-pitch chamber it is equa to 65.1%. This
means that technogenic nanoparticles are synthesized not
only in the surface layer, but also in the coke-pitch load
volume.

During evaluation of possible resources of
technogenic CNP in coke production we can focus on the
side-products of coking — carbon deposits from coke and
coke-pitch chambers, as well as DFCP and CDQP dust.
Despite the high content of CNP in carbon deposits in
coke and coke-pitch chambers (~ 6 %), they cannot be
used as raw material for the production of nanoparticles.
The main reason is their limited resources and the absence
of real way of their removal from oven chambers.

Thus, now dust from DFCP is the most promising
and technological raw materials. This dust does not
require cost for dispersion, because about 90% of the dust
is of grain size <0.5mm. In addition, dust from DFCP
contains about 4% of the CNP and has sufficient
capturing volume. According to the data [15], the number
of dust captured by DFCP plants on batteries 9-bisand 10-
bis of OJSC "ALCHEVSKKOKS" is 406 t/y and 710 tly,
respectively. Thus, only with the dust of these two
batteries about 34 tons of the CNP are utilized annually (at
an estimated CNP content not less than 3 %).

Without utilization of this dust nanoparticles are
released to the atmosphere and these emissions are
particularly dangerous[16-17].

4. Conclusions

Carbon nanoparticles extracted from the solid coke
products have technologic origin. Thus coking furnace
battery is the reactor for production of carbon
nanoparticles, which are formed on coke surface and coke
chamber refractory masonry, and, probably, in the coke-
pitch load volume.
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Technogenic nanoparticles have different sizes and
morphology, depending on the initial material. Dust from
DFCP, which is not the aim product of coking, contains
about 4% of the CNP and has sufficient capturing
volume, can be considered as the most promising and
technologically advanced material for release of
technogenic carbon nanoparticles.
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TEXHOI'EHHI HAHOYACTKHA
3 MPOAYKTIB KOKCYBAHHS BYTULJISA

Anomauyin. Ilposedeni excnepumenmu 3 6UOLLEHHS Gy2lie-
Yesux HAHOYACMOK MEXHONOSIUHO20 NOXOONCEHHS 3 NPOOYKMIG
KOKCYBaMHSA GY2lA, a came. KOKCY, NeKoB020 KOKCY, NeKy, KOKCO-
6020 nuiy i yeneyesux GiOKIAOeHb 3 KOKCOBOI I NEKOKOKCOBOL
kamep. Memodom npoceiuyiouoi enexmponnoi Mikpockonii 6ynu 0o-
CHiOMHCEHT HaHOYACMKU, 5K OYIu GUOLIEHT 3 NPOOYKMIE KOKCYB8AHHSL.
Hasederno o6rpynmyeanms mexHonioeiyHo20 NOX00HCEHHsL GUOLIEHUX
nanoyacmox. Ompumani MiKpoOIQPaKyitini KapmuHu ceio¥ams, o
6UOileHi  HaHouacmku € Kpucmaniunumu —miiamu. Enepeo-
oucnepcitinuii aHaniz nokKa3as, Wo 6Ci HAHOYACMKU | MIKDOYACMKU
cknadaiomvcs 3 gyeneyio. Memodom cKamyiouoi  enekmponnol
MIKPOCKONIL 00CHiOHCeHo 0cao, sikuil Ymeoproemscst nio 4ac 36epi-
2aMHs BOOHUX CYCNEH3Ill 3 OMPUMAHUX HAHOYACMOK. Bcmanoeneno,
Wo 0cao A6IAE co60I0, 20106HUM YUHOM, 8yeleyesi MiKpompyoxku i
MIKpOCMPIYKU.

Knwuosi cnoea. syzneyesi nanoyacmku, mexHO2eHHi HAHO-
uacmku, KOKc, nekoguil Kokc, eyeneyegi giokniaoenns, TEM, CEM.





