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Abstract. The effect of pyrite size and distribution
character, as well as the amount of inorganic matter on the
removal degree of sulphur from coal during its oxidative
desulphurization and benefication has been studied. The
efficiencies of oxidative desulphurization processes for
different types of the initial and concentrated black coal
have been compared.
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1. Introduction

The part of the heat and electric power produced
from coal increases every year throughout the world and
in Ukraine as well (Table 1). In spite of the rapid growth
of electric power production from the renewed sources, it
is forecasted that coal will become the main energy carrier
till 2035 [1].

On the other hand, coal is araw material, the usage
of which in any branches of industry results in the greater
or lessr negative ecologica and technological
consequences. The reason is the presence of great amount
of sulphuric compounds in it. Due to the coal burning the
power engineering pollutes the environment by toxic and
greenhouse compounds. SO,, H,S, CO,, CO, NO,, NO,

dust, soot, and ash. The share of al sulphur(lV) oxides
emitted by dtationary sources of power and heat
production [3] reaches 69—70 % in the world and 73-79 %
in Ukraine.

Existing methods of sulphur(lV) oxide emissions
reduction are unprofitable and low-effective.

The prospective direction is coa desulphurization
before its usage via oxidation method developed at the
Department of Oil and Gas Processing of Lviv
Polytechnic National University. The essence of the
process is coal treatment by the oxidant. Sulhur in coal
(first of all pyritic sulphur) converts into gaseous sulphur-
containing components, the concentration of which in the
desulphurization gases allow to extract the components
using known methods [4, 5]. The raw material quality is
one of the factors affecting the yield and properties of the
obtained products. The influence of organic matter on the
coal oxidative desulphurization is described in [8].

The quantity and quality of coal inorganic matter
also influence the process proceeding. On the one hand,
mineral components may have catalytic properties, and on
the other hand, they may block oxidant access to the
pyrite grains. To date benefication is the only one
industrial method which allows to remove sulphur from
coal before its usage. However, the sulphur content
significantly decreases during benefication only in the

Table 1
. . 2005, | 2006, 20009, 2010,
Y ear, information source — 2] [1] 2] 2]
Power supply | Ukraine |World| Ukraine| World | Ukraine | World
Natural gas 410 | 237 | 377 | 234 39.7 238
Petroleum 190 | 358 | 119 | 344 9.8 33.6
Coal 190 | 284 | 312 | 291 30.8 29.6
Nuclear raw material 17.0 58 | 168 54 171 5.2
Hydro-resources and other renewed sources 40 6.3 24 7.7 25 7.8
Total 100.0 |100.0| 100.0 | 100.0 | 100.0 | 100.0
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case, when pyrite (the main sulphur-containing
component of coal) is in the form of large pieces. If the
pieces are small, only negligible amount of sulphur is
removed from coal [6, 7].

On the basis of al mentioned above the aim of our
investigations was to determine the inorganic matter effect
on the coal oxidative desulphurization and to compare the
desulphurization efficiency of different types of coal via
benefication and oxidative method.

2. Experimental

The following samples of Ukrainian coal were
selected for investigations: lean coal (L) from Shidna
mine of Donetsk coal basin; fat coa (F3) from Lisova
mine of Lviv-Volyn coal basin; gas coa (G1) from
Chervonograd mine of Lviv-Volyn coal basin; gas coal
(G2) from Zarichna mine of Lviv-Volyn coal basin and
candle coal (C) from Buzhanska mine of Lviv-Volyn coal
basin. The fraction of 0.1-0.25 mm was used for
investigations, because it is the optimal size for coal
burning at heat power plants (HPPS).

The content of total (S, ) and pyritic(Sg ) sulphur in
the samples was respectively (mas%): lean (L) — 4.48 and
3.81; fat (F3) —7.09 and 4.09; gas (G1) — 7.95 and 7.20; gas
(G2) —7.18 and 6.05; candle (C) —3.98 and 2.34.

The investigations were carried out at the
laboratory plant the main part of which was an ideal
mixing reactor (with a boiling bed) working in the regime
closeto isothermal one.

The detailed characteristics of the raw material,
scheme and description of the laboratory plant are given
in[8,9].

To estimate the desulphurization efficiency the
removal degree of pyritic sulphur (%) is calculated in
accordance with the formula:

Sa _ Sa
DS? :%&oo,
po
where S}, — the content of pyritic sulphur in the initial

coal calculated for the analytical sample, mas %; S; —the

content of pyritic sulphur in desulphurized coal calculated
for the analytical sample, mas %.

The coal benefication was carried out via flotation.
For this purpose the laboratory model of FL-1.5 impeller
flotator was used. One flotation cycle was as follows: pulp
preparation from coal and water (ratio 1:25); addition of
flotation reagent to the pulp (montanol — 30 vol % and
kerosene— 70 vol %) in the amount of 0.1 % regarding the
raw material; pulp pouring into the flotator; air supply for
10 min, flow rate of which was 4 m*h for 1 kg of coal.
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Electron-microscopic investigations were carried
out using a scanning electronic microscope ZEISS EVO
40XVP with the system of X-ray microanalysis INCA
Energy. Silicon-lithium energodispersive detector was
used for microanaysis[10].

3. Results and Discussion

The analyss of oxidation desulphurization and
flotation of different types coal (Table 2) alows to assert
that coal of C, G1, G2 and L types is well desul phurized
during flotation (removal degree of the total sulphur is
43.54, 61.27, 56.20 and 50.23 %, respectively) and coal of
F3 type is badly desulphurized (removal degree of the
total sulphur is 25.07 %). It is assumed that coa of F3
type has pyrite fine-grained agglomeration and coal of
other types — the coarse-grained one.

Table 2

The flotation results of different types coal

Blackcoitype | C | GL | G2 | F3 L
Flotation 65.23 | 77.33 | 72.00 | 64.03 | 61.97
reagent, mas %

Sulphur content,

mas %

total, §° 214 | 304 | 311 | 523 | 221

pyritic, S 088 | 165 | 177 | 336 | 1.4

sulphete, S5, 038 | 045 | 038 | 085 | 0.0

organic, S° 088 | 094 | 096 | 1.02 | 087
a

Ashcontent, A% | gag | 986 | 941 | 1343 | 1614

mas %

This assumption was confirmed by photomicro-
graphs and elemental analysis of the initial and concent-
rated F3 and G2 samples using SEM with the system of
X-ray emission analysis (XEA). Photomicrographs and
elements content in the certain points are givenin Figs. 1-
12 and Tables 3-14. The point of sample composition
determination is situated in the left upper corner of the
marker indicating the spectrum number.

In the samples depicted in Fig. 1 the main part of
inorganic matter isin the form of plates; Figs. 2-4 — large
agglomerates.

The character of the photos where G2 floto-
concentrate is depicted (Figs. 5 and 6) allows to assert that
the form, location and sizes of FeS, are changed after
flotation compared with the initial coal. After flotation
pyrite is in the form of extremely small impregnations in
the organic matter (Fig. 5) and in the structure of fine
mineral particles(Fig. 6).

The appearance of F3 coal inorganic matter
confirms the previous assumption concerning its fine-
grained character (Figs. 7-9). XEA results show that:
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SPECTRUM 1

100MKm

Fig. 1. Photomicrograph of G2 initial coal

SPECTRUM 2

TUUMKM

Fig. 2. Photomicrograph of G2 initia coal

SPECTRUM 3

Fig. 3. Photomicrograph of G2 initial coal
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Table3
XEA resultsfor the spectrum 1
Relative content
Element .
mass, mas % atomic, at. %
C 84.98 93.81
S 15.02 6.19
Total 100.00 100.00
Table4
XEA resultsfor the spectrum 2
Relative content
Element .
mass, mas % atomic, at. %
C 78.59 92.00
S 13.85 6.09
Fe 7.55 191
Total 100.00 100.00
Table5
XEA resultsfor the spectrum 3
Relative content
Element .
mass, mas % atomic, at. %
C 16.84 41.74
Al 124 1.37
Si 150 1.60
S 3142 29.17
Fe 48.39 2581
Co 0.60 031
Total 100.00 100.00
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SPECTRUM 4

_
-

TUUMKM

Fig. 4. Photomicrograph of G2 initial coal

SPECTRUM 5

100MKm

Fig. 5. Photomicrograph of G2 coal flotoconcentrate

SPECTRUM 6

TUUMKM

Fig. 6. Photomicrograph of G2 coal flotoconcentrate

Table 6
XEA resultsfor the spectrum 4
Rdative content
Element -
mass, mas % atomic, at. %
C 16.62 41.25
Al 134 148
S 1.29 1.38
S 33.88 3153
Fe 38.26 20.44
Co 0.18 0.07
Zn 8.42 3.84
Total 100.00 100.00
Table 7
XEA resultsfor the spectrum 5
Rdative content
Element
mass, mas % atomic, at. %
C 73.97 92.43
S 2.88 1.36
Fe 23.15 6.21
Total 100.00 100.00
Table 8
XEA resultsfor the spectrum 6
Rdative content
Element
mass, mas % atomic, at. %
C 13.74 27.99
Al 36.33 32.95
S 34.00 29.60
S 7.55 579
Fe 8.39 3.67
Total 100.00 100.00
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100MKmM

SPECTRUM 7

Fig. 7. Photomicrograph of F3 initial coal

TUUMKIT

Fig. 8. Photomicrograph of F3 initial coal

TUUMKIT

SPECTRUM 9

Fig. 9. Photomicrograph of F3 initial coal
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Table 9
XEA resultsfor the spectrum 7
Relative content
Element -
mass, mas % atomic, at. %
C 84.25 93.77
S 1.18 0.55
S 12.24 511
Fe 2.33 0.58
Total 100.00 100.00
Table 10
XEA resultsfor the spectrum 8
Relative content
Element
mass, mas % atomic, at. %
C 62.63 82.60
Al 571 3.36
S 8.65 4.88
P 0.06 0.03
S 12.49 6.17
Fe 10.46 297
Total 100.00 100.00
Table 11
XEA resultsfor the spectrum 9
Relative content
Element
mass, mas % atomic, at. %
C 32.11 65.20
Al 1.29 1.16
S 3.27 2.84
P 0.21 0.17
S 9.46 7.19
Fe 53.66 23.44
Total 100.00 100.00
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SPECTRUM 10

TUUMKM

Fig. 10. Photomicrograph of F3 coal flotoconcentrate

SPECTRUM 11

f 100MKm !

Fig. 11. Photomicrograph of F3 coal flotoconcentrate

SPECTRUM 12

f 100MKkm !

Fig. 12. Photomicrograph of F3 coal flotoconcentrate

Table 12
XEA resultsfor the spectrum 10
Relative content
Element .
mass, mas % atomic, at. %
C 62.21 82.88
S 29.52 14.77
Fe 8.28 2.36
Total 100.00 100.00
Table 13
XEA resultsfor the spectrum 11
Relative content
Element
mass, mas % atomic, at. %
C 60.34 80.86
Al 6.53 3.89
Si 9.86 5.66
S 13.48 6.76
Fe 9.80 2.83
Total 100.00 100.00
Table 14
XEA resultsfor the spectrum 12
Relative content
Element
mass, mas % atomic, at. %
C 61.96 81.24
Al 845 493
Si 10.79 6.04
S 11.88 5.84
Fe 6.91 1.95
Total 100.00 100.00
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Table 15
Comparison of sulphur removal degree during oxidative
desulphurization of theinitial and concentrated samples of black coal
Black coal type | c | 61 | & | F3 | L
Initial coal
Sulphur removal degree, %
pyritic 88.79 69.20 | 46.66 67.41 76.66
tota 49.08 60.51 | 36.62 51.58 65.54
Concentrated coal (flotoconcentrate)
Sulphur removal degree, %
pyritic 84.09 87.27 | 55.37 67.86 85.48
tota 55.61 3520 | 3248 39.20 59.28
Table 16
Results of benefication and oxidative
desulphurization of different typesblack coal
Black coal type | C | Gl | G2 | F3 | L
Results of benefication of the initia black coal

Sulphur content, mas %

total, §° 214 3.04 311 5.23 221

pyritic, S;‘ 0.88 1.65 177 3.36 124
Sulphur removal degree, % 43.54 61.27 56.20 25.07 50.23

Results of oxidative desul phurization of theinitial black coal

Sulphur content, mas %

total, §° 192 178 197 153 116

pyritic, S;‘ 0.09 0.73 0.34 0.81 0.72
Sulphur removal degree, % 49.34 77.32 72.25 78.08 73.87

- spectrum 7 is made in the points related to the
coal organic matter;

- spectrum 8 — in the points which are the
organic matter with arelatively high content of pyrite;

- spectrum 9 — mixture of organic-inorganic
matter, including pyrite.

In F3 coal inorganic matter is in the form of
relatively small particles and associates with organic
matter.

The distribution character of inorganic matter,
including pyrite, is dightly changed in the case of
concentrated F3 coal (Figs. 10-12). The photos show finer
inorganic particles (compared with the initial coal).

For F3 coal XEA results show that dark surface
(except spectrum 10) is organic matter with relatively high
content of inorganic matter, including pyrite.

Thus, photomicrographs and XEA results confirm
the assumption that in the initial G2 coal the inorganic
matter, including pyrite, is in the form of large plates
which are removed during flotation. The result is sulphur
essential removal from coal.

In the case of F3 coal the inorganic part, including
pyrite is in the form of fine particles associated with

organic matter. Therefore sulphur
decreases during flotation.

To study the effect of inorganic matter amount on
the process the initial coal and flotoconcentrate were
desulphurized (Table 15). The results show that the
concentrated coal is desulphurized with the same
efficiency as the initial coal. It means that the amount of
inorganic matter does not affect the desulphurization
process, i.e. the coal may be desulphurized before and
after its benefication.

Table 16 represents the efficiency of sulphur
removal from different types of the initial black coal via
benefication (flotation) and oxidative desulphurization
under the optimum condition. The analysis of the data
from Tables 16 show that desulphurization using
oxidative method is more effective than sulphur removal
using behefication, because higher values of sulphur
removal degree are achieved. Moreover, using the
investigated method we may remove pyrite of both (fine-
grained and coarse-grained) forms. It means that in-
organic matter sizes (pyrite first of all) do not influence
the character of coa desulphurization via oxidative
method.

content dlightly
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4. Conclusions

The desulphurization efficiency via oxidation
method does not depend on sizes and amount of inorganic
impregnations in the coal matrix. Therefore the
desul phurization process may be realized before and after
coal benefication. The developed oxidation method allows
to remove sulphur from different types of coal more
efficiently than coal benefication.
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BILIMB SIKOCTI BYT'ULIA HA ITPOLEC
HNOI'0 3HECIPYYBAHHS
2. BILIUB HEOPT AHIYHOI YACTUHHA

Anomauin. Busyerno ennug po3mipie i xapakmepy posnooiny
nipumy ma KitbKOCMi Heop2aHiyHOi YacmuHy Ha CMYNeHi GUIYYeHHs.
CIpKU 3 8yeiisl N0 Yac 1020 OKCUOAYitiHO20 3Hecipyents ma 36a-
eauennsi. TlopieHsino epexmusHicms npoyecie OKCUOAYITIHOZO 3HeCIp-
UEeHHS1 PI3HUX 3PA3KI6 GUXIOHO20 MA 30a2A4eHO20 KaM' SIHO20 Gy 2LV

Knwuosi cnoea. oxcuoayiiine 3Hecipuenns, gyeinis, cipka,
nipum, okcud cipku (IV), napo-nosimpsina cymiui.





