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Coal with high content of alkaline and alkaline earth metals (salty coal (SC)) occupies its definite place in an en-
ergy reserve of Ukraine. Deposits of SC are located in central industrial regions, the coal has high fuel indexes and
can soon definitely get its share in blended fuels which will meet the standards of Ukraine and will be qualified for use
at modern Thermal power plant (TPPs). In order to determine the rational ways of involving salty coal in the burning
processes, the world practices widely use the detailed studies of the impact of natural mineral substances on the pro-
cesses of slagging, sticking and corrosion in case of the burning of such coal.

Purpose. To determine the composition of natural water-soluble minerals in coal which cause a number of burn-
ing problems using non-destructive methods, a comparative analysis of the composition of mineral phases in SC from
various deposits in Ukraine, to assess their slagging ability, and overview the prospects of utilizing flushing water gen-
erated during coal desalting.

Methodology. Applying the technological regimes of desalting developed by the authors, water extracts of SC have
been obtained, which are investigated using a non-destructive X-ray diffraction method of dry substances (device
DRON 4M), the composition of mineral phases of SC extracts is studied with the MATCH! program. Total content
of salts and their removal efficiency are estimated using the 4805 Conductivity TDS/Temp indicator/EZODO.

Findings. The composition and peculiarities of the mineral phases from extracts of salty coals of different domestic
deposits are determined. The fouling factor of SCs of different deposits in Ukraine was calculated from the chemical
composition of ash; a comparison was made with the data of world sources. It is shown that even with a close value of
the sodium oxide content in the ashes, salty coals of different deposits differ significantly regarding the assortment
(from 2 to 5 varieties are found) of native water-soluble minerals and their ratio. It is shown that in aqueous extracts
from two samples of salty coals it is the sulfate is the prevailing mineral, not halite.

Originality. For the first time, a comparative semi-quantitative analysis of the native mineral phases in dry water
extracts of SC from three Ukrainian deposits was performed; data on the conditions for efficient coal desalting was
summarized. The contamination factor for SC from various deposits in Ukraine is determined, comparison with
world sources data is performed. Prospects for disposal (storage) of flushing waters generated during salty coal prepa-
ration for energy use are considered.

Practical value. The detailed study of dry water extracts and obtained composition of mineral phases allowed pre-
dicting: 1) the formation of low fusible eutectics in the process of burning of domestic salt coals and the determination
of special process conditions that prevent slagging; 2) the behavior of mixed fuels of SCs with coals marked with sig-
nificant presence of refractory compounds; 3) the choice of such mineral impurities including industrial wastes that
reduce the risk of slagging and corrosion when burning domestic salty coals.
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Introduction. Nowadays in Europe and other devel-
oped countries the tendency is gaining momentum to
reduce utilization of coal in the power industry, up to
complete refusal of using coal, motivated by the need to
significantly reduce greenhouse gas emissions. The Par-
is Agreement [1], also signed by Ukraine, obliges the
participating countries of “...holding the increase in the
global average temperature to well below 2 °C above pre-
industrial levels,” but with “... differentiated responsi-
bilities and respective capabilities, in the light of differ-
ent national circumstances...”.

Taking into account national interests and significant
coal reserves (explored reserves amount to 56.2 billion
tons, and projected resources are estimated at above 117
billion tons) [2] in Ukraine, which, at the current mining
rate, can secure the country for more than 400 years, the
strategic plans (the New Energy Strategy of Ukraine un-
til 2035) closely rely on coal. The plans foresee to utilize
12 million t.o.e. of this fuel resource, backing the pro-
duction of electric energy at coal-fired power plants and
Combined heat and power plant at relatively unchanged
level in the long run. In total, in 2017, 55.8 billion kWh
were generated from coal, and in 2035 it is planned to
generate 63 billion kWh of electricity.

The use of coal at the TPPs and CHPs is also justi-
fied for reasons of the state’s energy security, in order to
compensate for the peak loads in the grid, since renew-
able sources are not able to completely cover such peaks.

On the other hand, it remains a known fact that ex-
ploitation of the country’s coal basins for more than
200 years has already exhausted bulky and accessible
coal layers, while the remaining ones have a low thick-
ness (0.8—1.2 m), are located deeper than 1000 m, and,
for the most part, are also characterized with high sulfur
content. Furthermore, taking into account the problems
with coal supplies due to events in eastern Ukraine, it
should be recognized that attempts to involve available
energy resources, namely, the so-called salty coals (in
reserves of about 25 billion tons) [3], remain rather rel-
evant. This type of coal, based on a set of basic indica-
tors (high calorific value, moderately low ash content,
small depth of occurrence), is a very promising resource
amongst the non-standard energy sources, not only in
Ukraine but also in many other countries, including
Germany, Poland, Russia, USA, China, and Australia.

Analysis of the recent research and publications. The
main obstacle in the development and utilization of
salty coal (SC) deposits is a high content of fusible al-
kali metals compounds and chlorine, which hampers
the operation of boiler units, cause the development of
ash deposits, slagging and corrosion of heat exchange
surfaces [3]. In Ukraine, “salty” is referred to the coal
that contains more than 2 % Na,O in ash or more than
0.4 % in terms of coal (dry combustible) mass.

Both domestic and foreign power industry do not
have a sufficiently successful experience on industrial
utilization of coal with high content of alkaline com-
pounds. In the middle of the twentieth century, attempts
were made to develop effective combustion methods for
such coals, which identified problems, but did not pro-
vide ways for its industrial use [3]. These problems re-
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quire further research and experimentation. The work
[4] of American researchers presents the main aspects
and problems arising from the combustion of coal with
high content of Na and Cl in boilers of the thermal pow-
er plant.

Concerning the means of reducing the content of
salts in coal (water, acid, reagent extraction), the pro-
posed laboratory methods and approaches did not bring
them to the industrial realization by a number of envi-
ronmental and economic indicators [3].

Among the developments in incorporating salty
coals into energy balance, which are currently under
implementation, specially emphasized could be the re-
search of Chinese scientists [6—10]. In recent years, they
have proposed several methods for solving the problem
of salty coal use, such as: gasification (the possibility and
prospect of gasification of salty coal from Zhundong de-
posit, in comparison with coal from the Shigouyi coal
field [7]); use of various additives allowing Na and Ca to
transfer into more refractory compounds [8]; prelimi-
nary rinsing with water or treatment with various chem-
ical solutions (leaching) [9]; and combustion in a mix-
ture with other coals [10].

Of the above listed methods, developments ought to
be specially considered, being, in our opinion, most
prospective in terms of rational use of salty coals, name-
ly with the following options: 1) the removal of harmful
impurities with aqueous solutions, which does not re-
quire the use of expensive and environmentally harmful
reagents (like NH,OH, H,SO, HCI, HF); 2) combus-
tion of salty coal in a mixture with other fuels (coal, bio-
mass, and others), which do not contain an abnormally
high content of Na and CI.

As for the first option (removal of salts), it is charac-
terized by a number of factors, such as the duration of
contact with water, the coal to water mass ratio, and the
conditions under which the contact of coal with water
occurs (intensity and nature of mixing, temperature of
the medium, particle size, mineralization of water). The
studies were conducted of Na and Cl yield at different
coal desalting conditions [11, 12] showed the principal
promise of this method, which allows to develop an ef-
fective and economically feasible technology for clean-
ing salty coal, when implemented, allow obtaining a
high-quality coal (the desalting process does not aggra-
vate the fuel parameters of coal), in which the concen-
tration of Na and Cl will be lower than the maximum
permissible value.

This preliminary treatment using well-defined tech-
nological regimes provides an energy technological ba-
sis for the utilization of domestic coal with high content
of alkali metals. And in this part, our developments co-
incide with the pressing problem of the use of other (re-
newable) carbon rich materials (biomass). The latter
may also contain a lot of fusible salts and require special
measures before burning (reducing the content of salts
by washing, dipping, pelleting or torrefication).

Regarding the second option, recent publication of
the test results for joint burning of salty coals [10] from
Zhundong deposit in Xinjiang province (China) with
another non-salty coal indicates that, knowing the min-
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eral composition of the coal, it is possible to find opti-
mal blend ratios of salty coal and typical hard (bitumi-
nous) coal, for which problems of slagging and corro-
sion are not observed. However, each natural deposit
differs from other ones with its individual mineral com-
position, and this requires special research. Below we
compare the salty coals from China’s and Ukraine’s de-
posits, using our own and published data (Tables 1, 2).

As seen from Table 1, core samples from the Novo-
moskovsk deposit and Bohdanivsk deposit (Ukraine)
and coal samples from the Zhundong deposit (China)
[6—10] are similar in technical characteristics, H/C
atomic ratio, but differ significantly by the content of
heteroatoms (O, N, S). Chinese coal appears to be more
oxidized, but Ukrainian coal is more sulfuric. The
chemical composition of the ash in the presented sam-
ples is also different. As seen from Table 2, Novomos-
kovsk salty coal has higher content of alkaline (sodium
and potassium oxide) and amphoteric (aluminum oxide
and iron oxide) components, while the Chinese coal has
a higher content of calcium oxide. All of these oxides
play a significant role in the formation of certain types of
sticky or slag deposits at different parts of the combus-
tion unit equipment.

The chemical composition of coal ash is used to de-
termine the fouling factor (f), which is calculated by the
formula [9]

f= %ZAlk %;
B =%Fe,0,,Ca0, MgO, Na,0, K,0 %;
A=3%Si0,, Al,0,, TiO, %;
> Alk =3 Na,0,K,0 %.

The ratio of basic oxides to acid oxides (B/A) is con-
sidered as a contamination indicator in forecasting the
trends for slagging. Comparing the fouling factor, we see
that the most prone to slag are some samples of coal
from the Novomoskovsk deposit, whose fouling factor
varies widely (6.9—25.3 %), whereas for the Zhundong
(China) deposit it is 10.7—16.5 %, where the main role
in slagging belongs to Na, K, Ca. The fouling factor for
coal from the Bohdanivsk deposit (0.8—4.6 %) is con-
siderably less important, due to significantly lower Na
content in ash.

It is known that one of the most fusible components
in salty coal is halite (sodium chloride (NaCl) —
39.34 % Na, 60.66 % Cl, t,,,, = 801 °C, t,,;,= 1465 °C).
When settling at the working surfaces and on the fly ash
particles, it substantially increases their stickiness, cre-
ating conditions for the formation of the primary slag
layer. According to research data, potassium is almost
completely bound to refractory silicates that are insolu-
ble in water and are not sublimed during coal combus-
tion.

Under temperatures typical for combustion cham-
bers, sodium chloride in fuel is almost completely subli-
mated and reacts with sulfur oxides to form sodium sul-
fate (strong solid thenardite)

2NaCl (gas)+S0, +%02 +H,0 <> Na,SO, (gas)+2HCI

Portions of sodium chloride and sodium sulfate,
while in a vaporous state, condense on the heating sur-
faces and fly ash particles and increase their stickiness.
The latter reduces ash viscosity and the start tempera-
ture of slagging.

Table 1
Characteristics of salty coals from Ukrainian and China deposits
Element analysis, % Proximate (technical) analysis, % H/C
Deposit Cdaf o Naf §daf Odet Wwe ydaf 44 Atomic

ratio
Bohdanivsk 70.1-78.0 | 49-5.7 | 1.3—1.7 | 1.6-5.9 13.4—15.2 7.0—11.0 | 41.2—42.6 | 8.6—14.6 | 1.0—1.3
(Ukraine)
Novomoskovsk | 66.3—75.8 | 4.5-5.2 | 1.0—1.5 | 0.9-5.8 8.1-10.6 5.9-9.2 40.9—46.4 | 7.1-14.8 | 1.1-1.4
(Ukraine)
Zhundong 60.9—-76.4 | 4.6-5.2 | 0.5-0.8 | 0.1-0.5 | 18.1-33.14 5.9-10.9 | 33.5-43.3|4.1-10.1 | 0.9—-1.4
(China)

Table 2

Chemical composition of SC ash from deposits in Ukraine and China
Deposit Na,O MgO Al,O4 Sio, P,0s SO; K,O CaO TiO, Fe, 0,

Bohdanivsk 1.85— 0.45— 2.59— 30.36— 0.09— 4.15— 0.20— 4.07— 0.12— 5.89—
(Ukraine) 6.80 2.52 24.44 52.14 1.20 20.25 2.50 19.22 0.80 17.08
Novomoskovsk 3.47— 1.52— 11.11— 13.32— 0.07— 7.20— 0.62— 7.84— 0.18— 7.50—
(Ukraine) 12.48 4.43 20.67 32.97 0.38 18.56 1.88 13.68 0.72 34.50
Zhundong 2.70— 3.20— 7.50— 13.90— 0.05— 11.32— 0.25— 10.95— 0.29— 6.50—
(China) 9.60 11.14 11.52 23.00 0.54 18.58 0.86 50.00 0.65 18.26
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According to the data from VTI (Moscow), the tem-
perature of the start of slagging for salty coal from the
Novomoskovsk deposit is within the range of 750—850 °C
(with the ash content within 7.6—12 %), whereas for
non-salted Donbas coals it falls in the range of
1000—1020 °C. It is worth focusing also on calcium
compounds, since their content in fuel largely deter-
mines the tendency for slagging and the ability to form
solid, hard-to-remove deposits on heating surfaces of
the convective path. Such deposits usually begin to form
when the content of CaO in the ash exceeds 15—20 %.
Ca compounds with oxides of sulfur, carbon and iron
when subjected to the contact with water tend to form
gypsum and cement-like deposits which are difficult to
remove. According to research data, potassium is almost
completely bound to refractory silicates that are insolu-
ble in water and are not sublime by coal combustion.

Based on the above, the purpose of our work was to
study the native mineral composition obtained from
water-soluble mixtures of salty coal deposits in Ukraine.
Unlike the chemical composition of ash, the composi-
tion of native mineral components can be determined
only by non-destructive physical methods (for example,
X-ray diffraction) [13]. But the content of alkali com-
pounds in the coal is too small (<2 %), which does not
allow investigating its composition by physical methods.
That is why in our work we used the extraction, drying
and analysis of water soluble compounds of salty coal,
which allows us to reliably determine the composition of
the impurities and to consider the prospects of using the
washing waters of the investigated domestic coal.

Experiment. For the experiment, 5 samples (core
samples) of salty coal were selected: two samples from
the Bohdanivsk deposit, two samples from the Staro-
bilsk deposit and one from the Novomoskovsk deposit
(Table 3).

The coal was air dried at the room temperature,
crushed and sieved to particle size of < 200 microns. To
obtain concentrate of minerals that determine behavior
of salty coal in thermochemical processes, water extracts
(WE) were used of the salty coal (SC) samples coming
from the above deposits. Water extractions obtained
from salty coal were optimized by the following param-
eters: time duration, temperature and ratio of solid and

water phases [11]. Samples of salty coal were mixed with
distilled water in a special container with coal to water
mass ratio — 1 : 3, and then stirred at a speed of 1000 rpm.
at 35 °C temperature for 5 minutes. The water-coal slur-
ry was then passed through a filter to a separate coal
solid phase. The filtered coal was washed again for
1 minute. Subsequently, the resulting water extracts
(both primary and secondary) were analyzed for total
salt content using Conductivity/TDS/Temp Indicator
Ezodo4805 (Table 4).

In other units, the salt content in the water extracts
will be from 2.6 to 6.8 g/liter for the primary rinsing, and
from 1 to 2.3 g/liter after secondary rinsing. It is seen
that the first leaching removes the main proportion of
salts — from 67 to 81.5 % of the total content.

To remove water from water extract, evaporation was
used during the day at a temperature of 40—50 °C, until
air-dry mixtures were obtained, which were further ana-
lyzed using a diffractometer DRON-4M (Cu (Co) Ka-
radiation). The shooting of powder diffractograms
(DFG) was done at the angles of 15—60° Theta stepwise,
at every 0.04°. Interlayer depths in minerals were deter-
mined with an accuracy of 0.002 nm. The semi-quanti-
tative phase analysis of diffractograms was performed
using the MATCH#* software. The obtained results are
presented in Figs. 1—5. The generalized characteristic of
certain minerals is summarized in Table 5.

Fig. 1 shows the diffractogram of dry matter in water
extract from the Novomoskovsk salty coal. It is seen that
at least 4 varieties are present in the minerals from water
extract, where the predominant substance is halite (81 %),
and tenardite, gypsum and melanterite are presented by
residual quantities (15, 10 and 8 % respectively).

Mineral composition of water extract from the
Starobilsk salty coal No. 1413 (Fig. 2) appeared simple:
in it, there prevails sodium chloride (about 85 %), in the
residual quantity is gypsum CaSO, - H,O ~ 14 %. In wa-
ter extract composition of another sample from Staro-
bilsk salty coal No. 1416, a larger range of minerals was
found: halite — 8 %, magnesium chloride — 20 %, mel-
anterite (FeSO, - 7H,0) — 25 %, gypsum — 33 %, and,
judging from the reflexes with d = 3.05; 3.45 (48); 2.10, it
is possible to note the presence of CaCl, (2—3 %). At-
tention should be drawn to the very high content of gyp-
sum, which must be taken into account when firing such
coal, and when using the flushing water in case of indus-

Table 3 trial leaching.
Characteristics of the samples of salty coals
Ash | Volatiles | Moi Na,O | Sulfu Table 4
. t] 1 ..

Deposit A”,s% !%},I;S VOVI,S %re in a2}21, % ;l %r Characteristics of water extracts from the SC
Bohdanivsk 11.2 41.1 96 360 2.7 Overall Sahnlty
No. 13 Deposit Primary extract | Secondary extract
Bohdanivsk 53 | 42.8 12.7 6.92 1.2 TDS, ppm TDS, ppm
No. 25 Bohdanivsk No. 19 4680 2290
Starobilsk 11.8 47.4 14.3 3.3 5.4
N ate ? Bohdanivsk No. 25 5030 1900
Starobilsk 73| 37 | 203 | 657 | 28 Starobilsk No. 1416 2640 950
No. 1413 Starobilsk No. 1413 5570 2340
Novomoskovsk | 11.5 44.1 8.1 9.40 2.1 Novomoskovsk 6840 1550
ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6 43
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Fig. 1. The diffractograms of the water extract of salty
coal from the Novomoskovsk deposit

After analysis of the diffractograms of water extract
of salty coal from the Bohdanivsk deposit, we noticed
relatively simple composition of the minerals in the case
of salty coal from wells No. 19 (Fig. 3, a), where the pre-
dominant substance is gypsum (91 %), and the content
of halite is only 9 %. Instead, the water extract of coal
from well number 25 (Fig. 3, b) showed at least 4 miner-
als: halite — 17 %, CaCO; — 29 %, MgCl, — 35 %, anhy-
drite (CaSO,) — 19 %.

‘Starobelsk #1413

The results on presence of significant quantity of sul-
fates in water extracts were rather unexpected, assuming
the data on the solubility of salts (Table 4). However,
they confirmed the results from the 1990s, where, in WE
from the Novomoskovsk SC, besides halite (=75 %),
sulfates, gypsum and glauberite, were also found.

Finally, the study showed that despite similar values
of salinity index — an elevated (>2 %) Na,O content in
the ash, the so-called salty coals essentially differ from
each other by mineral composition of water-soluble
substances, even within one deposit. When burning
coal, this will be significant, since fusible eutectics of
minerals will require special approaches to the organiza-
tion of the process. A detailed study on the mineral
composition of salty coal will certainly be necessary
upon the selection of fuel blends adapted for combus-
tion in existing boilers.

Concerning the further fate of salty coal rinsing wa-
ter, we consider it to be a secondary (and quite likely,
valuable) resource rather than the waste, as these waters
contain not only chemical elements and compounds
(sodium, magnesium, calcium, chlorine anions, sulfate
ions), but also the biologically active trace elements can
be found. This reasonable thought is based on the data
obtained on the wide variety and high content of a num-
ber of valuable (essential) trace elements (Cu, Zn, Mn,

‘Starobelsk #1416

Gypsum NaCl

Melanterite Anhydrite MgClz

§
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Fig. 2. Diffractograms of dry matter in WE of salty coal from the Starobilsk deposits:
a— No. 1416, b — No.1413
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Fig. 3. Diffractograms of dry matter in WE of salty coal from the Bohdanivsk deposits:

a— No. 19; b — No. 25
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Table 5

Characteristics of minerals found in water extract probes of salty coals

Mineral Formula g[ml\./{l,. Dge/lgfnlty ’ T 'C Solubilg}; 121:)1 8()) g H,0
Halite NacCl 58.4 2.17 801 3585¢g
Magnesium Chloride MgCl, 95.2 2.316 707 353¢g
Calcium Chloride CaCl, 110.9 2.51 772 74 g, 159 g (at 100 °C)
Calcium Sulfate (Anhydrite) CaSO, 136.1 2.96 1420 0.2036 g,

0.067 g at 100 °C (precipitates)

Semi-dry Gypsum CaS0O,0.5H,0 | 145.1 | 2.67—2.73 | Decomposed at 163 °C | Slightly soluble (as gypsum)
Gypsum CaS0O,2H,0 | 172.2 2.32 Decomposed at 128 °C | 0.206 g (20 °C); 0.212 g (30 °C)
Tenardite Na,S0, 142.0 2.68 883 19.2g (20 °C); 42.3 g (100 °C)

Co, Fe) in salty coal (for instance, from Novomoskovsk
deposit), and its chemical components (fulvic acids, hu-
mic acids). This is a reason why the aqueous extracts
generated during the salty coal washing ensuring, on the
one hand, unproblematic combustion of purified coal,
should themselves become the object of scientific re-
search by specialists; they could become an additional
resource of water with medium mineralization (5—
15 g/liter) to reduce the acidity of soils and increase the
crop productivity. In view of the above study, for pre-
dominant ions, the salty coal washing water could, obvi-
ously, be classified as being chloride-sodium-calcium.

Secondly, in case of the need of fresh water (in par-
ticular, in the Northern Donbas) and taking into ac-
count the climate conditions, partial desalination of
washing waters can be offered using the already devel-
oped and applicable methods [14], with the production
of technical water and, simultaneously, of the salt con-
centrate to a certain economically and ecologically
sound level, for example, to the level of high mineraliza-
tion water (15—30 g/liter), which may be an additional
resource for replenishing brine lakes and estuaries,
which are abundant in Ukraine (Rapne lake, Slavyansk
city; Solone lake, Arabatska Strilka; Kuyalnyk estuary,
Odesa city, and others). The study of biological activity
in the saline flushing water can also give additional im-
petus to identify ways to use this, at first glance, “waste”.

The technical and economic aspects of coal desalt-
ing and industrial use of flushing water generated during
the enrichment of salty coals still require a wide range of
specific inter-disciplinary studies.

Conclusion. The developed methods and techniques
for desalting Ukrainian coals and studied specific fea-
tures of the composition of fusible water-soluble com-
pounds in the SC serve the energy and chemical techno-
logical basis for the involvement of salty coals to the
energy balance of the country.

Reference.
1. The Paris Agreement, UNITED NATIONS 2015
[online]. Available at: <https://unfccc.int/files/essen-
tial_background/convention/application/pdf/english
paris_agreement.pdf> [Accessed 25 December 2017].
2. Popovich, I.N., 2013. State and prospects of coal in-
dustry development in Ukraine. Ugol Ukrainy,10, pp. 3—6.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6

3. Ivanova, A. V., 2015. Formation conditions and prob-
lems of development salty coals of Ukraine, Geoehko-
logicheskie — problemy  uglepromyshlennyh  territorii,
pp. 188—199.

4. Hatt, R. and Mann, C., 2015. Operational Consider-
ations When Burning Higher-Chlorine Coal, 02/01/2015
[online]. Awvailable at: <http://www.powermag.com>
[Accessed 4 January 2018].

5. Krut, A.A., Fateyev, A.I. and Muzalevskaya, N.1.,
2016. Mineralization of water during the purification of
salted coal. Ugol Ukrainy, 9—10, pp. 32—35.

6. Guoliang, Song, Xiaobin, Qi, Shaobo, Yang and
Zhao, Yang, 2018. Investigation of ash deposition and
corrosion during circulating fluidized bed combustion
of high-sodium, high-chlorine Xinjiang lignite. Fuel,
214, pp. 207—214. DOI: 10.1016/j.fuel.2017.11.011.

7. Yukui, Zhang and Haixia, Zhang, 2017. Gasification
Characteristics and Sodium Transformation Behavior of
High-Sodium Zhundong Coal. Energy Fuels, 31,
pp. 6435—6444. DOI: 10.1021 /acs.energyfuels.6b03456.
8. Dai, B., Wu, X., De Girolamo, A. and Zhang, L.,
2015. Inhibition of lignite ash slagging and fouling upon
the use of a silica-based additive in an industrial pul-
verised coal-fired boiler. Part 1. Changes on the proper-
ties of ash deposits along the furnace. Fuel, 139,
pp. 720—732. DOI: 10.1016/j.fuel.2014.06.054.

9. Yaxin, Gao, Lizhi, Ding, Xian, Li, Wenhui, Wang, Yi
Xue, Xianging, Zhu, Hongyun, Hu, Guanggian, Luo,
Ichiro, Naruse, Zongging, Bai and Hong, Yao, 2017. Na
& Ca removal from Zhundong coal by a novel CO,-water
leaching method and the ashing behavior of the leached
coal. Fuel, 210, pp. 8—14. DOI: 10.1016/j.fuel.2017.08.046.
10. Renhui, Ruan, Houzhang, Tan, Xuebin, Wang,
Yan, Li, shuaishuai, Li, Zhongfa, Hu, Bo, Wei and Tao,
Yang, 2018. Characteristics of fine particulate matter
formation during combustion of lignite riched in AAEM
(alkali and alkaline earth metals) and sulfur. Fuel, 211,
pp. 206—213. DOI: 10.1016/j.fuel.2017.08.114.

11. Fateev, A.1. and Romanova, L. A., 2014. Influence
of technological factors on the process of washing harm-
ful impurities from the saline coal of Ukraine. Energy
technologies and resource saving, 3, pp. 6—10.

12. Krut, O.A. and Dunayevska, N.1., 2015. Prospects
of enrichment the Donbass salty coal, Ugol Ukrainy,
7-8, p. 73-76.

45




SOLID STATE PHYSICS, MINERAL PROCESSING

13. Klimenko, N.A., Astrelin, I. M., Grechanik, S.V.,
Nevinnaia, L.V. and Kosogina, 1.V., 2016. Evaluation
of the possibilities to use the waste of alumina produc-
tion in Ukraine at water treatment, Energy technologies
and resource saving, 2, p. 62—69.

14. Pigulevskiy, P. 1., Tyapkin, O. K., Podresenko, I. N.,
Ostapenko, N.S., Kyrychenko, V.A. and Bondaren-
ko, L.V., 2015. Prospect of use of liquid wastes as a
source of mineral compounds (on an example of Krivoy
Rog iron ore basin). Geologogeofizicheskiye issledova-
niya, pp. 1—10.

EneprorexnoJioriune miarpyHTs AJis 3a1y4eHHS
COJIOHOTO BYTiJLISI 10 €HeprodajaHcy YKpaiHu.
1. Ckiaa BOJHHUX €KCTPAKTIB i MepCneKTUBU
IX yrumizamii

A. I @amees', T. I. lllendpix?, C. C. Honiuyi?,
H. I Jlynaescoka
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M. KuiB, YkpaiHa, e-mail: antonfateev86@gmail.com
2 — IHcrutyT (pizMKo-opraHiuyHoi Ximil i Bymieximii iMeHi
JI.M.JIutBunenka HAH VYxkpainu, m. KuiB, YkpaiHa, e-
mail: shendriktg@gmail.com
3 — Inctutyt Metanogizuku imeHi I'. B. Kypmiomosa HAH
VYkpaiuu, M. KuiB,Ykpaina, e-mail: metal@imp.kiev.ua

Byrinns 3 nigBuilieHUM BMIiCTOM JIY>KHUX i JIy>KHO-
3eMeJIbHUX MeTaliB (conoHe Byruuisg (CB) 3aitmae
YUHHE MiClIe cepell pe3epBHUX JXKepesl eHepTii B YKpa-
iHi. [Toxnmagu CB po3TamoBaHi y IpOMUCIOBUX PErio-
Hax, BOHO Ma€ BUCOKi MaJIMBHi MOKAa3HUKU i1 MOXKe He-
3a0apoM CTaTU CYTTEBOIO YACTUMHOIO CYMIillIeBUX Ma-
JIUB, 10 BiANOBIZATUMYTh CTaHAApTaM YKpaiHU Ta
3MOXYTh KBaJli(pikoBaHO BUKOPUCTOBYBATUCH Ha CYy-
yacHux TEC. [Ins BU3HaUeHHsI pallioHAJIbHUX CITOCO-
0iB 3aJTy4eHHS COJIOHOTO BYTLIA 0 NAJIMBHOI rajty3i y
CBITOBI#1 TIPaKTHIIi IITUPOKO 3aCTOCOBYETHCS ACTATbHE
TMOCTiMKEeHHS BIUIMBY MPUPOIHUX MiHEPATbHUX PEUO-
BUH Ha IIpOLIeCH LUIAaKyBaHHSI, HAJIMIAHHS 1 KOpOo3il
MpU CITaII0OBaHHI TAKOTO BYTiJLIS.

Mera. BusHaueHHS cKiagy MpUPOIHUX BOIOPO3-
YMHHUX MiHEPaiB-BYTi/UIS, 110 IPU3BOISITH 10 HU3KU
npo06seM Mpu CrajlloBaHHi, HE pyHHYIOUMMU MeToda-
MU, TIOPIiBHSUIBHUI aHali3 CKJaay MiHepalbHUX (a3
CB pi3Hux ponoBull YKpaiHu, OLliHKA iXHbOI 3MaTHOC-
Ti 1O IIJTAKYBAaHHST Ta OTJISII TIEPCTIEKTUB BUKOPUCTAH-
HS$I IPOMUBHUX BOJI, 1110 YTBOPIOIOTHCS IPY 3HECOJIEHHI
BYTUJUIAL.

Metoauka. I3 BUKOpUCTaHHSIM pO3pOOJIEHUX aBTO-
paMM TEXHOJIOTIYHUX PEXKMMIiB 3HECOJICHHSI OfepKaHi
BomHi ekctpakTu CB, 1110 mOCTimKeHi METOIOM PEeHT-
reHiBcbKoi mudpaxitii (mprwrax DRON 4M), Ta Bu3Ha-
YEeHO CKJIAM IX CyXMX PEYOBHUH 3a IOTIOMOTOIO IMPOrpa-
mu MATCH!. 3aranbHuii BMIicT cojieii Ta e(pheKTUB-
HICTb iX BUIAJIEHHSI 3 BYTiJUISI BOIOIO OLIIHEHO 3a J0T0-
mororo npunany 4805 Conductivity TDS/Temp indica-
tor/EZODO.

Pe3yabraT. BuzHaueHo ckJiag i o0COOIMBOCTI MiHe-
panbHUuX a3 ekcTpakTiB CB pi3HUX BITYU3HSIHUX PO-
JIOBUILL. 3a JTaHWMU XiMiYHOTO CKJIaly 30JIM PO3paxoBa-
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HO akTop 3a0pymHeHHs g CB pisHux pomosuil
Ykpainu, npoBeAeHO MOPiBHSIHHS i3 JAHUMMU CBITOBUX
mxepen. IlokazaHo, 1110 HaBiTh IMpU OJIM3bKOMY 3Ha-
YeHHi BMICTy OKCHUIY HaTpilO B 30J1i, COJIOHE BYTiLISI
Pi3HUX POJIOBUIIL 32 ACOPTUMEHTOM (3HAAEHO Bil 2 10
5 pi3HOBUAIB) HATUBHUX BOAOPO3YMHHUX MiHEpaIiB Ta
iX CHiBBIIHOIIIEHHSIM CYTTEBO PO3Pi3HSEThCS. BusHa-
YeHO, 110 Y BOIHUX €KCTPAKTaX IBOX 3pa3KiB COJIOHOTO
BYTIJUTS IIPEBATIOIOYMME MiHEpalaMU € CyIbdaTu, a He
raJit.

HaykoBa HoBH3HA. YTIepllle BUKOHAHO TTOPiBHSIIb-
HUI HaMiBKiJIbKICHUI aHalli3 HATUBHUX MiHEpaJIbHUX
da3 cyxux BomHUXx eKcTpakTiB CB TphoX yKpaiHCHKUX
POIOBMIIL, y3araJlbHEHI JaHi 00 YMOB €(heKTUBHOTO
3HECOJIEHHS BYTiJuIsl. PO3IIsIHYTI MepcneKTUBM YTUITi-
3allil (3aXOpOHEHHS ) IPOMUBHUX BOJI, 1110 YTBOPIOIOTh-
¢Sl TIPU IMiATOTOBLII COJIOHOTO BYTiJUIS 10 €HEPTeTUYHO-
IO BUKOPUCTAHHS.

IIpakTHyHa 3HAYMMICTb. 3aBASIKU OETATbHUM AOCITi-
IDKEHHSIM CYXMX BOTHHMX €KCTPaKTiB i BCTAHOBJICHHIO
ckJaay miHepanabHux a3 CB cTae MOXJIMBUM MTPOrHO-
3yBaHHS: 1) YTBOPEHHSI HM3BKOIUIABKUX E€BTEKTHK Y
TMIPOLIECi CITATFOBAHHS BITYM3HSIHOTO COJIOHOTO BYTIJIJIST
Ta BiMOBiIIHOTO BUOOPY CIielliaIbHUX YMOB MPOLECY,
10 3aI00iraTUMYTh IIUIAKYBaHHIO; 2) CKJIamy Ta ITOBe-
JIIHKK CyMillleBUX TajuB 3a yyacti CB i1 iHIIIoro ByTin-
JIs1, 1110 BiIPi3HSIETHCS 3HAYHUM BMiCTOM TYTOILIaBKUX
crnonyk; 3) BUOOpPY NMEeBHUX MiHepadbHUX OOAATKIB (Y
T.4. IPOMUCJIOBUX BiIXOLiB), 110 3HWXYIOTb PU3NUKH
LLIJTAKyBaHHS i1 KOpO3ii Mpu cnajaoBaHHi BITYU3HSIHOTO
COJIOHOT'O BYTLJIJIS.

KimouoBi ciioBa: conone 8yeinns, gpakmop 3a6pyoneH-
Hs, 800HA eKCMpAaKUis, HAMUeHi MIHepaiu, XA0puol,
cyavghamu, ymunizayiss nPOMUGHUX 800

DHeProTexHoJI0rM4ecKoe OCHOBaHHE
JUISl BOBJIEYEHHS COJIEHbIX YIJIei
B SHEpProdaJaHc YKpauHbI.
1. CocTaB BOIHBIX 3KCTPAKTOB U NMEPCHEKTHBbI
X YTHIM3AIHUH
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Y111 ¢ MOBBILIEHHBIM COAEPKAHMEM IIEJIOYHBIX 1
1LIEeJIOYHO3eMEIbHBIX MeTa/uioB (cojieHble yrau (CY)
3aHUMAIOT BITOJTHE OIpEAeIEHHOEe MECTO Cpeau pe-
3epPBHBIX MCTOYHUKOB SHEPIrUM B YKpaumHe. MecTo-
poxmeruss CY pacrosoXeHbl B IEHTPATbHBIX IIPO-
MBILUIEHHBIX PETMOHAX, YIJIM MMEIOT BBICOKHME TO-
IUIMBHBIE TI0KAa3aTeJd WM MOIYT BCKOpE CTaTh Cyllle-
CTBEHHOI YaCTblO CMECEBBIX TOILIUB, KOTOPbIE OYyIyT
COOTBETCTBOBATh CTaHAApTaM YKpauHbI U CMOIYT KBa-
JUGULIMPOBAHHO HUCIIONIb30BaTbCSI Ha COBPEMEHHBIX
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TOC. Ing onpenenaeHUs palioHAIbHBIX CITOCOOOB BO-
BJICUCHUS COJICHBIX YIJIei B TOIUTMBHYIO OTPACTb B MU-
pOBOI TIPAKTHKE IIMMPOKO IIPUMEHSIETCS IeTaJbHOE
HUCCIIeNIOBaHNE BIMSHUS TIPUPOIHBIX MMHEPaTbHBIX
BEIIECTB Ha IPOLIECChl IIJAaKOBAaHUs, HaJWUMAHUS U
KOPPO3UM MPU CKUTAHUU TAKUX YIJICH.

ean. OnpeneneHue cocTaBa MPUPOIHBIX BOAOPAC-
TBOPUMBIX MMHEPAJIOB-YIJIei, KOTOPbIe MPUBOAIT K
psimy TpoOJieM TIpU CKWUTaHWM, HE pa3pylIaroIivuMu
METOIIaMM, CPaBHUTEIbHBI aHaAJM3 COCTaBa MUHE-
panbHbIX ha3 CY pasHbIX MECTOPOXAECHUN YKpauHbl,
OlIEHKA MX CKJIOHHOCTH K IIJIaKOBAaHUIO, a TaKXKe 00-
30p MIEPCITEKTUB MCTI0JIb30BaHMSI IIPOMBIBHBIX BO, KO-
TOpBIE 00PA3YIOTCS TIPU 00€CCOTMBAHNY YTJICH.

Metomuka. C Mcnionb30BaHUEM pa3pabOTaHHbBIX aB-
TOpaMU TEXHOJOTUYECKUX PEKUMOB 0O0CCCOIMBAHMS
MoJIydeHbl BoJHBIE 3KCTpakThl CY, KOTOpbIEe UCCIEI0-
BaHbl Hepas3pyllalolldM METOIOM PEHTTeHOBCKOM
nudpakuuu (mpuoop DRON 4M), omnpeneneH coctaB
MX CYXUX BEIIeCTB Ipu nmomoiiu nmporpammsl MATCH!.
Oo61uee coneconepxxaHue U 3Gp@GEKTUBHOCTb YAaAEHUS
COJIM U3 yrJiel BOJOI OLIEHWIU TIPU TTOMOILIM Mpudopa
4805 Conductivity TDS/Temp indicator/EZODO.

Pesyabratbl. OrnipenesieH cocTaB U OCOOEHHOCTU
MUHepanbHBIX (a3 skcTpakToB CY pasHBIX OTede-
CTBEHHBIX MecTopoxaeHui. [1o qaHHBIM XUMUYECKO-
TO COCTaBa 30JIbl pacCYMTaH (DaKTOp 3arps3HEHMS IS
CY pa3HbIX MeCTOPOXIEHUI YKpauHBI, TPOBEICHO
CpaBHEHME C JTaHHBIMU MUPOBBIX UCTOYHMKOB. [Toka-
3aHO, YTO JaXKe MpU OJM3KOM 3HAYEHUU CONEpKaHMSI
OKCHJa HaTpUsl B 30Jie, COJICHbIE YIJIM Pa3HbIX MECTO-
POXIEHUIl MO acCOPTUMEHTY (0OHapyXeHO OT 2 10
5 pa3HOBUIHOCTEI) HATUBHBIX BOJIOPACTBOPHUMBIX MU -
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HEepaJioB U UX COOTHOIICHUIO CYIIECTBCHHO pa3jImJa-
forcs. [lokazaHO, 9YTO B BOTHBIX 3KCTpaKTaX ABYX 00-
pasnoB CVY mpeBaIupyoIMMU MUHEpaJaMU SIBJISTIOT-
cs cynbdathl, a He TaJuT.

Hayunasi HoBu3Ha. BriepBble BBIMOJHEH CpaBHU-
TEJbHBI TOJYKOJUYECTBEHHbI aHaanW3 HaTUBHBIX
MUHEPATIbHBIX (ha3 CyXUX BOIHBIX 9KCTpakToB CY Tpex
YKPaMHCKUX MECTOPOXIEHUI, 0000IIEeHbl JaHHbIE 00
yCcIoBUSIX 9(PPEeKTUBHOTO obeccouBaHus yrieit. Pac-
CMOTPEHBI TIEPCIIEKTUBbI YTUIN3AIUN (3aXOPOHEHMUSI)
Y WCIIOJIb30BAHUS TIPOMBIBHBIX BOJ, OOpPa3yIOIINXCS
IIPY TTOATOTOBKE COJICHBIX YIJIEH K SHEPTeTUICCKOMY
IIPUMEHEHUIO.

IIpakTHyeckas 3HaUMMOCTh. braromapsi metaabHBIM
HCCIIETOBAHUSIM CyXUX BOTHBIX 9KCTPAKTOB M YCTAaHOB-
JICHUIO coCcTaBa MUHepabHbBIX (a3 CY cTaio BO3MOXK-
HBIM TIPOrHO3MpoBaHue: 1) 0Opa3oBaHUS HU3KOIIAB-
KHX 3BTEKTUMK B MPOIECCe CKUTAaHUSI OTEYECTBEHHBIX
COJICHBIX YIJIEll M COOTBETCTBYIOILIETO BhIOOpA CHELU-
aJIbHBIX YCJIOBUI IMpoliecca, KOTOpble OYyayT IpersT-
CTBOBATh IIIJIJAKOBAHUIO; 2) COCTaBa U MOBEICHUS CMe-
CeBBIX TOIIUB TIpu yuyactuu CY u 1pyroro yrisi, KOTo-
pBIil OTJIMYAETCsS] 3HAUUTETBLHBIM COJIEPXKAHUEM TYTO-
IUTABKUX MUHEPAJIOB; 3) BBIOOpA OMpeneaeHHBIX MH-
HepaJIbHBIX T00ABOK (B T.4. IIPOMBIIIIJICHHBIX OTXOHOB),
KOTOpBIE CHIDKAIOT PUCKHU IUIAKOBAHUSI M KOPPO3UU
MIPY CKUTAaHUU OT€UECTBEHHBIX COJICHBIX YTJICH.

KioueBble ciioBa: cosenbie yeau, pakmop saepsasHe-
HUs, B00HAS IKCMPAKYUSL, HAMUBHblE MUHEPANbl, XA0PU-
Obl, cyavghamol, ymuau3ayus nPomMblGHbIX 600

Pexomendoseano 0o nybaixauyii dokm. mexH. HayK
1. A. Boavuunum. Jlama naoxooxcenus pykonucy 29.10.17.
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