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THE ENERGY TECHNOLOGICAL BACKGROUND OF INVOLVING SALTY
COALS INTO ENERGY BALANCE OF UKRAINE.
2. NATURAL MINERALS AS CATALYSTS OF THERMOCHEMICAL
CONVERSION OF SALTY COALS IN VARIOUS CONDITIONS

Salt coal (SC) of the Northern Donbas in the list of non-project fuels is a perspective source of energy in Ukraine under the
conditions of occurrence and reserves. This is due to its relatively high energy (fuel) characteristics and the presence in its compo-
sition of the natural catalytic complex - the increased content of salts of alkali and alkaline earth metals and trace elements. These
impurities, on the one hand, can lead to some burning problems, but can also have a positive effect when such coal in mixtures with
other less reactional fuels is used.

Purpose. Determination of the influence of water-soluble compounds (chlorides and sulphates of sodium, calcium, magne-
sium, etc.) on the thermolysis (combustion) processes of salt coal of Bohdanivsk deposit (the Northern Donbas) at different tem-
peratures.

Methodology. Samples of desalted coal were obtained using previously optimized parameters of the process aqueous extraction
(time, temperature, and solid to liquid phase ratio). The elemental composition and technical characteristics of coal are deter-
mined by appropriate standard methods. The dynamics of gas emission and combustion of coke residues of salty and desalted coal
was determined using the “Pyrolysis M” installation. The MX-1215 mass spectrometer was used as a gas analyzer. The kinetic
parameters of the process were calculated based on the Arrhenius law.

Findings. The changes in the elemental composition of the organic mass of coal (OMC) occurring during the purification of
salty coal by water extraction are determined. Experimental studies have been conducted on the combustion of salty and desalted
coal of the Bohdanivsk deposit in the temperature range of 550—850 °C. It has been determined that native water-soluble minerals
of salty coal lead to intensification of ignition processes, accelerated yield of gaseous products (H,, CO, CO,) and changes in the
gas content ratio. The activation energy of combustion coke residual salty and desalted coal has been determined.

Originality. Some characteristics of combustion of salty and desalted coal are compared. It is shown that aqueous extraction of
salty coal leads to improvement of the fuel and energy characteristics. It is established that salts of alkali and alkaline earth metals,
which are a part of salty coal, are natural catalysts for the processes of thermolysis and burning of organic mass of coal. It is deter-
mined that in the temperature range of 550—850 °C, depending on the fractional composition of the sample, the water-soluble salt
complex accelerates the emission (elimination) of hydrogen by 3—4 times, carbon monoxide by 2—3.5 times, carbon dioxide by 2.5
to 3 times.

Practical value. The study shows the prospect of involving salt coal to the fuel base of Ukraine, not only as a separate fuel, while
reducing the concentration of harmful impurities (by water extraction), and as a component of blended fuels to increase the reac-
tivity of composite fuel raw materials.
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Introduction. Coal with high content of alkali and alkaline
earth metals (so-called salty coal (SC)) occupies its definite

fossil fuels and biomass [2—4], which is established by the re-
search of many domestic and foreign scientific schools. Alka-

place among the reserve sources of energy not only in Ukraine
but also in many countries of the world (China, USA, Russia,
Germany, Australia, etc.) [1]. The deposits of Ukraine’s salty
coals have shallow layers of deposits and high energy indices of
fuel. They are located in the West (Petrykivske and Novomos-
kovsk deposit) and the North (Starobelsk coal field, Bohda-
nivske and Petrivske deposits) of the Donbas, with explored
reserves of about 25 billion tons [1].

Compounds of alkaline metals (alkali, salts) are universal
catalysts (reagents) in many processes of thermal conversion of
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line compounds accelerate the reaction of gasification, lique-
faction, oxidation, thermal degradation of coal in order to ob-
tain hydrogen, affect the caking of coal dust. This applies to
the reactive and catalytic action of alkaline compounds, which
are artificially introduced in various ways in the reaction envi-
ronment — mechanical mixing, impregnation, seepage
(J.A.Cusumano, R.A.Dalla Betta, R.B.Levy. Catalysis in
Coal Conversion). The ways of the influence of the artificially
introduced alkaline components on the structural parameters
of coal of different degrees of metamorphism are considered
and generalized, and probable mechanisms of their influence
on the reactivity of samples of fuel raw materials are proposed.
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One of the mechanisms proposed by Ukrainian scientists (Ru-
dakov E.S.) is the process that leads to the formation of com-
pounds of the inclusion of alkali metals in the organic (polyar-
enic) carbon matrix, which causes the growth of the reactivity
of the whole system. Another mechanism takes into account
the possibility of the reaction of Kanizzaro (the dismutation of
two molecules with an aldehyde function) in an alkaline reac-
tion medium, which, with further rise in temperature, results
in the decarboxylation of the formed carboxylic acids.

The influence of major mineral components (kaolinite,
iron compounds, calcium oxide, etc.) of various types of solid
fossil fuels (SFF) on the processes of their thermal conversion
has also been extensively studied by leading coal and shale cen-
ters (USA, RF, Estonia, Australia, China, Australia). The in-
fluence of water-soluble compounds on the conversion of SFF
combustible mass was investigated much less due to their rela-
tively low content in the mineral components of typical project
fuels. But for the so-called salty coal, the role of alkaline and
alkaline earth metals and their salts must be clearly defined.

Literature review. Salty coal (SC) stands out from other
fuels not only for the problems of traditional combustion
(slagging, corrosion) [4], but also for being an energy raw
which contains a natural catalytic complex — alkali and alka-
line earth metals salts, iron sulfides and some of catalytically
active trace elements in significant amounts. The composi-
tion and properties of the mineral part of the Novomoskovsk
salty coal are given in the monograph by Shendrik T. G. and
Sarancuk V.I. “Salty Coals”, Donetsk, 2003. Studying the
structural features and properties of salty coal, it is worth to
assume that finely dispersed salts in the organic mass will af-
fect all the processes of thermal conversion of salty coal. This
phenomenon must be used to increase the efficiency of salt
coals burning.

Previous studies by Shendrik T. G. on the influence of so-
dium chloride of the salty coal of Novomoskovsk deposit on
the process of thermal decomposition (TGA method) showed
that the removal of salts by aqueous extraction leads to an in-
crease in the activation energy (from 28—30 to 40—70 kJ/mole)
and to the difficulty of destruction of the organic mass of coal
(OMQ). In other words, the presence of salt facilitates the de-
composition of macromolecules OMC in the interval of the
main thermal decomposition (MTD), significantly reduces
the interval MTD (from 100 to 80—60°), and also leads to an
increase in the yield of liquid products in the process of hydro-
genation. Similar regularities for the Belarusian shale were es-
tablished in the works by Gorky Yu. 1., Lukyanova Z. K., Mar-
tynovich K.B., conducted in the 1980—1990s. At the same
time, experiments on the liquefaction of a number of initial
samples of Novomoskovsk SC (with different content of Na,O
in ash — from 4 to 11 %) in the atmosphere of hydrogen or in
the mixture of CO and H, did not show a clear correlation be-
tween the content of alkali metals and the degree of conversion
of OMC. In this case, special experiments with desalted
(washed water) of the SC again revealed a deterioration of the
main indicators of the process of liquefaction. Thus, the de-
gree of conversion of OMC fell from 68 to 63 %, the yield of
liquid products to the organic mass of paste (OMC) decreased
from 77 to 70 % after the removal of water-soluble compounds.

Ambiguous results on the influence of native salts on the
course of the pyrolytic processes of salt coals are associated
with a certain influence of other indicators of raw materials
(petrographic composition, different mineral composition of
coal samples). Thus, an influence factor on the yield of liquid
products in the process of hydrogenation of salty coal of differ-
ent layers in the medium of tetralin was the content of liptini-
tum — a petrographic component, which is formed from spore
components of plants — one of the precursors of coal.

From the results of fundamental studies by Kuzne-
tsov B. M., etc. [3] on the influence of anion on the catalytic
activity of alkaline salts, it was found that potassium, sodium,
and lithium carbonates and sulfates exhibit a greater catalytic

(promoting) effect in thermochemical transformations of coal
than chlorides. The ambiguous effect of various cations (K,
Zn, Mn) in the composition of their chlorides on the course of
thermolysis purified by strong acids of coal (China) was estab-
lished in [5]. It is stated that the mechanisms of catalysis of the
selected chlorides differ, but their understanding is not clear.
From the analysis of the results, it can be concluded that chlo-
rides K and Zn behave as typical catalysts (after the thermoly-
sis of the treated coal are remained in the form of chlorides),
while Mn chloride is converted to its MnO oxide. This indi-
cates that the manganese cation is also involved in the redox
reactions that may precede the thermolysis process.

As for salty coal, it is necessary to highlight the recent work
by Chinese scientists, which considered the possibility of using
salty coal of Zhundong field as a catalyst for the combustion of
oil shale [6]. The catalytic effect of Na, Ca and Na + Ca on the
burning characteristics of shale combustion during co-com-
bustion with Zhundong coal was analyzed. The characteristics
of the ignition, combustion and complex index of combustion
of the oil shale in the mixture were determined.

The study of the influence of native alkaline compounds
on the thermolysis processes of non-project fuel is also signifi-
cant in view of the need to reduce the formation of known pol-
lutants of the atmosphere — nitrogen compounds, which are
formed in all thermal reactions of fossil fuels without excep-
tion. In [7], the effect of temperature on the yield of gaseous
products (composition, volume of output and caloric content)
and the characteristics of coke residue during the pyrolysis of
subbutuminous coal of the Zhundong deposit were evaluated,
and in [8] the transformation of nitrogen during steam gasifi-
cation of lignite was investigated. Chinese scientists, having a
large arsenal of modern scientific equipment, have studied the
conversion of the nitrogen of the source fuel in the process of
steam gasification of lignite (Shengli deposit) with a high con-
tent of alkaline compounds, which in terms of salt content is
close to our Bohdanivske (0.5—0.7 % of sodium oxide per dry
matter). They found that at temperatures of 700—1000 °C, the
Na, Ca, Mg compounds catalyze the conversion of fuel nitro-
gen to ammonia and promote the secondary reactions of ni-
trogen from coal char and the resulting hydrogen cyanide to be
converted to ammonia. They also claim that the presence in
the fuel of Na, Ca, Mg leads to the formation in the mass of
carbon residue of pyridine compounds and quaternary bases
of nitrogen [8].

In our previous studies, it was found that not only chlo-
rides (sodium, calcium, magnesium) but also sodium and cal-
cium sulphates are present in salty coal of deposits of Ukraine,
which are clearly identified in the composition of water ex-
tracts of SC [9].

That is why the purpose of this work was to determine the
role of natural water soluble compounds in the processes of
thermolysis of the salty coal of Bohdanovske deposit (the
Northern Donbas). This coal has a convenient location of de-
posits, has a different content of sodium chloride (compared
to the Novomoskovsk SC) and other composition of water-
soluble minerals, while maintaining attractive energy charac-
teristics (Table 1).

Experiment. Investigation of the ignition process. The pro-
cesses of ignition and combustion of single particles of salty
and desalted coal were investigated using an installation devel-
oped by the Department of physics of high temperature pro-
cesses of the Coal Energy Technology Institute of NASU (the
optical scheme is shown in Fig. 1)

As a result of experiments, the dependence of the ignition
induction time, the ignition temperature, and the combustion
of salty and desalted coal particles depending on the surface
temperature and the fractional composition of the selected
samples were determined (Figs. 2—3). It is shown that the igni-
tion and combustion of single particles of semi-coke of salty
coal are faster than those of desalted coal (the time of induc-
tion of desalted coal is 200 to 500 seconds longer than in the
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Table 1

Characteristics of salty coal of Bohdanivske and Novomoskovsk deposits

Deposit Heat of combustion , kcal/kg Ash A7, %

Volatiles V¥, %

Na,O in ash, % | Chloride Cl, % Sulfur S, %

Novomoskovsk 7200—7500 10.1-15.0

44.0-47.3 0.6—1.0 0.6—0.9 21

Bohdanivske 7020—7580 12.6—14.6

41.2-42.6 0.5-0.7 0.3-0.6 1.6-2.1

FD2

Coal
particles

LD 660 nm
P

I Metal surface (t = 700-850 °C) I

Fig. 1. Optical scheme of installation for the study of the inter-
action of coal particles with a heated metal surface:

FD1, FD2 — photodiodes; LD 660 nm — a semiconductor laser
(radiation wavelength = 660 nm)

case of the initial salt coal). And the average combustion tem-
perature of a single particle of desalted coal is 30—40 °C high-
er than for salty coal. It is also determined that salty coal in its
kinetic parameters of the combustion process is similar to Do-
netsk gas coal.

Investigation of the change in elemental composition of salt
coal in the process of desalination. Another factor that needs
attention is the changes in elemental composition (dry ash-
free mass) and in the yield of volatiles in the purification of
salty coal by water washing. Extraction of salts from coal was
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Fig. 2. Time of the inflammation induction (msec) of salty and
desalted coal particles with an average diameter of 180 um,
depending on the surface temperature (°C)
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carried out according to the parameters optimized in previous
studies [10]: time (5—10 minutes), temperature (20 °C) and
the ratio of solid phase to liquid (T : P=1: 3), followed by dry-
ing the sample to a constant mass.

As a result of desalting (Fig. 4) there was a decrease in the
concentration of oxygen (decrease from about 17 to 14 %), a
less significant reduction of hydrogen (about 1 %) and nitro-
gen (by ~ 0.5 %). The loss of sulfur content does not exceed
0.25 %, which is close to the error of the experiment. Ash con-
tent was reduced by 0.5—2 %. At the same time, carbon con-
tent increased substantially from 74 to 80 % and accordingly
the heat of combustion of coal (calculated by Mendeleev’s for-
mula) increases from 27.3 to 28.4 MJ/kg. From these data, it
becomes clear that major changes in elemental composition
occur within the first 5 minutes of desalting. The loss of oxy-
gen, nitrogen and hydrogen can be explained by extraction
during water desalting, the so-called fulvic acids — water-solu-
ble organo-mineral compounds are characterized for low
metamorphism coal. The reduction of the total sulfur content
may be due to the presence of sulfates in the composition of
water-soluble minerals of SC and their removal by aqueous
extraction [9].

In comparison with the work [8], we determined only the
change in the content of the main macroelements of coal in
the process of water extraction of SC. Our data (in the case of
nitrogen) reflect the opposite trends for domestic and Chinese
fuels. This is due to the different origins of fuels and the other
way of extracting alkaline compounds (aqueous [10] and acid
extraction [8]).
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Fig. 3. Average burning temperature ("C) of salty and desalted
coal particles with an average diameter of 180 um depend-
ing on the surface temperature (°C)
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Fig. 4. Macroelements content in organic mass of coal depending on the time of desalination
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Determined changes in the elemental composition of the
OMC necessitated the determination of changes in one of the
main characteristics of the fuel raw — the yield of volatiles — in
the purification of salt coal by water washing. The proportion
of volatiles in the various fractions of salt and desalted coal of
the Bohdanivsk deposit was determined by gravimetric meth-
od according to ISO 562 : 2010. For this purpose, the loss of
the mass of adsorbed moisture is not counted to volatiles when
heated to high temperature, the capillary and adsorbed mois-
ture was removed from the analytical sample (coal particle size
less than 0.2 mm) by drying at 105—110 °C to constant weight.
The results of volatile measurements for different size fractions
are shown in Table 2.

The above results indicate that the leaching of salt coal
leads not only to a decrease in the concentration of harmful
impurities, but also to a significant decrease in volatiles. In
other words, aqueous extraction of salt coal artificially “en-
hances” the metamorphism stage of the coal. The results,
which allow us to draw such a conclusion, were obtained for the
first time.

Investigation of the dynamics of gas formation during ther-
molysis of salty and desalted coal. In order to obtain a lager da-
tabase on the effect of salts on coal thermolysis, further ex-
periments were carried out at the “Pyrolysis M” installation of
the Laboratory of fuel problems of energy of Department of
coal combustion and gasification of Energy Technologies In-
stitute of NASU. The installation (Fig. 5) is intended for the
study of the dynamics of gas release and combustion of coke in
thermal contact pyrolysis of coal in a fluidized layer at atmo-
spheric pressure. It also allows determining rate constants of
volatile and specific burn rates of carbon.

Samples of coal were introduced into the reactor of “Py-
rolysis M” with a pre-heated to the required temperature by a

Table 2
The content of volatiles in the coal of the Bohdanivsk deposit

Volatiles, %
Fraction, microns
Salty coal Desalted coal
50—100 38.0 29.8
100—160 36.5 30.8
160—200 37.6 30.0
Average 37.4 30.2

N

Mass spectrometer

—
1" W
i i

Fig. 5. Scheme of the experimental installation “Pyrolysis M”:

1 — reactor; 2 — heating furnace; 3 — layer of inert material; 4 —
sluice chamber; 5 — outlet pipe; 6 — cyclone of cooling of the ex-
haust gases; 7 — filter; § — mass spectrometer; 9 — PC (personal
electronic computer); 10 — ADC (analog-digital converter); 11 —
compressor; 12 — ramp model gas; 13 — rotameter; 14 — gauge;
15 — thermocouple

fluidized layer of inert material (sand). Initial temperatures of
the fluidized layer were 550, 650, 750, 850 °C. Samples intro-
duced into a layer under their own weight through a locking
chamber immersed in the working area by 100 mm. Outlet
pipe for gaseous products is located directly under the insu-
lated cork. Thus, the flow of coal by weight did not affect the
gas output from the reactor. The liquefying and reaction agent
(air) was arrived to the reactor from below. Gaseous products
of oxidative pyrolysis and combustion from the outlet pipe
were fed to a water cooling cyclone, where dust particles and
resins were caught. Further through the silicon tube, the prod-
ucts were transported to a mass spectrometer.

During the experiment, there were stages of output and
combustion of volatile (stage /) and combustion coke residue
(stage 2). On the dynamic curves of the concentrations of gas-
eous products (Fig. 6) there are observed sections of the py-
rolysis stage lasting from 5 to 20 seconds (depending on the
initial temperature). They are characterized by the yields of
H,, CO, CO, at close to zero concentration of O,. The com-
bustion area of the coke residue, characterized by a gradual
decrease in the yield of CO,, an increase in the concentration
of O, and the absence of other gaseous products.

From the above graphs (Fig. 6) we can see that the yield of
gaseous products (H,, CO, CO,) during combustion of salty
coal is much more intense than during the combustion of de-
salted coal, both during the characteristic time of the pyrolysis
stage and the magnitudes of the yield maxima of H,, CO, and
CO,.

The calculation of the rate of gas formation (%/sec) was
performed for the interval of maximum output (%) of the cor-
responding gases according to the experimental data (Fig. 6).
It was found that the rate of hydrogen (H,) output during the
first 5—15 seconds of the process at a temperature of 750 °C in
the case of the original salty coal is 3—4 times higher than for
desalted SC (0.54—0.65 against 0.16—0.18 %/sec). For CO, its
rate was 2—3 times higher for salty coal compared to desalted
coal. A similar phenomenon is observed for CO, — for an in-
terval of 20 seconds, the rate of yield of this gas is 2.5—3.0 times
higher in the case of SC. Under condition of complete elimi-
nation of combustible gases (hydrogen and carbon monoxide)
at T > 20 sec stable CO, emission or its decrease is observed,
which indicates the gradual completion of the burning of car-
bon from the coke residue. It is also noticeable that the carbon
dioxide during the period of combustion stabilization is
1.25—1.5 times higher for the initial salty coal. The H,/CO ra-
tio for the source of salty coal in the output maxima is from 3.6
to 4, while for the desalted SC — 2.5—3.4.

Thus, it is obvious that salts found in the composition of
water-soluble minerals of SC (sodium chloride and sodium
and calcium sulphates) give the investigated processes a no-
ticeable catalytic effect, which depends on the process tem-
perature, the weight of the raw material and the size of the fuel
particles. However, with a decrease in the sample of the inves-
tigated coal to 0.1 g, the error of the experiment naturally in-
creases, and the influence of minerals becomes almost unno-
ticeable (Fig. 7).

With a significant difference in the absolute values of CO,
output, there is a slight difference depending on the combus-
tion rate (Wm) of coke residue of salty and desalted coal from
the temperature in the range of 550—850 °C (Fig. 8). The spe-
cific burn rate and degree of the carbon conversion were calcu-
lated based on the CO and CO, mass flow rates.

The specific burn rates of carbon char to the current mass
Wm, 1/s obtained for different temperatures can be described
by the expression [11]

W= ko - exp(=E,/(R - T)), ey

where k,, is the pre-exponential factor (k,; = k,C,), 1/s; E, is
the effective value of the activation energy, J/mol; R is univer-
sal gas constant, J/(mol. - K); T'is temperature, K; C, is oxygen
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Fig. 6. Yield of gaseous products H, (a), CO (b), CO, (c) depending on the time of thermolysis and the size of coal (sample weight 0.5 g,
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concentration, kg/m3; B is the stoichiometric coefficient of
conversion of oxygen mass reduction into carbon mass reduc-
tion (0.375 < B <0.75, for 0.375 — the only product of the reac-
tion C + O, is CO,, for 0.75 — CO); S,,.., — specific particle
area, m?/kg; k! is chemical constant of the reaction rate, m/s.

koi :CG‘B'Snum’kg' (2)
Substituting (2) into (1) we obtain
W, =C,-B-S,,, k. -exp(-E, [(R-T)). (3)

The values of the activation energy and the chemical con-
stant of the reaction rate can be calculated using the least
squares method based on the formula (3) from dependence
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Table 3

Kinetic characteristics of the rate of interaction of coke
residue salty and desalted coal with oxygen

ky, m*/(kg - 5) k!, m/s E,, kJ/mol
Internally kinetic mode (§ = 0.45)
Salty coal 2.238 0.481 32.024
Desalted coal 2.179 0.468 32.475

W, =f(T). For this purpose, the above expression was linear-
ized using the following ratios [11]

y=A+B-x,
where
y=In(W,); x=1/T, 4)

A=In(B-S,,,k}); B=-E,/R.

From the obtained results (Table 3) we can see the close-
ness of the values of the activation energy and the chemical
constant of the reaction rate of salty and desalted coal by water
washing. This indicates that the purification of salt coal by wa-
ter washing has a much smaller effect on the burning charac-
teristics of the coke residue, namely stage 2 of the process.

Conclusions.

1. The salts of alkali and alkaline earth metals that are part
of the native minerals of the investigated salty coal are natural
catalysts of the processes of thermolysis and combustion of or-
ganic mass of salty coal.

2. The complex of salts present in salty coal accelerates the
emission (elimination) of hydrogen by 3—4 times, carbon
monoxide — by 2—3.5 times, carbon dioxide — by 2.5 to 3 times
in the processes of thermolysis.

3. Considering the presence of a natural catalytic complex
in the composition of salty coal, one of the priority areas may
be the use of salty coal as a catalytic component in combina-
tion with other coal, which does not have an abnormally high
content of Na and Cl. This solves 2 problems: 1) the mixture
reduces the content of sodium oxide and chlorine to an ac-
ceptable value; 2) increases the overall reactivity of the mixed
fuel.
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EHeprorexHoJioriyHe miarpyHTs 1js 3aJydeHHs
COJIOHOTO BYTiJLIIA 10 eHeprodajaHcy YKpainu.
2. Ilpupoani MiHepa/iu K KaTajizaTopu
TepMOXiMIYHOI KOHBepCii COJIOHOro BYTi/LIA
B Pi3HMX yMOBax
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Conone Byrinns (CB) IliBHiuHoro JloH6acy B mepestiky
HETIPOEKTHUX TAaJINB 32 YMOBaMU 3aJISITAHHS 1 3aracamul €
MepCreKTUBHUM JIKepesoM eHeprii B Ykpaini. Lle moB’a3aHo
SIK 3 IOTO TOCUTh BUCOKMMU €HEPTETUYHUMHU (TTATUBHUMU)
XapakKTepUCTUKAMU, TaK i 3 HasIBHICTIO Y MOro CKJadi Mpu-
POTHOTO KAaTaTiTUIHOTO KOMIUIEKCY — ITABUIIIEHOTO BMIiCTY
COJIeH JIY>KHUX 1 JIY>KHO3eMEeJIbHUX METajiB i MiKpoeJeMeH-
TiB. Lli moMimku, 3 ogHOro OOKY, MOXYTb MPU3BOAUTHU 10
HU3KU Mpo0JeM TpU CHaJloBaHHi, ajie i MOXYTh MaTH IO~
3UTUBHUI e(EeKT MPY BUKOPUCTAHHI TAKOTO BYTIJIJISI B CyMi-
1Iax 3 iHIIUM, MEHII peakLiiiHUM, ITaJIMBOM.

Mera. BuzHaueHH BIUIMBY BOJOPO3YMHHUX CIIOJIYK (XJIO-
puaiB i cyabdatiB HATPilO, KaJIbLIil0, MarHiio TOIO) Ha MpoLie-
CU TepMOJi3y (TOpiHHSI) COJIOHOTO BYTi/uIsI BormaHiBCHKOTroO
ponosuiia (ITiBHiuHuii [loHbac) 3a pi3HUX TeMIIEpaTyp.

Metoauka. [3 BUKOPUCTaHHSM OINTHUMI30BaHUX paHillie
napamMeTpiB mpoliecy BoJaHoi ekcTpakiiii CB (yacy, Temnepa-
TypH Ta CITiBBiIHOIIIEHHS TBepIOi Ta pinkoi (a3n) ogepkaHi
3pa3Ku 3HECOJIEHOTO BYTiuIsl. EleMeHTHUI cKiaz i TeXHiuHi
XapaKTepPUCTUKM TOCTIIKYBAaHOTO BYT/LISI BU3HAUYEHI 3a Biji-
MOBIIHUMU CTAaHAAPTHUMU MeToAaMu. JIlnHamika ra3oBuIi-
JICHHS i1 TOPiHHSA KOKCO30JIbHOTO 3aJIMIIKY COJIOHOTO Ta 3HE-
COJICHOTO BYTiJUISI BU3HAYEHA 3a IOMIOMOT0I0 YCTaHOBKMU ,, [ Ti-
pomiz M, B SKOCTi razoaHajizaTropa BUKOPUCTaHUII Mac-
criektpomerp MX-1215. Po3paxyHKu KiHETMUYHUX Mapame-
TpiB Mpollecy BUKOHAHI HA OCHOBI 3aKOHY AppeHiyca.
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Pe3ynbraTn. BusHaueHi 3MiHU €1€MEHTHOIO CKJaay op-
radiyHoi Macu Byrijuist (OMB), 1110 BinOyBaloTbCs MpU 04U -
1LIEHHi COJIOHOTO BYTi/UISI BOAHOIO eKcTpakuieto. [IposeneHi
eKCIepUMEHTANIbHI TOCTIIXKEeHHS 31 CHalloBaHHSI COJIOHOTO
Ta 3HECOJIEHOTO BYTi/Is1 bormaHiBcbkoro poaoBuiia B iHTep-
Bauti Temneparyp 550—850 °C. BuzHaueHo, 1110 HATUBHI BO-
JIOPO3YMHHI MiHEpaIM COJIOHOTO BYTLIS TIPU3BOIASATH 10 iH-
TeHcudikallil mpolieciB 3aiiMaHHs1, TPUILIBUILIEHHS BUXOIY
raszornoaioHux nponyktis (H,, CO, CO,) i 3miHU criBBiTHO-
ILIEHHST BMiCTy ra3iB. BuszHaueHa eHepris akTuBallii nmporecy
TOPiHHS KOKCOBOTO 3aJIUIIKY BUXiTHOTO Ta 3HECOJIEHOTO BY-
ris.

HaykoBa HoBu3HA. BuKOHaHe MTOPiBHSIHHS AESIKMX XapaK-
TEPUCTUK TOPiHHS COJIOHOTO Ta 3HecosieHoro Byriuis. [Toka-
3aHO, 1110 BogHa eKcTpakiiss CB nmpuBoauTh 10 MTOKpalleHHS
MMaJTUBHO-CHEPTeTMYHNX XapaKTePUCTUK JOCITITHUX 3pa3KiB.
BcraHoBieHo, 1110 couti JIY>XKHUX i JIy>)KHO3eMEIbHUX METaJiB,
SIKi 3HAXOAAThCS y CKJIali COJIOHOTO BYTULIS, € IPUPOAHUMU
KarajizaropaMy IpOLECiB TEPMOJIi3y i TOPiHHS OpraHivYHOL
Macu Byriuisd. BusHayeHo, 1o B iHTepBali Temmepatyp
550—850 °C, y 3ayexHOCTI Bil (PpakiiitHOro cKJagy AOCITi-
JIXKYBaHOTO 3pa3Ka BYTiLISI, BOTOPO3YMHHUI CONBOBUI KOMIT-
JIEKC TIPUIIBUALIYE eMicito (eliMiHyBaHHS) BOAHIO y 3—4
pasu, MOHOKCUIY BYIJIel0 — y 2—3,5 pa3u, Ji0KCU1y ByIJIELO
—y 2,5—3 pa3u B NOPiBHSHHI 3i 3HECOJEHUM BYTiJUISIM.

IIpakTyHa 3HAYUMICTB. Y pe3yJibTaTi MPOBEACHUX N0CTi-
JKEeHb MMOKa3aHa MepCreKTUBHICTb 3aJyYeHHs COJIOHOTO BY-
TS 10 MaIUBHOL 0a3u YKpaiHM He TUIbKM SIK OKPEMOro
najuBa, 3a yMOBU 3MEHILIEHHST KOHLIEHTpaLIil IIKiJJIMBUX 10-
MiIlIOK (IILJIIXOM BOJIHOI €KCTpaKllii), ajie i IK KOMITIOHEeHTa
CyMillleBUX TMaauB ISl MiIBUIICHHS peakIiiiHOi 30aTHOCTI
KOMITO3ULIiITHOT MaJIMBHOT CUPOBUHMU.

KouoBi ciioBa: conone gyeinasa, namueni minepanu, xao0pu-
du, cynvghamu, 600Ha eKkcmpaxyis, nipoais

DHeproTexHoJI0rn4ecKkoe OCHOBaHHE IS
BOBJICUEHHSI COJIEHOTO YIJIA B SHEprodajaHc
Vkpaunbl. 2. IIpupoaHbie MuHepaJbl
KaK KaTajJiu3aTopbl TepMOXUMHYECKO
KOHBEPCHH COJIEHOTO YIJISl B Pa3HbIX YCJIOBHSAX

A. U. @amees', T. I Hlenopux?, H. U. Iynaesckas’

1 — WMHctutyT yroiabHbiX sHeprotexHojoruii HAH Ykpan-
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2 — MHCTUTYT DUBMKO-OpPraHWYECKON XUMHUHU U YIIIEXUMUU
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Counensnlit yronb (CY) CeBepHoro JloHOacca B criMcke
HETIPOEKTHBIX TOIUIUB IO YCJIOBUSIM 3aJIeTaHUS W 3aItacaMm
SIBJISICTCSI TTEPCIEKTUBHBIM UCTOYHMKOM SHEPIUu B YKpau-
He. DTO CBSI3aHO KaK C €ro JOCTATOYHO BEICOKMMU SHEPTETH -
4eCKUMU (TOILUIMBHBIMU) XapaKTePUCTUKAMM, TaK U C HAJIM-
YUeM B €r0 COCTaBe IPUPOTHOIO KAaTaJTUTUYECKOTO KOM-
IJIEKCa — ITOBBIIIEHHOIO COAepKaHUsl COJIeil IIeJOYHBIX U
IIEJIOYHO-3eMEJIbHBIX METaJNIOB U MMKPO3JEMEHTOB. DTHU
MPUMECHU C OJHOI CTOPOHBI MOTYT MPUBOAMUTH K PSIIY MPO-

6JIeM TpU CKUTAHUU, OJHAKO MOTYT UMETh U IOJIOXUTETb-
HbIA 3(PeKT NMpu UCMOJb30BaHUM TAKOTO YIJISI B CMECHU C
NPYTUM, MeHee PeaKIIMOHHBIM, TOTUTUBOM.

ean. OnpenesieHre BAUSHUS BOAOPACTBOPUMBIX COEIM -
HEHWI1 (XJIOPUIOB U CyIb()ATOB HATPUST, KBS, MAaTHUS 1
T.J1.) Ha TIPOILIECCHI TepMOJIu3a (TopeHus) cojieHoro yris bor-
naHoBckoro MmectopoxaeHus (CesepHblii [loHOacc) npu
Pa3IMYHBIX TEMIIEpaTypax.

Metomuka. C MCTIOTH30BAaHUEM ONITUMU3UPOBAHHBIX pa-
Hee MapaMeTpoB Mpoliecca BogHo# akcTpakimu CY (Bpeme-
HH, TeMIIepaTyPbl 1 COOTHOLIEHUS TBEPIOU M JKUIKOM (ha3hl)
MOJIy4eHbl 00pa3Lbl 00ECCOJEHHOTO YIJIsl. DJIEMEHTHBIN CO-
CTaB M TEXHUYECKUE XapaKTePUCTHKHU HCCICIYEMOTO YIJIsS
OIpenesIeHbI IO COOTBETCTBYIOLIUM CTAaHIAPTHBIM METOIAM.
JIlnHaMWKa Ta30BBIACICHUSI M TOPEHUS KOKCO30JIBHOTO
OCTaTKa COJIEHOTO M 00eCCOJIEHHOIO YIJIsl ofpeesieHa ¢ mo-
MOIIIbIO YCTAaHOBKU ,,[Tuponn3 M, B KauecTBe razoaHaan3a-
TOpa MCIob30BaH Macc-criekrpoMmerp MX-1215. Pacuersl
KMHETUYECKHUX ITapaMeTPOB Mpoliecca BBHITTOJTHEHBI Ha OCHO-
Be 3aKOHa AppeHuyca.

Pesyabrarel. OnpenesieHbl U3MEHEHUSI 3JIEMEHTHOTO CO-
craBa opraHumyeckoir macchl yrist (OMY), npoucxoasiiue
IPYU OYMCTKE COJICHOTO YISl BOOTHOM 3KCTpakumeit. [1pose-
JIEHbl 9KCIEPUMEHTAIbHbIE HCCAEAOBaHUS IO CXKUTAHUIO
COJICHOTO M 00€CCOJICHHOTO YIIsl bormaHoBCKOTo MeCTOpOXK-
neHust B uHTepBaie temnepatyp 550—850 °C. OnpeneneHo,
YTO HATMBHBIC BOIOPACTBOPUMbBIC MIUHEPAJIBI COJIEHOTO YIJIST
MPUBOJAT K UHTEHCU(DUKALIMU MTPOLIECCOB BOCIIAMEHEHUS,
YCKOPEHUI0 BbIXOAa Tra3oobpasnbix mpomykrtoB (H,, CO,
CO,) ¥ W3MEHEHMIO COOTHOIICHMSI CONEPXKAHUS Ta30B.
OrpenesieHa HEPTUsT aKTUBAIIMM TTPOIIecca TOPeHUsT KOKCO-
BOT'O OCTaTKa UCXOTHOTO U 0OECCOJIEHHOTO YTJIsl.

Hayynas HoBu3Ha. BEITIOJTHEHO CpaBHEHUE HEKOTOPBIX
XapaKTEepPUCTUK TOPEHUSI COJIEHOTO M OOECCOJIEHHOTO YTJIs.
IMokazaHo, uto BomHast aKcTpakimst CY MPUBOAWT K yIIyd-
LIEHUIO SHEPreTMUECKNX XapaKTepPUCTHK OIBITHBIX 00pas-
IIOB. YCTaHOBJIEHO, YTO COJIM IIEJOYHBIX M IIETOYHO-3e-
MeJIbHBIX METAJUIOB, HAXOMSIIMXCS B COCTaBE COJICHOTO YIJIS,
SIBJISTIOTCSI €CTECTBEHHBIMU KaTaJIM3aTopaMU IMPOIECCOB TEP-
MOJIM3a ¥ TOPEHUST OpraHNYeCcKoi Macchl yris. OnpeneaeHo,
4yTO B MHTepBasie Temneparyp 550—850 °C, B 3aBUCUMOCTU OT
(pakIIMOHHOTO COCTaBa MCCIeayeMoro oopasia yrisi, BOI0-
PaCTBOPUMBIIA COJIEBOI KOMIIIEKC YCKOPSIET SMUCCHUIO (M-
MMHUpOBaHUe) Bojoponaa B 3—4 pasa, MOHOKCHIA YIJIepO-
na — B 2—3,5 paza, nvokcuaa yriepona — B 2,5—3 pa3 no
CPaBHEHUIO C OOECCOJIEHHBIM yTJIEM.

IIpakTHyeckas 3HaYMMOCTh. B pe3ysibraTe mpoBeIcHHBIX
HCClIeIOBaHMI MOKa3aHa MePCeKTUBHOCTD BOBJICUEHMSI CO-
JICHOTO YTJIS B TOIUTMBHYIO 6a3y YKpauHbI He TOJIbKO KaK OT-
NIeJIbHOTO TOTUIMBA, MPU YCIOBUM YMEHBIIEHUS] KOHLIEHTpa-
LIMY BPEIHBIX MMpuMeceit (IyTeM BOIHOM 3KCTpaKILIWK), HO 1
B KaYeCTBE KOMIMOHEHTA CMECEBBIX TOTUIMB JIJIs1 IOBBILLIEHUSI
PEaKIIMOHHOM CIIOCOOHOCTU KOMITO3UIIMOHHOTO TOTUIMBHO-
IO ChIPbSI.

KioueBble clI0Ba: coneHbill yeonb, HAMUBHbIe MUHEPANbL,
XA0pudbL, cyavbghamol, 00HAS IKCMPAKYUS, RUPOAU3
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